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P  H  E  F  A  .  C  E. 


Among  the  Dictionaries  of  Arts  and  Sciences  which  have  been  published,  of  late  years,' 
in  various  parts  of  Europe,  it  It  matter  of  surprise  that  Pliilosoiihy  and  Mutlicmatics 
•lioakl  have  bedi  so  &r  oreHooked  u  not  to  be*  thought  worthy  of  a  scimrate  Treatise,  in 
this  ferm.  These  sciences  coostitiite  a  large  portion  of  the  present  stock  of  human  know- 
ledge, and  have  been  usually  oonndere^  possessing  a  degree  of  imponaoce  to  which  feu 
odiers  are  dititled ;  and  yet  we  have  hitherto  had  no  distinct  Lexicon,  in  wlddi  their  consti- 
tuent  fmrts  and  technical  terms  havo  been  explained,  witfi  that  ampHtnde  and  precision, 
wliich  the  great  improvements  of  the  Modems,  4s  well  as  the  rising  dignity  of  the  Subject, 
Men  to  dcinrad* 

Thk  only  worlcs  of  this  tnnd  in  the  En^isai  language,  deserving  of  'notioe,  are  Harcis*s 
'Lexicon  Techmeunq,  and  Stone's  Matlwnatical  Dictionary ;  the  former  of  wUch,  though  » 
vduaUe  peifbrmanoe  at  fhe^Ume  it  «ras  written,  is  now  become  too  dry  and  obsolete  to  be 
ieferred  to  wifh  pleasure  or  satis&ction :  and  the  latter,  oonsistiag  only  of  one  volume  in  Svo^ 
must  be  regarded  mendy  as'.an  unAnished  sicetdb,  ,br  brief  compendium,  extremdy  limited 
in  Its  plan,  and  necessarily  deficient  in  useful  infotaiatlon. 

'   •  .  •  '  '  ' 

It  became  therefore,  .the  only  resource  of  the  Reader,  in  many  cSses  where  explanatioa 
was-wantied,  to  have  lecour^e  to  Chambers's  Dictionary,  in  four  large  volumes  folio,  'or  to/ 
the  En^lopiMUa  Britandea,  now  In  eighteen  large  volumes  4to^  or  the  stUl.more  stupendoiM 
perfbrmanoe  of  the  Frendi  Cocydopedists;  and  even  here  his  expectations  might  be  fre* 
^^tly  As^ipobted.  These  g^vut  and  useful  works,  mming  at  a  general  oomprehensibo  of 
Ibe  whole  drde  of  the  Sdeoce^  are  somdUmes  very'  delficient  in  their  descriptions  of  parti. 
odarVanches;  it  being  almost  imposribSe,  in  such  extemive  undertakings,  to  appreciate^ 
with  dxa^tties^  the  due  value  of  every  ariide:  They  ar^  besides,  so  vduminous  and  het*o- 


gcaeous  io  tlieir  nature,  ta  to  render  a  frequent  rfeferenee  to  tlieat  estreinely  inconvenidit ; 
■nd  (veil  if  diis  were^not  the  met  their  in{^  price  puts  tbem  out  of  the  refedi  of  the  gene*  > 
rdity  of  readen.  '     ' '  '  . 

With  a  view  to  .obviate  these ilefecta,  the  Public  are  here  presented  with  a  INetiaoarj 
0^ a  modcrate.nse  and  price,  which  is  devoted  solely  to  Philosophical  and  Mathematical 
subjects.  It  is  a  work  for  which  materialB  have  been  collecting  through  a  course  of  many 
,  years ;  and  is  the.resoit  of  great  faboor  and  sheading.  Not  only  most  of  the  Encyclopedias 
already  extao^'  and  the  variojis  publicatioqs  of  the  Learned  -Societies  throughout  Euippe, 
.  have  been  carefully  eoosalted,  but  also  all  the  origuial  works,  of  any  repatation,  wbidi  have 
hitherto  appeared  on  these  subjects,  from  the  earliest  writers  down  to  the  present  times. 

• 

Faou  the  latter  of  tlwse  t&mnoi,  in  particular,  a  considerable  portion  of  iofwmatbn  baa 
-  been  obtained,  which  the  curious  reader  will  find,  in  many  cases,  to  be  highly  intereating  qnd 
important.  The  History  of  Algebra,  for  'instance, .  which  is  detailed  at  oonsiderahte  lenglih 
in  the  iirat  volume,  under  the  head  of  that  article,  will  afl^  sufficient  evidence  to  shovr 
in  what  a  superficial,  and  partial' way  the  iiiqoiiy  has  been  hitherto  investigated,  even  by 
profieswd  writers  on  the  sobject;  the  principal  of  whom  are  M.  Montuda,  oar  oo'nntiyinan 
the  celebrated  Dr.  Wallis,  and  the  Abb<  De  Gua,  a  late  French  aiithor,  who  has  prMended 
tfit  correct-the  Doetoi^s  errors  and  niisrepreseolBtions.  v  . 

« 

'  'R'egvlab  historical^  det^s  are  in  like  manaier  given  of  the  <tfigpn  and  progress  of  eiadi 
of^th^  Sciences,  as  well  as  of  the  kiventions  and  improvements  by  winch  they  have,  been 

gradually  brougbt  from  their  first  rude  be^nnings  to  their  present  advanced  state. 

•  ...  ,  .  • 

It  b  also  td  be  observed,  OmI  besides  the  articles  common  to  the  generality  of  Dietionac 

ries  of  this  kind,  an  interesting  Biographical  Account^  here  introduced  of  the<most  cele- 
.  brated  Philosuphcrs  and  Mathematicians,  both  ancient  and  modern;  among  which  will  be, 
found  the  Lives  of  eminent  chnracters,  who  have  hitherto  been  either  wholly  overlooked,  or 
very  imperfectly  recarded.  Complete  lists  of  their  works  are  also  subjoined  to  each  article, 
when  tbey  could  be  procured;  which  caonot  but.  prove  highly  acceptable  to  that  class  of 
readers,  who  are  desirous  of  obtatoing  the  most  satisfactory  information  on  the  subjects 
of  their  particular  inquiries  and  pursuits.  On  the  head  of  Biography,  however,  the  Author 
1ms  still  to  lament  the  want  of  many  other  respectable  names  which  he  was  desirdusto  have. 


P  R  £  F  A  C  £.  fii 

ftdded  to  bis  list  of  ftatilxMrs,  not.havipg  been  able  to  procure  any  circumstantial  accounts  of 
their  KVes.  ,  He  could  have.wiriied  totmve  compriied  in  his  list,  the  lives  of  all  such  public 
literary  chiracters  m  IShs  Uuivenity  Professors  of  Astronomy,  Philosophy,  and  Mathematics,  . 
as  well  as  diose  of  the  oOer  nore  respectable  cUss  of  authors  oa  those  sciences.  Alt  will 
therefore  thankfully  recdve  tlie  cofflaHnnGrtion  of  anj  such  memoirs  iirom  l^he  hands  of  g«n- 
tlemen  posMsaed  of  them;  as -well  as  Innts  and  mibrmaliioa  on  sach  useful  Improvements  in 
tite.icien^as  may  have  been  overlooked-in  ttds  Diclionaiy»  or  any  articles  thai  may  here 
have  beat  imperfectly  or  Incorrecdy  treated ;  that  he  may  at  some  future  linie^  by  adding 
then  to  tlus  worl^  render  it  still  more  complete  and  deserving  the  public  notice. 

As  this  woric  is  an  attempt  to  separate  the  words  b  the  sdences  of  Astronutny,  Mathe- 
matics, and  Philosophy^  from  those  of  other  arts  or  sdences,  in  several  of  which  there  are  al- 
ready sepanlrDictioaanes ;  as  m  Chemistry,  Geography,  Music,  Marine  and  Naval  affairs, 
'Set;  words  sometimes  occurred  which  it  was  rather  deubt|ul  whether  th^  coiild  be  consi- 
deied  as  property  belon^ng  to  the  present  work  or  not;  in  which  case  many  of  such  words 
have  been  here  inserted.  But  such  as  appeared  clearly  and  pediliariy  to  belong  to  any  «C 
those  other  subjects,  have  been  either  wholly  omitted,  or  else  have  had  a  very  slKtrt  account 
only  g^ven  of  them.  The  readers  of  this  work  therefore,  recollecting^  that  it  i&  not  a  Qoieral  * 
.Dictionary  of  all  die  Arts  and  Sciences,  will  not  expect  to  find  all  sorts  of  words  and  subjects 
herp  treated  of;  but  sodi  only  as  peeuUarly  appertain  to  the  proper  matlqr  of  the  work. 
And  tberefi^,  'althou^'some  few  words  may  inadvertently  have  been  omitted ;  ^et  when  the  ' 
.Reader  does  not  immediatdy  find  every  word  which  he  wishes  to  consul^  he  will  not  always 

•  *  * 

consider  them  as  omissioos  of  the  Author, .  but  for  the  most  pact  as  rebting  to  smne  otlier 
science  foleign  to  thi^  Dictkmary. 

Iir  all  eases  where  it  ooold  be  oonveniently  done^  the  necessary  figure:  and  diag^ms  are 
ilserted  in  the  same  page  with  the  subjects  which  they  are  designed  to  elucidate;  a  method 
which  will  be  found  much  more  commodious  than  that  of  putting  tbcnv  in  separate  plates  at 
the  end  of  each  volume,  but,  which  has  added  very  considerably  to  the  ex  pence  of  the  un« 
dertaking.  Where  the  subjects  are  of  such  a  nature  that  they  could  not  be  otherwise  well  re- 
presented, tbi^  are.engraved  on  copperplates.  ' 

As  the  whole  of  this  work- was  written  before  it  was  put  to  the  press,  the  Reader  « 
find  it  qS  ane^ual  and  uniform  nature  and  coastructkm  throug!bout ;  in  which  respect  oiaoy 


Digitized  by  Google 


vm 


P  R  £  F  A  C  £. 


publicalioiid  of  this  kuid  arc  very  defective,  IroQi  tlic  subjects  being  diEFusely  treated  under 
the  first  letters  of  the  alphabet,  wliile  articles  ot'  efjual  iiDfjurlauce  ii»  the  latter  purt  are 
>o  much  ubriii^td  us  tu  Ik;  rniilereil  aimosl  useless,  ii)  onkr  that  the  whole  might  be 
toinpriscd  in  a  limited  number  ot  sheets,  according  to  proposals  made  before  the  w  orks  were 
composed.  The  present  Dictionary  tmvbg  been  completed  witliout  any  of  tliese  uiifavour- 
tble  circuautanc^s,  will  be  found  in  most  cas^s  equally  instructive  and  uiietul,  axid  luuy  be 
GQOsult^  irith  no  ten  odvaiUage  by  tiw  Mail  of  Science  than  die  Student. 


I.v  addition  to  the  foregoing  original  account  of  tiiis  worl^  WC  have  tO  obtervc,  that  the 
whole  has  been  several  times  carefully  perused,  in  order  to  correct,  enlarge,  and  amend  the 
aeveral  a^tic^C5 ;  that  all  t\te  new  discovwies  and  improvements  in  the  sciences,  shice  the 
first  composing  of  the  work,  have  been  attentively  collected  and  abrid^ier),  for  introducing  in  . 
this  new  edition }  that  many  new  articles  have  been  inserted  in  their  places  through  the 
yoliuneSy  and  even  several  of  the  chief  articles  of  some  of  the  other  sciences  8cc, 
have  now  been  included, — as  Electricity,  Galvanism,  Voltaic  pile,  Acid,  Alkali,  Frcczin<!;, 

.  New  Planets  and  Comets,  wilii  numerous  other  similar  articles;  that  a  large  collection  of 
new  and  interesting  lives  of  eminent  authors  have  been  inserted,  as  far  as  materials  could  * 
be  obtained,  and  tho  merits  of  tlie  autliors  were  deemed  worthy  of  notice  in  this  work  ;  iliat 

.  several  new  plates  and  figures  have  been  added  ;  tliat  the  pages  liave  been  considerably  en- 
larged, and  the  printins  so  arranm<i  and  conltived  us  to  include  more  matter  in  the 
sheets.  In  short,  tho  alterations,  achhtions,  and  other  improvements,  arc  so  numirou?, 
and  80  large,  as  entitle  the  present  edition  to  be  considered  almost  as  an  ejatire  new  work. 
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x\.BACISr,  an  Arillimetirian.  In  this  >ei\H<  wi>  find 
tbc  word  used  by  WilliBra  of  Malmcsbury,  in  his  llisifirv 
de  Gertis  Ang\or«m,  *vritten  about  thi-  jcrti  I  1,>('  ;  n.'i  m 
he  shows  that  ortc  Gcrbcrt,  a  learned  monk  oi  Kraiicc, 
who  arti-rwards  becama  pope  of  Home  in  the  year  998  or 
999,  by  tbe  oame  of  Silvester  the  3d,  was  the  lirst  who 
gut  front  tbe  Saracens  the  abacus,  and  that  taught  such 
ittls  concerning  it,  as  the  Abacisu  thnuelvc*  could 
bndly  understand. 

ABACyaw  in  Aritlinetic,  in  indent  iostrament  used 
by-mort  nimOM  ftr  CHtuK  cp  accounts,  or  perfarming 
aritlmietical  calcnhtkiM.  It&bgrMoedtritMftomtlie 
Oredc  aCag.  wbicb  m^aSa  a  cupboard  or  beaafet,  per> 
baps  from  the  similaniy  of  tbe  fonn  of  this  iDStminent: 
and  by  oibei^  it  is  derived  from  the  Phoenician  <Aai, 
wIhl'-a  >i;;iiiiifs  il,i,t  i>T  prnvdcr,  because  it  was  said  that 
tins  uihtiumcnl  wms  ioiiitliitu's  a.  square  l>nftr<l  or  tablrt, 
which  wui  powderfd  over  with  finpsand  or  ilust,  in  ulin  h 
were  traced  the  figures  or  characlcrs  U5cti  in  making  cal- 
culations, which  could  thence  be  easily  <lefaced,  and  the 
abiicus  refitted  for  use.  Rut  l.uca-i  PacioUis,  in  the  first 
part  of  his  second  diilinction,  thinks  it  i>  u  corruption  of 
Arabicus,  by  which  he  meant  their  Algorithm,  or  the 
method  of  numeral  computation  received  Irom  tbcm. 

We  find,  ihia  instrument  in  use  for  coapBlatien,  under 
•OM  vaiiatiam.  with  moat  nations;  m  the  Greek,  fio^ 
anaii  Genuns,  French,  Chines<,'&e. 

The  Gtecian  Abacus  was  an  oUong  frame,  over  which 
were  atittcfaed  tweial  bras*  wiree ,  ■tmng  widi  little  ivoiy 
baiU,  like  lha  bead*  «r  a  ntdchiee;  by  tha  eariow  ai>> 
langemcoli  «f  wbkb^  aH  kindi  of  caaqHitaliaM  mw 
eaiily  aiade.  Hahodet,  in  Hfsb  Acad.  R.  Inicr.  ton.  3. 
•p.  390. 

The  Roman  Abacus  wa<i  a  little  varied  from  the  Gre- 

fi;in,  having  pins  sliiiinjj  in  pruAc.,  l^^tl•^«d  of  Itrillgl  or 
wires,  and  beads,     I'liiiys.  1  riiM>.  Nn.  IHO. 

The  C?iine?e  Abacut,  or  Slmai;  |ian,  like  the  On  ri:iii, 
comisl*  nf  sevonil  series  nl  lie<nl'-  strung  on  br.L-rs  nins, 
utrelched  fnim  the  top  to  ihr  lii.ri'.im  of  the  in»:i  Liini  iil, 
unJ  divided  in  the  middle  by  a  ctiws  piece  from  side  to 
!-ide.  In  the  upper  space  every  >lring  has  two  beads, 
which  aiv  each  counted  for  i  ;  and  in  the  lower  space 
every  string  has  five  beads,  of  different  values,  thf  first 
bviiig  counicid  as  l,  %be  second  'as  10,  the  thiid  as  100) 
,  and  so  on,  u  with  VS.  See  SawAM^r^x. 
Vou  I. 


'llir  Aliiicus  chiefly  used  111  Lnr'  pe.ui  cuuniiies,  is 
neurly  un  the  same  principles,  tJlOUgii  the  Uie  >ii  it  l^  here 
11.1  ■mill- , J,  f)ictttise  of  the  arbitrary  and  unequal  divi- 
siiins  01  money,  Weights,  and  measures,  which,  ID  Chios, 
are  nil  dnided  in  a  tenfold  pr«|>artion,  like  OUT  Malfl  of 
common  numbers.  Thi^  is  made  by  drawing  aoy  number 
ofpaiallel  lines,  like  paper  ruled  for  music,  at  such  a  dis-  • 
tancaas  awy  be  ai  lea^i  equal  to  twice  the  diameter  of 
the  calculus,  or  coimri-r.  I'hen  the  value  of  these  lines, 
and  of  tbe  spaces  betucen  tbero,  iaciease^  from  tlwrlowesb 
to  tbe  highest,  in  a  tenfold  propoMiott.  Thui,  coodten 
plaeed  apoa  tlie  fim  liaei  ligufy  to  aany  anili  or-  onaii 
on  iim  leeond  Un«  lO*!,  on  tha  third  line  lOO**,  op  the 
fourth  Una  lOOtf  s,  and  so  on.  In  like  manner  a  eoBMer 
placed  In  the  fint  space,  between  the  first  and  scaond  line, 
denotes  5,  in  the  second  space  50,  in  the  third  :>parc  500,  , 
in  the  fourth  5000,  and  so  on.  So  that  theie  are  ncref 
more  than  tuur  couiilei>  plad  i!  l  u  .i-.y  line,  nor  more  than 
one  placed  in  any  space,  this  being  of  the  kame  value  as 
five  counters  on  the  next  line  below.  Thus,  the  coutitei-* 
on  tbe  Abacus,  in  tlie  following  figure,* ex pres«  tbe  num- 
ber or  Miin  47382. 
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the  above  imtmnienit  of  compulation,  tcvaraJ 
othem  haw  been  inventdd  by  diStmK  persons ;  »«,  Na« 
pier's  Rods  ar  Bones,  described  in  his  Rbabdolo^ia,  which 
s««,  under  the  word  Napier  ;  also  the  Abacus  Khabdo- 
logicus,  a  variation  of  Napier's,  which  is  de>rrihed  111  l!ie 
fir>l  vol.  ot  Macliiiies  et  Inventions  ajiprouvce^  [lar  1'  .At  11- 
deinie  Kiiyale  (ies  Sriences.     An  ini;eniciu^  uimI  t;eiiei.il  mc 

H-ls  -.i'.-.r,  IliM  l.-.fJ  Ml,  C'tailllllil'l   Snii  !l  I.IM,  1111. i         .!r  - 

scnbcil  III  ilir  I'iiuoMipiiiiiil  'I'ranvacti'.m?,  voi.4(j;  "hero 
the  inventor  nmark*  tli;it  cunipviliitioiis  la  1;  «ic  ii;iuh 
quicker  and  insier  performed  than  by  the  jitii,  .in  al^o 
less  burthensome  to  the  ineiiiory,  and  rati  lit  prilonned 
by  blind  persons,  or  in  the  dark  us  well  as  tii  tlie  light,  , 
A  very  comprthcusive  ;:i>tiunient  "t  this  kmd  was  ajj^ 
contrived  by  tbe  kte  learned  Dr.  NKbttlas  Saundersou, 
tha  hbnd  pnfaaor  of  Matbaiaatici  by.whiab  he  prfunaad 
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very  intricate  calculation*  :  an  arcuuiil  i>l  ii  i»  prefixed  tv 
the  first  volume  nl  his  Algebra,  uhcn-  ii  i;.  caili'd  by  the 
t'dilor  Palpable  Arithmetic  :  which  m  l-,  , 

In  the  Ldinb.  Rev.  vul.  18,  p.  205,  \%  the  I'ulluwing  neat 
account  of  this  instrument: — It  is  curious  to  ob^rve, 
thiit  the  term  CeUcalation  itself  claijiM  np  higlu-r  dcticent 
thaa  frutn  caicuiM^  a  pthbte.  A  laUi  ftnwed  nith  fine 
mmI,  tht  futm  tn^ihu  «f  the  poets,  eerved  both  for 
tmrim  geoBMtricel  ^tagnune,  mm  taMUng  the  demeiiti 
of  writing;  vie<ry4>rimitive  ooHlrimade,  but  HWwrMilly 
lued  thmughotit  the  Ea»t,  from  wfakih  it  hit  lately  been 
inporled  into  this  country.  The  board  on  which  aHth- 
•  lActieal  operations  were  performed,  at  lirMt  by  nu-atts  of 
pebbles,  was  iiamril  Abac  us,  frnm  tlic  (oi.  k  j-'/j  ;  pro- 
bably b<^ause  origioally  U  was  only  a,wriliiig-table  of  a 

cotiipeiidious  form,  and  dctigned  for  inttraciiiig  children 
in  their  alphabet. 

N«e  qil  ^Jidw  bmmim;  «t  iaeu  IB  pdltew  mtti 

Sen  fti'kM*  Vlfrr.  I'em,  >i*t.  i.  139. 

The  Ab;icus  was  divided,  from  the  right  to  the  left 
hand,  by  vi  rtical  columns,  on  \rhich  the  pt  bblcs  wrrc 
placed,  to  dinote,  units,  tens,  hundreds,  thousands,  &c. 
,  The  labour  uf  counting  and  arranging  tnoM  pcbble-i  uu:> 
afterward*  icmibly  abridged,  by  drau  ingacruM  the  board 
•  koritonM]  line^  above  which,  each  tingle  pebble  had  the 
.  ftomr  of  5.  In  tbo  P*>l^**>  of  Ituunr,  taU,  or  diet 
aiade  oC  iw«y>  wen  luad  imtaad  of  pebblea,  and  mall 


silver  cMiki  ««•  to  wpply  (k«  fhee  of  cotwlcn.  Bnl 
the  operation*  wi^  the  ahww  nen  noidered  itUI  mora 

Ciimmodioui,  by  suUtituting  for  tali  or  counter^ 
small  bcadti  strung  on  parallel  thread*,  and  sometime* 
pegs  stuck  nloiig  grooves.—- AccouiitiUiIs  by  profession, 
uuiong  ifu'  Romans,  wctv  hrncc  styUd  (a.'culaforet,  or  ru- 
twnarii.  \  .irn  ij^  r.xpLcljcE.l-  ^ltiii  '.i:  (lavc  bcrn  employed 
for  hhartenin^  tiic  unihiTic-iical  upi.ratiuiii».  The  dillcrent 
♦jiositiuns  of  the  (iiigers  were,  for  iliat  purpose,  used  to  a 
C>  rtaiti  L'xtcnt.  iicii-ihiui  treuted  largely  of  the  sobject  } 
and  rvi'ii  tlic  vrncrublc  B<.i:>'  imv  glveu'vaiy  dilbsO  mlcs 
ATtwhat  was  called  digital  anthmttic. 

out  the  application  of  the  abacus  itself  was  not  entirely 
forgotten  at  a  much  later  period.  Witaca*  the  small  vo- 
loBK  of  arithmetic,  quaintly  compoaed  io  the  form  of  dia- 
logn  hy  Robert  Kecordc,  teacher  of  mathematics  and 
practitiDoer  in  phytic  at  Cambridge*  during  the  teufh  of 
'  siitf^  Vi '  is  which  round  doti»  placed  on  perpcsdictt* ' 
nrjmii  tiMl  eetployed  to  cxproB  thotucecnion  ofunitib 
tBn%  hundred^  sct  an  oiado  to  peifeim  aone  of  the  rin* 
pier  numerical  operat{oni.^A  •■all  iratrument,  entirely 
resembling  the  abacus,  has  likewise  at  different  times  bcvu 
recom mended,  for  teaching  the  elements  of  ciphering, 
under  thi-  name  of  palpable  ariihinitic. 

Abacus,  I'vlhagnreait,  so  dononiimUtii  from  its  in- 
vonttir,  I'yiKjj^ijia*,  IS  u  table  of  liuinUrs,  to!itriv<d  for 
r<-adiiy  li  aniiny  the  principles  of  aritlmsetic  ;  being  pro- 
bably what  is  i;  A'  i_f.ll.  :1  tin-  nr,j|;i  ||1k.iI  h.ii-table. 

Abacus,  or  AiiACiscirs,  in  Arthitctiure,  the  tipper 
part  or  member  of  the  capital  of  a  column  ;  serving  as 
a  crou  nittg  both  to  the  capital  .and  to  the  whole  coluntu. 
Vitruvius  inform*  u*  that  the  j1bm:ia  was  ori^nallj  in* 
tended  to  represent  a  square  flat  tile  laid  over  an  um,  or 
a  bekkieti  and  the  invention  is  ascribed  to  Caliroacbui,  an 
iofeaiouB  ■tatuaiy  of  Athen*,  who^  it  i*  taid,  adopted  it  on 
•  ob*er*ing  a  Hnau  hadtet,  covcnd  irith  •  lik,  o««r  the 
.  root  of  tuAcantliu  plant,  wlikb  grew  on  the  t^iave  of* 


young  lady;  the  plant  siimjting  up,  encompassed  the  bas- 
ket, ttll  meeting  with  the  tile,  it  curled  back  in  a  kind  of 
scroll :  Calimachus  passing  by,  took  the  hint,  and  imme- 
diately executed  a  capital  on  ibis  plan  ;  rrpresenting  the 
tile  by  the  Abacus,  the  leaves  of  the  acanthus  by  the  \o- 
ItttO,  aad  the  basket  by  the  vase  or  body  of  the  capital. 
See  AcaVTBVi.  .  * 

Aaacua  ia  alw  uied  hv  Scamossi  for  a  eonear*  niould- 
ing  in  the  capital  of  tteThteanpedotal.  And  thtf  word 
Ik  uted  hy  PiufaHlio  for  other  memaa,wliich  hed^cribea. 
In  anrient  architecture,  the  lome  term  i«  uii!d  to  denote 
certain  compartments  in  the  incrustation  or  lining  of  the 
walls  of  State-rooms,  mosafc-pavementH,  and  the  like. 
There  were  .-lAji  i  uf  m.irKle,  purpliy  ry,  j;l^jH  i ,  ::l,i'>;i  ier, 
and  e^eii  phi^s ;  siiriL!L..|y  shiiped,  us  xju.in  ,  :iiu;;.,iil.u, 
and  such-like. 

Abaci's  lAigistuut  is  a  riElit-nn^K  li  tri.;iiijU-,  «!i.ise 
iidl^,  abwi.l  the  right-angle,  coiUiiiii  ull  tlie  IlUllllH•l^  Imhu 
1  to  6o  ;  und  its  area,  the  prmiur :■,  ol  e.ncli  two  ot  i\r-  e.p- 
posite  numbers.  This  is  also  cilled  a  canon  of  icxugfti- 
malt,  and  is  no  other  than  a  mulliplicutiuii' table  carried 
to  60  both  ways. 

Abacus  tt  I'almulir,  in  the  Ancient  Mu'Ie,  denote  the 
OMcbinery  by  which  the  string*  of  the  polyplectm,  or  III* 
atrumenis  of  many  strings,  were  struck,  with  a  plectiuilk 
made  of  quills. 

AUACVS  Uarmmicut  is  used  by  Kircber  fortboatfOe- 
ture  and  disjposition  of  the  keys  of  a  mtitical  hMtninent, 
dtber  to  be  toutbed  with  the  hand*  or  feet. 

Asactra,  in  Ocoaaetryt  •  l«hie  or  ilale  upon  which 
•chcme*  or  diagfWM  we  dmwar. 

ABATIS,  or  'ABATTtt,°fn>m  the  Freoch  aialirt,  to 
throw  dn«ii,  or  beat  down,  in  the  Military  Art,  denotes 
a  kind  of  retri  nchment  made  by  a  c|uantity  of  whole  trees 
cut  do«n,  and  laid  lengthways  beside  each  other,  the 
cloier  the  belter,  having  ull  tin  ir  branches  pointed  to- 
wards the  enemy,  which  prevents  his  approach,  at  the 
same  time  that  the  trunks  serve  m  a  breiu^t-work  before, 
the  men.  The  Abaitis  is  a  very  UNtlul  woik  on  inii--t  oc- 
casions, especially  on  sudden  emergencii's,  when  trees  are 
near  at  hand  ;  and  has  always  been  practised  with  consi- 
derable success,  by  the  ablest  commanders  in  all  age*  )uui 
natiiius. 

ABAUi^IT,  Firmia,  a  learned  and  imcOMU*  OMthMUU* 
tician  and  philosopher,  born  at  U*ei,  in  Laaginedoc,  on  the 
1  i  th  of  November  tfi79 ;  hi*  .paikenti  being  proieatant*,  ho 
WM  tMgei  to  leave  finmeo  hy  the  tovocatioa.of  the  edict 
of  Nmtoi,  and  after  nferiiig  many  hanMfipa,  at  ki^tii 
found  eu  atylam  b  Genev8,-where  be  proieeoted  hit  ttii- 
dies  with  the  greatest  success  ;  and  though  hi*  chief  atten- 
tion was  directed  to  the  mathematics,  he  nevertheles* 
made  r  -j^iili  r,.li|e  ]iirijn.>ss  in  every  department  of  litera- 
ture ;  he  was  arquainteii  with  most  of  the  learned  men  of 
his  time,  and  among  others  with  our  illuslndns  countryman 
Sir  hiiac  Newton,  who  in  an  epistolary  corrtsponiiencc 
diK  s  :';it:i  the  honour  to  say,  "  you  urea  very  fit  person  to 
judge  between  Leibnitz  and  me."  lie  seems  indeed  to  have 
perfectly  understood  the  Principia,  huwng  ursiertukcn 
the  defence  of  it  against  lather  Castell,  wherein  he  dis- 
played great  talents  and  ability :  he  discovered  an  error 
tn  that  work  when  it  lir*t  apjiearcd,  w+iih  was  corrected 
.in  the  next  edition.  After  having  signalized  hini-ielf  as 
much  for  hit  virtue  a*  hi*  learning,  be  died  on  the  SOib 
of  March  l7fil7,«ttlMa^«OBCcdage  of  S^ycan,  lamented 
and  ngrettod'bgf  dl  tvhon  ho  honotmid  with  hi«  fideiidibip.  ^ 
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ABBREVIATK;  to  abbreviate  fractions  in  Arithmetic 
Mid  Algebra,  is  to  lowen  proportionally  tlicir  terms,  or  the 
numerator  and  denominator;  which  h  pertorrprd  by  <ii- 
'viding  those  terms  by  any  number  or  quantity,  which  « ill 
di«ida  tlwn  ivithout  leaving  a  nmaitider.  And  wben,tha 
ternn  cannot  be  any  AurtMr  id  difidad,  die  ftnetkm  ia 
said  to  be  in  its  least  terms. 


1 1 


by  uividtng  the  terms  continually  by  S. 
And       -iS^M  li' 


by  dividing  by  ^  3| 


17. 


by  dividing  by  3  and  by  2. 


And        =  ^.by  dtffUiiifflij 

And  =  — ,  by  dividing  by  a  +  jr. 

ABBREVIATION,  of  fsactiont,  in  AritbsMtic  and  Al- 
gebra, is  tho  f«d«^iv  dMB  to  lowar  tecni^  «■  In  the  cx- 

atopics  above. 

ABERRATION,  in  Astronomy,  an appareitt  motion  of 
die  calattial  bodies,  occasioned  by  the  progteeive  motion 
of  l^jilt  and  tbe  earth's  anneal  motion  in  its  orbit. 

This  cibet  may  be  explained  and  fiuniUnnaed  fay  the 
motion  of  n  line  painild  lo  itaelf,  mnch  after  the  RHUuier 
of  the  composideM  nad  raolntion  of  forceib  Ver  Ihfi^r- 
posp,  let  tns  fade  of  llie  velocity  of  light  to  * 
earth  in  its  orbit,  be  as  the  litte  a  c 
to  Ac;  then,  by  the  composition 
of  these  two  motions,  tbe  particle  ' 
of  light  will  seem  to  describe  the 
line  a  A  or  nc,  instead  of  its  real 
course  ac  ;  and  will  appear  in  tho 
direction  ab  or  cd,  iii>tead  of  to 
true  direction  c  b.  So  that,  if  A  B 
represent  a  tube,  carried  with  a 
parallel  motion  by  an  obeerrcr 
along  the  line  ac,  in  the  tiM#  dwt 
a  particle  of  light  would  move  am 
the  space  ac,  the  diflerent  placet  of 
tha  tuba  being  aa,  ab,  cd^cn;  and  wbendw^  orcnd 
«f  Aa  tnbe,  it  at  a,  let  a  pnitide  of  li^t  enter  tb*  other 
end  tt  B)-.dMn,  when  tbe  tnbe  k  at  ni^  dm  prntideflf 
liglit  will  he  nt  1^  axncdy  in  tha  a<ie  of  tbe  tube;  and 
when  tha  tnbe  ie  at  cif,  die  particle  of  light  will  arrive  at 
/,  sb'U  hi  the  axh  of  the  tube ;  and  lastly,  when  the  tube 
arrives  at  cd,  the  particle  of  light  wilt  ^iTrr.  i'  .it  the  eye  or 
point  c,  and  conse<|uent!y  will  appear  iu  <  nnic  in  the  di- 
rection DC  of  the  tube,  instead  ot  th-  true  iliix-ctlon  Bc; 
and  so  on;  one  particle  »ucceedine  .mntlitr.  ;inil  forming 
a  continued  stream  or  ray  oi  li;;iit  :n  ilir  a;iiiun:n  dircr- 
tion  DC.  So  that  the  appnrent  angle  made  by  llie  ray  of 
light  with  the  lini'  a  e,  is  the  angle  ncE,  instead  of  the 
true  angle  sea;  and  the  ditference,  aco  or  abc,  is  the 
quantity  of  the  aberration. 

M.de  A4aupertuis,  in  his  Uleraenls  of  Geography,  gives 
also  a  familiar  and  ingenious  idea  of  tbo  aberration,  in 
this  manner:  "  It  ie  thu,"  laya  be,  "  concemiiy  tbe 
din-ction  in  which  a  gnn  mwt  be  poinled  to  strike  n  biid 
iniaii^t  ias«cBdafpoin«ingitalnidlttodinfatfd»die 
kmla  «iU  poin  a  Ktda  hdm  it,  n  dw  pMb  <f  ilt 


flight,  and  ihHl  so"  inUcU  the  more  a'-  t\r  ^'ul  t  .t  ihr  bird 
is  more  rapid,  with  r»i»j>ect  to  the  fli^.hi  ui  (4ii  In  i."  '  lis 
this  »ny  of  considerinj;  the  matter,  the  flight  of  the  bird 
rcpri'scnls  (ho  inution  of  the  earth,  r>r  the  line  ac,  in  ouC* 
scheme  above,  and  the  flight  of  the  shot  reprcsciita  the 
motion  of  the  ray  of  light,  or  the  line  bc 

M.  Claiiaut  loo,  in  the  Menoin  of  lie  Aouieny  of . 
Sciences  for  the  yenr  1746t  iDuHintea  tide  cftet  ia. « liii- 
miliar  way,  by  wuffmk%  ^Npe  of  lain  to  bll'iapidly.  nnd 
quickly  after  each  other  tnm  n  cloud,  nnder  which  a  per> 
•on  moves  with  a  very  narrow  tube;  in  which  caso  it  is 
evident  that  the  tube  roast  have  a  certain  inclination,  in ' 
order  that  a  drop  which  enters  at  the  top,  m:iy  fill  frcily 
through  the  axis  ol*  the  tube,  without  ti'ueliirij;  its  s^dL■^ ; 
which  incliiiatKiii  nuist  be  more  or  l<ss  nrrordiiij;  to  th< 
velocity  of  the  (Imps,  in  rpsf>prt  to  th;il  nf  tin-  tube:  then 
the  anisic-  n-un'.r  by  tbr  drri-ctinti  ul  thi/  IliI  ''  Liiid  of  the 
fallinw  <lr<i|i>,  is  the  aberratiuii  ansmg  ffni  the  combina- 
tion of  those  two  motioni. 

Another  iageoioua  and  Cuniliar illustration  of  tiiia  effect 
is  given  in  the  Mmyd^fUh  Jfefiadlljpw;  which  is  Beafly. 
as  follows. 

Let  c  r  A  o  repreaent  a  boat, 
orothervcmelt  movhigparallel 
tttimirihMBCto  D,Mdmppoee 
a  person  at  c  to  throw  a  stoae 
towards  a,  with  such  a  veloci* 
ty  that  it  exactly  aniacs  then 
when  the  paiM  a  wrim  a*  b 
by  theiknanaof dwbeatt  now 
apenondtaalcdntA  wiD  m- 
tnnllyrellM-  tbe<0T«CtiORof  the  stone  to  the  diagonal  c  a  or 
BB  of  the  boat,  over  which  it  has  actually  paa^id,  not- 
withstanding its  real  direction  is  that  of  cb;  for  the 
same  appearance.s  would  have  taken  place,  had  the  sione 
boon  cast  from  c  to  b,  provided  its  veli  ci;y  bad  been* 
such  as  to  cause  it  to  arrive  at  b,  in  tht  wrif  ^irne  as 
before. 

This  therefore  explains  the  nature  of  the  aberration  of 
the  celestial  bodies ;  for  if  wc  now  consider  the  stone 
above  mentioned  at  a  particle  of  light  itsuing  from  a  body 
at  c,  in  tkadiraetion  es,  and  that  it  arrives  there  in  the 
same  tine  that  a  person  moves  from  a  to  b  ;  then  it  it  evi- 
dent, from  what  is  said  above,  that  be  will  refti  it»  dirrc- 
tioB  to  lb«  line  o  a ;  bot  nil  bodice  appear  in  the  dhncttoA 
nf  the  vinal  iqis  emitted  hyAem,  and  eMMtfUeady  tfcn 
point  »  will  It  theappmcat  place  of  the  hn^  c  And 
Ihoa  fheeftet  of  rtemtiaA  it  always  to  maka  hadia«p< 
pear  more  advanced  In  Ancdoo  we  an  (Mnfngt  thnn 
they  really  are. 

This  discovt  ry,  which  b  OUC  of  Che  brigbt<--t  buve 
been  made  in  the  last  age.  We  owe  to  the  accunicy  anil  in- 
genuity of  the  latQ  Dr.  Bradley,  afterwards  Astronomer 
Royal  ;  to  which  he  was  occasionally  If  d  bv  the  n  »u(l  oi 
some  accurate  ob^er^;l',l■:ln^  he        r.  ndc  An- 

other \ipw,  namely,  to  determine  the  annual  parallax  of 
the  lixed  stars,  or  that  which  arises  from  the  motion  of  ihU 
earth  in  its  unnuii!  orbit  ubout  th*  »un. 

This  motJ  Ti  (il  the  earth,  about  the  ^un,  had  been 
often  doubted,  and  warmly  contested.  The  defenders 
of  that  doctrine,  among  other  proofs  uf  its  reality,  con- 
ceived the  idea  of  adducing  an  incontcaiable  one  from 
dm  annual  panlhut  of  the  fixed  ttan,  if  ihey  ahoald 
be  widdn  eilch  n  diMnnc^  or  if  instrumente  and  oteetva- ' 
ddna  omM  be  made  wllft  endh  accuracy,  a*  to  nadartM 
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BATalltx  tensiblr;  unil  with  tbis  view '  various  atlempU 
b»ve  been  ni«de.  Before  the  obM-rvations  of  M.  Picard, 
made  in  16*72,  it  wh>  tlic  funeral  opinion,  tliut  the  stars 
did  n«it  change  their  pcisition  during  the  couiie  of  n  year. 
I'ytho  Brahc  and  Iticciuli  fancied  that  thry  had  assured 
thcBisi'lve»  of  it  from  their  observations ;  from  which  they 
concluded  that  the  earth  did  not  move  round  the  sun,  and 
that  there  was  no  annual  parallax  in  the  fixed  stars.  M. 
Picard,  in  ihc^ccount  of  bis  Voynge  d'Uninibourg,  made 
hi  iGTi,  fayi  that  the  pole  star,  at  difl'erent  iimr>i  of  the 
y»>ar,  has  certain  wiriations  which  he  had  observed  for 
about  10 years,  and  which  amounted  to  near  40*  a  year: 
whence  Mime,  who  favoured  ihe  annual  motion  of  the 
earth,  were  led  to  conclude  that  these  variations  were  the 
effect  of  the  parallax  of  the  earth's  orbit.  But  it  was  im- 
possible to  c.Nplain  it  by  that  parallax  ;  because  this  mo- 
lion  was  in  a  manner  contrary  to  what  ought  to  follow 
only  from  the  motion  of  the  earth  in  its  orbit. 

In  1674  Dr.  Hook  published  an  account  of  observa- 
tions, made  by  him  in  I669,  by  which  he  had  found 
that  the  star  -/  Draconis  was  23"  more  northerly  in  July 
than  in  October:  observations  whicli,  at  that  time,  seem- 
ed to  favour  the  opinion  of  the  earth's  motion,  though 
it  be  now  known  that  there  cuuid  not  be  any  accuracy 
in  them. 

Flamsteed  having  observed  tltm  pole  star  with  his  mural 
I  quadrant,  in  <hc  following  years,  found  that  its 

declination  was  40"  lew  in  July  iban  in  December;  which 
observations,  though  very  just,  were  yet,  however,  improper 
for  proving  the  annual  parallax  :  and  he  recommended 
the  making  of  an  instrument  of  15  or  20  feet  radius,  to 
be  firmly  fixed  on  a  strong  foundation,  for  deciding  a 
doubt  which. wa*  otherwise  not  soon  likely  tu  be  brought 
to  a  conclusion. 

In  this  suie  of  uncciluinty  and  doubt,  Dr.  Bradley,  in 
•  roojuiiction  with  Mr.  Samuel  Molineux,  in  the  year  1725, 
formed  the  pnyect  of  verifying,  by  a  scries  ol  new  obser- 
vation}, those  which  Dr.  Hook  had  cointnunicati  d  to  the 
public  almost  50  years  before.  And  as  it  was  hi^  attempt 
that  chiefly  gave  rise  to  this  undertaking,  so  it  was  his  me- 
thod in  making  the  observations,  in  some  measun-,  that' 
they  followed ;  for  they  made  choice  of  the  same  star, 
and  their  instruinrnt  was  constructed  on  nearly  the  same 
pnnciples:  but  bad  it  not  gri'nily  exceeded  the  former  in 
rActness,  they  might  still  have  continued  in  uncertainty 
and  doubt,  as  to  the  parallax  of  the  fixed  stars.  And  this 
was  chiefly  owing  to  the  accuracy  of  the  ingenious  Mr. 
George  Graham,  to  whom  the  lovers  of  astronomy  arc 
also  indebted  for  several  other  exact  and  convenirnl  in- 
slrtyncnts. 

The  success  then  of  the  intended  experiment,  evidently 
depcitding  very  much  on  the  accuracy  of  the  instrument, 
that'  kadin^  object  was  first  to  be  well  secund.  Mr. 
Molincux's  apparatus  having  been  completed,  and  fitted 
for  observiti^,  about  the  end  of  November  1725,  on  the 
ibird  day  ol  Ui'cember  following,  the  bright  star  in  the 
head  of  Draco,  marked  7  by  Bayer,  was  for  the  first  lime 
observed,  as  it  passed  near  the  zenith,  and  ils  situation 
carefully  taken  with  the  instrument.  The  like  observa- 
tions were  made  frequently,  on  many  days,  both  in  that 
and  the  succeeding  months,  when  they  found  a  gradual 
variation  in  the  star's  position  towards  the  south.  They 
look  care  to  examine  very  nicely,  at  the  time  of  each  ob- 
servation, how  much  the  variation  was  ;  till  about  tho 
bcginuing  of  March  1726',  when  the  star  was  fouud  to  bo 


20"  more  southerly  than  at  the 'time  of  ibe  first  observa- 
tion :  it  now  indeed  seemed  to  have  arrived  at  Us  utmost 
limit  southward,  as  in  several  trials,  made  about  this 
time,  no  sensible  difference  was  obsi^ved  in  its  stiua- 
tinn.  By  the  middle  of  April,  it  appeared  to  In;  return- 
ing back  again  towards  the  north  ;  and  about  the  be- 
ginning of  June,  it  passed  at  the  same  distance  from  the 
xenith,  as  it  had  done  in  December,  when  it  was  fii>| 
observed. 

From  the  quick  alteration  in  the  decliiialion  of  the  siar 
about  this  limP,  increasing  about  om-  second  in  3  davs,  11 
was  conjectured  that  it  would  now  proceed  iiiirthwnnl 
of  ils  preMiit  situation,  as  it  had  before  gone  southward  ; 
which  happened  accordini:ly  ;  for  the  star  continued  to 
move  northward  till  September  following,  when  it  became 
stationary  again ;  being  then  near  2o'  moie  northerly 
than  in  June,  and  upwards  of  39"  more  northeily  tbnii  it 
bad  been  in  .March.  From  SepleniLer  I  he  star  again  re- 
turned towards  the  south,  till,  in  I)ecvniber,  it  arrived  at 
the  same  situation  in  which  it  had  been  obseived  twelve 
months  before,  allowing  for  the 'dini-rencc  of  declinnlion 
on  account  of  the  precession  of  the  equiiiox. 

This  was  a  sufficient  prmif  that  the  instrument  had  not 
been  the  cause  of  this  apparent  motion  of  the  star  ;  and 
yet  it  seemed  Jiflicult  to  devise  one  that  ^hould  be  ade- 
quate 10  such  an  unusual  elTert.  A  nutation  of  the 
earth's  axis  was  one  of  the  first  things  that  oflt'rtd  itself 
on  ibis  occasion;  but  it  was  soon  found  to  be  iiibuffi- 
cicnl. 

I'be  great  regylarity  of  the  observations  left  no  room 
to  doubt,  but  that  there  was  some  uniform  cause  by 
which  this  unexpected  motion  was  produced,  and  which 
did  not  depend  on  the  uncertainty  or  variety  of  the  sensofls 
of  the  year.  But  not  being  able  to  fiameany  hypothesis, 
sufficient  to  account  for  all  the  phenomena,  and  being 
very  desirous  to  search  a  little  further  into  this  metier, 
Dr.  Bradley  began  to  think  of  en  cting  an  instrument  for 
himself  at  Wanstrad  ;  that,  having  it  always,  at  hand,  ho 
might  with  the  more  ease  and  certainty  inquire  into  the 
laws  of  this  new  motion.  The  consideration  likewise  of 
being  able,  by  another  inslruineni,  to  confirm  the  truth  of 
the  observations  hitherto  made  with  that  of  Mr.  Moli- 
neux's,  was  no  small  inducement  to  the  undertaking  ;  but 
the  principal  one  was,  the  opportunity  he  should  thereby 
have  of  trying  in  whet  manner  other  stars  should  be  af- 
fected by  the  same  cause,  whatever  it  might  be.  For  Mr. 
Molineux's  instrument  being  originally  designed  for  ob- 
serving y  Draconis,  to  try  whether  it  had  any  sensible  pa- 
rallax, it  was  so  contrived,  as  to  be  capable  of  but  litlle 
alteration  in  its  direction;  not  above  7  or  8  minute*  of  a 
degree :  and  there  being  but  few  stars,  within  half  that 
distance  from  the  zenith  of  Kew,  bright  enough  |o  be 
well  observed,  hecould  not,wiih  bis  instrument,  thorough- 
ly examine  how  Ibis  cause  affected  stars  that  were  diflie- 
rently  situated,  with  res|N'Ct  to  the  equinoctial  and  solsti- 
cial  points  of  the  ecliptic 

These  consideratio?is  determined  him ;  and  by  the 
contrivance  and  direction  of  the  same  ingenious  person, 
Mr.  Graham,  his  inMrumeni  was  fixed  upon  the  Itjth  of 
August  1727.  As  he  had  no  convenient  place  where  he 
could  make  use  of  so  longn  telescope  as  Mr.  Molineux's, 
he  contented  himself  with  one  of.bui  little  more  than  half 
the  length,  namely,  of  12  feet  and  a  half,  the  other  being 
24  feet  and  a  hall'  long,  judging,  from  the  experience  he 
bad  already  had,  that  this  radius  would  be  lung  enough  to 
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adjtl'-t  tlu'  inslriirin-'iil  lo  a  Mifficii-nt  de®roi'  ol  cxutlni  V'- 
anil' he  had  iiu  i  ailcrM  ar.l>.  In  rli:iii:;i'  his  ii|iiiiu:.n; 

fur  by  nil  IriaJs  he  was  very  well  sali^lied,  thai  wlit  n 
it  wai  carelully  rictitictl,  it«  Htmtioo. Blight 'b>  weittvly 
dcprndni  oo  to  hull' a  Second. 

Mis  inMrumont  Ihiiik  fixed,  he  imrordiatt-ly  began  lo 
obivm  (ucfa  »Mr»  At  he  judged  mi>»i  pro[>L'r  t<>  ^ivc  liim 
any  light  iatothe  nine  ot  th<^  miuiun  already  hh  iui<>tkL-d. 
Then  wm«  aalleieot  variety  uf  small  unc«i  and  not  lew 
dmD  twelvo  that  he  could  obs<-rve  tkrou^  all  acatumflf 
ihe  yewt  u  tfcey  wero  bright  enough  to  be  mco  la  the  dky- 
tiOM,  vlwp  neMCtt  the  tttli. 

When  ihe  year  m»  coaqtletcd,  he  hcgen  to  cnaiiiie 
■Dd  oompaicSb  obwmtioiH;  and  harioigfietty  well 
tilfied  himielr  as  to  the  geiietal  law*  of  the  phenonpiia, 
be  then  eiidravoum)  to  find  out  the  can«e  of  them. 
11c  «av  ulriaily  convinced  that  ihc  .ippari-nt  molion  of 
the  st.irs  was  not  uwin;2  to  a  uulaliun  of  tbc  earth's  iixis. 
The  i.e.xt  idea  that  im  uiK'  I  f."  Imn,  rtl|<-r;i!inii  in 

the  dircrtion  of  ihe  pllimij-iiin  ,  hi  wincli  the  imlrunifiit 
was  constantly  adju>lcd  ;  but  upun  iiial,  in- 
sufficient, then  con-iideri  il  »lii>r  rcdacUoii  tmnlil  do; 
but  hi  re  uKo  lu-  :iK't  ■.mil  ii  .  b.ai»faciion.  At  It-npih, 
through  an  ama/m4  ity,  lie  conjectured  that  bII  iln- 
pbenoinenj  hitherto  niLnii.jm-d,  proceedpci  trKin  iIil'  pro- 
greskivt!  niutiun  of  lit;h(t  and  the  earth's  annual  motion  in 
it-i  orbit :  for  he  conceived,  that  if  light  «rrre  propagated  in 
time,  the  appaircnt  place  of  a  &.\ed  object  would  not  be 
the  same  nhcn  the  eye  is  at  mt,  M  when  it  it  moving  in 
any  other  direction  excafil  that  of  the  line  petting  thnougl) 
the  object  nnd  ibe  eye ;  and  that  when  ibe  eye  is  moviqg 
In  ilifletsBi  dinctioni^  tha  apyavtnt  place  of  the  olfjeet 
would  be  diffintMi 

He  ceMtdeied  thie  matter  in  the  following  manner. 
.  He  imagined  Ca  to  boa  ray  of  light,  falling 
}>erp<-Ddicularly  on  the  line  ao:  then,  if 
tbc  eye  be  at  re«t  at  A,  ihc  object  must  ap- 
p»-«r  111  llu' direction  ac,  uIu'iIkt  linKt  be 
prupaj^iili'd  in  tiuu',  ur  iii^tiiiitiiiicua'iiy.  But 
if  the  eye  bi'  niuving  IV. im  n  Kiwartis  a,  and 
li^ht  be  pMpagati  d  lu  time,  witii  a  velocity 
lh;ii  IS  to  tlie  vilmity  of  the  e\f,  us  A  C  to 
A  B;  llii  ii,  lialit  niovins  from  c  to  A,  while 
the  rye  niovi  <  iVoiii  »  ■-o  a.  that  particle  of 
it  by  which  tiie  object  uiU  be  disccrneii, 
when  the  eye  in  its  motion  comes  tn  a,  is 
at  c  when  the  eye  is  at  b.  Joining  the 
.points  B,o,  he  supposed  the  line  bc  to  be  a  .j,^ — j- 
tube,  inclined  to  the  lino  bd  in  the  angle  ^ 
c  a  o,  and  of  such  a  diameter  ai  tn  admit  of  but  one 
particle  of  light :  then  it  wis  eaiy  to  ooneciw,  that 
the  paiticle  of  ligflt  at  c,  by  whidt  the  object  m«t  be 
aeen  when  the  wa  arfivce  at  a,  would  pan  through  tbc 
tiilie  BC>  so  iticfined  to  the  line  »»,  and  accompanying 
the  eye  in  iu  motion  from  a  lo  a  ;  aad  that  it  would  nut 
♦'come  to  the  eye,  ptuctil  behind  such  a  ttibe,  if  it  had  any 
1  »tliiT  iiii  liii.Uiiiu  to  tin'  lino  B  I).  I5u[  if,  in-i  .u!  of  sup- 
posing i«c  >.i<  siiiall  II  lube,  we  confi  i'.c  U  (•>  liv  llu  axis'if 
a  larger;  then,  fol  tlii' M»inc  ri*i'--on,  tlie  curni  ol  li^li! 
•Lt  c  cuiiiiul  puss  tiiiouoh  ihiit  a.\i<,  unle^is  it  )jo  incliiud 
to  B  O  in  till;  t.ime  angle  r  ii  ii. 

In  UImi  manner,  li  ilieeyc  mnvr  coiitmry  w.iy,  from 
i>  t'>u'arit^  A,  wliii  the  same  v>  |i  i.uy  tlicn  the  tubo 
ipust  be  l^gliltW.UH:  angle  a  dc  .  Although  iberrtbra 
true  i>f-«l  ebjt^,  be  peqieiHlisulir  la 


ihi'  111  isliuh  the  evi  i>  niovu.i;,  y<  t  llif  viidile  place 
uill  not  b<  -o  ;  »ir.tr  that  inuft  doubllchs  be  in  tlie  direc- 
tion ol  liie  tii'ic.  B'.it  llie  ilitieteiice  belvteeii  the  true 
atid  a[>|jareiil  place,  uill  bc,  c.X'leiif.  pan bu»,  greater  or 
less,  according  to  the  different  pruportinnt  between  the 
Nelucity  of  light  and  that  of  the  eye:  80  that,  if  we  could 
suppose  light  to  be  propagated  in  an  inalant,  then  there 
would  bo  no  difference  between  the  real  and  visible  place 
of  an  object,  thou(>h  the  eye  wen;  in  motion;  for  iu  that 
ease,  ac  being  infinite  with  respect  to  a  a,  the  angle 
acB»  which  k  the  diflerence  between  the  true  aad  visible 
plaee,  wiwilMa.'  Bat  if  light  be  propented  In  line, 
which  wia  -then  allowed  by  maat^iMophenh  thaiil|  ia 
evident,  from  tlie  fiiregoing  conaidAttiani,  ttat  there  wiU 
always  bc  a  difiercnce  between  the  true  and  visible  place 
of  an  object,  except  when  the  eye  is  moving  cither  direct* 

ly  towards,  or  from  the  object.  And  in  all  eases,  the 
sine  of  the  difference-  bi!wm>  llic  true  and  visible  plBcc  of 
the  uiii<-ct,  will  be  to  ilie  sine  of  the  visible  inrlmatioti  of 
the  ottject  to  tbc  line  in  which  the  eye  is  movinp,  as  (Ue 
velocity  of  (be  eve,  15  to  [be  vt  lucity  of  li^jlil. 

If  light  ii)o\(d  oidv  KKKi  nines  tu«,iei  than  ibe  eve, 
an  l  111.  object,  s'>p|iu'i(!  Irj  be  Bt  an  inlinitc  disiaiue, 
v^rre  n-ally  placed  pi  1  i»eiidicularly  over  ibe  plHn«  in 
which  iliL-  r\i-  IS  inoviii;^  ,  II  follows,  from  what  has  been 
said,  that  the  appnrt  ni  place  of  such  object  will  alun)s 
be  inclined  to  that  plane,  in  an  an^le  of  Hif  iSi  ;  so  that 
it  will  constantly  appear  3  4  from  its  true  piace«  ami  will 
scvm  so  much  less  inclined  to  the  plane,  that  way  towards, 
which  the  eye  tends,  llmt  is,  if  a  c  be  to  a  a  or  a  j>,  aa* 
1000  lo  1,  the  apgle  a>«  will  be  89*  56*1,  and  the  angle 
*CB3'{>aadscik«r  Saca  will  be  7'»  if  the  diraciion 
of  tha  molian  of  the  cji*  be  ciotraiy  at  o«e  tine  to  what 
it  is  at  another.  ' 

Ii;  the  earth  revolve  about  tbe  ann  annnally,  and  the  . 
v<-locily  of  light  were  te  the  vdncityof  the  earth's  mo- 
tinn  in  its  orbit,  as  ItXK)  is  to  I ;  then  it  is  eaiiy  to  con- 
ceive, ihut  a  ilar  n  iill\  placed  in  iKe  poii-  of  the  <cliptic, 
would  to  nil  eye  earned  uloii:;  wiib  tbe  earth,  seem,  to 
change  its  pl.ice  continually  ;  and,  iienlecliiij;  the  small 
difK'rciicc  uii  account  ot  the  larlhV  diurnal  revolution  on 
ii»  [IMS,  It  would  sceii)  to  ilcseiibc  a  circle  aliout  that  pole, 
rvriy  \sl.ere  distLir.!  Iroin  it  bv  d  {.  So  tiial  lis  lojlgitudo 
would  1k'  varied  lliroui.',b  all  tl;e  points  ot  the  ecliptic 
every  year,  but  lis  latitude  wouici  utwayti  remain  the 
same.  Its  right  ascension  would  also  change,  and  its  de« 
clination,  according  to  the  different  situations  of  the  sun 
in  resi>ect  of  the  equinoctial  pointaj  and  its  apparent 
distance  from  the  north  pole  of  the  equator,  would  be  Jf 
less  at  the  autumnal,  than  at  the  veiniu  eqidnox. 

The  grealcat  alteration  of  tbe  place  era  aiar,  in  the 
pole  .of  the  ediptic,  or,  wMch  in  effect  anionntt  M  iIhI' 
samettiini^  thepraportion  between  the  velocity  of  HglitaM 
the  carih'a  motion  in  iia  orbit,  being  knou  ti,  it  will  Hot  be 
difficult  to  6nd  what  would  bc  the  diflerence,  on  this  ac- 
count, between  the  true  and  apparent  place  of  any  other 
star  at  any  tiiiK  :  aiKl,  on  |]ic  coiilr.irv,  ibe  ihllereiice  b<>- 
twee'n  (iie  true  und  a[>pareiii  place  being  given,  the  pro- 
jinrlKin  belweeii  the  velocity  uf  ligltt^Mld  the  Cartb'8  IBO» 
lion  in  its  oriiit,  may  be  lound. 

-M'ter  the  h. story  of  this  ciirioii»-  discn eiy,  relmed  by 
llie  author  (iii  the  Plulos.  l  ians.  ol  tliat  y.  .ir),  he  fjlvcj 
the  results  of  a  ronhitmle  of  accui  ne  ul  s  r^a^'>n•^,  made 
on  a  great  number  of  suis,  at  all  seasons  of  ihc  year. 
RwnaU  «liich.obvfwiiew,  and  tbc  fafim  ilwoqr*lw 


Uigitizeti  by  ioOOgle 


ABE  [  G 

ihUmrfnut  in  coMaqncM* of  «trtb'saM> 
tion  in  id  nUt  and  ths.  ptogKuiw  me^aa  of  l%hl, 
pMct  to  ihjcrilw  ■  •mall  «llipw  in  iIm  iieRTaM»  the  tiWM- 
wAe  uit  *of  wlilch  ii  equal  to  the  tane  quantiiy  for 
•TCiy  Iter,  Minely  40"  nrarly;  and  that  the  conjuguic 
axit  of  the  ellipse,  for  difTrrctii  stani,  varii's  as  tlic  sine  of 
the  star's  latitude;  that  is,  radius  is  to  ihc  sine  ol  thf 
Star's  latitude,  the  transverse  axis  to  the  conjugate 
axis:  untl  conicqueiilly  a  star  in  the  pole  oftlie  ecliptic, 
its  latitude  being  there  90',  whoie  sine  is  equal  to  the  r,i- 
dius,  will  Bp{>eBr  to  desciibe  a  uniall  circle  about  th:it 
pole  as  a  centre,  who»c  radius  is  equal  to  20".  He  also 
gives  the  following  law  of  the  variaiioh  of  the  •tar't  dccli- 
nation  :  if  a  denote  the  angle  of  position,  or  tha  ai^a  at 
the  ttar  nude  by  two  great  circlet  drawn  from  it  thiongh 
the  polet  of  the  ecliptic  and  eqaator,  and  a  anotlMr  angle, 
whcwe  tai^t  it  to  the  tangent  of  a,.ai  radiai  is  in  Um 
lina  of  the  itar't  latitude ;  then  »  will'  bo  oqoal  totlM  dif> 
fucoeoof  longitode  betwacatho  naand  tkoitar,  when 
tha  inia  and  apparenlMiantioB  of  thoitar  are  tha  aamo. 
Aui  it  tha  Mw'a  loMteiila  ia  lha  odintic  be  reckoned 
fiwa  lhat  poiatin  irldch  it' it  iriion  m»  happens ;  then 
tho  diftteneo  Ufotw  the  true  ai>d  apparent  declination 
^'  of  the  Itar,  will  be  alwa^  at  the  tine  of  the  tun's  longilode 
from  thut  ["  int.  It  will  also  be  found  t!»at  the  greatest 
differciiLX'  ul  declination  that  ran  be  between  the  true  and 
apparent  place  i  the  si  r  .1,  I  ■  i!0  ,  the  ieniitrans- 
verbc  axis  oT  the  ellipse,  as  the  sine  of  a  to  the  sine  of  u. 

The  author  thi  n  s.ho«  s  by  the  comparison  of  a  nunv- 
ber  of  obsf  r»ations  made  o-i  li^fpienr  stars,  that  they  ex- 
actly agree  with  the  theory  deduced  from  tiie  jjnj^re^sive 
^  notion  of  lifiht,  and  that  consequently  it  is  hichly  proba- 
bta  that  such  motion  is  the  cause  of  those  variations  in 
dlO'^faation  of  the  stars.    From  which  he  infers,  that 
,  dia  parallax  of  the  fixed  slan  ia  much  smaller  than  hither- 
to auppoted,  by  those  who  pretended  to  deduce  it  from  ob- 
•ervationt.    He  thinks  he  nwy  venture^lo  IBir  Ht^  in  the 
t  iianJwhadofaeerved,  thepaiaUaxdoMaotaiaoanttoS^; 
.  MKthat  if  it  had  amovntod  to  1"  ha  iImmiM  owtunly 
^.i^iBi'pMCoivod  it,  in  the  grent  aoabcr  of  otemtions 
V-'thtrt  ha  made,  especially  of  y  Draeonia :'  which  agreeing 
«^>.«idi  the  hypotbetb,  without  allowiiig  any  thing  for  paial- 
~  tax,  nearly  a.<i  well  when  the  sun  was  in  conjunction  with, 
as  in  opposition  to,  this  star,  it  seems  »ery  probable  that 
•  ii6  pu I  ill  lax  is  i>ot  to  much  at  one  second  i  and  coose- 
mieiiily  tliat  it  Is  afaovo  400000  tiaas  bi^r-fioat  us 
Inau  tile  sun. 

From  theereatest  variation  in  the  place  of  tha  Stars, 
namely  40",  Dr.  Bradley  deducts  the  ratio  of  the  Telocity 
•flight,  in  cunipurison  nilh  that  of  the  earth  in  its  orbit. 
In  the  preceding  figure,  ac  is  to  a  a,  as  the  velocity  of 
-^^lil^  to  that  of  the  earth  in  its  orbit,  the  angle  ACB  beiitg 
'eqoal  to  SH)" ;  so  that  the  ratio  of  those  nlocitiei  it  that<rf 
^  ndins'to  the  tangent  of  iCT,  or  of  radius  to  the  are  of  tOT, 
,  f  tiaealn  very  small  anklet  the  laagtnt  has  no  aaasible  dif- 
■'-'-tmmet  from  the  arc  itself:  but  tbo  ndius  of  a  circle  it 
?  efial  to  the  arc  of  57*'VW  ""^t  or  equal  to  306360" ; 

thsfufofa  tha  Tdod^  of  light  k  to  the  velocito  of  ifca 
.  easth.iaM6tfDto«lVacB>10S}S  to  i. 

Aitd  henea  abo  die  tiac;  in  wHcfa  light  posits  over  tha 
-  space  from  the  mn  to  the  earth,  is  easily  deduced;  for 
tiiit  time  will  be  to  One  year,  aa  a  B  or  20''^  to  SfiO"  or  the 
whole  circle ;  that  it,  360' :  •2(i' :  :  36b',  days  :  8"  T'.that 
is,  ligbt  will  pan  from  the  tun  to  the  earth  in  8  mintites, 
7  sceonda;  awl  tUinUt  hatha  mii^atetoNr am  ha 


Ae  ditlawo  of  die  son.  Sea  AhiU(.  Pfailos^Traai.  vol.  T» 
p^aoi,  and  vol.  9,  ^417. 

Dr.  Bndiey  having  annexed  to  hit  theoiy  the  rules  or 
formula  for  computing  the  aberration  of  ihe  UxMlstan  in 

declination  and  right  ascension ;  these  rules  haTc  been  va#' 

ric  usly  deiiioniilrated,  and  redureii  to  olhi  r  pii.<  llci.l 
lorins,  by  C'lair.iul,  m  the  Meiiii  irs  o!  iht  .Ae.iaiinv  of 
.'>Ciences  lur  17  ■!>' ;  liy  Sinip-on,  ill  his  liss.'i)  s  in  17-Hi;  by 
I- iintuiiw,  in  17**;  anil  by  se\<  r.il  otiier  pors(iii>.  'I  be  n-- 
suits  <if  tboc  rules  arc  as  follow  :  F.very  star  app<ars  to 
disc  rilx-  111  the  course  of  a  year,  l>y  means  of  the  abetrn- 
tiMii,  :i  siiiull  el!i(>se,  H hose  i;ri ater  u\is  is  4l)',  ano  Ihe 
less  a.Ms,  perpendicular  to  the  ecliptic,  is  equal  to  40" 
multiplied  by  the  sine  of  the  star's  latitude,  the  radius 
being  I.  The  eastern  exln>mity  of  the  longer  axis,  marfct  ' 
the  apparent  place  of  the  star,  on  the  day  of  the  opposi- 
tion;  and  the  extremity  of  the  lest  axe,  which  n  farthest 
from  tho  ecliptic,  mmit  iti  tiiuation  three  moniht  after. 
JThogiteaaastabenBliauialaiifkndck  is  enual  to  <?o"  dt- 
lided  hjf  the  cosine  af  ila  ialitnde,  or  nnltipliod  by  its 
secant.  And  thaaten«liaalbr«iqrtime»iscq«Bl  M  Stf' 
multiplied  by  the  oame  of  the  Mongation  of  the  star 
found  for  the  same  time,  and  divided  by  the  cosine  of  its 
latitude,  or  multiplied  by  its  secaaL  This  aberration  is 
subtrmctive  in  the  tint  and  last  quadra  nit  of  the  argument, 
or  of  the  difference  between  the  longitude*  of  the  sun  and 
star:  anil  aildiliw^  in  the  second  and  third  quadrants. 
The  greatest  aberration  in  latitude,  is  equal  to  CO  niulli- 
plictl  by  the  sine  of  the  star's  latitude.  .\nd  the  aberra- 
tion ill  latitude  tor  any  time,  is  (  qual  to  20"  multiplied 
by  the  si.-je  (jI  the  star's  latitude,  and  also  by  tlie  sine  of 
the  eloiigAtion.  The  nberratiuu  is  subtmctivc  before  tlie 
opposition,  and  ailditne  alter  it. 

The  greatest  aberration  in  declination,  is  equal  to  20" 
multiplied  by  the  sine  of  the  angle  of  position  a,  and  di- 
vided by  the  sine  of  b  the  difference  of  lomitude  between 
the  sun  and  star  when  the  aberration  in  ilotlitaWon  is  no- 
thing. And  the  abeiiation  in  declination  at  any  oAar 
time,  will  be  c4)oal  to  the  gnolot  aberration  mnllipliad 
b^  the  sine  of  tiia  difeanoe  betireca  tha  MM'ii  flacaat  the 
given  lime  end  his  plnce  wIkb  dm  ahairatien  ia  notkia^ 
Also  liw  sine  of  ibc  latitude  oftlwalar,iito  iBdiiis,at  the 
tangent  of  a  the  angle  of  poiition  at  the  tiar,  is  to  the 
tangent  of  B,  the  difference  of  longitude  between  the  snn 
and  star  when  the  aberration  in  declination  is  nothing. 
'I  he  j4reatc5t  aberration  in  rij^ht-ascrnsion,  is  r(|ual  to  20' 
nuilti]i|ied  by  the  cosine  of  A  the  angle  ol  poMiion,  and 
divided  by  the  sine  of  c  the  diffrrrnci-  in  lon^^fitude,  be- 
tween the  sun  and  star  when  the  aberniti<in  in  ri^bl-as- 
ceniion  is  nothing.  And  the  aberration  in  i  l^ll^-a^l;ell^i<lIl 
at  any  other  time,  is  equal  to  the  greatest  aberration  mul- 
tiplied by  the  sine  of  the  ditferetice  between  the  sun's 
place  at  ue  given  time,  and  his  place  when  the  aberration 
is  nothing  Also  the  sine  of  the  latitude  of  the  star  b  to 
radius,  as  tbe  cotangent  of  a  the  angle  of  position,  to  the 
tiingrnt  of  c. 

In  the  first  article  of  Mr.  Simpson's  Eamys  (an.  1740), 
is0van  nasaaBctiknl  dsmailintioo  of  a  siar'sapnar 
path,  nnliiaf  Am  On  aalida  of  light  opmbiasd  « 
tho  cardies  matioa  i»il«  aaaoalofhit ;  accompanied  with 

rules  thence  deduced  for  practical  calculations.  Another 
curious  demonstration  of  tbe  same  was  given  by  Dr. 
Brook  Taylor  in  the  year  1/29,  as  soon  as  Dr.  Bradley's 
discovery  was  known.  It  is  preserved  in  Rubins'*  'I'ractt, 
voL  pkS7<^andiBaaiDUo«a^LstA>chethaorhitor 
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the  OKtli,  fn  wUdt  ii'awviiiliqiB  a  to  c  md 
A,  nuni  the  aun  in  o.  Hko,  Ous  euth 
bc'iag  in  c,  if  tba  tuigent  c»  to  dmvn*. 
and  on  the  iratnverae  axis  a  b  as  a  diame- 
Ut  the  circle  ABB^r  be  described,  cd  being 
ilruwti  unci  continued  to  G,  Dt  is  pcrfwu- 
dicular  tu  the  (ulinoiit  BC  ;  and  tticrtfnrc 
tlie  velocity  III  tin- caTlli  iii  n,  l^  ;  <  iLr  vi-- 
locity  in  c,  rcci|)roi;ally  us  d  «  to  u  k;  lliut 
is,  directly  ttx  ad  tu  do,  unci-  tbe  rcctuti* 
gles  undi-r  a  d  b  und  r  !><■  ar^'  equal.  Nuw 
C  H  being  drawn  tVum  llu'  lartli  in  C,  toward 
tbe  true  place  of  au^  »tar,  talie  c  i  to  a  d 
aa  the  velocity  of  light  to  tbe  ix'locity  of 
ilw  MTtli  in  ».  Through  I  dntw  sit  in  • 
ritmtkm  perpakHcalnrtOAii  and  Mkim 
Kt  equal  to  as,  aiiil  it  cqaal  to  db, 
on  the  diameter  st  dcicribe  tbe  circio 
KHiirpMBllellotlMplMeACBr.  Lastly, 
■nkc  the  apg|ta  under  Kio  eoual  to  diet 
vader  A  so,  wbidi  it  aaariy  tiie  aiithaw- 
tieal  BMaa  hetnaeBtlw  mean  and  tnia  di»> 
'tmee  oTthe  earth  from  the  aphelion,  and 
draw  CO.— Now  KL  being  in  a  Bituation  perpendicular 
10  and  the  angles  under  kio,  adg  equal,  oi  will 
be  equal  to  do,  niiJ  be  situated  pcrpeadiculur  to  n  e, 
and  ihiTi-fun-  is  parallel  to  CE,  or  to  the  direction  of  the 
rartli's  motion  in  c  ;  and  is  to  k  i,  the  velocity  of  the 
earth  in  c,  to  its  \(locily  in  b.  ('onM  ijiiently,  since  Ki 
or  A  D  i»  to  ('  1  US  the  vclocily  ol  the  earth  in  H  is  to  ihe 
velocity  ol'li^ht,  b\  i  iiuiility  "  i  is  to  i  c,  as  tlie  volocity 
of  ibc earth's  motion  in  c  to  thcvihicity  of  light.  There- 
fore.the  ^tar  will  be  seen  from  the  earth  ut  c  in  the  direc- 
tion CO.  Hence  it  foUowt,  that  every  fixed  itar  is  viewed 
lium  tbe  earth  as  moving  in  a  circle  parallel  to  the  piano 
of  the  ecliptic,  the  diaineU'r  of  that  circle  vhicb  ia  parallel 
to  the  lesser  axiit  of  tbe  earth's  orhil  heiag  ditrided  by  the 
true  place  of  the  star,  in  the  Mune  proportion,  as  the 
greater  axia  of  the  earth's  orbit  is  divided  by  the  sun. 

ASBftBATioy  q^liie  Pimeu,  is  equal' to  their  faooeu-, 
trie  motion,  or  the  space  they  appear  to  uiovc  throai^' , 
as  seen  from  tbe  c'artli,  during  the  tuna  that  UffA  eaiplom 
in  passing  from  tlie  pbuiet  to  toe  earth.  Thui^  iuthe  ton,  the 
aborralhin  in  longitude  is  canstaat^  90",  (bat  being  the 
space  moved  by  the  sun,  or,  which  it  the  aaiw  thing,  by 
the  earth,  in  7',  ihat  bi.:n;^  the  tine  ia  which  Ijnht 
p«S)C«  fruin  the  sun  to  the  earth,  as  we  have  sci  ii  in  the 
foregoing  article.  In  like  maimer,  Wnowing  tlu-  diitancc 
of  any  plane'  from  the  earth,  by  proportion  it  will  he,  us 
the  distance  of  the  tun  is  to  the  distance  of  the  planet,  so 
is  8"  7*  to  tbe  time  of  li^ht  parsing  from  the  planet  to  the 
earth  :  then  computing  the  planet's  geocentric  motion  in 
this  time,  that  will  be  the  aberration  of  the  planet,  whether 
it  be  III  longitude;  Uiitude,  rigbt-ascention,  or  declinatioin. 

It  is  evident  that  the  aberration  will  be  greatest  in  the 
longitude,  and  very  small  in  i.i:itude,  because  the  planets 

*riate  very  little  from  the  plane  of  the  acliptio  «r  Mth 
the  earth ;  so  that  the  ahemtioa  !■  theUtUudea  of  the 
pian««N  i»  commonly  neglected,  aiineeaitlik)  dbograateit 
in  S^rcury  being  only  4"^,  and  arach  leas  la  tbe  other 
plai|||||:  to  the  aberrations  in  declination  and  right- 
aBCeaoBu,  they  must  depend  on  tbe  situation  of  the  planet 
in  tbe  sodtac.  Tbe  aberration  in  longitude,  being  equal 
lo  tlie  geoMunc  motion,  w^ll  be  more  or  leai according  aa 
Ihpt  motioinB|||( will  tbeQjo^  be  le«t,oriiodiliV«tall, . 
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«hni  plaart  s  itatkaary ;  and  greataat  in  tba  eopo- 
rior  plaaM%  Mai%  Jupiter,  Saturn,  dec,  when  Ihqf  an 
in  opporitloB  to  the.sun;  but  in 
the  inferior  planets.  \'enus  and 
Mercury,  the  aberration  is  great- 
est at  the  time  of  their  superior 
tonjunrtion.  These  maxima  of 
aherrutiiiii  lor  the  several  planets, 
when  their  liistance  from  the  ■lun 
Is  least,  ure  ils  annexed,  \  iz,  ti  r 
Aiid  betueen  these  nuinberb  urul  nuttung,  the  aberrations 
of  the  planets,  in  longinub  ,  wiry  according  to  their  si- 
tuations. But  that  of  the  sun  varies  not,  being  constantly 
20",  as  has  been  before  obaervcd.  And  this  may  alter  his 
declination  by  a  quantity,  which  rariea  from  0  to  near  8" ; 
being  greatest  or  ahout  the  eqotiwiMi^  and  vaniihiag  in 
the  sultticet. 

Tbe  methods  of  coapttlin|  tboe,  and  the  formulas  for 
all  caiea,  amjpven  by  Bl.  daiiaat,  in  the  Memoir*  of  the 
Academy  of  Mencci  finr  Ihe  year  1746,  and  by  M.  Enler 
in  the  Beriin'Menoin,  «ol.>3,  for  1746. 

AnnnnaTioir,  in  Optica,  is  the  deflation  or  diipenioa ' 
of  thf  rays  of  light,  w  heu  rctk^ted  by  a  tpcculpm,  OT 
fraeted  by  a  lens,  by  which  they  arc  prevented  from  meet- 
ing or  uniting  in  the  same  point,  calleil  the  geometrical  fo« 
cus,  but  arc  spread  over  a  small  spuee,  and  produce  a  Con- 
fusion of  images.  Thi^  nln  i  :a;  i!i  i<  either  lateral  or 
longitudinal  :  the  lateral  ab<  :  r,ilu<ii  a  measured  by  a 
perpendicular  to  the  «\is  ol  tlie  speculum  or  lens,  drawn 
from  the  focus  to  meet  the  retracti  tl  or  rellected  niy  ;  the 
longitudinal  Hbermlion  is  (be  distance,  on  the  axis,  be- 
tween the  focus  and  thi'  point  where  the  ray  meets  the 
axis.  The  abirnttions  are  very  ani|dy  treated  in  Sipltb'a 
Complete  System  of  Optics,  in  2  volumes  4lo. 

There  arc  two  speciea  of  aberration,  distinguished  ac- 
cording to  their  different  causes :  the  one-arises  from  the 
figure  of  the  speculum  or  lens,  producing  a  geometrical 
dispenion  of  the  rays,  when  these  are  perfectly  equal  in  all 
respects :  the  other  arises  from' the  uoeqiud  rcfrai^bUtly 
of  the  rays  of  ligbt  themaelKei  a  diacomy  that  wai 
made  bv  Sir  Isaac  Newton,  and  far  ^  leeaon  it  it  often 
called  tba  -Newtonian  aberration.  At  to  the  former  apo« 
dmof  abemtion,  or  that  arising  from  the  figure,  it  ia  well 
known  that  if  rays  issue  from  a  point  at  a  given  distance, 
then  they  will  be  reflected  into  the  other  focus  of  en  ellipse 
Iiavii'.g  (Up  given  luminous  point  for  one  focus,  or  directly, 
from  the  other  locus  of  an  hyperbola ;  and  will  be  various- 
ly dispersed  by  all  other  figures.  But  if  the  luminous 
point  bo  mlinitely  distant,  or,  which  is  the  »iime,  the  inci- 
dent rays  be  parallel,  then  they  will  bi  relb  tted  by  a  para- 
bola into  its  focus,  and  variously  dispersi-d  by  all  other  fi- 
gures. But  those  figures  are  very  diflicult  lo  make,  .ind 
therefore  curved  j;>rcula  are  commonly  made  spherical, 
the  figure  of  which  n  generated  by  the  revolution  of  a  cir- 
cuUr  arc,  which  produces  an  aberration  of  all  rttys,wbethet 
they  arc  parallel  or  no^  and 
thecefbee  it  baa  noaeeufalo 
gaomcirical  fiicua  which  ai 
•coaunon  to  all  lb*  nqfi* 
Let  svr  rapieaent  n  cos* 
cave  spherical  apeculutt, 
whose  ceiitre  is  c;  and  let 
AB,  KF  Ix-  incident  rays  pa- 
rallel to  the  axia  cv.  he- 

caiwa  the  angle  of  incidenca 
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IS  rqtial  to  thr  an^  of  rrtKtiwi  in  all  auet,  thenfoK 
if  tkt  laitti-c  I,  e  r  be  drawn  -ta  the  potntt  of  incMlaq^, 
ud  thctee  sB  making  Um  m^x >i»  oqual  to  tbe  anglo 
CB*.  Mid  re  nMkini  Iba  ande  cro  njnal  to  ike  aagk 
crz;  tk«n  id,  ro  will  be  tae  rrflectH  ra]r*i  ui4  d,», 
the  points  where  they  mo«f  ibe  axit.  Hcncu  it  up)M'ara 
that  the  point  of  coinciHcnce  with  ihp  axis,  is  equally 
distant  from  the  piii -It  of      id.  nr.  i he  ci'iitri' ;  l<ir 

txvausf  the  aiijjlc  c  ii  d  (.  .juul  in  i]m  ^sn^ic  r  B  A,  which 
is  i-qtial  to  thi-  alli  rnato  ;in;;|i'  n  c  n,  lix  r<  lore  thnr  o(>- 
pcwitr  sides  CI),  I)  B  arc  f  fjunl  :  anil  in  likr  inaniier,  in 
any  oitu  r,  c,  f  is  equal  lo  G  c.  And  hfncu  it  is  i  vidint 
ih.it  when  B  IS  indefinitely  near  the  vi^rtcx  v,  ilu  n  i>  is  in 
the  middU-  of  iht  radiiu  t  v  ;  and  tlic  nearer  [lie  incident 
ray  w  to  the  axis  c  tbr  nearer  will  the  rcAeCted  ray 
come  to  the  middle  point  d;  and  tbe  cunlraiy.  So  that 
tba  abanration  dg  of  any  ray  arc,  is  always  more  and 
more,  as  the  incident  ray  ia  larther  frum  the  axis,  or  the 
iiKident  point  r  from  tbe  vertex  v ;  ull  wben  the  dittanoe 
▼  1  is  60  d(»i«c«,  then  tbe  rfflccted  ray  fialli  in  the  vertex 

oiaking  ue  mbcmlioa  equal  to  the  wholo  leiftb  bt. 
A«l  Ikia  skowa  tte  nawn  why  apecula  are  made  of  a 
vaqr  amall  eqiaHnt  of  a  epkan^  namely,  that  all  ihetr  te- 
leeted  nyi  nay  arrife  very  near  Ibe  niddle  point  or  Co- 
cas l>>  to  produce  an  image  the  most  dbtinct,  by  tbe  least 
aberration  of  the  rays.  And  in  like  manner  for  rays  re- 
fracted throuiiU  lfij»f«. 

In  spbeiicat  leiiM:&,  M.  Huygena  bas  dcmoitstratcil  that 
th<'  uiiL-rratianfrom  tiia  Sgm,  in  difnant  ham,  it  at 

lijllnw^. 

1.  Ill  jilano-convex  leiiw-*,  having  thiir  ;iliiiii'  siir- 
fHce  <'xpo«cd  to  parallel  rayi,  the  longitudinal  aberration 
uf  the  extreme  ray.  or  (hiit  reinutitt  from  the  atlil^  is 
equal  to  |  of  the  thickness  ol  the  lens. 

2.  In  all  plano-convex  h  nves,  huvin^  their  Convex  sur- 
face exposed  to  parallel  rays,  the  longiliidinal  nberration 
of  the  extreme  ray,  il  equal  to  |  of  the  thickness  of  (be 
lens.  80  that  in  this  position  of  tbe  same  plano-convex 
km*  tbe  aberration  is  but  about  one-fourtb  of  tkat  in 
the  former ;  biittg  to  it  only  as  7  to  27. 

■  $•  In  nil  double  convex  Icmv*  of  equal  spheres,  tbe 
•kerniion  «f  tbe  extnma  my  u  equal  to  ^  of  tbe  tbick'- 
ncmof  tbelemr.  : 

4.  In  n  dmihie  convex  law^  Aofadli  «f  vbew  iphena 
are  as  I  to  0,  ii  the  mofkcoovex  lurfiiee  be  exposed' to 
pantile!  rays,  the  aberration  frr»m  the  figure  is  less  than 
in  any  other  spherical  lens  ;  Ix-ing  no  more  than  -j-^  of  its 
thicknevi. 

But  the  furogoinff  species  of  aU  i  ration,  Hriiiin!:  troni 
the  fiijure,  is  verv  sniiill,  and  oiisily  remeilieil.  m  L<impu- 
ribon  with  the  other,  firismf;  from  the  une<)ual  r<  lian^ibi- 
lily  of  ther.issot"  licht ;  inboinueh  thai  Sir  Naae  New- 
ton shows  in  his  Optics,  p.  »+  of  the  8vo  edition,  that  if 
the  objt'Ct-glBS*  of  a  telescope  he  plano-convex,  the  plane 
side  being  turned  towards  the  ohji-ct,  and  ihe  diumi  trr  of 
the  sphere,  to  which  the  COIivt-x  Mile  is  jioiiik),  Ix-  lot) 
feet,  the  diameter  of  the  aperture  bviiii;  4  inclie*,  and  the 
ratio  of  the  sine  of  incidence  out  o|  ^Uss  into  air,  be  to 
that  of  niracttan,  as  80  to  31;  then  th<  diameter  of  the 
drck  of  abenntions  will  in  ^  ^  he  only  jr^Ann/ 
pans  of  an  iadi :  while  the  diameUf  of  tbfc  little  circle, 
tbrou^  which  tbe  same  rays  are  scattered  by  unequal 
refrangibility;  will  be  about  tbe  SiA  part  of  tut  npettnre 
of  the  objeci'glass,  whieb  heic  b  4  incbcs.'  Aad  tbcfe* 
fine  A»  mat  mrinng  bam  tbe  ipbeiical  iguie  of  tbe 
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gldta,  is  to  Ihe  error  arising  th>m  the  different  n/raagjbi- 
lity  «f  tba.(a]is,  as  yia'tfJWee  *<*  A>       is  as  1  to  5449.  . 

So  ikai  it  may  seem  ttmnge  ibat  objects  appear  tbroopli 
tdesoppes  so  diitinet  aa  tbey  do,  coMideriiM  tJiat  tbe  ei^ 
ror  ariainK  from  the  difleient  rtlrangibility,  is  alnioet  in- 
compnmbiy  lar^r  than  llint  of  the  fi<;ure.  Neu  lun  how- 
ever solves  the  difficulty  by  observin>;  that  the  rajs,  under 
tlieir  various  ab-.rralions,  are  not  sialleiid  iiiiififrmlv 
over  all  the  circular  >iiace,  hot  collected  inliiiilely  luoic 
(ieiise  in  the  centre  than  in  any  utlo  r  part  ot  the  ciich  ; 
and  tliat,  in  the  «a\  liom  die  centic  to  llie  circumlereno  , 
the)  {;ro«  in<ire  and  nioie  rare,  su  as  at  llie  cirtioiil  - 
rencc  to  l;<>come  iiilinitrly  rare;  and,  by  leafoii  of  Iben 
rarity,  they  arc  not  sl^on^;  enoUgb  tO  be  visible,  UnlCSS  in 
the  centre,  and  very  near  ii. 

In  con>equence  of  the  disc<iv  ery  t>f  the  unequal  re-  • 
frangibilily  of  light,-  and  the  apprehension  thnt  equal  It'- 
ll actiotu  miHt  pndim equal  divergencu-s,  m  every  kind 
uf  medium,  it,  was  supposed  that  all  spherical  object' 
glasses  of  telescopes  would  be  equally  affiKted  by  the  dif. 
iersnt  rgfmngibility  of  light,  in  proponioB  lo  tbeir  aper- 
tare,  of  srfaatever  ntntarialsvthey  night  be  constmcied : 
and  tbeiefore,  that  tke  only  improvement  that  could  bo 
made  in  refiracting  telttcopc^  was  ll)at  df  incremiitg  tbeir 
lettglk.  So  that  sir  Isaic  Newloo,  end  other  penona 
after  him,  despairing  of  sticcess  in  the  urn  and  &brtc  of 
lenses,  dtiectcd  their  chief  allentton  to  the  doiMruclion 
of  reflecting  telescopes. 

However,  about  the  year  1"  17.  M.  Fiih  r  applieil  liiin- 
self  to  the  subject  ol  relr  iction  ;  iiiul  pur^iml  a  hint 
hu^i^csinl  Ijy  Newton,  fur  tlir  •!(  si;^ii  r.i  t,i«kmg  object- 
gl.Lss<  >  In,,  lenses  ot  ^lass  inclo>>ini;  Kati  r  bctueen 
theni  ;  hopiii;^  t.y  conslrucliiig  iheiii  ol  iiiliercnt  iniH 
terials,  the  rei r;iri inns  would  balance  one  another,  and  so 
llie  usiuil  abeiralion  l.e  preventi^d.  Mr.  John  Dolloiid, 
an  ingciiiouis  optician  in  London,  minutely  examined  this 
scheme,  and  lound  that  M.  ICiiler's  principles  were  not 
satiifacloiy.  M.  Clairaut  likewise,  whose  attention  had 
been  ixctted  to  the  same  subject,  concurred  in  opinion 
that  Eater's  speculations  were  more  ingenious  than  useful. 
This  cootrov  rsy,  which  seemed  to  be  of  great  import- 
nnce  in  tke  science  of  optics,  engaged  alsq  tbe  attentton 
of  M.  Klii^pmtiema  of  Sweden^  vim  was  led  to  mnke  a 
eafafnl  examiaation  of  tbe  Btb  ux|^e(imen,t  ki  the  second 
part  of  NewttmTs  Optics,  wilk  tbe  cnoctusions  Acre 
drawn  from  it.  The  cuitscquence  was,  that  be  found  ihiit 
the  rays  of  light,  in  tbe  circumstances  there  mentioned, 
did  not  lo--'"  their  colour,  us  Sir  Isaac  had  imagined,  'lliis 
hint  of  the  Swei!  «h  [>hi!oso|jlier  led  Mr.  Dollond  lo  rr- 
cxaminv  the  same  expennn  til:  and  after  scural  tri.iU  it 
appeared,  that  dilierent  mbstances  cauwd  lli<  li^ht  to  ili- 
ver|;e  very  dillerently,  in  proportion  to  their  j^eneral  u  - 
liaciive  pov»ers.  in  the  year  1*57  iherelore  he  procurt-d 
wedges  of  diH'erent  kinds  of  glass,  and  applied  them  to- 
gether so,  that  the  n-fniclions  might  be  made  in  contrary 
directions,  that  he  might  diecuvcr  Mliriber  the  refraction 
and  divcrgi'ncy  of  colour  would  vanish  togrther.  T1»e 
result  of  his  hrsl  trials  encouraged  bim  to  perscM<re;  for 
he  discovered  a  diflfercnce  far  beyond  his  hopes  in  the 

3ualitics  of  dilimnt  kinds  of  glass,  with  nspcxt  to  their 
tvergency  of  cokmia.  The  Venice  gtais  and  Knglisk 
crown  g|ua  were  Anrnd  to  be  nearly  allied  in  tkis  rcspectt 
IkeconmoB  Elnglish  plate  p\n>s  made  the  rays  diverge 
hmr;  and  the  English  Ilini  glass  rmwi  of  all.  But,  wiib- 
ont  inquiiiitg  inio  the  came  «l  ibis  difference,  be  pro* 
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cwdcd  to  adapt  wedgei  of  crown  glasi,  and  of  while  flint 
glsM,  grounil  to  ditlcrrut  ati^Ks,  to  each  other,  s  ^  d^  tu 
refract  in  dirti'fvnl  tlircctums;  till  the  ri-lVncteil  light  was 
eimrily  l>iv  Hum  coh)urs.  Ilavinn  moiisuritj  the  iifrnc- 
tiiJMS  «t  each  woilgi-,  lie  found  that  the  refraction  of  iKn 
white  <:laM(.  to  that  of  the  crown  glaw,  nearly  2  to 
3:  and  be  bcnce  conciuded  in  g^iteral,  that  nny  twu 
wedges  made  in  this  proportion,  and  applied  toother  so 
as  to  fpfract  in  contrary  directioMi  would  refract  the 
light  without  any  aberrstioo  of  Ik*  imji. 

Mr.  Duilond*!  nextol;)eet  waa  to  make  timilar  trials 
V^itb  spberical  gluica«f  dMtnut  material^  wUk  the  view 
of  amilyiag  his  'ditGoveiy 
tcomt:  aadhaiiaho 
of  u^t  ia  coBtmy 
caw,  and  the  other 
rcfmct  the  most,  that  the  rays  might  converge  to  a  real 
ibcus,  he  made  of  crown  glass,  tho  other  of  white  flint 
glass.  And  as  the  rt  lnicin  ;-.'.  1  i  i:L  i  iCal  yioAses  are  in- 
versely as  their  iocn]  oisi.i  ici  s,  ii  was  nectssary  that  the 
focal  distances  "i  tin-  i  vu  I'.  u^^r.-!,  should  be  inv*r«cly  aa 
the  ratios  of  the  rcfraciiuns  oi  tbo  wedx*^  i  because  that, 
being  thus  proportioned,  ev,  ry  ray  of  li^hl  that  passea 
through  this  compound  gUiss,  at  uny  di'>tance  linin  its 
a.xis,  will  constantly  be  refracted,  by  the  difference  be- 
tween two  contrary  ri'fnirtioiit,  in  ibe  proportion  re- 
quired :  and  therefore  the  diOcfcnt  fofimgpUU^  of  the 
light  will  be  entirely  removed. 

Bnt  in  the  applications  of  this  ingenious  discovery  to 
practice,  Mr.  I>ollvnd  met  with  many  and  gnat  difficnV- 


prtipcrty,  namely,  tliat  wBile  ilie  lefruclion  of  tlic  nioini 
[.iy>  K  nearly  the  same,  thui  m  the  exti-jmc  ray*  coii"!- 
deraoly  differs.  And,  by  iiitreahnij;  lead,  he  produced 
a  kiml  ol  gUi'ij,  which  occsMuned  u  inurli  greater  acpai-i- 
tion  of  the  <  xirerac  rsjs  than  tU.n  of  the  llint  glas^s  u^'■<l 
by  Mr.  l)i>llund,  a:id  at  the  s  iriiu  limr  eoEi^idierably  lu- 
creAsed  the  mean  refraction.  M.  Zcthcr,  in  the  couis** 
of  his'rNperimrnts,  made  glass  of  minium  and  lead,  with 
a  mixiurc  aKu  of  alkaline  aalta;  and  he  found  that  this 
mixture  greatly  diminished  the  meaa  ivfractiun,  while  it 
made  hardly  any  change  in  the  dispersion :  and  he  at 
length  obtaineti  a  kind  of  glaM  greatly  superior  to  th« 


Other  improvcroents  were  also  made  on  the  new  or 
achromatic  telescopes  by  the  inventor  Mr.  John  Dollond, 
and  by  his  sun  IVtcr  Dollond;  \iK,i:.  n.  ly  he  seen  under 
the  projier  words.  For  various  iiiieriaiiuns  also  on  the 
subject  ijf  llic  nlM  rratiim  i  f  light,  colours,  aad  the  figure 
of  the  gU«,  see  I'hilo?.  Trans.  \ul.s.  3S,  -IS,  50,  51,  32, 
55,  60;  Memoirs  of  the  Academy  ol  Scu  nces  of  I'aiu-., 
for  (he  year,  1737,  1746,  1732,  175i,  175<),  1757,  1762, 
17114.  1 7 to,  1767,1770;  the  Berlin  Acad.  1746,  1762, 
1766;  Sued.  Mem.  vol.  16;  Com.  N«v.  Pctiipol.  1762; 
M.  Euler's  Dioptrics;  M. d'Alemb«-rt'aOroa«ilGallatb.t 
M.  de  Kocboa  Opuscule*;  &c,4cc. 

ABRIDGING,  in  A^eW^titthe  reducing  a  coinp««nJ 
equation,  or  quantity,  to  a  more  simple  form  of  exprea* 


ties.    At  leoftb  howtwr,  after  many  rcpcatM  triah,  hy  »  IMO.   Ala  it  done  either  to  save  room,  or  the  trouhfe  «lf 

resolute  |wnafeniica,hes«ecoededio  fares  toeawtriKt  Vfhiaf  ft nttmbcr  of  symbolt ;  or  to  aimplifv  the  aitpfca- 

vebictlpg  telcseopei  Biich  aopcrior  to  any  that  had  hip  Am,  iti  east  the  nenoiyt  «r  to  iciider  ne  lomalaliwre 
therto  been  made;  wpiesanliitg  ol(iecta  wUli  gieat  dU 


stinctnass,  and  in  their  tme  colomn. 

M.  CUiraut,  who  harl  interested  himielf  from  the  be* 

ginning  in  this  discovery,  now  endeavoured  to  ascertain 
the  principles  (if  Mr.  Dallnnd's  tln  iiry,  and  to  lay  down 
rules  to  lacilitHtc  the  coustrucliau  of  these  new  tcle- 
lOipes.  With  this  view  he  made  several  experiments,  to 
determine  the  refractive  power  of  different  kinds  of  gla», 
ami  tin  proportions  in  which  they  separated  tiie  iu\s  of 
light  ;  und  from  these  experinunts  he  deduced  seifcral 
theor<  i:is  i  [  .'/-t  i  ril  UVL-.  .N|.  d'Aleinberl  made  likcwiyc 
a  great  variety  of  calculations  to  the  same  purpose;  and 
he  shoired  how  to  correct  the  errors  to  which  these  tcle- 
seopes  are  sabject,  tometimrs  by  placing  the  object-glasses 
•t  •  SOmH  dutonce  from  each  other,  and  SOOMtiiDCS  by 
IMiag  n«4|hu«et  of  differe4t  refractive  powcn.  But 
thei^  Mimrnera  Were  hereby  supplied  with  the  nest 
curate  calcmationa,  they  were  wcry  deiective  in  practical 
ud  the  Ei^iiii  ialeieq|wa,  nadi',  as  they  imagined,  with* 
out  any  precise  ru)^  were  greatly  sofeoor  to  the  beat  of 
theif  construction. 

M.  Euler,  whose  speculations  had  first  given  occasion 
to  this  import  int  and  useful  inquiry,  was  very  reluctant 
in  ;i(lrn;Ilirif;  Mr.  Uullond's  in  [  rnvcments,  becaii.ve  they 
milit:tte(i  a^iiinst  a  pre-Cdiicr.M  i  ihiury  of  hit  own.  At 
l.iit  Jiowever,  alter  ^1  .i'r;il  alti-n  .itKui-,  bi-iiig  convinced  of 
•  heir  reality  and  importance  by  M.  Cluiraut,  he  assent- 
e<l;  and  he  iMjn  after  received  further  satisfaCtMHI  fpom 
the  e.xperiments  of  M.  Zcihcr,  of  Petersburg. 

M.  Zrihc  r  showed  by  expenments,  that  it  is  the  lead. 


the'cauatioit  a*— •Jt'+efcr— olc  =  0,  by  putting 
p  isa,  q  =s  ah,  and  r=a6c,  becomes  x'—px^    qi  —  r  =  o. 


And  the  eijnation  i*- 


(a  +  l>)z  »0,  by  putting 


paa4-6,  and  9  =  -^,  becomes ''-i-fu[->-yssO.  ' 

ABSCISS,  Arscime,  or  Abscissa,  is  a  part  or  srg- 

mettt  cut  oB'  a  line,  terniinatpd  at  some  certain  point,  by 
an  ordinate  to  a  curve;  as  a  V  or  bp. 


A      P  B     A  P  B 

So  that  the  ahiciss  nay  either  commence  at  the  vertdt 
of  the  cum,  or  at  any  other  fixed  point.  And  it  assy 
he  tAn  4A*t  upon  the  nziB  or  dianuier  of  jhk  oirw. 


r  npoD  any  other  line  ^ven  in  poaitlaii.* 

Hence  ' 


to  the  conposklion  of  glaw,  which  gives  it  this  rciai^kAblc    but  they  lie  both  on  the  same  side  of  it. 
Vox,.  I,  C 


lence  there  ate  an  infitdie  number  of  nriaUe  afasdH*  • 

rs,  terminated  at  the  same  fi.\cd  point  at  one  end,  the 
other  end  being  at  any  point  of  the  given  tine  or  diameter. 

\\  lu  ll  an  absci.si  and  i-s  corresponding  ordinate  arc 

Consuli  red  fogeihf  r,  iht  y  are  called  the  co-oidinates  of 
the  curve. 

In  the  CoiniiK'n  paraiH-la,  each  ordinate  J>g  has  but  one 
absciss,  a  P ;  in  the  eilipie  or  circle,  the  ordinate  hai  two 
abscisses,  a  r,  bp,  lying  on  the  opposite  sides  ol  u  ;  and 
in  the  hyperbtda,  the  ordinate  p«  has  also  two  abscisse*, 

1  bat  is,  in  g<- 


biyiiiziecl  by  Google 


iwnl,  •  Bne  of  the 
kildt  may  have  two 
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diituil  from  the  eartb  at  all  trmes,  is  callpd  'n%  optic 
•qmlicn;  and  lliis  uruul<1  subsist  rvi  :i  if  I'hr  |i[Hru'i'>  u-a) 
■MOOR  were  unifonn.  TLc  excenlnt  inequBlity  i->  cituicd 
by  the  planrl'b  mutioii  bring  not  uniform.  Td  ^llll^tral(■ 
this,  conceive  thf  iuii  to  move,  or  to  appear  to  movp,  in 
tiie  circumlcrci.n  (;i  n  cirt:i;  ,  iii  whi  centre  llie  cartli 
is  |>liic<'d.  ll  in.initiM,  tliat  ij  the  sun  movi>  uniformly 
in  this  circle,  lie  muil  appear  to  move  uniforrolytoa 
»|>ertAtor  in  the  eatlb;  and  in  thii  caie  there  will  be  no 
r>|itic  nor  excentric  equation.  But  suppoae  tbc  earth  to 
M  placed  out  of  the  centre  of  the  ciitrlc:  then,  thougli 
the  sun's  mutiuii  should  be  really  uniform,  it  would  not 
appear  to  be  mi,  being  seen  from  tba  cartii;  and  in  this 
CMethai*  wouM  bean  optic ctpiitioB,  without  an  cxecn- 
trie  OM.  ..Bm  if  we  inuwina  tha  mani  ortnt  aol  to  he 
circular*  hut  sliiptical,  and  the  earth  in  fU  IbeiH ;  it  will 
he  ftitl  as  avMect  that  the  lun  cannot  appear  to  have  u 
uniforn  iwrtion  in  luch  ellipM ;  »o  that  hit  motion  will 
then  be  subject  to  two  i.  ijLmtions ;  that  is,  the  optic  equa- 
tion, and  the  excentric  niuadou.  Sec  Kuuation,  and 
Optic  Irbqvality. 

An^OLiTTE  Nitmljir,  in  Algebra,  ii  that  trrin  or  mem. 
Iht  ii(  uii  eTuiitirjti  fiat  I^  riini|.ilotely  known,  and  whirti 
I*  i-quul  tn  all  thp  cjiJicr,  or  unknotvn  terms,  tiiken  toge- 
ther ;  and  IS  ihi-  same  as  what  N'lcta  call*  the  lionioge- 
neum  coniparationis.    So,  of  the  equation         l6x — 

36  =  0,  or  x'  ■*■  aSxmSS,  tbo  absolttta namher» or tuowii 

term,  is  36. 

A nsoLiTE  GravUf,  Jftflta^  SfOU,  fSme,  Sc«  the 
rapcciive  substanii^'fii. 
ABSTRACT  M  ATii!  MATics,  otherwise  CfllM  pan  - 
Date  is  equal  to  the  rectangle  of  tha  absciss  and  thepl»  nathenutlcs,  is  that  which  treats  of  the  prapenies  of 
meters  in  the eilqpae and hypaihob,  thaaquaianf tha magnitude,  lignte,  or  quantity,  ahtolotely  and  aracnUj 
dinate  isalwan  in  acattan  cooelant  profMrtioo  to  tba  cantidend,  without  restiiclion  to  ai^  tpecieiriia  partica- 
tccfan^  «f  Ae  two  ahirimss,  namely,  as  tha  sqnan  of  Iw:  <uch  at  AHdmetie  and  Geometiy.  In  this  sense, 
the  caSgufite  to  tha  aquara  of  the  tnusvene,  or  as  tbo  ahstrKt,  or  pwa  mathaniatics^  i»  apposed  to  mixed  ma- 
thematics, in  which  simple  and  ahitnict  properties,  and 
the  relutioai  of  quantities,  primitively  considered  in  pure 
mathematics,  are  applied  lo  sensible  objects;  a<i  in  Uiiro- 
nomy,  hydrostalici,  optic«,  iScc. 

A  BSTH  ACT  Numbt  r,  is  a  number,  or  collection  of  units, 
eMiisidcrcd  in  itself,  without  being  applied  to  denote  a  col- 
lection ol  any  particular  and  dotcrminato  things.  So, 
for  e,\!iniple,  J  in  an  iib^lract  number,  so  far  as  it  is  not 
applied  to  somcthiiig:  but  when  we  say  3  ftet,  or  3  per>' 
sons,  tba  9  is  no  loMer  an  ahttiaet,  but  a  eoacRta  aun- 

bcr. 

ABSURD,  or  AiautsvH,  a  term  commonly  used  in 
demoiutratingconvMaepnipoiitiora;  a  mode  of  demon- 
stration, in  lirhich  tha  proposiiioa  intended  is  not  proi«d 
in  a  diract  awmer,  hy  prineiplei  hdsn  laldjdown ;  but 
it  pnma  that  tha  eonteaiy  la  aband  or  mipaasihiet  aad  ' 


lim>  «f  tha  thir^  order  m^  have  three  abeciasea  lo  each 
mdinat*}  a  line  of  tha  frarth  oidor  nwjr  have  fonr;  aad 
aoon. 

Tiie  use  of  the  abscisses  is,  in  conjunction  with  the  or- 
dinates,  to  e^nre^»  the  nature  of  the  curves,  eithir  by 
aome  proportion  or  equatinn  includinj;  the  absciss  a  i  l  i:> 
ordinate,  with  some  other  fixed  invariable  line  or  line*. 
Everj'  ditS  ifijt  curve  ha«  peculiar  equation,  or 

property,  by  which  it  is  exprtised,  and  dirt'erent  from  nil 
Otbera  :  and  that  equation  or  expression  is  the  « ime  for 
every  ordinate  and  its  abscisses,  whatever  point  of  the 
Cttrve  ha  taken.  So,  in  tbc  circle,  the  square  of  any  or- 
dittate  is  equal  to  the  rectangle  of  its  two  absciiscsi,  or 
A  F  .  p  8  =:  PQ*;  in  the  parabola,  the  square  of  the  sirdl- 


inametcr  lo  ibe  tiansverse  axis ;  and  so  other  properties 
in  othtr  curves. 

When  th«  natures  or  properties  of  curves  are  ex- 
pressed by  algebraic  equations,  any  general  absciss,  as 
AP,  is  commonly  denoted  by  the  letter  jr,  and  the  ordi- 
nate PQ  by  the  letter y;  the  other  or  constant  Inn  s  li  mg 
rrpresetiicd  by  other  letters.  Then  the  equations  expresv- 
inz  the  nature  of  these  ctttvat  ara  as  follow ;  namely, 

for  the  , 

circle  -  -  di  —  z'  =y,  where  d  is  the  diameter,  ab; 
panilKila  -    pt  =  y',  where  p  is  the  (wrameter  ; 
fllipsc    -  I'lc":  :a— r»:y,  (where  t  is  the  transverse, 
hyperboU  f:c'::ti-fx':/,\and  c  the  coigupte  aais. 
'  Butif the  abscisses  are  taken  from  the  cantte;  then  m  the 
Cirda  -  -  b'-i*=sy\         1    ,      ,  ■  ,, 

fllipaa   -  b*  :  e'l :  4?-x» :  f,  \  "^""^ ,{  "  ""' 

-  .        -     -    —        I  ami  «■  the  M.-miconjugate. 


hmiMa  t» : c»:         y,  3    * '      "^^""'""J"*""*-   ,„  indirectly,  as  It  waiv,  pnms  tfaajHopoeiti^  ilseU:  Tha 
Or  we  may  lihawtsa  employ  the  parameter  p  in  the   4th  proposition  in  the  first  book  or  Euclid,  is  the  ifnt  in 


equation  to  the  ellipse  and  hyperbola  ;  then  in  rl 
HIipse  -  /tp::lx—x':y',1  when  theabscissesaic  taken 
hyjMrbola  t  .p  :  -.  i'±tz  :y'.3  from  the  vertex, 
ellipse  -  /:;>::  i<'—j:' :y'',  7  when  the  abstiiics  arc  taken 
hvi  irbohi  (  p;:  t'— i/':y',  J  from  the  centie, 
wlii  p-  t  In  ih-  !i:iri«verv>  n-ii<,  and  p  the  parameter. 

ARSIS.  Ar.si.".,  Ar,>:iDLv.    S,.,  Arsis,  \c. 

AUSOLUTK  Em  »Tios,  in  .Ajtronomy,  is  the  sum  of 
i^t  optic  .ind  e.xcculric  equations.  The  apparesit  inequa- 
lity uf  a  planet's  motion,  arisii^  from- its  not  being  equally 


which  he  makes  use  of  this  mode  of  proof ;  where  he 
shows  that  if  the  extremities  of  two  lines  coincide,  those 
linos  w  ill  coincide-  in  all  ihcir  parts,  oiherwise  they  would 
iotloM-  a  '.•Hire,  mIih  Ii  is  absurd  or  contrary  to  the  lOth 
axnjiii.  iMii^t  (  i.iiveiM-  |i.-:i];-i-r.  ms  arc  proved  in  ll.i'i 
way,  wurIi  cuuiiu  ul  projl  is  ealkd  leducliu  lul  absut  luin. 

ADUN DA  N'l'  N I  M  r c R,  in  Aritimn  tic,  is  a  niimlK  r 
whose  aliquot  parts,  added  all  toRclhcr,  niaki;  a  sum 
which  is  greater  thitn  the  number  itself.  Thus  12  is  uii 
abundant  number,  because  its  aliquot  parts,  namely  1,  2, 


r 


Digitized  by  Google 


A  C  A 


C  "  ] 


A  C  A 


3,  4,  when  added  together,  ntkke  l6,  »l>ich  l^  greater 
than  iLo  nuintn'r  i'2  ifsclf. 

All  abundant  nutnlxT  ii  opposed  to  n  ilcficiciit  one, 
which  ii  tbau  ihr;  sum  of  i!^  ul  in:  it  \yntH  taken  to- 
gether, ti  the  number  li,  whi»c  aliquot  parts,  1,2,7, 
Mkanomorc  than  10;  and  to  a  perfect  number,  which 
b  CXKtly  equal  lo  the  turn  of  all  in  aliquot  parta»  u  the 
number 0^  vbkb i« «|ml to tbe  mi  of  U9,3,  ito  tli- 
qUOt  parts. 

ACADEMICIAN,  a  member  of  a  society  called  aa 
aeademjr,  imtituied  for  the  proaoiioo  of  ads,  ideMoi,  or 
aalurel  knovMge  ia  cmcfu. 

ACADEMICS,  aa  aMlMt  tcet  pUloMplMiH  who 
followed  tlw  doetiiM  of  toatm  «nd  PlMo»  aa  to  iho 
unceruuotjr  of  koowMl^  and  tbo  ioeofwhtiiriliility  of 
ttuth. 

Academic,  in  thii  srn$e,  amounts  to  much  the  same  with 
riatonist ;  the  dilTcR-nco  between  ihein  being  only  in 
point  of  time.  Th'>se  who  rmhraCL-ii  tin-  system  of  PLiiu, 
among  the  ancients,  were  called  Acadrraici,  acaijmiiciiiii 
or  liCiiiicmic ;  whereas  those  who  did  the  6«nic  s;nt  L  [lie 
teslnratiun  of  learning,  ha»e  assumed  the  denummation 
of  riatonisli. 

I'hcre  are  u&ualiy  reckoned  three  sects  uf  acadeniits  ; 
though  some  make  five  llic  ancient  academy  ua*  (hat 
of  wliich  Plato  wa*  the  chief.  Arcessilas,  one  of  Plato't 
successors,  iolrodaciog  some  aJicratioot  into  the  philoso- 
phy of  this  MCt,  founwd  what  is  called  the  second  aca- 
doBf .  Tha  etubliahment  of  the  third,  called  also  th« 
«ew  academy,  i>  attributed  to  Lacydet,  or  rather  to  Cax- 
naadeti  Sooia  authon  add  a  fourth,  founded  by  Pbilo ; 
aod  *  dfth,  by  Aaiiochub  called  the  Antwchan,  which 
tewuaied  the  aoeieift  iMdamy  with  Stoicmn. 

inn  ancient  acadeay  da«blad  of  cfciy  tidiigi  ud 
carried  this  principle  10  for  ht  lo  make  It  •  dotfbt,  wh^ 
tber  or  no  they  ought  to  doubt.  It  wai  a  kind  of  a  prin- 
ciple with  them,  never  to  be  certain  or  latiified  of  any 
tiling;  never  to  ofirw  OT  10  deqr  WtJ  tUl^fr  Olkv  for 
true  or  IxIm;. 

The  new  acadtniv  was  somewhat  more  reasonable:  tliey 
Rcknowledi^cd  wvernl  tilings  for  trutlis,  but  without  at- 
tauhiiir;  llii-r.)'.!  ln•^  tu  any  with  criUrc  assurance.  Tbesc 
philosophers  had  fnunti  that  the  ordinary  commerce  of 
life  and  society  wa.«  inconsistent  with  the  abaolutc  aivd 
univerMi  doubtfulness  of  the  ancient  academy :  and  yet 
it  is  evident  that  they  lookad  upon  things  ntbar  as  pro- 
bable, than  as  true  and  certain:  by  thii  amrniimant 
thinking  to  Kcorc  themsclvce  from  ihoia  abtlliilUei  Ittlo 
wUch  the  ancient  acad«m.y  had  folUni 

ACADEMI8T,  the  ma  aa  AeUmmam. 

ACA  DEMY,  ACASUiA,  in  Andqaity,  a  fina  villa  or 
plea«ure-hous«>,  in  OM  of  the  •«biirba  of  Afhtni,  about  • 
mile  from  the  dty ;  where  Plato,  and  the  wise  men  who 
followed  bira,  held  assemblies  for  disputes  and  philoso- 
jjliiciil  conlerenr>> ;  which  gave  the  name  to  the  sect  of 
.\c.ideinics.  't  he  liuuae  tuck  its  name.  Academy,  ironi 
ntie  Acadeniuft,  oi  Kcudemu«,  a  cititen  of  Athens,  to 
whom  it  origiuiUly  belonged :  be  lived  in  the  time  of  The- 
M    ;  and  bato  he  wed  lo  ham  gymnaadc  ipotta  or  txi- 

erciscs. 

The  acoilemy  was  further  improved  by  Cimon,  and 
adorned  with  fountains,  trees,  sbady  walks  ^c,  for  the 
convenience  uf  the  philosophers  and  men  of  k-arning,  who 
here  airt  to  confer  and  di«|H>ie  for  their  mutual  improve- 
meat.  It  wae  tunottuded  with  a  wall  by  Hipfarchva, 


ih<'  son  of  Pisihtratus ;  and  it  mu  ai>o  used  as  tite  bmy  • 

iiig-plme  for  illuatitoatprnvaii,  wbobaddewrvedwellof 

the  repuLilic. 

It  was  here  that  Plato  taught  his  pliilnsnphy  ;  aiiil 
hence  il  was  that  all  public  plucis,  destined  lor  the  as- 
sembli<-»  ol  the  h  arned  and  ingenious,  have  been  sinct 
called  Academies. — Sylla  sacniiced  the  di  licious  walks 
and  groves  of  the  academy,  which  h«d  been  planted  by 
Ciraon,  to  the  ravr.ges  of  wat;  and  employed  tho*e  vtfry 
trees  in  constructing  machines  to  batter  tbc  walls  of  the 
city  which  they  had  adorned/— Cioero  too  had  a  villa,  or 
ceantry  ntiicaMB^  aaar  PaamiolH  which  ha  called  kgf 
theiaaaiMaMrAcndaMta.  Haieliaaiad  laantaitainhie 
phUoNpUealifiondai  andhcia  ftvaa ihalhacaaqpeead 
hit  Acadaakal  Qaaaliaa^  and  his  hooka  Dc  Natui*  De- 
orum. 

Academy,  among  the  tnnilcnis,  denotes  a  regular  so- 
ciety or  compiiiiy  uf  leajned  persons,  instituted  under  the 
protection  of  some  prince,  or  other  puhlic  authority,  for 
the  cultivation  and  improvement  of  arts  or  ^<■iences. 

>"imc  authors  confound  Academy  with  1  r-.:irrsitv  ;  Im: 
though  much  the  same  in  Latin,  they  are  very  different 
iljin;j,s  in  Eogli'h.  An  university  is  properly  a  body  com» 
pi  't'ii  of  ^ruduates  in  the  several  faculties;  of  profesnofJ, 
wli,)  teach  in  the  public  schools;  of  regenU  or  tutors, 
and  students  who  learn  under  Ihemt  and  aspire  like«i«v 
to  degrees.  Whereas,  an  academy  is  not  UMndod  to  tmcb» 
or  profeas  any  art  or  science,  but  to  improve  it :  it  if  not 
for  novices  to  he  instructed  in,  but  for  persons  of  leomiag 
to  confer  ia,  and  communicaie  their  lights  and  diacove* 
riet  lo  aaoh  othar^  for  thair  mutual  banait  and  improve* 
nant. 

The  fint  vodara  academy  we  read  ot,  wae  oMabliahed 
hy  CharlwagBiib  bjr  lha  advice  of  Alcain^  a«  Eaglish 
tnonk :  it  was  eiMBpoitd  of  the  meat  inteIHgtttt  men  of 

the  court,  the  emperor  himsdf  being  a  member.  In  thi*ir 
academical  coofrrenccs,  every  person  was  to  give  somo 
account  of  the  u;;c;i  iii  authors  he  had  read;  iimi  nir.'i 
one  assumed  the  name  o(  some  ancient  author,  lliat 
plrased  lum  inosl,  or  ■Minio  celchialud  person  ol  untiquity. 
Aicuin,  lr<ini  ^vh(l»<■  iidrrs  \v(-  Irarn  these •  particulars, 
tdfik  that  <j|  KliiixUb,  Un_-  sarname  of  Horace;  a  ynung 
lord,  named  .^ugilbcrt,  took  that  of  Homer;  Adclard, 
bishop  of  Corbie,  was  called  Augiutin ;  Recluse,  bishop 
of  Meotc,  was  Dametas;  and  the  king  himself,  David. 

Since  tbe  revival  of  leeming  in  Europe,  academies 
h»v«  mwllipUed  greatly,  most  natioae  being  fomiahed  with 
•aetraU  ami  from  thsir  ieataanmicatton*  tko  chief  inn 
BMUMaaili  haiiw  been  mmi»  ia  tha  arts  and  sckmcM^aad 
weallitMliqgBalMalknaiwIadiBir  Then  an  now  acadi- 
flri»  faf  ahwir  aiaiy  aiti  .«r  apedes  of  knowledge ;  but 
WW  shall  pva  a  dMt  aceount  only  of  those  irstitutinns  of 
this  kind,  which  regard  the  cultivation  of  maihemaiu  al 
or  philosophical  subjects,  which  art?  lh»  proper  and  ptcu- 
liar  objects  i  t    j-  urnJcriaking. 

Italy  abouu  is  .-Jiure  in  academies  than  any  other  coun- 
try ,  ihurc  b«ni^  i  Tiiimeratrd  by  Jarckius  not  less  than 
live  hurulri^d  tiini  iiity ;  and  e.ven  to  the  aim>aot  of  twenty* 
five  in  Milan  iL^elt.  I'bese  ac(,howaver,aMall/of  a  pri- 
vate and  inferior  noture. 

The  first  academy  of  a  philosophical  kind  wa*  cMa- 
blnhed  at  Naples,  in  the  house  of  Baplisia  Porta,  abt>uc 
the  J  ear  1560,  uiKler  the  name  of  Academia  Secretoruni 
Natuimt  being  formed  ior  the  improvement  of  natural 
and  viatbsawtical  kaowlcdge.  Thi^  was  socoredsd  by  the 
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Academy  qf  Lj/ncti,  fuundeH  mt  Rome  by  princr  Frr- 
derick  Ccsi,  lowards  llii-  f  nd  of  the  samt-  century.  It  was 
rendcrrd  famnus  by,tbe  notable  discoveriit  made  by  tcve- 
ral  of  Its  ineinbersi;  Moag  wbon  «at the  orfcbimMd  Oa> 
lilro  Galilei. 

Several  other  academici  contribuird  al»o  to  the  ad- 
TMiewwut  of  Ibeecienccs ;  but  it  wa*  by  tpeculations 
tBillcr  thui  by  npeaUrd  expcrimcntt  un  ibt-  phenomena 
of  mlim:  nch  wm  Ui«aaftd«my  of  BeisarUn  u  Rome, 
awl  that  of  LaoRan  <te  Madkia  at  FlweDCe,  ia  the  lidk 
-century ;  aad  in  tha  l6th  ihoae  of  InflamawU  at  Padiia, 
ofVopMiJualiatRoaM',  bf  Ottolani  at  Ptaccatia,  aid  of 
•  Uiridi  at  Fktvnce,  were  cumtituted.  The  first  of  tbcee 
■tidied  fife  and  pyrotecbnia;  the  aecond,  wine  and  vino- 
yatdii  the  third,  |Jot-hcrbs  and  prdcnt;  the  fourth,  wa- 
Vh  and  hydranUct.  To  these  may  be  addrd  that  of  Ve- 
nice, called  Ia  Venrta,  and  founded  by  Fri'Herick  Bado- 
ara,  a  noble  Venetian;  anulher  in  the  same  city,  of  which 
Canipegin,  bishop  uf  Ftliri),  app<'»r>.  id  have  beon  the 
chiel ;  alvj  that  of  Cojcnaa,  or  Iji  Ciinscntina,  of  tvhich 
Bcmadin  Telesio,  Scrtorio Quatrutimiini,  P^ulus  Aquinat, 
Julio  Cavalcanti,  and  Fabio  Cicali,  celebrated  pliihitu- 
pher«,  were  the  chief  membert.  The  cumpo^ftions  of  all 
thcM  academtaa,  of  the  l6th  ccninry,  were  BBod  ia  their 
kind;  but  naoa  of  itei  comparable  lo  flMae  of  d« 
Lyacei. 

■  'ACAVtUY  diiQmKttt  that  it,  of  Experiments,  arote 
ai  Florenco,  Mate  years  aftet  the  daath  of  Torrirelli, 
naoiely  in  the  year  l667t  nadV'd{ajMOtcciion  nf  prince 
l)B0BOid  of  Tulcaay,  aftaroaide  caiJaal  da  Medide,  anrf 
VfaUier  to  the  Oiand  Pake  Peidiaaadlhafiacoad.  Gali- 
Ira,  TorioeUi,  Afiianti,  and  Vifiaiii  h^  pnpand  tba  way 
for  it:  and  one  uf  its  chief  membera  teat  Paal  del  Baono, 
who  in  1657  invented  the  irtatrument  for  trying  the  in- 
coropresibility  of  water,  which  wa^  a  thick  globular  shell 
of  gold,  having  ils  c.ivily  filUd  «:lh  water;  ihr  globe  be- 
ing compressed  by  u  strong  screw,  llic  water  came  through 
the,'por«'s  of  the  gold,  rather  than  \  leld  to  the  »trong 
compression  :  there  were  also,  Alphonsus  Horelli,  well 
V.iiovvn  11  .  I-  ingenious  tnaijM' l)r  SloluAnimalium,  &n<i 
other  worlis  Candide  del  Buono,  brother  of  Paul ;  Alex- 
Hfider  Marsiili,  Vincent  Vivimni,  Francis  Rhcdi,  and  the 
(^unt  Laurence  Magalotti,  secretary  of  the  academy, 
who  published  a  volume  of  their  curious  experimeoti  in 
l667t  onder  the  title  of  Soggi  di  Naturali  Eaperienae ;  a 
ca|tj  of  which  being  prcamted  to  the  Royal  Society,  it 
SMI  ininlatcd  iatft  fii|||iili  by  Mr.  Wallar»  and  jpaUisbcd 
at  Landoa,  h  *to,  I6M:  bciag  A  carioua  cdlectiaB  of 
tncHf  eoalainiim  iagsuions  experiments  od  the  prettara 
of  iha  air,  on  the  comprciiing  of  water,  on  cold,  heat, 
ice,  magnsti,  electlicityt  odours,  the  motion  of  sound, 
prvjectilcs,  light,  tte,  kc.  But  wc  have  heard  little  or 
nothing  more  of  the  ucademy  since  that  time.  It  may 
not  be  improper  to  obnerve  here,  that  the  Grand  Duke 
Ferdinand,  above  mentioned,  wa»  himself  no  mean  philo- 
sopher and  chemist,  and  that  he  invented  thermometers, 
of  which  the  construction  and  use  may  bt  tan  fat  lha 
collection  of  the  academy  del  Ciroento. 

Academy  degl'  Inquieti,  at  Bologna,  incorporated  af- 
terwards into  that  della  traccia  in  the  same  city,  followed 
the  example  of  that  del  Cimento.  The  members  met  at 
the  boose  of  the  abbot  Antonio  Sampieri ;  and  here  Ge> 
miniano  Mdhtanaii,  ooe  of  the  chief  members,  made  ex- 
eellent  disconiica  on  nadMmatical  and  philotoidiical  sab> 
jocu,  some  parte  of  irU^  ssaNpabUskod  in  l96r,  noder 


the  title  of  Pensieri  Fi>ico-Mathematici.  This  academy 
afterward.'!  met  In  an  apartment  uf  Kuslacliio  Manfrcdi ; 
and  then  in  that  of  Jacob  Sandri;  but  it  arrived  at  its 
chief  lustre  white  itaaMaUica  wan  held  ia  tlia  nalaca 
Manilli. 

Academy  »f  Roumo,  in  the  liingdom  of  Naples, 
called  La  Secutrn  StiaUifica  Ro$$ant$e  dtgl'  Incmogi^  waa 
founded  about  dw  year  1540,  under  the  name  of  Navt- 
ganti }  and  was  renewed  under  that  of  Spenierati,  by  t2a> 
millo  Tlncano,  about  tba  y«ar  t$M,  It  waa  ikcn  an 
•cadany  of  bdlca^eltrea  i  but  waa  afterwards  tiaarfteawd 
,inlo  an  academy  of  sciancca,  on  the  aolktiailon  of  the 
learned  abbot  Don  Giadnto  Giatfma ;  who,  being  made 
president  under  the  title  of  promoter-general,  in  1 695, 
gave  it  a  new  set  of  regulations.  He  divided  the  acade- 
micians Into  several  classes,  namely,  graminitrians,  rheto- 
ricians, poets,  historians,  philosophers,  pli\ sic iiiii>,  ma- 
thematicians, lawyers,  and  divines;  with  a  separate  class 
for  cardinals  and  persons  uf  quality.  To  be  admitlcil  a 
member,  it  was  necessary  that  the  candidate  should  have 
degrees  in  some  faculty.  Members,  in  the  title  of  (heir 
books,  are  not  allowed  to  use  the  ttame  Acadrmist  without 
a  written  permission  from  the  president,  which  is  not 
granted  till  the  woric  bat  been  examined  by  the  censors  of 
IM  acadcasy.  This  permission  it  the  highest  booonr  the 
academy  can  confer ;  since  they  hereby,  as  it  were,  adopt 
the  work,  and  engage  to  answer  for  it  aptintt  any  rriti- 
dtan  tha«  may  be  made  upon  it  The  pretidcot  himself 
is  not  axcmpt  fiom  this  tew :  nor  is  any  academician  per* 
aiHed  to  puUiah  any  tUng  aaaiatt  the  wfitnqgi  of  ano- 
ther, without  ha««  obiainad  mm  the  Mdctyi 

There  bava  beeu  wveial  odiar  acadcnica  ef  ideMis  h 
Italy,  but  they  have  not  teng  tabsistedf  Ifar  want  of  the 
support  of  the  reigning  princes.  Such  were  at  Ma|^ 
that  of  the  Invettif-anA,  founded  about  the  year  1079,  by 
the  marquis  d'Arena,  Don  Andrea  Concublctto  ;  and  that 
which,  about  the  year  16.98,  met  in  the  palace  of  Don 
I.*wis  della  Cerda,  the  duke  de  Medina,  and  viceroy  of 
Naples:  at  Rome,  that  of  FitUo-Matemntici,  which  in 
l6S6  met  In  the  house  of  Signlor  Cianipini :  at  Verona, 
that  of  Alrtofili,  founded  the  same  year  by  Signior  Joseph 
Gazola,  and  which  met  in  the  house  of  the  count  Seren- 
ghi  deliaCucca:  at  Bmcie,  that  of  FiUioliei,  fotuided 
the  same  year  for  the  cultivation  of  philosophy  and  ma- 
thematics, and  terminated  the  year  following:  that  of  F. 
Francisco  Lana,  a  icsuit  of  great  skill  in  these  iciences: 
aad  lastly,  that  of  Fkieo-CUUci  at  Sicma,  fonaded.  to 
l^i,  by  SifniorVBterllariaOabridli. 

Soma  other  acadcarica,  1^11  or  tetdlyaaWitiai  in  Ittdvt 
repair  with  adsnataM  the  te«  of  liM  fimncr.  Awofaa 
principal  is  the  acadetny  of  Wfinamairi  at  Verona,  sup- 
ported by  the  marqnis  Scipio  Maffin,  one  of  the  most 
ieamcd  men  in  Italy  ;  the  mrmbers  of  which  academy, 
though  they  cultivate  the  Ix  lles-lcttres,  do  not  neglect  the 
sciences.  The  acarlemy  of  Ricomtti  at  Padua  siill  sub- 
iists  with  repuialnin  ;  in  which,  from  time  to  time,  learned 
discourses  are  Ik  IiI  nn  [  hilosophical  subjects.  The  like 
may  be  said  of  the  acadi my  of  the  Muti  di  Reggtn,  at 
Modena.  At  Bologna  is  an  academy  of  sciences,  in  a 
flourishing  condition,  known  by  the  name  of  The  Insiiaue 
qf  Bologna ;  which  was  fouitded  in  1712  by  count  Mar^ 
sigli,  for  cultivating  physics,  mathematics,  medicine,  che- 
mistry, and  natural  htslory.   The  history  of  it  is  written 

all.  da  Limiersi  from  meaoiis  furnished  Ity  tho  founder 
HiaU;i  Among  tfaa  naw  acadcmiei^  that  which  laaha 
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fint^  after  the  Incdtule  of  Bologna,  n  givrn  to  iha^  uf  tlir 
Coutiias  Donra  Clfliv  Gfillo  Boromco,  uhl-  ul  the  most 
learned  ladict  of  the  mgt,  to  wbom  Signior  Ginunit  dedi- 
CMd  bit  liunury  biiiwry  df  Inly.  Sbe  had  htaly  ctia- 
UiilMd  m  acucny  of  oxpeilnMnial  pUbaophjr  in  Iwr 
palm  at  Miltn  i  of  wUch  Signior  Vnlliaaien  ma  uomi- 
miad  pmident,  and  bad  abcady  drawn  up  the  rrgula- 
tioni  for  it,  though  we  do  not  find  it  has  ever  taken  place. 
In  the  number  of  ihese  acudemies  may  al50  be  ranlted 
the  assembly  of  the  leariad,  who  of  lute  years  met  it  Ve- 
iiin-  in  the  houie  of  Signior  Cristino  MartinelU,  •  BoUe 
\  t  i;c  ijiui,  and  »  grcai  puirun  of  U-arning. 

AcAUEMiA  CoMmofTo/ica,  or  that  of  llif  Ari>onauls, 
WHS  instituted  at  Veiiicf,  at  the  instance  of  F.  Coronclli. 
for  Ihc  iniprovemrnl  of  geography  ;  tlie  disiijn  being  to 
procure  exact  maps,  geographical,  topographical,  hydro- 
graphical,  and  ichuograpbica),  of  the  celestial  as  well  as 
terrestrial  globe,  and  their  several  ngiooa  or  porta,  toge- 
ther with  fcqgiapUcal,  historical,  and  Mtroaomical  de- 
•criptioni,  ■eeoBmodoled  to  tbmo:  to  promote  which 
purposo,  thsWiomI  nwmbcnobl^  themselves,  by  their 
•nbtcriplioB,  to  liJw  oM.copy  or  more  of  cuch  piece  pub- 
liihad  landar  Iho  dinction  of  the  academy ;  uiid  to  ad« 
«uc«  ihe  nongrt  or  pHt  of  it*  to  defmy  the  cb«i|^  of 
paUiottioR.  thia  Old  tbieo  aodctica  were  teCtkd, 
namely  at  Venice,  Ftrii^  and  Ronw;  An  Ant  under  F. 
Moro,  provincial  of  Iho  Mtnofitnt  oif  Hnnguy ;  tboM> 
dlod  under  the  abbot  Laurence  an  Rue  Payenjte  an  Ma- 
rais ;  the  third  under  F.  AnI.  Baldigiani,  jesoit,  professor 
of  mathematics  in  the  Uiiman  college;  t.;  whom  thtiso 
addressed  themselves  who  wrre  willing  tu  L-ni:,iL;e  .11  [Ins 
design.  The  Argonauts  numben  d  lu-ur  con  inpinhi  is,  lu 
the  diffprent  counlrics  of  Europe  ;  and  Ihc  ir  devite  is  the 
terraqueous  glwhe.  with  the  motto  Plus  ultra  All  the 
globes,  mapf,  and  geographical  writings  uf  F.  Coronelli 
have  been  published  at  the  expense  of  this  academy. 
'  Tub  Acaokmy  Apatutt,  or  Impartial  Academy, 
deierret  to  be  mentioned  on  account  of  the  extent  <^  its 
plan,  ineludin|  univenally  all  aru  and  iciences.  It  holds 
linaB  tine  to  lime  public  meetii^at  Tlonlice,  where  any 
person,  whether  academiciaa  or  not,  may  rdad  bis  works, 
in  whatever  form,  IsMguagt,  or  autject;  thaacadeay 
cd«iuE  all  with  the  grnteit  iaipartinli^. 

fa  nnaea  there  are  many  acadcmin  ftr  tin  impnm- 
neBt  of  arts  and  sciences.  F.  Mersenne,  it  it  laid,  gave 
the  fnt  idcaof  a  philosophical  academy  in  France,  about 
the  beginning  of  the  seventeenth  century,  by  the  confe- 
rences of  mathematicians  and  naturalists,  held  occbmoh- 
ally  at  his  lo<lgings;  at  which  Oes  Cartes,  Ga^^M-Miui. 
Hobbes,  Roberval,  Pascal,  Blondel,  and  others,  as^iilcd. 
F.  Mcr«.ennc  proposed  to  each  of  them  certain  problems 
to  esaniine,  or  certain  experiments  to  be  made.  The*e 
private  assemblies  »i;re  sucti-fd^  d  by  rainx- public  ones, 
lorroed  by  M.  .Mnnmnri,  and  M.  'I'hevetkut,  the  ccl»> 
hralod  traveller.  The  French  example  animated  several 
Englishmen  of  rank  and  leorning  to  erect  a  kind  of  phi* 
luM)phical  academy  at  Oxford,  toward<^  the  close  of  Cfom* 
««Us  adraioiatration;  which  after  the  restoration  was 
aeeted,  by  public  anthority,  into  a  Royal  Society :  an 
•econnt  of  which  sea  oader  tha  word.  The  Eaaiiib  ex- 
nmpk,  In  its  tufa,«nianaad  dm  French.  lalfioeLwii 
Kfv,  oaHstedhy  tha  €0>B>eb  «f  M.  Cdleiti  flMndcilaa 
aeadeniy  of  sdencea  at  Fans,  called  The  ' 

ACADEM.IK  Raj/mk  da  Sdneet.  or'  Royal  Acadeny 
Sdmcth  kit  the  impiovemcat  uf  philoaophy,  nutlhema- 
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tirs,  cheroiktry,  medicine,  bcllrs-letlres,  &c.  Among  the 
principal  mcmber%  at  the  coromencemenl  in  I666,  were 
the  lespcctable  names  of  Ckrcari,  Unygens,  Robcival, 
IMd^  Aasout,  Fknfd,  Vtwt,  Da  Haael  the  Secietary, 
md  Ifofiotle.  Theia  was  «  perCKtci|«aU9  MmMic  all 
die  memhsn^  and  many  of  them  recewFod  wbries  from 
the  kim.  ^  dw  rules  of  the  academy,  every  class  was 
to  meet  twice  a  week  -,  the  philosophers  and  geomttrieiant 
were  to  meet,  separately,  every  Wednesday,  and  then  both 
together  on  the  Saturday,  in  a  room  of  the  kin|;'s  library, 
where  the  philosophical  uiid  inutheniullcul  It  i  Ks  nere 
kept:  the  history  clas*  was  to  meet  on  the  Momiay  .md 
Thursday,  in  the  r(j  m  of  the  historical  books:  and  the 
class  of  bellcs-lettreB  on  llie  Tiies'by  und  Friday  :  and 
on  tlie  fil^t 'Fliursd.iy  of  cu  :y  Month  all  iLi-  lUvms  nn  ( 

together,  and  by  their  secretaries  made  a  inutuai  report 
of  what  bad  bean  tmnsaeted  by  each,  dnfiag  the  piccedp 

ing  munlb. 

In  1699,  on  the  application  of  the  president,  ti>e  abb^ 
Bignon,  the  academy  laeeiTe^,  ondcr  royal  authoritj  and 
protection,  a  new  form  and  conatitution ;  by  dl*  flrtidn  ■ 
of  wlikh,  the  academy  «rat  to  consist  of  Itavr.  sorts  «f 
members,  namely  boooraryi  pcnsioaary,  aasodalcfl,  and 
cUra.  TtMhmmnaiy  daastoeoniiitof  tanjpefSons»nnd 
tkn other  llina classes  of  twenty  penoneeech.  Thepre- 
sMent  to  be  lAoaen'^nnaany  not  of  the  honorary  clan, 
and  the  secictuy  and  trcasnrtr  to  be  perpetual,  and  «f 
the  pensionary  clai*.  The  meetings  tg  be  twice  a  week, 
on  the  Wednesday  and  Saturday;  besides  two  public 

niccluio-  in  the  year. 

Of  tiie  peusioimries,  or  those  who  receive  vakries,  three 
to  be  geometricians,  three  astronomerh,  three  mech«iiitt>, 
three  anatomists,  three  botanists,  and  three  chemists,  the 
Other  I'lVii  being  the  -ecrr'.ary  iiiui  JiciiM.ier.  ()|  the 
twenty  associates,  of  which  twelvu  to  be  French,  .tiid 
eight  might  be  foreigners,  two  were  to  culli»ale  geome- 
try, two  astronomy,  two  mechanics,  two  anatomy,  two  . 
boteoy,  and  ^wo  cberoistiy.  Of  the  twenty  elives,  one  to 
be  attached  to  each  pensionary,  and  to  cultivate  his  po> 
culiar  branch  of  science.  The  pensionaries  and  their 
eU«es  to  rsiide  at  Paris.  No  regulars  nor  religious  to  be  • 
adaittid,  accept  into  the  booaraiy  clam:  nor  any  person 
Mfeeadnlltcd  «pensiener  who  was  not  known  by  soasa 
caonderabla  work,  or  soma  lemaikaUt  ditcowty. 

In  1716  ibe  Duke  of  OflCMS,  Iben  t^pnf  of  Fnicsk 
by  the  king's  authority  made  some  altenlKmin  their  con- 
stitution. The  class  of  eUves  was  suppressed;  and  in-  ' 
steud  of  them  were  instituted  twelve  adjuncts,  two  to 
e>ifh  uf  the  six  classes  of  pensioners.  Tru-  1m  f.i.'i.iry  mem- 
bers were  increased  to  twelve  :  and  :i  rliisj  ui  ii.v  t'ree  as- 
sociates was  made,  who  were  ni  t  ihu  oblijiation  of 
cultivating  any  particular  branch  of  science,  and  in  this 
Class  only  could  the  regulars  or  religious  be  admmcd.  .A 

{resident  and  vice-president  to  be  appointed  annually 
nm  the  honorary  class,  and  a  director  and  sub-director 
annually  from  that  of  the  pAsioners.  And  no  person  to 
be  allowed  to  make  nse  of  his  quality  of  academician, 
in  the  title  of  any  of  his  books  that  he  published,  unless 
such  book  were  fint  approved  by  the  academy.  The 
academy  hod  for  a  defioe  w  motto,  Invenit  et  perficit. 
And  the  meetiap,  which  wen  ibnnerly  held  in  ih>  king's 
librsiy,  shice  the  year  were  beld  in  a  fiitc  hall  of 
the  ofd  Louvre. 

Finally,  in  the  year  1785,  the  king  ooofinaed.  by  let- 
ten  patent,  dated  April  23,  the  illnhHitamit  «f  the  tmt . 
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demy  of  sciences,  rniikuiT;  ilir  t.(ilo«iug  all*nition>,  and 
adding  cl.i^-.scs  <it  agnciilturr,  iiaiural  history,  mineralofyr, 
and  phyiics;  incorporalitig  the  aswciafcs  and  adjuncts, 
and  liratting  the  number  of  mcmbcni  to  iix  eacli  class, 
oaincly  three  pcmionen  and  tbm:  aMociatc4  ;  by  which 
the  furttwr  received  an  inmue  of  aalary,  and  the  Uller 
approached  nearer  to  becoming  proaionen. 

By  the  articles  of  thi»  instrument  it  was  ordained,  that 
thie  aeadeBj  shall  couiat  of  eight  claatcs,  lit  geometry, 
td  mUmumy,  ad  Mdmiici,  4Ui  general  phyiia,  $tK 
WBttamf,  €di  dMNilMry  ud  miuibutj*  7th  hotsiqr  oi»i 
ttrieaUm*,  ud  Sth  natural  Maluy  and  (unenlogjr' 
iW  «Bch  clais  ihall  h;main  imwcnUr  Cnd  tX  ifat 
namely,  three  pemionen  fliid  iBTee  Maoeiala^ 
independent  however  of  a  perpetual  *ecrctar)'  and  tre»> 
surer;  of  twelve  frecHissociatcs  and  of  eight  assoctalo 
strangers  or  I'on-ignera,  the  same  as  belbre,  except  (hat 
the  adjunct-geographer  for  the  fuliue  to  be  called  the  as- 
sociate-geographer. 

The  classes  at  first  to  be-  filled  by  the  frUuwiniT  ]>rr>un«, 
namely,  that  of  geometry  by  Me?".ii  ui^  Jr  Horiia,  Jeau- 
rat,  Vandermonde,  a*  pcnsiooen. ;  and  Mes^leurb  Cousin, 
Meusnier,  and  Charles,  as  associates :  that  of  astronomy 
by  Messieurs  le  Monnier,  de  la  Lande,  and  le  Gcntil.  as 
peaiionen;  and  Messieurs  Messier,  dc  Cassini,  and  Da- 
gelat,  ts  associates  :  that  of  mechanics  by  Mi-ssieurs  I'abb^ 
Bnssut,  I'abb*  Rochon,  and  dc  la  Place,  as  pcntinoeni 
and  MoaewB  CotUoBib,  le  Gaodrc,  and  Perrier,  as  av- 
MCiltax  dilit  M  general  phytic*  by  Messieurs  Liroy, 
Brfam,  and  Bully,  as  peowMunj  mm  HcMicaia  Uamgtt 
llethnini  and  QoatniMM^  •§  laocintai:  Ant  of 
tan  bgr  Mcericvn  OmMMhi,  Thmmv  md  PMtal.  m 
pennoneia;.  aad  Mcniettis  8i^tier»  Vie<|>d'«eir,  and 
nrnussonet,  as  associates:  that  of  dtemiatry  and  metal* 
iur,;y  by  Messieurs  Cadet,  Lavoisier,  and  Beaum*-,  as 
poiisioners;  and  Meb5i(urv  rnrnrtlr,  nerlhoHct,  and  I'our- 
croy,  as  aisociulC'*;  that  of  botany  and  agriculture  by 
Messieurs  Gucttard,  Fouperoux,  and  Adaraon,  as  pen- 
sioners; and  Messieurs  df  Jussiou,  dc  la  Marck,  and  Des- 
fonlajoes,  as  assciciates  anil  that  nl  natural  hlbtory  and 
mineralogy  by  Messieurs  Dcsmaretz,  have,  and  i'abbt;  de 
Gua,  as  pensioners;  and  Messieurs  Darcet,  I'abb^  Hauy, 
and  I'abh^  Tessier,  as  i^ciatcs.  All  naotcs  respectable 
in  the  commonwealth  of  letten;  and  fiom  whom  the 
world  might  expect  still  further  improvetnents  in  the  se- 
veral hrancbcsef  science. 

Tfa«  hie  M.  BouUe  de  Mcilay,  oenniellor  of  the  par-  • 
Kamt  of  FaiH,  fimided  tun  prian,  the  one  of  SMW 
IhMi,  Ibe  other  «f  SOOO  Umt,  which  the  ecadem  dia> 
trtbotcd  aliematpty  emy  year:  the  aabjcctsof  Ibo  Mtowr 
priae  respecting  physical  astroWNBy;  and  of  thn  htlcri 
navigation  and  commerce. 

Tiie  uf.rlr!  jb  highly  indebted  to  this  academy  for  the 
many  valuable  works  thry  have  executed,  or  f>l!tlli^lle^l, 
both  indiviilually  and  as  a  body  collectively,  isjuii.illy 
by  their  memoirs,  making  upw.irds  of  a  hundred  volumes 
in  4to,  with  the  machines,  indexes,  &c.  in  which  may 
be  found  most  excellent  compoMtions  in  every  branch  of 
acience.  They  published  a  volume  of  thefe  memoirs  every 
year,  with  the  history  of  the  academy,  and  eloges  of  re- 
maricaUe  mm  Inldy  dtCMaed :  also  a  general  index  to 
the  volumes  every  ten  years.  An  alteration  was  intro- 
duced into  the  volume  for  J  705,  which  it  teems  was  tu 
be  coadoMd  ia  fntarc^  fay  oadltiogi  in  the  history,  the 
eaiaaict  «r  eslncti  liwa  tbe  r^gMcetiy  oantainiqg  some 
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preliminary  actotitit  of  ibc  subjects  of  the  memoirs| 
but  stHl  hoHcvcr  retaining  tho  dogft  of  dlstiagniifced 
men,  lately  deceased. 

M.  I'abbe  Rozier  aUo  published,  in  four  quarto  vo- 
lumes,  an  excellent  index  of  the  contents  of  ail  the 
volumes,  and  tin:  writings  of  all  the  members,  from  the 
beginoing  of  their  publications  to  the  year  1770;  with 
convcnicXt'  blank  ipacaa  Ibr  emtianinig  the  aitielet  in 
writing. 

Their  history  also,  to  the  year  ifijgir,  wu  wfittn  by 
M.  Du  Hamvl;  and  nftn  that  tioM  coatiiMied  from  year 
to  year  by  M.  Pon(cndIp»  vader  the  firilowing  titles,  Dn 
Hmd  HisloriaBci^  Acadcnhs  Sdentiarum,  Paris.  4to. 
lliilatndel*Aeadc!niie  Royale  dec  Sciences,  avcc  Ics  ,Vle- 
taoinade  Malhematiquc  et  de  Physique,  tirez  des  Re<ris- 
tna  <le  I'Academie,  I'aris,  4to.  Histoirc  de  TAcademic 
Royale  des  Sciences  depuis  sou  etablisieinrrit  m  io66. 
jusqu'en  1699,  en  1"  tomes,  4((>.  A  new  history,  from 
the  institution  of  the  Lii  jid.  inv,  tu  (lir  period  from  whence 
M.dc  f'ontenelle  ri.mniriir.cs,  h.Tis  bcCD  fomiedi  with  a 
scries  of  the  work,  |iiibl:<lM>l  under  thn nnmt  of  thk aca- 
demy, during  the  first  inlcrvul. 

The  French  revolution,  however,  gave  occasion  to  the 
new-mtKli  ling  of  the  Academy  in  1793,  a*  well  as  an  aU 
irration  in  it>  name.  (See  Institute.)  The  memoin  of 
the  academy  arc  ciimprthended  in  139  volumes,  4lo; 
vis,  1 1  vols,  from  its  tbundation  in  1666",  to  its  reaawal 
ill  1C99;  92  vols,  from  l699  to  1790*  II  vols,  of  me- 
moirs presented  to  the  academy,  9*alkof  prises,  9  of 
ubics,  and  7  of  dtaniagii  of  machines. 

Ifaaides  the  acadwiea  ia  lh«  camial,  there  were  a  great 
aMayia  other  aaili  of  Fkaace.  The 

AcaVBHra  AsyaJir,  at  Cnen,  wu  establisfaed  by  letters 
patent  in  the  year  1705;  but  it  had  its  rise  fifty  years 
earlier,  in  private  conferences,  held  first  in  the  house  of 
M.  de  Brieux.  M.  dc  Segrais  retiring  to  this  city,  to 
spend  the  rest  of  his  days,  restored  and  gave  new  lustre 
to  their  nil  L  imrs.  In  171J7  M.  Foucault,  intmdant  of 
the  geiii  rality  ot  Caen,  ]nnciired  the  king's  letters  patent 
for  (  renin;;  ihem  into  a  p..  rpetual  academy,  of  which 
M.  l  ouriiull  was  to  be  protector  for  the  time,  and  the 
chi.icL  afterwards  left  to  the  members,  the  numl)er  of 
nhom  was  fi.Yed  to  thirty,  ^oeea  for  this  time  by  M. 
Foucault.  But  besides  Oe  ilutty  original  members,  lease 
was  givcii  to  add  six  supernumerai^  mem  ben,  lironi  the 
ecclesiastical  communities  in  that  city. 

At  Toulouse  waa  the  ^fcadrwir  das  jevrjCanMr,  caa>- 
paiad  of  taitw  pcnan^  .te  oldaat  of  the  hiagdomt  be> 
■aidei  aa  acadeaij  of  sdcMosaad  bdica^ittRa,  banded 
la  I7M. 

At  Montpdier,  tbe  royal  society  of  sciences;  which, 
after  1708,  was  ura'ted  with  the  royal  academy  of  sciences 
at  Paris. 

Other  academics  were  also  csUblLsbeil  :  at  Bounietiux, 
fi.uiiJLi;  in  1703;  at  SoissotiS  III  1674,  Ht  Marseilles  m 
17V«>,  III  Lyons  in  I'OO,  at  Pau  in  Bcarn  in  J 721,  at 
Montauban  in  1744,  at  Angers  in  at  .Amiens  in 

17^0,  at  \  illefriinclie  in  Uu9,  at  Dijoii  in  1740,  at  Ntmes 
in  1082,  ai  IksHn^on  in  1752,  at  Chalons  in  177.^.  ul 
Kocbcllr  in  17^4,  at  Bc-ziers  in  17^3,  at  Rouen  in  1744, 
at  Met*  in  1760,  at  Arras  in  1773,  &c.  The  number  of 
thcie  aCBdenii<«  is  Continually  augmenting  ;  and  even  in 
such  towns  -.in  have  no  academics,  the  literati  form  them- 
aelvoi  into  litciary  secietice,  baring  aeuriy  the  sajae  ob> 
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In  Germany  ami  other  parts  nf  r.iirupi  Uicre  arc  va- 
riouij  academics  tif  scjoiici  s,  \c.  i't'V 

ACADEMIE  Koyale  dcs  ISctencfi  et  Deltet- Lettrei  ol 
Pruuia,  was  foumictl  at  Ik-rlin,  in  the  )i'ar  1700,  by  Fre- 
deric I.  king  of  PruMia,  of  nhicb  ibe  celebnUad  M*  Leib- 
nitt  w  tibe  fint  president,  and  its  great  pranoln'.  Tbe 
meuimf  newnA  •  anr  form  and  a  oewaetof  ttitMn 
to  inOt  yf  which  it  wat  ordained,  that  tba  pniidcat 
•hali  he  ow  «r  tha  eowneUm  of  sUle;  aad  that  tha 
PMiabeis  be  divMad  inlo  llMtr  clana;  dw  fint  to  colli* 
vite  phyiict,  medicine,  and  chemistry ;  tbe  second,  ma- 
thematirs,  astronomy,  and  mechanics;  the  third,  the 
German  langua|;e,  and  tbe-  history  of  the  country ;  and 
ibc  tuurth,  orlciilul  learning,  particularly  as  it  may  con- 
cern the  propagation  of  the  gospel  among  infidels.  Thnt 
each  class  elect  a  dirtxtor  tor  themselves,  who  •.hall  hold 
hi5  pijil  lor  iilc.  lljat  tbey  incct  ill  the  castic  Milled  the 
New  IViai^liHl,  the  claiscs  to  nin  t  iii  (heir  turns,  one  entb 
v»eek.  And  that  the  membc  is  of  any  of  ihc  classes  have 
free  accm  inlo  tbe  assemblies  of  the  xvsi-  bevrral  vo- 
Ivnaaof  their  tiaoeaciiont  have  been  publlvhed  in  Latin,' 
from  time  to  tinw,  tuder  the  title  uf  MiaceUooca  Beroli- 
aemia.  « 

In  17*3  Frederic  ii.  king  of  Prunia  made  great  altc- 
ratkms  and  improvement*  in  tbe  academy.  Instead  of  a 
gfMt  lonliNraunitter  of  •tale,  who  had  usually  preiided 
o«w  lha  academy,  h«  judged  that  office  would  be 
fceitar  filed  by  a  maa  of  kttan)  and  ha  iMooarad  the 
Ftanch  academy  of  MiieMM  by  ftiioR  upon  om  of  ila 
members  for  a  pretidaNl»  ailBMy  M.  Mauportiiil»  a  dil* 
tinguishi  d  character  in  the  literary  world,  and  whnecoB* 
t  in  iin]irnving  tlie  academy  was  a  proof  of  the  sound 
judgment  ol  \\i<t  king,  who  at  the  same  time  made  new 
regulations  for  the  academy,  and  '.tuk  the  ii[le  of  iis  I'ro- 
tcctor.  I'rom  trial  lime  the  lri(ii>-iiri;iiri~  i  \  the  .icadi  iriy 
lijur  11  pub'[i>heil  ann',i,ih\,  urnii  r  Hit  tiilc  i  I  I  [i',;i)irr 
de  i'Academir  Royale  (U*'  Sciences  el  Ikllis  f.R-?  li 
Berlin,  much  in  the  manner  of  thL>so  of  the  I  reiich  iiira- 
demy  of  sciences,  and  in  the  French  language ;  particu- 
larly enriched  with  tbe  compositions  of  the  celebrated 
£uVer,  and  other  learned  men.  Besides  the  ordinary  pri- 
vate meeliiip  of  the  academy,  it  has  two  public  ones  in 
the  yter,  in  Jantwiy  and  May ;  at  tbe  latu-r  of  which  is 
giwa  a  prize  gold  medal,  of  the  value  of  50  ducata,  or 
about  ?0  guinea!.  The  uibjecl  of  the  phae  is  •iioqia» 
•  sively  physics,  malheiitic*,  metapbjrsics,  and  general  li> 
leratiire.  For  the  acadeny  has  this  peculiar  dreuro- 
stance,  that  it  embraeee  aim  mciapbysics,  logic,  and  mo- 
ntlltv  ;  having  one  cl.i$»  particularly  appropriated  tothCH 
obi(  eh,  called  the  cia<>5  of  Speculative  Philosophy. 

h'\jic)  .1.1  Ai  \  ii  KM  Y  of  Petcrihurg.  'i  bis  academy  was 
proj<cled  by  the  czar  I'eliT  l,  commonly  called  Peter  the 
Great,  who  in  so  many  other  instances  also  »»>  instru- 
mental in  niising  Rossia  from  the  state  of  bari)urity  in 
which  it  had  been  inmiergcd  for  so  many  ages.  Having 
vinted  France  in  17  J 7,  and  among  other  thingi  informed 
himself  of  the  advantages  of  an  academy  of  am  and  sci- 
caee^  be  resolved  to  establish  one  ia  his  new  capital, 
,  whplher  lie  had  dnwn  by  noble  aneoangemeuts  several 
leanrnd  straagen;  and  made  other  preparatioaa,  whaaliit 
death  prevented  him  fiem  folly  acoomplbhing  Om  eb- 
jrct,  in  the  b»|inniB|  of  die  year  Theie  prepar»< 
tiant  and  iateatioas  howawnr  were  carried  iato  cxocaiioa 
the  iaane  year,  by  the  eitablMlHBeBt  of  the  academy,  by 
hk  conort  the  cwiaa  Cathatia^  who  succeeded  him. 
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And  f.iKia  after  the  academv  composed  the  lirst  volume  of 
their  works,  pulili->bed  in  17 JS,  under  the  tille  of  Com- 
mentarii  Acadciuite  bcientiarum  Impniali*  Petropolit*- 
iiic;  which  they  continued  almo^u  annuulty  till  17'i6,  the 
whole  amounting  to  14  volumes,  which  were  published  in 
Latin,  and  the  subjects  divided  and  clamed  tinder  tbe  ful- 
kiwii^  heads,  nanMsly  mathcmatici,  ph^ci,  hiMory,  and 
Bstneomy.  Thrir  damee  a  ttta  btaimg  fruit  bM  lipeii 
with  the  Bodcat  motto  FauUattm. 

jUest  part  of  tbe  *tnm|m  who  eooqweed  thia  acadmy 
hciag  dead,  or  having  retired,  it  was  rather  in  a  Jangnish' 
ittg  state  at  the  begiiming  of  the  reign  of  the  empress  Eli« 
zabetb,  when  the  count  Rasomowaki  wu':  happily  ap- 
pointed preMilcnt,  who  was  instrumental  in  recovering  its 
vigour  iiiKl  laijours.  'ITiis  empress  renewed  and  alteied 
its  ronstitution,  bv  letter!'  piitcnt  dated  July  1!4,  '747, 
giving  It  a  new  for;!;  ;ii;'.l  i i;iinrii;i;b,  Jl  consists  ni  two 
chief  parts,  an  ucadeniy,  and  a  univerMty,  basing  n-gu- 
lar  professors  m  tla-  several  faculties,  who  read  Irtluris 
as  in  our  colleges.  Tbe  ordinary  assemblies  aie  held 
twice  a  week,  and  pehKc  or  solemn  ones  thiicc  in  the 
year;  in  which  an  account  is  given  of  what  has  been 
dosie  in  the  private  ones.  The  academy  baa  a  noble  build* 
ing  for  their  meetings,  ^c,  with  a  good  apparatim  of  in« 
struments,  a  fine  library,  ebsarvetoiy,  tte.  Their  fint 
voiamc,  after  this  mwvation,  was  paUiihed  far  the  ycen  ' 
1747  bmI  1748i  and  they  ham  beta  since  coatiMtfd  firosn 
year  to  yaer,  now  to  •  number  «f  eolames,  ander^ 
the  title  of  Novi  Comnuntarii  Academim  Sdemiamm  Im- 
■perialis  Petropolilame.  They  are  printed  ia  tbe  Latin 
language,  and  contain  many  excellent  compositions  in  all 
tbe  sciences,  I  '-iii  Liallv  the  mathe>mHtical  papers  of  tha 
late  exrellrni  M.  L.  hnler,  which  alwnys  made  a  consi- 
derabU  [-.i  rtion  of  every  volume.  Til!  iilijee;-!  arc  classed 
i:iiiii  I  ;u  ids  in  the  following  order,  maihi  malics,  physico- 
m.i;:Ktii;iiie>,  [diysics,  which  include  botany,  ontitomy, 
(S:c,  ami  asuonomy;  the  whole  prefaced  by  historical  ' 
extracts,  or  minutes,  relaiing  to  each  paper  or  memoir, 
after  the  manner  of  the  volumes  of  the  French  ncadrmy ; 
but  wanting  however  the  doges  of  deceased  eminent  men. 
Their  device  is  a  heap  of  ripe  fruits  piled  on  m  taU^ 
with  the  motto  En  addit  Fructus  ataie  r(ceiitii>  After 
the  death  of  Enter,  in  17tS,  who  had  been  many  yeaie 
the  pierident,  thet  ■mpertaitt  literary  oifice  was,  the 
cnawNCailNHrinetOasiiemdendtcprineetalltadikof. 

tmftM  end  Rigii  Acai»iKT  Siimett  and  Jislliw* 
LtUru,  at  Brusels.  This  academy  was  founded  in  the 
year  1773;  and  several  volumes  of  their  memoir*  have 
been  published. 

Royal  Acadfmy  of  Sciencrx,  at  Stockholm,  was  insll- 
tuteJ  ,11  17  iy,  a;id  Muce  that  time  it  has  published  a  great 
many  luiumes  ot  ini.u!.actions,  quarterly,  in  8vo,  in  the 
Swedish  laiipuape. 

For  an  account  of  tbe  Royal  Society  of  Londoa,  and 
several  other  similar  tnMit«^ni^  see  the  word*  JoUMAl* 
SociiTY,  &c. 

Amtriem  Ac  A  DIM  Y  cf  ArU  md  ScioKtt,  wo*  ccta*  ' 
blished  in  1780  by  the  couiKil  and  house  of  representa-  , 
lives  in  the  province  of  Massschutct  s  Bay,  for  promoting 
the  knowledge  of  lim  antiquities  of  America,  and  the 
natunl  hiitory  of  the  country ;  for  determiiiit>g  the  uses 
10  which  its  Yniious  nntuidl  productions  may  be  applied » 
for  encouTSging  medieiflat  discoveries  flmihematical  dis* 
quisitions,  philosophical  inquiries  and  experiaWMl,  aatro> 
MMuicai,  weitorsdogical,  and  gcojjrajjUical  OhscrVBtUMMf 
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aruflinprovnncnU  in  agriculture,  manufiaclurcs,  aixl  com- 
merce; and,  in  short,  for  cultivating  i  vcry  art  and  k\. 
ence,  which  may  tend  to  advance  the  intcmt,  honour, 
di!(nity,  and  happiness,  of  a  frK,  independent,  and  virtu- 
OU5  people.  Tiio  membcns  of  this  academy  are  ivcver  to 
be  lets  than  forty,  nor  more  than  two  hundred. 

Academy  i«  alw)  u»ed  among  ui  for  a  kind  of  colle- 
giate lichoul,  or  M-roinary ;  whcnr  youth  arc  inilructod  in 
the  liU'ral  arts  and  sciences  in  a  private  way:  now  indeed 
it  is  uM-d  for  all  kinds  of  kch<x)U. 

Frederic  i,  king  of  Prussia,  rstablished  an  academy  at 
Ikriin  m  1703,  for  educating  ihc  young  nobility  of  the 
court,  auilable  to  tbeir  extraction.  The  exp«nce  of  the 
students  was  very  modcratr,  the  king  having  undrrlaken 
to  pay  the  extraordinarics.  This  illustrious  school,  which 
was  thrn  called  the  academy  of  princes,  hos  now  lost 
'  much  of  its  fir^t  splendour. 

The  Romani  hud  a  kmd  nf  military  academies  esta- 
blislied  in  all  the  citi<^  of  Italy,  under  the  name  of  Caropi 
Martis.  Here  the  youth  wrrc  admitted  to  be  trained  for 
war  at  the  public  expense.  Anil  the  Greeks,  besides  aca- 
demies of  this  kind,  had  military  professors,  called  Tnc- 
iici,  who  taught  all  the  higher  offices  of  war,  &r. 

We  have  three  royftl  ucudeinies  of  this  kind  in  Kngland, 
the  expenses  of  which  arc  defrayed  by  the  government; 
the  one  at  Woolwich,  fur  the  artillery  and  military  engi- 
neers; another  at  Portsmouth,  for  the  navy;  and  the  third 
•I  Sandhurst  near  Bagshot,  called  the  Koyal  Military 
ColU><!e,  Tor  educating  officers  for  the  army  in  general. 
(Sec  CoLLBUB.)  The  first  was  rstablivhrd  by  his  majesty 
.  king  George  it,  by  wananta  dated  April  the  30tii  and  No- 
vember the  18lh,  174i,  for  instructing  persons  belonging 
A  to  the  military  part  i>(  the  ordnance,  in  the  several  bran- 
ches of  malhematics,  fortification,  &c,  proper  to  qualify 
Ihcra  for  the  service  of  artillery  and  the  oflico  of  engi- 
neer*. Tliis  institution  is  under  the  direction  of  the  ma- 
tter-general and  bcMtrd  of  ordnance  fur  the  time  being: 
ami  at  lir>t  the  lectures  of  the  masten  in  the  academy 
were  attended  by  the  priictnioner-engincers,  with  the  offi- 
cers, Serjeants,  corporals,  and  private  men  of  the  artillery, 
bi-»ides  the  cadets.  At  present,  however,  none  are  educated 
there  but  the  gentlemen  cadets,  to  the  number  of  ISO. 
The  maatcr-goneral  of  the  ordnance  is  always  captain  of 
the  cadets'  company,  and  governor  of  the  academy ; 
under  him  arc  a  lieutenant-^overoor,  and  an  inspector  of 
of  studies.  The  roasters  have  be»-n  gradually  increased, 
from  two  or  three  at  first,  now  (in  1814}  to  almost  twenty ; 
namely,  a  professor  of  mathematics,  and  six  or  seven 
other  mathematical  masters,  a  professor  of  fortification, 
,  and  two  assistants,  two  drawing-masters,  two  French  ma- 
sters, with  masters  for  fencing,  dancings  and  chemistry. 
This  institution  is  of  the  greatest  consequence  to  the  state, 
and  it  is  hardly  credible  that  to  important  an  object 
should  be  accomplished  at  so  trifling  an  expense. 

The  Royal  Naval  Academy  at  Portsmouth  was  founded 
by  George  i,  in  1722,  for  instructing  young  pentlemifi  in 
the  sciences  useful  for  navigation,  to  educate  them  for  the 
royal  navy.  The  establishment  is  linditr  the  direction  of 
the  board  of  admiralty,  who  give  salaries  to  the  different 
OWtters,  by  one  of  whom  the  students  are  boarded  and 
lodged,  the  exp<'nse  of  which  is  defr.iyed  by  their  own 
friendf,  nothing  being  supplied  by  the  government  but 
their  education. — TTiis  academy  has  beca  lately  new-mo- 
deled, and  its  name  changed  to  the  Royal  Naval  College. 
See  College. 
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ACANTHUS,  in  Architecture,  the  lemes  of  a  plant 
which  forms  the  ornament  of  the  capital  ol  the  Curiii- 
tliian  order.    See  .^»ACVS. 

ACCF.LERATF.D  Motion,  is  that  which  receive*  fresh 
accessions  of  velocity;  and  tha  acceleration  may  be  ei- 
ther equable  or  variable:  if  the  accessions  of  velocitv 
be  always  equal  in  equal  times,  the  motion  is  said  to  be 
equably  or  uniformly  accelerated  :  but  if  the  accessions, 
in  equal  tunes,  either  increase  or  decrease,  then  the  mo- 
tion IS  unequably  or  variably  accelerated. 

Acceleration  is  directly  opposite  to  retardation,  which 
denotes  a  diminution  of  velocity. 

Acceleration'  comes  more  particularly  under  consi- 
deration in  physics,  in  respect  to  the  descent  of  heavy 
bodies,  falling  freely  towards  the  centre  of  the  earth. 

That  b<idies  are  accelerated  in  their  descent  i<<  evident 
from  kutkius  circumstances,  which  immediately  strike 
the  eye  of  an  attentive  observer:  thus,  the  greater  the 
height  from  whence  n  body  (alls,  the  greater  impression 
it  makes  on  the  object  upon  which  it  impingesi  and  this 
increase  of  action  upon  the  fixed  body,  must  necessarily 
arise  from  an  increase  of  velocity  in  the  moving  one,  or 
from  its  acceleration.  Before  the  law  of  gravitation  was 
known,  which  is  now  generally  acknowledged  to  be  the 
immediate  cause  of  the  acceleration  of  bodies,  varioiM 
fantastical  hypotheses  were  advanced  to  account  for  tbit 
phxnomeiioD;  some  ascribing  it  to  the  action  of  tlic  at- 
mosphere; others  to  a  very  subtile  fluid,  which  they  in- 
troduced for  that  particular  purpose ;  others  again,  attri- 
buted it  to  a  kind  of  instinct  in  bodies,  by  means  of  which 
they  accelerated  th'-ir  motion  as  they  approached  toward* 
the  centre  of  the  earth,  that  being  considered  as  the  place 
appropriati'd  to  their  element :  these  and  various  other 
hypotheses  of  a  similar  nature  are  now  entirely  rejected, 
and  would  be  wholly  unworthy  of  being  mentioned,  did 
they  not  serve  to  show  how  much  the  knowledge  of  man 
is  increased,  and  the  solid  foundalinn  upon  which  the 
modern  philosophy  it  established,  when  compared  with 
the  vague  and  hypothetical  theories  of  the  ancients. 

l.«aving  therefore  all  such  visionary  causes  of  accele- 
ration, and  only  admitting  the  existence  of  such  a  force  as 
gravity,  so  evidently  inherent  in  all  bodies,  without  re- 
gaiti  to  what  may  be  the  cause  of  it,  the  whole  raysteiy 
of  acceleration  will  be  cleared  up.  Consider  gravity 
then,  with  Galileo,  only  as  a  cause  or  force  which  acts 
continually  on  heavy  bodies;  and  it  will  he  easy  to  con- 
ceive that  the  force  of  gravitation,  which  determines  bo- 
diet  to  descend,  must  by  a  necessary  consequence  acce- 
lerate thcin  in  falling. 

A  body  then  haviikgonce  begun  to  descend,  by  the  im- 
pulse of  gravity  will  continue  to  descend  by  Newton's 
dnt  law  of  nature,  even  though  the  first  cause  of  its  de- 
scent should  cease.  Rut  besides  this  determination  to 
move,  impressed  upon  it  by  the  first  cause  of  motion,  and 
which  would  be  sufficient  to  continue  to  infinity  the  de- 
gree of  motion  already  begun,  new  impulse*  are  continu- 
ally superadded  by  the  same  cause ;  which  continui  s  to 
act  upon  the  body  already  in  motion,  in  the  same  maimer 
as  if  it  had  remained  at  rest.  There  being  now  then  tno 
causes  of  motion,  acting  both  in  tb*  same  direction ;  it 
necessarily  follows,  that  the  motion  which  they  unitedly 
produce,  must  be  more  considerable  than  that  which  either 
could  produce  separately.  And  as  long  as  the  motioi.  ts 
thus  continued,  the  samecause  still  operating  to  incrr«seir, 
the  descent  must  necessarily  b«  continually  accelcruicd. 
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Supposing  fhrn  that  gravity,  from  whatever  principle  ii 
HriM-b,  acts  uniformly  upun  all  bo<jir«  ul  the  Mme  distance 
liiiin  the  centre  of  the  earth;  and  conceive  the  time 
uhich  a  heat)  body  take*  in  faMing  to  the  eailh,  to  b< 
divided  iiili>  indefinitely  stun  1 1  tcjual  parts;  gravity  will 
impel  lite  ImmIv  toward  the  centre,  in  the  tint  ludctinitely 
ihort  iiisiuiit  of  the  deaceni;  and  if  after  this  we  tuppoM 
the  action  of  gravity  to  cease,  the  body  will  continue  per- 
petually to  advance  uniformly  toinutd  the  awth't  umtn, 
with  an  inUetinitely  small  vclocUjrr  C^wl  tintw&ich 
iCMilt«t  from  th«  iini  inpulM. 

But  if  we  wppow  (hat  jIm  MlktB  of  gnnty  Mill  con- 
tinMs  tbn Mme itlker  th«  pit  immlMs  w  the Moood  in- 
MAii^or  MiwU  part  of  lime,  die  body  will  reoeife  a  new 
impolM  lOvaM  the  earth,  eqiial  to  that  which  it  received 
in  tbe  lifM  initant ;  and  consequently  it«  velocity  will  be 
doabled;  in  the  third  in^la  ii,  n  \m11  ]>e  tripled;  in  the 
fourth,  quadrupled ;  in  the  iJili,  <]iuii(up!i-d  ;  and  »<i  on 
contiuuully  :  for  the  jiii[miIm  i:i;uli  n:  imy  pieceding  in- 
stant, it  no  wny»  alleretl  by  that  which  i»  made  in  the  fol- 
lowing on« ;  but  they  are,  OB  the  coBlniy*  ahngji  acen- 

niulttlejl  on  each  other. 

So  that  the  in-tutits      t.nie  su|>pi)sed  indefinitely 

»mali,  and  all  equal,  the  vehicity  acquired  by  the  falling 
body,  will  be,  at  every  instant,  proportional  to  the  times 
firoiti  the  beginning  of  the  descent;  and  consequently  the 
velocity  will  be  proportional  to  the  time  in  which  it  is 
produced.  So  (bat  if  a  body,  by  this  constant  force,  ac» 
quirv  a  velocity  of  32^  feet  in  one  second  of  time;  it 
will  acqoiK  a  velocity  of  6^  ^et^.  in  t  •aeoodis.Sfii  CM 
in  S  iteonda,  13S}  in  4  leeMdi^  aad  is  oo.  Foither, 
■II  Iw^Kei,  gieat  or  tmali,  acqiiiMt  by  tbe  Ibrce  of  gra- 
vity, tbe  ■ame  velocity  in  tbe  tana  tma.  For  every  equal 
particle  of  matter  beirig  endued  with  an  efoal  impelling 
force,  namely  its  gravity  or  weight,  the  sum  of  all  the 
forces,  in  any  compouiHi  mais  of  mutlrr,  will  hi  |ir<i]riir- 
tional  to  the  sum  of  nil  the  weit;hls.  or  (joaiititits  ot  mat- 
ter to  be  moved  ;  consequently,  the  forces  and  masses 
moved,  being  thus  constantly  increased  in  the  same  pro- 
p«irtion,  the  M  iucities  generated  will  tie  tli<  san>e  m  all 
bodies,  great  or  small.  That  is,  a  double  force  moves  a 
double  mass  of  matter,  with  the  same  velocity  that  the 
•ingle  force  moves  the  siofle  mau  i  and  ao  on.  Or  other- 
wiie,  the  whole  coanpetind  maie  Mb  all  together  with  the 
iamf  votoct^i  and  in  the  same  manner,  as  if  its  paitides 
were  BOt  muled,  but  as  if  each  fell  by  itself,  WjiBiBieJ 
ail  baa  oae  aaother.  And  thus  all  being  let  goat  oaoe, 
ihqr  wottM  lUI-togethcr,  just  at  if  they  weffe  vnltad  inlo 


to  be  the  heavy  body  which  ^  ^  ^  E  ^ 
descends,  and  a  b  tu  de- 
note the  whole  time  of  its 
[ii."(eiit  ;  wliith  Ir;  b<j  di- 
vided into  a  certain  num- 
ber of  equal  parts,  denoting 
intervals  or  portions  of  the 
given  lime,  as  a  c,  CD,  nc,  &c;  and  iraagiiic  tbe  body 
to  descend,  during  the  time  expressed  by  the  first  of  tho 
divisions  ac,  with  a  certain  uniform  velocity  arising  frtMa 
the  forae  of  gravis  acting  on  it,  which  let  be  deaotod  hy 
Av,tfae  bieaith  of  tbe  rectaagle  ev;  then  the  apace  ma 
through  during  the  time  denoted  by  a  c,  tekhthowdo- 
^  city  denoted  by  a  r,  will  be  exptiissed  by  tho  leclaDgular 
•pace  c  r. 

Now  the  action  of  gravity  havinj;  |iioduccd,  in  the  first 
moment,  the  velocity  A  F,  in  tlie  body,  before  at  rest  ;  in 
the  first  1*0  raomeiils  it  will  produce  the  velocity  cr. , 
the  dout)l<-  of  the  former;  ill  the  third  monur.l,  i  i  ilie 
velocity  CO  will  b<'  added  one  degree  more,  by  whirb 
means  will  be  produced  the  velocity  bh.  triple  of  the 
firtt ;  Mnd  so  of  the  rest;  so  that,  during  the  whole  time 
A  B.  the  body  will  have  acquired  the  velocity  n  k.  Hence, 
taking  the  divisions  of  the  line  a  B  at  pleasure;  for  ex- 
ample, the  divisions  ac,  c  d,  &c,  for  the  times;  theipaam 
run  tbraugb  during  those  times,  will  be  as  the  areas  or 
lectamlteicr,  do,  6cc;  and  so  the  space  described  by 
the  moviBg  body  daring  tbe  whole  time  a  b,  will  be  eqnel 
l»  all  Ae  rMlaiigles,  that  is,  equal  to  the  whole  iadented 
ABBtaop.   And  thus  it  would  happen  if  the  in- 


The  fbfcgoing  law  of  the  deteent  at  lUliBg  bodwa, 

namely,  that  the  velocities  are  always  proportional  id  the 
times  of  descent,  as  well  as  the  following  laws  coacern- 
inj;  the  spaces  pa^^'  il  n\rr.{<c,  were  I'lrst  lii-rovcred  and 
tansht  by  the  t;r«  iit  (.ialile(j,  and  that  neariy  lu  the  fol- 
lowing maun'  r. 

Because  the  constant  velocity  '.ntli  which  any  body 
moves,  or  the  space  it  jm'--i  s  <  h  r  in  a  mvtn  tune,  as  i.u[>- 
pose  one  second,  being  multiplied  by  the  tune,  or  num- 
ber of  seooBds  it  is  in  motion,  expresses  the  space  passed 
over  in  that  time  ;  and  tbe  aica  or  space  of  a  rectangular 
figure  beifig  denoted  by  lh«  kBgUi  multiplied  by  tbe 
breadth  ;  tbetefeee  the  apBCO  so  run  over,  may  be  consi- 
dered as  a  leotanglo  eanipoBnded  uf  thi-  time  uiul  velo- 
city, that  ia  a  rcctaa^  of  which  the  time  denotci  the 
te^iik,  BBd  ym  vebeity  thobfeadth.  S«ppoie  then  a  to 

Vat.  I. 


of  velocity  were  produced  at  the  end  of  certaio 
:  for  insiaaeo  at  c    ttet    (hat  the 


to  the  Imlaiit  that  « 


portions  of  time 
degree  of  motion  remains  the 
new  acceleration  takes  (lUice. 

By  conceivinc  tbe  divisions  of  lime  to  be  shorter,  for 
exainph  iiiit  h  ilf  as  long  as  the  former,  the  indentures  of 
the  lignrc  will  be  proportionably  more  contracted,  and  it 
will  approach  rvear<  r  lu  a  triangle;  and  if  these  divisions 
be  supposed  infinitely  small,  that  is,  if  increments  of  the 
velocity  be  supposed  tu  be  acquired  continually,  and  uC 
each  indivisible  particle  of  time,  which  is  really  the  case, 
the  rectangles  so  successively  produced,  will  form  a  trt- 
angle,  ae  abc  ;  tbe  wboleiime  a  b  oonsieling  of  minute 
portion*  A  I,  I  t,SS,&ci  aad  dM  aiiB'of  tho 
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Alt,  of  all  the  niBote  ioHaces,  or  trapceioms,  whsck 
answer  to  the  divisions  of  the  times ;  tbe  area  of  the  whole 

triangle  abc,  will  denote  the  space  ran  through  during 
the  svhole  time  a  b  ;  and  the  area  of  any  siniiller  triangle 
\  7  g,  denoliiij;  tlie  space  run  through  duiin;  the  corre- 
sponding time  A  7.  Hi"  'I'l'  t r:.iii^'.<'s  A  1  A  7  4;c, 
being  similar,  have  tin  ir  arras  to  each  oilur  aa  the  Kiuan-" 
of  their  l;L>e  ^iJi  ^  a  1.  A  7,  4:C  ;  and  conMquently  tbe 
Spaces  gone  through,  in  any  times  counted  Irom  the  be- 
ginning, are  to  each  other  as  t:.e  squares  of  the  times. 

Hence,  in  any  right-angled  triangle,  as  a  b  c,  the  one 
ude  AB  represents  the  time,  the  other  side  bc  the  veJiv 
city  Bcsnired  Jb  that  time,  mnd  the  area  of  thb  triangle 
*  dflKrihedbytheftUiiMtbody. 


A  C  C  t  li 

Timn  ihe  piecedilg  ttMOMlmtioi^  b  ■bo  ianm  ddt 
mlwr  gcaanl  tbaoiciUk  in  umiiom  tkiai  w«  miilbraily 
cclmted;  immely*  that  a  bndj  chMMuiiag  «ith  r  wiU 
forinly  accelerated  muii>'n.  docrilK  S  in  lh«  whole  .Udm:  of 
lit  (ttscrni,  H  spacr,  »hii'h  ts,  exactly  tti«  balf  of  that 
nUicli  ic  Moulii  docriU-  unilcniily  in  the  Minu'  tiiiio,  uich 
llif  velocity  II  h;i4  atqu.n  U  at  lU'-  end  ul'  its  atceletali  J 
fall.  l\n  It  tiu>  ljt-<  ii  ^hown  lliat  the  whole  «puce  which 
tb<-  t«ll;iii,'  bo'iy  has  run  throiigli  m  ilir  iime  .\  b,  i»  re- 
pii"..  ii[r  I  by  the  tnaJl|f>lc  a  ir,  the  I.im  nl.K.iy  biin^ 
]>c;  anil  the  space  vhicb  the  body  \«ciuld  run  through 
Uaiforiuly  in  the  same  tunc  a  b,  consliuitly  with  the  ^aid 
greatest  velocity  BC,  is  reprcM'nied  by  the  n!Clao|(le 
A  B  CD :  but  It  itwell  known  that  tbt>  ivctangia  a  BC0  is 
double  tlic  lnaii);le  a  •  c ;  and  therefore  the  latter  (pace  * 
run  thruufh, » (i«aUe  the  fonacr  ;  that  it,  Ihe  siMce  ma 
tkrottgb  Jw  ifaa  acedaiaitd  motioR,  it  juM  half  of  that 
vhkh  the  Body  twould  dticribo  n  the  nue  tiowi  moving 
vaiformly  with  its  latt-acqoired  TClocigr< 

Hence  then,  froca  the  ' 
duccd  the  following  gnanllMwifwHfiMiBlyaaodonlMl 

motions,  iiaincly, 

1st  'l  liat  the  velocities  nrquired,  .iir  n  !;'-lai]lly  |ir'i- 
ptjrtional  to  the.  limi-s  ;  in  a  double  lime  a  ilNufjIc  »clu- 
cily,  itc  . 

2d.  I  hiit  the  «pace<>  described  in  the  whole  limes,  each 
coijnt»d  from  the  commencement  ol  the  iim>hciii,  ate  pro- 
portional to  the  squares  of  the  time«,  or  lo  the  Mjuares  of 
the  valucities ;  that  is,  in  Iwicr  the  time,  the  body  will 
dcierihe  4  tiaMi  the  space  ;  in  thrice  the  line,  it  will  de- 
■cribe  9  tMBCt  the  Ipaci- ;  in  quadruple  the  Uiiic»  16  limes 
thei^Mei  <ailW«ib  Inthuri,if  ihetimtasKpniiMttiaiial 
t»  the  DVBhen  -  J,  «,  S.  4k  <» 
Ihetpicnwill  beas  1,  4^  9i  1^  ^  ^ 
whidi  are  the  squares  of  the  fermer.  Ho  that,  if  a  body, 
by  the  natural  force  of  ^vity,  foil  through  the  space  of 
(n-i  in  the  tirst  wcond  of  time ;  then  in  the  first  2 
M  Coiid^,  of  time  it  will  l.ill  lhroiii;h  t  tiinen  iis  much,  or 
bi\  (eel  ;  in  the  first  3  seconds  it  will  tall  y  limes  as 
much,  or  144^  feet ;  and  u>  on.  us  the  spaces  fallen 

through  arc  as  the  stjuaret  ol  the  timin,  or  of  th«  vcloci- 
im;  therefore  the  tunes,  or  the  vel()citifli,Me  pfOpOllion- 
al  to  the  Mjtiare  roots  of  ibr  spaces. 

3d.  Tbo  space*  ikicribed  by  falling  bodies,  in  a  series 
of  coual  instants  or  intenrals  of  time,  will  be  m  the  odd 
mmben  U  St  4t  7t  9»^ft 

which  aie  the  diffemtcn  of 
the  iquarei  or  whole  spaces  j 

that  i*i.tbe  body  sidleii  has  run'  through  feet  in  the 
liMt  moomI,  win  in  the  next  «a«md  run  through  48^  feet, 
IB  the  third  ■ccodd  SOAs  and  k>  on. 

4(h.  A  body  having  (alien  throoi^  any  apace  in  a  oep* 
tain  time,  it  w  ill  hu\e  acquired  a  veloctly  equal  to doaU* 
that  »(.:iee  ,  t(i  is,  in  an  equal  time,  with  the  lest  wlo- 
eily  afc|inici,  if  uniformly  Ci'iiliiund,  ii  would  pass  over 
iu«t  ilinihle  I  hi'  «pace.  t>o,  if  a  hoily  full  ihruuith  l6y, 
feet  in  li  e  liist  Mton.i  of  time.  It  acquires  a  velocity  of 
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32^  fee'  in  n  ^•■tuml  ;  that  is,  if  the  b.nly  irrnn-  uniformly 
for  one  eioiid,  with  the  velocity  urij.ii-- il,  il  aiI  |i;.m 
over  32i  feet  in  this  one  second  :  and  if  in  any  tune  the 
Itody  fall  through  lOO  feet  ;  then  in  another  equal  time, 
if  it  move  unirormly  with  the  last  acquired  velocity,  it 
wiU  pua  otrer  2(>n  feet.    A nd  so  on. 

BiM»a»  Ihe  methml  of  demonMratioB  used  by  Galileo^ 
by  meant  of  inCnitdy  jmall  parte  fwBing  a  icgnW  tti* 


watfa,  thoiqib  ^y  ioiniioua^  k  not  ao  digMC  at  nuf>ht 
be  wished,  the  aieaa  of  triaagica  bring  rather  nnoatural 
lepiiaitathMM  of  the  tpaeei  dnondcti  by  falling  bodies; 
the  same  nuiy  be  otherwise  demomtratt-d  thus:  Let  ihe 

whole  time  <if  a  body's  free  descent  be  divided  into  any 
uumber  of  part',  calling  earli  of  lliev  p;iit*  I  ;  iiu<i  !■  , 
a  denote  liie  »eK  cily  icquind  ai  loi  rrm  of  ihe  r;i',i  purt 
of  time;  then  will  '2a,  .ia,  4f/,  \c.  itpns.iii  the  u-l<»- 
cities  ill  the  I'Hil  ol  the  2«1,  J<1.  4tb.  &e,  part  ol  time,  be- 
taube  ihe  \elornies  a:e  as  the  Hints;  and.  for  the  saiiie 
reaMjii  j<(,  {a,  Jrt,  Arc,  will  be  the  velocilies  at  the  middle 
poiiil  ol  ibe  first,  sccaodi  third,  &C,  part  of  time.  Uut 
now  as  the  velocities  inerease ^uniformly,  the  sfiace  il»> 
scriocd  ia  any  one  of  these  parts  of  time,  may  be  coati- 
dcicd  as  uoiformly  described  iriih  its  middle  velocity,  or 
the  eelocity  in  the  middle  <d  that  put  of  time ;  and  them 
fore,  Buitiplyiag  thowmaM  ecloeitiea  each  by  their  com- 
moi  time  1,  we  have  the  eame  fraclioiis  {a,  {«,  ia,  6cc, 
fof  the  apaccs  pass4*d  over  in  the  suca-ssive  parts  of  the 
time;  that  is,  the  space  in  the  first  time,  \a  in  the 
cond,  ii^  'he  third,  and  so  on:  then  add  these  spacrti 
lucci-^sively  to  one  another,  and  we  obtain  jf(,  I'l,  la, 
ice,  for  the  whole  spaces  (ii^cnln  ;!  from  the  begin- 
ning o(  the  iiiiuion,  lo  the  end  ol  the  tirst,  second,  third, 
<.Vc,  portion  of  liiiii';  luiiiiely  iu  space  in  OOe  time,  |« 
in  2  times,  in  3  tiiuei,  and  so  on:  and  It  is  evident 
that  ihese  ^paces  are  as  the  numbers  1,  4,9^  l6,  tUp 
wbicii  are  as  the  squares  of  the  times. 

And  from  this  mode  of  demonstration,  all  the  proper- 
ties above-mentioned  evidently  following ;  i.  e.  the  whole 
spaces       ....  la,  Sec, 

are  ia  the  tquara  of  the  timci  -    1,   S,  3,   &c,  - 
that  the  lepaiate  tpacee  l^t      i*i  fcc, 

deeciihed  in  the  tttcciwi  w  tiaee,  1  s    «    a    a.«  ' 
area  the  odd  Bumhen     -     {  >*  9»  »s  «^ 
and  that  the  vdocity  •  acquired  in  any  time  I,  it  dooibl* 
the  space   •     .        described  in  tlte  same  time. 

As  the  laws  of  acceleration  are  very  important,  I  shall 
here  inseii  the  l»"  lull mng  proposiiions,  sent  me  by  my 
lenriied  Iru  iui  .Mf.ALrain  Robertson,  ul  Cbiist  Church 
College.  Oxford,  lu  which  1  hose  lawa  aiu  demooitifd  i» 
a  manner  somewh  i;  ditirreiit. 

"  pROPo^n  ION  I — if  from  the  point  P  in  the  straight 
line  A  B,  the  poini'i  >i,  v  begin  to  move  at  the  same  iinip, 
namely,  m  towards  a  wiili  a  motion  uniformly  retarded, 
and  N  from  lest  towards  B  with  a  motion  unifurinly  ac- 
celerited  ;  and  if  the  velocity  of  m  decnawt  as  much  as 
the  velocity  of  N  increasea  in  the  aame  time}  then  the 
ipace  M  a  It  gmecaled  by  a  uaiform  iDOtloa,  equal  t»  rtw 
velocity  with  whieb  h  hegiiia  to  nove. 

M  P  N 

A  :  -»  «-i  B 

For,  by  hypothesis  wbatrver  it  loM  in  tho  vdoeity  of 
N  by  retardation,  is  added  to  tbc  veloctly  of  >  by  acee* 
Irration:  tbc  joint  vrl.icitics  therefore  of  M  and  a,  must 
always  be  equal.  But  it  is  by  the  joint  Telot:^il^  of  m 
and  N  that  ihe  space  m  a  is  (generated.  Conv  quenlly 
M  N  is  generated  by  a  uniform  inoiioti,  whii  h  i*  evi- 
dently equal  to  the  velocity  with  wlticli  M  begins  to 
move.  * 

"PaoPotiTioa  II. — If  a  point  begins  to  move  in  the 
direction  of  a  straight  line,  and  continues  to  move  m  the 
same  direction  with  a  velod^  unilbrmly  accelerated ;  the 
~  over  ia  ai^  givea  tiam^  win  be  eqoal  to  half 
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ihe  «paTe  pa"i.sp«l  over  in  i\iv  smw-  lime  wiili  tbc 
«itli  which  the  iiccflpnilion  iruK. 

Let  the  point  d  begin  to  move  from  a  lovrards  b,  along 
the  straight  line  a  b,  with  a  inotioa  UDiformly  Bcccle- 
mted :  ihu  spncc  a  d  pMied  over,  it  equal  to  half  tho 
5pacr  which  the  point  wo«M  pM»  «VHv  iH  dw  W 
wilh  Uw  acquired  wlocity  at  o. 

D 

A  ■■  B 


Let  liM  poinU  begin  lo  move  in  the  ttnigbt  line 
«  n,  at  the  turn  line^  with  equal  velodtieB  aaiiiBm^  ac- 
eelanlcd:  k  beginniM  (•  ni«v»ft«Mi  «,  aiij  »  from  p; 
and  at  the  nma  time  tkat  v  oonMa  to  thr  point  f,  let  v 
ooma  to  B.  Then  aa  u  and  ir  move  with  equal  rcloci- 
M       P  N 

G  5  '-  H 

tie»,  uiiifoniilv  uli  '  li  riUeil,  it  is  tvidi-nt  that  the  s|jacrii, 
which  ihey  pius  r  m  thi-  snmr  litne,  arc  equal  lo  otii' 
aiKJlhcr;  c(>n»e<|acii:  1  \  [ho  ^pud'C  i'  ib  i-quul  Id  (ln-s]i;ice 
rjl.  Now  as  M  ljegin«i  to  int.* I'  Horn  o  «uh  a  niucily 
nnilormly  accelerated,  it  will  arrive  ut  r  with  an  ac<|Uirid 
Telocity.  Urnce  it  i*  evident,  if  it  be  supposed  to  begin 
to  move  iriim  r  with  this  ucquni-d  vi  |iitii\,  and  proceed 
toward  u  w  ith  a  velocity  unit'urmiy  reunied  in  the  laae 
degree  that  it  wa* aecelonted  whcnltfefgiin  to  awvefnoi 
o,  that  i(  will  pass  over  the  wmo  spare  o  r  in  the  tame 
tine.  llwKiure,  tupposing  (be  two  points  m,  m  to  begin 
to  move  rrom  »  at  the  Hme  tiinr,flaaicly  the  point  u  b»- 
ginning  to  move  with  Ae  acquired  velocity  nentioaad 
above^  and  praeeeding  towafda  •  with  the  vdadQ;  iHii« 
fbrmly  retarded,  dcenibed  above;  and  the  point' »  at  b*> 
£oie  with  the  velocity  uiiifbrmly  accelerated :  then,  at  the 
acceleration  and  retardation  are  uniform,  they  will  be 
equal  in  c^uul  spaces  of  linir.  Again;  as  hi  ii  ii'l<trili'd 
in  the  tainr  degree  that  it  was  accelerated  when  n  iji  gan 
to  move  from  O,  that  is,  in  the  same  degree  ibiit  si  ii  ac- 
CcliTttted,  by  the  former  prop,  m  y  is  geuenit'-d  by  an 
uniform  velocity.  But  when  the  point  m  ;irriv<v>  ai  o, 
its  velocity  becomes  equal  to  0  ur  nothing;  and  at  the 
tinwthat  m  arrives  at  c,  n  arrives  at  u  with  the  ac(|uin>d 
velocity.  Therefore,  at  the  velocities  of  m  and  it  taken 
jointly  are  equal,  and  consequently  uniibrm,  the  space 
OH  is  passed  over  srith  the  velocity  of  m  at  h,  in  the 
same  time  that  PH  is  passed  over  by  n  beginning  to  move 
from  9  with  a  velocity  nttiliMnnly  accelerMed  to  h.  But 
PH  it  half  of  en.  *'nrac«  the  prop,  is  ■Mmifat.'' 

And  h^nce  tb«  olWhMM  of  tlMtpneai»  hafew-MMiw- 
.tioned,  cosily  follow. 

Since  the  an  at  the  tqnam  of  the 

tinK'^,  and  the  abfcisscs  of  a  parabola  are  as  the  squares 
of  the  ordinatis,  therefore  the  relation  of  the  limes  and 
spaces  descend' d  may  be  very  well  represented  by  the 
ordinatfs  and  aoiiCisM-s  ol  that  figure.  Ihlis,  it  A  B 
the  uxir,  of  ilie  j<ai;ilHjUt  Abd/fi,  and  AC  a  tangent  at 
the  vctiex  furpendicular  to  the 
axil,  be  divided  into  any  number  of 
equal  parts  a  a,  «c,  ce,  &c,  to  re- 
present the  tunes;  and  if  there  be 
drawn  at,  cd,  ef,  &C,  parallel  to 
the  axis:  then,  if  o  A  be  the  space 
dcecrnded  in  the  time  Aa,cd  will 
be  the  space  dcaceaded  in  the  limn 
Atf  and  f/thetpnoedcioendedia 


the  time  At,  and  no  on  Continually;  because,  by  tiiisprn-. 
perly  of  ih<-  [mcubula,  ah,  cd,  ef,  dec,  MC  10  cach  OtiMt 
respectively  as  ao*,  ac*,  a^,  &c.  ' 

I'Vom  the  properties  above  demonstnited,  are  derived 
the  following  practical  formulas  or  theorriM. .  Namely, 
if;  denote  the  space  paamd  owr  in  the  fint  trcond  of 
tine,  by  a  body  nigBd  by  «Bf  eontmnl  farae,  dcwoltd  Wr 
1,  and  t  deaola  the  time  or  number  of  leoondt  in  which 
the  body  pman  ot«r  any  a«h«t  tpnce  »,  nnd  v  the  velocity 
aoqniiwd  «t  the  end  of  that  tima ;  then,fron  the  feregotng 
lawa,  we  have  v  =  S  and  t  s  gf;  and  from  theMr 
two  aqtutiooi  mult  Me  following  general  formulas: 

—  —  Lf     ^*       —  JL— ' 
~  s  e  ~  i>  **     7*  I  ~  r '  ~  IT* 

And  when  the  mn^iant  f  in.  1,  is  ilie  natui  i!  fixC  '  uf 
grjivity,  then  the  iliilasict  ^  dtsccTiili'd  in  the  lir-.t  >.i  <:f  !Ld, 
in  llu  liiii'.mic  of  London,  is  1 1-' 1<-''I'  In"  n  it  'iny 
oiIkt  cunslHiit  force,  the  value  ol  will  tw-  dilierenl,  in 
pro|iortiiiii  m  the  forc«  is  more  or  lc*5. 

I  he  motjon  of  an  asccadtM  body,  or  of  one  that  is  im> 
pelled  upwards,  is  dimiimhea  or  retarded  by  the  sanse 
principle  of  gravity,  acting  in  a  contrary  direction,  after  * 
the  tame  manner  that  a  fallin-;  Uody  is  accelerated. 

A  body  projected  upwards,  asccnda  until  it  has  loit  all  iia 
motion;  whicli  itdocaintbetame lime at,in Mtiiig,waidd 
have  been  neeeitary  for  it  to  have  ncqoiitd  that  vtlotiiqr.  * 
And  eomequeotly  the  hrightt  t*  wMch  .hodica  a«ec»d» 
«hen  prqiacind  ap«atda  with  difccmt  veloeUieh  m  t» 
each  other  at  the  tqnam  of  thoie  veloeitim. 

It  should  be  observed  that  in  what  has  been  said  re- 
specting  the  ascent  and  descent  of  bodies,  the  resistance  of 
the  atmosphere  has  nr>'.  1m  in  r  iisiili  nd,  und  thervfore, 
in  practice,  the  results  mil  not  accurately  agree  with  the 
above  theory.  And  iurlher,  that  we  have  considered  the 
force  of  [jravity  hrwz  coiisl  int  at  ull  heights,  which  is 
jiC't  srnciiy  [ruu,  as  i!  v.iiicj  lnvl■^^'■lv  rt^  tlj<-  square  of  ti<e 
disianrn  from  the  earth's  centre,  (see  AttraCTIu!i). 
lint  as  ilir  greatest  height,  to  which  we  can  ascend,  is  very 
small  when  compared  with  the  radiui  of  the  earth,  thit 
auumptioB  mnj  net  conmonly  pradaee  niqr  amMihto 
error, 

AccatuaTKD  JMb«bn  BodiVs  oq  Inctintd  PUmet, 
The  tame  fennal  lawt  obtain  here,  aa  in  bodiet  ftllii^ 
freely,  or  peipcndieninly  t  namely,  that  Ae  vtlociikt  nie 
at  the  timet,  nnd  the  tpneea  daaecadcd  down  the jdaMi  aa 
the  tquarea  of  the  Hmm,  or  of  dm  velodtiei.  But  dum 
velocitietarelei^according  to  the  sine  of  the  plane's  incli- 
nation; and  the  spaces  les*,  according  to  the  square  of  the 
sine.    SeelscttvEH  Plane.  • 

AccELF.RATCi>  Moticrtt  qf  I'endulums.  Sec  Pkk nuLUM. 

AccELEa  ATED  Moiton  of  I'l  iyjetiilet.  Sc-e  Projixtile. 

Arcri,FRATLt>  Motion  of  CjnMrated  Bodiu,  in  expan- 
ding or  restoring  themM'lvrK.  See  OlUTATIOS,  COM'. 
PBESsiov,  and  Elasticity.  , 

ArcRLERATINO  FoHcr,  in  Pfiysics,  is  the  fort-o  that 
accelerates  the  motion  or  velocity  of  bodiet;  and  it  t% 
equal  lo,  or  expressed  by,  tlie  quotient  ariii^gflnDin  the 
motive  or  absolute  force,  divided  by  the  mass  or  wight  of 
the  body  that  is  moved.  In  treating  of  physical  tobjcctt  * 
nafMCting  Ibircei,  where  vehxitiei^  timet,  and  spacea  are 
CoMidefMli  the  fiftt  inqniiy  k  the  ncccleraling  or  ac« 
cricniiva  jNoek    Thit  farce  it  (renter  or  lc«  in  dro- 
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portion  to  tlw  vdocity  it  genonto  in'  the  '•me  (Saw, 
and  by  this  vplodty  it  »  BucaMied.  All  Eccelenting 

forcn  that  have  tb«  motive  forces  directly  proportionni 
lo  •.  .<-•  ijui^Miiti«  of  matter  arc  C(|ual,  and  grnt-rale 
ojuiil  v.iiicitii's;  so  a  duublr  motive  lorcc  will  move 
a  double  (|u«nlity  ol  matter,  with  the  >aitw  vtlociiy, 
^  iriple  tiioiuc  Ujrco  a  triple  «|uantity,  a  quudrupk- 
IdlLi'  ii  (|umlriipir  tjualltity,  tcC.  And  this  tb<  n  tuson 
why  ail  bodn-s  lull  iqually  swift  by  the  (vrcv  (if  pravily; 
for  the  nuMivf  I'urcu  is  exactly  propurtiminl  w  tin'ir 
weight  or  msu.  la  genctal  the  Bcci  lcraling  force  i'>  in 
the  direct  'imdo  of  the  motive  force,  and  inverse  ratio  of 
the  quantity  of  matter.  When  a  body  i&  left  Irevly  to  de- 
tcend  by  the  force  of  its  natural  gravity,  it  has  been  found 

2expcriaa«at  diM  in  the  Ittitudo  at  London,  it-  fidb 
rough  16A  liiet  indin  tint  MoondortiiM,aad«cqiiii«t 
«  TebMityof  as^fiet  in  duU  linie:  hot  if  thit  qwntity  of 
amtter  be  donbtra,  ml  tbe  notlw  fiiree  mnain  the  mnw 
as  before,  which  may  be  done  by  coonccting  the  falling 
body  to  another  of  equal  weight  by  means  uf  a  thread,  the 
lal;.-!  Imdy  hi'iiig  placed  on  a  -iiKmtti  Ktiri^oiital  pinne, 
iilong  which  It  may  be  dra«n  without  friction  by  the  toi- 
mrr  body,  which  haiij'-  Im  lv  over  the  side  of  tlu-  , 
then  the  uccelcrating  tuice  »  itl  he  only  halffif«hul  il  was 
before,  and  the  spacu  fallen  through  in  one  Mxond  will  h<- 
only  feet,  and  the  velocity  acipilied  l(>Vi  -  uUo,  il 
the  quantity  of  matter  be  tripled,  or  the  body  drann 
along  the  plane  doubled  ;  then  the  accelerating  fortrt-  will 
be  only  onc-third  of  what  it  wan  at  first,  and  the  space 
descended  in  one  second,  and  the  velocity  acqaiicd,  will 
be  tadi  one-third  of  the  lint:  nulwoe. 

But  UiecclcniiBg  forces  ore  MmctimM  wrinblc^  ud 
•omeiimM  contiantt  and  the  nmtioD  inqr  bo  cillMr  in* 
CfMuing  or  decreasing.  Tlie  natun  of  CUMMOt  mA  «tti> 
nble  aecvlrrating  forces,  may  be  itlmlmMl  in  tho  fellow* 
ini;  manner.  Lal  two  weifhtt  w,  tti^  bo  CMHiMtoti  by  a 
Ti  C 


1 


thfEnd  pMNng  over  a  pully,  at  a,  B,  or  c;  md  let  tha 
weight  w  descend  perpendiculnrly  down,  while  it  Hrawi 

the  smallet  weight  m  up  the  line  a  d,  or  ii  i:,  or  c  F,  the 
first  being  a  straight  incliin  d  plane,  ae.J  liie  other  two 
curves,  the  one  convex  ami  ihe  other  concave  to  the 
perpendicular.  >  Then  the  small  weij;ht  te  will  always 
make  soriie  Certain  resistance  to  the  fret  descent  ol  the 
large  weight  w,  and  that  resistance  will  be  constantly  the 
same  in  every  part  of  ihe  plane  a  d,  the  diffieiilly  to  draw 
it  up  being  the  same  in  every  ^int  of  it,  becauv-  c  vi-ry 
part  of  it  has  the  same  inclimtton  to  the  boriion,  nr  to 
the  perpendicular ;  and  consequently  the  accessions  to 
the  eelocity  of  the  descending  weicbt  w,  will  be  alwnys 
equal  in  equal  timesi  that  is,  in  the  case  w  dracend*  by 
«  unifninily  nceelenting  lotcc.  But  in  the  two  cam  s 
•  >s,*cr,'therr*ntancc  nr  opposition  of  themiall  weight  w 
win  be  oontlMitly  varying,  as  it  is  drawn  up  the  curves, 
beenuae  every  port  of  them  has  a  difTercnt  inclination  to 
the,  horiaoB,  or  to  the  perpcrtdicular.  In  the  formcj 
curve,  the  dinctioo  bcovinrs  more  and  more  vprigkt,  or 


neater  perpendieulBr,  ai  the  sman  weight  w  aacends,  and 

the  oppo»ition  it  makes  to  the  ile<icent  of  w  necessarily 
becomes  grcuti  r ;  and  cunsetiuenlly  the  nrcessiona  to  liie 
velocity  ol  w  will  be  always  ie^is  ml  li  in  equal  tiiiiro  ; 
that  IS,  w  descendi  l.'j  a  iKrif-w-mii  iaci  lciiitinii  force. 
But  in  the  latter  curve  f  r.  as  ttr  asci  nils,  the  direction  oi' 
the  curve  becomes  Ic-ss  and  lc&»  uprijchl,  and  ihe  oppi'siiion 
It  makev  to  the  descent  olvv,  brcoiin'S  alwrays  less  and  less; 
consi-quently  the  accessions  to  the  velocity  of  w  will  be 
always  mote  and  more  in  e.qual  times  ;  that  is,  w  descends 
by  an  inereaaiiig  acoeleiatiitg  force.  So  that  though  the 
velocity  eosninually  increases  in  all  ibcse  cases,  yet  while 
it  increases  in  a  constant  ratio  lo  the  timet  of  motion,  in 
the  plane  a  o ;  the  velocity  inctenics  in  a  Ices  ratio'Aaa 
the  tame  it  ascended  up'  ni,  and  in  a  greater  mlio  tbaa 
the  time  increases  in  the  other  curve  er. 

Now  the  Tclatiors  between  the  tinWa  md  V^OdtlM  i» 
all  these  cases,  may  be  very  vnell  represented  by  the  rela- 
tions between  the  BbscisM-'i  and  ordiiiales  of  cerlaiii  lines. 
Thus  let  AB  and  ac  be  two  straight  lines,  making  any 
angle  bac;  and  ad,  ab  two  ^ 
curv<<,  the  former  concave, 
llii'  biil.r  convex  to- 
wards ah:  divi<l<-  ,v  B  into 
any  parts  a  a,  a  Ii,  ,Vr,  repre- 
senting the  times  of  niotir)ii; 
and  draw  the  perpendiculars 
acde,  b/gh,  &c,  repri-sent- 
ing  the  vckidties.  Then  in 
therightlincAC,  theordinaies  B 


D  C 

ad,  ig,  being  as  the  abscisses  a  a,  a  this  represenU  the 
eiae  itf  nnifiinnly  accelerated  motion,  in  which  the  veloci- 
ties me  alwMS  at  the  times:  but  in  the  curve  a  d,  the  or>- 
dinates  a  c.  •/incmee  in  a  kit  laiio  than  the 
A  o,  A  6 ;  and  therefore  thii  repmnilt  tba  case  of  < 
ing  acceleration,  in  which  the  velocitiea  incieaea  in  a  Icm 
ratio  than  the  times:  and  in  the  ether  curve  a  n,  the  ov> 
dinates  ne,  bh  increase  in  a  greater  ratio  than  the  abscis- 
ses; and  therefore  this  represents  the  case  of  increasing 
nrr<  irr.iiion,  in  which  the  vdedlitt  Nwrcete  in  agjwaier 

ratio  than  the  tinii  ii. 

The  several  algebraic  formulas  or  theorems,  respecting 
the  time,  velocity,  and  space,  for  constant  acceU  i aling 
forces,  have  bu  n  ilelivered  above,  at  the  article  .ftccr- 
nttd  Moiion,  where  the  value  of  each  ii  cjipu".sed  in  tii.itc 
determinate  quantities.  But,  in  the  ca.H-s  uf  vaiiuLiy  ac- 
celerated liiutioit",  the  formulas  will  requite  the  assistance 
of  fluxions  to  express,  not  those  general  ftiations  them- 
selves, but  the  fluxions  of  them  i  and  consequently,  takiuc 
the  llnenis  of  those  exprsmions.  In  particular  cases,  the  re> 
lotions  of  time,ipncei  valoci^,  6(C,  an  obtained. 

llius,  if  t  denote  the  thne  n  motioi^ 

0  the  velocity  generated  by  any  force^ 

1  the  space  passed  over, 

and  the  vari;ilile  lorre  at  any  part  of  the  IDOlioil(  ' 
or  the  vil'jcity  the  force  would  generate  in  cue  wcond  of 
time,  if  it  should  continue  11. vaimble,  i i k e  1  he  force  of  gra- 
vity, during  that  lime;  and  tderelure  tin'  value  of  this  ve- 
locity 1,',  will  he  to  'I'.'i  ieet,  ;;■>  ihst  vnriubh'  liir<  e,  is  to 
1  the  force  of  gravity.    'I'hen,  because  the  force  may  be 

supposed  eonttaat  during  the  indefinitely  small  time  I,. 
and  that  in  uniform  motions  the  spaces  and  velocities  are 
proportional  to  the  times,  we  from  thence  obtain  these 
two  geaav  fundamental  pi«potrtioo% 
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•  .■»•■' 
r : «  : :  1  :  /,  or  *  =  <  t> ; 

5  e  .T  ;  ;  1":  f,  or  p  =  2ff  ?. 
Fri'jn  whicii  art  drrivii]  ihc  loui  |i>llo»iii};  furnivilas, 
in  which  (jie  value  ot'  mch  qtuuiuty  u  expressed  in  ternis 
/nflhienit. 

.  *  .       .  • 

I         «i        «  ^  r  VP 

»  '       I  i 

And  dwM  Umqivus  w|iMl)y  Iwlil  good  tot  the  dcttioc- 
limof  moium  ud  fdoeity,  hf  mem  of  rcuidi^g  Ibroei, 
■t  fur  the  generatioB  of  tho  lame  hy  ommm  of  wcolen^ 

ting  furceit. 

AccELCRATiov,  inMechania,  theiacfMMof  vdacity 

in  a  imniiii;  boily. 

AcctLERAHoN,  Astron.    The  Diurnal  Acceleration 

(.■f  ll,c  fixetl  SUirs,  15  '.in  'inn  "Im  li  Ok  ^t.irs,  in  oni' diur- 
IMll  revolution,  aiitiCi|:i  ti  ;ln  m  liau  iial  n  volution  o<' 
the  sun;  winch  is  .1'"  miaii  lirm-,  <it  inuiU 

that  i'-,  a  4tar  ri>cs,  <u'  •.rU,  ur  pa^.w*  ihv  njrniliaii,  hIjouI 
3""  Soulier  each  day.  I  In--  .tec-.  :■.  r.i:i<  i:i  ot  tin-  star?, 
which  IS  only  appuieiit  in  tlium,  uriiis  lium  rriil  retarda- 
tion of  the  sun,  owing  tu  hif  a|i|iari'i(t  nmli'iii  in  hii  oibit 
towards  the  east,  which  is  about  iy  8'  .^  o)  a  degree  every 
day.  &o  that  the  star  which  passed  the  ineridiaii  yester- 
day at  the  sainc  moment  with  the  sun,  it  to-day  about  59' 
li"  past  the  meridian  to  the  we."!,  when  the  sun  arrive*  at 
it}  which  will  take  bim  up  about  3"  56'  <d  time  to  pass 
•vers  therdbre  tlia  Mar  panes  by S"^  Mi'  auuuer  thati 
the  tun  each  day,  or  aaiicipaics  his  notioD  at  that  rate. 
The  true  quantity  of  this  antidpatioo,  or  Mcalcia^n,  is 
fuu  nd  by  this  proportion, dSO^  & tf^ :  5^1*4 : :  S4ho«s: 
3"  'n'l'rK,  the  fourth  term  of  which  Is  |he  accelentioo 

1  ih  li I  irnul  aici^'li  i-ation  serves  to  regulate  the  lengths 
ti  N  i'i  ^.Lh  n  tit  peiiilulunis  in  clocks.  If  I  observe  a  fixed 
jt.ir  n.  I       yy.:'^  hriiiml  a  hill,  or  ^i.ci.  Iiki- 

l!ie  cl'ick  luarlvs  lor  iiislauce  ItP;  ami  tliw  luAt  day, 
the  eye  being  in  tile  same  place  as  Ijelnre,  the  passage  lie 
at  8*  ()"•  V  ',  I  thence  conclude  that  tlie  clock  is  well  re- 
gulated, or  truly  ineaiuii>  iiiiiiii  tune, 

Acer. LEitATluH  <if  a  fiunct.  A  planet  is  said  to  be  ac- 
c  '  rated  in  Its  motion,  when  its  teal  diurnal  motion  ex- 
cccda  its  mean  diurnal  motion.  And,  nu  the  other  hand, 
die  planet  is  snid  to  be  retarded  in  its  motion,  when  tho 
mean  exoerds  thr  n-al  diurnal  motiuOn  This  inequality 
arises  firvm  th«>  ebanuep  in  the  distance  of  the  planet  from 
the  suit,  which  is  contimuilly  vaiyiogi  Am  pbmct  aovtMii 
always  quicker  in  its  oiiwt  when  neuar  the  saik,  au 
slower  when  farther  off. 

Acc£L&RATio9i  ^tkeMom,  is  a  tcm  tiled  to  exiHeis 
theincieaH*  ot  the  iduod's  mean  motion  fiuin  the  <tun,  com- 
pared with  the  diurtial  motion  of  the  earth ;  by  which  it 
appeal^  il.al,  Irom  stuiie  uncertain  cuute,  it  is  r.nw  ;i 
quick"  r  ili;iii  it  'vii"  I'jrme'ly.  Dr.  Ilalli  y  »a.s  K  li  i,j  the 
discovi  r  .  ,  or  smjiu  ion,  of  this  acceleration,  by  coin[>arjng 
the  ancient  ct  lip--"  >  obitr'.t'l  at  Babjloii,  ^Scc,  ami  llio>e 
obseneil  by  Albatej;iii u>  in  tin  iiiiilb  century,  with  -.imc 
of  his  own  time;  as  may  be  seen  in  N"  218  of  the  Phii'i- 
sophlcal  Transactions.  He  could  not  howevt r  ascertain 
the  Quantity  of  the  acceleration,  because  the  longitudes  of 
B^plat,  Ale.\andiia,  and  AlrppD,  where  the  observations 

wen  nide,  had  not  been  aeewaiely  dcuimincd.  But 
sbce  hb  lim^  the  Ignpntde'or  AleMiidiia  hia  bpca  aioei^ 
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lained  by  Chajcllev  ;  and  Babylon,  accordin|t  to  Ptolemy's 
account,  lies  ju  la-t  i  f  .'Mrxandria.  From  these  data, 
Mr.  Dtinth'.rni",  i.  -10  I'liilns.  1 1 ansactions,  compared 
the  n-c  ■_!]  ..I'll  [lints 'if  srvenO  ancient  and  niinlnn  i'rii|iM-, 
with  the  caiciilations  of  them  by  his  own  luliles,  and 
thereby  v^iitird  the  suspicion  that  had  been  started  by 
Dr.  Halley  ■,  for  he  found  that  the  same  tables  gave  the 
moon's  place  more  backward  than  her  true  pLice  in  an- 
cient ecliptcs ;  and  more  forward  ibim  her  true  place  in 
later  eclipses;  and  thence  he  justly  inlVrn^  that  her  mo- 
tioo  in  ancient  times  was  slower,  and  in  later  times  quicker, 
than  the  tables  give  it 

Not  content  however  with  barely  stcertaining  the  fact, 
be  praccrded  to  driepainef  as  wdl  as  the  obwrvatioot 
wiMUd  allow,  the  qaantity  of  th«  aocehnbon;  and  by 
mcniM  of  aa  eclipse,  of  which  the  most  auth«>ntie  account 
remains,  observed  at  Babylon  in  the  year  751  brfitns  , 
Christ,  he  found  that  the  be«inniii2  ot  this  <cl:p*e  wa 
about  an  hour  .iml  ilii  *  iju.irlers  sooner  than  the  begin* 
niitj  by  the  t,ililt'»  ,  ,uui  that  therelore  the  mcKin'*  true 
place  preceilid  her  place  by  computatii>n,  In  about  in 
of  a  tU  i;rei' at  that  time.  Then,  admittiiisj  tin-  ik'k  U  r;i- 
lion  to  Im!  unitoriii,  and  the  aggrvi(ate  ol  it  ii»  llie  Mpmrc 
id  ilir  iimi'.  It  will  In-  lit  the  rate  of  about  10  or  <j  liy 
later  coinputiil:'in-.,  in  100  years. 

M.  de  la  I'lace  announced  to  the  Academy  of  Sciences 
the  cause  of  this  very  inter<  sting  discos eiy  in  physical  as- 
tronomy. I>r  Hit  I  ley  bad  remarked,  OS  utiove-inentioned, 
that  modern  nli"'  i  nations  had  given  u  more  nipid  motiim 
to  the  nooo  than  ibe  ancient  unrs,  and  M.  LaUnde  had 
inasfied  sane  praof  of  it  in  the  memoirs  uf  the  .\cademy 
in  1757'  The  cauae  of  this  acceiemtian  had  hem  for  n 
kng  tbnt  tba  diicnsiiow  of  |eeweiai».  The  academy  had 
proposed  at  thiea  diftraat  times,  in  17C8, 7<>>  and  79,  a  . 
premium  for  the  elucidation  of  this  subject,  but  Euler 
himself  could  find  nothing  in  tbe  theory  of  attraction, 
which  could  explain  this  acceleration;  and  the  learned 
'jr:^Hti  ulniDsl  til  [M'ic'.iidr,  tlittt  the  dirterencr  lietwreii 
lliC  HiKicni  and  nxwii  rn  nbs'  T^ati  ir.ii  w;u  to  be  regarded 
as  doubtful,  and  it  ua<  very  pos^ilije  that  the  Arabs,  who 
formed  the  most  substantial  priml,  miiil'.t  lie  mistaken  ; 
but  M.  L>elainbrt',  haviii;!  cnlriil;itei.l  mi  I7S,i  the  oliv  rva- 
tions  made  by  .\f.  le  Pautc  d'Agelrt  a,t  the  .Military  Aca- 
demy, has  found  a  ncwproof  of  this  singular  phenomenon. 
We  were  impatiently  waiting  for  theory's  giving  us  a  satis- 
factory account  <it  It,  ^irtien  M.  Laplace,  whoso  ingenious* 
ly  ex|^ained  in  1 78b'  tbe  secular  equations  of  Jupiter  and 
Sstnm,  succeedrid^  far,  after  several  attempts  as  to  r<«- 
duce  th^  of  the  moon  to  the  laws  of  univeisal  weight. 
It  is  the  dimimtion  which  exisls  for  mniqr  centuries  in 
the  equation  of  the  sdar  osbit,  that  is  the  came  of  this 
inequality  in  the  moon :  hut  as  the  diminution,  prndwaid 
by  the  attraction  of  planets,  will  become,  in  the  fCV0l«» 
tion  of  ages,  a  real  augmentation,  so  what  appears  now  to 
us  an  acceleration  in  the  moon's  motion,  will  likewise  Uf- 
comc  a  retardment,  anil  it  i>  nnlhinK  more  than  a  periodi- 
inl  ;  1  ir I"; n iility .  M.  I.;i|...u'(-  tii'i'-.  it  eleven  seri.iuls  for 
the  lirst  century,  and  Hi  liiis  inc reases  within  a  little  us 
the  square  ot  the  lime,  so  lor  liie  \eai'  7'-'*  bi 'iTf  our 
aera,  the  nearest  date  for  the  iiiost  ancniii  <ih«eiwitions 
that  have  reachetl  xa,  it  produces  a  differenre  tlmt  per- 
fectly agrees  with  the  observation.  It  is  to  -M.  f-aplace, 
therefore,  we  owe  a  confirmaiicn  of  tho  uttraciion  of  c«. 
lestial  bodiest  which  will  prove  as  nsdui,  as  it »  ingantows 
•nd  kninedU 
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llim  thin  ibc  noon'*  ibmb  motiaa  •ppcan  to  accde- 
raie  cantintwUy :  aad  the  aCfielcMtiom  uppm  tp  )ie  in 

the  duplicate  relio  of  the  timet.   The  accvleration  for 

the  end  of  ihr  17th  ciiUury  was  ab<iiit  p";  so  that  ihc 
whol«-  inoiiui)  of  the  moon  dunri)t  the  17  th  ci'iitury  ruuf't 
be  iiicica>.eii  ,  to  ohiaiii  ils  iiniuon  ilui  Mi^  tin'  ,  -lu  i 
aN  iiiuc'i  iiuisC  bi-  tiiki'ii  tr..ui  II,  (ii  iiddi- :  lu  tlu-  < ..l' il 
loiii;ilu Ji',  Ui  (iliMiti  l!^  ii'.;riiin  lli'  i'H  ■  ,    mu  lln-" 

d<iu!ilc  ul  ltu>  must  takt-n  Iruin  llic  moutin  iluniii:  llii' 
lo'ili,  III  obtain  its  niolion  duriii)(  the  15tii.  vVf. — Tn  <x- 
plain  the  thi-ory,  it  intis!  tx-  considtered  that  the  lunar  pe- 
riod which  tve  obocrvt',  ii  r.nt  that  which  would  have  ob> 
(ained,  hud  the  moon  Ih-oii  inHurnced  by  the  oartb  alone. 
\Vv  should  not  h.ivc  kno»ii  that  her  natural  period  wu 
iacrtwid,  bad  the  dirturbing  actiun  of  the  tan  remained 
iinchNn9>d ;  whenai  this  wieit  •nd  thtt  io  th*  inwrsc 
ibpUcate  ratio  of  the  Mfth'«  diltMiee  from  tb«  Min,«iiid  ii 
therefore  gn-Hter  in  our  winter,  when  tb«  entth  i»  dmuct 
to  the  Mia.  Thiit  i*  the  (ource  of  the  annual  equation,  bj 
which  the  lunar  period  in  Jiinuary  It  made  to  exceed  that 
in  July  ncsuiy  .^1  ininutcp.  The  angular  velorily  ot  the 
moon  in  gcueKil  r,  dirninihiicrl  Ljy  -rr'J>  ""d  ihl''  nUirUTical 
Curflicient  \rtiii-^  invei^rly  a>  itio  cnoi'  ot  lh<  (  I'.i  't's  liii- 
tutice  from  ihe  sun.  ll  this  ratio  tM>  expandul  iiti'  u  w  - 
rics  arranged  acou'ding  to  tlie  sines  and  co  hiin  >.  nl  v  <■ 
earth'*  mean  iiiolion,  niakinn  the  earth's  mean  ili».[aiicc  I, 
thin  ihe  series  will  (.oolaiiii  a  term  equal  to  j^^^  ot  this 
velocity  multiplied  by  i  of  the  aquare  nf  the  earth's  cx- 
centricity.  I^ad  this  excentridtjr  remained  constant, 
this  product  would  also  be  constant,  aod  would  itill  be 
oonlbundcd  with  the  general  diminution,  making  a  cou- 
■tnit  p«t  of  it :  bat  it  i>  known  that  the  euentncity  of 
th*  eaiyhV  orhit  diminiaho,  and  its  dirainutioB  ii  the  re- 
Mil  of  the  tiaivenaUty  of  tiia  Newimiiaii  hnr  of  the  plane* 
tat;  deflectiotM.  Thovgh  tiui  dliaiaiitioB  ia  aiocedingly 
email,  ita  effect  on  the  lunar  motion  becomes  lemible  by 
accumulation  in  the  course  of  ages.   The  excentricity  di- 

mioitbing,  the  diminution  \\,r  rr.don'ii  arj^ular  :ij  jtluri 
must  also  diminish,  that  is,  iin'  MiL'^liir  muiiuu  mutt  in- 
crease. 

Durini;  ihc  I.Slh  Century,  the  square  of  the  enrtti's  ex- 
Centricity  Ims  (liminisheil  O  OOOOO 1 3S'25,  llic  mt:i;'.  lii.^tance 
from  the  sun  being  ^.  In  that  tune  this  has  incroised 
the  moon's  angular  motion  O'OOOOOOO  12S5.  As  this  aug- 
mcniaiion  is  gradual,  we  must  multiply  the  angular  mo- 
tion during  the  century  by  the  half  of  this  quantity,  in 
order  to  obtain  iu accumulated  effect.  This  will  be  foand 
to  be  9"  very  nearly ;  which  exceeds  that  deduced  ban* 
iqM  caraful  comoariMMi  of  the  motion  in  the  laittwocaa- 
turics,  only  by  a  mction  of  a  aKoiid  i'  While  the  diiainn* 
tioa  af  the  square  of  the  excentriei^  of  aarth'a  orhit 
COB  Im  aupposid  prnpoitional  to-  the  time,  this  aHect 
will  be  a*  the  squares  of  the  times.  When  this  theory  i« 
compared  with  ohaervatioui^,  the  coinridence  is  wonderful 
indeed.  The  rfferi  on  the  moon's  rimiiiin  is  periodical,  as 
the  f  hant;e  of  the  solar  exceiitririty  ;s,  ami  it*  period  in- 
c'.'t'ii^  miiiir>-n  of  years.  l!s  rfT<  (.  i  im  the  moon's  lon- 
gitude will  iiraount  to  several  degrees  before  the  se- 
cular acceleratiOO  dbuga  tO  O  ~ 
pedia  Urit 

By  the  solution  of  this  problem,  which  had  for  a  long 
time  engaged  the  attention  of  mathematicians,  M.  Laplace 
hiB  gima  the  last  degree  of  pniection  to  theoretical  astro- 
nomy i  an  ihera.it  now  no  aiMmaly,  or  imgolaiHy,  in 
tte-Botioa  of      heaiaily  bodk^  that  ii  not  nlUho* 
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tofily  aecovnted.fer.  on  the  ample  Hewtmnan*  law*  of 
l^mnioii. 

AOCELERATIVE  Pomk,      thenme  as  Accn.r- ' 

SATING. 

ACCKSSlliLE,  something  ihnt  may  be  ajipnuichrd,  <ii 
I"  .vhich  Ki-  can  Come.  In  Surveyinj:,  it  i>  !.uth  ii 
jiiin'e  j->  Hdniit  of  having  a  distanre  or  njih  i;f 
^Jioiind  inea'.iiriil  Ir^mi  it  ;  or  such  a  hiijilii  i  r  U<]iih  a* 
can  Ir-  iiie.iMircil  by  artiially  applying  a  proper  iinliii- 
iiiciit  to  11.    l\.r  liie  mmiis  of  doing  which,  see  ALTl«f.« 

TRV,  1.0N0IMETRY,  or  HeIGIITS-1)I  D-DlSTA  MU. 

ACCIDENS,  AcciDBhT,  /*»/<»». 

Fer  AOCIDBMS  iia  term  often  used  araoi^philo»npheri| 
to  denoM  what  docs  not  follow  trom  the  nature  ol  a  thing, 
but  from  some  accideolal  quality  of  it:  in  lhi»  Kme  it 
stand*  uppoMd  to  ptr  ar,  whirh  (hmofca  thc-N*tttTr  and  es> 
smen  of  a  thing,  Tims,  fire  is  said  to  bnm  per  te^  or 
.considered  ea  Are,  end  nei^  aaeMmi;  but  a  piece  of 
iron,  though  red-hot,  only  hunt  per  acndnw,  bye  foalf^ 
accidental  to  it,  and  not  considered  as  iron. 

Am  DI'N'I'AI.,  somctlii  -  il  i.i  j-nitiiki-!,  of  the  na- 
ture ol  ill)  uLcicient  ;  or  thai  is  indificrent,  or  m>t  essential 

to  ii>  sub|<  CI.— Tiiui,  whiieMvis  ecddoMd  to  marble* 

and  seiLsible  boat  to  iron. 

.\cc  i  nKNTA  L  Co/our),  no  Crtlled  by  M,  Bution,  lire 
those  which  depend  on  the  atlcctiinii  of  ihe  eye,  iii  conlra- 
distinction  to  such  as  belong  to  light  ilsell. 

The  impressions  made  U|ion  the  eye,  by  looking  sled> 
fastly  on  objects  of  a  particular  cr4'>ur,  are  varioin  ao> 
cording  to  the  tingle  colour,  or  assemblage  of  colours,  in 
the  obj«-ct;  and  they  continue  for  some  time  after  the  eye 
is  wiiMfawn*  and  give  a  liaise  colouriiig  to  other  objectt 
that  aw  viewed  dariiig  their  continttanoe.  M.  Bufiha 
has  endcBvooKd  to  trace  the  eoanection  (aetwcen  tbae  ao- 
ctdental  cold«n»  and  these  thet  are  natvnri,  in  a  variety 
of  tntmncett  M.  d'Arcy  contrived  a  machine  for  nieata» 
ring  the  duration  of  tKose  iniprrssiont  on  the  eye ;  and 
frtjiii  flu-  r.'Milt  nf  ^(  VI  rill  tri.ils  he  Inferred,  thai  llir  i  fl'ert 
ill  lije  Hctiuii  i::  li^hl  on  ihe  eye  cotuiniied  about  S  thirds 
of  a  minute. 

The  subject  lia»  aUo  been  considered  by  M.  de  la  Hire, 
and  M.  Arpinui,  &c.  See  Mem.  Acad.  Pans  1743,  and 
176" j;  Nov.  Coin.  Petrop.  vol.  10;  nr.  Priwiley's 
Hist,  of  Discoveries  relating  to  Vision,  pa.  <>j  I. 

Accidental  Poau,  in  Perspective,  is  the  point  in 
which  a  rinht  line  drawn  from  the  eye,  parallel  to  aifelher 
right  line,  cott  the  pictare  or  perspective  plana. 

iM  A%  bo  the  line  ^ 
given  to  ha  pnt  in  pet- 
spreth«;cFBtepie*  *  •• 
ture  or  perspective 
plaiie,  aod  E  the  eye: 
draw  tr  parallel  to 
A  a ;  to  tball  p  be  the 
accidental  priint  of  the 
line  A  B,  .md  indeed  of 

nil  linr?  ;iir:\llel  to  it,  "  

Since  only  one  parallel  to  tliciB,  namely  E  r,  Can  be 
drawn  Inim  the  <:imc  p<iiiit  k:  and  in  the  accidental 
point  r,  there  concur  or  meet  the  representation*  of  all 
the  parallels  to  a  b,  when  produced. 

It  is  called  the  accidental  point,  to  dislinsuiah  it 
from  the  principal  peiat|<  Or  point  of  view,  where  • 
line  drawn  from  the  eye  perpeadicalar  to  the  penpce* 
111*  please  m»m  tUs  phuN^  nnd  which  is  the  ecci- 
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ACCl.lV'll  V,  tin-  slope  or  st«('piic»*  ol'  a  liiir  or  pliiiic 
ir.ctiiiol  lu  tlie  ItorKun,  (»kt-n  upwani?;  iii  cuiitr.idistitic- 
ttim  ti>  lieclivtty,  which  i>  tiiken  liuuiintirds.  So,  the  lu- 
cent o(  a  bill,  it  an  acclivily ;  the  dcM-onl  of  the  sainr,  a 
dedwity.  Some  wntert  on  I'urtificutton  um-  acclivity  for 
MIm:  chough  iiiorr  rommonly  thr  umj  tulua  is  Hwd  to 
dMwie  the  Uupr,  whrtlMcr  in  awrniiinft  or  tlncvodtng. 

ACCUHUODATIOM,  in  Pbytici,  or  PhUouiphy.  Uic 
appBcalioB  of  one  Mm  to  aaoilwr  by  «mloty> 

ACG0UPAN1MENT»  in  Mume,  dawtct  dtbcr  llie 
different  parU  of  a  |»en  of  mnnc  for  the  diCnvnt  iostru* 
incnt»,  or  tb«  imtrumeais  themtelTCs  which  accompany  a 
voicr,  to  '•u'^lain  it,  a*  Hell  us  to  lunkf  (he  mutic  more 
full  'Ilu-  Accompaniinf  nt  is  vi^<<l  in  rocitHtivr-,  bls  well, 
an  in  song  ;  on  the  S.la'_:i',  .is  »  i  l  l  i-.s  m         <  !,,iir,  *\;C, 

Tin' ancients  had  likcwiw  thirir  ULcui;,pur;;im  iits  on  ihr 
iJiratrc  ;  uinl  (hry  bud  ivi'll  dltTirciil  kind>  o(  lu^truiLi  till 
to  iirtcmpati)  ibt  choriu>,  from  thote  which  acrompiinied 
thi*  actors  in  the  rccitution.  Thi-  Bccunipaniiiieni  among 
tba  inwteriw,  is  oflf  n  a  dilTcn-nt  part,  ur  melody,  from 
t)w  tiOBf  it  accumpHnim.  Uut  it  i»  di»putril  ulu  ther  it 
Wit  to  among  thi-  unarnti.  Organutti  Mimctimi'S  apply 
the  word  'u  aeTcial  pipn>  whicb  thry  pccakionally  touch 
lo  arrompany  the  treble  ;  ai  the  drone,  the  flute,  iic. 
ACCOMPT.    See  AccounT. 

ACCUUD,  accordieg  iw  tke  nodera  Fnaek  muiict  u 
ike  vnion  of  tm  or  man  lounda  hntpd  at  the  wnM  tUMf 
md  favning  tagakix  a  n^lar  baraKUiy* 

Aeronh  are  divided  into  perfect  and  iaqparitet;  Mil 

again  into  contonancn  And  dissonances.    Acooiid  ianovt 

commonly  cnllcd  ('(ihcord  ;  which  we. 

AccohD  15  ^C'l'ki  II  Iii  the  -!att  'if  an  instrument, 
when  it»  (i.ved  M/unns  liuv,  nmiuig  lliLmiclvt.!.  all  the  just- 
Des»  that  they  ought  ti>  li.ivc 

ACCOUNT,  or  Accom  vr,  iii  Arithmetic,  6cc,  a  calcu- 
lation or  computation  uf  the  number  or  order  of  certain 
tUngt;  as  the  computation  of  time,  ice.  I'here  are  va- 
fioua  waya  of  accounting;  as,  by  enumeration,  or  irlling 
one  by  one ;  or  hy  the  rule*  o<'  ahtlimetk,  addition,  sub- 
mnirai,  &c. 

ihccoviiT,  in  Chronology,  it  neariy  aynanynoiu  with 
•^ylc  Thua,  we  say  the  lingliah,  lh«  fiNwign,  Julias, 
liw  GngDiwn,  the  OU,  or  the  New  neeount,  or  mj|«^ 

Wa  accovnt  time  by  yeaia,  mpMhi»&c;  tht  Oiceht  ao*'  that  «ny  tw*  (Ufemnt  nwdiunM,  that  can  be 

eoattted  it  by  olyMi|Muit:  the  Homana,  hj  indictioM,   "  "  •*  

luatraa,  kc. 

a 


ACCRETION,  in  Hiyaic^  tba  growth  or 

an  orgiinical  body. 

ACI 1 1  KMCR,  or  Ac  11  A  iiM,  K ,  in  A-lri  nitniiy  ,  ;i  star  ol" 
the  (irst  iii.ienitudc  tn  tins  ^<iu'.r..,  tn  t.\triiiia_)  ul  ihi.  cun- 
strliution  I'.rolanu*,  marked  a  ;)y  Hrtjcr.  lt>  loiii;i(ude 
lor  I/O  I,  X  11"  .S5'  I";  and  latitude  south  5,'r  2'<''  +". 

ACIilLLl'.S,  a  riiiiiic  hivph  hy  the  si  IkkiU  to  the  prin- 
cipal argument  uileged  by  each  m  cC  uf  philosopbera  in 
behalf  of  their  ^y^tem.  In  thu  tense  we  »a>,  this  u  his 
Aehill'  s;  th«ti«,biaRia«t«r-proof :  alluding  to  the  strength 
ami  i:;.ji'irt|iacn  of  iht  bcfo  AchilU-s  amone  the  Cireoks. 

Zenu'a  UHBnaat  aguwt  motion  u  peculiarly  termed 
Aehilleib  tlMtphilaiopher  made  a  companion  between 
the  '«wiitntM  of  AcUlict  and  tba  dotniEM  of  n  tortoiia, 
prct.  nding  that  a  ««ry  twift  animal  could  nnw  orertaka 
a  alow  one  that  wai  before  it,  and  that  tbattfim  tiMlo  in 
no  tttdi  thiqg  at  motioni  fiv,  taad  fae^  if  thn 
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were  our  n-.iH  luliu  AfliilU-»,  anil  tin  iniitu.i,  dl  Afhillx 
HA.I  times  sHilii  r  than  th.it  (d  tiie  toiloise,  yit  he  would 
never  overliikr  it  ,  and  U  r  iln-i  rcBMiii,  name  ly,  that  while 
Acliil  ■  mils  iner  the  inik .  the  lortois<-  will  cnep  oser 
one  iiundredth  part  of  n  mile,  and  irill  be  so  much  ihi' 
foremost ;  agniii,  while  Achilk^  luns  over  this  i^th  part, 
the  tortoise  will  crei-p  over  the  idOih  part  of  that  ^vvlb 
part,  and  will  still  be  thi»  last  part  the  foremost  ;  and  »o 
oo  cooiinaally,  according  to  an  infinite  aeiin  of  lODth 
pniti:  from,  which  he  concludetl  that  thatwiArr  cmiM 
nam  overtake  the  slower  in  any  finite  time,  but  thnt  th«y 
mutt  go  on  approaching  to  infinity.  But  tbia  tophiMl 
lay  in  Zeno's  conaideriog  as  an  infinite  tiaw.  the  turn  of 
the  infinite  series  of  small  limes  in  which  Achilles  could 
run  over  the  infinite  series  oi  -(.if.     j  +  -rci-.-  ^ 

TBTsiocTs ^c,  not  knowing  Uiui  ibe  tum  of  this  inlinitc 
strie;-  is  equal  lo  ;rio  rtnile  small  <|Uiinlit\  I,',  of  a  mile, 
and  llml  then  I  re  A^•hllll1^  «%  ill  overtHke  It.e  ii  .-i  nve  when 
the  lail^  I  hu^  iTiiwled  ov<  r    -^ili  jmi;  ..i  a  mile. 

ACIIKC)M.^iTIC,  in  Optics,  without  colour;  a  term 
which.  It  seems,  was  first  UM-d  by  Dr.  Bevis,  to  denote 
teUi,copes  of  a  new  invention,  contrived  to  remedy  aber- 
rations and  Colours.    See  Aberralum  and  Telacopf, 

AriiaoM  ATIC  TelescopI!,  a  singular  species  of  refract- 
ing telescope,  said  to  be  invented  by  the  late  Mr.  Jolm 
■Dullond,  optician  to  the  king,  and  «ince  inaproved  hy  hit 
son  Adr.  Peter  Dollond,  and  others. 

Ercry  imy  of  light  pawing  obliquely  fnm  n  taier  into 
n  dcmcr  nwdium,  change  itt  dicaction  toward*  the  fn» 
pandlculnri  and  ewy  imy  pairing  obliouely  firom  a  dco« 
Kf  into  a  rarer  medium,  changra  iu  direction  from  the 
prrpendicular.  This  bending  of  the  ray,  cau'-t  d  Ly  tie 
change  of  it*  direction,  is  culled  its  retraction  ;  .ml  tli' 
quality  of  l!;;ht  which  4ulij<rl>  it  to  this  nfrrutiiiii,  i. 
called  Its  rclrani;ihility.  Kvery  ray  of  li^l't,  befoiuil  l» 
retracted,  is  white,  though  it  cumsihis  cf  a  number  of  com- 
ponent rays,  each  of  hIiicIi  is  ol  u  dillereiii  rolour.  As 
wjon  as  It  IS  rt  fracled,  it  k  separ.Tled  into  jis  roiiititni  nt 
rays,  before  mentioned,  which,  from  that  time,  proceed 
diverging  from  each  other,  like  ommmiions  from  a  cenirec 
and  this  divcigrocy  is  caused  by  thediffierentn-frangibiliiy 
of  the  component  rays,  in  such  sort,  that  the  n»ore  the 
original  or  component  ray  is  refracted,  the  mora  will  the 
compounding  rays  diverge  when  the  light  M  refracted  by 
ona  gitran  mntijun  cmly.  ,Hcace  it  baa  been  concluded,. 

letopnw 

duca  equal  refitnetioni,  wMI  wcmaiih  pradiuco  equal  di> 
TcigmdM:  >baKe  it  ibonld  aho  Jbliow,  that  equal  and 
contraiy  refraction*  should  not  only  destroy  each  other, 
but  that  the  divergency  of  the  colours  caused  by  one  re- 
fraction, should  be  corncted  by  the  iriher  :  nnd  that,  |.i 
produce  refraction  which  would  not  be  iitfected  by  llic 
different  relrannibility  of  iii;ht,  i-  iliij" 'S-lblr. 
.  But  Mr.  Dollond  proved,  dy  many  e.xptriments,  ih.Tt 
these  conclusions  are  not  well  founded :  from  his  e.x- 
periments  it  appeared,  that  a  ray  of  light,  after  equal  and 
contrary  refractions,  was  still  spread  into  earn  portent  rays 
dlSrreMly  coloured :  in  other  words,  that  two  dilTeretit 
mediniH  may  cause  equal  refraction,  but  different  diver-- 
grncy ;  and  equal  dimgrncy,  with  diflli'rcnt  refraction. 
It  ibilowf  therefore,  tMt  rmactioa  may  he  produced* 
which  i*  not  aflectiA  by  the  difliFrmt  relnngibility  of 
B^t;  in  other  words,  that,  if  the  medium*  be  diffneni,. 
dMIerent  refractiens  nay  be  produced,  thotigb  at  the  i 
luaed  by.  on     '  ' 


tine  lite  divergency  cau 
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r'v^i  ll)"  niuiitrTiirtri'.  \'V  tlic  liiviT^L-t-.L-v  ratiscd  bv  the 
other;  and  an  objen  niuv  be  seen  through  inediuTiis 
which,  tu^rtht  r,  i'u<i«e  (lie  niys  ta  COIITCTgl^  wUboMt  tp- 
peariug  of  ditiiTcni  colour*. 

This  is  the  founduiion  of  Mr.  Dollond's  improvement 
of  refracting  telescopes.  Bv  uibsequcnt  e.\p«rim<-tit!t  he 
found,  that  diAi>i«nt  kindsOT^ni  dilfered  greatly  in  their 
lefmctivc  qualities,  with  respect  to  the  divergency  of  co- 
».  At  the  tame  time  he  found  that  cnnro  glass  cauMS 


A  C  H' 


Tilt-  ditfin Jlii'  (  r  ilii'  practice  are,  however,  still  v-jry 
coniiilerublf.  l  i>:  iir>l,  thr  local  distances,  as  well  a*  (he 
particular  suH'ncrs,  mu^t  i>e  piiipiitiiiirud  with  thcutmi«t 
accuracy  to  Iho  densities  and  a  Iracting  powers  ot  the 
glasses,  which  vary  even  in  the  same  kind  of  glass, 
iiiiide  at  ditTerent  timet.  Secondly,  there  are  four 
i:ue«t<>  In  wrooglit  poffcctly  sphnicaL  Hbwwer,  If r. 
Dollond  could  conttnict  t«inetiag  tetcacopca  mt  tlieae 
principles,  with  such  hpertufca  and  mMni^nw  powers, 


(ha  least  divetgcaqri  and  while  flint  the  naat,  when  they  under  tiaited  lengMUf  »  gKaii^  exeaed  that  were 
are  wrought  isto  fbnni  that  pradooe  equal  idractiam.  producod  bebm,  m  ionni^g  the  ima^  of  objects  bnglu, 
He  therefore  graQad  njpife*  of  white  flint  glass  Into  ft  diatiac*,  aad  QBinlaeied  wth  coloun  about  the  edges. 


wedge,  the  angle  of  which  wat  aboot  S5  degrees ;  and  « 
piece  of  crown  glass  to  another,  whose  angle  was  about 
S9  degrees;  and  the»c  he  found  refracted  nearly  alike, 
(Mt  that  thi  ir  rlivergi  ruy  ol  loluurs  wiis  >ery  dilfert-rit. 

After  this,  tie  groiiml  M  Vt  ial  other  pieces  of  crown 
gbs'i  to  wedges  of  diRercnt  angles,  till  he  got  one  that 
was  etjual)  in  the  divergency  it  produci-d,  to  that  of  a 
wedge  of  fiiiit  i;lii'v>  ol  '25  iK  ;;n  i  s  ,  «o  liial  when  they  were 
put  together,  in  such  •  manner  to  rcfnict  in  contrary 
direction*,  the  refracted  light  wa*  perfectly  free  fr<im  co- 
Imtri  then  measuring  the  refiacium^  of  each  wed^e,  ho 
ftvnd  that  that  of  the  whiir-rlmi  »l:u>'«,  was  to  that  oi  the 
crown  glaw,  nearly  as  -2  to  3.  And  bcnoeany  two  wed|ges, 


Ihioagh  the  whole  extent  of  a  very  Urg^  field  or  compass 
of  view;  of  which  he  has  given  abundant  and  Undeni- 
able testimony.    Sec  TeLFsropr,. 

■  Thi-  defects  which  wer'  v<  t  iii  remrdied  in  ?ijr.  Dol- 
loiiil's  ti'lesco|M>5,  have  CitlleU  torin  liie  exertion-,  ot  ulher 
pbll(i>o[>i;i'r5,  an  i  r'niir,  contrivances  han-  bi-en  inrrnlt  d. 
Father  Boscovich,  to  whom  every  branch  of  optics  it 
much  indebted,  has  displayed  much  in^nuity  in  his  at- 
tempts for  this  purpose.  But  the  philosopher  wboae  ex- 
ertions have  been  attended  with  most  success,  and  wbo 
appeal^  to  have  made  the  most  inporunt  discovery,  in 
this  branch  of  science,  since  the  time  of  Newton,  is  Dr. 
Robert  Blair,  regius  profvssor  of  astronomy  in  Edinbaidi. 


tnade  of  thiaie.  two  subsiances,  and  in  this  praportion.*  By  a  judicious  set  of  experiments,  ably  condoctedi  ae 
wonU^  when  applied  together  ao  at  to  leftact  in  contrary   bat  proved,  that  the  quality  of  diapcniiig  the  my*  in  a 

greater  degree  than  crown  g|«Mt  is  not  oonfioed  to  a  few 
medinmst  but  it  |HNieMd  by  many  (luidi,  and  by  some 
of  them  in  a  most  extraordinary  degree.  He  has  shown, 
that  though  the  greater  refrangibility  of  the  violet  rays 
than  of  the  red,  when  light  passes  from  any  mr<liuin  into 
a  vacuum,  may  be  con^ideri'd  as  a  law  of  nalure;  yet, 
in  the  pasMige  of  light  from  one  medium  into  another,  it 
defniirls  I'litirely  on  the  qualitie-;  of  the  nudiumsas  to 
whicii  of  these  rays  shall  be  the  mo^t  refrangible,  or  whe- 
ther there  shall  be  any  diflerence  in  ilieir  n-iraniribility. 
In  order  to  correct  the  observation  arising  from  difference 
of  refrangibility  among  the  rayji  of  light,  be  instituted  a 
set  of  experiments,  by  which  l>e  detected  a  very  tinmilaT 
and  important  quality  in  the  muiiatic  add.  In  w  the 
diifersive  mediums  hitherto  examined,  the  green  lays, 
which  are  tbeaMan  refiangible  in  crown  glass,  were  Iband 
aaMMig  the  km  toAangible;  but  in  the  moiialie  acM^  he 
Ibmd  that  thaee  aene  tayt  made  a  part  of  the  laora  r»i 
ftiiMibla. 

liiia  diicovery  led  to  Compleia  •ncoTH  in  removing  the 

great  defect  in  optical  instruments,  viz,  that  dissipation  or 
aberration  of  the  rays  which  arises  from  their  unequal 
refrangibility,  and  has  hitherto  rendered  it  impossible  to 
converge  hII  of  thrm  to  one  point,  either  by  single  or  op- 
pii-iii  II  ;rALL:i!ri5,  .A  il uid,  in  wbich  the  psrticlcs  of  ma- 
rine and  melHlline  paitirtes  hold  a  due  proportion,  at  the 
same  time  that  it  sepflT.iti  s  tin'  extieme  r  iy.  ti)  tlir 
trum  much  more  than  crown  glass,  refract*  all  the  order* 
of  the  rays  in  the  same  proportion  that  glass  does :  and 
hence  rays  of  all  coloun,  made  to  diverge  by  the  refrac- 
tion of  the  glass,  may  either  be  rendered  parallel,  by  a 
subsequent  refraction  made  in  the  confine  of  the  glass 
and  this  fluid  ;  or,  by  weakening  the  refractive  density  of 
the  fluid,  the  leDcaction  whkh  takes  place  in  the  eoafiae 
of  it  and  gbtti  may  be  rendeied  as  icgahir  at  tciaetiao, 
«dtboat  aiqf  die  l<>Bst  colour  whatem.  The  doctor,  it 
eeeini,  hu  a  telescope,  not  above  IS  incbn  in  length,  with 
a  compQOBd  objmi^lam  of  ifaii  kind.  wUch  ctfiak  in  alt 


,  icfiracs  tha  ^ght  wtdioiitaay  cilect  atiaiBgiiam 
ttw  djJfcmnt  teftaaglbility  of  the  eomponaat  fay*. 

Tbenlbn,  4o  mue  tim  spherical  glance  that  refract 
the  light  in  oontrsry  directions,  one  must  be  concave,  nnd 
the  other  convex  ;  and  as  the  rays,  after  passing  tlirougb 
both,  must  meet  in  a  t'ocuv  -Jk-  i  vcess  of  the  refraction 
must  be  in  the  convex  oiu  .  kml  iis  the  convex  is  to  re- 
fract iJ'i  I  t  i:  ii|i|n  :ir-  iroin  the  experiment  that  it  must 
be  ro.idf  .](  1  nnui  lUw;  and  as  the  concave  is  to  refract 
le  i-it,  it  iin.st  ijf  nude  of  white  flint. 

.•\ntl  laither,  as  the  refractions  of  jpherical  glasses  arc 
in  an  inverse  ratio  of  their  focal  distance:;,  it  follows,  that 
tlie  focal  dittancee  of  the  two  glasses  should  be  in  the  ra- 
tio of  the  ructions  of  the  wedges:  fell  being  thus  pro- 
poftioited,  every  ray  of  light  that  pastes  thniujh  this 
combined  glass,  at  whatever  distance  it  may  be  Ron  te 
axisi  will  coastantly  be  lefnctad  by  the  difference  be- 
tweca  two  Goatiary  nllictionai  in  the  proportion  reonired ; 
and.  iheiaian  the  eflbct  of  the  diflerent  laftai^ibility  of 
-  light  wHI  be  prrvented. 

The  removal  of  this  impciiiinellt,  however,  produced 
another:  for  the  two  glasses,  which  «ere  tlius  combined, 
being  segments  of  very  deep  spheres,  the  iibcrrations  from 
the  spherical  siirliiri-s  became  so  considerable,  as  greatly 
to  dist'.r'i  till  listiiictness  of  the  image.  Yet,  consider- 
ing that  the  siirtaees  of  spherical  glas'^es  admit  of  treat 
variations,  thoU'.;h  the  focal  distance  be  limited;  and  iliat 
by  these  variations  their  at>erratian  might  be  made  more 
or  less  at  pleasure  ;  Mr.  Dollond  plainly  saw  that  it  was 
jKMsible  to  make  Ibe  aberrating  of  any  two  glasses  equal; 
aod  that»  at  la  this  case  the  refractions  of  the  two  glasses 
were  coatnry  to  each  other,  and  their  aberrations  being 
eqnal,  tbeie  would  deitioy  each  other.  ' 

Thnt  be  obtained  a  perfect  theory  of  making  olyect* 
glaasM,  to  the  aperturm  of  Which  be  eovU  hardly  per- 
ceive any  limits :  for  if  tiw  praoico  eould  aaewer  to  Uw 
4heoiy,  they  must  admit  of 
cuncequcatly  hear  great  aHiaii^  pvwcn, 
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mppcts,  II  It  do«  not  surpai".,  the  b«t  of  DolI<mtl'a  42 
inchw  long.  Of  this  objict-ulais,  a  figure  may  be  seen 
in  Uie  Sd  volufDc  of  (he  TnuMciiont  of  ibe  Royal  So- 
ciety of  Edinburgh ;  to  which  voIurm:  the  rewkr  mint  hi 
■Mnd  ktt «  full  and  clear  account  of  th«  oqieriiiiMla 
fridch  hd  to  this  diiCo\'ery,  ai  well  as  of  tiM  tmportaat 
puipimi  to  which  it  nay  be  apiilied.  A  jodiciaat  MUg- 
mncof  tUt  papa  b^iIm  ba  wen  i»  WtiMmfa  Joar* 
lM],«ol.i,4lo.B.  1. 

Jn  lha  Qttfaiaart  Mapaina  (1790,  p.  890)  a  paper 
mm  pubUihed  on  th«  retecting  t^eKope,  by  a  penoo 
who  1^09  VeriUm,  in  which  the  invention  it  ascribed  to 
atioibcr  pcrton,  not  bervtofore  nieotionrd,  in  these 
words  :  "  A»  the  invention  ba»  been  claimed  by  M.  £u- 
Ifr,  M  Wingensticrna,  and  lorac  other  foreigner*,  wa 
ought,  lur  the  honour  of  England,  to  assert  our  right,  and 
'  give  the  merit  of  the  diwoviry  to  whom  it  is  due  ;  and 
tberefori-,  without  farther  preface,  1  shall  observe,  that  the 
inventor  was  Chester  More  Hall,  E»q.  of  More-hall,  in 
ElMX,  who,  about  1729i  as  appears  by  his  papers,  consi- 
daring  the  difli-rent  humours  of  the  eye,  imagined  tbey 
were  placed  so  at  to  correct  the  dtScrent  refrangibiiily  «^ 
light.  He  then  conceived,  that  if  be  could  find  subitl 
having  such  properties  as  be  supposed  these  hi 
night  possess,  be  should  be  enabled  to  construct 
jact-na  that  woaM  t ' 
captuMMli  ha  had 
partial  ia  two  diferent 

dnpciia  the  rays  of  light  la  dilbraM  dtKCtUot,  be  me* 

called.  About  1733  be  completed  several  achromatic 
object-glasses,  though  he  did  not  give  them  this  name, 
tlwt  bnre  un  uporture  ut  inure  than  ii  inchas,  though  tLl- 
focal  length  did  itoc  exceed  20  inches^;  one  of  which  is 
now  in  the  possession  of  the  Rev.  Mr.  Smith,  of  Charlotte 
Street,  Ratfabonc  Place.  This  glass  has  been  examined 
by  several  gentlemen  of  eminence  aiid  scientific  abilities, 
and  found  to  potseia  the  properties  of  the  present  achro- 
matic gUa 


•how  ol;|aet>  colavHaM.  AfMrflMay 
tha  gDod  tetoaa  la  fiad  thoaa  sro- 
n  kindaof  ^aH{  ioi  aBUpBuan 


'IkafrMr.Ayicoughr  optician  00  Ladpia  Hill,  WM  in 
j>oiiMiii>  ct  —a  «f  Mr.  HallTa  acfcwwac  HIicmm  in 
J7M.  ii  a  fcct  wMdi  al  tM*  tiaM  will  aat  ba  daqralad" 

ACIIBONICAL,  or  i4cikm9caiL  See  AcmoVTeBAL. 
ACIDS.  All  those  substanew  which  inqnw  tha  or- 
gans of  taalawlih  aifcar*,  mmu*  m 

Vol.  L 


are  commonly  denominated  acids.  But  as  there  are  some 
bodies  di->titute  of  this  properly,  which  arc  ncvertheh-M 
classed  by  all  chemical  writers  ea  acidi,  this  ptipaiar  cha- 
mctniitic  must  be  abandooad  atMwlial,  mr  onalbat  n 
more  comprtbenavvb 

llic  cbarvcieriMic  piapailici  flf  addi  B^jr  ba  awiw 
laiad  atfbltowa: 
1.  ¥fbfln  takaD  lata  Oa  BDOth  thajr ' 


«.  Tbnr  ehaoga  eaMaIn  wptahk'hlia  cotooi*  to  red ; 
Mwli  as  Oaetim  of  Ikmm,  or  aymp  of  violets  ;  and  r«>- 
itore  the  Uue  eoloan  which  have  tamed  gtvcn,  or  the 

ml  colours  which  bavc  been  turned  blue,  by  an  alkali. 

3.  They  have  a  stronger  iifliniiy  (or  alkalies,  tlian  thry 
have  for  any  other  snb»t)ince. 

4.  They  unite  with  earths,  with  alkalies,  and  metallic 
nxyds,  forming  the  numerous  and  veijf  impoimt  chMM 
of  neutral,  e^irthy,  and  metallic  salts. 

As  this  article  ii  entirely  chemical,  it  does  not  accord 
with  our  pUa  to  extend  it  to  any  considerable  length; 
we  shall  tbeiaftta flaaient  uurx  lvpi  with  giving  the  moat 
approved  arrangeiocnt  of  acids,  referring  the  reader,  for 
farther  information  on  this  important  subject,  to  Thoov- 
lon's  Chemistry.  See  also  Aikin's  and  Nichoiion'a  Cha* 
laiqd  Dictionaries,  Encycloped.  Method.,  Lwairiirt  Ela* 
aenliof  Cktmktt^,  PriaitUy  oa  Air,  foaiengr 
da  Oottnols.  Obimi^  &c  dec 

MflDKK  ABRAHMMBar  9V  ACI80. 

ftiiiiii  nf  ITljpiHw 

f    Bmo  lU  M  * 

I  Sulphur         SulpliureoQS  Sulptiiaie 
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'  Mr.  Hall  iiaed  to  employ  the  working oMiciaai  to  grind 
his  lenses;  at  the  same  time  be  famished  them  with  the. 
radii  of  the  raifiucs,  not  only  to  correct  the  different  re- 
frangibiUty  of  trayt,  bot  alto  tha  aberration  arising  from 
tjMspbaiicBli|iuaof  thakaaH.  OM  Mr.  Bbi%  who«t 

s,  htm  whaM  Mr»  HdBi  iwwiioai 
ta  hava  been  obtained. 

"In  the  trial  at  Westminster-ball  about  the  potent  fdr 
making  adiruinatic  telescopes,  Mr.  Hall  was  allowed  to 
be  the  inventor;  but  Lord  Mansfield  observed,  that  '  It 
was  not  ihf  person  that  locked  up  his  invention  in  his 
scrutoire  ihnt  oupht  irj  prolit  by  a  patent  for  such  an  in- 
vention, but  he  who  brought  it  iorlh  for  the  benefit  of  the 
public'  This,  perhaps,  might  be  said  with  some  degree 
of  justice,  as  Idr.  Hall  was  a  gentleman  of  property,  and 
did  BOt  look  to  any  pccuaiary  advantage  from  bu  disco- 
very; aad  eaneqwatljr  it  is  my  piobabia  thai  ha  might 
rat  hawan  iMantldii  to  mmI*  It  gpaataUj  knawii  at  nat 
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ACOUSTUa^  tha  doeitiM  ortkaoiy  «f : 

of  sound. 

Sturmius,  in  his  Elements  of  Universal 
treating  of  AcoDitks,  after  exaaunii^  inta  4ia  aatwa  aC 
sognds,  describes  tha  sevaial  pails  of  ti|a  astanal  a«d  h»< 
temal  aar,  aad  iMr  ssvtnl  iwa  and  coaaaaloi  iriih 
each  aAcr;  and  fraai  fhaaea  dedocastta  asednnliM  «f 
baariag :  aad  lasllj,  ha  tivals  of  die  neaaa  of  adding  an 
intendty  of  force  to  tha  voice  and  other  soonds;  and  ex» 
plains  the  nature  of  echoes,  otacoustic  tubes,  and  speak* 
ing  trumpets.    See  SorsT>,  Ear,  Voice,  and  Kcmo. 

Dr.  H<njli,  in  the  preface  tii  hii  .Micrography,  asserts 
that  the  Unvcst  «hi-per,  by  ctrtnin  means,  may  l>e  heard 
at  the  distance  uf  a  furlong ;  and  that  be  knew  a  way  by 
which  it  is  easy  to  bear  any  one  speak  through  a  wall  <rf^ 
thsoe  feet  thick {  alw  that  by  meaosrfaa  extended  wha^ 
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HOund  may  be  conveyed  to  a  vrry  grcut  dbttaiicc,  almust 
in  mn  iitsltiui. 

The  ancients  teem  lo  Lave  cun&iden-J  sounds  under  no 
other  point  of  view  ihan  ttiat  of  niUMC ;  tliat  i<t  to  uy, 
as  affecting  tlie  ear  in  an  agreeable  manner.  It  is  even 
very  doubtful  whelb<T  they  were  acquainted  with  any 
thing  more  than  melody,  and  whether  they  bad  any  art 
similar  lu  what  wc  cull  compokition.  The  modems,  by 
studying  the  philosophy  of  sounds,  »o  much  neglected  by 
the  ancient*,  have  given  birth  to  a  new  science  distin- 
guished by  tite  name  of  acoustics,  which  has  fur  its  olv 
ject  the  nature  of  vnanJs,  and  tresits  also  of  the  theory 
ol  hearing,  and  tho  best  means  of  assisting  ihai  %ense. 
This  science  is  divided  by  some  writm  into  diacoustics, 
which  explain  the  pro|)erties  of  those  sounds  that  come 
directly  from  the  sonorous  body  to  the  ear ;  and  cata- 
coustics,  which  treats  of  reflected  sounds ;  but  such  dis- 
tinction docti  not  appeur  to  be  of  any  real  utility. 

On  many  particulars  connecliij  with  this  science  opi- 
nioM  nre  still  much  divided;  and  a  sullicient  number  of 
experiments  have  not  been  made  to  determine  what  it  c»- 
seutiaJ  to  the  nature  of  a  vehicle  of  sound  ;  how  it  it 
transmitted,  reflected,  or  destroyed,  in  many  instances;  or 
whether  its  velocity  be  uniform  or  variable. 

Thus,  with  r»prct  to  these  vehicles  ;  as  a  bell  or  other 
•onorous  body  when  struck  in  vacuo  transmits  nu  sound, 
it  therefore  mccisurily  follows  that  air  is  such  n  vehicle, 
or  that  some  subtle  Auid  h  contained  in  its_compo>itiun 
which  performs  the  oflice  of  transmitting  souiul :  this  last 
'  Menu  the  more  probably,  because  we  know,  that  air  is  not 
the  only  vehicle,  nor  the  U-st,  for  this  transmisiiion ;  and 
on  this  supposition  it  follows,  that  bodies  of  any  density 
or  texture  will  trunsmit  stiund  more  or  less  perfect,  ac- 
cording to  the  quantity  of  this  fluid  contained  in  them. 

The  aqueducts  constructing  at  Paris  have  lately  given 
M.  Biot  an  opportunity  of  making  some  intemting  ex- 
periments on  the  propagation  of  sound  through  solid  bo- 
dies, being  on  a  larger  scale  than  any  hitherto  attempted. 
The  total  length  of  the  pipes  was  3118  feet.  A  blow  with 
S  hammer  at  one  extremity  was  heard  at  the  other,  pro- 
,  (lucing  two  distinct  sounds,  the  interval  of  which,  mea- 
tured  in  more  than  200  Iriuls  was  2*5''.  And  according 
to  the  experiments  of  the  academy,  the  time  of  propaga- 
tion of  sound  to  this  distance  through  the  air  should  be 
2'79"»  ffom  which  deducting  2'5"  the  interval  observed, 
we  have  for  ihe  time  that  sound  was  in  being  propa- 
{^ted  through  ihe  solid  sub>.tancc  to  the  distance  above 
stated.  These  experiments  were  afterwards  varied  ;  the 
roult  however  generally  ogned  with  that  above  stated. 

Some  have  coT)>id<'red  the  electrical  fluid  as  the  agent 
by  which  this  office  i>  performed  ;  it  has  however  been 
objected  to  by  others,  and  many  ingenious  arguments 
have  been  advanced  on  both  sides,  but  without  coining  to 
«  satisfactory  conclusion.  One  thing  however  is  certain, 
that  whatever  the  (luid  may  be,  the  sound  we  hear  is  pro- 
duced by  iho  stroke  tliat  the  sounding  body  makes  against 
it,  and  is  thence  convi-yeil  to  the  organ  of  hearing.  But 
the  manner  in  which  this  conveyance  is  made  is  still  dis- 
puted:  whethiT  the  sound  be  ditfused  into  air  in  circle 
beyond  circle,  like  the  waves  of  water  when  we  disturb 
tfie  smoothness  of  iu  surface  by  drnppin"  in  a  stone,  or 
wlwlber  It  travels  nlorg,  likt  rays  diffused  from  a  centre, 
iOiMwhat  in  the  swift  manner  that  electricity  runs  along 
a  rod  of  iron,  arc  questions  which  have  greatly  diwded 
the  opinions  of  the  learned. 


Newton  was  of  the  former  opinion ;  but  John  Bcrnou- 
illi  confes«e<l,  thiit  he  did  not  understand  this  part  of  the 
Principia— and  altrmpled  to  give  n  more  perspicuous  de- 
monstration of  his  own,  that  might  con/inn  and  illusUate 
the  Newtoniaji  theory  ;  but  the  subject  seemed  to  ri  jrct 
ducidattun  -,  for  his  theory  is  obviously  wrong,  as  D'A- 
lembert  has  proved  in  his  treatise  on  fluids. 

'i'be  Ncwtoniaai  theory  has  however  found  an  able  ad- 
vocate in  tho  ingenious  Dr.  Young,  of  Trinity  College, 
Dublin,  who  has  given  a  clear,  explanatory,  and  able  de- 
fence of  the  47ih  proposition  of  the  2d  book  of  the  I'rin- 
cipia,  whicb  bus  been  considered  the  most  objeclionaile ; 
and  some  late  experiments  have  contributed  iii  a  great 
degree  lo  remove  ihe  difficulties  with  which  thi9  subject 
is  clouded,  and  which  will  be  explaicH'd  in  their  proper 
places.  See  the  articles  Ciioaii,  KcHo,  ELitSTic 
sTaiNO,  Ear,  Souv d, Thamsiiissiom,  Velocity,  Vi- 

BilATlOV,  &c. 

ACRL,  is  a  measure  of  lai>d,  containing,  by  the  ordi- 
nance for  measuring  land,  made  in  the  J3d  and  34th  ol 
Fklward  i,  l<iO  perches  or  square  poles  of  land  ;  and  as 
the  statute  length  of  a  pole  is  5i  yards,  or  l6y  foet, 
therefore  the  acre  will  contain  4840  sqnnrc  yards,  or 
43560  square  feet  The  chain  with  which  land  is  com- 
monly measured,  and  which  was  invented  by  Guntcr,  is 
4  pole*  or  S'J  yards  in  length  ;  and  therefore  the  acre  Ft 
just  10  square  chains.  Further,  as  a  mile  contains  17'>0 
yards,  or  8U  chains  lu  length,  therefore  the  square  mile 
contains  640  acres. 

The  acre,  in  surveying,  is  divided  into  4  roods,  and  the 
the  rood  is  40  perches. 

The  French  acre,  arpcnl,  is  equal  to      English  acre  ; 

The  Sirasburg  contains  about  ^  an  English  acre; 

The  Welch  acre  contains  about  2  Enj^lish  acres  ; 

The  Irish  acre  contains  1  ac.  2  r.  liV/r  P-  English. 

The  Scotch  acre  is  near  l{  English,  being  equal  to 
6150  square  yards. 

Sir  William  I'etty,  in  his  Political  Arithmetic,  reckon* 
that  England  contains  39  million  acres  :  but  Dr.  Greve 
shows,  in  the  Fbilos.  Trans  No.  330,  that  England  con- 
tains not  less  than  46'  million  acres.  Whence  he  infers  that 
England  is  above  46  timet  as  \»t^t  a*  the  province  of  Hol- 
land, whicb  it  is  said  contains  but  about  one  million  of  acres. 

By  a  statute  of  the  3 1st  of  F.iiEabetb,  it  is  ordained, 
that  if  any  nvan  erect  a  cottage,  he  shall  annex  four  acres 
of  land  to  it.  But  this  statute  was  re|)«aled  by  the  13th 
of  Geo.  III.  cap.  32. 

ACROATICS,  u  name  given  to  Aristotle's  lectures  in 
the  more  difficult  and  nice  parts  uf  philosophy  ;  to  which 
none  but  bis  disciples  and  intimate  frx-nds  were  admitted; 
whereas  the  exoteric  were  public  or  o|)en  to  all. 

ACRONYCHAL,  or  AcaoNYCAL,  in  Astrtniomy,  is 
said  of  a  star  or  planet,  whin  it  is  opposite  to  the  sun. 
It  is  from  the  Greek  axfttv/ts,  the  point  or  extremity  of 
night,  because  the  star  rose  at  sun-set,  or  the  beginning 
of  night,  and  s4-t  at  suo-risc,  or  the  end  of  night ;  and  so 
it  shone  all  the  night. 

The  acronychal  is  one  of  the  three  Greek  poetic  ri- 
sings and  settings  of  the  stars ;  and  stands  distinguished 
from  Cosmical  and  Heliacal.  And  by  means  of  which, 
for  want  of  iiccurate  instruments,  arid  other  observations, 
they  might  regulate  the  lengtk  of  their  year. 

ACKOTEKI.A,  or  AcaoTERs,  in  Architecture,  traall 
pedestals,  usually  witliout  bases,  pUced  on  pediments, 
and  serving  to  support  statues.    Those  at  the  extrcmiiie* 
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ought  to  be  half  the  height  of  the  t)rtnpaiiuni ;  and  (hat 
ill  the  middle,  according;  to  Vitruvius, one  eighth  part  more. 

AcROTBKiA  ulso  arc  tuinetimes  used  to  signify  figures, 
whether  of  stone  or  metal,  placed  as  ornaments  or  crown- 
ings, on  tbe  top*  of  temples,  or  other  buildings. 

It  is  also  sometimes  luud  to  denote  those  sharp  pina- 
cleA  orspiry  batiieraents,  that  stand  in  range*  about  flat 
buililings,  with  mils  and  balu^ires. 

ACTION ,  in  Mechanics  or  Physics,  a  terra  used  lo  de- 
note, M>metim<ai  the  effort  which  a  body  or  |)Owcr  exerts 
a^uinst  another  body  or  power,  und  soiuctiiucs  it  denotes 
the-  cflecte  resulting  from  such  elTort. 

Action  is  either  instantaneous  or  continued  ;  that  is, 
either  by  collision  or  percussion,  or  by  pressure.  These 
tu'o  sorts  of  action  are  heterogonenus  quantities,  and  are 
not  comparable,  the  smallest  action  by  percussion  ex- 
ceeding the  greatest  action  of  pressiin-,  as  the  smallest 
surface  exceeds  the  longest  line,  or  as  the  smallest  solid 
exceeds  the  largest  surface  :  thus,  a  man  by  a  small  blow 
with  a  hammer,  will  drive  a  wedge  below  the  greatest  ship 
on  the  stocks,  or  under  any  other  weight;  that  is,  the 
smallest  percussion  overcome*  the  pressure  of  the  greatest 
weight.  Hiesc  actions  tlicn  cannot  be  measured  the  one 
by  the  other,  but  each  must  have  a  mcasuro  of  its  own 
kind,  like  as  solids  must  be  measured  by  solids,  and  sur- 
faces by  surfaces  :  time  being  concerned  in  tbe  one,  but 
not  in  the  other. 

It  is  one  of  the  laws  of  nature,  that  action  and  reaction 
are  always  equal,  and  contrary  to  each  other  in  their  di- 
rections. Therefore,  if  a  body  be  urged  at  the  tame  time 
by  equal  and  contrary  forces,  it  will  remain  at  rest.  But 
if  one  of  these  forces  be  greater  than  its  opposite  one,  mo- 
tion will  ensue  towards  the  part  which  is  least  urged. 

The  actions  of  bodies  on  each  other,  in  a  space  that 
is  carried  uniformly  forward,  are  the  same  as  if  the  space 
were  at  rett;  and  any  powers  or  forces  that  act  upon 
bodies,  so  as  to  produce  eaual  velocities  in  them  in  the 
same,  or  in  parallel  right  lines,  have  no  effect  on  their 
mutual  actions,  or  relative  moJons.  Thus  the  motion  of 
bodies  on  board  of  a  ship  that  is  carried  uniformly  for- 
ward, are  performed  in  the  same  manner  as  if  tbe  ship 
were  at  rest.  And  tbe  notion  of  the  earth  about  its  axis 
has  no  effect  on  the  actions  of  bodies  and  agents  at  its 
'surface,  except  so  far  as  it  is  not  uniform  and  rectilineal. 
In  general,  the  actions  of  bodies  upon  each  other,  depend 
not  on  their  absolute,  but  relative  motion. 

Siuanliiy  <if  AcTioK,  in  Mechanics,  a  name  given  by 
Maupertuis,  in  the  Memoirs  of  the  Academy  of  Sci- 
ences of  Paris  for  17*4,  and  in  those  of  Berlin  for  1746, 
to  the  continual  product  of  tbe  moss  of  a  body,  by  tbe 
space  which  it  runs  through,  and  by  its  celerity.  He  lays 
It  down  as  a  general  law,  that  in  the  changes  made  in  the 
state  of  a  body,  the  quantity  of  action  necessary  to  pro- 
duce such  change  is  the  least  possible.  T  his  principle 
lie  applies  to  the  investigation  of  the  laws  of  refraction, 
and  even  to  what  be  calls  the  laws  of  rest,  that 
IS,  of  tbe  equilibrium  or  equipollcncy  of  pressure* ; 
and  even  to  the  modes  of  acting  of  the  Supreme  Being. 
In  this  way  Maupcrtuis  attempts  to  connect  the  meta- 
physics of  fiTtal  causes  with  the  fundamental  truths  of 
mechanics ;  to  show  the  dependence  of  tbe  collision  of 
both  elastic  and  hard  bodies,  upon  one  and  the  same  law, 
which  before  bad  always  been  referred  to  separate  laws ; 
and  to  reduce  the  laws  of  nwtion,  and  those  of  equili- 
brium, to  one  and  the  sane  priuciplc. 
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But  ilii!i  quantity  of  motion,  or  of  action,  of  Mauprr* 
luis,  which  is  dt  lilteil  to  ba*  the  product  of  the  matw,  the 
space  passed  over,  and  tbe  celerity,  comes  to  tbe  snine 
tiling  Hi  the  musM  multiplii  d  by  tbe  square  of  the  velo- 
city, when  the  space  paased  over  is  equal  to  that  by  wlucli 
the  velocity  is  measured ;  and  so  the  quantity  of  force 
will  be  proportional  tu  the  mass  multiplied  by  tbe  square 
of  the  velocity ;  since  tbe  space  is  measured  by  the  velo- 
city continued  fur  a  certain  time. 

in  the  sitino  yexr  that  Maupcrtuis  communicated  the 
idea  of  his  principle,  tuler,  in  the  supplement  to  Ins 
book,  intitlcd  Mclhodut  inx<tuendi  Untat  cwva$  maztmi  rtl 
minimi  proprieliite  gttudenlet,  aU  roonstrales,  that  in  the  tra- 
jectories which  IxHlies  describe  by  central  forces,  the  ve- 
locity multiplied  by  nhat  the  foreign  mathematicians  call 
the  elenu'iit  of  the  curve,  always  makes  a  loiniuium: 
which  Maup<-rtuis  considered  as  an  application  of  his 
principle  to  the  motion  of  the  planets. 

It  appears  from  Maupertuis's  Memoir  of  1744,  that  it 
was  his  reflections  on  the  laws  of  refractions,  that  led  him 
to  the  theorem  above  mentioned.  The  principle  which 
Fermat,  and  after  him  Leibnitz,  made  use  of,  in  account- 
ing for  the  laws  of  n-fraction,  is  sufficiently  known.  Those 
mathematicians  asserted,  that  a  particle  of  light,  in  its 
passage  from  one  point  to  another,  through  two  mediums, 
in  each  of  which  it  moves  with  a  dificrent  velocity,  must 
do  it  in  the  shortest  time  possible ;  and  from  this  principle 
they  have  demonstrated  geometrically,  that  (he  particle 
cannot  go  from  the  one  point  to  the  other  in  a  right  line; 
but  being  arrived  st  the  surface  that  separates  the  two 
mediums,  it  must  alter  its  direction  in  such  a  manner,  that 
the  sine  of  its  incidence  shall  be  to  tbe  sine  of  i  ts  refraction, 
as  its  velocity  in  the  first  medium  is  to  its  velocity  in  the 
second  :  whence  they  deduced  the  well  known  law  of  the 
constant  ratio  of  those  sines. 

This  explanation,  though  very  ingenious,  is  liable  to 
this  pressing  difficulty,  namely,  that  the  particle  must 
approach  towards  the  perpendicular,  in  that  medium 
where  its  velocity  is  the  least,  and  which  consequently 
resists  it  tbe  roost :  which  seems  contrary  to  all  the  me- 
chanical explanations  of  the  refraction  of  bodies,  that 
have  hitherto  been  advanced,  and  of  the  refraction  of 
light  in  particular. 

Sir  Isaac  Newton's  manner  of  accounting  for  it,  is  the 
mo«t  satisfactory  of  any  that  has  hitherto  been  ofiertd, 
an*!  gives  a  cirar  reason  for  the  constant  ratio  ot  tin- 
sines,  by  HKribing  the  refraction  to  the  attractive  force 
of  the  medium* ;  from  which  it  follows,  that  the  densest 
mediums,  whoNe  attraction  \s  the  strongest,  should  cause 
the  ray  to  approach  the  perpendicular;  a  fact  coufirmetl 
by  experiment.  But  tbe  attraction  of  the  medium  could 
nut  cause  the  ray  to  approach  towards  the  perpendicular, 
without  incrrasing  its  velocity  ;  as  may  easily  be  demon- 
>irnird.  Thus  then,  according  to  Newton,  the  refractioii 
must  be  towards  tbe  perpendicular,  when  the  velocity  is 
increased:  contrary  to  the  law  of  I'Vrtnat  and  l>eibnitx. 

Maupertuis  has  attempted  to  reconcile  Newton's  expU- 
ruition  with  metaphysical  principles.  Instead  of  suppo- 
sing, with  Fermat  and  Leibnitz,  that  a  particle  of  light 
proceeds  from  one  point  to  another  in  the  shurtrst  lime 
l>os%lblr;  he  contends  that  a  particle  of  light  passes  from 
one  piiint  to  another  in  such  a  manner,  that  the  quantity 
of  action  shall  be  the  least  possible.  This  quantity  of 
action,  soys  he,  is  a  mil  expense,  in  which  nature  is  nl- 
ways  frugal.    In  virtue  of  this  philosophical  principle  be 
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4i«c«vcn,  that  not  only  the  tines  are  iti  a  cun&iaiu  mtiu, 
but  also  that  they  are  in  the  invrrsv  rftim  of  thr  volocuif*, 
•ccordin);  to  Ncwtoo't  cxplaMtion,  and  not  in  the  direct 
ratio,  as  had  been  aMerted  by  FermMaml  Leibni'.i. 

Nuw  according  to  this  principle,  the  time,  ihat  it,  the 

rce  divided  by  the  velocity,  should  be  a  mininiuni ;  K> 
I  calling  th«  space  run  through  in  the  firat  medium  », 
with  the  velociqf  tf  and  the  space  riM  tbnm^  in  the  se« 
cond  medium  <v  witk  the  fclodly  *,  dc  shall  have 

=  a  mmraam ;  Mace  -  -•■  *  saO,or-»  — 
Now  it  is  easy  to  perceive,  that  the  sines  of  incidence  and 
nftaction  are  to  each  other,  as  a  to  —  i  ;  wlmicc  it  fol- 
lows, that  those  sines  are  in  the  direct  ratio  of  the  vcluci- 
tiet  V,  V ;  which  is  exactly  what  Fermat  makes  it.  But 
IB  Ofderio  have  those  sines  intheiBvaneatioof  tlM  vcio- 
chiflt,  it  it  only  supposing  va  +  ««  ai  Of  wUcih  An* 
av     5r  or  5  X  ••■iiriaMB:  wUdiitww 

pertuis'i  principle. 

In  the  Memoirs  of  the  .Academy  of  Ikriin,  above  cited, 
may  be  seen  all  ihe  other  applications  which  Maut>ertui» 
has  made  of  this  principle.  And  hovscvtr  uiilniiriili  d  liii 
rDeta|ili^iucal  basis  of  it  may  be,  as  also  the  rrlra  he  has  an- 
nexed to  the  quantity  of  action,  it  will  slill  hold  good, 
that  the  prcnluct  of  the  space  by  llii-  velocity  is  a  mini- 
mum in  some  of  the  moalgeDeral  laws  of  nature. 

ACTIVE,  the  quality  of  an  agent  for  communicating 
BBOtlon  or  aetion  to  some  body.  In  this  sense  the  word 
rtrnJi' naniiM^  to  pasaivc:  thus  we  Miy  an  active  cause, 
lei^ll^Bih  fto-«r  Isaac  Newton  shows,  that  the 
q6antl^^nMrtioa  ia  the  world  jnuat  be  alwaji*  decieaar 
ing,  la  confijgmpca  of  the  w«  inerti«,  fcc  Sethatduice 
is  a  necearitjf  fax  certaia  active  principlca  to  recruit  it : 
aach  be  tak«t  the  cause  of  jfavi^  to  be,  aad  the  cause 
of  iiwoMntation ;  addin^^JM^H^tM  but  little 
in  the  animse,  except  wUrii  owing  to  these  acti' 
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I  active  pria* 


s  C  _ 

AcuTB         TKowlr,  »  that  whose  three 
»U  acute :  and  la  odMl^  cdkdl  an  ox; 
AithatiiaaglkMr. 

AwTi         Cmt^  la  that  nAoae 


an  acute  angle  at  the  wrtaa,  or  whoae  axis,  to  a  right 
cone,  makes,  less  thaa  half  a  fi||ht  aaglb  with  Ao  aide. 

As  the  cor.c  o  u  i. 

Pappus,  in  his  Mathematical  Collections,  nays,  this 
name  was  given  to  such  a  cone  by  F.uclid  and  the  nncietiis, 
before  the  time  of  Apollonius.    And  tlu y  called  an 

KcvxT- angled  Section  qf  a  Cone,  an  Lllipsiji,  wbirb  was 
by  a  plane  cuttin;  both  sides  of  BCUte>angled 
cone ;  it  being  net  known  that  sucb  a  sectioo  ooala  be 
generated  horn  aagr  coae  whatever,  till  it  was  shown  hj 
Apollonius. 

AcoTB,  in  Miisic,  ia  understood  of  a  tone,  or  soun4, 
which  ialiightahafp,  or  ihiill,  with  regard  toaotaa  other: 
in'whidi  aeaw  tho  word  ttaads  opposed  to  grave.  And 
both  these  toaads  are  iadayaadent  of  loudness  or  force :  so 
that  the  tone  may  bo  acute  or  high,  without  being  loud  ; 
and  loud  without  being  high  or  acute.  For  both  ilu-  at- 
iections  of  acute  end  grave,  depend  entirely  on  the  cjuick- 
ness  or  slowness  of  the  «ibralions  by  which  they  ari- 
produced. — Sounds  considered  as  grave  and  acute,  that 
IS,  in  the  relation  of  gravity  and  acutenest,  conttltalO 
what  is  called  lunit,  the  tounilsiion  of  all  harmony. 

A  DAG  ID,  in  Itlusic,  one  of  the  terms  used  bj  thtlla* 
lians  to  express  a  degree  or  distinction  of  time. 

Adtgio  denotes  the  slowest  time  except  grave. 

Sometimes  the  word  is  repeated,  as  adt^gio,  mdagio,  to 
denote  a  still  slower  time  than  the  ibmer. 

Adagio  also  signifies  a  slow  movement,  when  used  sub- 
stantively. 

ADAfi*  ia  the  Hebrew  Chronology,  is  the  6th  month  of 
dr  eiel  jm,  hat  the  ISth  of  their  cccfciiaaiical  year. 

(oowrfMnwyt 


tCTTVITY,  the  virtue  or  faculty  of  acting.  A«  the 
;iCtiM  I  .  1.1  I'v.  t\c  ;  I  111' activity  of  fire  ex- 
ceeds all  imsiiiaauon. — According  to  Sir  Isaac  New  tun, 
bodioa  darive  ikair  acting  fkoM  Sia  principle  of  attiaa- 
tioo. 

Sphere  ^  AcnviTT,  it  the  tpaoe  which  surrouiKh  a 
body,  as  far'  as  its  efficacy  or  virtue  extends  to  produce 
any  sensible  effect.  Thus  we  say,  the  iphoa  of  activity 
of  a  loadstone,  of  an  electric  body,  &c. 

ACUBENE,  in  Astronomy,  the  Arabic  name  of  a  star 
of  the  fourth  magnitude,  in  tlie  southern  claw  of  Caaefr« 
awbed  <t  bv  n<i>er.  Its  longitude Ibr  iTCliU  >0»  ifflTp 
toalh  laiitada  5*  6' 

ACUTE,  or.sbaip ;  a  term  opposed  to  ohtotr.  Itoa, 
AcoTK,  A^fe^  in  Geometry,  is  that  which  is  less  than  a 
right  ai^ ;  and  it  measured  by  less  than  S0*>  or  a  quan- 
dnat  of  a  drclab  Aa  the  angle  abg. 


a 


(  aadit 

_  bio  the 
iag  to  dm  course  of  the  moon. 

ADDITION,  the  uniting  or  joining  of  two  or  taore 

quantities  together. 

Addition,  in  Ariihmeiic,  is  tlic  first  of  the  four  funda- 
mental rules  or  uperations  of  lhat  srienre  ;  and  consists 
in  finding  a  number  equal  loM-veral  others  taken  together, 
or  in  finding  the  most  simple  expression  of  a  number  ac- 
cording to  the  established  mode  of  notation;  and  the 
quantity  so  found  is  named  iheir  sum. 

The  sign  or  character  of  addition  is  ■«-,  and  is  called 
plui.  Thus  character  ia  lat  between  the  quantities  to  be 
added,  to  denote  their  turn:  thus,  3  6  s  9,  that  it,  9 
plus  6  are  equal  to  9* 

Simple  numbeia  ai*  either  added  aa  abovo}  ar  6 
daa  by  placing  thaai  aadar  eae  aaother,  aa  ia  the  * 
awigin,  and  adding  ihcB  iogtther,  ana  after  aa«  ^ 
other,  beginning  at  the  bottom :  thtn  t  aad  4  make  i( 
6,  and  6  make  IS. 

Numbers  c«>nsisting  of  several  figures  arc  added,  by 
first  ranging  the  numbers  in  columns  under  each  other, 
placing  always  the  numbers  of  the  wime  denomination 
under  each  other,  thai  is,  units  under  units,  tens  under 
tens,  and  so  em  ;  uiid  llien  addiiifi  up  each  column  sepa- 
rately, W'giiiiiiiig  ill  the  right  hand,  setting  down  the  sum 
of  each  column  l>el()w  it,  unless  II  amount  to  ten  or  some 
number  of  tens,  and  in  that  case  setting  down  only  the 
overplus,  and  carrying  one  for  each  ten  to  the  next  cai> 
inauu  TbatftoaddMlaaJatf, 
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Alw  l»«dd  A«  monbm  S«9  *  tiH  ^ 

WMT  ;  set  tli«m  d«na  akin  th* 

iui]pn,uid  beginning  at  ihelownl  number 
on  ihe  right  hand,  My  8  knd  7  make  15, 
and  2  make  17>  and  9  make  26  ;  set  down 
6,  and  carry  2  to  the  next  column,  saying  2 
and  4  make  6,  and  4  make  10,  and  6  make 
JJi,  and  2  make  18  ;  tet  down  8,  nnd  carry 
'  I,  Myiiig  1  and  3  make  4,  and  5  moke  9, 
and  j  nittkc  ;  iit  duwn  2,  and  carry  1, 
saying  1  and  2  make  3,  mad  1  make  4, 
which  set  down ;  tben  1  mi  2  make  3  ;  Slid 
7  it  7  to  h-t  down :  M  ttwtlim  of  all  M(c« 
tk«r  u  734386.  Or  it  ii  liM  Hun*  m  Us 
niau  of  tbe  eoUnw  hi  nBdor  oae  Biiothi 
■raigin,  tad  dwn  Am  addod  mp  iv  tbe  mm 
Wmb  s  fNit  aiimbcr  cl  HpmiB  MiM  or 
ttkbeaddf^MiB  loqiaceoiiati,  it  it  Miicr  to  bmlf  «r 
MfVMo  llMaiatBtiivarBore  {iwoela,  wbidi  added 
op  wfCMtly,  and  then  tMr  •nnu  added  together  for  the 
total  sum.  And  that  alio  the  truth  of  tbe  addition  may 
be  proved,  by  dividing  the  numbers  into  paroeb  diibicat 
ways,     tlie  totals  lauat  ha  tiM  nata  i»  Mk  em»  mkm 

the  upc ration  is  right. 

Another  method  of  proving  addition  wu  given  by  Dr. 
Wallis,  in  his  Aritbroetic,  a*  wcjl  as  by  Lucas  dc  Burgo, 
and  prubably  by  fornit  r  authi)rs  also,  hy  ca-tii;"  nut  the 
nines,  which  inclhoii  itfprunf  extends  hIsi.)  to  the  other  rules 
of  arithmetic.  '1  iie  inrlliud  this  :  add  the  figures  of  each 
liaa  of  numbeis  together  severally,  casting  out  always 
9  from  the  sttiu.aa  tii^  arise  in  so  adding,  carrying  the 
OHa^us  to  the  next  figure,  and  settitig  at  tha  end  of  each 
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«0347 
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finawhat  uovertheuinoornincs;  then 
dotha  iaae  by  thciaB-tatal^ai  aiaofaj 
the  ftaner  exMMB  of  9»  aa  tkaH  tha 
lakaMNMabaanialwlMitlMinMric  is 
iMjbt.  Tbua»  tha  fiwmer  asamplc 
wul  ha  pimad  aa  aoMxed; 

When  the  nniBbera  wm  of  diflerent  denominations ;  as 
pounds,  shillings,  and  pence;  or  yardi,  fc<  t,  and  iiiclii-s, 
place  the  numbers  af  the  same  kind  umler  each  other,  ai 
ponce  uncier  ;icnce,  shilhij^s  under  shillings,  &C  ;  then 
add  each  culunin  separately,  and  carry  the  ovei 


lus  a« 


before,  from  one  ck^imui  ta 
cjiaaplci : 

L       •.  4, 
271    12  3 
94    14  7 
42     5  10 


M'mihm 


Yink.  Feet. 
371  10 

U  t 

IBB  SS 


Incbe*. 
3 
7 
5 


19     8  nna  jiS  S, 

Asavriav  ^  Ftdgm- Mmelkm^  ia  parfemai  tf  I 
ing  all  the  proposed  fraellona  to  the  wna  d— oafln 

when  neceMary,  and  all  compound  fractions  and  mixed 
numbers  to  ainple  fractions  ;  then  reduce  all  tbe  fractions 
to  a  common  dcnoniin-itoi  ,  and  the  bum  of  the  numerators 
placed  over  tbe  comnujo  denominator  will  be  the  answer 
•ought. 

Andi^fa-ii-laf 

Andi-K|ofJ  =  |  +  i  =  5=.4  =  l}. 
When  the  fractions  arc  of  different  dcaumuwtioiU|  mmbo 
farther  oiK-niiiuiis  are  neciiisary :  thll<« 
Add.   fo-^fI.■f■^s  together.. 


IS  to  , 
T   —  T 


J    tjtt 

V  —  TTO 


I  Ses 
»re 


la  performed  in  the  same  inan> 


placing 


371-0496 
«5'21S 
1-704 
99401 
■0962 
132«-67S8 


^  »  = 
and  Y  •♦■  y  •♦• 

Aomrtov  af 
ner  ai  that  of  whala 

the  nunhen  of  tha  ai 
luidcr  each  other,  in  which  caae  the  da> 

cimal  separating  points  will  range  straight 
in  one  column;  as  in  this  example,  to 
add  togithcr  these  numbers  371*0490 
-t-  23  213  -t-  I-7CU  -t-  924  C"1  t-  -09(62. 

Addition  01'  Circulating  Decimals  is  performed  by 
changing  each  of  them  mtn  its  equivalent  vulgar  fraction, 
and  fi.-.dmg  the  sum  of  sucli  tniL  tMin>.— For  the  method  of 
chaiigitig,  recurring  or  circulating  decimals  to  vulgar  fimc* 
tions,  see  Cirtulating  Decimals. 

ADDITION  j»  Algtbra,  is  tbe  unitingor  in(»qMratJng 
of  Indeterminate  c^uantities  denoted  by  letlen'  into  one 
contracted  exprcsaion.  Tbe  operatiaiii  it  performed  by 
connecting  the  quantitic*  together  willi  thair  proper  signiy 

hy  adding  th«r  co-cOdaMa  tofrthar  if  thair  t^aic  tha 
same,  but  HlhliactiM  Aem  when  differaal,  lima  tlw- 
quantity  •  added  to  the  quantity  b,  makeaa     I;  end  • 

added  to  —  b,  gives  a— ^:  also  the  cpropound  quantity 
(5a  —  b)  added  to  (4a  3i}  produces  the  sura  (Oa-^Si). 
Sec  the  followim  aiamplea : 


5ry 
— 4<ix 

ixy  H 


6xy 

—  laiy 


7«»  • 

-2aV 


6*y  -  7<y-  2ajry        4a6  -i-  2«V 

+  ft*  V  -  7*y  »» 

S«r  ■•■  6»!  V  —  I* 

50  —  3**  3/  -t-  izy  —  ax* 

100  ^   j*_        3/  -  a^'-*-  0** 


^  It 


Additiow  of  Algebrait  Proeliotu,  is  performed  by  the 
same  rule,  as  has  been  given  for  addition  of  vi4gv  frac- 
tions ;  as  will  be  seen  by  the  following  exaropkti 

£«.  J.  —  ^  —  .1  ^'"**     Jf£2  —  A- 
a        ;         «j    ^   ai  II 

Ex.  2.  y  -t-  -ij—  1-  7y  -  ~— 

Adsitiok  ^  Surdt.    In  this  rule  all  the  gjfaa  t,  

tiliaa  aott  be  reduced  to  tbe  same  denominadaiH  or  to 
tbe  nme  radical,  if  that  can  be  done }  then  adding  ar 
uniting  the  rational  pirti,  and  lubjoining  the  common 
awrd.   OtherwiM  connecting  them  with  their  own  s'j^ns. 

Sov'a      ^^18^^(4  a  2)      v^(9  K  2)= 

and  »/12  -f  v/27  =         *  3)  ^  ^(9  x  3)  =  2^3. 

3v/3  =  iv^'^  =  vT  ' ; 
mnd^5K)      ^7^  =  >^a)-f-v'(2i 
■*■  5s/3  =  (v^2  -t-  ^3)  5; 
but  of  y/5  and  ^6  the  sum  i*  set  doma^S 

cause  the  terms  are  iOOaaiaMMMra" 

to  a  common  surd. 

Addition  of  L/^rithmt.    See  Lo);afithms. 

Additiom  qf  Ratio*,  tha  same  as  coinpoaittoia  of  ratioe; 
which  see. 

ADDITIVE,  denote!  MMMthii^  te  be  added,  to  another, 
fB.CQBliidMi9Clioii  l»  wwuMwt  ta'ba  IdicQ  mmj  vt 


V'fi,  be. 
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Mbtnctid.  80  aitrowiimm  apeik  af  tMitiw  cqMtion^ 

■ad  aaameitnennt  of  additive  ntias. 

AOELAllO,  or  Atkblabb,  wMtlMrned  motdc  of 
fiatb,  in  Eagland,  who  Nourished  about  the  year  1 130,  as 
appean  by  fome  manu:<cript!i  of  his  in  Corpus  Christi,  and 
IrroityCollegM,  Oxford.  \\«siiis  says  he  was  univcrsully 
learned  in  all  the  jciencfs  <il  his  liiiu'  ;  »nJ  that,  to  acquire 
ail  5iir!5  oi  kill  »  i'  ilgp,  lie  tr.ivi-lk-d  into  I'liinC'',  (  .1  riii.iiiy, 
Itniy,  iMjiain,  Kgypt,  and  Arabia.  Me  wir.ic  many  b<i<jks 
himtelf,  and  translated  other;)  fron'.  ilil'crmL  Unzuages:' 
thus  he  tramlated,  from  Arabic  into  Latin,  Luclid's 
Elements,  at  a  time  before  uny  Greek  copies  had  been 
discovered ;  aUo  Ertchiafatim,  on  the  seven  planets.  He 
wrote  a  book  on  the  teten  liberal  arts,  another  on  tbe 
astrolabe,  another  on  the  causes  of  natural  campodtioM, 
besides  several  00  physics  and  on  ncdidne. 

Though  V«nitu  lefen  to  Oxford  in  Maie  of  ihoa  IWK 
nuMfiptty  it  would  jot  tetm  thcv  won  not  to  h«  ftamd 
then  fai  WidKilitiiMi  kt  tho  DMor,  ncokiiis  of 
Aothor,  mil  other  £qg1ish  atithon  and  timvellen  obout  the 
same  age,  says,  "  A  particular  account  of  these  travels  of 
Slielley  and  Morley  was  a  while  since  to  be  seen  in  two 
prefaces  or  two  manuscript  books  of  theirs  in  the  libiar  v  of 
Corpus-Chtiiti  College  in  Oxford,  but  halh  lately  (by 
some  unkfijun  hanii)  litin  cut  out,  u.-j.i  ciinuti  a«ay  ; 
which  prcfact  M  (one  or  lx)th  of  them)  diii  also  mHke  nu  ii- 
tii'ri  i;i  [(le  travels  of  Alhelardus  Buthoniensis,  and  aic,  to 
that  purpose,  cited  by  Vossiui  out  of  that  manuscript 
copy.  Whoever  halh  them,  would  do  a  kindness  (by 
•ome  way  or  other)  to  rtstore  tbenij  or  at  least  a  copy  of 
them.*    Wallis':»  Algtfam,iM.6. 

ADELM,  Alduklmos,  orALTBUHVS,  a  learned 
Englishman,  who  flourished  about  lha year  980.  lie  was 
fint  aUmt  of  Malnuboiy,  and  aftenrwd  bishop  of  Shir* 
bum^  ^^4i9d  i»  the  year  709,  ^  monastery  tt 
Mtfmjltfmi-'^iMm  was  the  son  of  Kmnd  or  Kantgi^ 
who  who  Ae  hrdber  of  Ina,  king  of  the  West  SaiOns  in 
En^and.  Besides  certain  books  on  theology,  he  cotnpo' 
scd  several  on  the  mathematical  5ciences,  &c  ;  as  Arith- 
metic, and  Astroloj;y,  and  librum  de  philo&ophorum  disci- 
plinis.  See  Bcde's  History,  lib.  5.  cap.  19.  He  is  also 
nirntiiired  by  Bale  and  William  of  klalmsbury. 

.^Ul'^RAlMIN,  or  ALOEaAiMix,  the  Arabic  name  of 
a  star  of  the  third  magnitude,  in  the  K-ft  shoulder  of  Cc- 
pheus  marked  a  by  Bayer,  lis  longitude  for  176i,  T 
9'  3tf  8",  north  latitude  68*  5ff  WT. 
ADFECTEO,  see  ApracraD. 
ADHESION,  ABHiaavca,  in  Physics  and  Cbcmis- 
Kjb  » .species  of  attiaction  which  takea  place  hetweaa 
AiM^eea.  of  bodie«»  ihatoM  aithor  iMhir  or  dMmi' 
wit  Bod  whldb  ib  •  «trtwa  dagm  connects  them  to> 
(tther ;  l|nu^  watar  adbcm  to  tha  fingers,  mercury  to 
gold,  two  pieces  of  lead  or  hmi  lo  cachothar,  dte.  Hence 
arises  an  important  distinction  between  two  words,  that  in 
u  l  i.j^.  ami  popular  wnse  art  often  conl" 'uinlri!,  that  15, 
Adhciivn  and  CbAfjion.— The  former  denotes  an  utiiou  lo 
aceci.iin  point  betuoen  two  similar  or  dissimilar  substan- 
ces ;  and  (he  latter,  that  which  rctaios  together  the  com- 
ponent particles  t>l  the  same  mass. 

The  pro.ximalb  tauic  of  adhi-iion,  ha*  been  variously 
stated  by  difierent  philoMiplier«.  James  Bernoulli  attribu- 
tad  it  to  the  pressure  of  the  air ;  but  this  was  afterwards 
found  lo  be  incorrect  by  some  experiments  made  by  Mr. 
Banksbcc  j  aaid  it  ha*  sittce  been  provad,  that  tha  power 
of  adhanoo  ia  propanmwl  to  tha  wimkm  of 
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points,  and  this  d«pmit  on  (hofgUO  of  tha  portielai  of 
whlcdt  the  hody  it  foaMds  aadla  niid  hodici  on  the 
degnaio  whith  thair  atirftcet  arepdiiihed  and  eomprened. 

Dr.  Brook  Taylor  first  observed,  in  1 7 13,  the  ascent  of 
water  between  two  planes  of  glass ;  this  led  him  to  make 
several  cxperimcnti  on  the  adhesive  power  ol  surl'ares  ; 
from  which  he  concluded  that  the  dearie  of  this  force 
might  be  mcasiin-ii  tlic  w>  loii'-i  i''!  tn  >epiiraie 
them.  This  idea  was  taken  up  and  pursued  uiiu  const-' 
derable  success  by  M.  de  .Morveau  (now  M.  Guyton). 

He  procured  cylinders,  or  rather  plates,  of  difR-rent  me- 
tals in  their  highest  state  of  purity,  which  were  made  per- 
fectly circular,  highly  polixhed,  and  furnished  with  a 
•mall  ring  fixed  to  their  centre,  each  plate  being  exactly 
an  inch  in  diameter.  Those  pli4es  wetc  in  turn  snspeoded 
to  the  am  of  an  amay  bakncei  and  hcing  exactly  ooun- 
tnpoiied  by  wd^ts  placed  in  the  icala  attnowd  to 
tha  oppoaito  am,  weia  u>plied  to  mercwy  In  a  vcmet 
ahoBt  {.of  an  inch  below  ihero.  AAer  sliding  tbem  aloi^ 
the  samce  to  prevent  any  air  from  lodging  between  tbem 
and  the  mercury,  Hi  iglijs  wew  »ucci  ^'ivi  I',  r.i'drd  to  the 
scale  nUaclied  to  the  opposite  arm,  till  :i;e  inllioior.  be- 
tween the  pime  mul  the  mercury  na.s  brokri)  :  and  tresh 
mercury  was  used  lor  each  »xperiaienl.  1  he  rrtults  of 
which  are  exhibited  in  the  following  table. 
Gold  adheres  to  mercury  with  a  force  of  446  grains. 
Silver  .HM.M*»..».,.«*........^..........,.  4<9 

Tin  419 

Lead   S9f 

Bisnoth  ......»..M.....M..»....*.......*...  SyS 

Zinc 

Copper      MMM»>MMMM»MMm«rM»M*.»  |4C 

Anlimflny  (i«{gtd«s)  ....»..>».»..........  190 

.Oabait  iiitw % 

These  csq^BMBt*  daaily  pmed,  as  indeed  had  been 
hefoK  done  by  Ifankibeei,  that  tha  atmoapheia  was  not 

the  agent  or  cause  of  adhesion ;  for  Imd  this  hccn  the  oasp, 

it  is  evident  that,  the  surfaces  being  the  same  in  each  expe- 
riment, the  force  of  adhesion  in  each  niU5t  have  h<  <  n 
equal  also.  The  above  method  hais  b<^n  since  pursued 
to  grrater  lengths,  and  with  ninrc  s(  cmi-hc  v  by  M.  Ach- 
.ard  and  others,  wbo  took  into  their  arrount  the  tempera- 
ture of  the  fluids.  And  train  the  r.  sult  of  thc<c  inter- 
esting experiments  wc  may  conclude — That  there  exists 
a  tendency  to  adhesion  between  many,  ami  pmljably 
between  all  substances  in  nature,  absolutely  indepen- 
dent of  atmospherical  or  any  other  external  pressure; 
that  tha  force  of  this  adhesion  between  solids  is  in  the 
order  of  their  cfaeaueal  adbuties ;  and  hatwasB  solids 
and  fluids  in  an  iawna  nfia  to  tha  themoHMtiical  Cna- 
peratnre,  and  in  a  dinct  ratio  to  the  squares  of  tha  sw^ 
faces ;  also  that  every  solid  adheres  with  a  peculiar  force  10 
each  fluid  ;  that  this  force  is  truly  expressed  by  the 
weight  neciisary  to  break  the  adhesion,  in  all  cases  where 
the  solid  comi-s  out  clear  from  the  tluid  ;  but  that  when 
any  [iiirliclcs  of  the  fluid  adlu  ri  lo  the  solid,  tiie  «t:j;htof 
liio  counterpoise  is  then  expressive  of  the  mixed  lorce  of 
adhesion  between  the  surface  of  the  Mdid  and  the  fluid,  :  .d 
of  the  cohes4oa  between  the  component  partie  h  s  of  the 
latter. 

In  order  to  keep  a  connected  view  of  this  subject  in  its 
progress  towards  perfection,  such  experiments  only  have 
'  been  related  as  most  materially  tended  to  tha  aocomplisb- 
of  that  dtnnblo  Md;  i  ' 
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riiiu«  and  entpftaining  exprnnuni!;.  ha\i  not  born  mt-n- 
Uoiicd.  At,  howcviT,  tome  of  lhi-?.L'  mav  ulTunJ  a  ilcjirro 
ul  saiisfaclkou  and  >i[uiiMineril  tu  the  reader,  we  have  de- 
tailed a  few  vf  ihc  mo!>t  iDtere»ting  ones,  at  they  amn*. 
latfit  by  MuHcbvubrufk  and  Martin.  TJw  fonNr*  id 
Itik  Philaiopby,  ««  tniislaled  by  Caktm,  nhlMl  ^  two 
cyliaden  of  gUuu,  wkme  i'tamuat  wen  not  i|ait*  Mro 
iiwlMii,  being  htatcd  to  the  tk^pw  of  Mliif  water,  nA 
l<NiHd  M^thw  by  «WHaf  aMtoed  lalktw  l^kdy  piii 
twi«D  tlMMi,'«liMHd  wiA  •  ftm  of  ISO  poundi:  lf«d  of ' 
the  man  dkmtitr,  iad  in  unilar  circuouuiicet,  odhmd 
with  a  force  of  975  pomd«,  aii<i  ^uft  iron  with  a  force  of 
300  |M}und>.  And  Martin,  m  lii^  D.ilosophia  Britiin- 
nica,  vol.  I,  says,  thai  with  t.vo  Io.jlIlu  ball?,  not  weigh- 
ing above  a  puund  i'uch.  iioi  luiii-hiiit:  'in  more  than 
of  a  squiue  inch  ul'  burlacc,  i',<-  \ui^  Jilted  inure  thuii  IM 
puuiid:s  wi'ight :  the  bulls  hL-iiig  tir<t  very  fineiy  plaiii.-<i 
with  ihe  edge  of  a  shurp  pen-knifo,  and  then  equally 
prriiiicd  together  with  u  coiikidcmblc  force,  and  a  gentle 
turn  of  the  bood.  Tk«  force  oiadhetiuii  between  two  br»<>>> 
plaM,  of  about  4(  inch<  t  diameter,  and  sroeured  wiUi 
greate  or  bi,  it  lo  powerful,  a*  to  fe^ia  more  than  die 
atrengtb  of  two  iirang  aian  to  teptfala  tbeis.  Those  who 
wiih  to  t«  Bwre  tm  liiii  *ubj«ct.  may  Coasult  to  advan- 
tage the  Supplement  lu  EiicydopMia  Britaoaiet»  art. 
Cbemiiiry,  and  Heea'  Cyclopedia,  art.  Adhoioo  t  M  alto 
tba  two  works  above  InentioMii. 

AOHIL,  in  AtLronamy,  a  star*  of  tba  6A  iMpjtlHlt, 
eo  the  garment  of  Andromeda,  nocler  the  last  Mar  ia  ber 
loot. 

ADJACENT,  whatever  lies  immediately  by  tbc  side  of 
aouther. 

Adjacent  An^U,  in  Geometry,  is  said  of  nn  angle 
»heii  it  Is  iiiitm. oi'i  Iv  oiiitiguuus  t"  imuther,  so  iliat 
they  have  both  <ine  ciuiiau<n  side.  And  the  term  is  moie 
particulurly  usod  when  the  two  angles  have  not  only  one 
common  tide,  but  also  when  the  oiber  two  &]ck»  form  one 
CDOtinucd  right  line. 

Adjacent  Bodttt,  in  Physics  arc  understood  of  thoto 
that  are  near,  or  next  to,  some  other  body. 

ADJUTAGIi»ormtb«r  AJUTAGE:  whicbtaa. 

ADSCRIPTS^  in  Trigonometry,  it  uied  by  mm 
tbamatidaw,  fer  tbo  t^gtnltof  mo.  VietncaUithmn 
alia  pratinae. 

ADVANCE-FossB,  in  Fortification,  a  ditch  thrown 
round  the  esplanade  or  glacn  of  a  place,  to  prevent  itt 
beiij^  Mirjin-ni  \\y  O-w  bi'Mi-^,, r?. — Tin'  ditch  sometimes 
made  111  that  pari  of  llie  lines  ur  relreiiclimenls  nearest 
the  enemy,  to  prevent  him  from  attacking  ihem,  is  also 
called  (he  advance-fosse. — The  advance-fusio  should  al- 
ways be  lull  of  v\8ter,  olherwiic  it  will  serve  tn  ri)ver  liu- 
encnty  from  the  hrc  of  ibe  place,  if  be  should  become 
raiist'  r  of  it  Beyond  the  advaaoa*fillM  it  It  Utwal  tO 
const  I  net  lunettes,  radouls,  dec 

ADVENT.  ilibmMM,  ia  lb*  CtloMlnr,  iba  tina  imme- 
diately preceding  ChrittiMS}  and  waatapitndljraoiployad 
in  pious  prtparaiion  for  tha  •dbtMM^  or  cawim  on,  of 
the  fcaat  of  the  Nativity. 

Advent  iadndtf  four  Swadagr*^  or  wtebj  cawitBdug 
either  jwith  the  Sunday  wbi^  6Us  on  St.  Alldaavit  dajTs 
twmely  the  30th  day  of  November,  or  tha  flcaitst  Sandsiy . 
to  that  day,  either  before  or  after. 

«()L1PILE,  Molipila,  ill  Hydraulics,  a  hollow  ball  of 
metal,  with  :i  wiy  siiiall  bole  or  opcmnp  ;  chletly  used  lo 

show  the  cuuvertitijliiy  uf  water  into  clatltc  ttCMO.   i  J>e 


best  way  of  fitlins  up  this  insfrumei.t,  i-  ;i  vci}  slen- 
der neck  or  pipe,  tu  screw  on  umi  ul),  fur  ilic  eonveitience 
of  introiluclUg  the  water  inlu  the  inside ;  fur,  by  un, 
acrewiug  the  pipe,  and  immerging  the  ball  in  water,  it 
teadily  fill*,  the  hole  bein;;  pretty  large;  and  then  the 
is  screwed  on.  Uut  if  the  pipe  do  not  unscrew,  its 
onfice  i»  too  small  to  force  its  way  inagtiast  iba  jndudad 
air;  and  thenloic  to  aipd  most  of  no  or,  dia  hall  it' 
hatiini  nrf-how  Md  MMldenly  i^lii^gid  witb  itt  oriSca  into 
water,  wUob  will  than  tmh  ia  till  tte  ball  it  about  two- 
thirds  filled  with  it.  The  water  having  been  introdiieed, 
the  ball  it  set  upon  the  fire,  which  gradually  beats  the 

contained  wntcr,  and  ccnvcrti  it  iiiin  el.i.slie  sleam,  this 
rushes  out  by  the  pi}"-  wiih.  j^reiit  violeiinj  uiid  iioii'j;  uiid 
thus  continues  till  ii.l  ihe  "utti  n  s^'  (ii^charged  ;  tlioti);li 
not  with  a  coiistmit  and  uniform  blast,  but  by  sudden 
iine^  :  and  tiji  vtron^r  the  fire  ia,  the  more  elastic  ttill 
tbc  steam  be,  and  thL-  greater  the  force  of  the  btait.  Care 
should  be  taken  that  the  ball  be  not  set  upon  a  violent 
fire  with  very  little  water  in  it,  and  that  tbetoall  pipe  be 
not  stopped  with  any  thing;  for  in  tucb  case,  the  includtsd 
elastic  steam  wili  mddei^y  bont  tbc  ball  with  a  very  «lan> 
gerous  explosion. 

This  instrumant  was  known  to  tha  aiwiaola,baiagMCB> 
tiontd  by  Vitruvius,  lib.  i,  cap.  6.  It  ia  altoltaotaAaf, 
or  awntiMwd,  by  tOMtal  asodcfo  nntfaatt}  as  Doscartaa, 
in  his  Melaar.  cnp.4;  nod  fhthar  Urrtnine,  in  profw 
99  Pbs^^tlom.  PttMWMt.  wtt  It  lo  ««%h  the  air,  by  finf 
weighing  the  initrwmant  whan  rad-ho*,  and  haviag  no  wa- 
ter in  it ;  and  afterwards  weighing  the  same  when  it  be- 
comes cold.  Hut  the  conclusion  gaiivcd  by  ihts  means, 
Cnnnot  be  qnile  atcuriite,  a>  llicre  is  supposed  lo  be  no 
air  in  the  ball  when  it  is  red  i;  it ;  wbere.is  it  is  i-h  uwn  by 
V'nrenius,  in  his  Geography,  rap.  ['■),  mi  t.  d,  jirnp.  10, 
that  the  air  is  rarefied  but  about  7u  times;  <inH  euhse- 
qucntly  the  weight  obtuitMrd  by  the  above  process,  will 
be  about  orMy70th  too  small,  or  mora  or  less  according  to 
the  intensity  of  the  heat. 

Descartes,  and  others,  have  made  use  of  this  instro- 
ment,  to  account  for  the  natural  cause  and  production 
of  the  wind.  And  haoca  iu  naiM,  ^U>lipila,  q.  d.  pila 
A>]i,jlal«rhan. 

in  Italy  it  is  said  that  the  MoMpWv  is  often  wad  to 
ehra  tOKiaky  chimneys:  for,  being  hung  ov«r  tha  fita, 
the  blast  atiiiog  (mm  it  eanica  np  tha  lotlaiim  iwairn 
along  with  it. 

A:i<!  some  have  imapinct!  ;hat  the  xolipile  mielit  be 
employed  sv,  bellows  to  blow  up  u  lire,  having  (lie  blusi 
from  the  pipr  directed  into  the  fire:  but  experienre  wruiid 
soon  tijin  iiee  them  of  their  mistake;  for  it  would  ra- 
ther I  l>.  w  the  fire  out  than  up,  as  it  is  nut  air,  but  rarelM 
water,  that  is  thus  viuleutly  blown  through  tbc  pipe. 

JBOLUS,  in  Mechanics,  a  small  portalile  mxrhinr,  irv- 
ventcd  by  Mr.  Tidd,  for  refreshing  and  changing  the  air 
in  rooms  which  arc  made  too  rclose.  The  machine  is 
adapted  to  supply  the  place  of  a'square  of  glass  in  a  issh- 
window,  where  it  works  with  little  or  no  noise,  on  ,tha 
principle  of  the  sails  of  a  mill,  or  a  tmohpjack;  aad  una 
adnilting  an  agreeable  quanii^  of  air,  at  •  eonvapkat 
part  of  tfao  room. 

/Botot'a  Mmpk  or  Alian  Jfaipk  m  hHCrMMitao 
named,  frnm  its  producing  an  agntnUt  ■windp's  isaraly 
by  the  action  of  the  wind.  Naithar  tho  Invunltj,  anr 
the  date  of  the  invi  ntion,  uf  this  instramrot  It  ncdMltdy 
known.  Kircber,  in  bis  Magia  Phenotactiai  and  Phcmir. 
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gift,  hu  given  the  fint  description  of  it ;  and  hence  the 
inventioa  of  it  hu  by  some  authors  been  attributed  to 
kirn. 

Its  construction  is  cxtremdy  simple,  as  it  conaists  of 
little  more  than  a  number  of  cat-gut  or  wire  strings,  dis- 
tended in  parallel  lines  over  a  box  of  thin  deal,  having  a 
top  of  the  same  thin  wood,  with  sounding-holes.  Then 
the  strings  being  tuned  in  unison,  and  the  instrument 
placed  in  a  proper  situation  for  receiving  a  current  of 
air,  a*  an  open  window, &c,  it  produces  by  the  tremulous 
notion  which  the  wind  communicates  to  the  strings,  a 
soft  murmuring,  and  pirasing  combination  of  sounds. 

The  late  Rev.  W.  Jones,  constructed  an  JEoUm  harp 
on  an  improved  plan  ;  the  strings  of  which,  instead  of 
being  on  the  outside,  are  fixed  to  a  sounding-board  with- 
in the  box,  and  the  wind  is  admitted  to  them  through  an 
horizontal  aperture.  In  this  form  the  instrument  is  port- 
able and  may  be  used  in  the  open  air.  Several  attempts  to 
explain  the  principlesof  the  wild  barmonyof  this  instrument 
have  been  made  by  diflerent  authors:  of  thite  Dr.  Young's 
i*  considered  as  the  roost  satisfactory,  which  is  here  sub- 
joined. The  particle*  of  a  current  of  air,  which  strike 
against  the  middle  point  of  a  stretched  elutic  string,  will 
move  the  whole  string  from  its  rectilinear  petition;  and 
as  no  breeti:  continues  of  the  same  strength  for  any  con-, 
siderable  time;  although  it  be  sufficient  to  remove  the 
string  from  its  rectilitH-al  position,  yet,  unless  it  be  very 
rapid  and  violent,  it  will  not  bo  able  to  keep  it  bent;  and 
consequently  a  vibration  will  ensue,  and  pulses  in  the 
air  will  be  excited,  which  will  produce  the  tone  of  the 
entire  string.  But  if  the  current  of  air  be  too  strong 
and  rapid,  when  the  string  is  bent  from  the  n-ctilitieal  po- 
sition it  will  not  be  able  to  recover  that  position,  but  will 
continue  bent,  like  the  cordage  of  a  ship  in  a  brisk  gale. 
However,  though  the  whole  string  cannot  perform  its  vi- 
brations, tlie  subordinate  aliquot  parts  may,  which  will 
be  of  different  lengths  in  diSercnt  cases  according  to  the 
rapidity  of  the  breese.  Thus,  when  the  velocity  of  the 
current  of  air  iiKreases  so  as  tu  prevent  the  vibration  of 
the  whole  string,  those  particles  which  strike  against  the 
middle  points  of  the  halves  of  the  string  agitate  thoae 
halves ;  and  as  these  vibrate  m  half  the  time  that  tha 
whole  string  docs,  notwithsianiling  the  breese  may  be  too 
rapid  to  admit  of  the  vibration  of  the  whole  string,  yet 
it  can  have  no  more  effect  in  preventing  the  motion  of  the 
halves,  than  it  would  have  on  the  whole  were  its  tension 
quadruple;  for  the  times  of  vibrations  of  strings  of  dif- 
ferent lengths,  agreeing  in  other  circumstances, are  directly 
as  the  lengths ;  and  in  strings  of  different  tensions,  and 
agreeing  in  other  circumstances,  inversely  as  the  square 
roots  of  the  teiuions  (see  Chord)  :  and  therefore,  their 
vibrations  may  become  strong  enough  to  excite  such 
pulse*  as  will  affect  the  drum  of  the  ear:  and  the  same 
may  be  said  of  the  other  aliquot  divisions  of  the  string. 
Those  particles  which  -strike  against  such  points  of  the 
stnng  as  are  not  in  the  middle  or  aliquot  parts,  will  inter- 
rupt and  counteract  each  other's  vibration,  as  is  the  case 
of  sympathetic  and  secondary  tones,  and  therefore  will 
not  produce  a  sensible  effect.  When  MoViia  notes  are 
heard,  which  are  not  produced  by  any  submultiplcs  of 
the  string,  they  are  very  transitory,  and  immediately  vary 
ihiir  pitch,  till  they  coincide  with  the  notes  the  next 
above  or  below  them,  which  are  produced  by  the  exact 
aliquot  pnru  of  the  whole  string:  and  thus  the  harmony 
is  never  lutcrrupted  by  loog-continucd  discurda. 


i£RA,  in  Chronology,  is  the  same  as  epoch,  or  eporha, 
and  means  a  fixed  point  of  time,  from  which  to  begin  a 
computation  of  the  years  ensuing.  The  word  is  some- 
times also  written  era  in  ancient  autbon.  Its  origin  is 
contested,  though  it  is  commonly  supposed  that  it  had  its 
rise  in  Spain,  other*  say  from  the  Arabs.  Some  imagine 
that  it  is  formed  from  a.  er.  a.  the  abbreviations  of  the 
words,  amma  erat  Augutti,  or  from  a.  t.  r.  a.  the  initials 
of  the  words  aniaa  erat  regni  Aagtuti,  because  the  Spa- 
niards began  their  computation  from  the  lime  that  their 
country  came  under  the  dominion  of  Augustus.  Others 
derive  it  from  <rs,  brau,  the  tribute  money  with  which 
Augustus  taxed  the  world.  It  is  also  said  that  ttra  origi- 
nally signified  a  number  stamped  on  raut>cy  to  determine 
its  current  value ;  and  that  the  ancients  used  eu  or  arn 
as  an  article,  as  we  do  the  word  item,  to  each  particular 
of  an  account ;  and  hence  it  came  to  stand  for  a  sum  or 
number  itself. 

yEaa  also  means  the  way  or  mode  of  accounting  time. 
Thus  we  say,  such  a  year  of  the  Christian  mn,  he. 

i^Haiih  itaa,  otherwise  called  the  year  of  Cnar,  was 
introduced  after  the  second  division  of  the  Roman  pro- 
vinces, between  Augustus,  Anthony,  and  Lepidus,  in  the 
7l4th  year  of  Rome,  the  4676th  year  of  the  Julian  pe- 
riod, and  the  38th  year  before  Christ.  In  the  447th  year 
of  this  aera,  the  Alani,  the  Vandals,  Suevi,  ice,  entered 
Spain.  It  is  frequently  mentioned  in  the  Spanish  affairs; 
their  councils,  and  other  public  acts,  being  all  dated  ac- 
cording to  it.  Some  say  it  was  abolished  under  Peter  it, 
king  of  Arragon,  in  the  year  of  Christ  1358,  and  the 
Christian  sera  introduced  instead  of  it.  But  Mariana  ob- 
serves that  it  ceased  in  the  year  of  Christ  1363,  under 
John  I,  king  of  Castile.  The  like  was  afterwards  done 
in  Portugal. 

CArutian  JEha.  It  is  generally  allowed  by  Chronolo- 
geis,  that  the  computation  of  time  from  the  birth  of 
Christ,  was  only  introduced  in  the  sixth  century  in  the 
reign  of  Justinian  ;  and  it  is  commonly  ascribed  to  Dio- 
nysius  Exiguus.  'lliis  era  came  then  into  use  in  deeds, 
&c;  before  which  time,  either  the  olympiads,  or  the  year 
of  Rome,  or  that  of  the  reign  of  the  emperors,  was  used 
for  such  purpose*. 

See  an  account  of  the  other  principal  aras  under  the 
word  Epoch. 

AERIAL  Ptrtpective,  is  that  which  represents  bodies 
diminished  and  weakened,  in  proportion  to  their  distance 
from  the  eye. 

Aerial  Perspective  chiefly  relate*  to  the  colours  of  ob- 
jects, whose  force  and  lustre  it  diminishes  more  or  less, 
to  make  them  appear  as  if  more  or  less  remote.  It  is 
founded  upon  this,  that  the  longer  the  column  of  air  an 
object  is  seen  through,  the  more  feebly  do  the  visual  rays 
emitted  from  it  afliect  the  eye. 

AEROGRAPHY,  a  description  of  the  air,  or  atmo- 
sphere, its  limits,  dimensions,  properties.  Sec. 

AEROLITHS,  or  Abeolitss,  i.  e.  Air-atones,  or 
stones  from  the  atmosphere,  are  those  compound  kind  of 
masses  which  sometimes  fall  from  the  atmosphere,  in  all 
countries,  aitd  which  are  therefore  often  called  meteoric 
stones. — The  descent  of  any  such  bodies  was  for  a  long 
time  doubted,  the  popular  opinion  that  attcsled  the  rea- 
lity being  mostly  regarded  as  a  vulgar  prejudice ;  but  the 
hct  ha*  been  often  proved  of  late,  in  such  a  manner  as 
to  leave  no  reasonable  doubt  of  the  existence  of  the  plias 
Doracnoo.   Sec  an  account  of  muy  of  these  dcscenu, 
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({(vciibcd  in  my  paper  oa  tfcii  salycctt  h  the.  Ahlidg. 
Philos.  Tratvi.  vol.  0',  pa.  IOO^«S  W«U  n  Mf«nl  «dMrM- 

counts  ihcrc  n-l'crred  to. 

I'lii-  tullowJii;^  t;iljlL',  diH-'.ji  u;i  by  M.  h-arDii,  .1  philo- 
iopber  who  bat  paid  cuii^iiiciubie  atleuuoii  lu  (he  hulory 


SliowiT  of  sulphur 
Shower  of  stones 


Showrr  of  iron  

Shower  uf  Mercury  

A  very  lurje  iUmv  

Thnx-  lart;c  ^tun.  s  

Mass  of  I  run.  1  V  quintals... 

'Lbi);c  5tii!ic,  o6iili)s  

.About  IV'UO  ilonis;  one') 
ItMbs.  another  of  601b<.j 

Aaodier,  of  5Slbs  

Snlphviiom  nun  ». ........ 

tht  MUM..'...  

SlMwer  of  tImM  Mtler.... 

Stone  of  7Slbt 

Shower  of  &n  >•«»•••«•••.• 

Shower  of  sniiil  Ibr  15  hoan 

Shower  lit'  '.ulj'liiir  

A  stony  iiiusi 


Sodom  wvl  Gomorrah . 

Atr 

At 


of  thae  bodies,  exhibits  a  collection  of  some  of  tht  best 

authenticated  ni'tiiricis  of  tlie  fiilling  of  stonr«,  and  other 
subitaace^,  trom  ;hi-  atiiiusphcie,  (hat  have  bpen  obs»  rve<), 
wilii  tlio  titncD  wlipn  they  IVII,  -uiii  ihc  aulhi>ntkl  or 
luuncs  of  the  persons  on  whose  evidence  the  tacts  iviU 

Timet  qftkeirfoB. 
Year  hefon- J.  C.  I898... 

Under  Tullius  Hoitilius. 


In  l.iicunia  

In  Ital>  „  

Nrnr  tht-riverlii<y«;nince 

In  I'hmci'  

.'VbakiiK  k,  Sibrriu   

Knsiiheiin,  Upper  Rhine... 

Ninr  Pailua,  in  llal^  

Mount  V'aiier, 
CopenbagMi 
Dnchy 
Icduil... 


Quemoy  ••*•••••< 
AlhMie  0««M.. 
Brunswick  ..... 
Niort,  Normandy. 


Shower  of  slones  ;  Near  Tabor,  Bohemia  , 

Two  ston«.  uu  20lbs  

Two  do.  200  and  300lbs  ... 

A  ttnnc  of  7ilbs  

A  stone........  

A  Btutve  

Shower  of  stone*  

Bxlemive  do  

Aboat  IS  stone   

LaqeMimeof  SSIbi   

A  itoM  of  IOUn  ..•  •••• 

A  itoae  of  fOlfat 

-  A  stone  of  SOlbi  

SlMwcr  of  stones  

Mass  of  iron,  70  cubic  ft. 


I.iponas  in  Bresse 

Nrar  Vi-iona  

At  Luce,  in  Le  Maine  

Airr',  in  Artois  

In  Lc  Colcniin  

Near  Roquefort  

Environs  of  Agcn  

Sienna,  Tuscany  

Wold-Cottage.  York*  

In  Portugal  

Sales,  near  Ville»FramiieM 
Sale,  dept.  of  ttw  RiMiie ... 

Bcnare*.  East  todies  

Amt^ca  

Somcstones.fmm  lOio  I71b>. '  l.'Ai^le,  Normandy  

To  this  list  might  be  added  many  more  ittslunceit,  and 
tfaera  several  of  more  recent  dale.    Of  these 


Consuls  C.  Martius  ■ 

Torquatus.. 
Year  bcf.  defeat  of  Crassus 


iSi  .M.| 


2tt  year  of  7Rih  Olympiad 

Year  before  J.  C.  452  

\'ery  old  

Nov.  7th,  J 492  


In  1510  

Nov.  27,  1637 
In  1646. 
la  lfiS8.„ 
la  16!9S......M. 

January  ITOS. 
Jan.  4th,  1717 

April  6,  1719  

October  1721  

In  1750..  „ 

July  3d,  1753  

September  1753  

In  I7f>2  

Sept.  13,  17<>«  

In  I7('«  ....... 

In  1768  «..,„„... 

July  1789  

July  24,  1790  

July  1794  

Dec.  19,  179^  MMMMtn... 
Feb.  ISi  IfSo  •••.«..»,.•*... 
Marcb  IS,  179S 
Mardi  17, 179* 
Dec.  19,  179S». 
April  ,S,  1800..., 
April  CO,  1803,. 


Moses 
Uvy 

J.Obicfaeas 

Pliny 
Dion 
Pliny 

Ch.  of  Count  Marcellht 
Pallas,  Chladni,  ftc 

Butcnscboen 

Carflin,  Varait 

Gassendi 
Olaus  Wormius 
Spaugenberg 
Muaebcabroeck 
Paul  Lncaa 
Geoffroy  le  Cadet 
Pere  le  FeuilUa 
Siege^ber 
Lalande 

15.  dc  Bom  , 
Lalandc 
Acad,  de  Boufd 
Bachelay 

Gunon  dc  Boyavtl 
Moraiul 

Darcet,  jun.  Lotnct,  &c 
St.  Amand,  Bandin,  ttc 
Vjii'.  u!  iiri^lol 
Capt.  Topbam 

Soutbqr 
De  Orte 

Ldiem  &  Dc  Drfe 
J.  Lloyd  Wllianis 
Philos.  Magasine 

Fourcroy 


cent  fusiuii.   Be»id<-s,  scvcrjl  of  these  singular  »ul>sta!ice» 

  hJive  biTii  very  carefully  examined  and  analysed  by  Four- 

the  larger  kinds  have  been  seen  a*  luminoiH  bo-  cro^,  Howard,  R  >tirnois,  Lavoisier,  Vauqueiin,  andolluT 
liics  moving  with  very  great  veluciiios,  descending  in  ob>  eminent  ciieimii'<  ami  naturdisis  in  Euiupc;  aad  it  hat 
lt«|iia  dinctioaa,  coaimonly  with  a  loud  hissing  noise,  re-  been  found  that  all  the  subilances  examined  agne  very 
aeml^im  *f  ■  mortar  shell,  or  cannon  ball,  or  ra-  nearly  ia  nature  and  compoiiiitoii,  havii^  the  saiua  com- 
therthat  of  aaifRfular  hard  hm«s  viuftntly  projected  poncnt  matcmia,  and  in  neariy  tlw  taaie  |n«|ioirti«n»: 
tiiroo^  the  air;  surrounded  by  .1  blaie  or  Ha  me,  tapering  thus,  tbe  stonet  examined  by  ContitdaBouraoa  and  Mr. 
<./T  to  a  narrow  stream  in  tbo  binder  |>art ;  they  are  heard  Howard,  were  found  to  Oooaiit  of  four  distinct  sub»taoces, 
ti  explode  or  burst,  and  even  to  fly  in  pieci  s,  the  larjter  a  peculiar  martial  pyrlfps,  a  number  of  globular  and  el- 
parts  going  fort  iniis:,  and  the  stn^iller  following  in  surces-  lipiicul  iHi  liuv,  uKu  of  ;i  peculiur  nature,  hii.I  an  earthy 
>:i>ti  :  ihey  nrv  thus  seen  to  fall  <in  the  eaith,  strikini;  it  ci  imin  '■tirrtiuiidir'y.  tn.'  n'ln  r  ciini()uiieMl  pajr-i.    The  na- 


seeii 

•i.lJi  (;re;it  muIliri-  ;  iiiid,  "it  examlninp  the  pluce  of  the 
fill,  the  pjrts  Hie  tiniiid  icatlered  about,  be.na  still  con- 
tul«r.ibly  warm,  and  ino»tl\  entered  several  inrhes  deep 
in  (Uc  earth.  B'^t  thi  ir  n)o»t  remarkable  cliaracter  is, 
that  they  .*  perlect  irsemlilaiice  to  one  another. 

Tb^  are  ulwayit  t'nund  to  be  different  from  the  neigh- 
bouring bodies,  and  show  in  every  case  the  same  appear- 
ance of  sensimctollic  matter,  coated  an  tbe  outside  with 
a  ibia  black  iocmiatioii,  and  bearing  Strang  narkt  of  i«- 
Voi-1. 


t«ire  lit  the  iiietallir 
in  each  an  alloy  ut 


[■urlicles  was 


the  s.-\nu:  in  ;ill,  bi  iii^ 
iii-n  and  iiiki  l.  In  the  jiyrili-s,  iiik^  l 
as  well  as  iron  was  detected;  and  eas)  <)ef iimp'i>it  im 
of  the  pyrites,  by  muriatic  acid,  ati'^nlid  a  (libiiiitiii>!  i.i^ 
charat  ter  of  that  substance.  Tin-  nlnliulrs  njifannd  i\i.is>. 
ncsia,  silica,  with  oxides  uf  nikel  and  iron.  I  t"  earniy 
of  the  same  subitance*  nenily  in  ilir 
With  rvgiinl  to  tbe  proportions  of 
IbcN  comtituents,  tbe  ocWbialed  etoae  wkich  fell  at  f  :n- 


L.yiii_u^  i,^y  Google 


120., 
2-4.. 
3  5. 


A  K  R  L 

t'Xiw^  n  AlMce,  iu  1490,  aoA  ibaw  which  Ml  at  fA^ 

(lIt,  in  FraDC«,  in  1SU3,  wt-re  foun<i  lo  yk-ld,  by  the  atn> 
l^Mft  of  Foiircroy  and  Vau^udiB,  the  pfeporiions  Mtow- 

Mil,  iit 

5<»  0  of  silic:;   i4 

30-0  OX)  li  of  iroo   3(i 

..  magtvdis  •••••••••••  9 

..  mki:l...„..^.......  S 

105 

Itlilwwiw  tppmre  that  th«  tpedfic  grtviika  of  Am 
bodin  are  ntarly  alike,  and  nch  as  greatly  to  UCoed  all 
the  known  ordinary  ituni-»,  aad  approach  that  of  tha 
tallic  ore*.  Thus,  tbp  spiciric  gravity  of 

the  l-.nikiBhcim  Jtooc  wus  .'iZSJ 

Beaam  

^  Sienna  .*.   3418 

GosM'nHi'ii   3456 

York'iliirc  ••««•••••..  3308 

Bachulay's   3535 

or  MMh  jwrto  as  that  of  water  is  1 000. 

These  coroman  and  constant  rhninrters  indicate,  nilh 
strong  eridencc,  a  coiuuinn  origin.  Vet,  it  is  lo  be  re- 
DHiihed,  that  iron  is  hardly  ever  found  in  Lbe  metallic 
■talt  hi  Ktnatrial  faodiet :  volcanic  bodies  only  oontaio* 
ilttltta  thcttala  af  «a(|d.  NUkI  is  abo  mv  ran,  hnng 
aatar  iemd  an  ■uiMa  «f  tha  earth,  whenoeitap- 
Btan  natnial  to  coBChMbi,  ibU  aaraBlci  have  aa  origin 
Ibreipi  to  otir  ({lob»,  or  at  least  that  they  are  not  pro- 
duced by  phx-tiomctm  tlui!  have  bcfln  commonly  ohstrvwi, 
\'ariou»  Iivp'J|Ir'k.>>  ha\r  thcrvfcirc  been  ib-Msi'J  to  ac» 
C'lUiit  li>r  ilii'  origin  of  ihrsc  sioius.  Some  [iliilctsophcrs 
lliink  tlial  they  ari'  nothing  tIm  than  small  pliuu  t'^,  that 
circulate  in  space  after  the  tnanncr  of  llic  otlu-r  celestial 
bodies;  aud  wiiich,  when  found  euj;a^ed  In  the  earth's  at- 
inoiphcre,  become  there  inflamed,  by  the  resistance  and 
friction  they  experienoe;  that  they  lose  little  by  little 
llHdr  velocity,  And  at  length  fall  to  the  earth  by  their 
gnivtlalioii.  Mr.  Kin^  Sir  Wm.  Hamilton,  and  ftlheis, 
oaiMidarthcM  smne*  a»  concretions  actually  lonned  ia 
lha  atmaaphere :  while  others  hav«  imaginod  such  pliie- 
naoMaa  as  rcsnlting  from  electricity.  But,  in  my  Abridg. 
of  the  Pbilos.  Trans.  (voL  6,  p.  100),  I  have  shown  u^t 
only  that  it  n  possible,  bat  even  highly  probable,  that 
they  may  have  U-i'n  projected  on  the  eartli  by  lunar  vol- 
canoes i)n  subjeciins  ihii  idea  to  Calculation,  it  has 
been  |i>iimt  lliiit  ii  proirciii  •  f nci'  oldy  the  triple  of  that 

sometJinCT  ^iveti  to  cuiii       li;iiK,  would  be  sufficient  to 

carij'  a  txj<iy  out  «if  thi  .-plierc  of  the  moon's  influence, 
M)  that  rne  terrestrial  firnviution  would  drnw  it  (ounrdi 
our  planet.  Nor  is.  U  ill  ;iM  improbnble,  that  lunar  vol- 
caiH-et  might  impress  such  a  force  on  a  body,  lince  ter- 
KMriai  volcanoes  can  communicate  n  much  girnter  im- 
ptihian.  This  opiaiaa  acquires  a  ln-«h  degree  of  proba- 
Mli^  ftom  tha  feemt  ohwrvatkms  of  M.  Schroeter  on 
tha  moan,  with  rvspect  tu  the  great  height  of  some  of  the 
lunav  TolcaiHivei  aad  the  frequrnt  variations  observed  oa 
the  svrfaM  «f  that  globe.  Thus,  then,  the  probability  of 
thia  drigiii  of  the  aerolites  appean  to  bo  greatly  in  fit* 
vour  af  thia  lait  nwoioii  i  wNight  in  tha  pment  state 
of  ovr  hnowMfge  «if  thete'sabstonees  and  of  metrorology, 
it  is  not  possible  as  yrt  to  decide.  For  .ii  i  nihis  of  the 
|j)ueiiomeua  of  many  acroiilct,  the  iDquiMiivc  reader  may 
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eeMh  Mt.  llMrari*a  valaahte  paper  in  tha  Phih».  Trans, 
for  the  year  lt09,  at  well  as  my  dimrrlatioA  above  i«- 

fcrrinl  lo,  *  . 

Al  RtJl.OCV,  tlif  ducliine  nr  srii  lu  r-  jf  riir.  :iiul 
its  pli<t.'i,  >mcou.  Its  properties,  good  nix'i  Imd  (jualitics, 
&c.   h  is  much  tha  lama  with  lha  Sutgmg  word, 

Acroi;r.ij)liy.  * 

.\  KlU  >M  F.Tin'.  Atroiuftria,  the  »cii  nce  of  measurio>> 
the  air,  its  powers  and  propertir-s;  comprehending  not 
only  the  quamiiy  of  the  air  iiself,  as  a  fluid  body,  hut 
also  its  pressure  or  weight,  its  elasticity,  rarefaction,  con- 
deiuatiori,  ttc. 

The  term  is  not  much  used  at  present  i  this  hnach  of 
■atitral  philosophy  being  usually  called  pneftroalica,  which 
aae.  Wolfius,  late  professor  of  asaihaaiatjfa  at  Uall, 
having  leduccd  several  properties  of  the  air  lo  geoRKtri- 
cal  demonstratiom,  first  published  at  I/>ipsic  his  Elements 
of  AerofOrtfy,  in  the  German  l.-inpuage,  and  afterwards 
more  enlarged  ill  Latin,  wliich  have  hik  c  l  i>  n  inserted 
in  his  Cur>u>  MHlliemiiticus,  m  livi  voiumes  in  tlo. 

AERON.^UTIC  A,  tliu  pn-li  lukd  art  of  sailing  thrnu'li 
the  air,  or  atmosphure,  in  a  vessel,  iUMained  as  u  >iiip  in 
llie  sea. 

A  tROST.\'riCA,  i^  properly  the do<'irinc of  tiie  weight, 
pressure,  and  balanci  ol  the  air  and  almo'tphore. 

AI'.ROSTA'I'iUN,  in  its  proper  and  primary  sense,  de- 
notes  the  science  of  weights  suspended  in  the  air;  bat  in 
the  modern  application  of  the  term,  it  signifies  the  art 
of  navigating  or  floating  in  the  air,  both  as  to  the  prac- 
tice and  principles  of  it.  Hence  also  the  aiachinci  which 
are  employed  for  this  purpose,  are  called  i 
laamk  machiiiMi  and  whicln  on  aceoai 
are  otherwise  caUed  att^balli 
name  given  to  tlic  person  «h»  ipivigaica  or  flaaH  ia  tha 

air  by  means  of  such  machines. 

I'riricir-r^  r;/'  A  I  I: us  ;  \"i  1  u  N.  Tlie  ftiri<iiiHii-i.lal  prin- 
ciple <il  itiis  arc  haw  Uvii  Ujng  and  generally  known,  ns 
wi  11  li  spfculaiions  on  the  tlieory  of  il  ;  but  the  succe--- 
ful  appliculioii  <it'  ihcm  to  practice  wi  ms  to  be  alloge- 
iher  a  moilern  discmery.  'I'liese  priHcij/les  chiefly  respect 
the  weight  or  prf^sure,  und  elatiicity  of  the  air,  with  its 
specific  gravity,  and  il.at  of  the  other  bidirs  to  be  rained 
or  floated  in  it:  the  particular  detail  of  which  principles 
may  be  seen  under  the  respective  words  in  this  dictionary. 
Suffice  il  therefore  in  this  place  to  observe,  that  any  body 
which  It  specificaUy  ligbtar  than  the  auaosphere,  vrill  be 
hnoyed  up  hy  il»  and  aseendL  as  wood,  or  a  corh,  or  a 
blown  bladder,  ascends  ia  water.  And  ihiis  the  body 
would  continiie  to  ascend  to  the  top  of  the  atmosphere, 
if  it  were  every  where  of  the  same  deni>ily  an  at  the  sur- 
fare  of  the  earth.  Hut  n-.  the  air  i>  compresiiible  and 
elastic,  its  density  decrensis  ronliiiuuUy  in  ascending,  on 
ui  ciiunr  iif  the  diminished  pniiiurr  of  the  superincvinibent 
ail,  ill  the  liialier  elevations  above  the  earth  ;  anil  llierc- 
fore  tin-  body  will  ascend  only  to  that  In-i^lii  »li<  re  the 
air  is  of  the  same  specific  giavity  uitli  lt^ell;  llu  re  the 
body  will  float,  and  move  along  «  ilh  the  wind  or  curfent 
of  air  which  it  may  meet  nith  al  thai  place.  This  body 
then  is  an  aerostatic  machine,  of  what<'vcr  form  or  na- 
ture it  may  be.   And  an  air-balloon  is  a  body  of  this 


laceoQiitaf  ihdrCMMt 


hind,  the  whole  mass  of  which,  including  its  covering  aad 
contetris.  aad  the  weights  annexed  to  it,  is  of  has  wi  ~  ' 
than  the  lanw  bulk  of  air  la  urhich  it  rises. 


We  know  flf  no  solid  hodii-s  however  that  nrr  Ii|;ht 

enough  thuatoaacend  and  toat  in  the  atmosphere ;  and 
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therefore  recoorsc  most  be  LaJ  to  some  fluid  or  aeriform 
tubttiince. 

Among  tlir*r,  ihat  winch  is  callod  h\  iiri  .i;i  t;  i^mt,  or  in- 
fl;imiiial'U«  atr,  is  most  proper  oftny  ili  ii  lai-,  bitherto 
hi-«.ti  tiiscovercd.  It  is  \try  elastic,  and  from  6"  to  10  of 
u  nrnr)  lighter  thuM  Common  airoospbcric  air  at  the 
surtitcv  uf  thi-  earth,  accurdinj;  to  the  dit&rcnt  methods 
of  preparing  ir.  If  ihercfiirc  a  «uflici<Mii  (|uan(ity  of  this 
p»  be  inckiaeU  in  »  wry  thin  b«g  or  covering,  the  weight 
of  tilo  two  tcgMhcr  will  be  Ics  llim  the  weight  of  tbc  wiiw 
liuik  of  common  air ;  and  caiM«qucntly  this  compound 
mau  will  riM  m  the  utmoiphcre,  and  ooDtiiwe  to  Mcend 
till  it  aiuia  a  height  at  which  dw  atnoiphMa  ii  of  iha 
Hweipaeifte  gtsiniy  a*  kUUi  mkm  it  iwrnitt  o^ 
fltaat  with  the  carrant  tS  air,  a»  jrntf  «».tbe  inAMninabla 
air  docs  not  escape  through  the  pom  of  its  cotcrin^. 
And  this  ill  an  inflammaijle-air  balloon. 

Another  way  is  to  iwakc  im-  of  common  f.ir,  ri-rtlcictl 
lighter  by  wanning  it,  insuacl  ot'  tho  intl.inimaulr-  nir. 
Heat,  it  is  well  known,  rarefa-s  niui  (.-.vparitln  couimon  air, 
aud  can»eqiii-iitly  lessens  its  specific  gravity;  and  the  di- 
minution ot  its  weight  i»  pT(>[H<rti<>nal  tti  the  lirat  njiplu  d. 
If  ihcrciiore  the  air,  indoted  in  any  kind  of  a  bag  or  rr>- 
verin^  bo  heated,  and  consequently  dilated,  to  »uch  a  dc- 
gfice,  that  the  o.x<  i-ss  of  tbc  weight  of  an  eqtial  bulk  of 
cnmmoo  air,  above  the  weight  of  the  heated  air,  be  greater 
ihao  the  weight  of  the  covering  and  iU  appra«lagcs,  tbo 
whole  oompound  m«ss  will  mcend  in  the  atinoupbore,  lb« 
atMaiamthe  fbimer  rate;  till,  by  the  cooling  aud  con- 
ihmlMimi  of  tha  incl^M  iha  hallow  ehall  pmimdlj^ 
coa tract  mui  JetcVftd  agiiw,  anieet  the  heat  b  numtui  mt 
keptvp.  irnA wch  is  a heatad-air we iw Iwiiw^,  alliw 
wtie  called  a  ilaotgolfier,  froai  iti  infeator. 

Now  it  hat  berTi  discovered,  by  various  experiments, 
that  one  degree  of  hi'at,  according  to  the  scale  of  Fahrerv- 
Ik'H  ^  till  riuonicttT,  cxDJrciti  tSit?  air  about  nnc  fivr-inin- 
dredtli  |>art;  and  thrrcforc  that  it  will  riqinrc  a tnjut  500 
degrees,  or  nearer  4d4  degrees  of  iiCiit,  ti>  ixpand  the  iiir 
to  just  double  Its  bulk.  Which  is  a  degree  of  heat  far 
above  what  it  is  practicable  to  give  it  on  such  occasions. 
And  therefore,  in  this  respect,  common  air  hoartod,  is 
much  inferior  to  hydragm  pa. 

But,  before  entering  more  particularly  into  this  sub- 
ject, it  will  be  proper  to  give  a  short  historical  account 
of  in  tm  aad  pfOfiaas,  «»ith  tb» wriona  experiments  and 
aaiialwyiBgiat  that  ham  bwi  nada  of  later  years  by  di- 

Okmp  tf  KiMmttkTwm,  Vtrioiw  edMOM  Ibr  rftragr 

ia  the  air,  and  passing  lhHMI||l  it,  hav«  been  devised  and 
attempted^  both  by  tb«  aacientB  ond  modems,  and  ihtrt 

up<in  ditT-.  ri'Ml  prirciple^,  and  willi  vuii.nis  success.  Of 
these,  fMiiiiE  liitMi.yts  have  been  upon  mechanical  princi- 
ples, (ir  bv  ^;rt-n  of  the  powers  of  mechani'-m  ;  ;ind  stich 
ale  conecmd  to  be  the  instances  related  of  the  flymST  pi- 
geon made  by  Archytas,         fivmj,  e,ii;ie  and  fly  by  Ke- 
giomontanu»,  and  various  other*.    Ai;ain,  some  projects 
have  been  formed,  by  attaching  wings  to  some  part  of  the 
humau  body,  which  were  to  be  moved  either  by  the  bands 
or  fcet,  by  the  help  of  mechanical  power*';  so  tfastt,  stri- 
hing  theairwith  them,  after  the  manwroflha  tn^  of  a 
bifd»  Ihapenon  might  raise  huMhif  in  flu  w»mm^bim% ' 
and  tiMwpafi  hiwmif  thnnttkitbhiiMiMk»af  tbttttd-' 
■aL  B«itorthaM,aiidTariowoth«rda«{Maaf  Aalih« 
■aturc,  a  particular  account  will  be  given  under  the  arti> 
da  0rt\ficialfjfin^,  as  helong^g  rather  to  that  species  or 


principle  of  motion,  than  to  our  present  subject  of  aero- 
station, w  hi<  h  is  properly  the  siiilir.j;  or  fli-atin;;  in  the  uir 
by  means  of  a  inuihine  rendori  <i  specirtrally  li^hti  i-  than 
that  element,  in  iniilntioii  'A  ac(ue()(is  navlgniinn,  nr  th-- 
sailing  upon  the  wali  i-  in  a  ship,  or  vessel,  which  is  ■.peei- 
fic.illy  lighter  than  the  water. 

'i'he  lirst  rational  account  upon  record,  fr.r  tin*  kind  t)i 
Siiiling,  is  |>erhap^  that  of  uur  cotiniryman  Rurer  Itucim, 
who  died  in  the  year  139?.  He  not  only  affimis  that  lb- 
art  is  practicable,  boi  aasitresus  thsithc  himself  knew  how 
to  maito  an  engine,  in  which  a  man  sitting  might  be  »li!f 
to  cainr  hioMelf  through  the  air  lika  a  Uid;  and  he  fur- 
thef  annm,  that  thcie  wa>  another  pettdli  who  had  itied 
k  iHth  mcoM.  TbdtdcM  it  ttcatoconiiind  in  having  Ii 
c«aple  of  lir|»  Ihin  iballt,  at  bolfow  gtobet,  of  coapar, 
aahautied  of  air ;  hi  that  dta  whole  bang  thus  rendered 
lighter  than  nir,  the^  woold  lUpport  *  dtahr,  in  Whidi  a 
person  might  sit. 

Bishop  Wrlkui'  tdo.  who  died  in  107?.  i 'i  several  of  his 
work?,  makes  mention  of  similar  iUea'i  being  entertained 
l.y  .ii  '  rn  persons.  "  It  is  aprtlty  notidii  to  this  purpose, 
>rt>s  he,  (in  his  Discovery  of  a  New  World,  prop.  14), 
mentioned  by  AlbcrtU!  dc  S-ixonia,  and  out  of  him  by 
Fmncis  Mendoga,  that  the  air  is  in  some  part  of  it  navi- 
gable. And  that  upon  this  stntirk  principle,  any  brass  or 
iron  vessel  (suppose  a  kettle),  whose  substancti  is  much 
heavier  than  that  of  themMr;  yet  being  filled  with  the 
lighter  air,  it  will  iwhh  tannit,a»d  not  >ink And  agfuu,  • 
in  hi*  Dedrfa^dtap.  ff,  ^amSfBr  dimcelew  the  (INnninc  of 
•ttdlb  whMM  mMootlt  to  he  wrjr  cn^.  Vdantiscoloinbaf 
■aaMnalaw,  Mfjne  nhtorem  Aichylam  tndunt,  wl  Ihdl- 
llina  pinfitni  Budeo.  ThMBandentmcftions  were  thought 
ttt  lie  cMfriTed  by  the  force  of  some  included  air :  So 
Gellius,  Ila  erat  scilicet  libramentis  suspe nsum,  et  aura 
spiritus  rnelu^B,  afqne  orctilta  coriMtuiii,  iVc.  As  if  there 
had  bt-cii  snmv  Icmii.  or  othFv  lire  within  it,  wliirh  might 
produce  such  a  lorcibie  rarcfac:tion,  a<  should  give  a  mri- 
tior»  to  the  whole  frame."  From  which  it  would  secnv 
that  Bishop  Wilkins  had  some  confused  notion  of  such  a 
thing  as  a  heated-air  biilloon. 

Again,  V.  Francisco  Ljina,  in  his  Prodroma,  printed  in 
1670,  proposes  the  same  method  with  that  of  Roger  Ita- 
con,  as  his  own  thought  He  considered  that  a  hollow  . 
vessel,  exhausted  of  air,  Woold  weigh  leas  than  when  filled 
with  that  fluid}  hednricaionedthatt  utbe  capacity  of 
sDbefksl  ««imI>  inenMM  modi  A»Mr  lh«B  duir  raifaci-, 
ii  than  Mnttwnaphflricdwaid^  of  which  thediameUT 
of  onn  i*  doable  the  dhmrier  of  tRe  other ;  then  the  ca< 
pacity  of  the  Ivrmer  will  be  etjual  to  8  tiroes  the  capacity 
of  the  latter,  but  the  surface  of  that  only  equal  to  4  limes 
the  hurf.ice  of  this  ;  and  if  the  one  sphere  have  its  diiime- 
tereijual  to  triple  tlie  diameter  of  the  other,  then  the  ca- 
pacity of  the  grcafi T  will  he  equul  Ui  27  times  the  ca|iii- 
city  of  the  less,  while  its  surface  is  only  0  limes  greater: 
and  so  or:,  the  capacities  increasing  a,s  the  cubes  of  thc 
diameters,  while  the  surfaces  increase  only  as  the  squares 
of  the  same.  And  frum  this  mathematical  principle,  fa- 
ther bann  deduces,  that  it  is  possible  to  make  a  spherical 
sisseVvf  ■ngrgbra  matter,  and  thickness,  and  of  such  a 
aiao  «,  wlMB  aaptied  of  air,  it  will  be  liehter  than  an 
etpal  bidlr  of  that  air,  and  comequently  that  it  will  as* 
«end  in  thnt  dfeownt,  loftthier  with  some  additional  ■ 
wd^t  stttacbcd  to  ii  After  riating  these  principhw,  la- 
ther Laiuk  computes  that  a  round  vessel  of  pUlc  biau,  I  i  • 
fe«t  ui  diameter,  sreighing  3  ooncc*  the  tqiaM  fiaot,  wilf 
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only  weigh  l|4A«ttllC«>)  wlwNM  a  quaiiiity  of  tir  iif  the 
Mine  bulk  will  vrigb  onnce»,  allowing  only  one 

ounce  to  tlie  cubic  fool ;  to  thni  the  gl«ib«  will  not  only 

ascrnil  in  tt  i  .nr.  bulwill  iiUo  carry  up  ;i  weight  of  ;}07-j 
ounci's:  and  by  iiiiroa>ing  the  bulk  of  itti- globr,  vrilhuut 
incn'iiMiic:  tiie  thirkiuis  uf  the  mrtal,  Iw  aild»,  a  msfl 
might  he  made  to  fairy  ii  much  eri-iitir  weight. 

Siitu  ihi  :.  iM'iv  th>'  iii^i  iiicniv  spccul.vinpii!,  Ill  IcariHHl 
nu  n,  atiil  iIh'  gradual  apjjiuaclHS  towanlsi  tin'  |m  rlrctiou 
of  thii  art.  Hut  nnr  Ihliig  tnoro  was  yrt  wantni  ;  though 
■cquainteU  in  tome  drgrcu  with  the  weight  ot  any  <{UHn- 
dty  of  air«  couiderrd  as  a  ditnched  kub^iancf,  it  s<^-n» 
they  were  not  aware  of  its  great  elasticity,  ami  the  uni- 
venal  prcKiurc  of  the  aiinosphera;  by  which  jiiL'^iuic,  a 
plobo  of  thediaiciiitoM«bovc>deac|ib«l|Mii  cxhaukled  of 
itt  lir,  would  iniMdiMoly  ha  crothad  inwatdh  Irr  want 
«f  the  cqoivilrot  intenMd  cowitcr  prannv  to- be  MUght 
for  in  some  element,  nodi  lighter  than  common  air,  and 
yet  marly  of  eqoal  preuure  or  elasticity  with  it;  a  pro- 
pertyor  circumstance  attendin^iiiflamniable  gas,  and  also 
common  -air  when  coii'-ifli'iahlv  d. 

It  is  evident  then,  that  the  schi  mis  of  ingenious  men 
hitherto  must  have  pme  no  farther  than  mere  spicula- 
tion;  otherwi^- they  Ci>iil<l  nen  r  have  recorded  fancies, 
which,  on  the  fir>t  alti'iii|»i  i  i  |Hit  in  practice,  inu«r  Ivnr 
llninife>ti-d  their  own  iii*.ulhc  icncy,  by  an  itniuediate  (iulure 
ofsucte»».  F'li,  iti^tead  of  exhausting  the  vej-bp),  it  must 
either  b«  filled  with  common  air  heated,  or  with  some 
other  equally  elastic  and  tighter  Ihiid.  So  that  upon  dK. 
whole  it  appears,  that  the  art  of  traversinj;  the  ur.  It  aS; 
uvention  oi  our  own'time ;  and  the  uhnle  histoiy  oiT  itia 
eomprebendcd  within  a  *ciy  short  period. 

ti|r.  Cavendlih  was  lha  fimt  who  diioomed  with  any 
degree  of  accuacjr  the  ipectile  gravity, of  infhunmable 
air;  and  hU expenmenis  and  ohservntion  upon  it,  are 
published  in  the  56ih  volume  of  tfac  PhiloMphiotl  Tiaiw 
actions  for  the  year  1 7t)6. 

Sinm  ulti  r  thi'?  dlscuvcry  of  Mr.  Cavendish,  it  occurred 
to  tiie  iiigrniniis  Dr.  Black  nt'  Ldmbuiiph,  thm  if  a  blad- 
der, iir  ctiier  ve?-il,  sufficiently  li<;lit  and  thin,  were  filled 
with  this  air,  it  wiuild  furm  altopetlirr  a  inas.'<  lighter  than 
the  Slime  hulk  cd  almDsphcric  air,  and  con.M  quenlly  that 
it  would  ascend  in  it.  1  his  idea  he  mentioned  in  his  chc- 
nkal  lectures  in  the  year  176*7  or  I7(»S;  xnd  he  further 
proposed  to  exhibit  the  experiment,  by  filiini;  ibe  allantois 
of  a  calf  with  such  air.  The  allantois,  however,  was  nut 
prepared  just  at  the  time  when  he  was  at  that  pan  of  his 
lectures,  and  other  avgeaiioMaArrwardi  picventcd  hi%de- 
Mgn:  M>  that,  considering  it  only  as  an  amuing.  expert* 
raant,  and  being  fully  satisfied  of  the  tmth  of  an  evideat, 
an  rifeci,  be  c«mienl«i  himself  with  barely  mentiooinf  die. 
experiment  from  time  to  time  in  hU  lectures. 

About  the  year  1777  or  I77H  it  also  occurred  to 
Mr.  Ciivallii,  lliiit  i!  niMht  lie  possible  t"  con-ifU(  t  n  \es- 
sel,  which,  will  II  (illcd  'ivith  intl  iiiiiiiablc  air,  would  as- 
cend in  (bi  aliii(is|ilu  re  :  ard  iheic  is  no  doubt  hut  that 
siiiiiiar  :dias  oti- ui  n  il  !■!  n  ;iin  ij(;  ,r  i  ersoiiv.  nl  so  i  vi- 
dent  ii  jonjj-ijuruce  ut  iMr.  f  "a' i  iidish's  di^co^eiy.  But  it 
mtiiis  t"i  have  been  .^Ir.  <  aviilhi  who  first  actually  ul- 
tempti'd  the  eN^n-nmenl,  in  which  however  he  succeeded 
no  IQIther  than  in  U  in^  able  tu  raise  soap  bubbles  of  two 
or  three  inches  diameter :  a  thing  which  liad  been  done 
hy  children  for  their  amii.M'm<  nt  from  time  immemorial, 
^ncse  experimenM  Mr.  Caval|o  rood^  in  the  beginning  of 
'the  year  1789,  «ad  an  account  of  then  wat  read  at « 


public  meeting  of  the  Royal  Society  on  the  90th  vt  Jua* 
of  that  year.  Fmni  whicii  it  appears  that  he  tried- hkd> 
den  and  paper  of  v^iinuk  kinds.  But  the  bladders,  how- 
ever thin  liu  v  were  madA-l>\  si  lajiini;,  Kc,  were  ^ttll  |ound 
too  he.ivy  to  ascend  in  the  aiiiiosjdiei  c,  ulien  kiM\  inflated 
with  tl.e  iiifluiun.uld'  Hir-.  and  in  ijsiii;;  i'lnini  |)api  i,  he 
found  lliiil  lliis  air  passed  lhroUi.h  lis  (iiirt-,  .ike  water 
ihriaiiib  a  suve.  So  i!,h1,  tiimni;  Imliil  M  success  bv 
biowiiiu  the  same  air  iiuo  u  ibick  Md»lii:ii  ol  uuin,  ihii't, 
\ariiislie»,  and  oil  paint,  be  was  obliged  to  rest  satisfied 
With  >oup-balls  or  bubbles,  which,  being  iillrd  with  in- 
flatiiinable  uir,  by  dipping  the  end  of  a  small  jtlavs  lube, 
conmcted  with  a  blikdder  cnniHinin"  the  air,  into  a  thick 
solution  uf  soap,  and  gently  conipnsking  the  bladder, 
cended  rapidiy,  atid  brulies^inst  the  ceiling  of  the  ruoiri. 
.  Here,  however,  it  aermt  the  matter  might  have  mled, 
had  it  not  been  tor  experiments  made  in  France  toon 
after,  by  the  two  broibrrs  Stephen  und  Joseph  MontgoU 
fier,  on  principles  sugftrsied,  not  by  the  levity  of  inflam- 
mable air,  which  probably  they  hud  never  heard  of,  but 
by  that  id  sm  t  <■  uud  rli.nidv  a^cl  luliiii;  in  lii<-  arnii>-plierc. 
These  two  brothers  it  seems  were  :iati\i  s  ol  Aiinohay,  n 
town  in  the  \'ivurais,  about  SO  niiics  Inini  Lyons  ;  and 
that  ill  thill'  )outh,  Stephen,  the  eldi  r,  Imd  a^^iduotislv 
studied  the  iiiatht  inadc^,  but  the  other  had  u|i|di.d  liini- 
seil  more  parliculaily  to  nutunil  plillo«upby  mid  che- 
mistry. 'I'hey  were  not  intended  for  sny  pariicu[.ir  way 
of  business,  but  the  death  of  a  brother  oblig<-d  them  to 

Elt  theiMelves  at  the  head  of  a  coi«siderable  pitper  manu-' 
ctory  at  Annonay.  In  the  intervals  of  time  allowed  by 
their  busioeks  they  amused  theaiselves  in  several  philoso- 
phieal  punnils,  and  particuhrly  with  tbr  expcrimenla  in 
aenwtatioii»af.whklt  we  an  now  to  give  seote  ncconnt. 
It  would  be  perhaps  impoaiiUe  to  know  ail  the  ^■rticnlar 
steps  and  ideas  which  finally  pmdaced  ihb  discovery:  but 
it  has  been  said  that  the  real  principle,  on  which  the  el> 
feet  of  the  aenjstatic  machine  depends,  was  unknu'.tn  eveU' 
for  a  considerable  time  alter  its  di-CM  ry :  that  Monlgol- 
fier  attributed  the  eHi  ct  id  the  machine,  not  to  the  rare- 
faction of  the  air,  which  is  the  line  chum-,  but  tu  a  cer- 
tain gas,  specilically  lighter  than  ctimmon  air,  which  was 
supposed  to  be  de\(  ioped  Iroiii  buimiii  siibsl.mci-s,  and 
which  \sss  commonly  called  Mniuaoliu-r's  gas.  lie  this 
however  as  it  may,  it  is  well  known  thnt  the  two  broihen 
began  to  think  cif  the  experiment  of  the  mtostuiir  ma-' 
chine  about  the  middle  or  the  Utter  part  ol  the  year  I782>- 
The  natural  a*cen»ii>n  of  tiie  smoke  und  the  clouds  in  the 
Mmnsplittv,i«nr>ied  the  Srst  ideaj  and  to  imitate  those 
budics,M  lo  incMae  a  clutid  in  a  tag,  and  kt  rite  lui«r< 
he  lifted  up  by  the  buoyancy  uf  the  former,  wm  tfac  first 
pnyecl  of  those  gentlemen. 

Accordingly,  the  first  experiment  was  made  at  Avignon 
by  Slejihen,  about  ihe  mi'"  deof  November  1782.  Haxing 
pre|}ari'd  a  im'Z  oi  line*  m  lliesba|>e  of  u  paralhlopi- 
peilon,  and  oi  hIhiui  41'  bic  fet  t  in  cap  <  it  v,  lie  n|  ;ilied 
liurr.iiii;  [niper  to  i<n  Bp  ure  in  the  bolioir,.  nliii  l;  r.iri - 
til  d  the  air,  and  ihus  I  d  a  kiiu!  ol  cl'^od  i.'i  llii  l.ai; ; 
and  when  it  beiBiiiu  sufi.>  i  nlly  i  xpandtd,  it  asci  ndid  ra- 
pidly to  the  ccilini-. 

Soon  afterwards  the  eyperiimnt  was  repeaieil  with  thc^ 
MUne  machine  at  Anrnmay,  by  the  two  brothers,  in  the 
open  air  J  when  the  bag  qscended  to  the  height  of  about' 
70  feet.  .Cnconragvd  by  this  succvss,  ihiy  eunstrucied- 
nnotb^' midline.. of  nbcnit  6iO  cubic  feet  capacity; 
whichj  whMl  inflah-d  «  hefere,  brvWi'  the  conls  which 
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CfHifincd  it,  and  after  aseendini  mpidly  (o  die  .height  of 
about  6<Xi  frrt,  dnraidf^  and  Ml  on  tbe  adjoining 
|i;roun>l.  With  anothvr  lai^T  raachinp,  ofS?  <^t  diaroi- 
UT,  ihiy  I.  (Mated  the  rspoririKiit  on  the  25th  of  April, 
vhirti  iiii<.wcn-d  rxcprdiiiplv  hcII  :  (ho  mMchine  hud  such 
forcr  <it  «--ceiiMon,  thai,  Lriakint;  abrnplly  fromi  its  con- 
fint'inciit  of  ropes,  i(  ruv  to  tlic  In  i.;i>t  ot  morr  than  1000 
fwt.  mill  thi'n,  liiini;  (iirried  by  {tw  "iiirt,  tlcscprsHcd  and 
ffll  at  a  place  idii-ut  tlin-r  qllart<r^  "i  a  n-.ilu  from  the 
place  ot  its  H'vcfiiMoii.  Tlu'  cupacity  of  this  tn.tchine  was 
to  above  23  llnf  i-iiiirl. cubic  Iih'I,  and,  b<>ing  ninrly 
globular,  when  inHated,  ii  ima-iured  117  li^lisJi  ftet  in 
atrcnnfcMfica'  tlweowring  wa^  formed  trfJiwii.  Kixd 
with  lutper;  and  it»  aprrturc  at  thr  bottom'waB  fxedio 
a  wiMHt.  II  frame,  of  about  4  fe^t  sanarv,  or  t6  liNlitmr- 
'fiior.  Wiicn  tillfii  with  *apour,  which  it  was  canjccluiwl 
night  be  about  batf  as  h«a*y  as  common  air,  it  was  ca- 
pable br  liikinK  up  abotot  4j0  pounds,  besides  Its  own 
weight,  which,  together  with  that  «f  the  wooden  tnmr, 
was  et]iiBl  to  abont  500  pounds.  With  this  machine  the 
next  cxpi-riitient  wai  publicly  perf<>rraed  at  Annonay,  r>n 
the  5th  of  June  1783,  before  a  great  multitude  of  spec- 
tators. The  rtucrid  baj!  w  ii  suspended  on  a  pole  ;}5  feet 
hiijli  ;  'itraiv  ami  c|jii|i|>i  d  wool  witc  iiunv  d  under  the 
ojHTiiii^  at  llir  bi>l(iitii  ;  the  vjpour,  or  tiitlier  vmnkr,  Mion 
iiill.itrij  tlif  ljH<;.  :iN  ;o  ili'.ti  nd  it  in  :ill  it»  parl^  ;  utid 
thi-.  enormous  niiisx  ascf  ndril  in  the  air  with  such  *<  locity, 
that  iti  le^<i  than  ti  n  ininules  it  reached  the  height  ofabove 
6  thousand  feet ;  when  a  breeze  carried  it  in  an  faoricon- 
t«l  direction  to  the  dis'anre  nf  near  a  mile  and  a  ball^ 
where  it  desemd^d  gently  to  the  ground. 
As  soon  ms  the  news  of  this  experiment  reaehed  Fkriir 
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lets  than  4ira  mimttn»  .10  the  beigbt  of  Jl?3  fert:  the 
weight  oTthe  boiloon,  whm  it  went  up,  being  35  ponndi 
l(M  than  that  of  an  equal  bulli  of  common  air.  After 
fluaitng  in  Ihc^air  for  about  thix>c  quarters  of  an  hour,  it 
fell  in  tt  field  at  15  mik-s  from  ibe  place  ol  it»  a-scent  ; 
where,  as  we  may  easily  imagine,  it  occasioned  gnat 
amazement  to  the  peasants  who  found  it  Its  fall  was 
owing  to  a  rent  in  the  cin-iins;,  probably  occasioned  by 
the  !iU[HTi(ir  rl.nticity  of  iIm  i;  tiiwnin.'iljle  air,  n^vr  that 
of  the  rare  part  of  the  almosphcre  to  which  it  bad  as- 
cended 

In  consequence"  of  this  brilliant  experiment,  number- 
less small  ballo<>n»  were  made,  mu>il^  <T'):<dd-beater^s 
skin,  from  6  and  (j  to  IS  or  20  inches  tliameieri  their 
chmpncsa  putting  it  iu  the  power  of  almost  every  family 
tostfisiy  Its  curioHty  rrlalive  1o  the  m>w  fxprtimept; 
and  in  a  frw  days  balloott*  weie  teen  llying  all  about  Flai^  ' 
ris,  wKence  thry  were  soon  alti-r  srtit  abroad. 

11.  Joseph  Montgolhi  r  rep<>niefl  an  expi-riment  with 
a  machine  of  his  construction  before  ibe  conimtasMries  of 
the  Acailemv  of  Sciences,  on  the  11th  and  I9lh  v\  ^ep- 
tenilH  r.  The  machine  was  about  "4  ' '  l.inh.  wnd  43 
feet  in  diHmitvr;  it  was  made  of  rnn'.tjss,  roxcred  with 
papi  r  Imtli  wilhinnnil  with'iut.  and  vi-i^m,,  !)  'COO  pound*. 
Jt  was  tilled  «ilh  rarefied  air  in  'i  mii  uri-.,  ic  il  iii  one 
trial  the  weight  of  S  nun  vt,i^  mx  xirfln  iri.i  -ir  k' •  p  it 
down.  It  wa*  not  sutlVr«d  to  >;i>  up.  h'.  it  IukI  I-  i  n  in- 
tended for  exhibition  before  the  Royal  family,  a  few  (lu\s 
after.  By  the  violence  of  the  rain,  however,  which  fell 
about  tills  tiii.e,  it  was  so  much  spoiled,  lhat  he  thought 


proper  ta  construct  another  for  lhat  purpose,  in  which  he 
med  so  great  dispatch,  that  it  was  compieled  in  the  short 
the  philosopher*  of  that  city,  conceieing  that  a  new  spa-  space  of  four  days.  This  machine  was  construclrd  of 
cles  of  gne,  vf  aboul  half  the  weight  of  common  air,  bad  doth  made-oT  linen  and  cotton  thread,  and  painted  with 
'been  dtsoarared  by  Mews.  Mnntgolfters  and  htmwmg  water  cofamrs  both  within  and  without,  'lis  height  was 
that  the  weight  of  inflaaunable  air  was  but  abnnt  the  8  ' 
or  10th  part  nf  the-  weight  of  common  air,  they  juxtly 
concluded  that  inflammable  air  Would  answer  theporpoae 
nf  thin  experiment  bi'Mi  r  than  the  cas  of  Mont^olfter,  atal 
acci>rdint;ly  thev  resolved  [o  make  !rMl  oi  it. 

A  siili-'Cription  was  opem  d  liy  M.  Fiiiijns  de  St.  Fond, 
towards  defravin'^  the  e\jn  n^eol  ttc- 1  xpcriment.  A  suf- 
ficient Slim  111  ri'i'iHA  :i:iM'w  "ui  ij' i  ii  raised,  Messrs. 
|{obiTls  were  iip|,niiiied  l<i  coosirtici  the  machine,  and 
M.  Charles,  pn>li-»sor  of  experimental  philosophy,  to  *u- 
prrirttend  the  worii.  After  a  coaMdcrable  time  spent, 
and  surmountingt  many  difficulties  inobtninine  a  sufficient 
quantity  of  this  cms  and  searching  oat  a  substance  light 
enough  for  the  coverin..  they  at  length  con»lnicted  a 


6b  Ctet,  and  diameter  43  ilret.  Ha^in^  made  the  nects- 
aaiy  prrparatimi  for  inSaling  it,  the  operation  was  begun 
about  one  o^clocfc  on  the  tpih  of  the  iwme  month,  be- 
fore the  kinp  nnd  queen,  the  c<iurl,  aud  the  inhabitants  of 
the  place,  a^  well  as  all  the  Parisians  who  could  prftcure 
a  coiivevance  to  Versailles.  The  balloon  was  so.jn  tiile4l, 
anil  in  I  1  minutes  after  the  commrnci  mi  nt  ol  the  o[>e- 
F,T  I  iJMi,  I  he  ropes  beins  cut,  it  u-.ci  ■  ^  .! ,  1  u.i  i  iii^j,  up  -.villi 
it  a  » it  ker  CJi;;e.  containinj:  a  cocii,  a  iluck,  anil  a  slieep, 
the  fir^t  mini  ills  that  ever  ascended  into  the  atmosphere 
with  an  aerostatic  mHchme.  Its  power  of  ascension,  or 
thie«e%ht  by  which  it  was  lighter  than  .in  equal  bolk  of 
common  air,  allowing  for  the  animals  and  their  cage,  woe 
6'9(>  pounds.  The  balloi^n  rose  to  the  height  of  1440feeti 


globe  of  the  silk  called  lutestring,  which  was  ipndei;pl  im*  and  being  driven  by  the  wind  for  about  4  minutes,  it  gra- 
parviuHs  lo  ihi>  iiMtnsnl  air  liy  a  varaish  bf  elastic  gum  or  ,  dimfl/  dMeendcd,  in  eomeqnenee  of  tws  higp  rvnia  made 


caeutehoHc,  dia»Dl%ed  ia  some  kind  of  spirit  or  narBiial 
oil.   'Ilie  diameter  of  this  g|»br  was  about  iS  fret;  and 

it  h^d  only  one  aperture,  like  a  bladder,  to  which  a  stop- 
cock was  adapted  :  the  wetfiht  of  this  covering,  when 

*empty,  tofjrther  with  that  of  the  sti)]'  cnck,  iviu  pounds. 
On  the  'JOd  of  Aueutt  17S?.  iliey  li  ^aii  to  fill  the 
globe;  but  this,  hemn  their  first  altenipt.  ".n  attended 
with  many  ob-'r\ieiiMns  iin'l  liis.tppoiiitini  iils.  whieh  look 
up  I'va  i.v  tlirre  (lavs  to  oM-rCmiie.  At  leiiL-th,  hnwever, 
it  was  prepared  tor  exhibition,  and  on  the  27th  it  was 
carried  to  the  Champs  He  Mars,  n  spacious  opeii ground 
in  the  front  of  the  Militarx'  School,  where,  after  intro- 
ducing some  more  iaflammable  air,  and  diseneaging  it 

•  from  the  cords  by  which  it  was  held  down,  iimte,  in 


in  the  eoeering  by  the  wind,  and  fell  io  a  wood  nt  the  dis- 
tance of  about  two  miles  from  Venaillet.  The  aimnalB 
landed  again  as  safie  as  when  they  wflM  Qp^  and  the  sheep 

was  found  fredin!:. 

The  succ  ess  of  this  experin  eiit  induced  M.  Pilaire  dc 
Rosier,  M-ith  a  pliil- 'Sopbieiil  it;tri  piiliiy  which  will  Ix- re- 
CKlded  w  ltd  n|ipl:iijse  in  tin  histery  .  f  m  I  "Station,  lo  oiler 
himself  as  the  lii't  ailvenuin  r  iii  ibis  nert  il  naviffaiion. 
For  this  piiiposr',  M.  Mi.iifaiilfier  cetislnif  teii  n  m'W  ma- 
chine,  of  an  oval  >ibap>  ,  in  n  cnnleii  of  the  iau.vbi/urg  Sr. 
Antoine;  its  diameter  ini;  about  4S  |.  el,  and  height  7^ 
feet.  To  the  apei tore  in  the  lower  p«it  »8?  nnnexed  « 
wicker  gallery  about  three  ffet  broad,  with  «  balluslrnde 
of  three  f(«tbigh.    Fr..m  the  middle  of  the  sp.  rtur«  au 
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ii  'ii  u  1-.  iii  iiCiit!i"d  liv  ihuius.  iloifcrHl- 

I  lioiii  (ill'  M-d-i  u;  llir  Miiuliim-,  ill  «h;rh  u  )'u"i- 
Ii4tit<-'(l  tui'  uillalin:;  tin-  i  lucIiiiic  ;  uf.d  I^)^^ard^  ;li<-  apcr- 
tutc  pctrt-holi*>  \Mn  i_pp<  iKii  m  (lie  gilllei'vvlhniui;!!  v^hicli 
say  |>ci>uii,  wttu  miglii  vi-n(urc  lo  ti»cei)d,  inigbt  Imt  Uic 
lire  on  tlu'  ^mlo  with  t'ucl,  and  regulate  at  pleasure  thedi- 
luiatioii  ol  iliu  air  inclojed  in  the  machine  :  tho  weight  uf 
the  whuli'  iM  ing  it|iuurd)i  uf  itiOO  iwuiids.  On  the  lilbof 
Octnlnr  lh^■  rirc  lH.-iii>!  lighted,  ami  the  balloon  in- 
flated, :M.  F.  dr  Uozier  plured  himself  ia  tbt  gKUnj*  Riui, 
to  the  aatoniabmoitt  of  «  muUito<le  of  «poctatM9,  maenM 
4S  higb  at  the  Irngtbof  ibn  i«iti«iiiiiig  corih  would  pcmit, 
«hi«  WW  oboM  If  fttt  ban  ike  ground,  and  there  bft 
the  luehinc  afloat  nc*r  5  mroum,  by  rrpcaKdly  throw* 
iilji  straw  and  wool  upon  the  (ire  :  the  machine  then  de- 
scended gradually  and  gently,  through  a  medium  of  in- 
rrciimig  lit. iiiity,  to  the  grousul  ,  and  tla-  inrr«  [nd  uilxri- 
tiin  r  ;issiiu-(l  the  admiring  sjh  t  t.ilori.  tlint  lie  hmJ  lujt  >'x- 
pcririu  [!ii  ttiflca»l  inconvtni)  ncc  in  this  aL-rial  uxcunion. 
Ttiii  I AptTitiii'iit  was  rcpcatt d  on  llic  i7ili  ^villl  marl)-  the 
sami-  su'JCtte;  and  apnin  scvi  ral  timc-»  mi  the  .i;.)!li,  ^^lle^ 
M.  R.'/if-r,  hy  a  purlin)  atceiic  ainl  de^eiX,  ifveral  time* 
reji  tlrd,  <'wik  (>U  tu  the  multitude  of  obacrvcrs,  that  the 
uachitvu  may  b«  na:!  ■  to  nsccnd  and  descend  at  the  plea> 
sure  of  tbeaerDBaut,  by  mea-ly  incrcusiog  or  diroini^bing 
the  fire  in  the  gmio.  The  balloon  having  been  hauled 
dflpro,  by  the  n|im  Hihich  always  conSncd  it,  M.  Oiroiiiih> 
da  Vilwte  pltoed  hinwlf  ia  the  caUarjit  omwaiie  to  ll» 
.Ronier,  and  tbe  ngiachine  boing  ittflciod  to  MCcnd,  i|  hio* 
mnvd  for  about  9  minulet  over  Ptelfc  ill  the  tight  of  lU 
its  inhabitants  at  the  height  of 330  feat.   Aad  Qtttliatf  da> 

bcciiiiiiii,',  the  iiijirqui'y  ol  Arl.ilidn  aiCBIldod  oJth  M,  Bo* 
mi  luucit  lit  the  ^uue  luaiiuci  . 

In  consequence  of  the  report  of  ihcsc  experiments, 
sistntl  by  the  rommiuaries  of  llic  Acadrmv  of  Sciencea, 
It  swis  nrd<  red  th^t  the  annual  )>mi:  ol  ()00  Imtcs  thould 
be  given  to  iVksiu-s-  Montgolficr  fur  tbi:  year  1783. 

In  the  expcrimeots  abovc-rccitcd,  the  machine  wa3 
way*  wcun-d  by  long  ropes,  to  prevent  its  entire  escape : 
httl  ihojf  were  soon  succeeded  by  uncnnfiiied  aerial  nav»< 
cation.  For  this  purpose,  the  same  ballouii,  of  74  feet  ia 
Ijogtit,  waa  conveyed  to  La  Muetle,  a  royal  palace  in  tbe 
.fioiadeBoulogiie:  aadaJlthiiigpyheiiigiaulytonitheSM 
oC  Novmhat  ttn,  Hf  Ranor  and  the  mtrqm  d'Ap< 
hii4ea  look  th«ir  poet  is  ofipnlia  eidat  of  tbe  gillciyf  and 
at  9  oTclock  ibe  machise  was  ahaadoned  to  the  deaent, 
whoD  it  ascended  cnlntly  and  nMijestically  in  the  atmo- 
•phere.  On  reaching  the  height  uf  about  280  feet  the  in- 
trepid aeronauts  waved  iluir  hat?  lo  tlio  a-'itnnibhc<l  mvilti- 
tude:  but  ll«*y  M>rm  «ii.  r  rose  tou  high  Ui  l>edutingui.''h- 
ed,  their  gr<-.itt-^i  liclj^ht  luring  rstiinaied  at  3000  kci. 
At  first  they  ^v<'re  driven,  bv  a  n<<rth-w<-^t  wind,  botisoQ* 
tally  over  lb<>  nver  Soiiie  and  pnrt  of  P»ri>,  taking  care  to 
clear  the  stergde;  and  high  biiildiiip  iiy  increasing  tho 
Hki  and  in  iimh^  they  mrc  with  n  curr<  ut  of  air  which 
carried  them  ^outhuard.  Having  ihti«  |W!-.ed  the  Boole- 
mud,  and  filially  desi^tins  fmm  .sniiplyiiiL;  the  fire  with 
fUtri*  thay  dcaceadf^  j<<  &  ^eld  beyond  the. 

9aw  Boiikvanl^  a  J^Mi  iKore  than.&  owlctt  from  the  palaeac 
da  La  Muett^  In  iitaiPiibiitwa«ug0aad<5mitiutcs  in  th* 
«IV  The  wda^t  oTWo  whole  apparatoi,  iaclud.uj;  that  of 
^  two  tiwulen,  wn  between  lt)0((  and  1700  pound*. 

Motwithttandiiig  the  rapid  prognsM  of  aerostation  in 
France,  it  is  remarkable  iliat  we  havf  i,  i  id 
count  of  any  expcrimeals  oi  this  kind  being  oiLeiapted  la 


oilier  cotumh>.  Y,\cn  iii  mir  own  island,  vnn-ie  ml 
and  sciences  Ihui  :in  iudiil^'<-iit  niir>er\,  and  many  their 
liirtli,  no  a«rsisti»tie  iiiathiue  >s:ls  sei  ti  hi  lore  the  month  of 
November  1/83.  Various  ».',  ei  iiliitKU  >  have  been  made 
on  the  rcuDons  of  (his  strange  neglect  ot  im  novel  and  bril- 
liant an  experiment.  ISui  none  sceincd  to  carry  any 
show  of  probability  except  (but  il  «ru>  ^l«Il!  to  In.'  discou- 
raged by  the  leader  of  a  phitosophical  iruiii  ty,  cxpiosly 
institutcil  fur  the  improeement  of  natatai  kuowledge,  for 
.the  reason,  as  it  was  suid.  th.it  it  wv  the  ducovaiy  af  a 
M^bbouring  nation.  Be  thUhowaoarw  U  may*  it  it  a 
Act  that  tha  lim  aenaia^  axpetioMnt  nvteahibited  in 
Fji|yaiid  If  a  Jbraignar  uaoomected  and  unsupported. 
Thu  wat  a  count  Zambeccari,  an  ingenious  Italian,  who 
kappetu-d  lu  be  in  Lundou  about  that  time,  lie  made  a 
balloon  of  oiled-silk,  10  tect  in  diameter,  wei^hinp  only 
1 1  jiounds  :  it  was  gilt,  both  for  ornament,  .lod  lo  rcndei 
It  more  im|)i  rmeable  to  the  inflammabV  uir  ^nth  uhich  it 
was  to  be  iiUed.  'I'hc  balhioii,  atier  hiii;i>{;  been  publicly 
ihoivii  tor  stneral  day^  in  Lr.mdun,  wbs  carriod  to  the  Ar- 
tilk'iy  (iKiund,  iuid  tlieie  Ijcinj;  abovt  titree-()uartaai  filled 
with  mtlainwable  air,  and  having  a  dirrciion  inclosed  in  a 
tin  box  fur  any  person  by  whom  it  should  afterwards  be 
found,  it  was  launched  nbuut  one  o'clock  on  the  2&th  of 
November  1793.  At  half  post  3  it  was  taken  up  ocai 
retworth  ia  Sussex,  48  miloi  distant  from  iMdoat  to 
that  it  tiaedlcd  bi  the  rate  of  near  20  miles  an  hanr.  At 
dcaeentwas  «iMa«aBBdlivftKntiutheMll(,ibaeAet«f 
tlw  laiifiKiiaD  af  dn  ioMmaablo  air,  whan  lha  balloon 
aicendeA  to  a  tatcr  jpaft  of  Aa  alawipfaaic. 

l%e  Pretich  phuoMphen  bawiag  executed  the  first 
aerial  voyage  uitha.  balloon  inialed  by  hwaied  air,  re~ 
solved  lu  attempt  a  similar  voyage  with  a  balluun  liUcd 
with  iiiflamniabic  air,  which  birnied  to  be  preferable  In 
dilated  air  in  every  rc^pcc^,  the  expense  of  preparing  il 
only  excepted.  A  snbscriptJon  opened  however  to 
defray  that  expense,  which  was  istiinated  at  about  ten 
thousand  livre*;  and  the  balloon  was  constructed  by 
Messts.  Robeiis,  of  gores  of  silk,  varnished  with  atoiution 
of  elastic  gum.  Its  form  was  spbcncal,  imd  i|  Mwlwaivd 
274  >■>  <'>*'netcr.  I'hc  upper  bemisplum  waa cooered 
by  a  net,  which  was  fastened  to  a  hoop  encin'liiv'itt.nriid* 
die,  and  calUaLiis  eqinator.  To  this  equator  nrat  mmtad 
od  by  nvaa  a  caa  or  boat,  covered  wiib  paiatad  Ubhi, 
«ad  htaiitifiilly  ataiianrtwl, '  wbich  aatiug  a  few  fcot 
bdow  tbe  baUooB.  'T«  pnmnt  Iba  bondng  of  ilw  ma- 
chine by  the  expancioa  of  the  in0ammabbs  air  in  a  rarer 
medium,  or  to  cause  the  balloon  to  descend,  it  was  fur- 
lushcd  with  a  valvt,  which  might  be  opened  by  nii  ajis  of  u 
stni.g  descending  from  it,  for  djscbarginjj a  part  oi  (he  in- 
teriiul  fitr,  without  ndiiiitting  the  oxternal  to  enter :  And 
the  cur  ballasted  with  bags  of  sand,  for  the  purpose  ot 
lighteiuiig  it  occasionally,  and  can&ing  it  to  s«.cend  .  so 
that  by  letting  some  of  thi:  air  escape  through  the  valve, 
they  might  descend;  and  by  discharging  same  of  their 
sand  ballast,  aacend.  To.  this  balloon  waa  Ukawiie  aa> 
ncNed  a  loiig  pipa  fagi  wbkb  It  was  filled.  Tha  appafatoa, 
for  this  purpoMeoBawtaiLof  aeveral  cask*  |il«eed  loaad  k>* 
large  tub  of  w.at«r,  atch.  having  a  long  tia  tube,  that  aaib 
mioatad  aadcr  aiwenel  as  faaa^  whieb  waa iBwartod.into 
the  water  of  iba  tubki  aad  eaaHaaaicalad-  wiilh  tho  laof 
pt[>o  aniiesMi  to  the  lower  part  of  the  bollooa.  Iran- 
lilmp  and  diiutiNl.  vitriolic  and  being  put  intn  the  casks, 
tbe  iiitl.immable  air  whidi  wat  protluc^'d  from  (he».e  ma- 
terials, passed  through  the  tin  tubM,  theuoe  through  the  . 
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\«at>n  o{  tubs  (o  the  inverted  fannel,  4iT(i  so  through 
ilio  pipa  into  tbc  balloon.  When  infUt«cl,  the  weight  of 
ibo  camm—  atr  wbich  wai  c^iml  ia  bulk  to  tha  ballooot 
«m  77H  A*  iMwcr  of  uceoMon,  or  iraight 

jMt  memmf  ta  ktm  it  mm  mem^a^  «a»  iO  bowkIi, 
Md  «^  of  Ik*  Wiow,  widi  ili  cw,  poNngni,  and  all 
Us  apinirnhiii^  dm  SO^  pMads,  mukiiig  ia  all  GS44 
pooarfs:  aaia  tlu* taliaii  fma  77H  pound*,  tba  weigiit  of 
commoo  air  dbpUced,  laanat  U7  poundt  fot  the  weight 
of  ibc  inflaninuble  air  ooiMaiited  in  the  balloon,  and 
which  i?.  to  77  It  poundt,  the  nt  ij^hl  <it  tlir  same  bulk  of 
cotnatun  air,  nearly  as  1  to  H;  that  is,  tbt:  irUUmnutble 
nif  m'.-<i  hi  tUiai^atiaicM'maS^tiagaiJiglMrtkMeon- 

mon  air. 

The  first  of  DiM  i  niber  v.a<i  txvA  k>::  tor  the  display  of 
this  grand  rxpenmmt ;  and  ocry  preparation  wa» 
made  for  conducting  it  with  advantaga.  The  garden  of 
tile  Thuillcrie*  at  Pari*  waa  the  toeae  of  operation; 
which  was  toon  crowded  and  encom|>a«acd  with  a  pnidi- 
—tliwde  of  observen.    Signals  were  given,  froni 


opposite  to  that  ol  the  aaronauti}  fren  which  it  m  inhir-. 
rrd  that  there  wen  two  cwNiits  af  air  ai  dilHCM 
ahoiQ  the  canh.* 

In  tiia  iMBth  ot  Decfmber  this  year,  aeveral  eiiperi* 
MMi  wef«  made  at  Philadelphia  ia  Amtica  with  air- 
balloon*,  hj  MmM.  WtMriiimae  and  Ho|il|in> 
«OMlnMMd  and  filed  a  great  aatiy  lauill  ballooM,  aod 
oaanoMtil  fhein  togetbct ;  hy  which  a  man  went  «p  ••• 
vera!  times,  and  was  drawn  down  again ;  and  finally,  the 
ri>pr«v  hrinp  rtjt,  lit-  a»cv.'inled  to  thv  iif-if;ht  of  100  feel,  and 

rti:atcil   lu    i  I.  i_MI^|:ll  1  lililr    ii:-t,ilir,   ;    Ijllt,    hcUlJ  alrBld,  lie 

cut  upi'ii  ibe  ball  .yii-  ^'lltll  :i  kmlf,  asid  ao  dcsLVPflv'). 

Al,i)ut  the  cl<r-o  (if  iliis  \i  dT  Mimll  bHliooni!  wen:  '■i  \.l 
up  m  many  placis,  siiiU  »tn-  U-Chmic  Nery  ffimnmn  iii 
Mjiiir  pnrts  of  Fniiiti'  and  K.npland.  In  iln  Li.  i;;iiiiiiir  <il 
the  year  folluwiiiL;,  their  nuitibcrand  roacniiuJr  iiioa(u><.'d 
eonaidembly.  Some  of  ihr  more  remarkutilo  oik's  \vi<re 
ai  follow: — On  the  igth  ol  January  M.  Joseph  Montgol- 
fier,  accompanied  by  six  other  pcnons,  aiicendi'd  rn>iii 
I^ons  with  a  Mndcd«r  balloon,  to  the  height  of  UNX) 


iiaa  10  4in*p  hy  lha  firing  of  caiioon,  waving  uf  dags,  Itc:  y«idi.  Thii  wae  the  laigeit  aMchine  that  had  been  hi* 
ad  «  nmll  moDtfolfier  waa  launched,  fur  ahowiag  the   theito  and^ '  ' 


difaoikw  of  tbawind,  aad  for  tha  ai 

prevsoaa  ip  the  ganenl  dia|tlay.   At  «  ,   . 

o'clock,  N.  Chwrba  aad  «m  of  iho  Robcitt,  haaf ng 

iheaselvea  in  the  boataltaclMd  to  the  baUoon,  aikl  hen^ 
furnished  wiili  profx-r  laitniMitts,  cloathing,  aad  provi- 

■.ipnB,  li  ft  ihc  ground,  and  a«cend<"<l  with  o  (nt>dprate  velo- 
city lo  llii'  hright  of  about  600  yards;  the  »urroiindiiig 
iiiultili|[i<  siaiiding  silent  with  tear  and  imirizrnit nt  ;  \\i.\lo 
the  aerial  nangaturs  at  this  height  made  '■isiiaU  of  their 
Mfety.  When  tht-y  Kit  the  ground,  the  thLriiii,}i  <  icr,  ac- 
cording to  Fahrenheit's  scale  stood  at  69° ;  uiid  the  baro- 
meter, 4St  SO'ie  inches:  at  the  utrootit  hright  to  which 
they  ascended,  the  baromttcr  tell  to  27  inches ;  from 
wnck  Acy  deduced  their  licigti  as  above  to  be  600 
yaidlit  or  one  third  part  of  a  nuie.  During  tha  rest  ol 
tha  vwyage  the  quicksilver  in  the  barometer  waa  gOwnHy 
hctwaan  27  aad  ST'fiS  iatbaa,  miag  aad  MUng,  ■§  part^ 

oraan*  of  tha  iiMUMMhle 
Tfae  tlicniMtiMtiv  gtaaiall^ 
58  aad  sr  dagiata.  Saon  alter  tbair  aa- 
ccai,  they  remained  statioaaiy  for  aaine  tina:  they  then 
moved  horizontally  in  a  direction  ir.  n .  w. :  and  having 
crossed  the  S<'iiie,  and  pasaed  overse^i  ral  tu  A  ns  and  vil- 
lages, lo  the  great  amazement  of  the  iahaijitujits,  thi'y  de- 
scended in  a  field,  about  27  miles  from  I'aris,  at  ihnc- 
((uarters  past  3  o'clock  ;  so  that  they  bad  iravclM  at  the 
lute  of  near  15  nlica  BB  hour*  wlthoHt  fceU^g  tha  laastia* 
convenience. 

The  balloon  still  containing  a  considerable  quantity  of 
loflainmablc  air,  M.  CbaiW  re-ascrnded  alone,  and  it 
was  computed  he  went  to  ibe  height  of  3100  yards,  or 
8  inilea,  the  barometer  being  then  at  30  Eogliih 
I :  haviag  amukcd  himself  in  the  air  ahoot  99  ail* 
,  he  pidled  tha  atiiog  of  the  valve*  aad  daaeaaded  a* 
aaikidiitBiMoirMitbaplMaorUaafaait.  Ail  the  in- 
BoaaaaieBce  he  expetieaoad  i*  Ua  gpMt  alrvation,  wa*  a 
dry  sharp  cold,  with  a  paia  in  oae  «f  Ida  eatt  and  a  part 
of  his  face,  which  be  ascribed  to  the  diUtatiuii  of  the  in- 
ternal air:  a  circumstance  that  uiuully  liapp<'ns  to  per- 
fioii!  \i  hn  fiuddenly  changr  the  detisil  v  of  ihnr  atniii'-phiTP, 
either  fty  a>cendinK  '"'<•  ^  rarer,  or  desecndirig  into  a  dm- 
ser  one.  Tin  Mn;'!,  utilcKin,  launched  at  the  beginning  by 
M.  hlontgollKT,  was  iuuod  to  have  moved  in  a  dirociioa 


.  haiiig  ISI  iNt  hi^,  ami  104  feet  i«  diama* 
tar:  it  wa»  fonaad  of  •  danfale  covannti  of  Haen,  with 
thiw  hfanefpapar  belwaea  them  ;  and  it  weighed,  whea 
It  wcat  «p,  loOO  ponnda,  including  the  gallery,  paiwn» 
gen,  dec  It  w<ia  at  irst  intended  for  six  panMengers;  htit 
before  il  went'ap,  it  was  not  judged  safe  to  fn-ijjht  ifwrth 

mr>rf  tliiin  (line  :  hdvvivcr,  no  authority  nor  solicilalioiis 
could  prcYiiii  ii[KH)  any  uf  the  six  to  ijiiit  their  |iImci-,  n:ir 
even  lo  ci!«l  l:ils  wliK'r  llireo  ^hould  rfsii;ii  tlieir  prrtffi- 
sions  :  »□  tliiil  lln-  spi  i  talurs  saw  them  all  ascend  with 
teii'i'i  and  auxM  tv;  ai.ii  to  odd  to  their  distre*'-.  n 
the  ropes  were  cut,  and  the  muchirn  had  ;iiri'iiilr(:  i  V  ut 
or  two  from  the  ground,  a  M-venlh  pirfon  sudiliidy 
leaped  into  the  gallery,  and  the  tire  being  iucreased,  the 
whole  aacended  together.  To  add  to  the  terror  of  the 
scene,  after  bting  iit  the  air  about  15  minutes,  a  Juge 
rmt  of  afaowt  dOheCia  length  was  made  by  the  ballaoii 
taking  lire,  in  conaeqanwe  of  which  it  descrtided  vCij  ra* 
pidly  to  the  ground,  th«ug|h  fonmatrif  vrilhant  iajuty  to 
my  of  die  aaronama. 

Off  tha  9td  af  f^chftiaty  a*  laflammahle^hr  halhioit 
was  launched  from  Sandnvich  in  Kent.  It  was  but  a 
small  one,  being  only  6  feet  in  diameter ;  but  it  was  ren- 
dered remarltable  by  being  tbe  first  machine  that  crossed 
theses  fmm  England  to  France.  It  was  found  in  a  Ilcld 
M  Warneton,  abfUt  9  mihs  from  Lisle  in  Fr<  cell  Flan- 
ders, two  Lniirs  and  a  hall  after  it  lell  iiandwich,  the  dis- 
tance being  about  74  miles;  10  that  it  loat«d  atthcmte 
of  about  3()  miles  an  hour 

The  chevalier  Paul  Andreani,  of  Milan,  vras  the  fir«t 
aerial  Iravcller  in  Italy.  The  che>-alier  himself  was  at 
the  sola  expense  of  this  machine,  but  was  assisted  in  tha 
CMtttniclioa  hy  two  hrothcn  of  the  name  of  Oerli.  They 
•II  threa  aacandad  tognher  nrar  Milan  on  the  S5th  of 
FMrnaty,  and  nmined  ia  the  anooipliete  ahoat  SO  mi* 
natei,  wfin  thfV  dticanded,  all  their  M  heihi  cxhaoft* 
ed.  This  machine  was  a  nontgolicr,  of  aiphatkal  ehape, 
and  about  68  feet  in  diameter.  FtOA  oakntathiM  made 
on  the  power  of  thi»,  and  other  machiott  •oftfte  ••me 
sort,  il  appears  thai  the  included  air  is  rarefied  eowmonlpr 
but  about  one-thitd,  or  that  the  inclttdrd  wawtt  a» 
weighs  about  two  thirds  of  tlie  same  bulk  of  tbe«Mfnial 

Hie  nwit  aeiial  voyage  waa  jwrfoimed  on  llie  M  of 
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MiU'Ch  17^4,  by  M.  Jpan  Pierre  ninnchtird,  a  roan  who 
ImW  WnCc  itia',  ili.lJi-  iii'T'.'  \'i>ji;i'v  Uiun  any  ulhi-r 

penon,  t-.\Cf])t  M.  Cinrin-jiri,  and  whu  lute)  aHaiiieii  ^real 
celebrity  by  b<  iii>;  lln-  (iiil  uhn  lias  tioated  in  ihc  uir  uvcr 
till*  cliaiiiicl  Iniiii  liii^lund  to  Kniiicc.  M.  Hlanctisril  il 
M  cnjb  IjuJ  III!  iiicdriv  yt'uts  bwn  in  pursuit  uf  mcchaiiicul 
iiicaii!!  lur  li>iiig  tbrou>>h  the  nir ;  but  oa  branny  ut  the 
late  invfiiicJ  air-balluuiis,  he  dropped  liU former  puntuiti, 
umI  Ittrned  hi»  attentiun  to  ihcm.  Hv  accordingly  cod- 
Mractcd  a  baUoon  «r  27  feet  diameter,  lu  \\liich  «  boBt 
wflji  suspenilcd,  with  two  m^ag^,  and  a  rudder  to  ilcer  it 
by,  at  aUo  a  larM  jparachute  iprcad  horismitollj  b««MO 
tbeboaiMd  the  MllaoB,  dsMipicd  lo  chrck  the  full  in  ca<»e 
tbchnlloon  ibouMbunt.  Tbemachinebi  iiij>fiili.dMiih  in- 
flmiMU«  air,  he  ascended,  Ironi  the  Cbainp  de  Mart  at 
Pari»Kto  the  height  of  ntar  2  miics  ;  and  after  floating  in 
the  uir  fur  an  hour  and  u  ((UJiirr,  d.  -cf  nJL<l  ui  Uillan- 
Cuurl,  near  Seve,  haviii<;  "  xin  rii  nciiJ  6)  iurii5  hcul,  cold, 
hlin;^er,  aiiti  an  cj.ri  -.-.m  <it  ■  lu  siiif^s.  It  appi  urN  from 
his  own  uCCouiil,  und  m  mi^jlit  havt-  expected,  that 

the  wings  and  ru<ld(T  iii  ni-.  Uj.i:  hiid  lilllt-or  no  {>ower  in 
turning;  ihc  balloon  tiotii  tin'  direction  ot  the  wind. 

In  Ilie  couTM'  of  this  year,  178*,  ueruslalic  «-Np«'ri- 
niuniii  and  aerial  voyages  became  >o  frequent,  that  the  li- 
Biits  of  this  article  will  not  milow  of  aiiy  thing  farther  than 
■entionin^^  tlmso  that  were  attended  with  any  remaritable 
cimUMUnciii.  On  the  36lh  of  April,  MeMrs.  dc  Mw 
voati  and  bcrtrand  Moended  friHU  Dijon,  with  aa  indMi- 
inable-air  balloon,  to  th«  height  of  near  2  ulm  ud  m 
half,  when  tin  thcrauMMtar  nariiiMl  SS*.  Tkef  wm 
tiw  air  n  boar  and  S5  oiinulca,  ia  which  tiiM  tli^  Aoatod 

On  the  20th  of  May,  tour  ladies  and  a  gentleman  as- 
cended from  Paris,  in  a  Uz^i  inijutsulfier,  (tli.  v.?  the 
bighrst  buildings,  and  reiuuuicd  ttUbpended  there  a  consi- 
derable time^  UN  balloao  bci^cMMacd  hy  tofn  fnm 
flying  away. 

On  the  v'Jil  nf  May,  M.  Blanchard,  »uli  tin  same  bal- 
loon as  bciore,  a>cend«'d  truiii  Koucn,  to  ^uch  height  that 
tbi'  MR-rcury  in  the  barometer  utood  at  20  47  inches, 
which  on  the  earth  bad  been  at  30* lb'.  It  was  obv-rved 
that -IB  thu  vo)  11^0  M.  Blanchard's  wings  or  uars  could 
not  turn  him  aMdt'  from  tbe  direction  of  the  wind. 

On  the  4th  of  June  M.  Ftcurani  and  Uadaine  Tbible, 
the  first  lady  who  made  an  aerial  voyage  aieended  at 
Lyons  ill  a  machina  of  70  fret  ^aoNner*  'Huy 
the  bright  of fei!t|.  and  floaled  about  ■  a  mikt  in  45 
minutee. 

On  tbe  14th  of  Juiic,  M.  Coustard  dc  Maiai  and  M. 

Moticfaci  ascended  at  Names  ti>  a  ^rt  ut  height,  with  a  bal- 
loon ot'  .'>'2'  fci  t  dianii  li  T,  lilK  d  uilii  inlUinnialjli  air  ex- 
Ir.ic'tcil  Iro.M  zinc  ;  und  iLoy  lloalid  to  llif  Ji^Linct  ot  -^7 
inilc  in  /jH  ji.inut<">. 

On  <il  .tunc,  the  (iriit  aerial  IravelK  r  >!.  Hozirr, 

»•  I  iiin|iiOiiL<i  Willi  M.  l'^^.ul^,  a«"fndeil  at  A  er^iailit-!.,  lu 
tbi'  pu  .i  nct-  1  I  the  loyal  (ai,  ily  and  the  king  ol  Sweden, 
Willi  H  l.iine  iiiontgultier,  wlio>e  diiuiieler  wan  7.9  leet,  -"id 
il^  liei^hi  Ul  l  e:  itiid  a  liulf.  'I  hiy  tluaied  to  the  distance 
ot'O'iiiih  .11  three  qii.iriers  of  an  hour,  wln  n  they  dii- 
Ki-fliled,  which  a  at  the  lale  ot  4ti  mileaan  hour.  Incoi^ 
siqurnce  of  this  «.\|>eriiiieiii,  th«  kinggiranted  to  M.  de 
Holier  a  pension  of  2000  livnt. 

On  tbe  15th  of  July  the  dnkeof  Chartfo*  the  tteohio* 
then  Aobartt,  and  a  fennh  peiMn,  aecendcd  from  the 
jpaik  of  St.  Glood,  with  an  inHaMnaUaMHr  maeUii^  of 


an  oblong  form,  its  diametrr  being  34  feet,  .ind  its  lenglli, 
vsi'ich  went  in  adirefthi-i  i:i',irtlli.d  [i>  the  horuon,  was  55^ 
tcet :  they  remained  m  llie  aIllu/^plleti'  43  nnmile?,  in  the 
greatiit  tear  and  dan^ir.  The  ni  irlunr  cont^tii.eii  uii  in- 
tenor  %niall  l)alioon,  liiU  d  with  common  air,  by  means  of 
winch  It  u;e>  pio|io>-ed  to  <  uiise  the  machine  touscmd  or 
descend  wuimui  the  lii&>  ot  any  inflammableair  or  ballatt ; 
and  the  b'lat  was  furnished  woh  a  helm  and  ears,  which 
were  intended  to  guide  it.  .  I'hree  minutes  after  ascradiog, 
dw  machine  «ira*  Iciat  in  the  clouds,  and  involved  in  a 
denM  vBiKnii.  A  violent  agitatien  of  the  air,  memhU^g  ' 
a  whirlwiiid,  greatly  alamed  4he  nna»nti,  tarned  the 
machine  thiee  timeavety  rapidly,  wid  itan^ikodjt 
a^  prevented  them  from  using  any  of  thdr  ntttraaiema  <or 
managing  the  machine.  AAcr  naayatfuggles,  with  great 
difficulty  they  tore  about  7  or  R  feet  of  the  lower  part  of 
the  covtirin^,  by  which  the  iiitUniniablc  air  i  scapi  <l.  and 
they  ilesceiuled  to  the  gruuiid  wuh  ^reat  rapuiit\,  though 
without  any  hurt.  At  the  place  of  deparlurr  tr.e  tusr  "- 
ineter  stood  at  dO'l2  inches,  and  at  their  greatest  eleva- 
tion 1 1  di-sceoded  to  S4^ ;  M  that  Ihdrawent  mm  mmdj 

a  mile 

(Jii  the  18th  of  July,  .M.  nianchanl,  with  a  Mr.  IVdey, 
made  i)l!4  thiril  vnyiige  w  iiii  the  same  balloon  as  he  ha<l  tie- 
fore,  and  rose  so  hi^:h  as  to  sink  the  barometer  from  30"  I 
to  2j'34  inches,  answering  to  a  height  ot  about  4<>00  ieel. 
In  2  hours  and  a  quarter  they  lloateii  46  miles,  which  is 
at  the  rate  of  20  miles  an  hour.  Is  thia  voyage  M.  ttlaa- 
chard  ihongbt  that  he  was  abk  to  toni  the  machine  wtili 
liu  wings,  and  to  make  it  atcead  and  daeend  at  plcnnn. 
After  descending,  it  ia  mid  the  btdlooo  leaaMed  all  Ao 
nli^t'at  anchor  fall  of  air;  and  that  the  next  day  ae- 
veral  ladies  amused  tbciMflvea  by  aacending  wirraiilifly 
to  th.-  hc  i^h-.  .>t  80  free,  ihelaaiMi  of  the  npn  Iqr  which 

it  was  uiicli'<ied. 

In  the  course  of  this  summer  Iwo  persons  had  nearly 
lost  their  livet  by  ascend  ng  with  machines  of  lunred 
air.  The  one  in  Spam,  on  the  5th  oi  June,  bv  tlie  ma- 
chine taking  fire,  was  much  burnt,  and  so  hurt  by  itie  tail 
that  bis  life  was  long  despaired  of.  The  latter  having  as- 
cended a  few  feet,  the  machincfy  entangled  under  the 
eaves  of  a  bouse,  srhioh  Imke  the  rapes,  and  tbe  man  fell 
about  twenty  feet :  tbe  machine  presently  took  brr,  and 
was  consumed.  Other  muntgolhers  were  also  burned 
•bout  London,  fay  mlting  in,  thiougb  the  detecli  of  tiieir 


Tiheintacfial  wyaga ptrfcrmtd  in  England  wn  hf 

one  Viocetit  Lnnardi,  •  aotivo  of  Imly,  who  ascMided 

from  the  Artillery  Ground,  Londoo,  with  an  inllamina- 
ble-atr  balloon  on  15lh  of  ijeptember.  His  marhine  was 
iiiMilf  id'  oiled  Mik,  painted  in  alternate  Mripes  of  blur  and 
ri  d  ;  and  Its  diameter  was  .33  feet.  From  a  net,  which 
(1  s^i  n  u  at>oul  two  (I  nds  of  the  balloon,  4i  cords  de- 
scencii  d  to  a  hoop  hiiii>;ina;  lielow  i(,  to  which  the  tnlh  ry 
wa.s  uttaf  Ik  d.  I  he  macliine  had  iiotaKe;  nmi  its  neck, 
which  terminated  in  the  lorin  of  a  pe.ir,  was  the  aperture 
through  which  the  inflainniHble  aii  was  introduced,  and 
ibrou^h  which  it  might  be  let  out.  Tbe  bnllnon  was 
filled  with  air  producvil  from  zinc  by  means  ot  diluted  vi> 
triolic  acid*  And  when  the  aeronaut  drpotied  at  i  o'clock 
be  took  Up  witli  him  a  dog,  a  cat,  and  a  pigeon.  After 
throwing  out  aome  mod,  to  clear  the  houam,  lie  eicvnded 
to  a  comidonMe  height ;  md  the  ditecthw  of  his  notion 
at  first  was  north-w«t  1^  WCiti  bnt  as  the  balliHin  rose 
kigher,  it  came  into  udthar  cnmnt  of  air,  which  carried 
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it  ncerly  north.  In  course  of  hit  wytge  the  tlienno- 
tneUT  wu  ms  low  as  ulnl  tfn;  limps  of  water  ^vhirli 
had  collected  rouml  the  bailuuii  were  fruicn.  About 
liuir  uttir  3  he  descended  very  iieKr  ^ruund,  and 
landed  the  Cait,  wLlch  was  ainicitit  dend  witli  roKi  :  then 
rniiia.  Ije  |)ro»'CUted  hi*  voyfige,  till  at  10  niinuiis  jiast 
4  o'clock  be  landed  near  Ware  in  llertfordiyliire.  He 
OKribcs  his  descent  to  the  action  of  hi»  oan ;  but  as  he  was 
under  the  neceMity  of  throwing  out  ballast  in  order  t9  r»- 
mccnd,  bis  descent  was  tun  probabljr  MCTninwid  by  llw 
loss  of  inflammable  air. 

The  longest  and  most  interesting  vcmige  peribrmc-d 
about  this  time,  ms  that  of  ttom.  Rotam  aiHl  Jd. 
Colia  Hullim  who  aieaaMatPam,  at  noco  on  tho  ISXh 
of  Septanbcr,  with  a  balloao,  filled  with  Mhnumble  air, 
which  was  i7i  feet  In  dianeter,  and  46|  ftet  long,  tho 
machine  being  made  to  float  with  its  longest  part  parallel, 
to  the  horizon,  and  having  a  boat  of  near  17  feet  long  alp 
tachc  d  t>)  It.  Tli;  lin,it  was  fitted  up  wllii  sevrral  wings 
or  oars,  shaped  like  an  umbrollu;  and  lin  y  uscendcd  at 
li  o'clock  ttilli  430  piiuiul*  lit  sand  bullait,  and  after  va- 
rious nmnwuvres  Iniaily  deicended,  at  4<)  minutes  past  6 
o'clock,  neur  Arras  in  Artoi*,  1  jO  i;iks  from  Paris, 
having  .-till  '2<10  pounds  of  bulhist  mnMiunL'  in  the  boat. 
In  one  pan  lln'V  Imjiul  cuitiiiI  ot  .iiy  ■jiiil  ir;;;  limw 
€00  to  4200  lift  liigt),  wiiitli  It  seems  was  their  greatest 
height,  and  the  lull  of  tlir  haromcter  had  been  near  S'6  de- 
grves.  They  found  tlial  by  imans  of  their  oars  they 
could  accelerate  their  coutsc  a  little  in  the  direction  of 
the  wind,  when  it  moved  slowly,  which  may  be  true  ;  but 
thcfiaiag^t  rea.'ion  to  duubt  of  the  accuracy  of  their  ex- 
Ill  by  which  they  pntcfMkd  to  cause  their  path  tfi 
ahoul  9i  dcgreu  rmai  tins  wind,  gcung  with  •  bon- 
■idonbla  vdoci^. 

The  MCood  aaital  voyage  in  I'ngland,  was  pcrfiJrmed 
by  Mr.  Bhinchard,  and  Mr.  Sheldon,  professor  of  aoa- 
tomy  lo  the  Koyal  Academy,  brit>g  the  finit  Rnglishman 

who  atcend'.'d  with  an  aeri'sLHtn  ni.K'iiirir.  Tlicy  a^crnJcd 
at  CheUea  the  Itith  ol Oelo^iT,  at  'J  niiiiuti'>  [uisl  J  J 
o'lIucL.  .Mr.  Bl..iii.lii:ril  li.iNHii;  li-.nilfd  Mr.  Slicldon  at 
about  14  milr^  Ir:  m  Chelsea,  ii:-a»cemlcd  alone,  and 
finally  landed  ne^r  Kun^s^'y  in  Hampshire,  about  7J>  nii)e^ 
from  London,  having  gone  neatly  at  the  rate  of  20  mile» 
an  hour.  The  wings  used  on  this  occasion  it  seems  pro- 
duced no  deviation  from  the  direction  of  the  wind.  Mr. 
Blanchard  said  that  he  ascended  so  hi^aa  to  feel  a  great 
difficulty  of  breathing:  and  that  a  pigeon,  which  flew, 
away  from  the  boat,  laboured  for  some  tine  to  MUtlill  i^ 
aelf  with  ila  wiafu  io  the  rarefied  air,  but  after  wandering 
•  0Mid  wUhs  ntoimdt  and  rated  on  the  aide  of  the  boat. 

Ob  llw  «h  oTOetoher,  Mr.  Sadler»  an  UufuStm  ttadct' 
laaik  at  Oxfbrd,  aieendad  at  that  plaipe  widi  an  fadaainm- 
bic-air  balloon,  of  bis  own  construction  and  filling.  And 
again  on  the  12th  of  the  same  month  he  aacendcd  at  Ox< 
furd,  and  fluiiii  dl  j  tl.  .-  distance  of  14  miles  in  17lBianlai) 
»hitb  is  at  tlii'  r;i;i  ol  iieiir  50  roiles  »n  hour. 

The  30lh  of  .Niivi  min  r  this  yrar  Mr.  Rlanchard's  fifth 
aerial  voyage,  still  with  his  old  machine,  was  [KTlurmed  in 
company  with  Dr.  J.  Jetlries,  a  native  of  Ainencn.  7  lieir 
M>yage  uas  about  21  mites;  and  it  does  not  appcart  bat 
ihe  Kri'aifst  action  of  their  oars  prodOCad  any ClKt  in  di- 
recting the  course  of  the  balloon. 

On  the  4th  of  January,  17S5,  a  Mr.  Harper  ascended  at 
Birmingham  with  an  iaflanunabh»«ic  balloon,  and  went  u> 
the  disunce  of  50  flulef.iB  an  hour  ani  a  auaitv:  ha 


suflTered  no  other  inconvenience  than  a  temporary  deafness, 
and  what  might  !«■  i  \pi  i  tul  Irom  the  changca  of  wet  and 
Culd.    The  therinunKUr  dihcended  from  -U)  to  28  degree*. 

On  the  7th  of  January,  Mr.  lilancharu',  aLCumpmunl 
by  Dr.  JetTries,  p<  riornied  his  sixth  aenal  voyage,  by  ae- 
tiirtlly  criiSMi.^  till  Uritisli  channel  from  Dover  to  Calais, 
ivith  the  same  balUxin  which  had  five  tiau*  i^Qreaurned 
Lini  &ucecssfully  through  the  air.  They  aaacifto  '' with 
only  ^  pounds  of  nand  ballast,  beaiilea  fhUr  pruvhiam, 
some  books,  instruments,  and  other  necessaries.  The  ma- 
chine parted  with  the  giis  very  rapidly,  and  their  ballast 
was  soon  all  aichausled;  after  which,  from  tinia  to  date 
they  thnw  out  eveiy  thiac  clae  in  the  boot,  to  prevent  ' 
tbaMelm  from  drojiping  inio  lha  aea.  In  thil  way  they 
diqiMcd  of  all  their  provfadoaa,  thair  booha  and  instni- 
nenn,  and  finally  with  part  of  their  clothea.  Una  bow- 
ever  bringing  them  near  the  French  co^t,  they  gradually 
ascended,  clcatvd  the  clilTs  and  houses,  and  landed  in  the 

forest  of  GuieniftTi.  In  consequenri'  uf  tlii^  vunage,  the 
king  of  France  presetued  M.  lilaochard  with  a  sift  ut 
1  :ooo  Urm,  and  g^iad  hiai  a  pcsaiaB  of  UOO  bviea  a 

yinr. 

On  the  19tb  of  January,  Mr.  Cr,  je  asrendi  i!  at  Oub- 
lin  in  Ireland  with  an  inliammable-nir  baiioon  to  a  great 
hi  i;;ht.  He  rose  so  rapidly,  that  he  was  oat  of  sight  in  3 
minutes  and  it  half.  By  suddenly  opening  4|»  vi4n|^  ha 
descended  just  at  the  edge  of  the  sea,  as  be  malUliliHI  WS  ^ 
wards  the  channel,  being  unprovided  for  properly  puaing' 
over  to  England. 

On  the  23d  of  March,  Count  Zambcccari  and-lAniTal, 
Sir  Edward  Vemon  aacnniled  at  London,  and  aiuml  to 
Uortham  in  Suaiex,  at  the  distance  of  35  milea  in  Itm  - 
than  nn  hoar.  Tb«  voyage  proved  verv  dannenM,  vma^ 
ifttoaM  ofthc  laachineiy  about  the  valwhetfltdaiRMtd, 
which  obliged  them  to  cut  apan  wmt  part  of  the  balloon 
when  they  were  about  S  aim  poipendscnlar  height  above 
the  earth,  the  barometer  having  fallen  from  30  4  to  20-8 

iriihes.  In  descending,  they  |:a-std  iliruUf;;)  u  denbc 
ckiud,  which  felt  very  cold,  and  c<i^erid  thi  in  ui'.h  snow. 
The  observations  they  made  were,  that  iIk  biUoon  kt[,i 
pi'r|»etually  turning  round  its  vertical  nxis,  sMrtu  iinies  so 
rapidly  as  to  make  each  resolution  in  4  or  3  m nmiU  , 
that  a  peculiar  noise,  like  rustling,  was  heard  among  the 
clouds,  and  that  lha  baltoen  wna  greatly  agitated  h»  tha 
descent. 

On  May  the  5th.  Mr.  Sadler,  and  William  Windham, 
esq.  member  of  parliament  for  Norwich,  ascended  at 
Moulaey-httnt.  The  machine  took  a' south-east  course, 
and  tho  cainat  of  air  waa  so  itnng,  that  they  were  in 
gnat  damcr  «r  bdnf  diiven  to  aea.  They  had  lb*  piod 
fectaaa  however  t»  deawad  hmt  tha  ooalnB  of  the 
Hhhmi  and  Mcdwny,  not  a  m9e  horn  the  water's  edge. 
Bjy  an  accident  they  lost  their  balloon:  for  while  U>o 
aeronauts  were  busied  in  securing  their  instruments,  the 
country  people,  \»liom  they  iiail  (rnployed  in  hnldiqg  • 
down  the  mQchine.  smldcnly  let  e.n  the  cords,  when  the 
biillnon  instantly  n^rcjiHi  i1,  p.nd  wiib  driven  niaiiy  miles  out 
to  sea,  where  it  lell,  and  was  tAi^  n  uji  by  a  trudinp  i  evs<'l. 
It  was  afterwards  restored  asmn,  mid  anolhei  soy.ii'c 
made  with  it  from  Mancbcster  to  Pontefract,  in  which 
Mr.  Sadler  was  still  more  unfortunate;  for  no  person 
being  near  when  he  descended,  and  not  being  oble  to  con- 
fine the  balloon  by  his  own  strength,  he  wb>  dingged  by 
it  over  trees  and  hedlna }  and  at  but  was  forced  to  quit  it 
at  tha  tttmoitfi^«i!lni  life;  aAer  wbkh  it  maejafaiB, 


Striata 


Qigitized  by  GpOgle 


A  £  R 


t  «  1 


MUimcNttafiiilitlBAftir^MlH.  hwm 

UtmA  nwr  Oaintborough. 

Oo  the  19tb  of  May,  Mr.  CMUt«MDM,al  DM*, 

U  ta  the  topt  of  the  hmm»t  sooB  daeendcd 
ag^n  with  ft  velocity  that  alanned  all  the  ipectaton  far 
hU  aafSrty.  On  his  !ti.')>ping  uut  nf  thr  car,  in  M  iiuluit 
Mr.  M'Guirt',  a  colligi'  juuth,  ^prari:',  ini oit,  on  which 
the  ImllooD  ascended  with  him  to  tin  asinin-luui  liC  of  the 
beholder*,  and  presently  hi-  wiis  carricJ  with  gnat  vcliv 
City  towards  the  channel  in  the  direction  of  Holyhead. 
Tb»  being  obterved,  a  crowd  uf  honemen  pursued  full 
iptnd  ^bt  course  be  seemed  to  take,  and  could  plainly 
Miceive  the  balloon  descending  into  the  aca.  Lord  H. 
ntnerald,  who  wu  among  the  foremoal,  inttantly  dis* 
pained  a  iwifltr«iUn|  veitel  mousted  with  oars,  and  all 
the  boats  Aat  coald  be  got,  to  the  relief  of  the  gidlant 
mtb  i  whom  (kay  tmmS  tinmt  apwt  with  awimming, 
J«it  Umt'eBongh  to  MM  hb  lift. 

The  fate  of  M.  Pilatpa4a  Radar,  ttaintMrial  tnMl* 
ler,  atvd  bis  cofflpaoion  M.  Roiaaiii,  baa  haaa  oiach  la» 
mealed.  They  ascended  at  Boulogne  the  15th  of  June, 
with  intent  to  cro»s  the  channel  to  England  :  for  the  fint 
30  minutes  they  seemed  to  take  the  proper  direction; 
when  presently  the  whole  apparatus  was  seen  in  flames, 
and  the  unfortunate  ad\enturer5  fell  to  the  ground  from  thf 
height  of  more  than  a  thousand  yards,  and  wcri-  liillnl  on 
tbespotfthdr  bones  In-ini^broken,  and  their  bodiei  crusheJ 
in  a  shocking  manner.  The  machine  in  which  ihry  uv 
ceniled, consisted  of  a  sphcncal  balloon,37  tert  m  iiniuu  ter, 
filled  with  inflammable  air ;  and  un^ier  this  wa<>  sutpeniJrd 
a  unali  reontgolfier,  or  &re  balloon,  of  lo  fret  diameter ; 
the  gallery  which  suspended  the  acfonautt,  was  attached 
to  the  net  of  the  upper  balloon  by  cofdi»  which  were  faat- 
4Md  to  a  hoop  rather  larger  than  the  montgolfier,  and  dc- 
towdml  perpendicnUrly  to  the  gallery.  The  montgolfier 
wta  intended  to  promote  aiid.pnloiy  the  eMcnaoa,  by 
nicfyii^  the  atmoapkerk  air. 

On  the  19tb-of  July*  et  90  ninalH  Mil »  e'doch,  Mr. 
Cimbie  a  third  lime  ascended  at  MUie,  with  intent  to 
eKK.1  \\w  rhanri.'l  to  Ih^lyhrad  in  Eqalaed.  The  uraal 
form  of  the  bout  liHii  .leen  chanpd,  fer  a  capacious 
wii  ker  lia?k<  i,  of  ii  c. i  (  u lar  form ;  and  round  itit  upper 
edgi-»  well'  fastened  a  i;n  :it  many  bladders,  which  were  in- 
tended lo  render  his  j{ull<  ry  buoyant,  incase  of  a  disaster 
at  M-a.  About  300  poimds  of  ballast  were  put  into  ihc 
baski  j,  but  he  discharged  half  a  hundred  on  hi-.  fir»t  rise. 
At  fint  a  current  uf  uir  carried  him  due  west;  but  it 
aoon  dmaged  his  coarse  to  north-east,  pointing  towards 
Whitehaven.  At  upward*  of  40  miles  from  the  Iridi 
shore,  he  found  himulf  within  i>ight  uf  both  landa,aMl  IH 
-eaid  it  was  impottible  to  give  an  adequate  idea  of  the  beau- 
tie*  which  the  (cenciy  lea,  bounded  by  both  landa, 
pHjiantai.  He  roae  at  one  lime  ae  high,  that  by  the  ie- 
■tene  ooM  hb  ink  waa  ffoien,  and  the  aercnry  »uak  quito 
into  the  hall  of  tke  thermometer.  He  was MMi,md  Mk 
strone  prepulsion  on  the  tympanum  of  the  ten.  At  hit 
Ml  st  ht'iirhi  h<-  ilioii;(ht  himself  stationary  ;  but  on  libe- 
rating -uinie  ga^,  he  cle»c<  ikI'mI  to  a  current  of  air  blowing 
north,  and  exlteinely  i'  ii)!ii.  He  now  cntirid  a  thick 
cloud.  <inil  eiicoiniteri  il  "li'ing  blasts  of  wiiiri,  w  ith  tliuniler 
and  li^htniiiq,  v^hu  h  hion^ht  him  rapidly  towardn  tlie  -.ur- 
face  o|  itic  walr-i.  lli-rc  the  balloon  m;ide  a  cirruil,  hut 
falling  lower,  the  wati-r  entered  Ui>  ear,  and  hr  I  ot  hit 

of  obiervatiwn.   All  his  endeavours  lo  throw  out 

NeoraoMrili  At'fMee  of  MM 
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IBS  md  with  much  diflMHy  he  pit e» 
TMfnpfieto  ofhiiidea  waa  nowwiy 
MteofMhoM;  a*  by  tbeedtoiB. 
late  the  iewKpaitefii^ud  theaoipen- 
which  wen-«nAi|ed  at  the  top,  the 
weler,  added  to  bis  own  woghl,  became  proper  ballast ; 
and  the  balloon  maintaining  its  poise,  it  became  a  power- 
ful sail,  by  niean»  of  «>hicli,  hihI  u  Miatch-bluck  to  his 
car,  he  went  before  the  wind  hi  rcgulKrIy  as  asaiLng  ves- 
sel. In  this  situation  he  found  himself  iiicliiieii  to  eat. 
and  he  look  a  little  lowl.  At  the  dittanee  of  u  lea^^ur  he 
discovered  some  vessels  crowding  after  liini  ;  hut  as  hii. 
progresa  outstnppid  all  their  endeavours,  be  lengthened 
the  space  of  the  balloon  from  the  car,  wbicb  gave  achedt 
to  the  rapidity  of  his  sailing,  and  he  was  at  leogih  ovep. 
taken  and  savi-d  by  the  Dunleary  barge,  which  took  bin 
oo  board,  and  steered  to  Dunleary,  towing  the  ballooo 
after  theos. 

•  A  simiUr  accMawt  iwf pwwi  to  Mijor  {mom  Oewewl) 
If ewy,  who  asceedad  at  neiwich,  ee  the  Std  at  Jely,  et 
20  minuice  post  iintheafttmoont  when  meeting  with  an 
improper  current,  and  not  bciu  able  to  let  himself  down, 
on  account  of  the  sma linen  of  the  valve,  Ec  was  driven 
out  to  sea,  where,  after  blowing  about  for  near  two  hours, 
he  dropped  into  th^•  water.  Here  the  ^trun^h!!  v.<  tv  as- 
tonishing which  he  made  \i>  keep  the  liallouii  up,  which 
was  torn,  and  hung  only  like  nn  umbrella  over  head. 
A  ubip  wa»  one  within  a  mile,  but,  whither  from  want  of 
humnnity,  or  by  mistaking  the  balloon  for  :i  5e:i  niulisler, 
they  sheered  off,  and  lelt  him  to  his  fate :  hut  a  boat 
chued  bin  for  Iwo  hour*,  till  just  dark,  and  then  bore 
away.  He  now  gave  up  all  hopes,  aikd  began  to  with 
that  Pnividence  had  given  him  the  fate  of  Rosier,  rather 
than  such  a  lingering  death.  Exerting  hiauclf  however 
to  preserve  life  as  h>ug  as  potaible,  by  keeping  the  ballineii 
loBtiBg  ever  hit  Ima,  to  haep  himself  out  of  the  water, 
iMo  wbicb  ndierthetoi  be  rank  gradoally  inch  by  inch, 
aa  it  lott  in  pe««r»  till  he  wa*  at  length  breast  deep  in 
water,  vrhee  he  waa  taken  up  by  a  revenue  cutter,  ai  half 
past  eleven  at  night,  but  so  weak  that  be  waa  ebUgad  to 
be  lifted  out  of  the  car  into  the  ship. 

About  the  latter  end  of  Au;;uNt,  the  loDHHt  awltl 
voynge  bithi  rto  made,  was  performed  hy  Mr.  Blam-hnrd, 
who  a.sceniUd  at  Ijsl<-,  accompanied  by  the  Chevalier  de 
L'Kpwiurd,  anii  Iravilled  30O  iiiilis  in  their  l  allnon  before 
it  de^i  On  ibis  oCcaMon,  as  on  some  former  ond^ 

Mr.  Ulanchard  modu  trial  of  a  parachute,  like  a  large  um- 
brella, invented  to  break  the  fall  in  case  of  an  accident 
happening  the  ballooe:  with  lliia  mechine  he  dropped  a 
dbg  from  the  car  leeM  after  UiBiecBiieB,wbicb  dcicaadad 
gently  and  unhurt. 

On  the  8th  of  Soplembcr,  Thomas  Baldwin,  esq.  ascce^ 
ed  from  the  dqf  uf  Chester,  end  descended  at  Rixton* 
at  95  nimT  distance,  after  a  voyage  of  8  boan  and  ft 
If.  Ibe  greatest  perprn«ficular  altitnde  aseendel 


was  abent  a  mile  and  a  half,  and  the  aeronaut  computed 

that  in  some  parts  of  the  voyue'  he  moved  at  the  rate  of 
30  mile*  an  hour.  Mr.  Baldwin  published  a  very  circum- 
stantial account  of  his  voyage,  with  iiDiiiy  ingrnioui  philo- 
sophical leinarks  rrlalii^  to  aerostation,  of  which  subject 

his  book  may  be  conaidvtcd  as  one  of  tbe  hMl  tTcatbes  yet 

given  Ui  the  public. 

October  the  Mli,  Mr.  Lunardi  made  the  lir»t  aerial 
voyage  in  Scutlatui.  I  ie  ascended  at  Edinbuighi  end,  after 
,  Inded  nanr  Cupar  in  ffsiSi;  having  da^> 
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fcribed  «  (rack  of  40  mit«8  ov<t  fh«  lea,  and  10  over  iIm 

land,  ill  an  hour  atul  a  liiilf.  The  mercury  in  the  baro- 
meter sunk  us  [o\\  a.s  18'3  iiirluiat  his  greatest  elevation. 

N  iveinbi  r  the  l!Hh,  tho  celebrated  Blanchard  ascended 
at  tilii  lii  to  a  creut  height,  and  after  many  dangers  de- 
acciidfii  Lii  Deht  sMthiiut  his  car,  which  he  cut  iiw;iy  to 
lighten  the  machine  when  he  was  descending  too  rapidly, 
•ad  alung  himM-lf  by  tlie  cord»  to  the  balloon,  which 
ttrved  bim  (ben  in  the  nature  of  a  parachute.  On  his 
Ant  ascent,  when  he  was  almost  out  of  ^i';ht,  he  let  down 
•  do^  by  mcont  of  a  parachotr,  which  came  easily  to  the 

NovMilMr  the  Uthf  Mr.  Lmwwli  ■icwid<4»OI«maw» 
«ad  in  taw  hoan  ir  ia  laid  ha  dcaoiM  •  Imck  of  12ft 


It  i»  fiirdwr  leimUrio  lM» 
with  dirnvsineia,  boalcpl  Ibr  nboiit  SO  mintttet  iit  the  liot> 
lotn  of  the  car,  during  this  voyage. 

In  order  to  obviate  the  danger  of  a  fall,  aii'-ing  from 
any  acriJciit  li;i|)|ieulii^  t(i  the  balloon,  -,o;r.c  t  ipcriiiiciili 
were  maiiu  \vuii  a  jtarathute  firil  by  Mr.  illaiicliutd,  who 
periurnn  d  M-vcral  other  excursions  in  dilTcrcnl  parts  of 
Europe,  ami  made  i>omc  impruvcmcnts  in  the  parachute, 
\»inj;8,  &c.  An  account  of  the  two  following  voyages 
pcrlurmcd  by  him  will  be  best  related  in  Mr.  Bianchurd's 
own  words,  taken  from  his  letter,  dated  Lcipsuk,  Ovui- 
ber  the  9tb,  1787,  to  the  editors  of  the  Pans  J  mrnal. 
"  I  did  not  mention,"  says  he,  "  in  your  inti Te>,iirij«  pa- 
per, my  aicewiion  at  Strsaburg  on  the  86th  of  last  Au- 
nst :  the  weather  was  ao  horrible,  that  I  Bounted  only 
lor  the  sake  of  contenting  the  astonishing  crowd  of  ttrsn- 
gen,  aMembled  there  from  all  parts  of  the  country.'  Tho 
•niv  KBaikBUathimUHUocGURodatttotiau^waatka 
Ibtiowim  dienMlnca:  At  the  hright  of  abovt  «000 
yaidb,«r«iiiUo  and  half  »  qMitw,  I  let  down  a  dog 
tied  to  tho  paradiato,  which,  ItaUti  rf dwemding  gently, 
was  forcibly  carried  by  a  wlHlMlld  ahow  the  clouds.  I 
met  him  soon  after,  bending  his  course  directly  down- 
»ani^;  when  he  peiceiveil  n>e,  he  brpan  to  bark  a  little, 
and  J  was  going  to  take  hnht  i  l  ihe  parachute,  wlicn  an- 
other whirlwind  lifted  him  u;;iiiti  to  a  great  height.  I  lost 
hini  for  about  6  minutes,  and  perceived  him  afterwards, 
with  my  te(e&cup<-,  as  if  sleeping  in  the  cradle  or  basket 
belonging  to  the  inaobiae.  Continually  agitated,  and  im- 
petaously  tossed  through  every  point  of  the  rompa-.?,  hy 
the  violence  of  the  diflVrent  currents  of  air,  1  dctcrminod 
to  end  my  iwyagc  on  the  other  side  of  the  Rhine,  after 
having  jtaiiail  VMtically  over  Zell.  I  descended  at  a  amall 
village,  with  U iateation  to  be  assisted  a  little,  and  aboit 
thirty  men  aom  «um  wiibia  mcb  of  the  b«Uoo«-«aty 

SiShaS'***'HShMB''*'*^*''*Mdd^  Theijindwaaao 
*«ieb  IhadhowefernMedTtvtlwkiia  Mtoatatic  globe 
«  amaller  one,  of  60  pounds  aseeanonal  fheee,  wkieh 
would  have  contributed  to  fix  me,  when  once  I  let  it 

looM- ;  but,  notwith»tanilirig  tins  j)rcrf4ution,  the  njei/>  as- 
sistance was  very  nccesaary  to  roe.  I'he  parachute  was 
yet  wavering  in  th«^,  MM  did.aot  ctm»  dwni  till  M 
minutes  aftei'." 

"I  performed  my  27ih  ascension  at  I-eipsick  tlif  'JQth  of 
September,  in  the  midst  of  an  incredible  number  of  specta- 
tors, forming  one  of  the  RKWt  brilliant  assemblies  I  ever  be- 
held .  The  sky  was  as  clear  and  serene  as  possi  ble,  and  the  ai  r 
BO  calm  that  many  of  my  friends,  and  multitudes  of  othets, 
•oald  ibllow  nw  on  horseback,  and  even  on  foot.  I  ana 
■  thctn  that  they  thoug^tnhty  OOldd  IMWll 


vm,  hat  I  conld  lOon  find  the  means  of  rising ;  and  once, 

when  they  had  actually  tal<r;i  hold  of  tlip  conK,  m  see  me 
float  with  the  slrinjis  in  their  hands,  1  suddenly  cut  theni, 
and  mounted  agiiia  in  itu-  air.  All  these  amu.nng  evolu- 
tions were  in  sight  of  the  town  and  its  environs.  At  length 
1  yielded  to  the  earnest  solicitations  of  the  company,  and 
entered  the  town.  The  nest  day  I  emptied  the  inliaiiiroa- 
ble  air  into  another  globe,  with  which  1  intended  to  try 
some  experiments ;  and  I  let  il  off  with  a  cradle,  in  which 
a  dog  was  fixed-  The  balloon,  having  reached  a  considera- 
ble  height,  laade  an  explosion  in  its  under  part,  u  I  had 
in^gilied  it  would,  having  previously  disposed  it  in  a  proper 
■anmr  for  that  purpose }  by  whin  amu  the  iittlo  ui* 
■Ml  M  gently  to  the  ground.'* 

"  The  day  before  yesterday  hniDg  icptiled  thi*  «lt|ieri- 
■ent,  I  prepared  the  globe  in  soch  a  nmnner  ai  to  erase 
an  cxploHon  in  its  up|ier  part,  and  added  a  parachute 
with  two  small  dogs  fixed  to  it  They  went  so  high  that, 
ii'itu  i-,!i<,tandiiig  the  serenity  of  thr  skv,  llu-  ballmm  »a! 
iost  i:i  Its  immense  rxpan.se.  Telescopes  ol  the  best  Mirl 
became  useless,  and  1  began  to  be  apprthenaise  for  the 
death  of  the  little  aiiuaal»,  on  account  of  the  severity  of 
the  cold.  They  descended  howeverabout  Uso  Ijours  alli  r, 
quite  safe  and  well,  in  the  town  of  llelitifch,  l(  miles  trom 
Ixipsick.  I  went  yesterday  tc  claim  ihem,  and  found 
them  again  over  the  town  in  the  air  with  the  parachute. 
Such  expi-rimeots  bad  been  already  tried  many  times  in 
the  course  of  the  day,  and  some  oflicors  had  thrown  i 
from  the  top  of  a  steeple,  in  the  sight  of  all  the  inh 
of  Delitisch,  from  which  they  descended  safe." 

'W«  ahall  conclude  ihb  hlatorical  sketch  with  a  short 
aeoowrt  of  the  aerial  tmn  farfbfaiad  by  M.  Oninerin, 
]■  LnadoB,  i*  llOt.  iMlnt  MOMt  in  Lendmi  iinon 
i«M  SSMi  nepafB lad  hy  Captain  Sowdeo :  Ihi^  nan 
ft«ai  Ruwiegb,  aad  afifljhicd  near  Cokltcster,  in  ie«  iIhhi 
three  quartcn  of  an  hour,  having  in  that  short  period  tn* 
veiled  full  60  miles.  During  this  voyage  the  aeronanis 
dill  not  experience  any  incomenieiu-e  trom  the  rapidity  of 
tlieir  motion,  until  they  be^an  to  liescef.d,  «  hen  they  were 
much  afti-cted  hy  the  liiiis!erolJs!ie<s  uf  the  wind  ;  their 
descent  was  attended  with  danger,  and  occupied  some 
minutes. 

On  tho  2 1st  of  September,  M.  Gamerio  undertook  the 
singular  and  desperate  experiment  of  ascending  with  an 
air  balloon,  and  descending  io  a  parachute.  He  ascended 
from  St.  Georj^s  Parade,  North  Audley-etrcet,  and  de- 
accnded  safe  into  a  field  near  the  8ii|Bll-pox  hospital  at 
Pkuicras.  The  halloon  was  as  omhI  aadc  of  oiled  iilkp 
«o«<end  mA  •■■^  fnm  which  ropea  ptocecded  that  Kr> 
■telMl  iii,<ir«iM*iMdla^*aiiiglerope,nfiB«fiMtbdcw 
AahiD«w»  mi  to  Oda  tope  the  pamchiile  w  ihrttocd 
ItttltMlowiagnwwr. 

T%t  parachute  vras  about  90  feet  in  diameter;  and  aevo- 
ral  rape*  of  about  HO  fret  in  length,  which  proceeded  from 
its  edf;e,  lertiiiiiated  in  a  comniou  joinini;,  from  which 
shoripi-  ropes  proceede<l,  and  to  the  txtnuuljes  of  these  a 
circular  basket  was  attached,  in  which  M.  Cirnerin 
placed  himself.  Now  the  single  rope  that  has  been  said 
above  to  proceed  Irtjin  the  bnlluo:i,  parsed  through  a  hole 
in  the  cejitre  of  the  parachute,  and  rhroiiL:h  tin  tubes, 
which  were  placed  one  after  another,  and  was  !ii.»:ly 
ened  to  the  basket;  so  that  when  the  buUcwjn  w^'-'-  the 
air,  by  cutting  this  rope,  the  parachute  with  the  basket 
would  bo  amanted  linMi  it,  and  in  failing  downwards 
by  the  Th« 
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UH  of  dM  tin  taha  ww  to  let  the  rope  slip  off  wilblh* 
giMter  certain^, md  to  fomnt  it  Asm  g^UiagmmMi 
.wiOi  any  part  «r  t^  madiiBny 'bdoflgiBB  to  the  W- 
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About  6  o'clock,  every  thing  being  ready,  MA 
placed  himitelf  in  the  basket,  and  ascended  majettiadlf 

amidst  the  acclamatjotu  of  innumerable  spectators.  The 
wcadli  r  wai  the  ilcjircst  iind  plcasaiitcsl  imugiiiatjlo,  the 
v,ind  bli  w  II  gentle  breeze  iVom  w  Ijy  •,,  utiil  in  about 
S  iDiiiuti'^  the  l>:ill(>()n  ami  panichutc  had  a-icendi  d  to  an 
iiyimrriM;  hei;;hl,  wlieii  M.  (rariieriii,  in  the  basket,  cuuld 
scarcely  lie  perceived.  \\  hiU  every  spectatur  "us  Con- 
templating the  grand  »ight  imUnt  them,  M.  GartvLTtn  cut 
the  rope,  and  in  an  instant  he  wa«  ^epamted  from  the 
balloon,  Iruittiag  his,  wlety  to  the  parachute.  At  first, 
vis,  b«£aRi  the  puadiate  .opened,  kc  fell  with  a  great  ve- 
locity ;  but  as  moa  u  it  mt  oxpmiiei}*  which  took  pbc* 
almost  immeditiely  •Ah',  the  dMCCM  bcotHM  my  gemda 

In  this  deiceot  a  reiurkable  dmnasfauioe  was  ob- 


Htftdt  aandjr*  that  the  pamckut*  with  lha  a|ipM 
«f  caiAi  and  baike^  soob  hag^a  to  vihmaliintha 
doliun  of  a  clock,  and  the  vibntion  were  so  gmt,  that 
IDOic  than  once  the  basket  with  M.  Gameris  seemed  to 

lie  horiaonially,  uhich  (u  the  spectators  appearvd  ex- 
tremely danj;er()U>:  liuwever,  the  extent  of  the  vibraliuns 
diminished  tu  he  approached  the  ground.  On  coming  to 
the  earth  the  aeronaut  e.xpei ienc*<i  some  pretty  severe 
shocks,  and  when  hecsrnc  out  of  tlie  bnskrt  he  w.%5i  much 
discompov>(i ;  hul  he  soon  recovered  his  spirits,  and  sus- 
tained no  inaleriul  injury  Irnni  tins  de<iperale.  Ulldartaluil|> 

Fcrieveral  figures  ol  balloons^see  plate  I. 

PWieiricr*;^  Abrostation.  The  6i«t  consideration  in 
the  practice  of  aerostation,  is  the  form  and  the  sise  of  tha 
machine.  VarioBi  shapes  have  been  tried  and  prapoi«l» 
bot  the  globular,  or  the  m-like  figuni,  are  the  most  pro- 
per and  eomreflient,  (or  w  pnniiiee* ;  and  this  form  aho 
wiU  rciinire  las  cfatth  or  Nik  Inaa  aay  aiher  shape  «f  the 
satoecapacity;  so  llwt  it  will  bolii  coma  .cheaper,  and 
baw*  gpHtctrpower  ofascwsiaiu  The  beg  or  cover  of 
aa  fniamsMble^air  halleoa,  i«  best  BMde  of  the  tilk  itoir 
called  lustring,  varnished  over.  But  for  a  jimniRolficr,  or 
heated-nir  balloon,  on  account  of  its  great  sire,  hn*n  cloth 
hu^j  I  I  I)  used,  lined  within  or  vrilhout  with  paper,  and 
^aniikned.  bmAli  balluuiis  are  mutie  either  ol  varnnbed 
paper,  or  simply  of  paper  unvarnished,  or  of  gidd^bealei's 
skin,  or  such-liKc  It^ht  fuhstitnm. 

With  respect  to  the  form  of  a  balloon,  it  will  be  neces- 
sary that  the  operator  remember  the  common  propurtwtts 
between  the  diameters,  circumferences  surfaci-s  and  so- 
liditiei  of  mhcfes;  for  instance,  that  of  different  spheres, 
(be  dicaialMaMis  are  a*  the  diancteit ;  that  the  surfaces 
aie^s  tha  smafn  of  thedjanieters ;  and  the  s«didiiics  ai 
tba.ciri|i|fluhe  siaie :  diat  any  diameter  is  to  ila  cipenB-i 
ligi«|iB»ia«J4vS3»orasl  to9fi  so  this  if  ^  dianetar 
of  aMQeon  b«r35  feet,  its  eitenaiikraioe  will  bo  110  feet 
Anf  -if  ttedHHeter  be  nttltiplicd  by  the  circumfi^renee, 
ttw' ytdert  wl  be  the  snriace  of  the  >pherc  i  tbns  35 
multiplied  by  1 10  gives  3S50,  which  is  the  surface  of  the 
s&tne  sphere  in  square  feet  :  and  if  this  surface  be  divided 
by  the  breJidlh  of  the  stulT,  in  feet,  which  the  balloon  is 
to  be  made  of,  the  quotient  will  be  the  number  of  ft-et  in 
Jein;lh  necr«ary  to  construct  the  balloon;  so  if  (hr  stuff 
be  S  feet  wide,  then  3350  divided  by  3,  give*  ISftS^  leet, 
«r  MSyai*  aariy,  dM  levoiaito.  quality  of  yanl-wida 


stuff,  to  form  the  balloon  of  35  ieet  diameter.  IfcBGa 
•llOt  by  knowing  the  weight  of  a  given  piece  of  the  italT, 
as  of  a  si|Oare  foot,  or  square  yard,  it  it  easy  to  And  tha 
weight  of  the  whole  bag,  oamely  by  multiplying  the  sui^ 
face,  in  square  feet  or  yards,  by  the  weight  of  a  square 
foot  or  yard :  so  if  each  square  yard  weigb  1  pound,  then 
the  whole  bag  will  weigh  428  pounds.  Again,  the  rapa- 
city, or  solid  Ct  r  l' III  ,  of  ihc  sphere,  will  be  found  by 
iiiulti])lyiiig  J  of  tiie  surface  by  ihc  didmelcr;  whiith  gives 
Q^iiS  cubic  feet  for  the  capacity  of  the  said  balloon, 
that  is,  it  will  contain,  Or  displace,  99458  cubic  feet  nf 
air.  From  the  content  and  surface  of  the  biilloon,  so 
found,  is  to  be  di  rived  its  power  of  ascension,  thus  :  On 
an  average,  a  cubic  foot  oi  common  air  weighs  H  ounce, 
and  therefore  to  the  number  i234ali,  which  ki  the  content 
of  our  balloon,  adding  it*  y  part,  we  hava  fi49iO  ounces, 
or  l684  poutids.  for  the  weight  of  the  common  air  di»> 
pLsced  or  occupied  by  the  balloon.  From  this  weight 
■oat  be  deducted  the  weight  ol  the  ba|^  namely  48t 
pounds,  and  then  there  renunas  apowcr  of  iStsS  puands. 
If  inflammable  air  be  usi-d,  u  it  is  of  dMvmit  wcigbtl^ 
i  <o  tTs  or  Ts  <he  weight  of  conmoo  air,  nccordiaf 
to  die  modes  of  pn'])aring  it:  letus  Boppoie  fur  instance, 
that  it  IS  I  of  the  wei^t  of  common  air;  then  j  uf  )684 
is  ?6~l  iMitinds,  which  is  the  weight  uf  ilie  bag  lull  ot  that 
air;  which  bring  taken  from  \2ifi,  leavra  puomls  for 
tlte  power  of  (he  biilliMin  when  M»  (iliid  mih  thHt  inflam- 
mable air,  or  the  wncht  which  it  will  carry  up,  eoimsling 
of  the  car,  the  rojH-s,  Ilie  pass<  n-;ers,  buUasl,  Ac.  But  if 
lieati  d  air  be  used  ;  then  as  it  ts  ktiunn  ti<>ru  rxprrimrnt 
that,  by  heat,  the  coniaincd  sir  is  dimini>he(l  in  density 
about  one- third  only,  therefore  from  I0S4,  take  uf  it- 
scif,  and  there  remains  1 123  for  the  ueight  of  the  con- 
tained warn  air}  and  this  being  subimcied  from  1 85$^ 
leases  only  133  pooads  for  tb«  posrer  of  Uke  balhrn  ia 
this  case;  wbicb  being  too  small  to  carry  up  the  car, 
paasengers,  Itcw  it  shows  that  for  those  purposes  a  laigtr 
IwllooQ  is  necessary,  on  MantgoMar's  principles.  Bat  if 
now,  from  the  preceding  rompnialioiii  it  be  Rqaiml  to 
6ad  bow  much  tha  siaeof  iha  biHoon  aiwt  be  incteMaif* 
that  its  power  of  aiceiHioB  may  be  equal  to  any  given 
weight,  as  »upf)>>se  ftiOO  pounds;  then  because  the  power* 
are  nearly  as  the  cube«  of  the  diameters,  ibereloie  the 
diameters  will  be  nearly  a>  the  cube  roots  of  the  powers; 
but  133  anA  lUOO  urc  neiiily  a»  I  (o  8,  the  cuU;  roots  of 
which  are  :is  I  to  2,  and  Consequently  1  :  2  : :  35 : 70 
feet,  which  is  ibe  diameter  of  a  monigolfier,  made  of  the 
same  thickness  of  Staff  as  tfca  fbmwr*  Capable  cf  UJUag 

1000  pounds. 

On  the  same  principles  we  can  easily  find  the  site  of  a 
balloiin  that  shall  just  float  in  air  when  made  of  stuff  ««f 
a  given  thickness  or  weight,  and  filled  with  air. of  a 
given  density  ;  the  rale  for  which  b  tliis ;  From  the  wei^t 
of  a  cubic  foot  of  cmaaion  air,  subtract  that  of  a  cubic 
foot,  af  the  ligbier  or  coniained  air ;  then  divide  6  timca 
tha  we^t  of  a  stpiaie  loot  of  tbe  stuff;  by  the  nnaiader; 
and  dM  iptoiisM  will  be  tba  diaahrier,  in  (art,  of  tha  bal. 
loon  that  will  juM  flout  at  the  sorfece  of  the* earth.  5up> 
pose,  for  instance,  that  the  maU'rials  are  as  before,  namely, 
the  stuff  1  pound  ti>  the  squan-  yard,  or  V*  ounces  to  the 
square  toot,  wliiih  taken  ()  tiine>  is  y;  (hen  the  cubic 
foot  of  common  air  weighiii);  \y  ouno  ,  and  ol  hiatcd 
air  'j  <if  ttie  -.nme,  whose  diflerence  is  \;  therefore  y  di- 
vided by  \t  gi^  26|  feet,  which  is  the  diameter  of  « 
BMOtgpfificr  that4ril]  jntt  Bobt :  bin  if  inffuunaUc  aif  h» 
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maj  be  made  u  ihlloaii  having  tiw  half  I(agdi.of  the  dip,  or  of 
of  the  ballMti,  and  the  weight    the  dittance  of  either  point  Trom 
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I  o(  ^  ihe  weight  of  common  air,  the  liifferenct:  bc- 
tweea  li  and  ^  of  it,  is  I ;  by  which  dividing  y  or  10^, 
the  ^aodent  is  ihr  same  loj  Tfct,  which  ibertfore  is  tbe 
diaoMler  of  an  inftammable-air  balloon  that  will  jaat  Ao«t. 
And  if  the  diameter  be  more  thaa  tMac  dimenaions,  the 
haUaoM  will  awcnd  iato  the  atmetphere. 

Am  aMimaiB  of  the  height  to  arhicha  ^«an  haUooa  w91 
riw  in  the  alMiph  . 
ffteaiHiljr.lho  dHHL  .  .   .  „  _ 

wllch  jost  balaBoet  it,  or  that  is  just  npccsMiry  to  kerp  it 
from  rising:  compute  the  capacity  or  content  uf  tin-  ..c 
in  cubic  feet,  anil  divide  Its  restrainit^  wt'iglit  iii  ounces 
by  tliul  Curiti  iil,  thrn  tlic  quotient  will 
be  the  rlitl.  mmu  [■  bvt'.vfi-ii  the  cli'iiiity 
urspecifir  ^r.ivity  nf  tin-  ;i:iiiO'.|>ru'n:- Ht 
the  carlli's  surlacc,  and  tliat  at  the 
hf'ii^liC  Id  m  J.icIi  ihc  balloon  will  rise ; 
therefore  suhtriict  that  difference  or 
quotient  from  1^  or  1-2,  the  dciuicy  at 
the  eartk'a  wirfitce,  and  the  remainder 
will  be  the  deiuity  at  that  height :  then 
the  height  answering  to  that  density 
wUI  be  found  sulhcicnlly  near  in  the 
h«d  table.  Thus,  in  the  fuKfoiDg 
,  in  which  the  diameter  of  the 
hallauB  ii  Si  iret,  itt  cajiaci^  SB4M, 
and  Ikv  power  of  th«>  fint  993  puaadi, 
«r  U990  owoci,  lha  ^otlant  of  the 
lattrr  ottntMrr  divided  by  the  fonaer,  it 
'709.  which  is  tlie  density  at  the  utmost 
bet^hi.  and  to  which  in  the  table  answers  a  little  more 
than      miles,  <if  '2 j  miles  nearly,  wlilch  tlirnf  irc  i*  ihe 
h<        tu  which  the  hivllfMin  will  ascend.    And  when  the 
Ediiir  b.illLHm  was  tilli-d  with  hented  air,  its  pnni-r  was 
found  c  qiitil  la  unly  13  1  pounds,  or  2128  ounco.  and  dr- 
vidiiii;  tint  l>y  2'2  V58  ihecupHCity,  llic  qu(iti<  nt  -Oyi  t;iken 
from  I'^tlO,  leavi's  fl05  lur  the  donsilv  ;  which  in  the 
table  corresponds  to  half  a  mile,  or  nearer  |  of  a  mile. 
And  M>  high  would  the>e  balloons  ascend,  if  they  keep 
the  same  figure,  and  lost  none  of  the  contained  air ;  or 
rather,  those  are  the  heights  they  would  settle  at :  for 
their  acquired  velocity  would  first  carry  them  above  that 
height,  K»  fiir  a»  tili  aU  their  notion  ahould  be  deitiojrcd } 
thcD  they  moM  descend  and  pais  hdow  that  hai^,  hut 
■ol  lo  nndi  as  they  had  goM  above  ;  after  which  they 
■WOOld  t«4Mend,  and  p«ss  tluU  height  again,  bnt  not  to 
tu  aa  tiMjr  had  gone  below  it ;  and  io  on  for  many  times, 
vibrating  alternately  above  and  below  that  priint,  but  aU 
wajs  Ilss  nn<!  l<%s  fM  cy  time.    The  furtijfing  rule,  for 
finding  ilic  in  i^lit  t"  nliich  the  bsllouu  will  ascend,  is  in- 
dcjK-i-di  Mi  (il  the  (lifli  ri  nt  >.sates  of  the  thermometer  nt 
that  highest  point,  and  nl  tlic  surface  of  the  earth  ;  but 
for  greater  accurarv,  iiicl'.ding  the  iiliuwancin  ilepeiidmg 
on  tbe  different  states  of  the  tberroomcter,  see  under  tbe 
word  ATMosPBsmi,  «iMm  A*  ■mwaccinaianlea  an 

given  at  laige. 

Tbe  best  way  to  make  op  Ihe  whole  coating  of  tbe  bal- 
loon, is  by  diSerent  piece*  or  iliptjoiacd  lengthways  from 
end  to  end,  like  the  pieoet  compoaing  thoMHucc  of  a  geo- 
iiaphical  gbhe»  and  containtd  hetiiaiB  om  meridian  aad 
amdier,  or  fiha  Ihe  lUeci  Iota  which  a  aw 


row,  or  numerous,  they  will  didigr  the  less  fron  dtclri 
and  may  be  described  as  such.  Bat  Uoia  accaralvl}', 
the  breadths  of  the  slip,  at  the  se- 
veral distances  from  the  points  to 
the  middle,  where  it  i»  brotulest, 
an  dinctly  as  the  sines  of  then 
diilaaon,  ladiaa  hd^g  the  uae  of 


the  middle  uf  the  slip:  that  is,  If 

A  c  B  D  be  one  of  the  slips,  A  ii  be- 
ing half  the  circumference,  or  a  r. 
a  quadrant  conceived  to  be  e<|ual 
tu  AC  or  ad;  then  will  ('i>  Uf  to 
a  6,  as  radiu,  or  the  sine  of  a  c,  to 
the  sine  of  As.  So  that  if  the 
quadrant  a  s  or  AC  be  divided  in- 
to any  number  of  equal  parts,  as 
here  suppose  9>  then  divide  the 
quadrant  or  90  degrees  by  the 
number  of  parts  9,  and  the  qWH 
tient  10  is  the  number  of  degrees 

in  each  part;  and  hence  the  arcs  AC,  Aa,  ac,  tec,  will 
bo  respectively  900,  iCfi,  700,  and.  CD  being  radius, 
the  several  breadths  ab,  ed,  rf,iie,  will  be  Rfpectivcly 
the  lines  of  8(y»,  70^,  6o%  drc,  whieb  an  hew  placad  ap. 
posite  to  them,  the  tadiue  bclag  1.  ThenibN^  whea  It  ie 
proposed  lo  c«t«ataiipB  ftr a  ^bboaf  a  giveo  diameter; 
compute  tbe  rircamiaance,  end  make  ak or  ac  a  quar> 
ter  of  that  circumfeiwnce,  and  C  t)  of  any  brraJth,  a.s 
feet,  or  2  fei-t,  or  any  other  quantity ;  then  mukiply  each 
uf  llie  diciiiiu:  11  miners,  set  opposite  the  figure,  by  that 
quMtitity,  111  Ijiiadth  of  c  t),  su  shall  the  pioJucls  be  tbe 
several  brtadihs  ai,  crf,  ef,  lVt. 

Various  schemes  have  bi'en  iiLns-cd  lor  conducting  bal- 
loons in  any  direction,  whether  veiiical  or  sideways.  As 
to  the  vertical  directions,  namely  upwards  or  downwards, 
the  means  are  obvious,  viz,  in  order  to  ascend,  the  aero- 
naut throws  nut  some  ballasts  and  that  he  may  descend, 
he  opens  m  vnlve  in  the  top  of  hie  machine  by  means  of  a. 
siring,  to  let  some  of  the  gas  escape ;  or  if  it  be  a  mont- 
golfier,  he  iikcrcases  or  diminisltes  the  tire,  as  he  would 
ascend  or  dtirami.  Bnt  to  dimct  the  raachitw  in  a  side 
or  bothMOial  eooiMb  it  •  vny  diflicMb  opention,  aad 
what  has  hitbertft  Mt  bean  aeccoiipliilMtd,  except  in  a 
mall  degree,  and  when  the  cnmnt.of  air  is  very  gentle 
Indeed.  Tbe  difficulty  of  moving  tbe  balloon  sideways, 
arises  from  the  want  of  wind  blowing  upon  it ;  for  as  it 
floata  ailing  Witt)  tin- cm n  nt  ufair,  it  i>  l;itiM  1_\  in  n 
calm,  snd  tlie  aer>jnaut  feils  no  moie  »ind  liLiii  il  the 
ni.u  liitu  were  at  rest  in  a  perfect  Calm.  For  this  reason, 
any  tliini;  hi  tiic  uature  of  sails  can  be  of  no  use  i  and  all 
that  r.iti  he  linpijd  lor,  is  to  !>''  atttmptrd  by  means  of 
oars  ;  and  how  small  tbe  cflect  of  these  must  be,  may  «■»• 
sily  be  conceived  from  the  rarity  of  the  medium  aguiiist 
which  they  must  act,  and  the  great  magnitude  of  the  ro»> 
chine  to  be  forced  throngh  it.  We  can  easily  assign  what 
force  is  necessary  to  move  a  given  machine  in  the  air  with, 
any  proposed  velocity.  From  very  accurate  experimeJlia 
I  ban  dbilemiiMd,  that  a  globe  of  6}  inches  in  diameter, 
idoB  ia  iiwnlly  aad  nwing  sriHi  a  vdocity  of  so  feet  per  second  of  time, 
la  be  tpread  flat  ««t>  lllow  thaadgn  ,  wflhnamiitaaaifrBBlhaair  which  is  just  equal  lotha 
of  each  pieeca  cannot  be  cMctly  described  by  a  pair  of  weight  or  premn  of  one  onace  Averdupois :  mnd  furthfr, 
COBpomei,  net  being  circular.'but  flatter  or  less  round  that  with  different  surface*,  and  the iama  vdeci^,  t|ta  re>  , 
than  dfcnlar  aichei ;  but  if  the  slips  axe  sufficient  ly  oar-   sisunces  are  diicctly  proportional  le  the  ««rMa  aannys  * 
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double  surface  having  a  double  rrsistmice,  a  triple  «ur- 
face  « irinie  roiktancc,  and  lo  on ;  and  tbat  with  dif- 
ferett  veiocitiea,  the  misiancn  are  proportional  to  the 
■quftrei  of  the  veloeiliapewly.  to  tbat  a  double  velocity 
pradttccd  •  quadrophi  nriilam*,  and  3  times  the  »do- 
cit^  9  times  the  rrsiitance,  and  so  on.  And  hence  we  can 
■nign  the  rc!ii»tanoe  ncocmry  to  move  a  given  balloon, 
Willi  «ny  velocity.  Tbui,  take  the  baUoon  m  before  of 
35  taut  diuMMrs  dun  by  cumpaiiion  a*  abowit  h  i 
that  this  iMm^ if  noved  with  the  velocitr  of  90  f 
second,  or  dniwt  14  milrt  per  faour^  win  tliAr  •  i 
ance  equal  to  €71  pound*;  to  aMva  it  at  the  tat*  of  7 
miles  an  hour,  the  resistance  will  b«  68  pound*;  and  to 
in;iM-  il  3 1  tii;li'5  an  hour,  the  resistance  will  be  1 7  pounds  ; 
and  sii  i>n:  and  with  such  force  iiiu^t  the  aeronauts  act 
on  ihf  airin  a  contrary  direction,  tu  crimmunicatc  »ucli  a 
motion  to  ibe  rnacliinc.  But,  if  thr  lialloi  a  movi'  through 
a  rarer  purt  of  tlie  atmosphere,  than  thai  at  :hc  surtjcc 
of  the  earth,  as  or  i,  &c,  rarer,  and  cotiscqucntiy  tiit 
teaistance  be  k-s»  in  the  Mknic  proportion  ;  yrl  the  force  of 
the  oan  will  be  diminished  as  much  ;  and  therefore  the 
•ama  diScnlty  atiU  iwnain*.  In  general,  the  aeronaut 
BIHt  *triko  the  air,  by  means  of  Ins  oars,  with  a  force 
Jwt  «<|M]  to  tha  resistance  of  the  air  on  the  balloon,  and 
thawibia  ha  anat  ttiika  tiMU  air  with  a  velodn  wlucii 
■«atfaeg»«altfWth»NlfiHBoftheoar  ithHttaaiha 
mined  Mtrftica  flf  Aa  daba,  but  not  ia  tin  mum  ffopor* 
tion,  became  the  fofee  I*  aa  the  square  of  the  vahiciqr* 

Now,  suppose  the  aeronaut  act  eritlk  an  oar  eqtial  to 
100  square  feet  of  surface,  to  BMwe  the  balloon  above 
mentioned  at  the  rate  of  20  feet  per  second,  or  14  miles 
an  hour  ;  then  mu«t  he  iiKive  this  oar  with  the  great  velo- 
city of  6'2  iVft  pi  r  second,  or  near  43  miles  per  hour: 
and  so  in  proportion  for  other  velocities  of  the  balloon. 
\S'liericp  it  is  highly  probable,  that  it  will  never  be  in  ihu 
power  of  man  to  guide  such  machine  with  any  tolerable 
degree  of  success,  especially  when  any  c  onsidnelriawted 
blows,  which  is  almost  always  the  cane. 

The  composition*  for  vambhing  balloons  have  been  va- 
riously modified ;  but  upon  the  whole,  the  most  approved 

K peart  to  be  the  bird-lime  varnish  of  M.  Faajat  Sti 
■d.  Mr.  Bbachard  U9e<l  a  varnish  made  of  ekiitie  lO- 
riki  liaowa  eanuaonly  by  the  name  of  India  robber, 
•alved  in  fivadM  ^  vekbtaf  lactiied  r ■wilri  ail  of 
tarpentinei  whkh  it  also  held  in  great ertaen.  . 

The  methods  of  obtaining  inflammable  air  for  filUng 
balloons  it  generally,  by  applying  acids  to  certain  metal*, 
by  esposin;;  animal,  vi  geiable,  and  some  mineral  <.ubst;!n- 
ces,  in  a  cloic  vtsscl  to  ii  strong  fire,  or  by  tranmaittinc; 
the  vapour  of  certain  flmds  throu^  n-d-hot  tuin"!. 

In  the  first  of  thrst  incthods,  iron,  iiiic,  and  viirinlir 
ncid,  an-  the  iniuonali  most  generally  used.  I  l:c  vitriolic 
acid  must  be  diluted  by  five  or  six  parts  of  water.  Iron 
may  be  expected  to  yield  in  the  common  way  I  "CO  times 
it*  own  bulk  of  gat;  or  otve  foot  of  indammable  air  to 
be  produced  by  4^  ounce*  of  iron,  the  same  weight  of  oil 
of  vitriol,  and  82^  ounces  of  water.  Six  ounce*  of  sine, 
'  t  of  oil  of  vitriol,  and  30  otinccs  of  water. 


re  McetMiy  fbr  Hndacini  the  tanequaatiiy  of  bh. 
Aad  haw  it  ahaold  ha  abmetd,  - 


,  that  the  I 

«jUppiin  of  peat  pieeca  of  im^  ai  af  cwnaairdic, 
arenreleimbia  to  oie  dKngi  of  that  meld.  The  weight 

of  the  inflammable  air  thus  obtained,  by  meant  of  acid 
of  vitriol,  is  in  tbo  common  way  of  precttiiog  it,  gene- 
lai^  Bbaat  aaa  iaveiitt  part  of  dM  ii«i|b«  of 


air  ,  bill  with  the  nr  t  i  s'ary  prrcautions,  for  philosophical 
c.tperimetit.s,  less  than  one  tenth  of  the  weight  of  common 
air.  Two  other  sorts  uf  elastic  fluids  are  sometimes  ge- 
nciated  with  tho  i.iiiammnhlp  air,  which  may  be  sepa- 
rated from  It,  b;,  privMHi;  tlir  ga-  through  water,  in  i^ich 
quick  lime  has  been  diuolved.  The  water  will  absorb 
these  fluids,  cool  the  inflammable  air,  and  prevenl  it( 
o««r  heatiwg  tha  baUoon  when  iatndocad  ifilo  it. 

InlamawMe  air  laajr  ha  obtained  at  a  arach  chiMter 
nta  by  tlMl  aeliHI  af  fin  vpon  various  subsunccs ;  but 
Ibagu  that  th^  yield  is  not  t<>  light  as  that  produced  by 
the  eflrrseKence  of  acids  and  metals.  Hie  substanoee 
proper  for  this  are,  pit-coal,  asphuhum,  amber,  rock-oil, 
and  other  minerals ;  wood  and  ;iLiuic  jlarly  <Mt,  caniplior- 
oil,  spirits  of  wine,  ether,  and  unmiiil  substances;  ail  ot 
wliich  yield  air  in  different  dt  grf  t*s,  and  ut  various  specite 
gravities:  but  pit-coal  is  the  preferable  substance. 

Another  method  of  obtuitiing  intlammablc  air  was  dis- 
covered by  M.  Lavoisier,  and  ab*  by  Dr.  Priestley; 
which  is,  by  making  tbe  steam  of  boiling  water  pass 
through  the  barrel  of  a  gun,  kept  red-hot  by  burning 
cohI.  Dr.  Priestley  need,  instead  of  the  gun  barrel,  a 
red-hut  tube  of  brats,  upon  which  tbe  steam  of  water  has 
no  cOect ;  and  which  he  filad  with  the  pieces  of  iron  se- 
parated by  tbe  borii^  of  caiuwn  i  aad  by  thk  mreni  ha 
obtaiaed  an  iaflamnable  air  ■^ih  port  the  weight  of  earn* 
ftion  air.  Bat  of  dMee  three  aicMiDilg^  tha  ibnaor  is  liM 
only  one  dmt  caa  be  safely  depended  aa  for  obtalaiQg 
proper  gas  for  filling  large  balloons ;  and  here  it  has  been 
recommended  to  use  zinc  iiutead  of  iron  turnings,  be- 
cause the  white  vitriol,  thr  valt  produced  by  the  tjii;<m  of 
the  vitriolic  acid  and  line,  is  much  more  vnluablu  ;ii8n 
the  green  sort  produced  by  tlio  i;nii>n  (jI  tin  s^i-.ie  acij 
with  iron.  Hut  (hou|{h  this  is  undoubtcll y  li»e  tuse,  it 
will  certainly  (je  iound  upmi  trial,  lltai  tlie  superior  price 
of  the  ifinc,  will  be  luore  than  an  equivalent  for  all  tbe 
advantage  that  can  be  dadffad  ftOM  tha  additioial  pika 
of  the  white  vitriol. 

The  method  of  filling  balloons,  being  merely  mecfaaai> 
call  is  omitted  in  this  phKe ;  but  ample  information  on 
dUs,  and  many  other  particttlais,  may  be  met  with  in  se- 
veral books  expressly  wiiltm  on  the  suUect;  at  in  Ci^ 
vallo's  Hittoiy  and  Plaatica  of  AenetaUaa,  tto^  17«S» 
la  Baldwin^  Airopoidia,  Svo,  \796i  and  tli«  Oceedpiiaa 
dee  Eipetiencei,  &c,  par  M.  Fanjai  8t  Fond.  8n  alio 
an  ingenious  and  learned  treatise  on  the  mathematical 
and  physical  principles  of  Air-balloons,  by  the  late  Dr. 
Damen,  professor  ul  philosophy  and  niMilieini.tics  in  tbo 
University  of  Leyden,  entitled,  Physical  and  Matbem»« 
tical  Contemplatione  an  Aerostatic  Balloaai,  dtc{  in  tm, 
at  Utrecht,  1784. 

It  has  often  been  (iiscusn  c!,  mys  tlie  fi>riniT  "f  these 
gentlemen,  whether  the  preference  should  be  given  to  ma- 
chiaes  raised  by  inflammable  air,  or  to  those  rai>ed  by 
heated  air.  Each  of  them  hat  its  peculiar  advantages  and 
disadvantages  ;  a  just  consideration  of  which  teems  to  de- 
cide in  favour  of  tbote  made  with  inflammable  air.  Tho 
principal  comparative  advantages  of  the  otiier  sort  an, 
that  they  do  not  reipute  lo  be  nuuie  of  eo  aapemive  tm^ 
latiala;  tbat thegf. an iOad with Uttkornoaxpeaaa}  and 
that  tha  cewbiiibUe  m  oenyy  lo  fll  tbca  an  foaitd  al- 
aMtt  esaiy  wbera;  ao  tbatl^whan  tha  itBeh  of  IMiecxo 
hausted,  tbo  ipwiiMml.  toagr  dcaccad  and  ncniit  it  apia, 
inorderiopraieacdaaUcveyapb  Bat  then  lUe  hind  of 
tmntbanadalaiBcrthai  lbaalher»tolahe  »p 
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1b«  ucm  mlflrti      As  fntum  at  • 
fiual  trouble,  M  witl  u  du^:  in  bct»  umig  the  many 
aerial  royagcs  that  1ia*e  been  n»de  and  ittenpted  with 

fucli  "1  M:liii.i-,  v»ry  few  huve  succee<iul  without  an  in- 
convcnienci-,  or  nn  uccidcnt ;  and  Mnie  indeed  have  bi-rn 
attended  wiili  dangerous  and  rvcn  tutal  conKquencci ; 
from  which  the  other  kind  is  in  a  great  measure  exempt. 
But,  on  tho  other  hand,  llic  inflamniuble-air  balloun  inuU 
be  niadf  of  a  iub«uinc«  trapetmciible  to  the  tubtie  gw : 
tin  gns  itself  cannot  be  produced  vvuhnut  n  considerable 
and  it  is  not  easy  to  find  the  materials  and  mp- 
I  neceasar)'  fur  the  production  of  it  in  every  pUce. 
Tt  it  Imm  bWQ  loond  that  an  inflammable-air  bal- 
l«M,  at  90  hut  n  dSmntttr,  may  be  made  so  close  as  to 
Mtein  twopaiMMi  awl  •«OMid«raUe()aantity  of  hal- 
brt,  hi  Ae  tlr  for  man  dun  M  hovn,  wbca  properly 
vAmgiii  m4  poHlWyaw  mtmmii^  baaapponed  bgr 
tha  aama  laaeMna  for  Aro  daja:  rad  it  ii  fnowblo  ihit 
the  stuff  for  these  balloons  may  be  so  fiir  impmfod,  as  |o 
be  quite  impermeable  to  tb«  gas,  or  very  nearly  so;  in 
which  case,  the  machine,  once  filled,  would  continue  to 
float  tot  a  long  time.  At  I'aris  they  have  already  attained 
to  a  great  dfgne  of  pi  tl  t:  -i  n  ili  'j  pt>int  ;  and  small 
ballooits  have  been  kept  ilojijitg  lii  a  roofn  for  many 
weeks,  without  li^sing  any  considerable  quantity  ot'  their 
levity:  t!"^  ditlicully  lies  in  the  Urge  machinos  :  for 
in  tlie>i-,  the  weight  of  the  stulT  ilvelf,  with  the  weight 
and  strcM  of  the  ropes  and  boat,  and  the  folding  them  up, 
Mur  euily  emdi  nM  tab  off  tho  vnniib»  ami  Hnka  thani 
leaky. 

With  regard  to  the  us«s  to  which  balloons  can  be  ap> 
pUad,  it  must  be  ofaaomd,  that  the  perfection  of  all  arts, 
Mi4  tba  ^>pUcation  of  ihoin  to  the  useful  purpose*  of 


iMUh  tnw  nlirayt  bem|iimKiii»D»nnJ  not  tlw  iwmodnin 
ranh  of  a  lortaMte  dbeovciv ;  if  thcmfcin  at  pnoant  no 
ptaX  ndvant:)f;(  s  have  been  derived  Asoln  liia  art  of  ucie* 
«tnti«ii  we  ought  not  to  despair,  nor  diMMrage  any  futoin 
attempts,  which  it  is  to  be  hoped  may  prove  more  suc- 
cessful In  this  respect.  But  even  in  tbu  presrnt  incom* 
•lete  state  of  this  art,  sonte  advaiitngei  have  liern  dcriv<  J 
mm  it.  Thus,  ibe  French  ascribe  to  the  ulevution  of  i 
balliHii),  and  the  information  obtaiiK  d  in  coniC<]Ueiice  i 
thus  recuiinoilring  the  anny  of  theetipmy,  the  signal  \ic- 
tory  uniiied  in  id-  i  .ii  'e  of  I'lcuru*  in  179*-  Balloons 
may  liitewise  lerre  lu  cxploie  and  ascertain  the  nature  of 
the  air  in  the  higher  regions  of  the  atmosphere.  One  of 
lite  finest  experinsents  made  on  this  point,  is  that  of  Gag- 
Lusac,  who  bring  elevated  in  a  balloon  to  th«  hdj^  of 
^jwarly  eig^t  mitaa,  the  greatest  ever  attained  by  any  per* 
son,  bnitdht  tome  atmospheric  air  from  those  regions, 
nhiclit  on  Ming  aaniyacdf  iraa  fottnd  t«  funiirii  the  prin. 
dplM  «f  osygn,  otole,  bydiagtn,  and  cwbonie  tcid  p*, 
in  the  mma  pwpotiinw  da  nttbo  luifceo  of  tba  mA.  la 
fict,  the  apjdicadon  of  ihcM  oMKbinn  to  the  ndanoco- 
ment  of  uur  knowledge  of  tho  various  pbtenomena  in  me- 
teorology, stands  promiiH-ni,  a»  ocrliap*  the  only  means 
€>f  mat'jrins  our  aCf{tiainlaaoe  wiUicnaKiyMklOWBonlj 

by  their  efli*Ct*.         '    '  ■ 
AS  I  IVaL.  see  Estival. 

^-S  lll  A liV',  or  F.srru.ARY,  in  Oeofrsphy,  an  arm  of 
the  s<  M,  ru;iiiing  up  a  good  w.i\  into  the  land.  Such  as 
Biistol  cWnuel,  many  of  ti»e  bitlu  in  Scotland,  and  sueb- 
like. 

>AFFECTEI 


EttlATHW,  i»  AlphM, 


■  on  equation  In  wMch  the  unknown  quantity  liya  (a 
two  or  more  several  pgwrrs  nr  degrees.  Such,  for  exam- 
ple, is  the  eijuati'Hi  z'  ~  pi-  f  qi  s^r,  in  v^btch  thert; 
are  three  diflerrnt  po«oi«  of  ar,  namely,  x\  x*,  and  x. 

The  term,  nifcctcd,  is  aUo  used  soniclimes  in  algebra, 
when  speakuiJ  o4'  [juantitir*  that  ha*c  Ct)cfficient*.  'i'iius, 
in  the  quantity  2",  a  >\  sajd  to  be  otfecled  with  the  co- 
efficient 2.  It  in  also  !»ai<l,  that  an  algebraic  quantity  is 
a^cted  with  the  sign  or  — ,  or  «iib  a  radical  »isi>; 
meaning  no  more  than  that  it  ha*  the  si^u  -t-  or  — ,  or 
that  it  includes  a  radical  sig%.  The  term  adfected,  • 
frctcil,  I  think,  was  introdw^ed4ty  Vieta. 

AFFECTION,  in  Geometry,  a  term  nwd  by  some  a|^ 
cieni  vnten,  ligDii)  i  ng  the  same  as  prnriEcty. 

AnriCTiM.  iV»-a»a<lhfiii>m  at  n  b#r*<^ 
ftm  nodifaiftiMt  oeeJntt:  or  indn»d  bjinotiim r«i 
viitMof  wbich  tbe  body  ii  diapoied  cAeraiKb  or  inch  n 


Tbe  affections  of  bodioi^  an  Nlnednics  dividod  into 
frtmanf  and  stcoBrforjr. 

/ViTOory  Affcctiont,  are  those  which  arise  either  out  of 
the  idea  of  matter,  as  magnitude,  qttantity,  and  Agure; 
ot  out  of  the  idea  of  form,  m»  quality  and  pttVtr)  Of  iWt 
ol  both,  as  motion,  place,  and  time. 

Secondary,  or  <^<Tiro<iiic  AJiclion$,  are  sucli  as  arise  out 
of  primary  ones,  us  di\ rsihility,  cwntinuity,  contiguity, 
itC,  which  arise  out  of  quantity;  rcyilulty,  tmgnlafi^t- 
Ate,  which  arise  out  of  iigure,  &c. 

A  yV  I N I  l  Y,  in  natural  philosophy,  the  tendency  whkb 
ti)«  pariicirs  of  matter  have  to  be  attracted,  or  nnited  to 
each  other.  a 

AFFIKMATIV£  QuanrtTt,  or  PoarriTK  QonamT, 
on«  which  ii  to  bo  added,  or  taken  eflbctiiely  |  hi  eonttn* 
disllnclian  to  ono  tbiitt  ii  to  beonbtneledr'Oir  inbra  de- 
Aeiivriy.— The  torn  nAmiativo  vatintrodvccd  by  Vietn. 

.ArtiMarivnSiavtorPtioiTtTs  Stos,  in  Alg^bn, 
Aa  «ign  of  addilioii,  tbni  ninrhtd  ,  and  is  called  pim, 
ot  more,  or  atUld  la.  When  set  before  any  single  quan- 
tity, itservca  to  denote  that  it  is  an  affinnaine  or  a  po- 
Htlvc  quantity;  when  set  f>et»ei'n  two  or  more  qiiaBliti*^, 
i;  denotes  their  sum,  showin"  that  the  latter  are  to  li<^ 
.IiIiImI   U)   '•;<■   liiriii.i,     S,j  -4--  (i,  and  -t-  a,  •    .w  , 

are  afhrraatiye  quantities;  ulssi  0  -t-  8  -t-  10  <ir;iole  thr 
sum  of  6,  8,  and  10,  which  24,  atid  are  ri^d  lhu<, 
6  plus  8  plus  10.    Also  a     b  f  c  denote  the  Num  uf  the 

Cstitirs  represented  by  «,  b,  and  c,  wh«n  atlded  tog^ 
It  seems  now  not  easy  to  ascertain  with  certainty, 
vhtn,  or  by  whom,  this  sign  *na  first  introduced ;  but  it 
waapiohably  by  the  Germans,  as  i  find  it  iiM  mad  tw 
Stifelina  in  bit  Arithmetic,  luintrd  in  154*.  When  ^n- 
titic*  ni«  set  down  edikoitt  n  prefixed  i^n^  «•  Ci  nc  1^  or 
&c,  they  an  irodiniaod  lo  be  >firmniiaB-«M!t, 

The  early  writers  on  Algebm  used  thVwoidfiht  in  La* 
tin,  or  pirn  tm  ItaMatt,  for  addition,  and  afterwards  the  ini- 
tial p  only,  as  a  contraction ;  like  as  they  used  minus,  or 
•WHO,  or  the  initial  m  only,  for  SubtFteticn  :  and  thnsthcx: 
opcriit  :is  nr:,-  ill  'i  jir-j  in  Italy  by  Luca^  de  Burgo,TaN 
tfcltii,  arul  (  .irilaii.  sviiile  the  signs  and  —  were  em* 
ployed  much  abu'^t  the  sama  time  in  Germany  by  Stifa* 
iius,  Scheubeiius,  and  other^t,  for  the  same  operations. 

AGK,  in  Chronology,  is  u<etl  for  a  OMtniyt  being  % 
system  or  period  of  a  hun<tred  years. 

ChlonologistS  also  divide  the  time  since  the  creation  of 
the  world  into  tihree  ages:  The  first,  froo  Adam  to  Mo* 
Mi^irkkblhir««a  at  tftnTHMw}  the  I 
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Mo(c»  to  Jfsos  Chmt,  called  ih«  age  of  the  law ;  and  the 
tbird,  or  age  of  grace,  from  Jesus  Chmt  till  ibc  end  of 
tlie  world. 

AoB  9f  ftc  JfnoH  in  Astnmonqr*  >•  the  niinber  of  iagt 
elapaed  liiiee  tba  iMt  M«  OMWib  Toind  tlwiiMoi'»ue> 
for  any  lime  nearly^  fbroiriiDHy  UMi}  tM  Mpthw  nw 
epact,  tbe  day  of  ttociinvilt«ioaidi>  twl'tlw  Uttnlier  of 

inontbt  from  March  to  the  preaent  nonth  ioctusiTe ;  the 
ftutn  i»  the  moon'i  age :  but  if  the  sDm  exceed  S9>  deduct 
this  number  from  it  in  months  that  have  30  day-',  or  :>() 
in  ihuse  that  have  31  ;  and  the  rrinaiiider  will  bv  llir  ui^v. 
—At  tlii  im!  Ill'  l))_\par^  ttn:  moon's  ago  rl■l\lrn^  upon 
the  same  djy  of  llic  inoiuh,  but  I'all^  u  little  ^hurt  of  the 
"Iftini'  liuur  t:,t  the  iJiiy. 

AliKNT,  Agcn.\,  in  Physics,  that  by  which  a  thing  is 
(lone  or  cfl'ccted  ;  ur  any  thing  huving  S  p0<rar  ly  HfUdl 
it  acts  on  another,  called  the  object. 

AGGREGATE,  the  sum  or  its«lt  vf  fweral  thii^ 
a<!<!cd  tn^rthor.  SecSvM. 

Al-I  1  A  1  KiN,  in  Physics,  a  brisk  inti-stit«  motion,  ex- 
.^ad  among  tba  Mrticlcs  of  a  body.  Thus,  fire  agptalet 
Mm  Mbtetpvodea  of  budiea.  Fermentationsi  siid  «{> 
produced  by  al»ilki^MMll«ftlMpMl- 
l  of  the  fenneDting  body. 
AGNE8I  <lfBfia  GMlaiw),  an  Italian  yoong  Utf, 
lltgliiy  eakbnlcd  for  bar  learning  and  talents.  Sigmm 
An;ne^i  was  born  at  Milan  in  1718,  and  by  Iter  geniuiand 
induMry  soon  became  profoundly  learned  in  several  lan- 
guago-i,  as  well  as  in  the  mathcmaliral  and  philos<i]iliicaI 
»cienci».  While  very  voung  she  cornpost-d  an  excellent 
Irtat  V"  'he  ilo(t:i:i.'  of  fluxions,  uhicli  wus  published 
at  Milan  17+S,  uniicr  ilic  title  of  Analytical  Institutionii, 
^  2  vuliiinc's  ito ;  a  M  ry  useful  work,  which  «'a»  iio- 
nourcd  by  a  Freiuh  tr.inslation,  at  Fans,  by  Cousin,  in 
1775  ;  and  by  an  l'.iis;U'<h  translation,  made  many  ycurs 
since  by  the  late  profrssor  Culson,  of  Cambridge,  and 
lately  published  at  tbi-  expense  of  Mr.  Uaron  Maseres, 
under  tbe  care  of  the  Rev.  John  Hollin^  in  2  vols.  4to, 
I  SO  I.  In  just  consideration  of  snch  eminent  qualifica- 
tions, S.  Agnesi  wm  appointod  public  profeiBar  of  iiialb»> 
natics  at  Bott^na  oi  1750iaB  oCca  wCkh  dw  fiacbngad 
witb  lk«  freatest  cnsdit  far  Haw  tine. 
^  .i,J%  ia  iritb  re^t  howetvr  we  luld,  tbet  ttritber  ber  ia- 
jdjl^^Mian  for  tboae  honourable  intellectual  pursuits,  nor  a 
^tBife  of  preserving  and  increasing  the  cHebrity  she  had 
obtained,  uoi  the  entreaties  of  her  fHiiiity  and  friends 
could  pri'vr'  t  her  from  devoting  heix  h  to  a  monasiic 
lili  ,  i  iiM  ^,  i!  >  !  •  !■  known  by  the  nnnii-  of  the  Blue 
Nuns.  From  the  period  of  her  n  tiriiit;  to  thr  clui^Irr,  it 
may  be  concluded  that  her  life  uhs  nut  thiqiuKd  ujtK 
any  variety  of  incidents.  Accordii^y,  we  only  fur- 
ther  learn  that  this  illuatfiow  onMMM  of  her  WK  died 
about  the  year  1770. 

AGUlLON,  or  Aquilok,  (Francis),  was  a  Jesuit  of 
.BnuaeU,  and  professor  of  philosophy  at  Doway,  and  of 
tbaology  at  Antwerp.  Ho  was  one  of  tbe  first  that  in. 
tradticcd  uMtbematical  studies  into  Floaden.  He  wrote 
.ft  lanw  woifc  OD  Optics,  in  6  booki,  wfclcb  ares  miUiibod 
is  ftlbh  it  Antwerp*  in  1613;  and  ntnadK  oT  Pnjee* 
tfaiM  or  die  apfacK.  HepraariifdeliototnBtiipoaCe- 
tuptrics  and  Dioptrics;  but  tbis  was  pravcnieii  hg  his 
death,  which  happened  at  Seville,  in  the  year  101 7> 

AIR,  in  Natural  Philosophy  and  Chemistry,  a  t;t'nc  rnl 
term  used  to  denote  such  invisible  rare  duids  as  possess  a 
eery       it^et  of  elulicity*  and  an  m 


into  a  visible  floid  by  anydlfMO.of  cdd}  in  this  respect 
air  is  disUiignUicd  from  vapour,  whicb  may  be  thus  coif- 
densed. 

This  terra  mm  originally  applied  to  the  air  of  wbich 
otir  af  wpheio  is  compoied,  and  considered  1^  tbe  an* 
.  at  aaimfiBelcBMnti  bnt  the  reseercbca  of  modem 
ebemiitt  bave  ahowa  it  to  be  a  coaapouad,'  and  that  it 

may  b«  resolved  into  its  several  component  parts,  (see 
G  A  s) ;  but  at  present  we  shall  only  consider  it  as  relating 
to  ihe  atmeipfaBa,  wKhonKuHiing  into  in  cbamicalpio* 

pi  rlH  S. 

Air,  Atmospheric,  is  an  invisible,  insipid,  im^doioiiH, 
heavy.  Hnd  elastic  Huid,  posjessinR  preat  inobilily,  su-.- 
CL'|)tii)le  i)f  rarel'action,  and  of  co^dcll^atJull ;  ii  surrouinl^ 
tbe  terreslnal  globe  to  a  certain  hoi^lit,  liie  entire  mass 
iMnstituting  the  atmosphere.  1  lie  cuiihiilLraiion  of  this 
fluid  cannot  but  be  a  highly  intctcsling  subject,  since  it  is 
the  depository  of  the  signs  of  o«r  ibottghts  and  oar  af* 
fections;  at  the  same  time,  ibat  it  serves  for  the  pre*erfa> 
tion  of  life  in  every  animaied  being. 

Medtamcal  Primmita  and  VgiMt  ^  Am.  Of  tbeae 
tbe  meet  oonidei!Ulo  am  iia  midiiy,  itt-weiglit,  and  ito 
dtMid^'. 

I:  At.FWdlilp«— The  mt  fluidity  of  ^  air  It  manl- 

Im  from  the  fiicility  with  whicb  bodies  tnnWM  it;  at  in 
tbe  propagation  of,  and  easy  cunvpyence  it  adbrdt  to, 

sounds,  odours  and  other  effluvia  and  emanations  that 
escape  from  bodies :  fur  these  efliects  prt>ve  that  it  is  a 
b<.i<)y  »huM-  pints  givi-  wHV  to  any  force,  and  in  yirlding 
are  easily  moved  among  themselves  ;  which  is  the  deti- 
nition  of  a  fluid.  That  the  air  is  a  fluiil  is  alsi^  |iroved 
from  tbis  circumstance,  that  it  is  found  to  ixeri  an  etpial 
pressure  in  all  directions;  an  cfirtt  which  could  nut  lake 
place  otherwise  than  from  its  extreme  fluidity.  Neither 
has  it  been  found  that  tbe  air  can  be  deprivt^d  of  ibis  pro- 
perty, whether  it  he  kept  for  many  years  together  coa> 
fined  in  glass  vessels,  or  be  exposed  to  the  greatest  natuial 
or  artificial  cold,  or  condensed  by  the  most  powerful  n» 
spre ;  for  in  nunc  ef  tbow  circoaiitnnCM  bai  it  emr  Men 
leduoed  to  a  solid  elate. 

%.  bt  We^  or  Ormilf^  The  wcigbt  or  gravity  of  tbe 
air,  is  a  propei^  bdmnging  to  it  as  n  body ;  for  gravity  la 
a  property  esaenthil  to  matter,  or  at  leest  a  pn^rty  found 
in  all  bodies.  But  independent  of  this,  we  have  many  di. 
rect  proofs  of  its  gravity  from  sense  and  experiraent : 
tliu<,  thr  hand  laid  close  upon  the  end  uf  a  vcssvl,  out  of 
which  the  air  is  drawn  at  the  otlirr  i-nd,  soon  feels  tbe 
load  of  the  incumbent  atmosphi  ro  :  thus  also,  two  hol- 
low segments  of  a  sphere,  of  about  4  inches  in  diameter, 
exactly  fitting  each  other,  being  emptiiii  uf  air,  uri',  by 
tbe  weight  of  the  ambient  air,  pressed  together  with  a 
force  which  requires  the  weight  of  188  pounds  to  sepa- 
rate them ;  and  that  they  arc  thus  forcibly  held  together 
by  the  pressure  of  the  air,  is  made  evident  by  suspending 
them  in  an  exhausted  receiver,  for  then  they  quickly  se- 
parate of  tbeinsclves,  and  fitll  as>under.  Again,  if  a  tube^ 
cknaatooa  end,  be  filled  with  qnickailver,  and  tbe  open 
end  be  immatfi  in  a  baaon  of  the  mnw  fluid,  and  i» 


held  upr^  tbe  onidnilminaetabewill  be  kenned 
up  in  it  to  the  heigbi  of  abont  90  indui  above  tbe  w 

hce  of  that  in  the  baaon,  being  supported  and  balanced 
by  the  pressure  of  the  external  air  upon  that  surface :  and 
that  this  is  the  cause  of  tbe  suspension  of  the  quicksilver 
in  the  tube,  is  made  evident  by  placittg  the  whole  appa* 
the  neterar  of  an  aii«pwnpj  f 
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flriid  descends  in  the  tube  in  proportion  as  the  reccircr  >•  the  particular  inttancc  of  thr  sutpcnsion  of  a  II  liJ  ftU>vt?  ■ 
(xli  I  i~ti  J  of  its  air;  aii<l  jii  grttdually  K'tting  in  tbe  air  its  level,  by  thcprmure  of  \.hv  <  >.u-r[.ul  ,i>r. 
agjiiii,  the  quick»ilvcr  rtuscpnds  to  its  lorincr  height :  »nd  At  lenaih,  'I'orricelli  concim  J  the  li^ppy  i<!<  a,  tli  it 
this  Is  th«  cointnon  barometer,  or  what  is  called,  from  its  the  counterpoiiw  whirh  kvc\n  fluii'.  iibnvf  tlicir  li'^<l, 
iaventor,  the  Torricclltan  experiment.  Nay  farther,  air  when  nuihiug  pre«tc«  upon  their  lait-iriKl  ^uifacr,  is  tii" 
can  actually  be  weighed  like  any  other  body:  for  •  rigid  taaa  ot  hii  mting  upon  the  external  one.  Ik  ditcovered 
veiael,  full  even  of  common  air,  by  a  nice  balance  i*  it  in  tbe  following  nanner:  In  the  year  l64S  tlM  disciple 
found  to  M  cigh  more  than  when  the  ait  i»  ncfaanated  from  of  Qalileo,  on  occasionof  executiitg  an  cxperiaaentonthe 
it  ';  ami -tbe  cA.-cti(  ptimMrtioiiaUy  bmis  Hniiblie,  if  A»  vacuum  formed  ia  pinnpt,  above  tbe  column  af  mtvr, 
Mnel  be  wof^ui  full «  CsndniMd  air*  «lid'lBOK  atill  if  when  it  cxctvfb'  M  fcrt,  ibougbl  of  naing  some  beavier 
it  be  weighed  in  a  fCMim  void  «f  air.  fluid,  aocfa  a*  <|luckMl%i«i;  Ha  eoneave^  that  wbatmer 

Bui,  though  we  haw  tumuMfabk  praofr  «f  the  gravi-   might  betk*  eaun.  fty' whklr  a  colonn  of  water  of  34' 
tating  property  of  Ac  air,  yd  1^  full  diacovery  of  tbe   feet  high  it  ttittaincd  abofc  its  levrl,  tbe  same  force  would' 
laws  and  circunutances  of  it  ate  certainly  doe  tothcmo-   suttain  a  column  of  any  other  fluid,  which  weighed  aa 
dcrn!>.    It  cannot  indeed  be  denied,  that  several  of  the    much  aa  that  column  of  waior,  on  the  »ame  base;  whence 
ancients  had  sonic  confused  nolions  ahout  ihift  property:    he  concluded  that  quicksilver,  being  about  14  times  as 
thus  Ariitotle  »ayi.  i:i.U      ilircli  inj  ii;  hate  giavily,  and    liraty  as  water,  would  not  be  sustained  hij;hcr  thatj  29 
even  air  itself;  aiiiJ  a-i  ft  \nw>i  ui  if,  says  ihnt  a  biaddi  r    or  30  inches.    He  therefore  took  a  glow  tubt'  of  several 
inflated  with  air,  wi  ighs  more  ihaii  tho  Miinc  when  empty  ;    feet  in  length,  sealed  it  hermetically  Rt  one  ced,  and  filtrd 
and  I'iutarcb  ami  Slola-u*  qu'itc  him  ns  tottcliinp  thai  the    ii  »vith  quicksilver;  then  inverting  it,  and  holding  it  op- 
air  in  its  wi-i^it  is  bi'lvMun  Ihiit  i  I  lire  iumI  i-i  <  .u:l-  ,  rmd     rnjlil,  by  preisinjr  his  finger  against  the  lower  or  open  on- 
farlber,  he  hiinselt,  treating  of  rcspirutMn,  rcpoiis  it  a»    tice,  he  itiiinersod  that  end  in  a  vessel  of  quicksilver ; 
the  opinioo  of  Kmpcdocles,  that  he  ascriUs  tlx-  cause  of    when  removing  his  finger,  and  sufTering  the  fluid  to  run 
it  to  the  weight  of  the  air,  which  by  its  pressure  forces    out,  the  event  senlied  hit  conjecture;  the  quicksilver, 
itself  into  the  lunp;  and  much  in  the  saroe  way  are  the    faithful  to  tho  laivs  of  hydrostatics,  descended  till  the  co- 
aenlimenta  of  Asclepiades  expressed  byk  Plutarch,  who  ro-    lumn  of  it  was  about  30  inches  high  above  the  surface  of  * 
preteMa  him  as  saying,  among  other  things,  that  tbe  ex-    that  in  tlia  vMmI  below.  And  hence  I'orricclli  concludift^- 
KTHlairt  by^ita  staight,  forcibly  opened  itt  way  ialo  tha    that  it  wai  do  other  than  tbe  weight  of  the  air  I^QM« 
fcftait.  Bat  Hf arlbdoi  It  it  certain,  honam'  uwmmmi*  bant  on  the  lariiue  of  the  eKternal  quieltrilWi^  vllicii 
■Ua  it  may  Msn,  that  Amtotla's  folkrawra  departed  in  cwmtarbaiwiwd  ibe  ioM  conlMMd*in  Ika  tabob 
thii  imtanoe  from  their  nMsler,  by  aaartiag  tlia  contnuy      By  ihb  esperiiMnr  ToMkclli  not  only  aroecd,  wbai 
for  many  ages  together.   Indeed  levMBl  of-  the  phmw  Oaiueo  LaddaM  baibnt^tbat  iIm  airMamjbtt  b«t*lw 
mena  arising  from  this  pmperty,  haw  been  rvmarlied   that  item  itt  wei^  srtrich' kept  inmr  ami  qwdciilecr 
from  the  higlu-st  luuiqiuiy.    Mkhv  centuries  since,  it  was    raised  in  pum|]a  and  tubes,  and  that  the  ivrinht  of  the 
known  that  '()>  ^uckl^^  Oal-       inni  an  open  pipe,  having    whole  column  of  it  «r«s  eqtMl  to  that  of  a  like  column 
its  cxlreinii',  iriMiieiv  iJ  m  u.itor,  this  fluid  rises  abotc  its    of  quicksilver  of  30  inches  in  heighr,  or  of  water  34- or 
level,  and  occupies  the  plarr  ot  the  air.    In  ccmsequeoce    35  feet  high  ;  but  he  did  not  ascertain  the  weight  of  any 
of  such  observations,  sucking  puinp»  were  conuivcd,  and    particular  quantity  of  it,  as  a  Rolloii.or  a  r ubu  Init  of  it, 
various  other  hydraulic  niachiiies;  as  Hi  run's  syphotvs,    nor  its  specific  gravity  to  wat«-r,  which  had  bi-en  done  by 
described  in  hi»  Spiritalia  or  Pncumniu  s  and  the  water-    Galileo,  though  to  be  sure  with  no  great  accuracy,  for  be 
.isg>pols  known  in  Ansloilc's  time  under  the  naiae  of    only  proved  that  water  was  more  than  400  times  heavier 
cI^aiytfM,  which  alternately  stop  or  run  as  the  finger    than  air. 

dotet  or  opant  their  upper  orittcc.  ladoad  tbe  reason  af  Father  Meninne,  who  kept  up  a  corrctpondence  with 
•^gMd,  by  philflwphers  many  ages  after,  for  this  pbcno-  most  of  the  literati  in  Italy,  w-atinfoiyicd  of  TnrriceUi't 
BMBOD,  was  a  pretended  horror  that  nature  concctvet  for  akpnimot  in  l6«4,  and  conmunirated  it  to  ihosa  of 
a  TacuuD,  which,  rather  then  enduie  it,  aaket  a  body  FnmUt  who  pmantly  repeated  the  experiment :  Mtam 
MCend'contruy  M  tha  powerful  solidlalioa  ofitt  fraMty^  Fteal  aad  Ftdt-nada  it  finl^  aad  nriad  itievcrai  wayt|  • 
EwB  Galikoi  wiUi  all  hn  sagacity,  caaM  Mat  for  mmm-  wUch  pira  OMiiiaH  t«th|Biii|>ilaw trrtliw wllicbFlMeal 
line  hit  upon  any  iUm  mmm  ntitfo^ry  i  for  h«  only  pnbfitMd-at  SS-jfata  of  agr,  euitkd-  BxpciiefM«k'M««' 
anigned  a  limit  to  Ait  aread  of  vacuity :  naviagobaerved  vdiet  loachant  la  VoMa;  In  iMi  traaffwindeod  ha  malea 
that  sucking  pumps  would  not  raiie  water  higher  than  l6  use  of  the  old  principle  of/Uga  vami;  but  afterwards 
brasses,  or  34  F.nglish  feet,  he  limited  this  abhorring  force  getting  some  notion  of  the  weight  of  the  air,  he  soon 
of  nature,  If  I  :irj  iliat  was  equiva.ent  to  !!ie  weight  of  a  adopted  Torricdii's  idea,  ami  deM-iivl  several  rxpei  iriieiiii 
column  ol  water  j-i  U el  iiigb,  on  the  saius  bas<-  a«  the  to  confirm  it.  One  of  these  was  to  pr<ii  ii:<  a  snruum 
vril  i  :-[iiice.  Consequently  he  pointed  out  a  wBv  of  III, iking  above  the  rescrvx>ir  of  qviicksiKer ;  in  wliicb  case,  he 
a  vacuum,  by  means  of  a  hollow  cylinder,  whose  piston  found  the  column  sink  down  to  the  common  lerel  :  but 
is  charged  with  a  weight  sulhcicnt  to  detach  it  from  the  this  appeannj;  to  liira  not  sufficiently  powerf'  1  ii'  ili--i- 
close  bottom  turned  upwards:  this  eflort  he  called  the  pate  the  prejudtcet  of  tbe  ancient  philosophy,  lu- pierail- 
ineasure  of  the  force  of  vacuity,  and  made  ute.of  it  for  ed  oa  M.  Pcrier,  his  brother-in-law,  lo  cxxxute  liie  enle- 
expluMBgihe  cobesiori  of  the  parts  of  bodies,  brated  experiment  of  Puy-de-Domme,  who  found  that 

OdiM,  however,  was  well  apprised  of  the  wei|||t  cf    the  height  of  the  quickiil««r  balf-way  up  the  mountain 
thoair  aajLho^:  in  bis  Dialc^guca  be  shorn  tw»  w«y<i  of   was  less,  by  aoate  inches,  than  at  the  foot  of  it,  and  still 
dcnomtiai^iu  by  weighing  it  in  faottlct :  the  tmnsition    lea*  at  the  top :  so  that  it  waa  now  put  oat  of  doubt,  tbst 
wat  ewy-  Item  one  ikanof  t»  aafltber :  yet  itdl  Gali-   it  was  the  waighl'  of  tb»  atnnpheio  which  countetpoisoil 
iwoirlcdfle  of  ibamttir  ma  iawatfoat,  that  ii|  aa  to.  the  uoicksilwr. 

Vw.1.  II  . 
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l  ?  C'liiic^  too  hsJ  s  right  notion  of  this  HKect  of  the 
^ir,  to  ^u^l.rll  dui.U  abn-.r  their  Irvrl,  a«  a p pen n  by  some 
o|  \in  it  tti-i>  iibout  this  timr,  uisd  suiiif  vriti»  bt'l'orp;  And 
ill  one  of  tbost-  he  lay*  claim  to  the  idea  of  the  Puy-de- 
Uommc  cNp<-iimriit.  After  havinij  dwirit!  M.  de  Curcavi 
ti>  ir)fotiii  liiiii  of  ihc  success  <il  (he  ••.\|K-riim.'iu,  made  by 
M.  Paical,  hi- adds,  "I  hnd  na-oii  Ini-.vpirt  tliis  frnin 
■him,  ratluT  tlian  from  y"ii,  Lu  tausr  1  liiil  propos^'d  it  to 
liiiB  two  ycim  kincf,  assuring  him  at  ilir  same  time,  titac 
tkomh  I  Iml  not  tried  it«  yrt  I  could  not  doubt  of  the 
coiwequence ;  but  ai  \»'  is  a  friend  ot  M.  Kobcrval,  who 
profcsMS  himself  no  fni-nd  to  me,  I  suppose  he  i*  guided 
by  tbal  g^nileman't  |i!uaiuiH."  ik*  mure  of  tbiik  hisuwy 
lutder  Baromkter. 

.A»  to  the  seuitl  ot  aoy  (iven  portico  of  com- 
mon ■ii',  it  thet  Galileo  wu  tlM  fiiM  wbo  detei^ 
mined  it  expcrinu  ntAlly  ;  and  he  gives  two  dlfceitf  me* 
thods,  in  his  Dialogues,  fur  weighing  it  in  bottkti  Im  dki 
not  howevrr  porloim  the  experiment  very  accunldy,  •» 
he  itatt.d  tVoin  ilic  rfsult  that  the  gravity  of  water  «r«»  to 
Ihit  of  air  rathi  r  al>ovc  ^0(>  to  i,  m  Utorc  said. 

A  quantity  i-f  air  was  iic.\t  wcighrd  hy  iMoricntio  in  a 
vtry  ingi'iiioii'<  nianncr  tli-.  idea  whs  to  weigh  a  vetscl 
buth  whin  full  ol  air,  and  when  <  iiiplicil  of  it :  to  make 
the  vacuum  for  lhi%  purpose,  hi'  km  w  no  better  way 
than  by  expelling  the  an  out  of  an  eolipile  by  heating  it 
fed-hot :  by  weighing  it  both  wht'n  culd  and  hot,  he  found 
a  Certain  difference;  which  however  was  not  the  c.\aci 
weight  of  that  capacity  of  air,  because  the  vacuum  was 
not  perfect.  For,  by  plunging  the  eolipile,  when  red-hot, 
into  mer,  Just  so  much  water  entered  us  was  <qual 
in  bulk  to  tbe  air  that  had  been  expcUcd  (  he  then  took 
it  o«t  mn4  weighed  it  with  the  wsler,  wbleb  gave  the 
nc^t  of  <he  aune  bulk  of  water;  and  on  comparing 
dm  with  the  btaer  .diflhrtnce,  or  wdgbt  of  air  expelled, 
lie  foaad  their  proportion  to  bo  as  1 300  to  I ;  which  is 
as  wide  of  the  truth  as  Galileo's  prupurtiun,  namely  400 
to  1,  but  the  contrary  way.  Atid  it  is  remaikablc  that 
the  tni'BM  bi'iueen  the  two,  namely  &iO  to  I,  happens  to 
be  very  near  the  true  propwtioatW  aeitlcd  by  other  nora 
accurate  t-.xpiTiments. 

Mr.  Hovie,  by  a  more  accunitc  -'a]);  !  ;  nn  nt,  found  the 
proportion  to  bi-  that  of  938  to  1.  And  Mr.  Hauksboc 
todnd  it  as  8  jo  tu  I,  proceeding  on  the  same  princip]c3>  a.-) 
Merscnne,  with  a  ifiree-gallon  glass  bottle,  but  extracting 
thuair  out  of  it  with  the  air-pump,  instead  of  expelling 
it  by  fire;  the  height  of  the  barometer  being  ut  that 
time  29'7  inches.  Also  by  other  experiments  made  bc- 
ibn  the  Royal  Society  by  Mr.  llaukibee,  Dr.  Halley. 
SfakCbtat  wl  Cthan,  the  proporiioo  «a*  aiwayt  boiwccn 
000  and  jjoo  to  1,  but.  imther  newer  th«  Uttlorp  namely, 
being  lint  ftmnd  u  840  to  1,  then  aa  MM  »  !•  lad  n 
third  time  as  860  to  1 ;  the  huomctar  ihtM  atamiiag  U 
S9}  inches,  arkd  the  weather  warm.  Mr.  CavenAh  do- 
t-riniiRs  the  ratio  800  to  1,  the  barometer  being  5.9ji 
wild  liif  thermometer  at  50";  and  Sir  George  Shuckbui^h, 
a  vrrj'  ai  curute  experiment,  finds  it  K)(>  to  1,  the  ba- 
mmcter  bnii;;  al  that  time  2;>*'27 .  iind  tia  t hpriiK-metcr  at 
51".  Tin  medium  ot  ull  thcM  i>  about  SoJ  nr  S3:!  to  1, 
when  ri  (lucfd  to  the  |iri's>.ure  ol  110  incbe*  ul  liie  barome- 
ter, and  tlnj  lucaii  It  inpi  rutiui'  ) .'i'' ol  the  lix  i riiniiRtir. 
Upon  the  whole  tlicrifore,  it  may  be  «af(.'|y  concluded 
that,  when  tlie  barometer  is  nt  30  inches,  and  the  ther- 
mometer at  the  mean  terapcraiure  Si",  the  density  or 
g^vi^  of  water,  is  to  that  Of  air,  at  933^  to  I,  tint «  a» 
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to  1,  or  as  5500  to  3  ;  and  that  for  any  changes  m 
the  height  of  the  barometer,  the  ratio  va-ii-s  proportioii- 
ally;  ajio  iliiit  the  density  of  the  air  is  aliea-d  by  ihc 
,|gth  part  for  every  degpea  of  the  tbcfmomeier  above  or 

below  temperate. 

This  number,  whii  h  :<  a  vcrv  pnod  medium  ainim;; 
them  all,  W'e  have  rhuscn  with  ilic  fraction  -f,  because  il 
gives  i-xaitly  1^  ounce  for  the  mi-an  wfight  of  n  cubic 
loot  of  air,  the  weight  of  the  cubic  foot  of  water  beine 
j-ist  1000  ounces  averdapoii,aBdtbBtafquicfcaiWerijqita3 
to  ISfioO  ounces. 

'  Air,  then,  having  been  shown  to  be  a  heavy  flaid  *ub« 
stance,  the  laws  of  iu  gravitation  and  pmsure  smut  be 
the  same  aa  thoae  of  witer  and  other  itude;  and  coaie- 
i^naoily  in  pfctsnt*  most  be  proponiona]  to  its  parpnidi* 
cular  altitude.  Whidt  is  exactly  eonformable  to  experU 
ment;  for  oOfMnoving  the  Torricellian  tube  tu  dirr  itnt 
heights,  wbere.the  column  of  air  is  shorter,  the  rolunin 
of  quicksilver  which  it  sustains  is  shorti  r  alvo,  and  that 
nearly  at  the  rate  nf  100  feet  for  ^  of  au  inch  of  (quick- 
silver. And  on  these  princi|kles  depend  the  •trnctui*  and 
use  of  the  barometer. 

from  the  »ainc  pnnriple  it  likcvvisc  follows  that  air, 
like  other  fiuuN.  fiiiK!.  r(;iiiilly  in  till  directions.  And 
henre  it  h:'|'|M  '"..  that  sott  1  oilics  i  luiiire  this  prcs.ure 
without  chaiigf  of  ligure,  and  Imrd  or  brittle  budica  with- 
out breaking;  being  equally  press<-d  on  all  parts :  but  if 
the  pressure  be  taken  olT,  or  diminished,  on  one  aide,  the 
effect  of  it  is  immediately  perceived  on  the  other.  See 
ATMosrnEaE,  for  the  total  quantity  of  effects  and  pres- 
sure, and  the  laws  of  difli-rcnt  altitudes,  &c. 

From  the  weight  and  fluidity  of  the  air,  jointly  coosi- 
dansd,  maiqr  eflacta  and  uses  or  it  may  easily  be  deduced. 
By  the  iMmUnalion  of  theit  two  qtmliiies,  it  closdy  in* 
vasts  the  earth,  with  all  the  bodies  upon  ii,  constn'nging 
and  binding  them  down  with  n  gital  force,  iinr;i(ly  a 
pressure  equal  to  about  15  pounds  upon  every  square 
inch.  Ileiii  f  (mi-  I Aiitriplr.it  |>r(  v<  n!s  ihr  art<ri.'U  v<  >,h'15 
ol  plants  ttiu!  Hniiii.iU  fioni  li<  in^  tuo  nint  h  cli^lcmied  by 
the  impetu^  of  the  circa  hi  tin:;  |incfs,  .r  b\  the  elastic 
force  of  the  air  so  copiosisly  abounding  in  them.  For 
hence  It  happens,  that  on  a  diminution  of  the  pnssure  of 
the  air,  in  the  oporntion  of  cupping,  we  sec  tin-  parts  of 
the  body  grow  tumid,  which  caust-s  an  alteration  in  the 
circulation  of  the  fluids  in  the  capillary  vessels.  And  the 
same  cause  hinders  the  fluids  from  transpiring  through 
the  pores  of  their  conlainitie  vessels  which  would  other- 
wise cause  the  grcatcst  debility,  and  often  destroy  the  aiu> 
ma).  Tu  the  same  two  qualtlns  of  the  air,  vi«ight  mi 
fluidity,  is  owing  the  mixtutv  of  bodies  contiguous  to  one 
another,  cspecmljv  Anitii ;  Ibr  several  liquid*,  as  oils  and 
salts,  which- readily  mix  of  thcmseive:i  in  air,  will  nm  mix 
atall  in  vacuo,    with  many  other  natural  jili.i  i  11:1. 

3.  Slatticity.  Another  quality  of  ihr  i-ii,  h.  m  uhcnce 
arise  a  multitude  of  effects,  is  its  ehiMicil;.  ;  a  i|'i:iliiv  by 
which  it  yields  to  the  pressure  of  any  oih.  i  i)i,.lnis',  by 
contractine  its  volume;  and  dilates  and  espaiids  it^  !f 
Bwain  on  tlic  removal  or  diminution  of  the  presaUfv.  I  bis 

q'uilKv  IS  'he  chief  (listii)ciivL- property  of  air,  the  Other 
two  1.1.  III!;  Common  to  all  fluid* 

Ot  thiv  property  we  have  innumerable  in«tiiiic<  s.  'I'I'.ui, 
for  example,  a  blown  bladder  being  squeezed  in  ihehand, 
we  find  a  sensible  n-sislance  from  the  included  air;  and, 
on  taking  ofl"  the  pressore,  the  compressed  parts  immcdi- 
.aidy  fmtas*  tbentelvcs  to  tbdr  fcvmer  ronnd  figura. 
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And  oA  thia  property  or  elasticttf  depcwi  flw  itiactaie 

•lid  uses  of  the  uir-pump. 

Every  particle  of  air  makes  a  continual  effort  to  dilate 
ilwlf,  ttiu''  HLtiiit;  forcibly  ag(iiti<>t  all  ihe  iiti|;hbouring 
particii-s,  wliaii  jljii  extrt  tlie  like  force  in  return;  but 
if  llirir  renstancc  hiippeu  li/  ciasr,  or  ho  wpaicrnrd,  ihr 
particle  immediatily  expands  to  an  immcnsp  extent. 
Hence  it  is  tliat  tliiii  ^ia^s  bubbles,  or  bla<ldcrs,  iilleil  vuth 
air,  and  placed  under  the  receiver  of  an  air-pump,  will, 
op  pumpinn  out  the  air,  burst  asunder  by  ibe  force  of 
ifae  air  which  they  contain.  So  likewise  a  close  flaccid 
Unider,  containing  only  a  small-  f|uantiiy  of  air,  being 
put  under  tlie  raociver, swell*  as  the  receiver  u  exhausted, 
and  at  leigth  a|i|Kan  quite  .full.  And  tbo  same  thinn 
faappt  ns  by  caayuig  tlie  itoiii  hladdcr  to  ttw  top  «(  a 
very  high  moantaiik 

The  laiBe  eKpciimenl'dbMra  that  this  elastic  property 
of  the  air  is  very  different  from  the  elasticity  af  solid  bo- 
dies, and  that  iheir  diUtalion  arises  from  a  different 
cause.  For  when  air  ceases  to  be  compressid,  it  not  only 
dilates,  but  ciccu|)ics  ii  far  giealer  >.pacc,  .1;  .i  .■xi^r»  under 
a  volume  irnmen^iely  lareer  than  before  ;  wlicrcas  solid 
alutiC  Indies  only  reMime  ihr  i:- lormcr  ti;:ure. 
"  It  is  plain  tiiat  the  «<  ii:lit  or  pressure  of  the  air  dots 
not  at  all  depend  on  its  <  .  .and  that  it  is  neither 

more  nor  les*  hravy  than  11  u  wcrr  not  at  all  elastic.  But 
from  its  being  cl-islic,  il  loiloui*,  that  it  is  susceptible  of  a 
pnasure,  which  reduces  it  to  such  a  spare,  that  the  force 
of  its  ciMicity,  which  re-acts  as^ainst  the  pressing  weight, 
h  exactly  equal  to  that  weight.  Now  the  law  of  the 
elasticity  is  such,  that  it  increases  in  proportion  to  the 
density  of  the  atr«  and  that  its  densi^  iocreaaes  in  pro- 
.  portion  to  the  forces  or  sraghts  which  compress  it.  Now, 
there  is  a  necessary  equality  between  action  and  r*40> 
tion ;  that  is,  the  gravity  of  the  air,  wUdi  cftcts  ilicaoi* 
pression,  and  the  elasticity  of  il,  whMi  gpvn  It  Hi  liB- 
dcncy  to  expansion,  are  equal. 

So  that,  the  elasticity  incrcasin<;  or  <1imitiishin<;,  in  the 
same  proportion  as  the  density  increases  or  diminishes, 
that  IS,  as  tlie  distances  nmon;;  Us  pbi  iirli  s  a.  crease  or 
increase;  il  ij  no  matter  wlielhor  tlie  air  l>e  cuinpres&ed, 
and  retained  in  any  space,  by  the  weii^ht  of  the  atmo- 
sphen',  or  by  any  oiiier  cause;  as  in  either  case  it  must 
endeavour  to  expand  with  ilie  same  force.  And  there- 
fore, if  such  air  as  is  near  the  earth  be  inclosed  in  a  ves- 
sel, so  as  to  have  no  communication  with  the  external  air, 
the  pressure  of  such  inclosed  air  will  be  exactly  equal  to 
that  of  the  \vho1e  external  atmosphere.  And  accordingly 
we  find  thai  quicksilver  a  austained  to  the  same  hai^t, 
by  the  dastic  iNca  of  air  hwlaeed  in  a  glass  vessel,  as  by 
jit  whale  pteisaie  «f  tbe  atiaMphan.^^ad  «t  tUs  piln* 
cipia  of  the  eondewatkMi  and  dittkhy  of  liie  air,  de- 
penda  ibe  alnictnra  and  use  of  ifca  air^na. 

That  tbe  ilemity  of  tbe  air  is  always  directly  pruportion- 
'  al  to  the  force  or  weight  which  compresses  it,  was  proved 
by  Bo^lc  and  Mariotte,  at  least  as  far  as  their  experi- 
ments go  on  this  head  :  and  Mr.  Mariotte  has  shown  that 
the  same  rule  takes  place  in  condensed  air.  However, 
this  IS  not  to  be  annul;!  li  as  srriipuluusly  exact;  for  when 
air  is  very  forcibly  compressed,  so  as  to  be  reduced  to 
•^ih  of  its  ordinary  bulk,  the  effect  does  not  answer  prc- 
iiscly  to  the  rule  ;  for  in  this  case  the  air  begins  to  make 
a  greater  resistance,  and  requires  a  stronger  compression, 
than  is  given  by  the  above  pcoportiao.  And  hence  it  ap- 
peals, tlwt  the  paitiicki.of  air  cwM^by  inBaaB.  tX.nf 


[  41   3  AIR 

paWlHa  w«{g|i(  or  pressure,  however  ^cat,  be  brooi^ht 

into  perfect  contact,  or  that  it  cannot  thus  be  reduced  to 
a  solid  mass;  and  conwquently,  that  there  must  Ix-  a  li- 
mit to  w  hich  I  his  condensation  of  the  air  can  never  ar- 
rive. 1  he  same  remark  is  true  with  regard  to  the  rare- 
faction of  air,  namely,  that  in  very  high  degrees  of  rare- 
faction, the  elasticity  is  decreased  rather  morf»  than  in 
proportion  to  liie  weight  or  density  of  the  air  :  and  hence 
there  must  also  be  a  limit  to  the  rarefaction  and  expan- 
sion of  the  air,  bgr  winieb  it  li  prevented  from  axpnodiitg 
to  infinity. 

To  what  dffgne  ilr  ia  susceptible  of  condensation,  fagr  - 
compression,  is  not  certainly  known.   Mr.  Boyle  eon* 
densed  it  19  times  mora  tlum  in  its  natural  state,  by  thia. 
means:  others  bate  compieiMd  it  into  ^tb  paittrf  lla 
oiditimy  %ol«nw }  Dr.  Halea  made  It  38  llmca  men  danae. 


by  nMaiia  of  •  pftuj  but  by  freeing  water  in  »  holtvw 
ciM-iron  ball  or  shell,  be  rednced  it  to  1 593  dmsa  less 

'space  than  it  naturally  occupies;  in  which  stale  it  must 
have  been  of  almost  double  the  density  or  specific  gravity 
of  water:  And  as  water  is  not  compressible,  e.sri  pi  in  a 
very  small  degree,  it  follows  from  this  experiment,  ilial 
till-  piirticles  oi  air  must  be  of  a  nature  very  diflereut 
from  lliDsc  of  water;  since  it  would  otherwise  !«■  impos- 
sible to  reduce  air  to  a  volume  above  800  tira<  a  less  than 
in  its  common  state  ;  there  is  hfpwcver  some  reason  to 
doubt  of  the  accuracy  of  this  experiment,  as  has  been 
asserted  by  Dr.  Halley,  from  some  experiments  performed 
in  London,  and  others  at  Florence  by  the  Academy  del 
Citttento,  that  it  may  be  safely  concluded  that  nofbrcewhat- 
ever  is  capable  to  reduce  air  into  a  space  800  times  lem 
than  that  which  it  naturally  occupies  near  the  surface  of 
the  earth,  at  hast  by  pressure.  But  others,  and  particularly 
U.  Affloolaaa,  in  the  llemoin  of  the  Fmch  Academy, 
dwt  tbci*  is  no  affixing  any  limits  to  its  COO- 
t  that  greater  and  grcnier  wicm  will  nducn  it 
into  lem  and  less  compass ;  and  that  it  h  only  rlmtic  in 
virtue  of  the  fire  it  coNtaiiis  ;  and  that,  as  it  is  impKMsible 
ever  absolutely  to  drive  out  all  its  fire,  it  is  impassible  ever 
to  m»kc  the  utmosl  condensutiou.  We  inay  fuilluT  aiUl, 
that  ihe  air  roiitained  in  nilrp,  is  probably  condi  rised 
about  IfKK)  ti:.u  -'.   Sec  my  Tracts,  vtd.       p.  :lu  '.. 

Thi-  rlii'-titity  of  the  air  exerts  it-  Inrcr  .  <;iinliy  i;;  all 
liireclKUi^.  ;  mid  when  it  is  at  lihrrly,  arii  freed  i"ri.in  llie 
cause  which  coropn'sscdit,  itcxpaJids  equally  on  ail  snies, 
and  in  consequence  always  assumes  n  s|)herical  figure  in 
the  interstices  of  the  fluids  in  which  it  is  lodged.  This  is 
evident  in  liquors  placed  in  the  receifor  of  an  airi>ump,  ■ 
bm  exhausting  the  air;  at  first  there  appears  a  multitude 
of  exceeding  small  bubbles,  like  grains  of  line  sand,  di>> 
pened  through  the  fluid  mass,  and  rising  ummdaj  mod 


•ir  b  pumped  ont,  they  enlarge  in  awai  but  still 
they  oantinHe  round.  Also  if  a  plate  of  metal  bo  in»> 
merged  in  tbe  liquor,  on  pumping,  its  surbee  will  be  seen 

covered  over  with  small  round  bubbles,  composed  of  the 
air  which  adhered  to  it,  now  expanding  itself.  .•\nd  fur 
the  same  reason  it  is  tbikt  large  glass  globes  are  always 
blown  up  of  a  spherical  shape,  by  blowing  air  through 
an  iron  t  ubeinlo  n  piece  of.awltad  ^am  at  tha  end  ^ 

ibo  pipe. 

The  e.xpansion  of  the  air,  by  virtue  of  its  clastic  pro- 
perty, when  only  the  compre.ssing  force  is  taken  oH,  or 
diminished,  is  found  to  be  surprismtjly  great ;  and  yel  we 

are  iar  &om  haowins  the  utmost  dilautiou  of  which  it  i^s 
In  iavoni  cupminmnli  made  bf  MnBoyk.  it 
HS 
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nyanied'fint  jolo  0-tiaM»  it*  ^ottuu  <^c« ;  iben  liMo  21 
Ai«W*;  dKB  intO'filLMd 'ibea  Wto  lAO  tiviM.  After* 
«r«nU,  it  mm  l«P«0hl  (9  (ttlate  intg  «iOlK)  timfs  it»  &Mt 
^^■fe;  ihm  inlp  UM(MV  ^Wii  «t  Ui  mikii  feMo  iaii79 
4MMBili  iptfeiMd  iril  iWiiaalcly  t>y  its.<Miiii<Mtunl-aK« 
.pmiw  tme,ig  atiywmtiiins  'he  pre»»ure,'b«t  witbiMt 
dwMpofAv.  AM.CA'ibu  principle  depvnilttte  Bon- 
•trnctioo'iuMi      nf  tbc  MANuMstiBit. 

Th«  elMticity  of  the  «ir,  under  one  and  the  mdic  prM* 
turr,  is  ttill  fartbcr  incrpa»ecl  hy  heat,  ami  diiniiiishud  by 
cold,  and  lhat,  by  soiiu*  latf  accurate  r.\|>rriiiu  iil)<  raa<lc 
by  SirGeoi^  ShucWIjiirgli,  »t  the  ralo  ol  ibi  4  lOih  |iart 
of  its  volume  scarU,  for  «ttcb  «k-grcc  uf  Ihc  vurinduii  ot 
hrat,  frowi  t|Mt  of  t««tpfiaH^  in  JRihMalMii:'*  thcnw- 
juetcr. 

Mr.  Htiuk>bee  obirrved,  tbst  a  portion  of  afr  inclmrd 
ins  gl«M  tukH't  when  tkc  temperature  wu  at  the  freezing 
iftint,  formed  volume  which  «ru  to  that  of  lh«  «une 
4]uantity  of  airiaihe^iKftleiit  beat  of  tumnMr  in  EngLuHT, 
as  6  to  7.  And  it  hu  been  tbtad  byvewersl  lexpcrinenu, 
thiu  til  it  cxpMd«d  4  itt  lUmtHm  hvik  Jhgr  ftKilyiiig  tlw 
hmt  of  boiiiiu  «ralir  to  it. 

'.Dr.  Ukki  iouod  ibat  tke  ,wr  in  •  ictort,  when  the  bvt- 
JBH  '«f  tlw  wftel  ju»t  hanmc  fad-hot,  wai  dKlalfd  iM» 
idouble  its  former  tpacc;  and  dmt  in  a  while,  or  AlnMt 
ipelting  heat,  it  fillc-d  thrice  its  rormi-r  space:  bat  Mr. 
Rubius  luund  ibut^  air  was  cxpundL-d,  by  tncuns  of  the 
white  or  lu^iiig  heat  of  iron,  tn  4  timet  u.>  fornoT  bulk. 
S«T  also  several  ingi  uiij'---.  i  Npcntiunls  mi  i  hi>!icity 
of  the  air,  in  the  Philu*.  1  ritn>.  lur  llio  year  1777,  by  S.r 
<C«orge  Shuck  burgh  and  Culonvl  Roy. 

This  properly  explain!)  (be  common  I'ffrct  ub»cr\cd  on 
bringing  a  close  flaccid  bladder  near  the  6re  to  warm  it  ; 
vihta  it  is  prr««ntly  found  to  twrll  as  if  ieoc«  air  wcm 
Mown  into  it.  And  un  ilus  principk  daptwit  ihetllMO* 
ture  and  otftn  of  tb*  thicrnaawtcr. 

M.  AuMOlMM  IntdiKowrad  Aat.  witb  the  wm  beat, 
4lir  will  wmtA  In  •  d^grr e  pioportiomrd  to  its  density. 
And  «lijin*  ionndKlioii  the  i«genious  author  haa  furm^rd 
jn-diaconne^  to  fwm  ifcat  the  tpnog  and  wciitkt  of  tJto 
air,  with  a  aodnale  degree  of  .wamibt  may  enable  it  tp 
produce  even  eerthqualtei,  and  otlwr*  of  thu  moatatha 
raent  cnmmotitiDs  of  nature"  He  conipuUs,  thatAt  the 
di  jitli  uf  the  74(h  part  of  the  earth's  radius  below  the  sur- 
fttcr,  tin  iintuinl  prrsiurr  iif  the  air  would  reduce  lo  the 
ili  u-iiy  iif  ^Lild  ;  i.iiil  !'u-iiti-  intLTs  that  all  u.Htt<  r  In-low 
^hht  di  IS  (nubably  iR'HVicr  itmii  (lie  beavi«»t  melid 
that  we  know  ot.  And  hence  •isaiii,  it  is  proved  th.it 
liit  more  the  air  is  compressed,  the  more  doe*  the  same 
de^ec  of  lite  increaw  (lie  force  ol  it<i  elasticity  ;  uo  iiwy 
infer  (bat  a  degr««  of  beat,  wliich  in  our  orb  cnu  pro- 
duce only  a  modrnUe  efliect,  (nay  have  a  very  vioimt  one 
in  such  lower  orb ;  and  that,  aa  there  are  ina«y  degnta 
of  beat  in  nature,  bryond  that  of  builiD|'Valer,  it  is  pio- 
jhiMUhrri  may  be  some  wkoae  rioleace,  ihaa  eawiad  by 
SaStoity  of  the  air.  joay  ba  laflicieatly  powerful  to  laar 
MOader  the  solid  globe.  McRk  de  I'Acad.  1703.  ^ 

Many  philosupben  hwa  inapMBd  .that  tht'  elaitie  pM* 
perty  of  the  air  depeadi  on  toa  af  iU  ewpaaclef, 
whicli  ibcy  take  to  be  ramoua:  tome  maiolain  that  they 
arv  so  many  rainuic  flocculi,  resembling  fl<n  c*«  uf  «oo| : 
others  conceive  thi-n)  rolled  up  like  boups,  aiul  curled 
ltkewire»,  or  kbavin|p  of  v^.^d,  i>r  coiled  like  ilie  spunks 
af  watches,  aad  enikavouuBg  lo  expand  tbmnaL-lvrs  by 

tbtaaaf  ikiirleaMBCk.  -  . 
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But  Sir  Isaac  Mewton  (Optica,  Qa.  9UhcJ)  expiaina 
the  matter  in  a  diflcrrnt  way  :  such  a  contexture  of  parts 
■he  Aiidu  by  Jio  means  sufficient  lo  account  for  thait  ama> 
aiag  MNwer  of  claslkityrfditerved  -ia  aiCi  whkh  .ia<caBaMa 
af  dilatMv  itwif  Ittto  ^bo«aianiillian«rituacaaMre  space 
Unui  it  accapicd  bcfen;  lMl^lw.alMneH,  as  it  is  known 
llMft  all  JNMiiatihnve  an  aiteaettw  aadac^fpclli  ng  powrr  ; 
and  as  both  these  arc  stronger  in  bodies,  the  demer,  more 
compact, and  solid  they  air;  hence  it  follows  that  when, 
by  heat,  or  any  other  po» eilul  nt,  tin  nrliac'.i.c  T^ee 
is  oiercoitie,  and  thu  paltJclr^  ot  tin.:  Ij(id\,  wpurnted  so 
liir  Hi  to  I*  out  of  the  iphcre  nl  iittuic nr.:  ;  tlii:  rrpelling 
power,  (hen  comniencinf!,  miikrs  thent  ncede  from  ench 
oli'ier  Willi   ;i  li.rii,  jini;i.:.irtiunHblc  to  that  with 

«ijith  tiiey  beliire  coljend;  and  thus  thpy  become  per- 
maiK  nt  air. 

And  hence,  he  says,  it  is,  that  as  4he  particles  of  air 
aa-  gnjuer,  and  rise  Aam  demer  haiBai>  than  those  af 
tratisietit  air,  or  vapoiir,  true  air  is  more  ponderous  than 
vapour,  and  a  laajat  atasospbete  lighter  than  a  dry  «*e^ 

And  Id.  Ambatoaa  aMkea  the  elasticity  of  air  la  af<s« 
fiom  ihe Ufa  it  contains;  so  that  by  augmeatiiig  ifca  da> 
gree  of  beat,  tJw  larctetioa  win  ba  incraaiid  to  •  hr 
fnaltr  d«grM  thaa  bjp  a  Baia  aaoBtMicous  dHaiatms.  ' 

Tba  ahitle pawtraf  iha  air  baeanu*  the  si  cond  great 
Tsoareeaf  tha  rannrkabla  cllbeta  of  <bis  imporiant  fluid. 
By  this  property  it  insinuate*  itself  into  the  por4s  nf  bo- 
dies, when-,  by  means  of  this  virtue  of  expttiidnir,  wliicli 

i'je.iMly  excited,  it  must  put  ill.  piirticlesol  those  bo- 
dies into  jit  rp<  tual  vil)iirttioii'<,  iiiid  nmintain  a  condniial 
motion  uf  li.luritii.n  und  contraction  in  ull  boilu^.  hv  ihc 
incesaaut  changes  in  its  griisity  and  dei.rttty,  and  coiik> 
qucntly  its  elasticity  und  expuMsion.  -  , 

This  rcciprocxtion  ii  observable  in  several  instaaaaif 
.particularly  in  piitnls,  in  which  the  trarheiB  nr  air  eiawll 
jtCffefm  ibcolfice.of  lungs;  for,  as  the  heat  increases  or 
dimiablMa,  tha  air  aliernau-ly  dilates  and  contracts,  and 
so  by  turns  cuaipmies  she  vnschs  aad  cases  ibrra  aj^aia; 
thus  oroiiMHingAciniMlatian  af  their  Juicva.  Aad  twaaa 
it  ie  loaad  tbattw  «c|dalioB  aramainaiiaa  ia  aarriodan 
Jn«iraa. 

•h  if  from  the  aanw  caaee  Ma^that  ice  is  burst  by  the 
eoatinaal  aetioa  of  tha  air  contained  in  its  bubble*. 
Tkua  too,  glasMS  and  other  vessels  are  frequently  cracked, 
nhrn  their  contained  liquors  are  frnien ;  and  thus  sl-o 
l.ir^e  Ll  iclkS  of  stuue,  and  entire  columns  of  marble,  somc- 
'.iiiH  ^  sjilit  in  the  winter  Ma^oii,  Irom  some  little  bulibic 
I.I  iJieu-Jiii  air  ac(|uiriiij{  an  increased  elasticity:  and  for 
the  iwme  r<^iyiii  U  is  that  SO  few  stones  will  bear  to  t>c 
healed  by  a  lin  ,  vs.ilnuit  cracking  into  many  pieces,  by 
the  incr«a»ed  expansive  force  of  some  air  confined  wilbi* 
their  pores.  From  the  same  source  arise  also  all  putrc^ 
faction  and  fermenHttion ;  neither  of  ubich  can  be  car* 
riidaniB  VBOMveven  in  the  best-di«posada«l|iacts.  And 
etm  napiutiaa,«ad  aaiaMl  life  itself,  an  euppoacd,  by 
naay  aaihon,  ta  ke  coadacled.  in  a  great  laeaiare,'  by 
ithataaMpriiiciplaaf  thaair.  Aad  aewa  tad  each  gnat 
qaaatitift  of  air  gaanaied  hp  Ihe  aolalseQ  af  aainMi  and 
vegetable  suhstaaeea,  a  goal  deal  laaat  constantly  be 
rnise<l  from  the  diasolutioa  of  these  eletsienis  in  the  sio- 
inach  and  bowels.  In  £Krt,  all  natural  corruption  and  al- 
(enilion  seem  In  d<>pend  on  air;  iind  even  metals,  pani- 
culaily  li'dd,  only  Mem  in  U-  durable  and  iocomiptiblc^ 
m  so  far  as  they  are  iiuperviou*  to  air.  •  ^„  , 

rtayiiWw,  Ac.  af  lito  air.   Wa  ha«a  afeMHl^  ^ 


1 


A  I  R 


[    53  ] 


A  I  R 


fcrvfd,  (hat  for  tunny  nge*  the  air  we  brenihe  wh«  cfin^i- 
diTuU  I'.r  K  sinjjile  h o fu(;gctveou<  fluid  :  '..im.'.i^  e\Kjlatlons 
and  panicles  of  bodies  ariiing  from  the  earth  were  indeed 
obwrved  to  mix  with  it,  and  uti  iheM.*  its  difTi-rent  degrees 
■•f-jalubrily  were  suppoaod  to  depend;  but  the  Berifaim 
iflaM^lirif  was  rM-*rr,  till  within  a  Ivw  yean,  known  lo  be 

icoropmiKi  substance.  Thi»  point  however  has  biwi 
ciMHy  aMertafaird  by  ibe  discun  rie*  uf  modem  che- 
-oiala,  puticuUriy  Hioie  of  FrkMlqr,  Bhck,  CavtB- 
jUAflrnnhintfmtwDnff'kc.  From  tt«  miMl  tHti«*- 
JMI  of  thaaO'diiuMiIu  we  iMrn;  ifaat  ttouMiiMiie  ilr't* 
umiftmi  of  M  ItMt  two  iperie*  of  nir,  or  noalie  0oMi, 
which  UK  called  vital  air,  or  axygeti  f,*a,  and  aiotic  ga*. 
The  ftirmer  it  the  preat  a^-nt  in  respiration  and  combm- 
tian  ;  and  up'ui  the  |ir<i]j'.-r  | rinni  'if  both  depends 

thi-  purity  ol  tin'  M  ^plu-ie.     I  lir  Utu  r  po*(H'i»(-s  cmi- 

trary  i~  niiMouA  to  aniniiils,  and  iiirjui.ililr  of 

maintaining  (iini  IjustKni.  The  pn  p.  irtinn  at  these  in  lOO 
parts  of  atni<)'.|ilii'UL  air,  ii  coti  iui  iil'.  iitxuil  26  or  27 
parti  id  uxy^c'i)  gax,  and  74  9t  73  parti  of  anotic  gpu,  by 
weight ;  or  aboul  M  forii  «f  ihe  knmiet,  tmi  TV  of  Ilie 
latter,  in  bulk. 

Thete  two  gam  however^  Ihoil^  they  con»tiiute  the 
principal  pari  of  atnHMpheric  air,  are  nut  lbs  only  ones 
that  enter  intu  ii4  compuciiiun  ;  for  bemlc  the  numerous 
particles  of  water  and  other  •ubvtancn,  it  cnniaina  «bout 
1  part  in  100  of  carta ooic  uid  gat,  and  a  aiill  unaller 
^fuxaitj/  wf,  hjr^trwcra.gpil  oacl  Smn  mfmmnM ' 
■Vftn  tit  brought  fimi  mt  bifhw  Mgjom  of  the 
■phew,  bf -RMOiw  of  airMlooM,  tkcar  eontHtamt  pofH 
«f  it  wtve  feumi  in  neorly  the  nim  proportioii  at  ot  tho 
•or&ce  of  the  earth.  For  further  particulonoBlMaiub- 
jeet,  aee  Azotr,  C>a«,  Oxygen,  &c. 

Fur  the  riM>.tance  of  the  air,  Mt-  KLStSTAKCO. 

Am-B^I.tdoN       Sip  ArtlCiTATION. 

AtR-GvN,  I  L  1'^  :  i:mati(i,  is  a  machine  for  propel- 
ling blilli'ls  wii  h  _:r'  i  viglence,  by  the  solo  means  of  con- 
densed air. 

V  The  first  account  «c  meet  with  of  an  air-gun,  is  in  Ihe 
Elenteni  d'Artillerie  of  David  Kivaut,  wlwWM  prmwptor 
tQ^Louii  XIII.  of-  Fraatce.   He  oicribtt  the  ia«««tion  to 

,  Mofio,  •  torgher  of  'IWenr,  «4ia  ■pcneiileJ  om  to 
ticiiry  itr« 

ToeoMtract  eaachine  of  this  kind,  it  is  only  necn- 
■tnylotakeeitnntgiviielof  aiiy  tort,  into  which  the  air 
» to  be  tlirowa  or  coademcd  bjrtneaM  of  a  Nyrina>,  «r 
oiherwise,  the  loore  the  better ;  then  a  valec  it  tuAlenly 
opened,  which  lets  fheaireicapK  by  a  taaU  tdba  iii<whiai 
a  bullet  is  placed,  md  wUch  it  mm  tMeiitly  lincMi  «at 

before  the  air.  " 

It  14  (  v  'ler.t  then  that  the  effect  if  produced  by  virtut: 
of  the  elrt^tic  property  of  the  air;  the  f<iTce  of  which,  as 
has  been  shown  in  the  last  articlr,  is  n<-arly  proportional 
to  its  condensation  ;  and  therefore  the  greater  cfiiflntity 
that  can  be  forced  in-o  ihi  i  nj;ine,  the  greater  will  be  the 
effpct.  Now  (his  effect  will  he  exactly  >imi!nr  to  that  of 
a  gun  charged  with  powder,  and  tbereiore  we  can  easily 
form  a  contpari^m  between  llicin :  for  inttamed  giin-'pow> 
drr  is  nothing  more  ikan  eery  condensed  elastic  air;  so 
that  (be  two  'meet  are  emetly  tiinilar.  It  it  ahowa  hy 
■Mr.  RoWm,  in  Im  New  MmmiIn  of  Onmeiy.  that  Ike 
HoM  of  inlltmed  gorfpowAnr,  tm,  at  tfce  InttMiatH^  » 
of  eletticity  eqadl  to  rntaut  lOOD  tiraei  thai  of 
ton  air;  -muA  t  have  ehewn  (vbU  9  of  my'TiaclO' 
that  Ihe  fini  fiwce'  «f  MieinlMitwwfcr  it  often  aefe 


thiin  50(iO  times  that  ol'  the  coonmoii  air.  Thrpeli  re  it  i? 
niccssarv  llmt  i.:r  ■.huiil;!  iji-  romlf^sfd  a  lODO  or  ',()tlO 
times  mure  than  in  its  naiucMl  ttatc,  to  produce  the  smdc 
elfect  as  gan-powder.  Ikit  then  it  is  to  be  icoeaidered, 
that  Ibe  velociltet  with  which  -e^ual  balls  are  imfelled, 
afediwclly  flopeMiooal  tO-'AMquare  roots  of  ibe  forces; 
so  that  if  ilw  air  lin  an  air-gtin  lie  ' 
timeK,  ibe  wlocitT  it  will  project  I 
that  rttle^  Atl*  tl)*' 


m<velocity  of  iflbjof  ifaat  of  (ttaiyowder.  But  in  reality 
iIm  air-gun  sfaeoltilfban  wiSl  a  Buch  greater  proportion 
of  velocity  than  as  above,  ai>d  for  this  reason,  natnoly, 
(hat  as  the  reservoir,  or  magntinc  of  condensed  air,  i^ 
(iiiiim  iiiiv  \rrw  tarrc  in  proportion  lo  the  tube  which  con- 
tains the  ball,  '.In:  liciiiity  of  the  air  fs  very  little  altered 
by  e.xpandiuj!  iliriiujjh  ttmt  laun.  m.'  mor,  ;uiii  cnii»i'i|uetitly 
the  ball  is  uri^i'il  nV.  thr  way  by  nearly  the  wmf  unrt'onn 
force  as  b(  the  iinst  mutant  ;  whereas  the  clastic  tiuid  ari- 
sing from  influiiHd  gun-p<twder  is  but  very  sinHll  in  pio- 
portirin  lo  the  tube  or  barrel  of  the  gun,  occupying  at 
first  indeed  but  a  very  smell  portion  of  it  nest  tbo  bate 
««d ;  and  therefore,  by  dilating  into  a  corapasativciy  lane 
space,  as  it  urges  the  ball  along  tbe  barrel,  its  elt  ~^' 
force  IS  proportionally  more  weake  ned,  and  it  fccts  alv 
less  and  less  on  the  ball  in  the  tube,  freia  which  ! 
it  happens,  that  air  condensed  into  a  gpnd  targe  t 
■only  lOtinet,  will  ahoot  .iu  tell  with  «-«eliiailyibati)ilile 
inferior  to  that  giem  hy  the  gen-pewiltr.  Mti  it  Ibe 
eahe  of  eommunication  be  enddca^'rint  agala 
opringreflcr  opeuiiig  it  lo  kteoMOittr  etoaae,  -dien  tbe 
tawe  caUection  iif  it  matmta  ijuwiliiiiaiij  belk,  nwafteg 


In  all  cases  in  which  a  consideratlc  force  is  rcf|Mire«l, 
and  coiiscqupiitly  a  i^eat  condc  iiialioii  ol  ;iir,  it  will  bu 
letjiiiMte  to  have  the  cottiii'ii.-.:ii4  ■.\-iii]>.'  ol  a  muhII  bore, 
pcrhups  not  more  than  hall  im  inch  m  diameter  :  other- 
wise the  force  to  produce  llie  eomprcssion  will  btronn- 
SO  gR*at,lhai  the  operator  cannot  work,  tl»e  meclntie:  for, 
as  the  pressure  against  every  square  inch  is  about  45 
-■onnHs  and  against  every  ciwahuilich,  ar  H  circle  of  1 
.Sarh  tiiiuneiei  ,  itbiiut  )g  piMBdi^  if  tke  'syiii\ge  be  one 
inch  in  diameter,  when  one  injection  is  made,  there  will 
b«  a  resistance  nf  1^  pouods  a^inst  the  pisSan ;  when 
S.  of  Mpoonds.}  «wd  wtton  M> ioee in)eciwl,  ilkete  will 
tae«<lbrae  of  MO-ppaadhto  mmBtmei  mlmwm  Mm- 
fKlmm  act  «t|piMt  >be  balWaali  'fhlW,  •  whcee  arm  it' 
hnl  I  of  ihe^lanneT,  with  |  of  Ae!Mce«iity.wtneiy.  90 
pounds ;  and  40  iojedioM  may  he  aude  inlheMk  •■•f- 
linge,  as  well  as  10  with  ttte  lerger. 

Air-giins  are  of  \ari<ius  eoniHtrurtions  :  ao  easy  ajvl 
portable  one  is  reprrji  nLed  in  i'iute  i?,  lip.  1,  whicil  16  a 
■o  ciinn  length » n\ 5  through  tbe  to  show  iIh"  ir»ide. 

It  l»  nifiiJc  (i|  b^l3^,  Li!i(i  lias  !^u>  liorrcl?  ;  the  innrr  barrel 
OA  III  .'1  ^."111,1  bore,  from  whieh  the  bullels  nre  dis- 
charged i  and  a  laigrr  barrel  cs  c  Dtt,  on  the  outiiide  cf 
it.  In  the  slock  of  the  gun  there  is  a  syringe  M«r  rs, 
whose  rod  n  daws  eet  to  taiie  in  afr ;  awd  by  poshing  it 
in  again,  the  'piilew  eii  drives  tbe  air  ktkn  *t,  ihrouf  h 
the  valve  VS,  iato  Hbe  eertty  tetwoeo  the  two  borrek. 
The  ball  Kit  paldsin  into  itoflaatte^MeU  Iwrel. 
ariththe  «mHr.w  te  aMlhcr  «an.  Theiw  i*  Aneihcr 


thbcatti,  wiM»Wiig<aptwd1iy  ibirig«ar  o^  pcfw 
irilt     rir  to  mm^M»i*»  Ml,  j»at  <oJwe4tj 
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AcnU,  one  char^  of  condeiuM  «r  mmf  unU  itnnA  di»-  kmAj  dm«a  into tli*  btmil,  «iid  ibat  so  quickly,  as  to  be 


ctiurg!.-!  of  b  .lliS  ;  because  only  port  of  (he  {njucied  air 
tlittn  ^oes  out  ai  u  iirue,  and  another  bullet  may  be  put 
into  the  place  k:  but  ii  tlie  whole  ^ni  lie  ilis'  l.4rL;rd  on  u 
single  butlcl,  it  will  impel  it  man-  lurtiblv.  'ih\y 
cliar<;i-  i--  rii  rlfd  by  means  of  u  lock  (lii:.  '2)  when  fixid 
to  It!,  pl  uc  ti^uttl  in  other  guns;  fur  the  triggir  being 
puilkd,      r  H-k  will  g»  down,  tnd  drivo  almrwfaich 

opims  the  valve. 

Dr.  Macbrido  (Exi>er.  l-lss.  p.81)  mentions  an  iitiprove- 
nu-nt  of  the  air-gun,  made  by  Ur.  Ellis;  in  which  the 
chamber  for  cantuinini(  the  condensed  air  is  Dot  in  the 
stuck,  which  renders  the  machine  faea*y  and  unwieldy, 
but  has  five  or  six  hollow  sphem  Moi^glng  to  it,  of  about 
S  inches  diamatar,  fitted  to  a  acmr  on  the  lock  of  the 

Cu  Hiese  tplwrei  are  contfired  with  valfea,  to 
air  which  is  forced  into  their  csviticl^ 
%aBt  may  carry  them  ready  cbaix<!<i  with  OOndenwd  air: 
and  thus  the  gun  of  this  construction  is  rendrred  as  light 
and  portable  as  one  of  the  smillleit  fowlinppieco. 

Fii;.  5  represents  one  roaiir  by  tho  .Mr  U.  Martin 
of  lAiiidon,  and  now  Ijv  .several  of  the  iiiiulu maiu  iil  in- 
»trunic-nt  and  guii  iiinl.i  :^  dl  tix-  niftn>|tuli>  ;  whitii,  tiir 
simplicity  and  peiiirtinii,  piThapn  r.xcci'ds  any  oihrr  that 
has  beeti  c i;!i;rivcLi.  .^  i>.  the  jpin-barii-l,  <d'  the  y.n-  an<l 
weight  ot  a  common  low liug-piece,  wiiii  the  lock,  stock, 
and  ramrod.  Under  the  lock,  at  b,  is  a  round  steel  tube, 
having  a  small  moveable  pin  in  the  inside,  which  is  push- 
ed out  when  the  trig<!er  a  is  pulled,  by  the  sprin^work 
within  the  lock ;  to  this  tube  6  is  screwed  a  hollow  rop- 
per  ball,  perfectly  air-tight.  This  cupper  bull  is  fully 
char^  with  condensed  air  by  means  of  a  syriiifc,  before 
it  is  applied  to  the  tube  A.  Hence,  if  a  boltet  be  rammed 
down  in  the  barrel,  the  copper  hall  scre«<ed  fiut  at  k,  and 
the  trigger  a  be  palkdt  taa  pin  la  A  then  will  forcibly 
fwk  «^»  valve  within  -the  copper  ball,  and  let  out  a 
portion  of  ^  condensed  air;  which  will  rush  up  through 
the  iiporture  of  the  lock,  nnd  forcibly  act  against  the 
bulli  t,  driving  it  to  the  distance  oi  Co  or  "0  yards,  or 
farther.  It  it.--  air  be  stronj^ly  ronilen'i<d  at  rvi?i>  ilis- 
charge,  only  a  jiurtion  of  the  air  escapes  from  the  liall  ; 
therefore,  by  re-cocking  the  piece,  another  discharge  may 
be  made;  and  this  repeated  16  or  1 6'  times.  An  addi- 
tional barrel  is  sometimes  made,  and  applied  for  tl)e  dis- 
charge of  shot,  irkstead  of  the  ball  above  described. 

Sometimes  the  syringe  is  applied  to  the  end  of  the  bar- 
rel c  (<ig.  4) ;  the  lock  and  trigger  shut  up  in  a  brass  case 
d;  and  the  trigger  pulled,  or  the  diacbargr  made,  by  pull- 
ing the  chain  b.  In  this  contrivance  Uum  is  a  round 
diamber  for  the  condnned  air  at  the  end  of  tlie  spring  at 
«  attd  i t  has  a  valw  actiu  in  •  aaHlar  ■anmr  tn  (hat  of 
Ant  copper  ball.  Wma  thii  Imtnuiuaf  fc  not  m  use,  the 
htataOMO  dk  ande  to  slide  off,  and  the  instrument  then 
bccoam  a  walking-stick :  from  which  circumstance,  and 
the  barrel  being  made  of  car.e,  <.r  \,r.m,  &c,  it  li;:^  hr,n 
called  the  Air-cane.  The  In  ud  ul  tlic  cane  unscri  h  .i.mI 
takes  off  at  a,  where  the  rxtrernity  ol  lli:  r  i  I  in 

the  barrel  i<  shown.  An  iron  rii<i  is  plucul  la  ;i  nn;  nt 
the  end  <it  tni-,  and  the  air  is  condensed  in  llu  biirrtl  in 
a  manner  similar  to  that  of  the  gun  as  above;  but  its 
force  and  action  is  not  near  so  strong  as  in  the  gun. 

Macajiink  AiR-GVn.  Ihis  is  an  improvement  of  the 
common  air-gun,  made  by  an  ingenious  artist,  L.  Col  be. 
By  hia  oaotrivance,  ten  ballets  «re  so  lodged  in  a  cavi^, 
near  tho  place  ofdMhaigc  *i»t  Ouy  ngr.he 


nearijr'of  the  same  use  as  so  many  diflerent  gun*:  the 
only  motion  required,  after  the  air  has  been  injected,  be- 
ing tliiit  shutting  and  opening  the  hammer,  and  cock- 
ing and  pulling  the  trigger.  Kig.  5  is  a  loii(;itudinul  seo 
tioii  of  this  euii,  Us  large  in  every  |  iiri  as  j>un  iLself; 
and  as  much  of  its  length  is  shown  as  is  peculiar  to  this 
construction  ;  the  Ti~il  of  it  being  like  the  ordinary  air- 
gun.  EE  IS  pan  ol  the  stock;  G  is  the  end  of  the  in- 
jecting syringe,  with  its  valve  ij,  opt-ning  into  the  cavity 
rrri'  between  the  barrels,  kk  is  the  small  or  shooting 
band,  which  necim  the  hollets,  one  at  a  time,  from  the 
roagniine  o  a,  being  a  serpentine  cavity,  in  which  the  buU 
leu  b,b,b,6ie,  are  lodged,  and  closed  at  tlw  end  b} 
whence,  by  one  moiion  of  the  banmer,  they  are  brought 
into  the  banel  at  i,  aod  thence  aw  abot  out  by  the  op«n- 
ing  of  the  valve  tr,  which  lett  iii  diavoadaucd  air  from 
the  cavity  rtw  into  the  channel  rk  i,  and  so  along  the 
inner  barrel  k  k  r,  whence  the  bullet  is  discharged.  <  i  li 
Uk  is  the  key  of  a  cock,  liann  i  hole  through  it  ;  which 
hole,  in  the  ]ir  sent  ^ll iiiitiun,  makes  [Mrt  i  !  the  barrel 
K  K,  beinu  n>. (  ol  llie  Slime  bore:  .^o  dial  the  .ur,  nhich 
«  let  111  ill  1  very  iipeiiiiig  <i|  Ihe  vnlve  V,  Cunn  iii  Ii  IhI 
this  cock,  im;  I  i.il-inii  -he  tiiiil  out  ol  it,  Curras  it  (orward, 
and  so  iil'l  .,(   the  DViijlli  III   II.,-  |,ietc. 

To  .  I,;!  ■  III  anuUKT  bullet  ti>  tiicceed  I,  which  i.s  done 
in  nil  iiistaiil,  bring  the  cyliT-.drn  .il  cavity  of  the  kev  of 
the  cock,  uliich  iii.ide  purt  ol  the  barrel  kkk,  into  the 
situation  ik,  so  that  the  part  i  may  be  at  IC;  then  turn- 
ing the  gun  upaide-down,  one  buliet  next  the  cock  will 
fall  into  it  out  of  the  magazine,  but  will  go  nu  farther 
into  this  cylindrical  cavity,,  than  the  two  Utile  pieces  «• 
will  permh  it;  by  which  means  only  one  bullet  at  a  liaie 
will  be  taken  in  lo  the  place  i,  to  be  dieehaigBd  main  as 
before. 

A  more  particular  description  of  the  several  paiis 
may  be  seen  in  Dcsaguliers'  Exper.  Philos.  vol.  ii,  pa.  399 

et  scq. 

Alu-Pi'.vr,  in  Pneumatics,  is  a  machine  for  exhausting 
the  uir  out  of  a  proper  vesst  l,  and  thus  n.aking  what  IS 
cummoiily  culled  a  vacuum  ;  tliuuch  m  rtalilv  the  air  in 
the  receiver  is  only  iaiidi><l  to  a  ci  rtmn  de|i;r<-e,  so  as  to 
take  oil  the  ordinary  ctiecls  of  the  atmosphen  .  Hy  this 
machine  we  loam,  in  some  meusiire,  w  ha',  our  oai  ih  would 
be  without  ail ;  and  bow  much  all  vital,  generative,  nu- 
tritive,  and  alterative  powers  depend  upon  ic 

The  principla  on  which  tlie  air-pump  is  constructed,  is 
ttetpring  ordiaticify  of  the  air;  as  that  on  which  the 
comjOOR,  or  water  pump  is  formed,  is  iho  eflrct  of  ita. 
gravity:  the  one  gradtially  exhausting  the  air  from  a  ves- 
sel by  raeaoa  of  a  piston,  with  a  ptoper  valvr,  workiiy^  hi 
a  cylindfical  barm  or  tuba;  uui  tfae  cdier  eahaustng 
water  ia  » titnilar  maaBer. 

The  invention  of  this  inttnimcnt,  to  which  the  present 
age  is  indebted  for  so  many  fine  discoveries,  is  ascribed  to 
Oito  Guericke,  the  celebrated  magistrate  of  Magdeburg, 
who  exhibited  his  first  public  esperimeiits  with  it,  bi  lure 
the  emperor  and  the  states  of  Cnrmuiiv,  at  the  brrakin^; 
up  of  Ihe  iniperial  diet  iit  Uatislioii,  in  the  >iiu'  U>j4. 
But  it  wd«  not  till  ;he  year  167-  that  Guericke  |>ublislied 
a  description  ul'  the  instrument,  with  an  account  of  his 
experiment.s.  In  his  L.Nperimenia  Nova  Magdeburgica  de 
Vacuo  Spatia :  though  an  account  of  tliem  hud  b<x-n  pub- 
lished by  Scholtui  in  1637,  in  hia  Mechanica  Hydraulic* 
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Dr.  Hooke  and  M.  Duhamrl  ascribe  the  invention*  of 
tlie  air-pomp  to  Mr.  Boyle.  Bat  that  great  man  frankly 
conA*M  that  Cncricke  was  brforahand  with  him  in  the 
execution.  Some  attempt*,  ho  aisurrt  ui,  he  had  indeed 
wade  ea  the  tame  fimiMUitioik  iidbre  knew  my  thiiif 
of  what  had  been  done  ahraad  :•  hot  the  InfetiMitlon  he 
aftcrwnrds  received  from  tbc  account  <>ivcn  hy  Si^ttus, 
enabli  rl  liim,  with  the  auistance  of  Dr.  Ilooke,  after  two 
or  thn*!'  uimjccrr-ful  tnal«,  to  bring  his  rltsign  to  matu- 
rity. Tli''  |ir<i<lucf  of  tl  eir  labours  was  a  new  air-pump, 
iiiuili  indic  ••asy,  r<]Mvniient  :n,<i  mana<>>-ablr,  idiin  (In- 
(triin.ni  our.  .And  hrnif.  or  rather  from  the  t;r(at  va- 
i7r[y  1  I  \]i  iiuii'iit*  lo  «hich  thi?  illustri<iu<.  aulhM)r  np- 
pticd  I  lie  machine,  it  trnu  al'terwanli  called  Muchina 
lioyiiana,  and  the  vaennni  piedneed  by    Vnennm  Boy- 


Stnelve^tke  Air'Pmiip.  Most  of  the  air-pumps  that 
first  made  eonsijied  of  only  one  barrel,  or  hollow 
cylinder,  of  brass,  with  a  valve  at  the  bottom,  opt-ning 
inwards;  and  a  moveable  etnbnlus  or  piston,  having  like- 
wbea  valve  opening  upward^,  and  aoexi^ily  fitted  to  the 
faami,  that  when  it  »  drawn  op  from  the  hoctom,  iw 
incain  of  an  ittdcnied  iron  rod  or  rack,  and  n  bondfa 

tnmin):  a  small  inlentpd  wheel,  pl«jring  in  the  tc^lb  of  Iriily  hnrel  at  the  bottom,  act  over  »  hole  la  l)Nr|ilntev 
that  r<id,  nil  the  air  b  drawn  up  from  lh>  cavity  of  tbo  from  wUeh  deeceodt  (be  bent  pipe  ik  to  the  daHia  dd, 
btnei :  there  i.H  also  a  Mmll  pipe  optning  into  the  botlaa   with  which  the  two  barrels  a  a  communicate,  wbun  thy 

.*  .1   .  1   L  1  I.  ..L    pirtnnt  are  worked  by  a  toothed  wheel,  by  tamfng  the 

handle  bb;  thus  the  racks  cc,  with  the  pi--ti  iis  •.■.tc  worked 


counter  cdice  of  a  condenwr,  in  order  to  examine  the 
pro|vprlio«  of  the  air  depending  on  its  condensation. 

Mr.  Boyle  contrived  a  mrrcurial  faufe  or  indcK  lo  the 
air>pnmpk  which  >*  deaciihc4  in  bit  fintand  Keond  Fby> 
■hm'MeckaiiiGil  ContifraalioiiB,fbr  anmiring  the  degreea 
of  the  nli't  rare&etJon  in  the  leociver.  litis  ^uge  is  «• 
milar  to  the  barometer,  being  a  long  glass  tube,  having 
its  lower  end  immersed  in  an  open  bason  of  quicksilver, 
but  its  other  end,  wliirli  \4ns  opi^n  hhn,  communicating 
with  the  rec<-ivrr:  which  being  e.Nhaustcd,  (his  tube  is 
i-<]u;illv  cv'i  ni-r'  i!  ul  nir  ut  the  sarin-  (iiiir,  iiiul  the  ex- 
tcrtml  air  pr<»<«-s  tiiC  (piicksilver  up  into  the  tuhe,  to  a 
hei):hl  proportioiu  tt  t"  the  dejire  of  exluuistiun. 

Mr.  Vreani,  an  iii.;euioui>  piieumatir  operBtor,  made 
nn  imppr)vi  mont  in  Hi>iik»tKt!'s  air-pump,  by  reducing  the 
alternate  up-ajid-doun  motion  of  the  hand  and  winch,  to 
n  circular  one.  In  his  method,  the  winch  is  turned  quite 
round,  and  yet  the  pistomi  .ire  alternately  raised  and  de- 
presried  :  by  which  tbc  trouble  of  shifting  the  hand  back- 
ward* and  ^irward*,  at  well  as  the  lorn  of  time,  and  the 
■baking  of  tbie  p«np,  are  preerated. 

The  aii<ipamp,  thna  impiaeed,  is  represented  ia  piata-iiip 
jig.  li-wbm  oo  is  the  lecciverto  he  exbanitad. 


'  at  the  tMirrel,  by  mean*  of  which  it  cnmraunicatra  with 

any  i  per  vmm'I  to  be  exhausted  ■  f  air,  which  is  called 
a  reci  'ir,  from  its  offire  in  rm  ivini;  thi'  miIijicis  on 
which  1  \periments  are  l:i  i  i'  iii:i  ii  i:i  v.iciin:  thevWiole 
Iteini;  li-xi  l  111  H  Ccinvi  iiu  i;l  IrMtne  iii  wiRwi-work,  where 
ih'.'  .  of  till-  pipe  turns  up  into  a  honz'intal  plate,  on 
whicii  the  rec<-i\er  is  (thired,  just  over  lh:it  end  of  it. 

The  Klher  pans  of  the  nincliine,  bein£;  milv  arcidi-ntal 
circuiuiliiitcc*,  chiefly  respecting  conveniency,  have  been 
dtvenilied  and  improved  from  time  to  time,  according  to 
the  address  and  several  views  of  the  maker*.  That  of 
Uito  Ouerickewuvcfy  rode  and  inonmcoieM,  f^nifing 
the  btbonr  of  two  strong  men,  for  more 'than  two  hour*. 


allerniitely  up  and  down.  //  is  the  eatif;i'  (ulu-.  unmcrsed 
in  a  bason  ol  quicksilver  m  at  the  bolloiii,  ,ijkI  Ciiiuinuni- 
CHtine  with  the  recei»-cr  at  top;  Iroiii  'shuh  however  it 
niny  be  occiisioiLtlK  disengaged,  by  turning  a  cock.  And 
71  IS  nniithrr  c<iek.  by  turning  of  which,  the  air  is  anin 
let  in  lo  lh(-  exhausted  reccl^t-r;  into  w  hich  it  IS  hcnM  tO 
rush  with  a  considerable  hisfing  noise. 

Notwithstanding  the  great  excellency  of  Mr.  Hauktbce's 
aiiwpuinp,  it  was  still  subject  tu  iiiconveniencvs,  from 
which  it  was  in  a  great  measun-  Ii<  .rd  by  some  contri- 
VBMea  of  Mr.  Smeaton,  which  are  described  at  kmr  in 


to  extract  the  air  from  a  glat*,  which  was  also  placed  wn*  the  Philos.  IVaaa.  br  the  year  1752.  The  principaJ  im- 
«iar  water;  and  which  allowed  of  no  change  of  snijjrchi  provements  mtfealed  hf  Mr.  Smeaton,  relato  to  the  |eugPt 
for  eiiperiaienla.  ■  the  vnhaa  of  tte  piston,  and  t^  piston  gnngdoserdvwir 

Mr.  Boyle,  bwn  tinato  ti»e,  niM««l  seaenl  «f  tbew'  to  tbn  hottMa.or  the  band}  kt  hirpwmp  bu  only  one, 
ineohvenknees,  and  Ineraed  other* :  but  still  the  work-  By  the  lost  of  these,  the  air  was  extracted  note  ^enbctly 
ing  of  his  pump,  which  had  but  one  barrel,  was  l8lx>ri-  •       •       «    ■  •  .      .  .     i  _ - 

ous,  by  reason  of  the  pressure  of  the  atmosphere,  a  creat 
part  ol  which  ivni  tu  I  k  rfinoved  at  every  lift  of  (he  pis- 
ton, xlien  the  eNhaiislii.n  was  nearly  completed.  \'aiii>us 
iintm I'. I  iiicnli  v»er(-  succcssivelv  made  in  the  nincliine,  l-v 
the  |:i;il'i»ftpK<-r«  ;ilwiiil  ihni  tune,  nnd  <>aon  al'icr,  who 
culliv.i-i  u  Idi-  III  IV  1  rt.iht  l>:;i:<c!i  ul'  piieuiniuics ; 
as  ^apin,  Mersenne,  Maiiotle,  and  others;  but  klill  they 


at  each  stroke.  By  the  second,  he  remedied  an  inconve- 
nience arising  from  the  valve  hole  of  the  piston  tM>ing  too 
wile  properly  to  Mjppi  -i  iIh  bladder  vahc  w!  ii  li  t  ii.i.-red 
it:  in>tead  of  tin-  usuiii  curular  orifice,  .Mr.  Sm--at(/ii  [yer- 
funited  the  piston  with  seven  •"■rnall  and  eipisil  he.vagonal 
holes,  t  ne  ill  the  centre,  and  the  other  ki.^  around,  forming 
tiiL'etiier  the  n|'.pi  rir.-mri-  of  a  tran»ver).e  section  of  a  bo- 
Dey-comb;  the  bars  or  divisioos  between  which  served  to 


laboured  tinder  a  difficulty  of  working  them,  from  the'  support  the  pressure  of  the  air  on  the  valve.    His  gauge 


cwcoatstance  of  the  single  barrel,  till  Papin,  in  his  far* 
ttar  impmnements,  removed  that  ineooveniciice,  by  the 
we  of  aaecond  baiml  and  piston,  contrived  to  rise,  as 
the  other  fell,  and  to  ^11  as  that  rose ;  by  which  meant, 
and  the  great  imptoveneats  made  by  Mr.  Haukshe^  the 
pnmttR  of  the  atmospham  on  the  deicending  piiton,  al« 
ways  nearly  balanced  that  of  the  aicrading  one ;  to  that 
the  winch,  which  sroifced  them  op  and  down,  was  easily 
moved  by  a  very  gentle  fonSe  with  one  hand  :  and  besides, 
the  exhaustion  was  hereby  made  in  less  than  half  the  time. 

Some  ol  the  C>eriiian,,  'i::<\  nl'.ers  als",  liunle  improve- 

nteuls  in  the  air-pump,  aud  cuntnvcd  it  to  perlorm  the  ' 


oontiits  of  a  bulb  of  glass,  of  a  pear-like  shape,  and  ca* 
paMe  of  holding  about  half  a  poand  of  qoieksiWeet  it  ia< 

open  at  (hc>  lower  end,  the  other  terminaliBg  ia  a  tiAo' 
hi-rmclically  sealed :  and  it  hat  annexed  to  it  a  scale,  di* 
vided  into  parts  of  about  .jV^^^  inci^and  answering  M»' 
the  lOOOib  part  of  the  whole  eapaciQr>  During  the  ex« 
kausiion  of  the  receiver,  the  gauge  is  taipended  la  iC  by  » 
wire ;  but  when  the  pump  ha*  hern  worked  aa  «*  • 
necessary,  the  gauge  it  pushed  down,  till  the  opeoend 
immersed  in  a  bason  of  quicksilver  pUccd  below.  Thw 
air  is  then  let  into  the  receiver  againi  Mid  ^Ojuicktll^re 
is  driven  by  it  from  tbc  basuii,  up  into  the  g|MBti-  f» 
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air  I'pniaining  in  it  l>ecomr  of  ihc  tame,  ilcntily  as  »iat 
williout;  and  a*  the  air  always  laka  iho  highrtt  placo, 
the  tube  being  uppvnnoM,  the  cxpauttun  it  dctcrminoil  l>y 
the  numbtr  of  divJtions  occupied  by  tho  air  at  the  tup. 
This  air-pump  in  made  to  act  also  as  a  condetising  en-^ine, 
as  some  German  machine!  had  done  bcfoiv,  by  tbc  wry 
simple  operation  of  turning  a  cock. 

Bv  iiKiiiii  of  tills  |;auge,  Mr.  .Snieuton  judged  thai  his 
inacliine  uas  inconipaiably  better  timn  any  furmcr  one, 
as  il  seemed  to  rarefy  the  air  in  the  rcccivt-r  lUtlP,  or  r\'en 
2000  times,  while  the  Ust  of  thc^  ouly  ran-fied  it  abuut 
140  time*:  and  ai  an  implicit  con(i<lenr(.-  vvn»  placed  in 
Mr.  Sraeaton's  accuracy,  it  wa&  generally  undi'rstuod  in 
tht&  light,  till  thu  fallacy  was  accidentally  detected  in  the 
manner  related  at  large  by  Mr.  Nairne  in  the  Philos. 
Trani.  for  the  year  1777.  This  accurate  and  in^-niouii 
artist  wanting  to  make  trial  of  Mr.  Smeatnn's  pear-gauge, 
executed  an  air-pump  of  his  improved  construction,  in 
the  best  inanoLT  poMible;  which,  in  various  rxprriments 
made  with  it,  appeared,  by  tho  pear-gauge,  to  rarefy  the 
air  to  an  amazing  degrev  indeed,  bring  at  times  frum  4O00 
to  lOOOO,  or  50000.  or  even  lOOOOO  times  inrrfieil.  Uut, 
oa  measuring  tho  same  expansion  by  tbc  iisual  long  and 
short  tube  gauges,  which  both  accurati-ly  agreed  toge- 
ther, he  found  that  ihfso  never  showed  a  rarefacti'm  of 
more  than  600  tiinea :  widely  different  from  the  same  as 
measured  by  the  pear  or  internal  gauge,  by  experiments 
often  repented.  '  Finding,'  says  Mr.  Nairne,  '.'(till  thh  dis- 
agfMment  between  tbc  pettr-guuge  and  the  other  gauges, 
I  tried  a  ymiMy  of  experiments;  but  none  of  them  up- 
paared  to  me  aatisfactory,  till  utio  day  in  April  1 77^,  when 
•bo«*ing  an  ejcperiment  with  oar  oi'  these  pumps  to  the 
hODOUrablo  Henry  Qivendish,  Mr.  Stiiealon,  and  several 
other  gciitlomeu  of  the  RojaL  Society,  the  two  gauges  dif- 
fered some  thousand  times  from  one  another,  Mt.  Caven- 
dish accounted  for  il  in  the  following  manner.  "  It  np- 
pearrd,  he  said,  from  some  experiments  of  his  father's, 
Lord  Charles  Cavendish,  that  water,  whenever  the  pres- 
sure of  the  atmosphere  on  it  is  diminished  to  a  certain 
degree,  is  immediately  turned  into  vapour,  and  is  as  im- 
mediately turned  beck  again  into  water  on  restoring  the 
pressure.  This  degree  of  pressure  is  different  according 
to  the  heat  of  the  water:  when  the  heat  is  72°  of  Fahren- 
heit's scale,  it  turns  into  vapour  as  soon  as  the  pressure 
is  no  greater  than  that  of  tbxw  quarters  of  an  inch  of 
quicksilver,  or  about  l-40tfa  of  the  tuuat  pressure  of  the 
atmosphere ;  but  when  the  heat  is  only  AV,  the  pressure 
must  be  reduced  to  that  of  a  quarter  of  an  inch  of  quick- 
silver before  the  water  turns  into  vapour.  It  is  true,  lliat 
water  exposed  to  the  open  oir,  will  evBpnrateat  any  beat, 
and  with  any  pressure  of  the  atmosphere;  but  that  eva- 
poration IS  entirely  owing  to  the  action  of  the  air  upon 
It;  whereas  the  etaporation  here  spoiien  of  is  prrformed 
'Without  any  attisiaooe  from  the  air.  Ifrnoe  it  folluwH, 
tbtt  when  the  rocetver  is  exhausted  to  the  above-meti- 
tioned  degree,  the  moisture  adbcnng  to  the  different  |iartB 
of  the  marine  will  turn  into  vapour,  and  supply  the 
place  of  the  air,  which  is  continually  drawn  away  by  the 
working  of  the  pump;  so  that  tbc  fluid  in  the  pear^gMige, 
as  well  at  that  in  the  receiver,  will  cumist  in  a  grew  mea- 
sure of  vapour.  Now  letting  tho  air  into  the  receiver,  all 
the  vapour  within  the  pcar-gaugc  will  b«  reduced  to  «vn- 
•er,  and  only  the  real  air  will  remain  uncondcnsed;  con- 
•queoily  the  pear-gau^  shows  only  how  much  real  air  is 
left  io  the  receiver,  and  not^  bow  mucb  tbei  pmcora  or 


spring  of  the  included  fluid  is  diminished  ;  whereas  the 
Common  gauges  show  how. much  the  pressure  of  the  in- 
cluded fluid  is  dimioiftbed,  and  that  equally,  whether  it 
consist  of  air  or  of  vapour."  Mr.  Cavendish  hating  ex- 
plained so  satisfactorily  the  cause  of  the  disagreement  be- 
tween the  two  gauges,  Air.  Nairne  consider<tl  that,  if  h(r 
were  to  avoid  moisture  as  much  as  p.tssible,  the  two 
gauges  should  nearly  agree.  And  in  fact  they  wore  found  to 
do  fto,  each  showing  a  rarefaction  of  about  6oo,  when  all 
moisture  wa*  perfectly  clearvd  away  from  the  pump,  and 
the  plate  and  the  edges  of  the  rect  iver  were  secured  by  a 
cement,  inntead  of  setting  it  upon  a  snake'l  leather,  as  in 
the  uiual  way.  Dut,  by  future  experiment-i,  Mr.  Nairne 
found  that  tbc  same  excellent  machine  would  not  exhaust 
mure  than  50  or  60  times,  when  iho  receiver  was  set  upon 
leather  suukcd  in  water,  the  heat  of  the  room  being  about 
570.  And  from  hence  he  concludes,  that  the  air-pump 
of  Otto  Gucricke,  and  those  contrived  by  Mr.  Grntorix 
and  Dr.  liixikc,  and  the  improved  one  by  Mr.  Papin,  both 
used  by  Mr.  lioyle,  as  also  Ilauksbec's,  Gravesande's. 
Musrli'-nbracck's,  and  thuae  of  all  who  have  used  water 
ill  llie  barrels  of  their  pumps,  could  never  have  exhausted 
to  mure  tImn  between  40  and  50,  if  the  heat  of  the  place 
about  .^7°.  And  though  Mr.  Smraton,  with  Ins  pump, 
Nvhere  no  water  was  in  the  barrel,  but  where  leather  soak* 
ed  in  a  mixture  of  water  and  spirit  of  wiiio  wsw  used  uu 
the  pump  plate,  to  wt  the  receiver  upon,  may  have  ex> 
hausteil  ull  but  a  thousandth,  or  even  a  ten-thousandth, 
part  of  the  common  air,  according  to  the  testimony  of  bis 
pear-gauge;  yet  so  much  vapour  must  have  arisen  from 
the  wet  leather,  that  the  Contents  of  the  receiver  could 
never  be  less  than  a  70th  or  80ih  part  of  the  density  of 
the  atmosphere.  Dut  when  nntfaiiig  of  moisture  is  used 
about  this  machine,  it  will,  when  in  its  greatest  perfection, 
rarefy  its  contents  of  air  about  (iOO  times. 

It  is  evident  tliat,  by  means  u(  these  two  gauges,  we  can 
ascertain  the  several  quantities  of  vapour  and  permanent 
air  which  make  up  the  contents  of  the  receiver,  after  tbc 
exhaustion  is  made  as  perfect  as  can  be ;  fur  the  usual  ex« 
ternal  gauge  determine*  the  whole  contents  made  up  of 
the  vapour  and  air,  while  the  penr-gaugc  shows  the  quan- 
tity of  real  |iermancnt  aif ;  consequently  the  diflerence  is 
the  quantity  of  vapour. 

The  principal  cause  which  prevent*  this  pump  from  ex- 
hausting beyond  the  limit  above  mentioned,  is  the  weak- 
ened elasticity  of  the  air  within  the  receiver,  which,  de- 
creasing In  proportion  as  the  quantity  of  the  air  within  is 
diminUhed,  becomes  at  lost  incapable  of  lifting  up  the 
valve  of  communication  between  the  receiver  and  ihe  bar- 
rel ;  and  consequently  tKi  mora  air  can  then  pass  from  tiw 
former  to  the  latter. 

Several  in^niou*  persons  hmve  used  their  endeavcmn 
to  remove  this  imperfection  in  tb«  best  air*pumps. 
Among  these  it  seems  that  one  Mr.  Haas  has  succeeded 
tolerably  well;  having  by  means  of  a  contrivimce  to  open 
the  communication  valve  in  tbc  bottom  of  the  barrel, 
made  his  inuchine  so  correct,  that  when  every  thing  is  in 
the  gn-atr^t  perfection,  il  rarefies  tho  contents  of  the  re- 
ceiver as  fur  as  1000  times,  even  when  measurud  by  the 
rxtenor  gauge.  The  descriptinn  of  this  machiive,  and  an 
account  of  some  experiments  (lerformed  with  it,  arc  given 
by  Mr.  Cavallo  in  the  Philo*.  Tram,  for  the  yesir  17S3. 

But  the  imperfections  it  seetas  have  more  recently  been 
removed  by  an  ingeaion*  contrivance  of  Mr.  Cuthberiaon, 
a  mailiemiitical  itistnuncnt  malwr  at  Aiasuvdam,  now  of 
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I^tndon,  wboK  airpump  biu  nciihrr  cocks  nor  valves, 
and  is  so  constracted,  tbai  whiii  supplii-s  ih«r  place  has 
thm  aidvantaii|^o(  both,  without  the  iDConvenienccs  of 
■fflkcr.  He  MtAaiao  nuide  improvements  in  the  gmg«, 
nnitt  of  which  he  determines  the  height  of  the  mer- 
pmy  in  the  tube,  by  which  the  degree  of  exhauaiMn  iiin- 
dieateditatiMhuadndthMitafaBiKh.  Andtoobvi* 
«l>  the  lacboiiMkiiBB  at  Aaahnic  twfmu  •amf 
tte  wet  leather,  upon  iMA  th»  itCcHw  »  plMM,  kf 
tmaiaiirn  expcrimeots,  be  natiaiMWili  tl«  vm  af  laathat 
ilmiaJ  with  alum,  and  soaked  in  hog's  lard,  which  be 
found  to  yield  very  little  of  this  vapour;  but  when  the 
utmost  degree  of  exhaustion  is  n  quiri  ii,  his  advice  to 
dry  the  r»'Ce)ver  well,  and  set  it  ■.ipon  the  plate  wiUiout 
any  leather,  only  smcanii;;  its  nulur  cilji-s  wiiii  hr.p's  lurd, 
or  with  a  mixture  of  ilin  r  paru  oi  hu^'i  lurd  iiml  oni-  of 
oil.  Hut  United  the  iisi'  df  the  leather  liai  long  Uren  laid 
aside  by  our  l^ngli»h  instrument-makin,  a  circumittancc 
which  probably  had  not  come  to  Mr.  Cuthbcrison'sknow- 
ladge.  An  account  of  this  instrument,  and  of  tumeexpe- 
•iwalt  performed  with  it,  was  published  at  Amsterdam  in 
thaycar  17S7;  from  which  it  appears  thai,  hya  coind- 
dcaoe  af  several  gauges,  a  rarefiMliaaaf  1200  tiroes 
«aa  ahaon;  h«t  when  the  atmoaphera  was  wiy  dry,  the 
T^— ^"  beta  wcaoMlalt,  that  tha  gaagn  lu«elimwn 
dwair  imhaNOcfvaftafaaianfiad  afaam t400 ttnoL 

.Tbara  ara  aade  alio  by  difcRat  |Nimnk,  portable,  or 
vail  air^nmps,  of  «arioua  tamtmctiaw,  to  art  upon  a 
table,  to  perform  experinMOto  with.  In  Aeie,  the  gau^e 
ii  varied  according  to  the  fancy  of  the  maker,  but  com- 
oioiily  it  consuls  of  a  bent  glass  tube,  like  a  syphon,  open 
only  at  one  end.  The  gauge  is  placed  under  a  small  re- 
ceiver communicating,  by  a  pipe,  with  the  principaj  one 
li  adnig  Initn  the  general  receiver  to  the  barrels.  The  close 
end  of  the  );aiige,  of  3  or  4  inchts  long,  before  the  exhaus- 
tion, ha.s  the  quicksilver  forced  close  up  to  the  top  hy  the 
pressure  of  the  air  on  the  open  end  ;  but  when  the  ex- 
haustion is  considermbly  advanced,  it  begins  to  descend, 
and  then  the  difference  of  the  heights  of  the  quicksilver  in 
the  two  leg:>,  compared  with  the  height  in  the  barometri- 
cal lube,  datenniaca  the  ditgne  of  exhaustion :  m,  if  tha 
difcwaca  batmea  tbc  two  m  one  inch,  wbcs  tbo  baiMw- 
Ict  ataada  at  30,  the  air  is  rarrfiad  90  tuMa;  but  if  Oa 
dUhviiwa  be  only  half  an  inch,  the  raiafcctiaw  ia  tiOtlmaa, 
aad  ao  on.  Sea  Plate  iii.  fig.  3. 

T%tVit^ the  Air- Pump.  In  whatever  manner  or  form 
thia  machine  1»  mudi  ,  tlir  use  and  operation  of  it  arc  liI- 
ways  the  same.  1  he  haiidie,  or  winch,  works  the  ruckhar 
and  piston  up  and  down  in  the  barrel  ;  by  which  means 
a  barrel  of  the  conLiineil  air  is  rlrawn  out  at  every  stroke 
'.)f  the  pi^turi,  in  tin  iiill.mir:;  iiinnticT :  by  pushing  the 
piston  down  to  the  bottom  of  the  barrel,  where  the  air  is 
prevented  from  escnpinj;  dowDi»<irds  by  its  elasticity  it 
o(ivns  tbc  valve  of  iheputoii,  and  escapes  upwards ;  then 
ratting  the  pistoo  Hp,  the  Ollenial  Mmi  t^phn .  shuts  down 
ila  valve,  ami  a  vacuum  wovld  be  made  below  it,  but  for 
the  air  in  the  receiver,  pipe,  &c,  which  now  raising  the 
valve  in  the  bottom  of  tha  barrel,  faabea  in  aad  £lla  it 
agMii,  :|illllw  whole  air  in  the  leceWer  aad  banal  be  of 
one  anifarta  danilly,  bnt  lew  than  i  t  waa  beibre  the  attehe^ 
in  pn^iorUon  « the  nun  of  all  the  capacitWa  of  the  reori« 
trcr,  pipiAa^  lianel  togrdter,  is  to  the  same  sum  wanting 
the  baarn.  And  tbne  the  air  in  the  receiver  is  diminished 
at  each  strokn  af  the  flMMi^hg)  tbo  vumli^  or  eoMnttof 

^  Vol.  1.         ■•]■::■  >f 


the  barrel  or  cylinder,  and  therefore  always  in  the  same 
proportion  :  so  that  by  thus  repeating  the  operation  a  « 
number  of  times,  tbc  air  is  raretied  to  any  proposed  de- 
pec,  or  till  it  has  not  elasticity  enough  tu  open  the  valve  of 
die  piwon  or  of  the  barrel,  after  which  the  exhaustion 
cannot  be  any  £>rtlicrcanied  on :  the  gaufr,  in  ooinp».  • 
fidM  with  tm  baiamalar,  ahowing  at  any  time  luat  ■ 
tha  dagpe*  of  ejchanation  ia,  aooofwog  to  the  pailinlar 
Mtnaand  ronstniction  ofit. 

■   Bat  supposing  no  vapour  fiMm  awisturc,  &c,  to  file  in 

the  receiver,  the  degree  of  e:(haustion,  after  any  nuraberof 
strokes  of  the  piston,  may  be  determined  by  knowing  the 
n-siK-ctive  capiif'itirs  <d  the  barrel  and  the  receiver,  inclu- 
ding the  pip<-.  itc.    For  as  we  have  seen  above  that  every 
stroke  diminiihes  the  density  in  a  constant  proportioit, 
iiiiniely  as  much  as  the  whole  content  exceeds  that  of  the  « 
cylinder  or  barrel;  consequently  the  sum  of  as  many  di-  ^ 
miiiulions  as  there  are  strokes  of  the  piston,  will  show  the 
whole  diminution  by  all  the  strokes.    So,  if  the  capacity 
of  the  barrel  be  equal  to  that  of  the  receiver,  io  which  the 
communication  pipe  is  always  to  be  indnded ;  then,  the 
barrel  being  half  the  sum  of  the  whole  contents,  half  the 
air  will  b<>  drawn  out  at  one  stroke;  and  consequently  iba 
remaining  hall',  being  dilated  ihroujdi  Ihe  whole  or  fint  ca- 
pacity, will  be  of  only.hair  tke  deiipinr  ef  A*  tut:  ia 
nhe  auuinar,  after  th«<8ecand  atnkc,  the  demi^  ti  tittt 
remaining  contenis  will  bo  only  half  that  of  (he  Ctcmer, 
that  is  only  \  of  the  original  density :  continuing  this  «fe- 
ration,  it  followa  that  the  density  of  the  remaining  air  will 
be  ^,  after  3  strokes  of  the  piston,       after  ♦  strokes,  -j'^, 
after  5  stroke?,  and  so  on,  according  to  the  powers  ot'the 
ratu)  i  ,  tliaL  IS,  iuch  power  of  the  ratio  as  is  denoted  by  a 
thi;  number  of  ihe  strokes,    in  like  manner,  if  the  barrel 
be  \  of  the  whole  cuiitrnr-,  that  is,  the  receiver  double  of 
Ihe  barrel,  or  j- ol  the  wjiole  contents ;  then  the  ratio  of 
dimintition  of  density  being  },  the  density  of  the  contents, 
after  any  number  of  strokes  of  tbc  piston,  will  be  denoted 
by  such  power  of  f  whose  exponent  is  that  number  ; 
namely,  the  density  will  be  \  after  one  stroke,  (^)'  or  | 
after  two  strokes,  (* )'  or  ^  after  3  strokes,  and  in  geneial  . 
it  will  be  ())"  after  n  atfoiccs :  the  original  denii^  of  the ' 
air  bang  1.  Henca  theai  «ni  vermlly,  if  a  denola  Ae  taa 
of  iko  contenla  of  the  nccivcr  and  band*  aad  r  that  of  * 
tbe  tecaiver  only  without  the  hanel,  «nd  n  any  mimber  of 
strokes  of  the  piston  ;  dien,  the  original  density  of  the  air 

being  1,  the  density  after  a  stroke*  will  be  (^)  or  ^, 

namely  the  n  power  of  the  ratio      So,  forexample,if  the 

capacity  of  the  receiver  be  equal  to  4  times  that  of  the  bar- 
rel ;  then  their  sum  *  is  5,  and  r  is  4;  hence  the  density  of 
the  contents  after  30  strokes,  will  be  (f)",  or  the  dOth 

power  '.t    which  is      neatly;  aothot tbaaw iatha rc» 

Cfiver  15  raretied  SOS  times. 

Sec  also  the  Metnoires  de  f  Acod.  Bi^alt  dM  Sdeacea 

for  the  years  MiQ^  and  1705. 

From  Ihe  tame  formula,  namely    )  ss  d  the  deuity, 

weennTy  derive  a  rule  for  finding  the  nnmber  of  strokes  of 
Ihe  pittiM),  neceunry  to  rarel^  tke  air  4ay  nu»b«r  of 
tiinM,or  tovaducaittoagivondcaai^^  tbatofiheaa-       .  , 

tundabMaft.  rbraiaee(7)'ad.by tahiaffthalo- 
Vwithmef  tfanaqnatioa,  ititn  N  li«.or7«1e»  of  di 
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}  lhai  is,  divide  the  log. 


•f  ttipinaicd  Jentity  by  the  log.  of  the  ratio  of  the  re- 
ceiver to  the  »uii>  ot  tie  receiver  and  barrel  together,  aod 
the  quotient  will  »bow  the  numbir  of  s'.inkr>,  1 1  Un-  piston 
n-quiiite  to  produce  the  degn  i-  ul  ixiiaustJun  required. 
So,  tor  example,  if  the  receiver  bk  i  quul  lo  5  limes  tlie  inr- 
rel»  and  it  beprapoMd  to  lindyliow  many  ttroke»  of  the 
jittaiB  kW  ftttfy  lb*  air  UOliiDet;  then  r  w  J, «  ar  <>, 

—  <079l«;  therefore  -^^f^  tSitmOyt'Mklkittbituam- 

irfMrolcM  required* 
And,  ftither,  the  lame  formula  reduced,  will  give  us 
Hm  Moportion  batvera  th*  racctvcr  and  barrel,  when  the 
•ir  b  mtM  to  any  dcfnw  by  an  atrigpicd  auoitar  of 

rinftfliaT  AapiMon.  Foraaea  (^)*  a  4  ^  dHutty, 

therefore,  extract!  tig  the  n  root  of  both  »ide«,  it  u   aa  ^d: 

Aat  b,  Iha  •  root  of  the  density  is  eqaal  to  the  rMio  of 

dver  and  barrel.   So,  if 


'  t»  tba  nna  nf  die  lecdrer 
the'denity  d  be      and  the  nttulwr  of  itraka  s  *  7 : 
then  the  7th  root  of  .^tt  '*  Aom  tint  Ike  re- 

ceiver is  equal  to  half  the  receiver  and  barrel  Mertlwr,  or 
that  the  capacity  of  the  barrel  is  just  equal  to  that  of  tbe 


rcceni  r. 

S.niK-  .  t  thi'  principal  effects  and  phasnomcna  of  the 
air-[iump,  iirc  the  following :  lliat,  in  the  c.xh.-mstcd  re- 
ceive, heavy  and  liglit  bodies  fall  equally  swift  :  so,  a 
guinea  and  feather  faJl  from  the  t  iji  o:  ;i  tail  rtccivi  r  to 
the  bottom  exactly  together.  That  niuil  anunuls  die  in 
minute  or  two:  but  however,  That  viper>  and  frogs, 
though  they  (well  much,  live  an  hour  or  two ;  and  after 
being  aeemingly  quite  dead,  come  to  life  again  in  the  <i[h  n 
^|r>  That  inaila  survive  about  lO  hours;  efts,  or  slow- 
WOriHSi  two  or  three  days ;  and  li-cches  five  or  six.  Tbat 
«iy*lan  U«e  Ibr  S4  houn.  That  the  heart  of  an  eel  taken 
aat  of  the  bodyi  eontinaet  to  beat  for  great  part  of  an 
'  hour,  and  that  more  briskly  than  io  the  air.  That  warm 
blood,  milk,  gall,  &c,  undeiigo  a  conMdembkintameMenee 
and  ebullition.  That  a  mouae  or  other  animal  may  be 
brought,  by  ilegrcrs,  to  surt'ive  longer  in  a  rarefied  air, 
than  naturally  l  'S  ks.  Ti.  it  ;iir  may  retain  its  usual 
pr(9iiurr,  after  it  is  become  unni  fur  respiration.  That 
the  eggs  of  silk-worms  hatch  in  vacuo.  That  vegetation 
'tops.  That  (ire  extinguishes;  the  flame  of  a  candle 
usually  i^oin^  out  ill  one  minute;  and  a  charcoal  in  about 
live  minutes.  That  red-hot  iron,  however,  seems  not  to 
be  affected ;  and  yet  sulphur  or  gun-powder  are  not 
lighted  by  it,  but  only  fused.  That  a  match,  after  lying 
•MwJngly  extinct  a  long  time)  rcri vet  again  on  re-ad ra it- 
ling  the  air.  That  a  flint  and  steel  strike  sparks  of  fine  as 
.otpiomly,  and  in  all  ^rectiom,  as  in  air.  That  magnct», 
and  OMgnelie  ntadlMi  act  the  aame  as  in  air.  That  the 
aiiiafce  of  aa  aKtiogoidicd  iBminary  gradually  iettles  to 
the  bottom  in  a  daritish.body,  leaving  the  uppanpari  of 
the  receiver  clear  and  transparent;  and  that  on  Inclining 
the  vessel  soraciimet  to  one  side,  and  sometimes  to  another, 
the  fume  preMrvi-s  it*  surface  horizontal,  after  the  nature 
of  <jtl  IT  (Imils.  'I'hnt  hi  111  maybe  produced  by  attrition. 
That  carophire  will  not  take  tirci  and  that  gun-puuder, 

'    imeofihagTaiBs'of  ahcapofkbakiwUiidby  a 
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baiamg  g^tis,  laill  liol  nva  lMio4ka  fonlifuous  graiim, 
Tbat  i^-wonaa  kaa  Uiair  U^MJa  fmportion  «  the  air 
ft  exMuated,  and  at  lencA  becona  totally  obscure ;  but 
on  re-admitting  the  air,  they  presently  rccavn  it  all. 
That  a  bell,  on  being  struck,  is.  not  heard  to  ring,  ur  very 
faintly.  That  w  ati  r  frct  zi  ',.  HuL  that  a  syphon  will  nut 
run.  Thut  t  l(  L  irici;v  aujn-ars  like  the  aurora  lioreali*. 
\V  1)11  iiiuililuik's  ot  "jtluT  ci.rnjQ^  mid  iin[fijrt;!rit  [.urticu- 
lars,  to  be  met  with  in  the  numerous  writings  on  this  ma- 
chine, namely,  besides  the  Fhilos.  Transactions  of  most 
academies  and  societies,  in  the  writings  of  Torncelli, 
Pascal, Menenoe,  Guericke,  Schottus,  Boyle,  Hijokc,  Du- 
hamal,  Mariotte,  Hauksbee,  Ualci,  Muschcnbroeck, 
Gfansaadc^  Desagulien^  FianUiiiyCatia,  Halakan*  ad* 
Agnat  Mtigr  ather  anthoiB. 

AM»-Viissxi«iitHydimiici,-ii  a  msd  ofairoontainad 
wittin  MMM  water  ontines,  which  bring  compreascd,  by 
fbvdBgiin  acaaaideialMe  quantity  of  water,  will,  by  iu  uni- 
form wring,  force  it  oat  at  tha  pipaina  coaataat  aaiaia»> 
rupte«i  stream,  to  a  great  height. 

Air-vewel  too,  in  the  imprv  ved  (ire  engines,  is  a  me- 
tallic cyliniii  r,  placed  tjctwitn  llie  two  forcing  pumps:  by 
the  action  i  l  lln  pistoni  the  wiitor  is  lorceil  ijito  this  ves- 
sel, through  t«o  other  pipe*,  unh  valves;  then  the  nir, 
previously  contained  in  it,  n  i  rnjiin  sM  d  ijy  the  wall  r,  m 
proportion  to  the  quantity  admitted,  and  this,  by  its 
spring,  forces  the  water  through  n  pipe  by  a  constant  and 
equal  stream  ;  whereas  in  the  common  squirting  engine, 
the  stream  is  discontinued  between  the  several  strokes. 

AJUTAGE,  or  Adjutaoi^  te  Hydiaulics,  pnrt  of  the 
ipparatUB  of  a  jet  d'eau,  or  artUcial  fcuotam  :  being  a 
hiad  of  tuba  ilted  to  iha  '  - 


tha  apertofa  ar  taouih  of  the  cis> 
ten,  or  the  ptpei  ihiough  wbidi  the  water  is  to  ba 
played  in  any  ditectkin,  and  in  any  s^epcor  ^gnm. ' 
It  is  chiefly  the  divenity  in  Ae  ajutage,  that  taabct  tkt 

diffi  rt  ti!  kinds  of  fountains.  So  that,  by  having  acveial 
iiiutiigi-s.  to  be  applie<l  occasionally,  one  fountain  is  made 
to  have  Ihc  •■'I I'd  ot  rntinv. 

Mariotte,  ( •ni'.  rsiiiidi-,  lJu»axul)iis,atid  iiua'.lunc  w  fit  ten 
pretty  fully  <-■'-,  t!n«  nnture  of  .ijntafje*,  or  sjiouts  for  ji  ts 
d'eau,  and  especially  the  former.  He  aftirms,  from  expe- 
riment, that  an  even  polished  round  hole,  made  in  the  thin 
eiid  of  8  pipe,  gives  a  higher  jet  than  either  a  cylindrical 
or  a  conical  outage ;  but  that,  of  thete  two  latter  how- 
ever, the  conical  is  belter  than  the  cylindrical  figure.  See 
his  'I  raitc  du  Mouvcmcnt  dis  Laux,  part  4. 

.The  qiiantity  of  water  discharged  by  ajutages  nf  eooal 
ana,  hot  of  difleient  ll|ufee,  is  the  same.  And  for  like 
figures,  but  afdMbfCntSiaas,thaqBantity  dischafgcd,iBdi« 
rectly  proporlioBal  to  tha  area  of  the  ajotag«-,  or  lo  tba 
squaia  of  its  diameter,  or  of  any  side  or  other  linear  di* 
memion :  so,  an  ajutage  of  a  double  diameter,  or  side, 
u.ll  discharge  -V  limes  the  (]'jantity  of  water;  of  a  triple 
dianii  ti  r,  9  limes  the  (|a:u:lilv  ;  and  Sfi  on;  supposing 
them  lit  an  n,ui;,[  <|i-|:.lli  br|n\\  ilir  MiTlarr  nr  In'nd  of 
ivati  r.  llu!  il  :i:f  iijutage  he  at  dirterent  depth*  In  i^-iw  the 
Ir  ji;,  llu  n  the  celerity  with  which  the  water  issues,  and 
f  OHM  i];uiitly  the  quantity  of  it  run  out  in  any  cncii  time, 
11  iliii  ctly  proportional  to  the  square  root  <if  the  altitude 
of  the  licad,  or  depth  of  the  hole:  lo  at  4  times  the  depth, 
the  celerity  and  quantity  is  douUa;  at  9  times  the  d^tb, 
triple ;  and  so  Ob- 
it kas  been  fiiand  titat  jets  do  not  rise  quite  so  high  as 
Dh|i4ead;iaf  wMcr  i  owing  chisAy  to  the  resistance  «f  the 
dKagMott  it,  rad  tha  picsnire  of  the  up^cr  partt  of  tha 
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ji't  upon  the  lower:  and  fur  ibis  reason  ici*,tfaat  il'ihedi- 
rrction  of  tbc  ajutage  be  turn«*(i  a  viTy  little  from  ttiu  por- 
|i«ndicular,  it  l»  limnd  to  apout  ratber  higbar,  than  when 
Ibe  jet  i»  exactly  upright. 

It  is  tbuad  by  «tp«rini«nt  too,  that  the  jet  ia  higlMr  at 
lower,  according  lo  tbc  tixe  t>f  the^lna;  that  a  circular 
bole  of  abovt  aa  inch  and  a  quatter  in  diaaater,  jrta 
hif^haat;  and  that  the  noucr  that  tin,  tha  better.  Expfr^ 
■nea  alia  Aows,  thai  the  pipa  to  I'm  iiiutagak 

^old  be  Mtbiargcf  tbaniti  ndif  tio  pi^beA  iMg 
one,  that  itahoiiM  bn  wider  lb*  ftubar  it  is  fnm  lbs 

ajutage. 

For  the  other  circumstance*  relating  to  jets  and  the  is- 
•idini;  of  water  under  various cifCUBMtancei,  Kc  Cxhavs- 
I     .  l'i.v\.  Fi)uvTAtv,JtTD'£*Vt4c^lowyeb  tbey 

iiioii--  pruptTiv  btlcing. 

ALliA  l  KCNI,  an  Arabic  prince  of  Balmi  in  Mciopo- 
lamiR,  who  was  u  celebrate rl  nstronomer,  about  (he  year 
of  Christ  880.  a»  appears  by  hn  cibser\ations.  lie  is  als<i 
called  Muharomed  ben  Gcbcr  Albatani,  Mabomci  the  son 
ofGeber,  and  Ubbamcdei  Aractcnais.  He  mad4!  aMro- 
WMaical  obicrvatiaaaat  Aniiocb,  and  at  Racah  or  Aracta, 
a  town  of  Cbalden,  whkh  some  author*  call  a  town  of 
Svrin  or  of  MeMpotamia.  He  ia  higbiy  ipokca  d  by  Dt, 
tUitff  aa  •  vir  •daurandi  acaariai^  M  in  ndauaiMnndia 
•biafftaiionibu  etMiaitatiamnna. 

FindinR  tbftt  tbatnUta  «f  Ptolsnj  vei*  iapntal^hs 
computed  iMMT  OMB,  wHUk  MM  Mg  twd  «s  the  hwt 
among  the  Amba:  tbeaa  were  adapted  to  iba  meridhn  of 
Aracta  or  Racah.  Albatcgni  compoaed  in^Arabic  a  work 
nnder  the  title  of  The  Science  of  the  Slam,  comprising  all 
parts  of  astronomy,  according  tn  his  own  ob^ei  valions  and 
those  of  Ptolemy.  This  work,  fratulated  into  Ijilin  by 
Plalo  of  Tihur,  WHS  published  at  Nuremberg  in  1337,  »ilh 
somcadditions  anddemonstnitionv  <il  Krgiomontatius;  and 
the  same  was  reprinted  at  Bologna  m  l645,  with  this 
author's  notn.  Dr.  Haikey  detected  many  faults  m  these 
editions:  Philos. Trans,  for  l693,  N*  904. 

In  ihit  worit,  Albal^i  g|lm  the  nolioo  of  the  sun'* 
■pagte  amea  Pmilaniy'a  tine,  as  well  as  the  motion  of  tha 
Stan,  wbich  he  makee  I  degree  in  70  years.  He  nsade  tha 
longitude  of  the  first  star  of  Arias  to  be  Itfi  t;  and  the 
•bl^ui^  of  tbn  ediplie  SS*  SS*.  And  4^an  Alhntniu's 
«baerali«iii  wmc  fooAdad  tb»  AlpboMiiM  toUaa  of  ibt 
moon'a  notioitt;  «•  k  «bMinwd  bj  Hie.  Molar,  in  tha 
Tab.  Frtsiea,  pa.  94S. 

ALBCRTUS  Magnus,  a  very  learned  man  in  the  1 3th 
century,  who,  among  a  multitude  of  books,  wrote  several 
oil  the  various  mathematical  sciences,  as  Arithmetic,  Cn  <j- 
mctry,  Perspective  or  Optics,  Music,  Astrology  and  As- 
tr'jiiotny,  jjLirtitularly  under  the  titles,  lie  s|<li.'er%  dniitfis, 
de  a!.;iiini)ijna,  item  speculum  ajironnniirnm. 

Alln-itus  Magnus  was  born  at  Ijiwinffi  n  on  ibc  l).iiiube, 
in  Suabia,  in  1206,  or  accordii^  to  &ume  in  11<)3  ;  and  he 
died  at  a  great  i^,  at  Cologn,  November  It,  I2S0. 
Voaiua  and  otbaranduMa  speak  of  him  at  a  great  genius, 
and  deqdj  abilled  in  nil  the  leariving  of  the  age.  His 
n«iAM  were  M  niMnefwn,  dM  tb««  nakntl  rainnaa  in 
Ml^lntha  l9«««diliaaori6M.  HatepnMddw 
ht  IheavAor  pttmm  wMnp  rdaling  lo  nudnifaiy*  te» 
r  tba  title  ofDe  natmsremni,  nod  DeaaentiiBn* 
)  In  which  there  are  raaay  phraaea  and  expmsions 
dabla  on  tucb  a  tubjact,  which  gave  gmt  odinice, 
and  fiiied  •  dnanar^iHt  biin  aa  Ibe  anp^Mad  MMiiori 
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and  inconsistent  with  ins  character,  facing  a  Uominican 
Iriar,  and  sometime  bishop  of  Italisbon  ;  which  di);nity 
however  be  soon  resigned,  through  bis  love  for  solitutie,  t6 
enter  again  into  the  monastic  life.  But  the  advocates  of 
Albert  aaaert,  that  he  waa  not  the  author  of  either  of  tbcie 
t«ro  woritt.  •  It  mmt  bnacfcaowledged  however,  Ant  lbe«* 
are,  in  his  Comnent  on  the  Master  of  Seatcnoet,  lonie 
questions  cooccmiag  the  practice  of  conjugal  do^i  in 
wbicb  ha  baa  nied  aom  words  rather  toognia^MiHe 
and  Jriiali  mus  :  bat  they  allege  what  he  Mmartf  «Md  t* 
aajr  inUimm  vindieMion,  that  became  to  the  knowledge  of 
ao  BHUijr  moMtfona  thingi  at  cmifeat  ion,  that  it  sva«  impos* 
siblcto  avoid  touching  upon  such  quevtii.ns.  Al-x-rt  was 
certainly  a  man  of  a  roost  curious  und  mq  uMtivr  turn  uf 
roind,  which  iz^i^e  r.se  toother  accu>ntioii'.  i.j'.mnst  him  ; 
tucb  as,  th:it  he  luboured  to  find  out  thi'  [  liilosophcr's 
stone;  that  he  was  a  ni.nj;icnin  ;  <inJ  ttiat  nr  made  a  ma- 
chine in  the  5,hii|ie  f  t  a  nian,  which  »va-5  uii  oracle  to  him, 
and  fxplaiijeii  ail  thu  difficulliei.  he  proposed :  the 
roon  cant  accutalions  of  those  times  of  ignorance  and'l 
pentition.  Bat  having  great  knowledge  in  the  math 
tics  and  mechanics,  by  his  skill  in  these  scienoea  he  jpra- 
bably  formed  ahead,  with  springs  capable  of  nMiaiilla 
•oands ;  like  th»aaaGliaoa«f  Boetina  and  oibefa. 

John  Matthaus  de  Lnna,  in  bia  ti«alii»<B^lt^Hi  Iq. 
vanlnnbua,  baa  nttribuied  tbn  inrtniWi^nf  fttfiili ft  to 
Albert ;  but  in  tUa  bail  icAilnd  by  Mnnd^hrbkr  Apolo- 
|jta  4n  mnda  hoHDnea« 

AUVMAZAR,  otberwiw  CnHed  Aboassar,  and 
Jathar,  was  a  celebrated  Arabian  philosopher  and  as- 
trologer, of  the  9th  or  10th  century,  or  according  to  some 
authors  roucll  earlier.  Bluncanu^,  Vdsfiius,  Sic,  speak  of 
him  as  one  of  the  mo*t  leunii-il  astronoinern  ot  hi<i  time,  or 
astrologer,  which  wus  then  the  same  thing.  }i<'  wrote  a 
work  Do  Magnis  Conjunctionibus  Annorum  Rcvolutiocri- 
bus,  ac  corum  Perflectionibus,  printed  at  Venice  in  1513, 
at  the  expense  of  Melchior  Seata,  a  woiit  chiefly  attrolo* 
gical. 

He  wraM  also  Intriodnctio  in    itrnnnmiaw.  printed  in 
'  the  y«nr  1489.   And  it  is  re|jorted  that  ba  nnaarted  ^ 
eonet  in  his  time,  abofa  the  «cb  of  Venn*.  • 

ALOEBARAN,  ite  Aiabian  nnaM  nf  •  isad  Har,  of 
the  fiat  aomttudo,  jnit  in  Iba  ^  «r  the  i%n  or  comtd' 
ktinn  Tbuv,  or  tba  bnU,  and  banc*  it  k  popularly 
cnlied  tba  bvll'a  e|«.  Far  tba  begianit«  of  iba  jnr 
180(^'ita  • 

Right  Ascension  is   6^  G  51^10 

Annual  variation  in  ar   0  0  31-31 

Declination    16   5  52  00  N. 

And  Annual  vatiut.  in  Decl.      0    0  8*30 

ALDERAlMIN.a  star  < a  tho  third  niagnitado  in  fba 
right  shoulder  of  the  constellation  Cepheus, 

ALl)HAFEK.\,  or  Aldbapbra,  in  the  Arabian  Astro* 
Doiny,  denotes  u  fixed  star  of  the  third  magnitude,  in  tba 
mane  i>f  the  sign  or  comtellition  Leo,  the  lion. 

ALEMBLRT(John  le  Kond  d').  See  DaLtnBmr. 

ALFECCA.  or  Alfeta,  a  nana  ||vni  10  tltt  sMr  Con* 
■mmUv  called  Lncida  CoMn*. 

ALI'RAOAMt  ALramnim,  or  FABOain,  a  cala* 
brniad  AnMc  attionoaer,  who  ftwiitbed  about  the  year. 
COO.  H*  waa  to  «otM  omn  tba  alaca  of  bit  nativity, 
Fcrgan,  in  Sogdiana,  now  oniled  Mannnda,  ar  Samai^ 
cud,  anciently  a  part  «f  BacBia..  Ha  liidwcaUed  Ab- 
Md  (ar  MabiHMd)  bMiColbair.  or  Knilr.  Ha  wmia* 
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t^Eknnitiof  AMroocHny,  in  30  clwpten  or  lecfioiit. 
Ib  drit  vorit  tlM  aathor  duafljr  /oUoim  Ptokntj,  awtg 
iImmnw  liypoilwii,  aad  tk«  hm  tenDi,  nd  freqnnUy 
citing  bim. 

ThtTf  are  three  Latin  tninlilions  of  Airragan's  work. 

The  firit  WHS  ma<!c  in  the  12lh  cenlur)',  by  J<  anrus  Hi's- 
palenbi>;  and  was  published  at  Ferram  in  l-iyj,  antl  ai 
Nun  n.li  rt  :ii  )  537,  wijh  a  preface  by  Moiancihon.  The 
jecoiut  wio  ty  James  Christinan,  from  ihc  Hebrew  vcr- 
(ioD  of  Jamci  Anloli,  ami  ap|K-areii  al  J  irtiikt'iu  m  liyO. 
Chriitman  added  to  the  first  chapter  of  the  work  an  am- 
ple coiumeniary,  in  which  he  compares  together  the  ca- 
leDdan  of  the  Roman*,  the  i^ptiaiM,  the  Arabiuis,  ibe 
Fcimnil  the  Syiianf,  and  the  HcbrMn*  sad  ihom  dw 
correapotulence  of  their  yean. 

The  third  and  best  trarulation  wu  roade  by  Golius, 

«^jUautt  ol  muhemaika  tad  Onwikl  kngwiyi  at  Ley- 
b  :  this  wwk^  nAldi  cum  wit  in  t$69,  after  the  death 
of  Golinv  w  •CCMBMoied  with  tlw  Aiabic  text»  and 


A  Hi 

it  The  AnUe  aaw  ha  p«M  it,  iiAlshcbimeAlB^ 
cabala,  which  t»  explained  to  aifBify  the  art  af  tatfttMiw 

IT  oppositien  and  ntMatii 


nany  leaned  noiei  tipon  the  (nt  nine  chapteM;  ibr  this 
anihor  was  not  »pBr«l  lo  carry  tfacm  brther. 

ALGAROTI,  commonly  called  Count  Algaroti,  a  ce- 
lebrated Italian  of  the  latt  (ciuury,  will  skilled  in  Archi- 
tecture and  the  Newtonian  pluli/sopiiy.  Sec.  Algaroti  was 
bom  at  Puiiua,  Iml  m  liiiut  yiarhas  not  been  roeiitinncd. 
Led  by  curuisily,  as  w,  II  lia  a  desire  of  impruTcincnt,  he 
travelled  t  arlv  inin  I .  rcigii  coiinlriis;  and  was  very  yoting 
when  he  arnv('<i  in  France  in  173(.).  It  was  here  that  he 
composed  his  Newtonian  Philosophy  fur  the  Ladies,  as 
Fontencllc  bad  duoc  bin  Cartesian  Astronomy,  in  the  work 
entitled  The  Plurality  of  Woild».  lie  was  much  nolkcd 
by  the  king  of  Prussia,  who  conferred  on  him  many  marks 
ff  UieMeen).  He  died  at  Pisa  the  33d  of  May,  1764, 
and  gave  oidert  for  his  own  matMolciiM,  with  this  inaoip- 
tipaufenit;  KHc  jacct  Aipiatm,  aad  ma  omnii.  Ha 
«M  eileanad  to  be  well  ikUled  ia  paiatia^  acttlptai^ 
•ad  anAitectarc  Hi*  work*)  wUeh  are  naawnini,  aad 
CO  ^  variety  of  tubjects,  abound  with  vitucity,  elegance, 
aod  wit :  a  collection  of  thrm  bai  lately  bet  n  made,  and 
printed  at  Li'gliorn  ;  but  that  lor  wlirli  lif  i>  tliiellv  en- 
titled 10  a  place  in  this  work  is  his  New  Ionian  l^hilo- 
iophy  for  the  Ladia^  a  apriijiiily,  fjiginiiou»  aad  popalar 
work. 

ALGF.BHA  usually  understood  to  hv  a  general  me- 
thod of  resolving  mathematical  problema  by  laean*  of 
equations.  Or,  it  is  a  method  of  performing  the  calcu- 
lations of  all  kinds  of  quantities  by  means  of  geiwral  signs 
-«r  characters.  At  first,  numbers  and  thin^  were  ex- 
pressed by  their  names  at  full  IcQcth}  bat aAemard*  these 
were  abridged,  and  the  initials  of  the  words  uiod  iailcod 
of  tbeoi}  and,  as  the  art  advanced  farther,  the  leltCftof 
the  atohebet  came  to  be  employed  as  general  repfcaeota* 
tioaabf.  all  kinds  ^  quantities.  Other  marks  w^eaho 
tq^jialU'  ibtroducfd,  to  expreu  all  sorts  of  ojt^tions 
ai^ .CORUtliationa ;  so  as  to  entiilr  it  to  different  appcll'i- 
ti^yn-aSy  universal  arithmetir,  8r.>l  literal  arithmetic,  aud 
tbiariAaMtic  of  &i^tis. 

Hii  etyttkology  of  the  luiuc,  A:g<  bra,  is  given  in  vari- 
ous ways.  It  ii,  howrv<r,  [irrtty  izincrally  considered, 
thut  the  'viird  is  Arabian,  and  that  Irum  those  people  we 
iiid  the  nanu',  as  udl  as  the  art  itself,  as  ii  testified  by 
Lucas  de  hui^o,  the  first  European  author  on  this  art, 
whose  treate  was  printed,  and  who  also  refer*  to  former 
I  ftom  wbiye  writiafi  ha  had  leamed 


and  comparison,  or  (  , , 

lion  and  equation,  all  which  agree  well  cnotub  with  the 
nature  of  this  art.  Some,  however,  derive  it  Irom  varloc* 
ollicr  Arabic  wuuK  ;  as  tr-jin  (it  brr,  a  Celebrated  philo- 
M  r,  chemist,  and  inu.lJiiniatRian,  to  whom  also  ihe^f 
as^  ribi-  ! he  invention  of  thib  science  :  and  some  derive  rt 
from  the  word  Geher,  which,  with  the  particle  al, 
Algrber,  whii  Ii  is  [lurely  Arabic,  and  signifies  the] 
tioli  of  broken  numU'rs  or  fractions  lo  integers. 

Hut  Peter  Ramus,  in  the  beginning  of  his  algebra,  say<. 
"  the  name  algebra  is  Syriac,  signifying  the  art  aod  doc- 
trine of  an  execUenb  Bian.  For  Grber,  in  Syriac,  it  a 
name  applied  to  lacn.and  is  sometimes  a  term  of  hoitour, 
as  master  or  doctor  among  us.  That  there  was  a  certain 
leaned  nMtheiBaticiaa»  who  seat  his  alfpbra,  writicn  in 
the  Syriac  lango^ge,  to  Alexaader  the  Gnat,  aad  he 
mmed  it  Almucabah,  that  i*«  ifcCibook  of  dailt  or  rnyMe- 
rious  things,  which  otbeia  voald  lather  call  the  doctriae 
of  algebra.  And  to  this  day  the  sMne  book  is  in  greol 
estimation  among  the  learnwl  in  the  oriental  nations,  and 
by  the  Indians  who  culrniitv  ll.is  art  it  is  talletl  ulii.bra, 
aiid  alboret  ;  thouoh  tlic  name  of  the  authiir  luniscli  is 
not  kiKi  .wi  "  Uut  Hiiinus  gives  no  authority  ior  tbis  sin- 
gular parngraph.  It  has,  however,  on  various  occasions 
been  distinguished  by  other  names.  I.ucas  Paeiolus,  or 
de  Burgo,  in  Italy,  called  it  I'Ar^e  Magiore:  diita  dal 
vulgo  la  Regola  de  la  Co«a  over  Al^ln  bra  e  Aliiiucabaln; 
calling  it  I'Arte  Maeiore,  or  ibc  greater  an,  to  distingiiisb 
it  btm  Boanoa  atmuBetic*  which  is  called  I'Arte  Mi- 
nore,  or  the  lesser  art.  It  seems  too  that  it  had 
long  aad  oonuaonly  known  in  his  country  by  the 
UsgoladelaCosa,  or  Rule  of  the  Thing;  whence 
ear  rale  of  coa*  eolic  ntuaboii,  aad  soch-Uke 
SoM  «rf  hit  cavattM  AdioiNd  Mi  deaoaiination  of  the 
art :  bnt  other  Italian  and  Lath  Wfritcn  called  it  Rtgala 
rri  ct  census,  the  rule  of  the  thing  and  the  product,  Of 
the  root  and  the  sf)nBrc,  as  the  unknown  quantity  in  their 
<'i|!iatinns  f  iiiiiivnjiiiy  Li-Lcnilri!  lU)  hini.cr  than  the  M|uure 
or  H  rniid  power,  i  foin  iJiis  Italian  word  crntut,  [no- 
iioui.ci  il  chcnsw,  came  the  barbarous  word  tentu$,  used 
by  the  Germans  and  others,  for  quadratics;  with  the  mi- 
veral  zenzic  or  square  roots.  And  hence  |»,  ^,  rt, 
which  are  derived  from  the  letters  r,  t,  c,  the  initials  of 
rw,  aomis,  cubus,  or  root,  square,  cube,  came  to  be  the 
signs  or  characters  of  these  words:  like  as  ft  and  uf, 
derived  bam  the  letten  r,  bafla«M  the  tigm  of  ladi- 
cality. 

Lator  attthofSj  and  other  nations,  used  some  the  one  of 
than  aanaa,  a^i  aaae  awNhcr.  It  ma  alw  called  ape- 
ckrn  arithmetic  by  VIeta,  oa  acoaoat  of  the  apec^e^  or 
letlefs  of  the  alphabet,  which  he  h«eu|ht  into,  gEoeipl 
Qte;  and  by  Newton  it  was  called  nmsenal  aritbn^ 
tic,  from  the  manner  in  which  it  pi'ifomts  all  arith* 
mctical  operations  by  general  symbols,  or  indeterminate 
quan!i  ui-s. 

Some  authors  define  algebra  to  be  the  art  of  rxnolving 
mathematical  problems:  but  this  is  the  iilea  of  anal)»is, 
or  the  analytic  art  in  general,  rather  than  of  algebra, 
which  is  only  one  particular  species  of  it.  Indeed,  t<lge- 
bra  properly  consists  of  two  parts:  tirst,  the  roethixi  of 
calculaling  magnitudes  or  quantities,  as  represented  by 
latlaia  or  other  chaiaclen;  aod  Mcoadly,  the  mannec 
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of  applying  these  calculations  in  the  solution  of  pro- 
Uems. 

In  algebra,  as  applied  to  the  res'iluncm  of  prcblcnii, 
th»tir»l  bminiiis  is  to  trnnsiate  the  problem  out  01  tl>R 
COmmcin,  into  ihc  olgcUiiuc  langua;:<%  by  cxptcwino  all 
the  coiiditiuii)  nnt]  quunlilics,  both  ktlu^Ta  und  un- 
known, by  ihfir  prnprr  charntlt-i>,  arranged  in  all  t'<ju«- 
tion,  or  several  i-qualioiii  if  ^<•ccl.^a^)■,  and  tn-ating  the 
unknown  quantity,  wtielhrr  it  i*e  number,  or  liatr^  wanj 
othrr  thing,  in  the  tame  nay  as  if  it  were  a  knows  mei 
this  forms  the  compoettion.  Then  the  rmolutioi^  or  a«- 
htic  psrlf  is  the  disentangling  thu  tinknown  quaoti^  froB 
at  Mvml  others  with  which  it  ia  coiUMCtod,  ao  W  t»  M> 
tri*  it  alone  on  one  sido  of  lh»  oqaition,  wUlo  ill  th« 
oclier«or  known  qanittioitAM  oolleeladaBtteoikeraide, 
■adio  giving  the  value  of  the  ttitkiHMPli  one.  And  n 
this  disentangling  of  the  quantity  ioiiibt,  k  perfimned  by 
the  converse  of  the  operations  by  which  it  is  connected 
with  ili<-  otlii-rs,  taking  then  alway»  bHckwariln  in  the  con- 
trary ordt  r,  it  hence  becoincj  u  spt-cies  of  thu  analytic 
art,  and  is  culled  the  rm  i:  n  analysis,  in  contnidi"itinc- 
tion  to  tin'  ancient  anulyns,  which  chiefly  respected  geo- 
BClry,  and  itv  applications. 

There  iiave  utiicn  ^reat  coiilrovpriies  and  sharp  dis- 
pute* among  authors,  conci'niing  the  hiitory  of  the  pfu- 
grnsand  improvcnu-nts  of  algebra;  arising  partly  from 
tne  partiality  and  prrjudices  which  are  natural  to  sil  na* 
tiaot,  and  partly  ironi  the  want  of  a  closer  examination 
of  tbe  wmba  of  the  older  authors  on  this  subjtcL  From 
ihtie  causes  it  has  happened,  that  the  improvements  made 

3 tbe  srriieri  «f  one  nation,  have  been  a!>cribcd  to  those 
anolbar  J  and  the  diicoveriaa  of  an  earlier  author,  to 
tone  one  of  nueb  bttor  data,  Addto  ibiaatMstbatibe 
pectillar  methods  of  manj  aolbon  base  been  doaetttedio 
little  in  detail,  that  oor  inlbrmatioa  deriswl  ftem  lucb 
histories  is  but  very  iiaperfpct,  and  amounting  only  to 
some  geuctal  and  vague  ideat  of  the  (rue  state  of  the  arts. 
To  remedy  this  incuiiMniuncc  therefore,  and  to  reform 
this  article,  I  have  taken  the  p;iins  carefully  to  tt^d  ovir 
in  succrv>inn  all  ttic  older  aulburs  on  the  5al)|ccl,  «hich 
I  have  bet n  able  to  meet  v»itli,  and  to  wnie  down  dis- 
tinctly a  particular  account  ami  dcsniptinn  of  their  se- 
veral compositions,  as  to  ihcir  coutcnta,  iiouitiuii,  in- 
provements,  and  peculiarities;  from  the  compariaon  of 
all  srbicb,  I  have  acquired  an  idea  more  precise  and  ac- 
caiaia  thaa  k  was  poaiibk  to  obtain  from  other  histories, 
and  in  a  neat  fnany  instances  very  difficR-nt  from  tbens. 
The  fall  detail  of  these  descriptioaasnNild  employ  a  vo- 
lume of  ii«flif«  and  sranid  he  far  too  eitenaife  for  this 
.piece:  I  otuit  ibetcfore  Unit  tbir arlicla  to  a  «try  brief 
abridgment  of  wtf  MMp  PHMiUif  adjp  the  matt  nat^■ 
rial  circumstanortin  cacb  anlhort  fron  vbich  a  gmersl 
idea  of  the  chain  of  improvements  may  be  perceived,  from 
the  Unl  rude  beginnings,  down  to  the  more  perfect  state; 
from  which  it  will  appear  that  the  discoveries  and  iro> 
provements  made  by  any  one  single  atithnr,  are  scarcely 
ever  either  very  great  or  numerous;  but  that,  on  the  con- 
trary, the  improvement?  are  almost  always  very  slow  and 
gradual,  from  former  writers,  successively  made,  not  by 
great  leaps,  and  after  long  intervals  of  tine,  but  by 

paeceptible. 

Or  DlorKAXTUs's  Alokbka.  As  to  the  origin  of 
tbe  aaalrtie  ut,  of  sihicb  algitea-ia  a  qpccict«  it  it  doobt- 
Im  avoid  aa  any  triam  ib  the  woeU,  being  the  nattml 


method  by  which  the  mfnd  investigates  tratbs,  cuu<u-<,ii)><I 

thtxiries,  trom  their  observed  effects  and  propertie>.  Ac- 
C'lrdinnly,  Iraci.s  i.f  it  are  observable  in  the  work>  c.f  the 
earllcM  [iliiloM)plier>  and  matliernaiictaiis,  the  subject  of 
whose  enquiries  must  of  uny  lerjUlie  tbe  aid  of  such  nn 
art.  And  this  process  c<mstitutrd  their  analytir>.  Of 
that  pait  <if  atuilytict,  how.  ver,  which  is  properly  called 
aliJt'bra,  the  oldest  treatiM-  nlnch  has  comedown  to  us,  is 
that  of  l.)iaphaiitus  of  Altexandria,  who  Auuhihttl  about 
tbe  year  l^ftOalu-r  Cbnsi,  and  who  wrote,  in  tbe  Greek 
lanKQaoe,  i5  bookt  of  algebra  or  arithmetic,  as  mention* 
ed  by  bimn-lf  at  the  end  of  his  address  to  one  Diony^ 
iiuib  though  o&iy  6  of  them  have  hitherto  been  printed} 
and  an  impeilcct  book  on  multangular  mimben,  namely^ 
Ib  a  Latin  titnriatim  oaly,byXiinnder»iv  tbe  year  1575, 
and  afieniardi  i«  1681  and  iSfO  m  Greeic  and  LMio  bj 
Gai]inr  Baabei.  Tbeaa  books,  lio  v  ,.  ja  not  cobtaina 
treatise  on  the  elementary  parts  oi  .a^.^m,  bnt  only  cM- 
U-ctioii.s  of  difficult  questions  relating  lo  »r|uarc  and  cube 
numbers,  and  other  curious  properties  of  luindnrs,  «ilh 
their  »ulut>oii6.  And  Uiuphailtus  only  prefaces  tho  books 
by  an  address  to  Dronysius,  for  whose  Use  it  was  pro- 
bably written,  in  which  he  just  menliniis  ccrtMin  precog-  . 
nita,  as  it  were  to  )irepare  hiiii  for  the  problems  them- 
selves. Ill  these  remarks  he  shown  the  uaraes  and  gent- 
mtion  of  the  powers,  the  square,  rntii  itlij  ilh  fith.  &e, 
which  he  calls  dynamis,  cubus,  dyn.KnodinnMq  dynamo* 
cabas,  cubocubus,  according  Ut  the  sum  or  atiditioef^^. 
tbe  indices  of  the  posieit}  and  be  marks  the*e  ppsrjiv* 

with  the  iitltiala  thus  J*,  x',  Jc',  i<\  y.\~,  iS<r  ;  the  un- 
known quantity  he  calls  simply  oftS^kas,  Bumcrtit,  the  num-  , 
beri  afld  ia  tH  lolnlioBB  be  caaiaaniy  mib  it  by  tb» 

final  thus  s ;  also  he  denotes  the  nonades,  or  indefinite 

unit,  by  fj.'.  Diophanlus  then  remarks  on  the  multipli- 
cation and  division  of  aimple  species  to;;ether,  showing 
what  powers  or  species  they  produce  ;  declares  that  minus 
(Afiij'if)  multiplied  by  minus  produces  plus  {waf^t*)i 
but  that  minus  multiplied  by  plus,  produces  iiiintu;  and 
that  the  mark  u»ed  lor  minis  »<jv,  nmnely  the  ^  inverted 
and  curtailed  i  but  he  usee  no  math  for  plu^  but  a  »ord 
or  conjunetiou  copuiattWk 

As  to  the  apnatiem,?i;^«f  nddiiion,  suhtrarlkm,  mtiN 
tiplication,  and  dhwion  of  Compound  species,  tir  those 
connected  by  plus  and  minus,  Diuphantus  docs  not  teach, 
but  supposes  his  reader  to  know  them.  He  then  remarks  ' 
on  the  pie]i:iiiiiiuii  oi'  siiiipliu  in^  tlie  ei^ni  iti'iin  ;i,at  am 
derived  from  llie  qucslions,  wlinh  v>  e  e.ill  riducth'ti  of 
equations,  by  collecting  like  quantities  I'l^rther,  udilinj 
quantities  that  are  minus,  and  stibtrnctinn;  such  as  are 
plus,  called  by  the  moderns  triiiis|>r.<.ilinn,  so  as  to  bring 
the  equation  to  simple  ternu,  and  then  depressing  it  to  a 
lower  degree  hy  equal  division,  when  the  powers  of  ihe 
unknown  quantity  are  in  every  terra  :  which  preparation, 
or  reduction  of  the  complex  equation,  bring  nosr  made* 
or  reduced  to  what  we  call  a  final  conation,  Diophantm 
goes  no  farther,  but  barely  tays  what  ne  rout  or  m  i/psatn 
ii,  without  giving  aqy  rules  for  Andiny  it,  oi  for -the  re. 
•otation  of  equations;  thereby  inllmaliiig  that  such  rules 
wei«  la  be  fotuid  in  letBeother  worit,doBe  either  by  hnn- 
■elf  or  oAert. 

Of  the  body  of  the  work,  lib.  1  cootaln*  4»  ^womn^ 
coDceming  one,  two,  three,  or  bur  anknoim  Bumben» 
in  tack  oiber.  vi^  conc^intng 
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tlirir  sums,  differeoces,  ratios,  products,  tquarct^  i 
and  difljerena-sof  squaitt,  tic,  Acs  but  DOMof  ihwi 
ceraiug  either  squara  or  juUe  nmbm.  lib.  it  cqmmih 
3fi  4|iitttions.  The  lirsi  B  4|MMiflm  Mtt  Concerning  two 
■tmben,  though  only  uoeconditfoitit given  in  each  qui^ 
tion;  but  he  supplies  another  by  B«»umin^  iho  tiuinbrn 
in  a  given  ratio,  vi(,  as  2  to  1.  The  6iii  and  7tli  contain 
each  two  conditions:  then  in  the  8th  (lut-jlion  he  tirst 
comes  to  trviii  ut  5iquare  numbers,  which  is  this,  to  divide 
a  given  squttie  numU-r  into  two  othrr  squares ;  and  the 
ytJi  is  till- same,  but  pcrforranl  in  ■  ditii-nnL  wiiv  :  the 
rest,  to  tiic  end,  are  nlinosl  all  about  one,  two,  or  throe 
square*.  Lib.  3  contaitts  24  questions  concerniikg  squares, 
chiefly  including  three  or  four  numbers.  Lib.  4  be^m 
with  cubes;  the  first  of  which  is  this,  to  divide  a  given 
nombef  into  two  cubes  whose  sides  shall  bava  a  given 
•WK ;  bare  he  has  occasion  to  cube  tlie  two  binontiab 
$  •«■  II  ud  5  —  n;  the  nianaar  of  doi^  arhicb  ibom  tbit 
ho  wu  ocqMiBied  with  the  eoo^Mitiai  of  lite  eabo  of  • 
WiionUj  mdaony  other  plasn  iMNiiliMtllio MM* thing. 
Oaiy  fnt  of  (ho  qnwtiooi  mi  thii  book  an  caoooming 
cubes (  the  ml  ere  relating  to  aqaom.  Two  or  three 
qOOttioOS  in  this  book  have  general  solutions,  and  the  the- 
Orems  deduced  are  genuial,  and  lor  any  numbers  iiideli- 
nitely;  but  ail  the  other  questions,  in  all  tlie  four  book;, 
are  employed  in  finding  only  particular  nurabrrs.  Lib.  5 
is  al-io  concerning  square  and  cube  numbers,  but  ot'  a 
more  diflicult  kind,  beginning  with  some  that  relate  to 
numbers  in  geometrical  progression.  Lib.  6  contains  96 
propositions,  concernittg  right-angled  triangles;  such  as 
to  maltc.thcir  sides,  areas,  perimeters,  tic,  tec,  squares  or 
'Cubes,  or  rational  numbers,  &c.  In  lome  parts  of  this 
book  it  oppeafs,  that  Diopbaotaa  was  acquainted  with 
Iho  eoBi|M«iiiioB  of  tbo  4&  pomr  oCtbo  binomial  nwt, 
■t  hoMti  down  all  At  lenM  of  it}  and,  from  hit  great 
ami  in  aach  matlen,  it  Meos  praUtUo  that  he  was  ac- 
-qaainMd  with  tho  coaMXNltioa  of  other  higher  powers, 
Vid  with  other  partt  of  algebra,  besides  what  are  here 
tmted  of.  At  the  end  is  part  of  a  book,  in  10  proposi- 
tions, concerning  aritlmietieal  progressions,  niul  multan- 
gular or  polygonal  numbers.  Diophantus  onre  mentions 
a  ccmipound  qtiadratic  equation;  bot  the  ri-io!ulioii  of 
hi)  question*  IS  by  simple  equations,  and  by  in<-a»s  ol  only 
one  unknown  letter  or  character,  which  he  chooses  or  as- 
sumes so  ingeniously,  thnt  all  the  other  unknown  quanti- 
ties in  the  question  art  easily  expressed  by  i(,  and  the  final 
equation  reduced  to  the  simplest  form  which  it  seems  the 
question  can  adroit  of.  Sometimes  he  substitutes  for  a 
number  sought  immediately,  and  then  expresses  the  Other 
numbers  or  conditions  by  it:  at  other  times  he  subatitutn 
f»r  the  sum  or  difliKence»  dcc^  aqd  th^ca  derives  the  tat, 
was  always  to  obtain  the  «)mi^iltm'^  tho  jaanleit 
tarn,  Thm,  if  the  aom  of  tmSrmuitm  be  ^ina,  ho 
•abilitiiiaa  for  their  dlflnonoe^  aas  if  the  diMrobee  be 
givea,  he  sabtlittttcs  for  their  sum:  in  both  cases  he  hai 
the  two  naroben  easily  expressed  by  add  ing  and  subtract- 
ing the  hair  sum  and  half  dilierencei  and  so  in  other  canes 
be  uses  other  similar  ingenioas  notations.  In  short,  the 
chief  excellence  in  this  collection  of  questions,  whicli 
sec  ins  to  be  only  a  set  ot  exercises  to  some  rules  which 
bad  been  given  elsewhere,  is  the  neat  mode  of  substitution 
or  notation  ;  which  being  once  made,  the  reduction  tothe 
final  equation  is  easy  and  evident:  and  tisere  he  leaves 
the  solatioo,  only  laentioning  tbiA  tlpt«po^^M;|wil|Mf  it 
to oiach.  Ob  the  wbde,  iwi  voifc  it  naMMte  a  wry 


able  and  masterly  manner,  manifesting  the  uti 
aad  koowledgo  in  ib«  solutMns.  and  iMocing  i 
that  the  aafboi  was  deeply  trilled  i»  dw  saaaeaaf  alga* 
brs,  to  toaie  of  tha  BMst  ahftiuae  part*  of  wUck  Ihina 
questioiis  or  exettissa  ictale.  Bowover,  as  be  cbatrim 
hia  assumptions  and  notations  so  as  to  reduce  all  his  con. 
dilious  to  a  simple  equation,  or  at  least  a  simple  quadr»< 
tic.  It  tUm  not  appear  what  bis  knowledge  wailntboro* 
solution  of  compound  or  affected  equations. 

I5ut  lli'jugh  Diophantus  was  the  lif.-'t  uulliuron  ajj;ehra 
lliitt  we  now  know  ot,  it  was  not  lioin  hiin,  but  tium  Lht: 
Moors  or  Arabians  that  we  recei\eil  the  knowlrdgc  of  al- 
gebra in  Europe,  as  well  as  that  ut  roocl  other  sciences. 
And  it  is  matter  of  dispute  who  were  the  first  invcnton 
of  it ;  some  ascribing  the  invention  to  the  Creeks,  while 
others  say  that  the  Arabians  had  it  from  the  Pcr>iitns,  and 
these  lirom  the  ludianiiaB  well  as  ibe  arithinelicat  method 
of  oiMD|HUiaa  by  ten  chatacurs,  or  digitti  bot  the  Aia> 
hiajH  tbeaiialvaftaay  it  waa  immUod  uutnt  ihem  by  «pa 
Ifahonwt  bea  Hat^  or  a«B  of  Maia^  who  it  sccsas 
.  Bourishad about  the  8tb  or  j^coataiy.  llia«HMop(o- 
bable,  however,  that  Mahomet  wn  aot  the  inventor,  but 
only  a  peivm  wdl  skilled  in  the  ait;  and  it  is  further 
pru^abie,  that  the  Arabians  dr>  w  their  first  knowledge  of 
it,  either  liom  the  Indians,  or  from  Diophaiilua  and  other 
Gnek  writers,  as  they  did  tliat  ol  gevnuetry  iiiid  other 
sciences,  wliieh  ihey  improvi-d  and  transiateci  into  iln/ir 
own  Unj^UHgoi  and  Ironi  ibeiii  it  was  that  l.uropc  re- 
ceived these  sciences,  before  the  Greek  nuthoi^  were 
known  to  us,  afker  the  Moors  settled  in  6paiu,  and  ai'ier 
the  Europeans  b«gsn  to  bold  communication  with  them, 
aad  began  to  travel  among  them  to  learn  the  scivocas. 
And  according  to  the  testimony  of  Abulpharagius,  ia  tha 

KS169,  the  arithmetic  of  Dio|ri»iitus  had  been  traaa* 
I  into  Atabic  by  Maboaet  bcn-yahya  Bottani.  Bat 
whflosw  WW*  the  iawealon  and  first  cultifatma  of  a||a> 
bni,  it  is  certain  that  tha  Europeoaa  lint  iacei*td  the 
knowledge,  as  well  as  the  aaaK.  fnna  tha  AiabiaBa  or 
Moors,  in  consequence  of  the  close  intercourse  which 
subsisted  between  them  lor  si^veral  cinturies..  And  il  up- 
pears  tiiut  the  art  was  pretty  generally  known,  and  much 
cuitiviitrd,  at  least  in  Italy,  if  not  in  Spain,  as  well  as 
other  pai  U  of  Kurope  ako,  long  beiore  the  invention  of 
printing,  as  many  w  ritings  on  the  art  are  still  e.\tant  ui  the 
libraries  of  manustript! ;  and  ifie  first  autiiors,  presently 
after  the  invention  ol  priming,  speak  ot  many  former 
writen  on  this  subject,  trom  wlaom  they  learned  the  art. 

Or  THElnniAK  Aloebka.  Some natiflfK kavc  lately 
been  obtained  of  the  science  of  algebra  anoqg  the  In- 
diaas ;  and  it  is  very  probable  that,  throa^  the  inter- 
co«ae  of  learned  BugjidiBWii  with  thatconatiy»  wo  shall 
laoaiw  atill  aMKa  ooaiidaiahb  tafonwdM  00  nat  head. . 

Theiahaa  hag  exiated  caaie  ta  auapoet  that  the  priacn' 
plesof  thiiaft  cane  to  Europe  thran|^  the  AiaUaM  and 
Moors,  as  well  as  ihi  Indian  numeration  and  aftthaMtic; 
and  every  extension  of  our  concerns  among  them,- serves 
further  to  lncrea^  tlie  probability  of  that  opinion.  For 
more  than  a  ceutury  past,  evidence  ba*  been  received  in 
I  L.  ro;  i  .  at  various  times,  of  the  existence  of  \ery  learned 
wrurks  on  astronomy  among  tho  Indians.  S'ich  notices 
were  first  imported  by  ccrluiii  learnr^l  Frei  '  Imieii,  nod 
communicated  thr''iigh  the  Mcraniri  of  tin  Academy; 
whence  a  very  ingenious  and  learned  account  of  such 
fNMba  was  given  ia  the  Attrongatie  lodisnoe  of  the  nnfor- 
M.Baillr.  SiMtUHB,! 
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muiunilnjiis  liuve  bt^n  made  by  iCTrral  of  our  un  ii  Icarnptl 
co'dfitrynion,  belon.;ir.i;  tn  the  Honaul  Socioty,  aiui  other 
penoa*  curious  in  the  scieucci;  as  «r  VVillmiu  Jones, 
Samuel  Davis,  («q.,  E^wanl  Strachey,  rsq.,  and  many 
others.  Hence  t\fe  stronger  evidcaca  bas  been  obtained, 
that,  at  a  period  sct-eral  ttuNUMid  ycmrs  (at  least  tbrai  or 
four)  before  the  Chrbtian  era,  the  Indians  ant  1mv» 
possrased  very  correct  astrunomical  observationt  md  raici 
ol  cnlculation ;  rules  that  require  a  considcmblc  know* 
ltdgt  uf  geometry  and  of  trigonometry,  both  plane  ud 
•kcriealt  nd  ««fn  weeomfuM  with  regular  table*  of 
■neakiid  versed  linm:  it  a  tine  when  all  Europe  vru  in 
a  state  of  gross  barbarity,  if  it  was  at  ali  inhabited.  Spc 
a  valuable.'  paper  in  the  2(i  volume  o(  llir  Asiatic  Kr- 
starclu-i,  by  Samuel  Davis,  Esq.  on  the  .■\stnirioinical 
Coaipuutions  of  the  Hindus  >  also  two  leariictl  «iik»eria- 
tions  on  the  Indian  Astronomy  uiid  Friganometry,  by 
Professor  Playfeir,  in  the  Ediuburgli  I'hiioiophical  Trans- 
actions, vob.  II.  an:l  IV. 

What  we  have  now,  however,  particularly  to  attend  to, 
is  the  algebra  of  that  country.  It  has  long  been  thought 
th&C  •  people,  possc-ssing  so  much  knowkdgo  of  many 
•tW  htmcht  s  of  mathematical  science,  eeuM  not  well 
be  onnrquainted  with  algebra;  and  we  have  now  received 
incontestable  proofs  of  their  very  critical  skill  in  tbtt 
bmch.  Sevetal  spacimciia  of  audi  worio  twve  been  twea 
m  tkac  eountij,  both  in  the  mim  lenguage  ftndin  Per- 
rim  traasJalioiia.  Some  of  the  litter  are  also  now  in  tbe 
lead*  of  S.  Davit,  caq.  of  fionaNin  Square,  one  of  the 
directors  of  the  lutst-Iiidia  Company,  with  a  partial 
translation  into  English  ;  and  similar  translations  of  some 
others  liavi'  been  sent  lo  Englsmd  liy  Mr.  Krlward  Stra- 
chey, bi  tiirf  mentioned.  And  as  1  have  been  favoured 
with  tbi'  p<  ruyai  of  mm,  I  Mt  MAbM  to  give  lonie  ae- 

count  of  (licm. 

T!:c  rirst  of  thcM-'  conimuiiiratioiis,  by  Mr.  Strnchrv, 
ol  the  ikngal  civil  establi-ihrnrnt,  is  a  printed  account  of 
some  observations  on  the  originality,  c\i<  nt,  and  import- 
ancc,  of  the  mathematical  science  of  the  Hindoos;  with 
extracts  from  Pi  rsiun  translations  of  the  Lilawati  or  Lec- 
lawuttee,  and  the  Bee]  Guunit ;  ur  the  Dija  Ganita,  as  it 
it  written  by  Mr.  D^uii.  The^r  two  works,  Mr.  Stracbcy 
infimnt  wt,  wen  botli  whtten  by  Bbaalier  Adwr^,  a  fii- 
non»  Hindoo  matbematicinn  and  «atr«aimKr,  who  liv«d 
about  the  bcgioniag  of  the  13lh  oraiury  of  the  Chri'-tian 
en;  the  latter  of  thew  two  treatiMS  Deing  on  hI^*  hra, 
with  some  of  its  applicntioni ;  and  the  fonm  r  on  arith- 
metic, and  al);ebra,  and  mensuration  or  pracliCLiI  guo- 
metry.  llie  Bi  jk  ur  Bij^  ('atula  wa^  trarnlated  into  I'lr- 
sian  in  1634,  by  Utta  Ulla  Kushecdee,  at  Agra  or  Debli 
probably ;  and  the  LeeiawHtlee  in  by  the  ce- 

lebrated Fysiec. 

It  is  well  known,  Mr.  Strtchey  bay<;,  that  the  only  Per- 
sian science  is  Aru,l>ian,  and  thnt  the  Arabs  had  much  of 
1'  M.  miithem:ttici>l  knowledge  from  the  Greeks;  it  is  cer- 
tya,  however,  that  they  had  their  arithmetic  froto  the  In- 
dlj^Kand  mu!it  likely  their  algebra  was  drami  fjwm  the 
^■MH|cei  but  the  time,  ami  other  dMwaslaticeii  re* 
spoHHlBe  introduction  of  thcie  Kiracct  eauiiig  die 
AraHhiinknown.  It appeatai  however*  that  the  first 
aceoinn'of  any  Ittdian  mathematical  ■(ience  among  the 
Anifaa,  f^^f  their  astronomy,  which  was  known  in  the 
reign  of  ArMarooon.  In  later  timet,  many  Maboinmc- 
tl.-vi:  had  access  t  I  ili'  Hmdoo  books  ;  nccotim»  of 

«evcr<il  aiti  lu  the  Ayecn  Ackbery,  and  in  D'Herbelot. 
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Abul  Fuat  gives  a  list  of  San»crit  books,  which  were  ttana* 
latoil  into  Persian  in  .\kbar'3  time;  among  which  tte 
Leelawuttee  is  the  only  mathematical  worlb 

From  a  comparison  of  the  algebra  of  Aa  Atubiatu>  aitd 
Gieeka»  and  that  of  the  modern  JCuropeans,  with  tbe  Pei^ 
tiaa  tranalationt  of  tbe  fieja  Gaoita  and  Lelawati,  it 
trooid  probably  appear,  that  the  algebra  of  ifaa  Arafca  It 

C'le  different  from  that  of  Oiopbantoa,  and  ttot  taken 
«na  Ikam  the«tber:  that  if  tbe  Aiabe  did.lcant  bom 
the  Indnn^  n  ii  moit  probable,  they  did  not  bonmr 
lai||elylrom  tben;  that  the  Pei«ian  translations  of  the 
IBoej  Gunnit  and  Leelawuttee,  contain  principles,  which 
are  su/liciciU  for  the  solution  of  any  propciitions  in  the 
Arabian,  or  m  the  Diophantinc  algi-bia  ;  that  ihest-  triin!.- 
lations  contain  proposilKmii.  vshich  arc  iiul  to  be  solved 
on  any  principle?'  iliat  could  be  supplied  by  the  Arabian 
or  the  Diophaulitie  algebra  ;  and  that  the  Hindoos  were 
farther  advanced  in  tome  branches  of  tbit  tcieiKe  than 
the  modern  Europeaoa,  with  all  their  iia|MfO*eneillli>  tilt 
the  middle  of  tbe  eighteenth  century. 

These  premises  arc  exemplitied  by  several  eatracit  from 
the  I.ilawati  and  the  B^a  tianita,  too  long  to  be  repeated 
here,  bolar*  lo  be  leen  in  my  Tracia,  vol.  2,  p.  IH,  ttci 
where  we  Mace  many  instances  of  tbe  Uiadooa'  hnaw* 
fed^e  in  geometry,  aad  ia  memttnatMM»  at  well  «a  in  the 
vuiona  parts  af  algebra,  a*  Ihr  aa  cempMUd  quadratic 
enfiation*  laelnnTdyt  and  thatafter  a  more  pcrfwt  HMn> 
ner,  in  mm  Miwetib  Um  vat  ewa  pncike. 
Ok  tkittenmate  Pntltm  lie  SttmA  Ihfwr,  DiV^piaa- 
tui,  and  tht  Gmiia. 
The  l6tb  quectioa  of  tbe  6lh  book  of  Oiopharvtt];,  is 
as  follows:— 

"  Having  two  numbers  given,  if  one  of  these  drav>  n  into 
a  Certain  square,  and  the  other  iublracltd  from  the  pro- 
duct, make  a  squaie;  it  is  lequircd  10  titid  finoliier  S(|uari;, 
greater  than  the  former,  which  shall  do  the  »aiiic  ihmg. 
For  instance,  given  ttie  (wo  numbers  3  and  i  i,  and  a  ^ 
certain  tqnarc  23,  which  drawn  into  3,  and  1 1  taken  frota 
tbe  product,  leave*  the  iquare  of  8 ;  to  find  another  square 
greater  than  2i  hairing  the  same  property.  Put  its  side 
1 N  -I-  6,  then  jls  square  is  l  q  lOtr  •«-  S5 ;  triple  of  thit 
diminished  by  11  leaves  3q  30k  64  equal  a  square  | 
letittaide  beSii^'Stwhichgives  a  =62;then6S-«-&m07 
i»  ibe  tidt^  end  4489  tbe  square  sought,* 

Al  the  BUa  Ganita  tbiapcoUemji  aolved  very  generally 
and  actentif  cally,  by  the  aMiatance  of  another,  which  was 
unknown  ip  Europe  till  tbe  middle  of  the  17th  century; 
and  first  applied  to  questions  of  ibis  nature  by  Euler,  in 
the  iiiiddic  of  the  I81I1  century. — With  tlic  affirmati\e 
sign,  the  kiija  Ganita  rule  lor  liiidin;;  new  values  of  ai'  ■+-  6 

IS  this  :  Suppose  aif" -t- i  =  A'a  parliculwr  taso  :  find  * 
mtiuid  n  such  that  an'  -t-  1  ax  m*;  then  is  jr  =      -t-  /lA,  and 
y  snmh  -r-  ang. 

GeiiemI  methods,  according  to  the  Hindus,  tor  the  so- 
lution of  indeterminate  problems  of  the  first  and  second 
degree*,  an  foond  in  the  4th  and  5th  chapters  of  the  Bija 
Ganiia«  wMdi  differ  much  from  Diophantus's  work.  It 
centeifla»  %  gteat  deal  of  knowledge  aad  ikilli  which  tbe 
Greeks  had  net;  neb  as,  the  ate  of  an  indefinite  number 
of  unkaowM  qnanihirst  and  the  we  of  arbitrary  meiki  to 
express  them;  a  good  mMnnetic  af  tordt;  a  peefeet 
theory  of  indetemunale  otobtoM  «#  the  fint  degiee ;  a 
very  nttenwve  and  general  knowledge  of  ihmo  of  the  aa- 
cond  degree ;  a  perfect  acquaintance uiilh  qeedinticeqj^ 
tUMit,d(c.  'I'hearrang^iaentaodinMyierofthetwewoihj 
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Bra  u  diflterent  at  thnt  lubitiiMet  Hkt  «m  cooMitatet  • 

regular  body  of  sciencr ;  the  otbcr  does  not:  the  Bija 
Ganiiu  is  quite  connected  and  w«II  d^ested,  ai>d  abound) 
in  gi-neral  rules,  which  suppr«e  great  Icurniri!;;  lln  ruli  ^ 
are  illustrated  by  examples,  and  the  Miluluins  an-  [n  tl.  rm- 
ed  wilh  skill.  Diophantun,  thotjgli  not  entirely  without  i-.w 
thod,  gives  very  few  general  propositions,  being  chiefly  re- 
markablo  tor  tl>e  dexterity  and  ingenuity  wilh  whicK  he 
makej  assumptions  fur  the  simple  solution  of  his  que*tioi:». 
The  former  teaches  algebra  as  a  science,  fay  treating  it  syste- 
BBticmlly ;  tbc latter  sharp4-ni  the  wit,  by  !tolvin|>  a  variety 

ablUVM  and  complicated  problems  in  an  injijpniotu 
raanner.  The  author  of  Um  Bija  Ganiia  goes  deeper  into 
his  subject,  treats  it  oraiv  abilracledly,  and  mure  me- 
tbodicBlly,  Ihougii  not  niKe  acately  than  Diopbaatiu. 
The  fonaer  iiM  efery  cbtracterittic  of  an  aindaou>«nd 
hMMd  confer;  mlttttt«faaiuerfmiMiB  the  in- 
luteyericiMee. 

Besides  the  foregoing  remarks,  derived  chiefly  from  t"hc 
printed  notices  of  Mr.  Straehey,  I  have  lately  been  favour- 
ed with  communications  of  several  otln  r  cnrioiii  particu- 
lars relatini',  to  the  siiine  two  bnok*.  by  S.  Oxvis,  cvq. 
The  late  Mr  R.  utjen  Burrow  roili  uti-d,  in  linlia,  inany 
oriental  manuscripts  on  the  niiiiljiTruuicaf  wn  nre*,  both 
in  the  Sanscrit  und  the  Persian  lmiL;u!LL:>'s,  thr  lutn  r  licmi; 
translations  only  of  the  former :  most  of  these  he  bequeath- 
ed by  will  to  one  of  his  sons  there,  but  with  an  injunc- 
tion not  to  be  delivered  to  him  till  he  should  have  learned 
those  languages  and  the  sciences.  But  one  or  two  of 
these  Burrow  left  to  his  friend  Mr.  Dalby,  mathematical 
pwfaiiBf  at  the  Royal  Military  College,  I^rnbam.  These 
•I*  IMW  in  Mr.  Dvlbya  poaecwkm,  bdac  the  Pfeniaa 
tmilidm  dr  tk  BtJ*  OMtitK  and  LittwaS.  «itb  an  at- 
timpt  at  an  Eii|^iih  tiawlation  of  «ome  parts  of  limm  kf 
Mr^  Burrow;  these  attempts  being  mostly  intavliiMa- 
tions  written  with  a  black-leiid  pencil,  are  in  danger  of 
bein^  obliterated.  Mr.  Straehey  also,  lately  arrived 
from  India,  hat  an  entire  English  translation  >>!  nija, 
of  which  he  h.is  favoured  me  with  the  perus;vl,  uml  be- 
sides ciMiiin'jiiu  ;it->d  by  letter  many  dr".rripiui'  rt.'oarks 
of  those  works,  from  all  which  sources  I  have  collected 
the  foliuwin;;  curious  particulars,  till  such  limc  ashaiwqf 
be  pleased  to  give  tbe  whole  work  to  the  public. 

The  first  Work  is  calle<l  the  Bcej,  or  the  Bwj  Gunnit 
(as  they  are  pronounced,  but  written  Bija  Ganita),  and 
■cetns  to  have  been  translated  into  Persian  about  the 
year  1634.  Tbe  Fenian  introduction  calls  it  "  Beej 
Guwait,  th«  author  Bhatinr  Acharya,  author  of  the  tila> 
wMi."  It  irtbeie also eaid,  that** this KXMlkntinMiHMi 
•f  eompatation  wat  tranilaied  froai  the  Hindu  into  Per* 
tian,  and  it  called  the  Book  of  Coropoiition  and  Resolu- 
tion;" and  **  that  it  is  not  written  in  any  bnnk,  Persian  or 
Arabic."  The  two  wonis  here  translated  "  composition 
and  resolution,"  are  el«e«herc  simply  colled  "  algebra." 
■l"lic  two  Persi.in  words  for  "  Beej  (iunnit,"  are  totally 
ditferrnt  from  thrm  ;  so  that  the  Persians  and  Arabians 
ha^e  H'loplcd  the  meniin^,  not  the  pronuitciiUioH,  of  the 
Sansciit.  I'lirt  of  the  sis.  is  a  commentary  on  the  origi- 
nal Hindu  work,  by  th<'  Persian  translator. 

The  work  consists  of  five  parts.  It  commence*  with 
explaining  aflirmntivi  s  and  m-uHtives,  which  he  charactr- 
rites  bf  two  teraii  ilenoiing  ciutiHg  and  mm-exuHiff^  also 
pnpirgf  and  d^.  Then  follow  tbe  first  rules,  ■»  wnb 
M«xt,  wnh  aie  gp««n  at  neat  length;  and  them  mma 
hem  a  {nenl  Mthod  of  ladlog  tho  nwabcr  af  nidi  in 
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any  powait  rtbad  team  mulllBOMii]  lurd  nota,  W>mp. 

thing  like  our  method  of  finding  the  number  of  combina- 
tions. Next  follow  questions  about  squares;  such  a> 
{using  our  'iwii  notation) ,  tin  ding  67i'-t-  I ,  and  61  j'  +  I , 
and  l3i'—  1,  i\c,  »(|uarf» ;  also  a  iieneral  way  or  method 
to  in-.ike  oxprt  >-ion?  ol  this  k;iiil  rii--r-ti  yi^uniLs. 

Then  qucitiuns  are  treated  producing  simple  c  quations  ; 
with  the  application  to  some  questions  alioui  triangles. 
Then  mon-  questions  about  iquares;  as,  to  find  i±y  and 
ly  both  squares  ;  also  Jr^-f-y*  and  x'-t-y'  both  squares. 

Next,  some  questions  producin;^  quadratics.  Some- 
thing is  also  said  of  a  cnii.r,  but  |i  ii-eins  tu  hint  that  it 
cannot  lie  solved  generally :  a  straight  ruler  is  mentioned* 
which  it  is  suspected  nay  allude  to  some  mechanical  na> 
thod  of  aolntion.  Cor  there  is  an  onussioQ  in  the  tnuMla> 
tien.  Thca  aion  about  sqoanv  s  *uch  m,  to  iad 
«-jr  ?  both  7** -1-8/  )  both  x'-»-y7 
J^>*-y  J  squares;  7x»-8y'-Kl  } squares;  x-t-^| 

1-4:1}  .,...„.,  ^7;.^;^:} 

in  whole  numbcn}       a  whole  nninber,  dke.  Ac. 

o 

Lastly,  mure  indeterminate  questit  iis.  In  short,  a.  £;rcat 
part  IS  about  indeterminate,  and  what  wc  call  questions  of 
ilii  I)i,i|)h,intia(  kic.il.  yet  williout  anyone  being  the  very 
s.inii'  nb  in  that  iiutlior;  which  alone  seems  to  show  a  dtf- 
fi'ii  ijt  origin;  besides,  thc>y  are  ir.o-tiv  treated  in  awy 
dir)erent  way;  and  several  of  ihetn  are  not  easy. 

There  arc  three  or  four  questions  about  rigfit-nnglcd  tri» 
angles,  done  algebraically  ;  and  heic  one  might  have  ex- 
pected to  have  found  Kucl.  47,  1,  quoted  ;  but,  instead  of 
tiiatt  a  reference  is  made  to  tbe  "  figure  of  wedding  ciiair." 
But  from  these,  and  msay  other  parts  of  their  writings,  wu 
ptieeiee  that  thuy  pcneised  df,  net  this  impof^ 
ubIj^  but  meet  otiiaa  the  sane  as  in  our  gsowstty ;  and 
hate  It  was  prolMbly  that  Pvtha|oras  acquired  his  mathe* 
malical  knowledge,  which  he  canied  back  with  him,  and 
taught  to  his  countrymen.  Tbe  results  of  tbe  operations 
by  the  cipher  0,  are  tbeiame  as  we  make  them :  the  quo- 
tient -  Barrow  at  first  tnnslated  "  infinite,*  but  aftsr- 

wards  crossed  it  wilh  his  (■•i  iu  il,  anJ  subslituf  1  "  cimnot 
be  comprehended  :"  probably  it  means  unbounded,  or  unai- 
tignab't. 

Respecting  this  notation  in  this  MS.  it  appears  that  un- 
known quuntUKs  are  represented  by  letters  or  cliaraciers, 
which  they  call  '•  colours."  Thus,  when  only  one  un- 
known is  used,  it  is  drnotrd  by  a  character  called  "  Ma- 
jool;"  when  two  unknowns  enter  into  the  computation,  the 
second  is  "  Aswad"  (black);  a  third  is  Neetok"  (blue); 
the  fourth  yellow,  &c.  The  unknowB, OT quantity sougbtt 
is  called  technically  the  Mag,  flminiiiig  emphatically  the 
ihmjf  about  which  tbe  question  or  cnquiiy  is  made.  All 
their  marks,  denoting  words  cxpnaaiug  the  opeiutioQ,  are 
Arabian.  And  it  is  remarkable  that  the  first  llalma  wn» 
tcrs  on  algebra,  used  a  word  of  the  seme  Import  Ibr  the 
unknown  quiuitity,  viz,  cwa,  the  thing;  whence,  in  Eu- 
rope, the  science  came  to  be  called  the  comic  art,  and 
sucli  quar.tilKs  cfwjjc  number*,  &c. 

Thirr  is  tilvo  u  cliuracter  Set  next  an  unknown,  to  de- 
note its  square;  anotlu-r  for  thr  rubr,  l^c:  uUo  a  mark 
lor  thi'  squ.ire  ro"t  ;  and  one  lor  tho  cube  root:  liut  there 
docs  not  ii:  lo  b<-  any  thini;  ansHeiMii;  to  a  vinculum 
used  iti  compound  quiiutiiies.  Tbe  higher  powers  are 
fiwnwd,  and  named,  hj  tnpeating  and  combming  these 
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marks;  to,  tin  4iK  power  i«  railed  ihr  square  square  ;  the 
6th  puwiT,  ibc  stiuure  cube;  tbft  b'lli  power,,  (hr  cube 
cube;  aixl  so  i  n,  meanrng  ihfis«  powers  luultiplieil  to^e- 
ihi-r.  Fur  i  i,u:ililv  ibcy  i.-i-  the  expression  "  I  iM|  j  ili z>', " 
or  "  iqualiiting,  '  aiiJ,  jiiiited,  uU  ibcir  opcrutiuiis  uic  ex- 
presses in  wurds  aC  length. 

When  unkoowns  aru  multiplied  together,  ibcy  arc 
placed  next  one  another,  m  our  mamter;  ibougii  there 
teem*  occuionalljr  to  b«  a  mark  fur  product.  It  is  ob- 
•crvable  too  tbst  the  affirmative,  or  ibe  ncfative  si>*n,  and 
the  coefficient,  are  almjw  placed  oa  coolrary' sides  of  tbe 
unknown,  not-»-2xjF,wwMlittiy-bitt  itn-*-,  ot-t-xjfi;  tbis 
iMter  u  ia  the  PcMMB  wmy*  w  thw  KM  fnn  fuht  10  left  I 
hut  th«  Wadw  ($fiM  left  to  iMbt,  like  the  biiopCMW. 
Ba^  thoi^h  the  PlaniMw  write  Iran  r^l  te  wey  do 
not  we,  or  inmUte  the  Soatcrit  auiMnlali  hackwardt; 
a  circumstance  Mhich  renders  the  opinion  very  probable, 
that  (he  Persians  ilerivt'd  their  ounteratioD  characten and 
calcul  i  Ml  :r  in      IiiJiaot^butpcobably attrcoDdhaiKl 

Ibrougli  tac  Aruiiuins-  • 

Compounds  urc  multiplied 
as  we  fill  the  multiplicatiun 
tublo  :  f  ir  e.xainple,  U<  iwu'.- 
tiply  —  3x-«-2y— 2  by-i-+y  — 
Jr^l,  they  proceecfas  in  the 
margin,  and  afterwards  collect  the  pro<lucts. 

In  tbe  process  of  their  solutiuot,  there  is  no  distinct  ar- 
m^femrnt  of  the  different  steps,  as  in  the  modern  alga* 
hrat  but  it  i^  carried  on  wiiboul  an^  breaks  in  the  " 
•omething  lilu-  de  Burgo,  or  Bonhelli,  6tc»  The  lr~ 
it  written  in  the  first  jierton,  aa^I  do  to  and  to— 
equaiiae  nemt  1  aoUiply,  tic. 

We  have  aliwdy  twticcd  their  flwthod  of  loelf  iof  < 
pound  quadratic  equationt,  the  aane  aa  OUIH  hy 
ting  the  square ;  and  better  than  oun  in  inch  caaetas'ax* 
■*■  ix  =  c,  when  the  first  term  ha*  a  coefficient  a,  which 
does  not  divide  the  two  L  and  c,  by  which  they  avoid  the 
Oin-ru'.i'iii  i;,  fractions.  I:;  I n.i'.nti' m  nt  this,  ula<i,  1  ii-n 
they  ;i,ivc  «  uii-ihod  of  coiiipkliM;;  tlie  powers  in  some 
cases  (jt  c  iiliiC.  ami  biqundratics :  Thus,  having  the  cubic 
equation  x'  I'ix  =  0".t ' -<- 35 ;  first  subtracting  6x*, 
gives  x'  — (jj'-t- 12x  =.35;  next  subtracting  8,  Rm-^  j  '  — 
6'j--»- — 8=27,  which  completes  the  binoiui.il  cubic, 
and  the  roots  are  jr  — 2  =3,  or  j  =  5.  Again,  haMug  ti^en 
the  imperfect  biquadratic  x'  — 4(H)x  — 2J"=£)y£>y,  a  case 
which  It  is  not  very  obvious  how  to  bring  it  t<i  a  complete 
power,  but  which  it  managed  with  much  address,  in  this 
MBner.  Firttadd  4O0x-*- 1  to  both  sides,  this  gives  jr*— 
9i*-^lvl0000>400r,  tthere  the  lint  tide  ia  a  complete 
•qmi*^  aod  the  loati  an  x*—  1  tm  v'(ICOOO'4-400ir) ;  hut 
aa  the  latter  aide  hi  Retscomptate  aquare,  the  author  ^an 
back  i^n,  and  trie*  aaoArr come;  that,  to  the  original 
equation  he  add«  4r*-«-400x-«- 1,  which  gives  s*-«-2x*-*-l 
=  4i*-»-400x-»-  lOOOO,  two  complete  squares,  the  roots  of 
w  ljirh  .ire  X  -4- 1  =2t -•- UK) ;  again,  subtract  '2i,  an  I  il 
>KCofiui  jt'  — 2x-»:  1  =  100,  which  are  apain  two  compU  le 
squires,  the  roots  of  which  are  x—  1  —  1 0,  nrul  hence  x« 
11.  And  this  process  has  some  rcseBiblurict  to  that  which 
was  afterwards  practised,  if  not  imitalcl.  Iiy  Lesvis  IVtrari. 
It  appenrs,  however,  that  the  Indiaui  had  no  ^enenil  ine- 
tliuti  l'>r  111!  o(|iiation^  of  these  two  powers,  but  only  de- 
pended on  their  own  ingenuity  for  artfully  managing  some 
particular  cases  of  them  ;  for,  at  the  conclusion  of  the 
above  proora*,  ibe  author  emphatically  add*,  "  The  solu- 
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tiua  of  such  questions  as  thrse  depetidh  on  correct  judg> 
inent,  aided  by  iJn-  u-bis:ciii.:  t-  ot  Ciiiu," 

At  lh«  coucui  i  iii  ol  brst  inAik  occur  »oine  cuiii  u» 
(  1 1 L  uin>(aMC(s  ill  tlir  s  jlution  ol  certttin  pxibii  iiis  i'  llie 
appliciii'iii  '>!  iii:M'Lirit  io  geometry,  jiariicularlv  some  re- 
latmj;  :(>  ri;:.i-.iii:;li  il  triangles,  by  » bich  1 1  uppcars  that 
they  were  well  Hiquuinwd  ulth  the  moiit  reniackabfe  pro- 
perties in  Euclid's  Elements,  some  of  which  are  dted 
under  uaaics  peculiar  to  tiicmselve*,  and  someitmea,  Mr. 
Straehey  thinks,  by  nombrn  of  tbe  books  and  pr 
tions  in  Euclid'^  collcciioo,  unjesa  th«t«  lait 
have  been  added  by  the  ttewiator,  or  i 
which  i»  to  be  awapeptMh  ^ 

iBtheSd  hoefc  dwaulhwcoMB  la  ticatef  <|iMatioM 
and  equatioaa  ha«im  aavcral  uokaowa  qaaotitica  la  thaaa. 
Yhaaa  he.dirccla  to  exterminate  ono  after  another*  much 
after  our  asodem  way,  till  tfaey  are  reduced  to  one  WK 
known  only.  The  number  of  indepeitdent  equation  are 
Muti'd  to  be  equal  to  ux  miiiiber  ot  ttie  unknown  quan- 
tilKs;  but  when  there  are  n^t  so  many  equations,  the  de- 
fect ts  supplied  by  auuniing  vulutfsfor  aa  many  of  tbe  un- 
known quantities,  iStc,  as  wdb  u^.  The  unknown  quai\- 
lilies  are.  H  |ire5enled  and  cuilci  by  tu  many  il itii  ri. n t  cfia- 
raclcrs  and  nanus,  as  is  our  own  piuciice  also.  Wc  de- 
note them  usually  by  tbe  letters  i,  y,  z.  Sic ;  the  Hindus 
by  different  colours,  or  letters,  or  other  marks  alaoi 
"  Thus,"  sRyaour  author,"  suppose  tbe  first  unknown, afd 
the  2d  black,  and  the  3d  blu^aad  the  4tb  yellow,  ud 
the  5th  led,  and  tbe  6Ui  gi«e»»eiMlthe7ih  parii-coionred, 
and  so  on,  giving  w  hatever  nunea  you  plMM  to  the  w 
known  quantities  which  yaw  whJi  io  dlacofer;  and  if,  in* 
•tatd  of  tbme  coloun,  ojther  naoei  aie  f  nnpeaed,  Mi^  aa 
letten,  and  the  Bhe,  U  may  he  dowa.  Kr  what  ia  r»> 
quired,  is  to  find  out  the  unknown  quantitin,  and  the  ob- 
ject in  giving  names,  is  that  you  may  distinguish  the 
things  required." 

In  this  3d  book  occur  many  examples  of  making  cer- 
tiiia  .111  ily  iicili  expiessioha  to  be  squares  and  cubes,  &c. 
I  III  in  aiL  mostly  ver^  curiofis,  many  of  them  difliculL,and 
otu  II  it.mivniy  »everal  unknown  qUB;:liiics;  (hey  are  ge- 
nerally bulvid  in  a  masterly  way,  ana  tluu  ■very  different 
from  the  manner  of  iJiophHiitus.  Tbe  luo  (.  tlier  books 
)ue  on  similar  inilctermiiiiilc  problems,  but  gradually  mora 
and  more  complex  and  difficult. 

Besides  the  above,  there  are  many  Qurious  thingfin  the 
Bija  Ganita,  and  it  may  be  presumed,  adds  Mr.  8|ndMy« 
that  the  Hindu  books  contain  much  inlermting  matter  re- 
•pactfaii  thia  bnach  of  algebra  i  it  iajprubable  that  they 
havejotae  ajrataa  of  centiiincd-fimclHna}  and  ptrhiipa 
methMLof  apiiruiuaudonii  and  theorica  of  antica  and  I 


raeiiyiara  approuauoon^  «M  ueonca  ot  aiQca  and  ratif- 
tions.  From  the  ndctef  the  5ifa  book,  and  thctK^NMB** 
lion,  there  is  aoroe  gnand  fm  an  opinion,  that  the  Hiades 

may  h'lvu  bad  a  knowledge  of  curves,  and  intick  of  the 
uppticntiun  of  mathematics  to  natural  philosophy. 

On  t:.>  uln;;,  ,  il  would  seem  that  tbe  origin  ol  algebra, 
as  Hell  tL^  u:  ;ii  iilunetic,  was  probably  Indian.  We  have 
howtM  r  UN  vL  l  In.  t  liiile  certain  intormalion  on  this  sub- 
ject. It  liii->  been  siud  that  tbe  Arabs  ascribe  the  invention 
of  algebra  lo  the  (Jreeks  ;  but  tbe  alg<  t<ra  of  Diophaiiius 
l»  widely  diflereul  I'rom  ibai  ot  the  Arabs;  and  U  i»  very 
doubtful  whether  the  Greeks  o(  r  had  any  other  than  that 
of  Oiophantus.  If  there  be  any  doubt  of  Diopbaiitus's 
algebra  being  of  Greek  origin,  il  may  Ih-  worthy  "'*  remark, 
thatMt  AleJiaodxiahe  nigbtVe>«  bad  tJic  a>»<»  Mpca* 

..,'->»■  -^'ir.-:^  h".         ■■•  ^- 
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pamivcljr  modero  dkte ;  but  fM  MM  IMt  fisiatllwt  It  |l 
extracted  from  other  books,  m  atstod  by  Mr.  Dnvk,  in 

the  AsittiiL  Ufscarchw,  in  a  very  leaniicl  article  on  lh« 
cycle  ot"  6'0  yean.  And  il  il  not  unlikely  that  there  arc 
C'lil  H mlu  IrraliMS,  tioni  which  not  only  the  Uija  Gunila, 
but  even  the  mIi;'  lira  ot  I  Uojiliantus,  and  that  of  the  Arairt, 
may  have  bccri  iliTi\/d. 

The  other  work,  the  Liiavntti,  rs  tM-fon-  nu  iitif mcii ,  is 
cii  nni limctic,  mensuration, &c.  In  the  miro  iiKficMi,  we 
6od  that  "  the  collector  of  thi'  Ktink  Lilawnti  wus  Bhatiker 
Acharya,  of  Bidder  city, '  on  thp  northern  conlinei  of 
JUiaduMm.  And  "  t^ugh  the  date  uf  it  is  nut  knows, 
Jwi  la  aMtker  book,  made  in  the  year  1\05  of  Salbahan, 
tb«  nmuM  of  nuking  the  Lilawaii  ii  giveti."  In  the  Aye«a 
Akberv  (•  Bmitii  «rork  on  tbe  wuinen,  hntory«  Ivn, 
*fl^arilMHiiidu«.tiMiilUed  byQlndiinB),miHid  "that 
iUtam  Mong  IbliMm  M  Jioei  il  one  wbo  txplihw 
•iydikeolliMthat  may  occnr  to  ntMtiUmf  and  than* 
fim  «*  laay  conclude  that  Bbaik«r  was  an  imtnelor  In 
mathematics.  Now,  the  Salbahan,  according  to  the 
Hindu  chroBology.  conimrnccd  Anno  Doin.  SO;  hence 
this  book  muit  have  tm  n  ssntti  ii  in  I  1H5.  Uut  nil  tlmt 
can  be  inPsnred  fnvrn  this  i«,  ihut  in  l  l  S  j  tiny  did  not  know 
when  Bhatker  livc^l. 

Tbe  Liliiuati  bei^ins  with  the  firjt  rulc^  of  Rrithmclir, 
and  goes  through  fraction*,  tlif  extrariion  of  roots,  \r, 
with  a  good  deal  of  what  we  should  call  alligation,  ijkc 
vi,  they  mark  every  Sd  figure  from  the  place  of  units,  in 
cmractinK  tbe  cube  rook  A  part  toivards  the  end  is  upon 
**  lb«iiii^*^soaBewhat  similar  it  seems  to  oar  pemautiona. 
Hi*  MMMfal  Igures  are  nca^  iIm  aama  abape  as  thoaa 
MMNlaliMl  in  p.  8  of  WalUs's  A^g^bn. 

ffromwUdi  it  mpcars  that  oar  pNMiit  igutt  hmt 
bMndMlvtd  flu*  tbem,  by  gtad«al  and  raoc«ttlf«  «lUf> 
atiou  in  the  shape,  by  difficrent  traMCtifcaili  AaA  btMt 
it  ippcam  alito,  tfiat  thew  figum,  as  Well  ta  tMr  Hie,  and 
the  arts  of  arilhraelic,  alc^ebrn,  fcc,  have  come  to  us  from 
India,  in  their  progrc!.s  through  I'ersia,  Arabia,  Africa, 
Spain,  Italy,  &c;  and  thx;  we  might  iMker  lo  call  than 
Iltdian  fipun-s,  \-c,  th>in  Arabian. 

lYafolntion  of  i'yzi's  Preface  M  tht  LUmoati. 

"  By  order  of  the  king  Akber,  1- y-"!  trnnslairt  into  Por- 
iian,  fr<jm  tin-  Indian  langUu;;o,  tlu'  I'O.A  hi  i,  so 

famous  for  tbe  rare  and  wonderful  nrU  uf  calculation  and 
mcnsoration.  lie  (Fyxi)  begs  leave  to  mention,  that  tlia 
compiler  of  this  book  was  Bhascara  Acharya,  whone  birth 
place,  and  the  trtiede  of  his  ancestors,  was  the  city  of 
BsMur,  in  the  UJuaWy  of  the  Deccan.  Though  tl>e  dateof 
flOmpiUngthii  work  bnol  nantioned,yet  it  may  be  nearly. 
fcnmM  from  the  drcnrtstiacci  that  the  aothor  owde  an* 

K«mn  Kotlohvl.  a  wUch  ika  date  of  mmpiliag  h  ia 
mentioned  to  be  lIOSycMS  tnm  the  dateef  the  Salibabn, 

m\  <  XA  funiou«  in  India.  From  that  year,  to  this,  which 
h  the  3'2nd  .llahi  year,  corrc^ioodii^  with  tbe  Hejira 
year  995,  there  havei<;u.si  a  5r3yaBi»i"  (awHwringBeariy 

to  1585  of  the  Chri^tinn  era). 

"  It  is  sa-'.'i  that  tlh'  cnm posing  the  Lilawati  was  occa- 
sioned by  the  followiri;'  ci  1  c ain«t«nce,  Lilawnti  wns  the 
nana  of  the  amhoi's  ;  lilinvrura's)  dau.;ht[T,  conccrrHn^ 
whom  itappenrcd,  from  the  qualities  r>l  thi-  A»crndant  at 
her  birth,  that  she  was  destined  to  pais  lifr  life  unmarried, 
end  to  ratDaan  withoii*  children.  The  iittber  ascertained 
a  lacfcy  hour  for  contm^tiiig  bar  ia  nairiagr,  that  iba 
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mig^  ba  firmly  connected,  and  bate  childna.  It  ii  laid 
that  whca  that  hoar  approached,  he  brooglit  hb  danghter 

and  his  intended  son  near  him.    He  left  the  boar  cup  nn 

the  vessel  of  water,  and  kept  in  attendance  a  time-know- 
ing aiittologer,  in  order  that  when  the  cufi  ithuuld  suhside 
in  the  water,  those  two  piecions  jt  »f  U  shuuld  be  united. 
But,  as  the  intended  arrangemL  nl  uas  not  Rcrotdinj;  to 
destUiy,  it  h8|i|ieiii'd  that  the  girl,  from  u  curmsity  iiiiiural 
to  children,  looked  into  the  rup,  to  obser\e  the  water 
ci'ining  in  at  the  hole;  when  by  chance  a  pearl  separated 
from  her  bridal  drfM,fell  into  the  cup, and,  rolling  down  to 
the  hole,  slopped  tbe  influx  of  the  water.  So  the  astrolo- 
ger wailed  in  expectation  uf  the  promiatd  hour.  When  tbe 
operation  uf  the  cup  bad  thus  been  delayed  beyond  all 
nodctate  time,  liie  lather  waa  in  cflBMeraatkm,  and  ca- 
andniag,  be  foond  Ibat  a  aanll  ^rl  had  itopped  iba 
coaiae  of  tbe  watery  aad  itMl  tbe  iaaMxpected  honraiaa 
Mned.  In  abort,  tbe  fiifacr,  tbaa  disappointed,  said  to 
nit  tnrfivrtnnate  daughter,  I  will  write  a  book  of  your 
naow,  which  shall  remain  to  the  latest  times-rfor  a  good 
name  it  a  Mcund  lile,  and  the  gruund-work  of  eieraafcx- 
istencr."    Fy/iV  pnlace  then  proceetls: 

"  1  hi'  iirr.iDgcnient  of  this  tnin>ilatitm  wns  nincie  nitb 
the  *t.-.M»tance  ot  iinn  learned  in  this  science,  partsrnl.irly 
the  a->troUi2rrs  of  the  Deccan.  Some  Imiian  vwir.>,  h  : 
which  currespondinp  expr«sion»  were  not  to  be  (<iund  in 
br>uks  '1  •■ri,  :,ce,  liHve  l>een  reiainrd,,a9  they  were  in 
the  Indian  language.  The  work  has  been  divided  into  an 
Intivduction,  some  Rules,  and  a  ConcluMun." 

/atradacrsoa.  la  thit  part  are  given  expfauationii  of 
aaawttpftiaiom  in  tfaaadcaee  of  calculation;  with  the 
Mcaiiiiaf  of  certain  terms  employed  ia  operations  of  the 
.artof  anmbers ;  the  dintions  aad  teram  of  money,  weights^ 
atemurw,  lioie,  aad  BManntkMiBj  aomeof  which  ate  cv- 
ffwH,  at  beamtt  aena  fenaloiy  to  ear  owa,  of  wfaieb  ibey 
night  potdbfy  he  Ae  erilHa.  The  gtaia,  or  Barleycom,  b 
given  by  the  anther,  as  the  cienent  of  weights  as  well  n 
measeres.  Thus,  two  barleycorns  make  1  !>oorkh.  The 
breadth  of  8  barleycorns  is  the  quantity  of  I  (higiT ;  2* 
fingers  make  the  Arm  or  cubii;  and  10  cubits  make  a 
BartilMio  or  ro<l,  nearly  the  snme  as  our  own.  The  fle- 
riii  nt  i  f  tiiiK'  IV  1;:'. en  thus:  The  tin-.c  m  «f;ich  a  word  of 
two  letters,  as  To  or  Kti,  can  be  ullcrrci  1 0  tunes,  "  neither 
slowly  nor  quickly  .  '  j«  u-i  lt  t)  Pnin;  then  G  pratis  mal^c 

I  Pui;  60  puis  1  Ghurr^-;  and  tiOgburrys  one  day  and 
idglit.  So  that  it  baace  appeals  tbat, 

60  ghurryi  are  at  our  M  boon 
1  ghurry  •  as  «  84  minulet 
1  pul       -  is  •  24  second! 
I  pran      •  »   •    4  seconds 
1  l,a  iitreied  in  \  of  ^second. 

OS  THE  AliABIAn  ALOEBaA. 

Ur.  Stiachey  tan,  *  tbe  Gteek  algebra  nay  be  seen  In 
DiopbaatUt^  wbe  n  tbe  ealy  Creek  writer  on  the  subject 
thatwebafeheardof.— The  Indian  algebra  may  be  seen  in 
Bija  Ganita,  attd  in  the  Lilawati,  by  the  author  of  the 
Bija :  and  as  the  Persian  translations  of  these  works  con- 
tain a  degree  of  knowledge,  which  did  not  exist  in  any  of 
the  ordinary  sources  of  science,  extant  in  the  time  of  the 

I I  .-iiivlaitirv,  tbey  iijay  sulci  v  taken  as  Indian,  and  of  an- 
cient nrij^lii.  I  ll  0  v  nie  idea  of  the  algebra  of  llic  Ara- 
bians, by  which  n'  in.iy  be  enabled  to  judge  whether,  on 

the  one  hajid,  it  could  bavc  been  derived  from  Diopbanto*, 
or,  oB  tbe  other,  ibtt  of  tbe  Htadui  eeoM  ba«e  been 


A  I,  G  [  e 

talcen  from  thcin,  the  work  entitlt>d  Kiiulutat-ul-His«b, 
mttV  be  taken  as  a  sprcinn'ii ;  csiJCCUiUy  lu  cnusv  tlifK*  i> 
■  part  ot'  I  hit  buok  which  ma.rk»  the  limits  ol  algebraical 
knowledge,  in  ibc  time  of  the  writer. 

"  We  iiAve  «ecn  tbat  the  &r«t  European  Alsebraists 
louatnf  the  AnWans ;  but  no  account  has  U > n  rnm  of 
the  nature,  tlte  extent,  and  the  origin  of  Arabian  algefanb 
No  diidnct  abstract  or  inuulation  of  any  Arabic  book, 
the  aufafoet,  1mm  eiipMted  in  print;  nor  hu  it  bMB 
«MlaUidi«l  bayond'CMtroveiiy,  who  iBtigbt  (he  Atehim. 
The  KhnlMat-^l-lliMb  b«f  coMMiamUe  rrpute  in  India: 
it  k  thought  to  he  the  hot  treat l«e  on  algebra,  and  it  is 
almiKt  the  only  book  on  the  subject  read  there.  I  select- 
ed it,  bt'causo  I  undmtoud  (bat,  aa  writ  as  the  ehorlrar,  it 
was  the  best  trpatisc  that  could  be  procured.  li«jilcs  - 
niral  report,  1  guided  by  the  authority  of  Mhlii.ih 
Rinhcn  All.  ail  ackimAli      il  nid^r  ui  micil  miiitms. 

whoa!iSUr«'d  nif  thiit,  among  ihc  Icanicd  Moili  ni^.  it  was 
Considered  as  a  most  complete  work,  ami  tli.it  hi:  kn-w  ol" 
no  Arabian  algvbra  beyond  what  it  contained.  In  the 
Sulafut-ul-Asr,  a  book  uf  biofjraphy,  by  Ni/am-nl-din- 
Ahmed,  there  i<  thi»  account  ol  Haha-ul-din,  the  author 
of  the  Khulasat-ul-Hisab  '  He  was  born  at  }Valb>'c,  in 
the  month  of  D'hi  lhaj,  953  Hijri,  (anno  Chr.  \S7St)tMi 
died  at  Isfahan  in  Shawal,  1031,'  (anno  Chr.  l^M). 
Memjon  it  made  of  maay  wiitingi  of  Baba-ul-din,  on  ra> 
]i|^oa,  'la«r,  pmmmc,  Ike,  a  tmtiic  on  aaironomy,  and 
«nsmth*Mtnilabe.  la  this  lict  of  hit  worfca,  no  aotieer 
n  ttilmi  of  hit  grant  trealiio  ob  aigehn,  the  Bakikiil« 
HUab,  which  is  alluded  to  is  the  KhnliMt^-Hilab. 
MawUvi  Rothen  Ali  tells  me  the  comtnealaton  tay,  it  is 
not  extant.  There  \&  no  rcinm  to  believe  that  the  Arabians 
e»er  knew  more  than  appoiir*  in  Baha-ul-din's  book,  for 
their  learning  was  at  lis  hfi£;ht  long,  [.•fifnrc  hi?  iimc. 

"  From  what  has  Im  n  utati-il  it  will  ajJiK  ar,  t.nat  from 
the  Kh.ilasat-ul-llisiib,  ai]  adnjuiiic  coDcejition  may  be 
forrned  of  the  nature  and  extent  of  the  algebraical  know- 
led|^  of  the  Arabians;  and  hence  I  am  induced  to  hope, 
that  a  abort  analysis  of  its  contents  will  nut  be  uoacccpt- 
aUe  here.  I  deem  it  necessary  here  to  sute  that,  posiesa- 
ing  nothing  more  thanihe  knowledge  of  a  few  word*  in  Ais> 
bie«Iniadr  the  translation,  from  which  thcfaUowiBgWHa- 
nuury  it  ahttractcd,  fiom  the  eiM  pace  iDtemretatioa  into 
PkmaB  of  liaalan  Rethcii  Ali»«ho  perfectly  umientood 
the  lai^ectand  both  landn^gM,  aad  aftemrda  collated 
it  with  a  PMaiaB  tfanalatiMi,  wUch  waa  made  ahoot  00 
yean  after  Bah»4il-dlii'!i  dMth,  (awio  Chr.  IMS),  and 
which  Ro«hrn  Alt  allowed  to  be  perflretly  correct. 

"  Tlir  work,  ^ta'.i  d  by  the  author  in  bis  preface,  con- 
sintii  of  an  inlroducliori,  10  books,  and  a  conclosion.  The 
iiilroduciion  contains  definitions  of  arithmetic,  of  number, 
ft  hich  is  its  object,  and  of  vanouj  clasM-s  of  numbers.  The 
author  distinctly  ascribes  tu  tin-  Indian  sages  the  indention 
of  the  nine  figures,  to  exprpsj  the  numbers  from  1  to  _Q. 
Book  1  comprises  the  arithmetic  of  integers.  The  rules 
caamanted  under  this  bead  arc,  Addition,  Duplation, 
Subtraction,  Halving,  Multiplication,  Division,  and  the 
Extraction  of  the  Square  Root.  The  method  of  proving 
the  operation,  by  castii^  out  the  9*1  it  described  under 
each  of  theie  ral»  The  author  givei  the  ftdlowing  ro- 
in«rkahle  ^afio^n  of  nidtlpUcatioo  aod  divitioo  t  vis, 
*  MykqpHaMon  it  fndlRg  «  mmber  Micfa,  that  the  ratio 
wUdi  ontf  of  dtainitan  baaia  to  its  iImII  he  theaana  wUeh 
wuty  bean  W^l^  bclots  and diviiioa  is  ImBoc  » 
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number,  which  ha*  the  same  ratio  to  unity, as  the  dividend 
has  to  the  divivir.' 

"  For  the  multiplication  of  even  tent,  bundreiU,  &c, 
into  one  another,  the  author  dcliven  the  following  rule, 
which  is  remarkable  in  this  respect,  that  it  exhibits  an 
application  of  something  resembling  the  indices  of  logari- 
thimi."  *  Take  the  numbert  as  if  they  were  unitt,  and 
miiliinljt  tbem  tofether,  writiagdowa  the  product.  Then 
add  the  MBfifaenof  the  raakt  teaelber.  the  plaoa  of  units 
being  1,  that  of  tens  %  ite;  subtract  1  fimu  the  suih, 
and  call  the  remainder  the  wimbcr  of  the  tank-  of  the 
product.'  This  is  similar  to  our  own  practice  in  tack 
cakes,  when  we  say.  Multiply  the  si^nificBnt  numbers  to- 
gether, and  ■.ubjoin  to  tlieir  product  all  the  ciphers  that 
arc  in  twlh  lartois." 

There  next  follow  several  other  ingenious  cotitrivBiices, 
and  cotnpendiums,  such  as.  To  multiply  (?;;iirr>i  lti  M»<  i  u  5 
and  10.  To  multiply  units  into  niimlirrs  l.rt.vrrn  unitv 
ur-.d  OO.  To  multiply  together  numli-ir  bctivc  n  10  and 
20.  To  multiply  numbers  between  10  aud  Co  into  com- 
pound numbers  bftween  30  and  100.  To  miiltij  ly  nnm- 
bem  between  20  and  1 00,  where  the  digits  in  the  place  of 
tt  n§  are  the  tone.  To  multiply  numbers  between  10  and 
100,  when  the  digits  in  the  place  of  tens  are  diflercoC^  To 
multiply  two  unequal  numbers,  whose  sum  it  evea ;  from 
the  square  of  the  half  turn  subtraet  thaiqiaue  of  the  half 
difereuBB.  For  nnltiplyiag  Bumhefa  eomisdaf  each  of 
leenal  places  of  Sgarei,  the  wethod  dcscfibel  hgr  this 
uuUior,  under  the  name  ofShahacoh,  or  network,  and  il- 
lustrated by  the  foHowini*  example,  has  tome  resemblance 
to  the  operation  by  Napier's  bones;  where,  instead  ot" 
our  way,  the  method  is,  to  set  down  thr  whole  of  each 
product  in  the  alternate  chequers,  then  add  up  the  ^ 
columns  diagonal  wise.  On  the  other  rules,  nothing  is 
delivered  di^nng  so  roach  from  those  contained  in  our 
cunimon  bookt «  uritkiiMifk^  M  l»  tuqdi«  pvtieolar 

mention.  ■  , 

Dook  ?d  contains  the  arithmetic  of  fractioits.  Book 
3d,  the  rule  of  three,  or  to  find  an  unknown  QUSher  bj 
four  proporlioiiiil;.  IV lok -tlh  itchv-r^  the  ralo  ofposiiiou, 
both  tingle  and  double,  or  to  find  an  unknown  number  by 
assuming  a  number  once  or  twice,  and  comparing  iho 
errors*  Book  4th  gives  the  atethod  of  fiudinigaa  unknowB 
number  by  reveninig  all  the  slept  of  the  prooos  described 
in  thetiMttkw.  This  last  rule  hat  a  near  affinity  to  the 
Mdnctmn  of  equations  in  algebra,  and  might  very  naturally 
lead  to  the  invention  of  algebra  itself,  being  easily  and 
generally  applicable  to  the  solution  of  questions  usually 
givao  in  the  rules  of  position,  and  in  the  reduction  of  equa- 
tions. For  in.stance,  taking  the  first  example  in  Double 
Position,  in  vol.  I,  of  my  Course  of  .Mathematics:  via. 
What  number  i>  that,  which  being  multiplied  by  6,  tbe 
product  increased  by  18,  and  the  wm  divided  fay  tho 
quotient  shall  be  20  ? 

Now,  beginning  with  the  last  result  20,  and  performing^ 
in  a  retrograde  order  all  the  reverse  operations,  they  wiu 
be  ihui  :  because  the  last  operation  was  </irtdil^  ty^  tO 
give  the  result  20;  and  multiplication  being  the  revene of 
division,  therefore  wmltiph  the  rcault  20  by  tbe  9,  and  it 
gives  180;  theabecause  the  next  preceding  opentioinwia 
mMhv  11^  Oerefiwe  tHkrwcAw  1'  ^ 
163}  lastly,  because  the  next  pieccAn  «{p4irtlofrwM 
awA^Mtf  by  6,  therefcw  dMit  the  !«  ty^  and  it  ' 
lists  f7s  wUdi  OMHt  be  Ike  mmber  so^giil*  or  that 
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first  begun  with.  Tlie  |ir(«it  s  il  us  :  27  »  C  =  l69,thcn 
KiiH-  18  =  180,  and  I8t)-r9  =  "^'  <-^'  "''>^.  "iprersing 
all  tbc  operation*  by  their  twpecure mailt*  or  cbaractert, 


It  win  give 


;  now  fint  araltiptying  by  the  dWiaor 


ej'o  and  the  top  of  the  height  required  ;  or  by  viewing  tbe 
image  of  tbe  top  in  a  horizoDial  iniiror;  alto  by  taking 
the  [iroportion  bdwc<-n  a  pcrpciulicular  stick  of  known 
length,  and  its  shadow;  nr  liy  taking  (Vk-  Iti'.^tii  ol  ib« 
elmdow  i>f  tbe  height  wlieii  tin-  suii'i  al.iHiOi-  u  Mi  dt- 
grees.  I  i.f  i  (including  method  i»  lirs  '  I'lai  i  :':u  i.^iiex 
of  the  aslrolabi;  at  the  mark  ol  4j*,  ami  stand  al  a  place 
where  the  height  of  the  object  is  seen  through  the  i>ighl»;' 


9, gives 27  -t-  6  -I-  IS;  then  subtracting  the  incrcHsc  IH, 
leave*  27 6 :  ajid  lastly,  dividing  by  the  divisor  fl,  inunt 
give  the  first  or  number  required. 

And  this  natttral  process  ii  exactly  the  same  as  the  c^v   then  measure  from  the  place  where  you  stand,  to  tho 
iteral  rule  laid.down  at  the  banning  of  Simple  Equations   place  where  a  stone  would  fall  from  the  top ;  add 
Im  the  aana  volume,  at  fba  ■Mat  gnieihl  and  natural 
flwthod  for  the  reduction  of  all  cqoatioiw.  Thos,  aasuming 
J  for  the  number  sought,  in  tlw  aiBie cMmpla t  then  by 

the  quest.!  n,  — ~ — ss20i 

multiply  by  9,  aad  it  bectimes  -  -  6  x  +  l8  =  l80t 
subtract  18,  and  it  is      -   -  -  •  (i*sl6j: 
lastly,  divide  by  6,  and  it  gives  .-   -     «  ass  1I7« 
So  that  the  mode  of  opetation  is  cMCtly  the  laaa  in  all 

ihetc  uays. 

Book  6th  treats  of  Mensuration.  The  introdaetiM 
contains  geometrical  definitions.    Chnp.  I  treats  on  the 

liieiLsu ration  of  rcctilinewr  Mirlaces.  Under  this  head, the 
two  iollowing  arlicle-s  urc  docrving  of  notice.  1st,  To 
find  the  point  in  the  bust  of  a  triangle,  where  it  will  be 
cut  by  a  perpendicular,  let  lall  Iruni  the  opposite  angle. 
Call  the  greatest  sicit-  W^c  Lim' ;  multiply  the  sum  ot  the 
two  less  sides  by  their  diticrencc;  divide  the  proiluct  by 
and  subtract  the  quotient  from  the  base  ;  hiilf 


own  height,  and  the  sum  is  the  quantity  required. 

For  the  mensuration  of  iiiatcesaible  lieiglits,  tiie  I'ollow- 
iog  rule  is  delivered :  Observe  tbe  top  of  the  object 
throttrii  ^  sightiir  and  mark  on  what  shadow-line  (di« 
mkiOlhaloiKreadaftbeindeK  Jalla.  TbcoiB4«aUM 
ladex  a  iiep  forward  or  badtward»  and  advaMeor.raccde 
till  you  see  tbe  top  of  the  object  agahk  Measure  the 
distance  between  your  stations,  and  multiply  by  7  if  the 
iml. A  !:  w  d  a  niiil-Kadnra,  and  by  12  if  it  is  moved 
a  Uhii-Aiba,  according  to  the  shadow  lines  on  the  astro- 
labe ;  this  is  tbe  tjuantily  rei|uircd." 

Ttie  3il  chapter  i»  on  mi  aiuriii^  the  breadth  of  rivers 
and  ili  |ith  of  wrlls.  Stand  on  thr  liaiik  ot  tlie  riviT,  and 
througli  the  two  sights  look  at  the  opposite  bank  ;  then 
turn  round  and  look  at  any  thing  on  the  land  side,  keeping 
the  astrolabe  even  :  the  distance  from  the  observer  to  tbe 
place  is  the  same  as  the  breadth  of  the  river. 

Book  8th  is  on  finding  uokDOwn  quantities  by  algebra. 

  In  this  book  are  I  wo  chapters.   The  first  isintrodnciory, 

Che  remainder  wiilshow  the  point  on  the  base,  where  the  d^cf^  lalating  to  the  formation  and  operation  of  powers 
perpendicularAlb  towards  tbe  least  side.  This  property  of  tlm  Wlkaovii  aunlity,  thus.  Call  the  unknown  quan- 
«ill  easily  be  reeagnind  aa  similar  to  that  which  we  sw  (ihimd,iti  product  iato  itself  Mai  (possession), 
umaliy  employ  in  resolving  that  case  in  plane  trigoitome-  t^c  piwduet  of  Mai  into  Shai,  Cab  (a  die  or  cube),  of  Shai 
try  tHwa  the  three  sides  an  given,  probably  borrowed  mo  Cab,  Mal-Mal  i  of  Shai  into  Hal-i-Mal,  Mai-Gab} 
from  the orieotals  j  it  isdso-dietame  property  as  tbat  in  shai  into  Mal-i-Cab,  Cab-i-Cab ;  and  so  on,  without  and. 

Ffir  <  r.t  Cab  write  twt>  Mais,  and  of  these  tWO  HabOM< 
L)<  c  .1 . 3  Cub  ;  nfterwardi  both  Mttls  become  Cab.  Thos 
th.  71!,  |;u\ver  is  Miii  i-Mai-i  Ciib,  and  the  8lh  Mal-i-Cab- 
i  Cni),  111  the  gtli  Cab-i-C«b-Cab,  and  so  on.  All  these 
pn.viT-.  arc  in  coiiliiiui  d  proporli. .ii,  eilhi  r  a>ccmlllii:  pr 
descending.  Thu*  the  ratio  of  .Miil-i-Mal  to  CuL>,  i»  like 
(or  similar  or  equal  to)  the  ratio  of  Cub  lo  Mai,  oi  Mai  to 
Shai,  and  of  Shai  to  l,and  of  1  to  1  dividid  by  ?b«i,and 
of  1  dinded  by  Shai  to  I  divided  by  Mai,  and  nf  1  dividi  d 
by  Mul  10  1  divided  by  Cab,  and  of  1  divided  by  Cab  to 
I  divided  by  Mal-i-Mal.  All  thi*  means,  that  all  tbe 
terms  in  tlse  snoccmiw  powaia  are  ia  continued  propor* 
tioa,  via»  in  our  nolatioii, 

J,  p  5»   J'  1.  Jf*.*** 

or  i°,  x\  x\  x\  x\  &c. 


Ibe  35tb  theorem  of  my  Geometry. 
2nd,  To  find  the  area  of  an  equilatatal  lriai«lcb  MttU 

i4>I>  the  iiquare  of  a  quarter  <«  the  square  uf  OM  «f  llia 

siacs  by  3 ;  then  the  square  root  of  tho  product  bthe 
area.  That  is,  the  side  being  a,  its  square  is  a',  the  quar- 
ter of  this  is  the  square  of  which  is  multiplied 
by3,  It  is^5Ya«,it$rootv/A"^  i"  na'ural'y 

derived  from  the  property  of  li^lit-anglcd  triangles,  and,  by 
extracting  the  roots,  soon  reduces  lo  ^^Sy  liw lame  at 
our  own  rule  for  the  ssme  purpose. 

O^p.  2nd  treats  on  the  mensuration  of  curvilinear  sur- 
foOM.  We  here  find  the  same  rule  for  the  area  of  the 
circktas  one  of  those  employed  by  ourselves,  for  the  same 
purpow,  vis, multiply  tbe  square  of  the  diameter  by  II , 
and  dhridt  dm  product  by  14. 

OIb».  Mi  on  dtemaatuiation  of  solids,  contains  nothing 
anfficinttly  ramarkaUe  to  merit  poidcular  notice.  1  his 
chapter  concludes  with  tha  foUowing  SCBtence :  '  The  de- 
monstrations of  all  these  ruk»  are  oaotaincd  in  my  greater 
work  entitled  Bahr-ul-Hisab  (the  oceUB  of  calculatieuB), 
may  God  grant  me  grace  to  finish  it.* 

Book  the  7lh  \:>-ij.  m  I'luctical  Geometry.  Of 
which,  the  tirst  chu];;'  i  mi  levelling,  for  the  purpose 
of  making  canals.  In  tins  :iri-  i:;i'-crib.-il  tin-  plummet- 
level,  and  the  waler-Uicl,  oii  the  iuiue  piaiciple  witli  our 
spirit-level. 

The  2nd  chapter  it  on  the  mei^uralion  of  heights,  .ic- 
cessibleniid  inHcccssiblc.  Under  the  former  ol  tlu-.e  heads 
are  dclivcml  the  comnibn  methods,  by  bringiag  the  lop 
of  apUe  (whose  beii^t  ia  knqwn)  io  a  line  ietwioit  ^a 


To  multiply  one  of  these  powers  by  another.  H  they 
are  both  on  the  same  side,  (viz,  of  unli'i)  add  the  l-\\h>- 
nents  of  their  powers  together  ;  the  proiiiicl  will  have  tlie 
same  denomination  as  this  sum.  l  or  example,  to  multi- 
ply Mal4<:ab  by  Mal-i-Mal-i-Cab,  the  first  is  the  6th 
power,  and  iheMlier  Isthe  7th ;  the  result  then  is  Cab4- 
Cal^i4:ab•l€a^  or  lu«r  Cabs,  which  b  the  J2th  powrr. 
If  tho  factor*  are  on  diftrent  sides,  the  pn>duct  will  bo 
the  excem  on  the  side  of  the  |rcater^o,the  poduct  of 
1  divided  by  Mal-i-Mal  into  Mal-i-Cab,  is  Shai;  and  tbe 
product  of  I  divided  by  Cab-i -Cab-Cab  into Cab-i-MaM- 
Mal,  is  1  divided  by  Mai.  And  if  the  factors  are  at 
distaaee  (fnm  1>,  liie  pioduct  it  1.  Tbeauthoe, 
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ndtli,  "  The  pftrtictllan  of  the  metbodt  of  ilivi«iuD,  witli 
extr  .rinii^  of  ruMt,  and  «lh«r  nkt*  1  hwm  given  In  my 

greater  book." 

"  The  rules  of  algobm  wjiich  hare  bcTii  discovered  by 
Inmved  men  ore  six,  and  thry  relaie  to  number  Mid^Mwi 
•nd  MrI."  That  ii,  to  n  and  x  md  J*,  indadtaf  mkU  «• 
Ctll  simpk'  und  quadratic  equations. 

Cu  A  ptkh  II.    On  lite  Htx  liuUt  qf  Algtbru. 

Tb  fiod  unknown  quantities  by  algebra  dapoidk  on 
■cateneM  and  mgarity,  with  an  altBOlife  couidmiioa  of 
the  term*  of  the  qiicition,  and  n  nCEaifal  aitplication  of 
the  invention  to  aucfa  thimi  as  nay  verve  to  bring  out  the 

Snrity  requited.  Call  tiie  unlMMMrn  quantity  Shai  (the 
n|)«  and  proceed  with  itaccording  to  the  ierm«  of  the 
question,  till  the  operation  ends  with  an  equation.  Let 
that  side  where  there  uie  negative  quuntiiies  be  made  p<  r- 
fcct,  aiiilin;;  the  negative  quantity  tu  the  otlmtr  side,  which 
is  called  restoration,  Jir^r,  (henci-  doiihllfjs,  with  the  article 
j4/.  conies  the  nunie  Algebra  )  l.rl  those  tilings  which  are 
of  tlie  siune  kiiiil,  and  equal  v.;  Ii'ii  li  sides,  be  tbramiaway 
which  is  culled  opposition  (Maiabaluli). 

I'qvi.ility  Ii  either  of  one  species  to  another,  which  is 
of  three  kinds,  calitHi  »imp\e  {M^fiidat)f  or  of  one  tpcciM 
to  two  speciei.,  whidt  is  it  thfea  Und^  called  ooni|ionnd 
{Mukuurmu). 

Cms  lst>  Ml^ridat.  When  number  is  equal  to  thing) 
(afKa);  divide  the  number  by  the  ctiefGcicnt  of  the  thing, 
and  the  unknown  qiianiity  will  be  found.  Example.  A 
pvnon  admitted  that  be  owed  to  Zaid  1000  aivd  one  half 
of  what  he  owed  Amer;  also  that  be  owed  Amer  1000 .all 
but  hair  of  what  he  owed  to  Zaid.  Call  Zaid'$  debt  Sbai . 
(x).  Then  Aiaei^a  debt  ii  1000  wanting  half  of  Shai 
(IM0-4x);  and  Zaid's  ii  ]MOw«Mil«a  fbonh  of  Shai 
ClMO-^j).  I,his  is  equal  to  Shat  (ISOO-|x=x). 
After  Jf6r,  1500  i»  equal  to  one  Shai  nvA  a  quarter  of 
Shai  (1500=3  l^z).  for  Ziiid  i»  \'M>,  .iiid  for  Amer 
400. 

Cask  2nd.  Mtdtipitt  of  Shai  equal  to  muUiple*  iff  Mai 
(oxsAx").    Divide  (tic  coefficient  of  the  thing  by  that  of 

Mai;  the  quotient  is  the  unknown  quantity  (^=sr).  Er- 

amplc.  bomc  sons  pliuuirred  their  father's  inheritance, 
which  consisted  o(  Uir.ais.  One  took  1 ,  another  2,  the 
third  3,  und  to  on  iiicreasiii;:  by  1.  The  ruling  powrer 
took  back  what  thry  had  plundered,  and  divided  it  among 
them  in  equal  shares,  by  which  each  received  7.  iluw 
many  sons  were  there,  and  how  many  Dinars?  Suppose 
the  number  of  Sons  Shai  (jr),  and  take  the  sum  of  the  ex- 
tiemca,  vii,  I  and  Sbai  (I  ^jr)»  Multiply  them  by  half 
ofShaiCiv);  ihiBistbe»nnberofdiMn(ix-»-^*};  for 
AiMiB  M  any  leriet  of  numbeia  in  aiitbrnedcnl  progrec 
■ton,  it  equal  to  tbe  pfodnct  of  die  Mni  of  the  two  ex- 
tnincii  IbIO  half  the'number  of  Mnni.  ^Divide'  the  num- 
ber of  tbo  Dinars  by  Shai  (x),  which  is  the  number  of 
the  tons,  the  quotient  according;  to  the  terms  of  the  ques* 
tion,  will  be  7(i-r'  -i-  ^x)  j  =  7  ^Ill'llply  7  bv  f>hai 
(x),  the  divisor,  7  Shai  m  the  product,  which  is  eijual  to  ^ 
.Mai  and  \  .Shai  {Jx=t\i'  -^  {x).  After  Jebr  and  Muka- 
kalah,  \  Mai  is  equal  to  13  Shai  (r»=i  13a):  Sbai  then  is 
13  (x  =  13  I ;  iinki  :l;is  is  the  number  of  sons.  Multiply 
this  by  7,  and  the  niinibcr  of  Dinars  will  be  found  91. 

Jt  is  added,  that  questions  of  this  kind  luay  be  solved  by 
poaitioa.  "  Thus,  auBMAe  l^c  number  of  sons  to  be  h, 
theCntaRorisiiiidiiKti  Oca  snp^  te.to  beftthn 


MCoiid  etror  is  '2  in  defect.  The  first  Mufudli  i>  10,  ond 
the  second  is  36  ;  their  difference  is  26,  tend  the  difference 
ot  the  errors  is  — "  Another  invthud,  which  is  short,  il 
this:  Uoubh'  ihe  quotient  (7)  is  14;  Wblnct  1|  and  the 
mult  (13)  is  the  number  of  suns." 

Case  3i\.  Number  equal  lo  Mai  [n=aj').  Dindo  the 
number  by  the  ci^effirient  orihe  Mai ;  ilie  rixjt  of  the  quo- 
tient (v'"  =  ■*  is  me  uiiknowrn  quuntuy.    Example.  A 

penon  admitted  that  he  owed  Zaid  the  greater  of  two  sums 
of  money,  tke  nun  of  which  was  20,  and  the  product  j>6> 
Suppoveoneof  dieiatobelOand  Shai  (10  -i-  x},and  tile 
other  .10  wanning  Skat  (10  —  x).  The  prodact,  wSch  ii 
100  all  but  Mai  (100-jc^  ii  equal  to  $6;  and  after  Jdr 
and  Mukabatah,  1  Mai  is  equal  lo  4  (s*ss4)»  and  Shai 
equal  to  2  (r  =  1).  One  of  the  sums  then  is  fl,  and  the 
other  1'.;,  which  is  the  debt  of  Zaiil.  Here,  by  substitu- 
ting for  the  half-sum  and  half-difference  the  equation, 
comes  out  a  simple  one. 

First  CASfc  oi  Maklanmu.  Number  equal  to  Mai 
and  Shai  (ax'  -f  bi  =:n).  Complete  the  Mai  to  unit  if 
It  is  deficient,  or  reduce  it  to  the  same  it'  it  exceeds,  aud 
reduce  the  number  und  Shai  in  the  sann-  laiin.  by  dividing 
all  by  the  coefficient  of  the  Mul.  Then  square  one  half 
the  cix'flicieiit  of  Ihe  bhai,  and  add  this  square  to  the 
number.  From  the  root  of  the  «um  subtract  half  the  co- 
efficient of  the  Shai,  and  tbe  unknown  will  remain.  An 
example  follows  as  usual :  und  the  method  is  evidently  tbe 
same  as  ours  at  present. 

CAaaSnd.  Sbai  e^ual  to  number  and  Mai  (ix  =  x'  -•-  a). 
After  complctiiig  jir  rrjectiiig,  subtract  the  number  froa 
th«  aquamof  half  tbo  ooefficicatof  Shni;  thea  add  tbo 
root  of  the  raaaindvr  to  half  thr  eorlliricnt  of  the  Shai,  or 
nibtfact  the  former  ii«m  th«  latter,  and  the  ivsult  is  the 
unknown  quantity.  This  also  is  the  same  as  the  pnsi nt 
mcthodtMid  both  the  two  roots  are  ni>ticed  in  this  cas<',  by 
taking  the  root  of  the  known  quantity  cither  positive  or 
negative.    An  cxainple  is  added  as  usual. 

Case  3d.  Mai  equal  to  number  and  Shai  (x*  =  n  -t-  hi). 
After  completion  or  rejection,  add  the  square  of  halt  the 
coeffirieii!  of  ihi"  .Shai  to  the  liuiiiber,  and  add  the  root  of 
the  sum  i.j  liiilf  the  cot  fTicient  <d  the  Shai }  this  is  the  un- 
known quantity.  Example.  What  number  is  that  which 
being  subtracted  from  its  square,  and  the  reniaunler  add- 
ed to  its  square,  is  10  ?  Subtract  Shai  from  Mai  and  go  ou 
with  the  operation,  than  2  Mai  all  but  Shai  is  equal  to 
10  (Zr'  —  X  =z  10);  and  after  J«ir  and  Rndd,  Mai  is  equal 
to  5  and  half  of  Sbai  (x'  =  5  ix).  The  square  of  half 
the  Qpeikiapt  of  Shai  and  £,is  5  and  half  an  c^Mh  (5^ 
and  iu  root  isS^;  to  thii  ndd  ^  the  mult  S|  istne  nun^ 
ber  coui^l. 

Book  9th,  eontaini  l«  nilea  ivspccling  the  properties 

of  numbers.  At,  1st.  To  fiiKl  the  sum  of  the  products 
multiplied  into  itself  ond  into  all  numbers  below  it.  Add 

1  to  iIji  -■uiiLiber;  and  multiply  llr--  su,::  by  tlir  s;|ueroof 
the  uuirioer;  half  the  product  is  tbr  i.iir^.bir  -uugbl. 

■2iid.  'I'o  add  the  Mijii  iiuniixTs  in  [heir  ir^'idar  order. 
Add  1  to  Ilie  lust  number,  and  lake  the  square  of  half  the 
sum. 

Sd.  To  ndd  the  even  numbers  from  i  upwards.  Multi- 
ply half  the  last  even  nnHnjiei  by  a  naniber  gieater  by  1 
than  that  half. 

4tb.  To  add  thev^uare*  of  the  numbers  in  order.  Add 

.1  to  twice  the  last  number,  and  jglaliiply  *  3<l  »f 
by  tka  wm  oC  the  mnbciK 


'   SA.  To  find  the  ma  of  iIm 

the  iquu«i  of  the  tarn  of  the 

6th.  To  tiod  tJic  product     tJw  notoar  tm 
Multiply  otie     Uw  oHmTj  tod  tha  iMt  «f  th«  ptodiKt  ia 

the  aiiswrr. 

7th.  To  divide  the  root  of  one  number  by  thftt  of  »n- 
otbsr.  Divide  one  by  the  other,  ilir  rooi  oi  ihc  quotient 
il  the  answer. 

8[h.  To  tinii  a  perfect  number ;  ihul  i«,  n  nuuiber  ubich 
is  equal  to  the  sum  of  its  aliquot  pan»,  (luiri.  bonk  7,  dcf. 
33).  The  rule  is  that  delivered  by  Luclid,  bonk  i),  prop. 
36. 

To  find  ft  square  in  a  pta  fUio  to  its  root.  Di* 
iMo  tbe  lint  nnmber  of  the  ntio  by  tlio  Mcoad;  tin 
•qyin  of  tbo  qootient  it  the  M|aaTO  roquired. 

tUk*  Ifaaynonber  bo  multblkd  and  divided  by 
IheHi  At  plod«et  nralitpUcd  by  »e  qnolintr » tbo 
of  thofotBunbir. 

nth.  The  diflnonce  of  two fanm  I*  t^joal  to  Oflpio- 
duct  of  the  sum  and  diflbfencc  of  the  rooti. 

1  2th.  If  two  numbers  be  divided  by  each  olher,and  the 
iiuoticrr.s  iiiultiplitd  together,  the  result  is  always  I. 

B.mk  10;h  contains  y  practical  t-xHniplrs,  all  of  which 
arc  c«j>able  of  solution  by  •.irnple  *  qualion»,or  by  pusi- 
lion,  or  by  retracing  iln'  -ii  [  s  uf  tl.t  (ipi-ralion,  and  foroe 
of  thcin  by  simple  proi»iiiiiin;  thiU  it  is  needless  tr> 
specify  them. 

The  conclusion,  which  marks  the  limiU  ol  algebraical 
Ige  in  the  afkof  lhewritcr»to  hue        oaliie,  ia 
the  author's  words 

"  CoHCLVSioN.  There  ate  maay  quotiont  in  this  sci- 
•MO  which  learoed  men  have  to  (his  time  in  vain  attempted 
^10  lolve;  oad  they  have  staled  some  of  these  questions  in 
'  Acir  wfitiogi,  to  prove  that  this  acieace  eontaias  diflkul- 
tifi,  to  ailonce  thow  who  pfMeod  they  find  nolhiag  in  it 
abov«  their  ability,  to  warn  aiMuMlkiani  against  under- 
taking to  aiKW«r  every  question  that  may  be  proposed,  and 
to  excite  men  of  genius  to  attempt  their  solution.  Of 
tliesc  1  have  selected  seven. —  1st.  To  divide  10  into  two 
parts,  such,  that  wKi^ii  i  h  part  is  added  to  its  square 
root,  and  (he  sums  an-  multiplied  together,  the  product  is 
equal  u,  u  supposed  number. — 2d.  What  square  number 
it  that,  which  being  increased  or  diminished  by  10,  the 
sum  and  remaindrr  are  both  square  nutr.hprs? — .jd.  A 
person  said  be  owed  to  Zaid  10  all  but  the  M]uare  root  of 
whothoeiwd  to  Amer,  and  that  he  owed  Amer  5  all  but 
Ihoi^Mm  foot  of  what  be  owed  Zaid.— 4tb.  To  divide  a 
GVbe  a  umber  into  tv^o  cube  numbers. — 5th.  To  divide  10 
two  parts  Mch,  that  if  each  is  divided  by  the  other, 
to|{etber»  the  m  iacqnel 


■ad  the  two  qootients  arc  added 
tooMof  thepnis.->4tb.  Tbereare 
i»  oolinBed  gsoietiiB  pffoportkii»  oodis  tliatthewia  of 
the  three  is  a  sqnaic  nurobM>->-7ith.'  There  it  •  aqiMnt 
such,  that  when  it  is  incr««s(d  aad  diatioiihed  by  its  root 
and  S,  the  sum  and  the  difference  are  squares. — Know, 
reader,  that  in  this  tn-ntise  I  have  collected  in  a  amall 
space  the  most  beautiful  and  best  rule>  of  (hi*  science, 
more  than  were  ever  collected  before  in  one  book.  J)o 
not  underrate  tin-  value  of  trn  bridt ;  h.dc  her  from  the 
view  of  those  who  are  unworthy  of  her,  and  let  her  go  to 
the  houic  of  him  only  who  aspires  to  wed  her." 

From  the  preceding  arcount  of  this  Arabian  trc«tise  on 
Algebra,  the  Khul.isat-ul-Hisab,  of  Baha-uUdin,  which  is 
esteemed  the  best  in  that  itoguage,  we  pretty  ctearly  per* 
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1^  c«««.«hM«Mlhl(toti«fMieiwaiiithataatioB}  diirtit 
WW  OIBCh  tbeseoieea  the  foe  treatises  anoofthellaliMlie* 

derived  directly  from  the  Ibrmer ;  but  that  it  was  amch 

inferior  to  the  same  science  among  the  Indians.  It  does 
not  appear  that  the  .^rabiatis  used  algebraic  nutation  or 
abbri  viatiMi;  skruli  'U  ;  th  a  i.licy  bad  nny  I.  b  dgeof  the 
DiophttJjliiu'  nlg<  bra,  or  <il  suiy  but  tbr  easiest  ai>d  ele- 
mentary parts  of  the  science.  '\\  <■  bavc  seen  that  Bahu- 
ul-din  ascribes  the  invention  of  iIk-  iiiiineral  figures,  in  the 
decimal  scab  ,  to  the  Induins ;  us  is  done  indeed  by  all  the 
Arabic  and  Persian  books  of  antameiic. 

riie  following  is  an  extract  from  a  I'ersiaA  trtetiiw  of. 
aritbawtic  in  Air.  Strachey's  pomes non. 

**  The  ladiaB  sages  wiahng  to  express  Mmbeis  coaseni- 
ently,  invented  these  nine  fieuns,  IfrTdlVA^.. 
TTte  first  figure  on  the  rioht  liaiiu  ilny  miide  ^taiid  for 
units,  the  srciiiul  for  ten*,  tin  third  tor  huirlrtils,  tb.. 
fourth  for  th<Jiisani!-.  rhu>,  jiftpr  the  third  rank,  thi- 
ne.M  followiiijj  IS  units  nl  timus.infU,  tlr.  m-coikI  u  n>  I'f 
thoM^atKK,  the  third  buiviri<ls  tbousand*,  and  »o  on. 
Every  ti-un  '.ii.  n,-b>i,  i  i  Uie  liist  rank  is  ihe  number  of 
units  it  e\pres5<i);  r\  .y  figure  in  thi-  second,  the  num- 
biM  of  tens  which  thi-  fijiurc  expresses;  in  the  third,  the 
number  of  hundreiis ;  and  so  on.  When  in  any  ranli  a 
jtgim  b  wanting,  write  a  cipher  like  a  snmll  cirele  (*]  to 
preserve  the  rank.  Thui,  ten  is  written  10,  a  hundred 
100,  five  tfaou-iand  and  twenty -five  5023." 

In  short,  of  the  Indian  alKcbra,  in  its  full  extent,  the 
Aiafaiaas  seem  to  have  been  inoianti  but  most  likely 
they  had  thfir  aigehm  frooi  the  same  aonrce  as  their 
ariuimetic.  The  Arabian  and  Persian  licttises  on  a  I  bra, 
like  the  first  and  old  European  one$,  begin  with  arilli- 
metic,  callfi"  in  those  treatises  the  arithmetic  of  ilje  Indi- 
ans, and  b.iM'  a  secon'l  part  on  algebra;  but  no  imtrcr  u 
taken  of  \hi:  ori^iin  of  the  latter.  .Most  likely  their  alge- 
bra, boin;:  numi-ral,  was  coasideied  by  the  anthoit  as  a 

part  ipl  arithmetic. 

Though  part  only  of  the  Khulasat-al-IIisab,  Mr.  Slra- 
chey  says.is  conceriiing  algebra,  the /est,  relating  to  arith- 
metic and  mensur  vion,  must  be  thought  not  wholly  un- 
connected with  the  subject.  It  is  to  bo  hoped  that  ere  long 
we  shall  have  eithi  r  irantlations-from  the  Sanscrit  of  the 
Uija  Ganita  and  lilawati,  or  perfect  accounts  from  the 
originals ;  and  that  Other  Hindu  books  of  algebra  will  be 
foond,  and  ma4«  kaown  to  the  world.  But  in  the  mean 
time  the  Pei^  translations  will  he  firand  well  deservigg 
of  atientkm ;  ofaawving  earcAtOy  to  dbtlBgittisii  betweea 
what  is  inteipolated,  nnd  what  is  original. 

From  the  preceding  account  of  this  ,\r.ibic  treatisf,  also, 
it  clearly  seen  the  origin  of  the  name  of  .Mtjcbrii,  ht  'ir.g  an 
Arubic  compound,  viz,  of  the  article  til,  ami  jchr,  which 
denotes  one  of  the  modes  of  reducing  the  equations,  yix, 
by  transposing  or  adding  the  nefath«tenBa»  to  tMbe  then 
all  affirmative. 

For  a  fuller  account  of  the  Indian  aad  Arabian  algehn, 
tec  my  Txactt,  vol.  S>  p.  151,  dec. 

Of  ALoaaaa  iir  itait  a«b  otbvb  tabtb  or  xtr* 
BO'S'  ^>Ve  have  seen  that  algebra  bad  probably  its  rise 
iBlfindustan,at  well  as  our  present  numeration  and  arith- 
metic, all  the  rules  of  il  Lading  be»  n  found  in  thi  aivcieiit 
Mss.  of  that  country,  much  the  same,  iti  mattr  r  nml  lurm, 
as  till)  iippi.ar  ill  the  !:i^l  l:al:aii  authors  ;  ami  among 

these,  lite  two  rules  of  false  po«itioo,  which  arc  nearly  «!• 
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iiod  la  .klaibra^  mad  ibe  wu^OHtMi  of  whicb  probably  M 
to^u4iilUiiialel]rbNam«,lh«aitbf*lgebraii»elf.  Hcam 
It  ay^etn  that  tht*c  aru  pvised  lucceuively  into  Perria, 
Antoki  Mne»,  aod  Bnrope.  In  (hit  \fui  quarter  it  sMoift 
doiibtM,-whctb<r  tb«tr  imfvdttctilmin*  im  into  Spain 
or  intti' hdf !  lb*  pcohnbilitf  woold  appaor  lo  teon  tht 
•kl*  of  tba  fiirnwr, « it  would  WMt  likdy  lie  intfodiwHl 
1^  tiM  Moon  on  ilujr  tctttemcm  in  tk*  fcntntuln  l>  tho 

8ih,  9tli,  iind  10th  cvnturica  ;  whcnco  it  nf^t  be  Coni> 
inunicateti  to  Oaul  and  Germany  and  En«1and,  &r.  'fhii 
routi"  n  i<  inloK'ii  ihf  mnrv  prtiUibli'  bv  the  lircumslancr, 
that  ttio  eurly  stale  of  the  algt-brtUC  arl  in  ihtic  countries 
vim  very  did«rcnt,  and  even  more  perfect,  iii  k'vi  ml  rt- 
.iptLli,  than  that  ID  It«ly,  in  the  contemporary  -.tanpi. 
AikI  yet,  im  the  other  hand,  against  this  probjibiiity  of 
tht'  lirst  intrt>duction  of  tho  art  into  Spain  by  raeaoi  of 
the  Moorish  conquest,  it  nay  reatonably  be  objected, 
that  It  does  not  appear  that  tba  Arabian*  tbciMeUca  had 
cultivated  it  at  a  lirae  tocnrly  aatba  date  ot  that  conquest ; 
and  besides  that  w«  baw  not  baard  uf  any  early  wurki  o« 
Algebra  having  tfar  beM  fiNWd  in  the  Spanish  peninsula. 
It  appaattt  hoaravari  at  any  ntr,  that  Italy  received  the 
art  by  a  difeicnt  route,  Aaaf^  probably  at  a  later  date, 
via,  imnudiately  fifom  iko  cailmt  Ambtam  itMnuelvct, 
witbottt  tli«  knotriadiaof  «»y  otbor  aouraa  or  oooMWini* 
cation:  and  benoe  Hwm  mt^rvA  for  the  Italian* to n»- 
cribc  the  invention  of  the  art  to  that  |>copleii 

h  lias  usually  been  thought,  that  the  Urat  intradnction 
ul  algi-bra  into  Italy,  was  about  the  14th  century.  Bat 
we  bine  lately,  vu,  in  1797,  hren  lavowrid  \\\U\  %  new 
and  vfry  ditfttse  butory  <>J  algvbri,  by  Sig.  Cifes-ili,  hi  two 
largi!  volumes,  4lo,  by  which  it  appears,  that  thu  art  n  us 
tirst  imported  into  Italy,  t'rofn  the  «*st,  by  Leonard  lio- 
nacci,  of  Pisa,  who  CLiinpoMi  d  his  aritlimotic  in  the  year 
I30t,  and  again  tn  lit6 ;  auding  the  algebra  ai  the  end, 
4s  a  part  of  it. 

la  tbii  Korit  of  Cotaali**,  account B  arc  given  of  M>\Tnil 
Othar  Bid  antllltri.  aaweO  Itdtan  as  Arabian  and  Tcrsiun, 
'&c,  among  which  some  werp  niach  earlier  than  Leonard : 
A,  n  Mohamed  ben  Main  or  Maiai, called  also  Mobamed 
of  HiMiaai!,  a  ptaee  in  Comnn,  near  «lia  aontb^eaat  point 
ofibsGMniaB6an.  .l:U$liohnMd,itoMM,in  ikeyaar 
9Sfttmv«lkil«Mt«nidlo  OeoanaDMof  lndi«,to  Inia 
tbe  Buithoniatic8lMini«ei,and  nftarw^i  «o  leich  <baatt 
and  who,  according  to  AbuUan^ia  dm  year  969,  wrote 
aCoraimenury  ou  Uiopbantut;  he  wrote  a)«o  Denomtm- 
tions  of  tbe  Propositions  in  the  tumr;  nnd  niiotlier  WOtfc 
on  the  UnivpTtal  Logistic  Art,  in  thrcr  brxikj. 

It  w-cms,  liowpvcr,  that  it  was  Leonard  Honjicci.of  Pisa, 
who  tirit  introduced  llie  art  iti  Italy,  ii>  befun-  m^^ntionnd. 
Leoaard's  work,  it  apptiirs,  wiu  a  »nry  orderly  «nd  regu- 
lar treatise  on  arithmetic  and  algebra,  as  far  as  it  was  cht-n 
known;  ttaching  and  demonstrating  all  the  ruletf  aod  il- 
lustrating them  with  aMny  examples ;  being  also  much 
occupied  with  questions  about  square  and  caba  oainben, 
like  tbote  of  Diophantus,  or  rather  like  what  wc  have 
seen  and  described  antong  the  Indians  and  Arabians.— In 
algebm^  I,M)f»anl  dbtingotabed  thtre  kinds  of  oumbai^ 
vis,  the  absoluta  known  number  in  any  question  t  iImb 
the  nt&noKn  number,  which- 1m  cnlk  fwlicr,tba  foot; 
and  its  square,  which  he  calla  ORMU  in  Latin,  or  aasm  in 
Italian;  for  bis  algebra  extended  only  to  tho  solution  of 
equation;  of  the  1st  and  2d  degree,  the  same  as  that  of 
ibt  Ii  li  i;  J  and  Arabians.  Tho  lang\iap-  in  which  the 
Kwk  was  written,  was  in  barbarous  Latin,  or  something 


between  Latin  and  Italian,  when  the  language  of  ffaa 
country  was  changing  from  the  one  to  the  other. 

In  treating  his  subject,  Leonard  bad  bo  suck  aotaliun  as 
is  used  by  modem  authors;  on  tbe Conttuiy»  be  expressed 
eeciy  (bins,  ^  ^antitim  and  the  aaveMl  opentioM!, 
by  tbair  namai,  or  wonb  at  full  length.  Thoie  equations 
ha  liealad  of  in  six  dUkKM  forms,  which  are  as  follow, 
when  enpfemed  in  1h»  modfem  notafion.  1st,  x*  =  ax; 
Sd,  x'sa;  9d,armH;  4th,  «*  ax=:n;  5th,  x*=aax 
•♦•n;  6th,  «'-4-NBi«jr;  where  s  denotes  tbe  radice,  or 
quantity  sought,  x*  its  cei«so  or  square,  a  the  number  mul- 
ti|ilying  x,and  n  the  absolute  known  nuniber;  and  where 
it  is  n-markable  that  he  places  the  terms,  more  or  less,  on 
the  one  side  or  the  other,  %o  aa  they  miiy  be  all  affirma- 
tive: all  which  caries  and  forni<<  are  exactly  the  Mne  Ul 
before  given  hy  tbeir  masters  the  Arabiarn,  Atc. 

Now  omitting  the  simple  forms,  as  including  but  little 
remarkable,  we  shall  only  consider  the  cutupound  onca,  or 
the  solution  of  quadratic  equations,  by  the  method  of 
completing  the  square,  which  Leoitard  founds  on  geome- 
trical demonstration,  as  follows: — In  the  first  case,  if 
** -^««- a R,  then  the  rule  its 9^(|d^  •»■»)  — iriuch' 
he  thus  demonstrates. 

Demm».  If  upon  a  ti||it  SnaSC, 
greater  than  ia,  the  square  abcs  he 
oonitnwtcd,  on  the  sides  of  which 
there  are  taken  the  parts  co,  ch,  or, 
BE,  each  equal  to  40?  and  drawing 
the  right  lines  EM,  ro,  interacting  in 
I,  they  form  the  square  locH  =  *»  V. 

Supposing  EI  =  AT  =BA  =  IF  :sBG  —  on,  to  denote  the 
required  quantity  x;  then  will  the  square  a  1  oruf  r.i  ■=  i\ 
the  rectangle  bi  =  \nx  =  also  to  the  rectangle  id.  There- 
fore the  whole  square  a  bc  d  =  i'  ajt  -»-  :  but  1'  -t-  tit 
=  n ;  therefore  ts  tbe  same  square  a  action  \u' :  con- 
sequently the  side  ac  —  y/{n  and  tlic  quantity 
sought  X  a  BC  —  oc  SB  BC  —  |a  aa  ^(a  -t-  ^*)— 

2ndly.  If  x*  sax  -•-  a;  then  wilt«s^({d*-«>n)  -t-^n. 

DemotMr.  Let  the  right  line  BGbX, 
aiKl  the  square  upon  it  ABCfts**.  If 
cs  hm  mluKisaa^  and  tiw  peifhjif  on  >. 
Thn  the  neitaBde  «r. 
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imHAB  K  •BaiBC  a  BB;  tbercfim  ■ 


B  ne  a  BE  =  be'  -«-  BB  X 


EC.    If  EC  be 
t 


1 


11 

-f-  Bl  »  T.C  ■*■  to'. 

OC  *  ^'ir'  go*) 
Eti  =  la,  and  BC 


bisected  in  e,  then  will  n  -«-  eg*  s  be' 

Hence  ^(n  ■+■  to")  =:  BE  -t-  EO  ;  and 
=  <iC  ■»■  BO.    So  that,  it  bein^  OC 
=  X,  it  will  be  {a  +  y/{H->-  [n')  —  x. 

Sdly.  Lrt  jr'  -I-  n  =  az. — Here  he  says,  if  ^a'  ^  n,  the 
equalio')  is  iln[K»sible. — If        =:  rj,  then  is  j  =  {n. — If 
>  n,  then  is  x  =  \a—  */{\ti'  —  ■),  or  =     -t-  ^({n* 
-%). 

Demomtr.  Draw  Ah  representing 
«,  bisected  in  e,  and  Bneqnally  di- 
nded  in  and  upon  one  of  the 
unequal  partl»tnppMad«x,if  there 
be  made  a  souufea* i*.  |foW| 
tB  tbe  first  plnce,  ft  he  famti  on 
lhele«pnrt9Bi,<«ppoaedssxf  let  rk hentednoed  1* r« 
till  ?i  bes  AB,  and  let  at  ha  drawn.  Then  ^  «^ 
rectangle  av  =  ab  x  bp sa  e«r;  heaee^  taking  nway  dm 
square  be  =  x»,  there  remains  Ae  nctangle  A»*"  J* 
Dr  =  An  «  na  =  n  ,  and  additm to  both  the  MlttM air, 
gives  AD  H  DB -i-oD*sn-»'00\  Bn^by£wl*it.A»n 
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if  AS  H  DB  •*-oo'=  BG*;  thereibra  Be*BM*^aD^; 
lience  bg'  — nsson*,  aaJ  ^{bo'  — «)  =  od;  then  BO  — 
v'Cbo'  — n)  =  Bi>  —  on=  OB,  or  —  ^/(Jn*  — ii)s=  x. 
—If  thrsquari-  4'  U' c<iiitlituti il  <  ^:  ■  ^reuler  part  ad, 
con&i<li  rc<i  H5  =  x;  tlun  by  u  iike  j(ti»cei»  it  will  be 
v'(ao*  -  n)  =  (.1) ;  InTiCc  AO  -<-  v^(Ati"  —  »)  ■+■ 
OD  =5  AP,  (ti.it  ii  ^^i -.  ^'(ia'~w)  =  x. 

Thus  »f  mt-  tbdt  Leoiiaril  ilerivi-d  tlie  rule*  for  quadr^- 
tJc  equatKiuf  from  g<.-ometrical  considerations,  and  cvi-n 
(be  double  valuim  in  the  possible  case  uf  x'  n  =  ax;  as 
il  b  probable  his  predecessors  had  done,  and  as  we  find 
bil  UCCessors  Lucas  «ie  Durgo  and  others  did  alao.  And 
this  method  ihows  the  rouon  why  tbcte  writers  never  ad- 
milted  those  valuei  of  «,  iikwhich  n  ia  greater  than|«i*. 
W«  £utlier  find*  that  neither  LiHMafd,  nor  the  Anhiaai^ 
aor  Jodimi^  nnde  Mqr  ttie  of  the  font  «*+mr-^asO^ 
-  nor  cf  die iMipuivo  touts  of  the  two  fimnt  aiah 
sod  i's«r<«-ii:  it  being  Harriot  arhe  fint  deputed 
from  tbe  usual  custom  (of  equalising  the  poeitii*  tWiM  to 
the  positive  in  an  equation),  hy  placing;  ell  the  terms  00 
one  .tide,  with  their  sigiiii  -t-  or  —  ,  and  niade  =:  0  on  the 
othci  side,  thus  x*±  ox  ±  n  =  0  ;  and  il  vimi  Cardan  who 
had  the  honour  of  showing  ilm,  ii  iln  1  im...  x'  ax 
as n,  and  X*  =  ax II,  the  m fj.itno  nuit  m  ihc  one  i»  the 
|K)aitive  root  of  the  other. 

It  appears  that  Leonard  Pisanus  w.i,  well  skilUil  in  the 
Wriou*  ways  of  reducing  eciuations  to  their  final  vimple 
•tetCt  by  all  the  usual  methods;  as  addition,  subtraction, 
■mltiplication,  division,  powers  and  roots,  to  free  thero 
from  radicelK  He  wea  also  well  acquainted  with  the 
modes  of  aulNtiMtiiNH  M  es  to  brii^  out  the  equntioa  in 
the  lowctt  degree }  auch  a*,  in  cases  of  two  unknotn^  quaiH 
litke>  ineteed  of  finding  either  of  them  tcperately,  he  would 
Hot  March  ont  their  ram  or  dillmace.  bo,  fur  iD)Wnce» 
in  tbii  problem,  **  To  dividethe  n timber  lO  into  two  such 
pwll»  that  fioia  the  ptUnr  part  taking  its  own  sqUMU- 
foot,  end  to  the  lees  pert  adding  its  squdtv  root,  the  two 
mutts  should  be  equal."  Now,  iu  this  case,  if  in  the 
common  way  x  be  made  to  denote  one  of  the  parts,  as  the 
greater  suppose,  then  10  —  x  w  ill  denote  the  less  part,  and 
the  e(|ualion  will  be  x  —  ^x  =  10  —  x  v/(  10  —  x),  (be 
n  Juciioti  of  which  leads  to  a  complete  equation  of  the  4th 
degree.  But,  inNlead  of  this  method,  Leonard  employs 
the  way  of  the  halt-sum  and  half  diflV  rence,  oi  used  by 
Diophantus  and  the  Arabians  and  Hindus,  which  has 
been  accounted  by  some  persons  an  artifice  of  the  modern 
•Igebraiiti.  Thus,  if  x  be  put  to  denote  the  helf-diJfervnce 
of  the  two  pane;  then  9  being  their  helf-tumt  5  will 
he  the  greater,  and  5  —  x  the  less,  and  the  equation  will 
be  $'*'X  —  ^(5 x)  =  5  — *  •+•  v^(5  —  x),  which  re- 
daoce  to  a  Anal  qvadratiCi  at  it  done  by  thit  author. 

Ywm  Fii«,M  froai  a  ceMn^  it  wema  the  art  gnulaally 
■preed  th rough TlHcany  and  all  Italy;  ia  ednieq|iMDce  « 
which,  many  other  authonin  that  country  had  rapectable 
names  before  the  period  of  the  art  of  printing.  So,  we 
read  that  Raliacllo  Canacci,  n  Florenline  mathematician, 
was  author  of  a  "  Ranionanirn-.n  iIi  .Vigehrii,"  who  praises 
another  that  preceded  liiui,  named  Giiplu  lmo  di  Luius; 
of  whom  C'at)acci  writes,  at  the  bcginiiiiig  ol  I  !■■  H.it;ii;n:i- 
mento,  "  Iji  regola  deH'algibraila  quale  rejiolatjhughelino 
di  Lunis  la  translaio  d'Arabico  a  nostra  lingua;"  whence 
some  liave  thought,  thou.^b  without  probability,  tbttt  the 
huridur  I'f  h  iMii:;  tii.ni  '  luily  .Tcijuiiinscd  wuh  algebra  was 
due  to  Guglicioio  di  Luins,  nUbcr  than  to  Leonardo  Bu- 
aacddiF&a.  Moqr  other  aaiij  anthon  art  aieationed. 


Bofflhrili',  in  tbe  pnfaae  to  hie  booki  writa  that  a  work  of 
Mobamed  ben  hiu«  had  heea  ahoin^  but  it  <.sb9  .i  lutlc 
value.  Ami  it  is  seid  that  Lucas  de  Burgo,  tin:  lirst  au- 
thor ill  I'liii',  ir.sli ul.tiii  in  ihis  science  ut  Venice,  by 
iJiouiunico  Uragudini,  successor  in  the  pubijc  chair  to  the 
leunieil  Faulo  drtk  Piatgaia,  hit  prtoepfor,  who  died  la 
13(iiO. 

I'tiitL-fil  VIC  [iuw  [ij  lliL-  c'!jii~idrration  ol"  the  books  of 
Lucas  de  Liurgo,  and  other  authors,  whoac  works  are  aiV 
pometfcd  of  in  print.  • 
I.UCA»  rAClULUS,  OR   DC  BURCO. 

It  was  ciiielly  among  tbe  Italians  that  this  art  was  first 
culli»aled  in  Europe.  And  the  fint  author  whose  works 
were  in  print,  was  Lucas  Paciolut,  or  Locat  de  Buigo^  a 
coiddier,  ur  miaoriie  friar.  He  wrote  several  tieatiaet  of 
arithmetic^  algebra,  and  geometry,  which  were  printed  la 
the  vcOM  147Q>  1476»  14«lt  14S7»  ia  1494  hie  pria- 
cipu  worh,  entitled  ^auna  do  Aritfanetfca,  Geometrie, 
Proportioni,  et  Proportionelita,  which  is  a  very  masterly 
and  complete  treatise  on  thoee  sciences,  us  they  then  stood. 
In  this  work  he  mentions  various  fi  .niM  r  \> :  ti  r*,  as  Ku- 
clid,  St.  Augustine,  Sacrobosco  or  lii;lilii\,  lloPtiuii,  Pro- 
docimo,  Giordano,  U:a,ii<<  d,:  I'.iiii  .i,  ■^iw-.-i  I  x  urutrdat  Pi- 

sanus.,  from  whom  he  leartieii  tho>c  stirners. 

The  or.in  ..f  ihe  work  is,  Jsl  arkhiuetic,  2d  ;il  Ji-Lua, 
and  3J  geometry.  Of  the  arithmetic,  tbe  contents,  and 
the  order  of  tin  in,  are  neaily  us  follow.  First,  of  num- 
bers figuralr,  o<l<l  and  even,  perfect,  prime  and  compoiitc, 
end  many  otliers.  Then  of  common  arithmetic  ia  seven 
porta,  nemcly,  nunieruiion  or  noiaiiun,  addition,  subtract 
tloB,  BUltiplicatiun,  dnision,  progression,  and  extraction 
of  roots.  Before  bira,  be  says,  dupiation  and  aMdiatkuit 
or  doubling  end  halving,  were  accounted  two  mho  ii 
arithmetic  \  but  thai  be  omila  them,  at  heiag  iocladod  in 
moltiplicatiflo  and  dinrioa.  Ho  oicribci  the  pietent  ao- 
tatiua  Mtd  method  of  arithmetic  to  the  Arabi ;  and  laya 
that  according  to  some  the  word  Abaco  is  e  corruption  of . 
M»dn  Arabico,  but  that  according  toothers  it  mis  from  a 
Greek  word.  This,  however,  must  be  a  misidke;  for 
thoiith  the  Italiiiti)  hud  tho^e  arti  from  tlu-  .'Xrubs,  llie4c 
latter  hail  tlhin  probably  from  the  liidiaii'>.  All  tho?e 
primary  o|.erations  he  l»olh  performs  and  deiiioriitrates  in 
various  "ays,  many  of  which  are  not  in  u^e  ut  piesent; 
proving  ihein  not  only  by  what  i-*  called  tasliiig  out  tbe 
nin«-»,  but  «lso  by  csstin;j  out  the  sevens,  and  uiherwite. 
In  the  extiueiion  of  roots  he  uns  tbe  iiutial  ^  fur  a  root ; 
and  when  the  roots  can  be  extracted,  he  rails  tbtmdia* 
Crete  or  rational;  Otherwise  turd,  or  indiscrete,  orina- 
tional.  The  aqtiere  root  is  extracted  much  thoiNmesNiy 
as  at  present,  namely,  dividing  always  tbo  laat  Rmoiader 
by  doable  the  toot  found ;  aad  ao  he  continuet  the  rani 
f«o«i  coatlaimllj  aearcr  aad  nearer  in  vulgar  fnielionB. 
Thai,  for  the  root  of  he  first  finds  the  neatest  whole 
nnrober  3,  and  the  remainder  9  alto ;  then  |  or  |  is  the 
first  correction,  and  24-  'be  second  root :  its  square  is 
therefore  |  divided  by  .S,  or  is  the  next  curreciii  ii,  .mti 
Ii,  minus  -i'-  1'  til''        vn.x:  ili  squar.,   ;>  f>\j^p, 

therefore  -^^^  divided  by  4/^,  <ir  ik  tlir  3d  correc- 

tion, which  gives  2V5V0  "ht'ie  scjuare 

e,xceeds  6  by  ""Iv  TiiTiroc  ■  """^  <^'"  eonlinually:  and 
this  pt.jcisb  111  mils  :i|>|!ri  \ii:;ation.  He  obsrivcs  that 
fractions,  which  he  sets  down  the  same  way  as  wc  do  at 
preM-nt,  are  extracted,  by  taking  tbe  root  of  the  denomi- 
nator, and  of  the  denominated,  fur  so  h«.  calls  the  name* 
ombcn  oocar,  ha  dincta  to  fa- 
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ducc  the  whole  to  a  fraction,  and  then  extract  the  roots  of 
it»  two  terms  a)  above :  ns  if  it  be  12  j  ;  lhi»  he  reduces  to 
\*,  and  then  the  root»  give  ^  or  3} :  in  like  manner  he 
finds  that  ♦i  is  the  root  of  20| ;  5  J  the  root  of  30{  ;  "  and 
so  on  (he  add»)  in  infinitum;"  vrhich  sliows  that  he  knew 
how  to  form  the  series  of  squareit  by  addition.  He  then 
extracts  the  cube  root,  by  a  rule  much  the  same  at  that 
which  is  used  at  pri'sent ;  from  which  it  appars  that  he 
was  well  acquainted  with  tlie  co-efficients  of  tbc  binomial 
cubed,  namely,  I,  3,  3,  1;  and  he  directs  how  the  opera- 
tion may  be  continued  "  in  infinitum"  in  fractions,  like  as 
in  the  square  root.  After  this,  he  describes  gi-umelricul 
methods  for  extracting  the  square  and  cube  roots  insttu- 
mcnially :  he  then  treats  profcsietlly  of  vulgar  fractions, 
their  reductions,  addition,  subtraction,  and  other  opera- 
tions, much  the  same  as  at  present :  then  of  the  rulc-of- 
thrre,  gain-and-los»,  and  other  rules  used  by  merchants. 

Paciolus  next  enterx  on  the  algebraical  part  of  this 
work,  which  he  calls  "  L' Arte  Magiore;  ditta  dal  vulgo 
la  Kcgnla  de  la  Cosa,  over  Alghebra  c  Almucabala 
which  last  name  he  explains  by  reuanralio  el  oppotitio,  and 
atsigns  as  a  reason  lor  the  Hrst  name,  that  it  treats  of 
thinvs  above  the  common  affaim  in  business,  which  make 
the  one  minme,  Jlere  he  mistakenly  ascribes  the  inven- 
tion of  algebra  to  the  Arabians  ;  and  he  says  that  the  Ara- 
bian alg<bni  menns  in  Italian  position,  or  rather  opposi- 
tion He  denominates  the  series  of  powers,  with  their 
marks  or  abbreviations,  as  n'.  or  numero,  the  absolute  or 
known  number ;  co.  or  cota,  the  thing  or  1st  power  of  the 
unknown  (juantity  ;  ce.  or  cento,  the  product  or  square  ; 
ca.  or  cubo,  the  cube,  or  3d  power  ;  ce.  ce.  or  cento  de 
ceaio,  the  square-squared,  or  4th  power ;  p".  r",  or  prima 
retato,  or  5th  power ;  ce.  cu.  or  cento  de  cubo,  the  square 
of  the  cube,  or  6th  power;  and  so  on,  compounding  the 
names  or  indices  according  to  the  multiplication  of  the 
numbers  2,  3,  &c,  and  not  according  to  their  sum  or  ad- 
dition, as  used  by  Diophantus,  with  the  Arabians  and  In- 
dians. He  describes  also  the  other  characters  made  use 
of  in  (his  part,  which  are  for  the  most  part  no  more  than 
,lhe  initials  or  other  abbreviations  of  the  words  themselves, 
after  the  manner  of  the  Indians ;  as  for  ^  radtci,  the 
root;  9^.  radici  de  rndici,  the  root  of  the  root ;  K.  u. 
radici  unn-ertale,  or  radici  legato,  at  radici  unila ;  ^  cu. 

radici  Cuba:  and  q^  quantita,  quantity;  p  for  piu  or 
plus,  and  m  fur  m<7io  or  minus;  and  he  remarks  that  the 
necessity  and  use  of  these  two  last  characters  are  for  coli- 
neciing,  by  addition  or  subtraction,  different  powers  to- 
gether; a.<<  3  CO.  p.  i  ce.  m.  5  cu.  p.  2  ce.  ce.  m.  6  n'.  that 
is,  3  cosa,  piu  4  censa,  ineno  5  cubo,  piu  2  cema-cetua, 
tneno  6  iiumeri,  or,  as  we  now  wiilc  the  tame  thing,  3z-t- 
4x'  —  5i'  -t-  2i'  —  6, 

Ho  first  treats  \-ery  fully  of  proportions  and  proportio- 
nalities, both  ariihniutical  uiid  geoinrlriciil,  .iccompanied 
with  u  hirge  collection  of  questions  concerning  numbers 
in  Continued  pniportion,  resolved  by  a  kin<l  of  algebra. 
He  then  treats  of  el  Calaym,  which  he  says  according  to 
some,  is  an  Arabic  or  Fhenician  word,  and  signifies  the 
Double  Rule  of  Fiilse  Position  :  but  he  here  treats  of  both 
suigic  and  double  position,  as  \vc  do  at  present,  dividing 
the  el  Caitqim  into  single  and  double,  as  the  Arabians  and 
Indi.'in^  did.  He  gives  also  a  geometrical  di-inonstration 
(jf  both  the  cas«s  uf  the  errors  in  tlie  double  rule,  namely, 
when  llie  ernirs  are  both  plus  or  both  minus,  and  when 
lln;  one  error  is  plus  And  the  Other  minus;  and  adds  a 
Urge  collection  of  questioiu,  a*  usual.  He  then  goes 
V«>1..  I. 


tJirough  the  common  operations  of  algebra,  with  all  the 
Toriety  of  sign*,  as  to  plas  and  minus;  proving  that,  in 
multiplication  and  division,  like  signs  eive  plus,  and  unlike 
signs  give  minus.  He  next  treats  of  dilfereni  roots  m  in- 
finitum,  and  the  extraction  of  roots;  giving  uUo  a  cojiious 
treatise  on  radicals  or  sunis,  as  to  their  addition,  subtrac- 
tion, multiplication,  and  division,  and  that  both  in  square 
niots  and  cube  roots,  and  in  the  two  i(');ether,  much  the 
same  as  at  present.  He  mokes  here  a  di^rcs^ion  Concern- 
ing the  15  lines  in  the  lOth  book  of  Kurlul,  treating  them 
as  surd  numb«r»,  and  teaching  the  <-.\lruciion  <if  the  roots 
of  the  same,  or  of  compound  surds  ur  binoiniuls,  such  as 
of  23  ;)  g£  448,  or  of  ^  18  p  10 ;  and  gin*  tins  rule, 
among  several  others,  nutoely  :  Divide  the  first  term  of 
the  binomial  into  two  such  parts,  that  th-'ir  product  may 
be  ^  of  the  numb<>r  in  the  second  term  ;  then  the  roots  of 
those  two  parts,  connected  by  their  proper  sisii  pot  m,  is 
the  root  of  the  binomial  ras  in  this  'ii  p  ¥l  i  ts,  the  iwo 
parts  of  23  are  7  and  l6,  whose  product,  112,  is  z^uf  448, 
therefore  their  roots  give  4  /»  $t  7  for  the  root  \t  u.  23 
p  448. 

He  next  treats  of  equations  both  simple  and  quadratic, 
or  simple  and  compound,  as  he  calls  it ;  and  this  latter 
he  performs  by  completing  the  square,  und  then  extract- 
ing the  root.  Just  as  usual.  He  also  resolvM  equations 
of  the  simple  4th  power,  and  of  the  4th  combined  with 
the  2d  power,  which  he  treats  the  same  way  as  quadra- 
tics; expressing  his  rules  in  a  kind  of  bad  vcrs«,  and  giv- 
ing geometrical  demonstrations  of  all  the  cases,  the  same 
as  those  of  I.,e<inard  of  Pisa,  before  described.  He  uses 
both  the  routs  or.  values  of  the  unknown  quantity,  in  that 
case  of  the  quadratics  which  has  two  positive  roots;  but 
he  takes  no  notice  of  the  negative  roots  ill  the  other  two 
cases.  As  to  any  other  compound  equations,  such  as  the 
cube  and  any  other  power,  or  the  4th  and  1st,  or  4th  and 
3d,  (*c,  he  gives  them  up  as  impossible,  or  at  least  he 
says  that  no  general  rule  has  yet  been  found  for  them, 
any  more,  he  adds,  than  for  the  quadrature  of  the  circle. 
— The  remainder  of  this  part  is  employed  on  rules  in  trade 
and  merchandise,  such  as  Fellowship,  Barter,  E.xrhange, 
Interest,  Composition  or  Alliuation,  with  various  other 
cases  in  trade.  And  in  the  third  part  of  the  work,  he 
treats  of  Geometry,  both  theoretical  and  practical. 

FVom  this  account  of  Lucas  de  Burgo's  book,  we  may 
perceive  what  was  the  state  of  als^cbia  about  the  year  1 50O, 
in  Europe ;  and  probably  it  was  much  the  same  in  Africa 
and  Arabia,  whence  the  Europeans  had  it.  It  appears 
that  their  knowledge  extended  no  farther  than  quadratic 
equations,  of  which  they  used  only  the  positive  njots  ;  that 
they  used  only  one  unknown  quantity ;  that  ffary  had  no 
marks  or  signs  for  either  quantities  or  operations,  except- 
ing only  some  few  abbreviations  of  tbc  words  or  names 
themselves;  and  that  the  art  was  only  employed  in  resolv- 
ing certain  numeral  problems.  So  that  either  the  orientals 
had  not  carried  algebra  beyond  quadratic  equations,  or 
else  the  Europeans  had  nut  learned  the  whole  of  liie  art, 
as  it  was  then  known  to  the  former.  And  indeed  it  is  nol 
impossible  but  this  might  be  the  case :  for  whether  the  art 
was  brought  to  us  by  an  European,  who,  travelling  into 
the  East,  there  learned  it ;  or  whether  it  was  brought  to 
us  by  those  people;  in  either  case  we  might  receive  the  art 
only  in  an  imperfect  state,  und  perhafys  far  slmrt  of  the 
degree  of  perfi  ction  to  which  it  had  been  carried  by  their 
best  authors.  And  this  suspicion  is  rende  red  rather  pro- 
bablo  by  the  circumslauce  of  an  Arabic  in«nuscri|,t,  said 
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to  be  on  cubic  equAtions,  dqx»ited  in  the  library  of  Uie 
nnivcrsity  of  Leyden  by  tbe  ci-lebratrd  Warner,  bearing  a 
titU,  which  in  Latin  significn  Omar  Ben  Ibrahim  o/'CAa- 
jamtei  Algebra  cubicantm  eequalionum,  tire  de  problematum 
lolidonim  reaolutione.  At  any  rate,  howovrr,  we  liav« 
found  ihat  the  Hindu*,  if  not  the  Arabians,  trratcd  uf 
problem*  including  several  unknown  quantilirs,  with  ap- 
plications of  algebra  tu  geometriciil  and  to  indeterminate 
problems. 

rSKREUS  AMD  CAKDAM. 

AAcr  the  publication  of  the  books  of  Lucas  de  Burgo, 
the  science  of  algebra  became  more  generally  known,  and 
improved,  especially  by  many  persons  in  Italy  ;  and  aliout 
this  time,  or  soon  after,  namely,  about  tbe  year  1J03,  the 
first  rule  was  there  found  out  by  Scipio  Ferreus,  for  re- 
solving one  case  of  a  comiwund  cubic  equation.  Hut 
this  science,  as  nell  as  other  branches  of  mathematics, 
was  most  of  all  cultivated  and  improved  there  by  Hicr- 
onymus  Cardan  uf  Bunonia,  a  very  learned  man,  whose 
arithmetical  writings  were  the  next  that  appeared  in  print, 
namely,  in  the  year  1539.  nine  bo.>ks,  in  the  Latin  lan- 
gua!;c,  at  Milan,  where  he  practised  physic,  and  read  pub- 
lic lectures  on  mathematics;  and  in  the  year  1545  came 
out  a  10th  book,  containing  the  whole  doctrine  of  cubic 
equations,  which  had  been  in  part  revealed  to  him  by  Tar- 
taJea,  about  the  time  of  the  publication  of  his  first  nine 
books.  And  as  it  is  only  this  lOth  book  which  contains 
the  new  discoveries  in  algebra,  I  shall  here  confine  myself 
to  it  alone,  as  it  will  also  afford  sullicient  occasion  to  speak 
of  his  manner  of  treating  algebra  in  general.  This  book 
it  divided  into  40  chapters,  in  which  th«;  uliole  science  of 
cubic  equatioas  is  most  amply  and  ably  treated.  Chup.  1 , 
treats  of  the  nature,  number,  and  properties,  uf  the  roots 
of  equations,  and  particularly  of  single  equations  that  have 
double  roots,  lie  begins  with  a  few  remarks  on  the  in- 
vention and  name  of  the  art :  culls  it  An  Mac^,  or  Cota, 
or  Rulet  qf  Algebra,  after  Lucas  de  Burgo  and  others : 
nys  it  was  invented  by  M:ihomet,  the  son  of  one  Mosi-s, 
■n  Arabian,  as  is  testified  by  L)-(>nardus  Pisanus;  and  that 
he  left  four  rules  or  cases,  which  only  included  quadratic 
equations:  that  afterwards  three  derivatives  were  addeil  by 
an  Unknown  author,  though  some  think  by  Lucns  Pacio- 
lus;  and  after  tlint  again  three  other  derivatives,  for  the 
cube  and  b'lh  {lower,  by  another  unknown  author;  all 
which  were  resolved  like  quadratics:  that  then  Scipio 
Ferreus,  professor  of  mathematics  at  Bononia,  about  1505, 
found  out  the  rule  for  the  case  cubum  el  rerum  nvmero 
eequaliim,  or,  ns  we  now  write  it,  x'  ■*■  bx  =  c,  which  he 
speaks  '.f  as  a  thing  admirable:  that  the  same  thing  was 
next  afterwards  found  out,  in  1535,  by  Tarlalea,  who  re- 
vealed it  to  him.  Cardan,  after  the  mo^i  eiimest  entrriilie* : 
that  fiiiiilly,  by  himself  and  his  quondam  pupil  Lewis  Fer- 
rari, the  cases  «cre  greatly  augmented  and  ixtended, 
namely,  by  all  that  is  not  here  expressly  ascribed  to 
others;  and  that  all  the  demonMriiion'<  of  the  rules  ar<'  hit 
own,  except  only  three  adopted  from  Mahomet  for  tbe 
quadratics,  and  two  of  Ferrari  for  cubics. 

Canliin  ihi'n  delivers  some  remarks,  showing  that  all 
aquure  nuinbois  have  two  rfKits,  the  one  positive,  and  the 
other  negiitive,  or,  as  he  calls  them,  vera  et  ficta,  true  and 
fictitious  or  false  ;  so  the  auimatio  ret,  or  root,  of  .0,  is  ei- 
ther 3  or  —  3  ;  «f  l(i  it  is  +  or  -  4  ;  the  4tli  root  of  81  is 
a  or  —3  ;  and  soon  for  all  even  detuiitiiiaiinns  or  powers. 
And  tliL-  same  is  remarked  on  compound  cuseg  of  even 
pow  er*  that  arc  added  together;  a«  if  *'  -t-3*'  =  2d,  then 


the  testimatio  z  is  =  2  or  —  2  ;  but  that  the  form  x*  +  it 
z=  Ji*  has  four  answers  or  roots,  in  real  numbers,  two  plus 
and  two  minns,  viz,  2  or  —  2,  and  ^3  or  —  while 
the  case  z*  -«-  12  =  6x'  has  no  real  roots;  and  the  case 
x'  =  2x'  -f-  8  has  two,  namely,  2  and  —  2  ;  and  in  like 
manner  for  other  even  powers.  So  that  he  includes  both 
the  positive  and  negative  roots;  but  rejects  what  we  oow 
call  imaginary  oi>es.  1  here  express  the  cases  in  our  mo- 
dern notation,  for  brevity  sake,  as  he  commonly  expresses 
the  terras  by  words  at  full  length,  culling  tbe  absolute  or 
known  terra  the  numero,  the  1st  power  the  ret,  the  2d  the 
quadraium,  the  3d  the  cubum,  and  so  on,  using  no  mark  foir 
the  unknown  quantity,  and  only  the  initials  p  and  m  for 
plus  and  minus,  and  ^  for  radix  or  rout.  The  rei  he 
sometimes  calls  potiiio  (as  derived  from  the  like  quantity 
in  the  rule  of  position), 'and  qutmlitat  ignota  ;  and  in  sta- 
ting or  setting  down  his  equations,  he  as  well  as  Lucas  de 
Burgo  before  him,  sets  down  the  terms  on  that  side  where 
titey  will  be  plus,  uiid  not  minus. 

On  the  other  hand,  he  remarks  thnt  the  odd  denomina- 
tions, or  powers,  have  only  one  xstimatio,  or  root,  atld 
that  true  or  positive,  but  none  fictitious  or  negative,  and 
for  this  reason,  thiit  no  negutive  number  raised  to  an  odd 
power,  will  give  tt  positive  number;  so  of '2t  =  10,  the 
ruot  is  S  only ;  and  it  '2i^  =  l6,  the  root  is  2  only  :  and  if 
there  be  ever  so  many  <  dd  denoniinalioiu,  added  together, 
equal  to  a  number,  there  will  be  only  one  xstimHlio  or 
root;  as  if  -i-  6'x  =  CO,  the  only  root  is  2.  Bui  (hat 
when  the  signs  of  some  of  the  terms  aie  dillereni,  as  to 
plus  and  minus,  they  niay  have  more  roots;  and  he  shows 
certain  relations  of  the  cih  flicients,  when  lliey  Imve  two 
or  more  roots:  so  the  equution  10  =  K'l  liii>  two 
iesiiniutios,  the  one  true  or  2,  ami  the  oilier  tictitious  or 

—  4,  which  he  observes  is  thi'  same  iis  ihc  true  aeslimatio 
of  the  case  x'  =  12x  |6,  having  only  the  sign  of  the  ob- 
sulute  number  changed  from  the  former,  the  3d  root  2 
being  the  same  as  the  first,  which  therefiTe  he  docs  not 
count.  He  next  shows  what  are  the  relations  of  the  co« 
efRcients  when  a  cubic  equation  has  ihnx*  roots,  uf  uhich 
two  are  true,  and  the  3d  fictitious,  which  is  always  equal 
to  the  sum  of  the  other  two,  and  also  equal  to  ihe  true 
root  of  the  same  equation  with  the  sian  of  the  abstdute 
number  changed:  thus,  in  the  equation  i-" -t- 9  =  I2x, 
the  two  true  roots  are  3  and  >/5^  —  Iji  and  the  tictitious 
one  is  —  —  1y.  which  last  is  the  same  as  the  true 
root  of  j' =  12r  ■*■  9t  \\;  and  he  here  in- 
fers g<-iierally  that  the  fictitious  srstimatio  of  the  case  x'  -♦- 
r  —  bi,  always  answers  to  the  true  root  of  x  =  6x  -«-  c. 
Cardiin  also  shows  what  the  relation  of  the  coeflicienis  is, 
when  the  case  has  no  true  roots,  but  only  one  fictitious 
root,  which  is  the  same  as  the  true  rout  of  the  reciprocal 
case,  formed  by  changing  the  sign  of  the  absolute  nuinU'r. 
Thus,  the  case  r*  ->•  21  2x  has  no  true  roof,  nnd  only 
one  false  root,  viz,  —  3,  which  is  the  some  a»  the  true  root 
of  x'  =  2x  -1-  21 :  and  he  shows  in  general,  that  changing 
the  sign  of  the  absr.lule  number  in  such  cases  as  want  tbe 
2d  terra,  or  chan  ing  the  signs  of  the  even  terms  when  it 
is  not  wanting,  changes  the  signs  of  all  the  tlirt^  routs, 
which  he  also  illustrates  by  many  examples ;  thus  (be 
roofs  of  x'  -H  1  Iz'  =  72,  are     v^40  —  4,  and  —3,  and 

—  >/AO—-i;  and  the  roots  of  x^ -t- 72  =  1 1 1',  are — 
10     4,  :ind  -f-  3,  and  ■+■         ■+■  4. 

And  he  farther  observes,  that  the  sum  of  the  three 
roots,  or  the  difference  between  Ihe  true  and  fictitious 
roet^  II  equal  to  IJ,  tbu  coefficient  of  the  2d  term,  lie 
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ftUo  shows  how  certain  cubic  cases  have  one,  or  two,  or 
ibfee  roots,  according  to  circumstancfs :  that  the  casa 
6x'  has  lomi-times  four  roots,  and  somotinu-s  none 
'at  all,  that  is.  tjo  real  mcs  :  liial  llu-  cair  r'  -t-  =  ui'  -t-  c 
may  hftvc  three  true  Bstimalios.  ur  pioitnc  roots,  but  no 
fictitious  or  negative  oites ;  and  iur  ronson,  that  the 
odd  powan  of  ounu*  being  minus,  and  the  eveji  poweia 
plw,  the  twotorim  r^-t-  hi  would  be  negative,  and  eaual 
toapoiilive  lum  ax*  -i-  c,  which  is  afaauid  :  and  furtber, 
llMtlhocnai^  ax*  bi  »eha»  three  roob,  one  plus 
and  two  miam,  wMchiethinoniPi  widi  the  ihiit  chMged^ 
ai  the  nou  of  the  CMt      fo  ^  He  ala*  dw«e 

the  relation  of  liheceagcieeli  when  the  eqnerioa  ha»  ooly 
one  ml  rout,  in  a  varieqr  of  CMca :  hat  that  the  caw 
a"  ^  c  s  bx  has  always  one  negative  root,  and  either 
two  positive  roots,  or  none  at  all ;  the  number  of  roots 
failing  by  pairs,  lu  the  iinjiusslblc  roots,  <is  wc  now  t;ill 
thrm,  boing  alway>  in  puirs.  Of  all  the*e  circuin^tuiiccs 
Carrlitn  gives  a  gn-at  many  particular  cxample>  in  numeral 
coefficients,  and  subjoins  geometrical  dc-munMratiuns  of 
the  properties  here  enumerated;  such  as,  that  tho  t<io 
correspooding  or  reciprocal  cav-s  huvc  the  same  root  or 
roots,  but  with  diSerent  signs  or  aifectiaai;  and  how 
many  true  or  poaitivc  roots  each  case  has. 

On  the  whole,  it  appears  from  this  short  chapter,  that 
Cardan  had  dikcovered  most  of  the  principal  properdcaof 
Ae  rocta  of  eouatiuns,  and  could  point  out  the  nmbn 
■nd  nature  of  Uie  lool^  partly  Irom  the  ligm  of  the  lem% 
ud  partly  from  the  aiagnitnda  aad  lemiow  of  the 
eOetcnta.  •  He  ibotn  to  cflhct,  that  when  the  case  hat  elt 
iu  reoH,  or  whan  none  are  hnpoaiifale,  A»  nwnbar  of  ila 
poritive  roots  is  the  same  as  the  number  of  changei  in  the 
ngns  of  the  terms,  when  they  are  all  brought  to  one  side  : 
thiii  [he  o-efficiont  uf  the  2d  term  i«  equal  to  the  sum  of 
all  the  roots  jvosiiivi'  and  nugutive  collected  together,  and 
consequently  that  when  the  '2d  term  is  wanting,  the  posi- 
tive roots  are  ei|ual  to  the  negative  ones  :  and  that  the 
■igns  of  all  the  roots  are  changed,  by  chani^inc  only  ihv 
signs  of  the  even  terms :  with  many  other  just  remarks 
conceniing  the  nature  of  equations. 

In  chap.  2,  Cardan  enumerate*  all  the  cases  of  com- 
pound equations  of  the  Sd  and  Sd  order,  namely  S  qua- 
dratic*, and  19  cubic*;  with  44  derivatives  of  these  two, 
that  ia,  oftfaeaaawkind,  with  higher  denominations. 


Chap.  5  treats  of  tlic  a:sl:riiatir>  of  tlir  lowest  dogree  i>l' 
Compound  cas<-s,  that  is,  atfcctcd  (|ii<nlratic  oi,uations ; 
f;ivin!{  the  rule  lor  each  ol  ihr  ihri-c  rafcs,  which  consists 
ill  Completing  tho  siquare,  tStc,  as  at  ptc-seiit,  and  which 
was  tjie  method  givvn  by  thr  Arabians  and  Hindus;  and 
provin;:  them  by  geometrical  dcinonstr.itiaBtfran  Eucl>  i| 
43,  and  ii,  4  and  S ;  ift  which  be  maiie*  wemm  inprove- 
■icat  on  the  demonttration*  of  Mahomet.  And  hence  it 
appear*  that  the  work  of  tbi*  Arabian  author  was  in  be« 
in^  and  well  known  in  Cardan's  lime.' 
Chap.  6t  00  the  mcihoda  of  findiaa  new  rules,  coataina 

theaqaamaad 


cobei  oTbinoesial  and  leaUoal  qdantiikt»  aad  thepropocw 
tuns  of  the  terms  of  which  Ihey  consist,  shown  mm  gao- 
aietiical  demonstrations,  with  many  curious  remarks  and 
properties,  forming  a  fouikdation  of  principles  for  iuveati. 

gating  the  rulp>  fur  cubic  equations. 

Chap.  7  IS  on  the  trnnsmutation  of  equaliotii>,  ^iliowing 
how  tochaniic  tlu'in  Iroin  one  Conn  to  another,  by  taking 
away  certain  wrnn  out  of  them;  a-i  r* -t-  ai-  —  c,  10 
!■' =  bi  -*■  (i,  6iC.  The  rules  ar>-  ili-jnonstrutid  geometri- 
cally ;  and  a  tabic  is  added,  of  the  forms  into  which  any 
given  cases  will  reduce ;  which  transformations  are  ex- 
tended to  equation*  of  the  4th  and  ilh  order.  And  hence 
it  appears  that  Cardan  iaew  how  to  lalte  away  may  turn 
out  of  an  equation. 

•  Chap.  8  shows generally  how  to  find  the  rootpf  aagrMck 
laa  thi%  as^sa*  •*■  A,  whefeat^nd  •areaagrW' 


Ihee^  poMaMwhatavcri  bat  ■  thegrealari  aadlhanileii^to 
has  alt  aapatataarA^thecoaSdeatatotoiwoaBehpaclia 
ir  of  lis   and  a-s,  as  that  tlie  absolMe  nanibar  (  shall  he  cqaai  ta 


(•—*).*■—■,  the  product  of  the  one  part  a— s,  and  the 
-~ power  <f  die  other  pam  than  the  mot  *  km 


In  chap.  S  art  tieatad  the  roots  of  simple  cassst  or  sin- 
fits  cquatioott  or  at  least  that  will  radoee  to  Mch,  having 
atdy  twotaitoH  tlMaae  equal  to  the  other.  Ha  4irtets  to 
iaiinhatha'A 


t»— ".  The  rule  is  general  for  quadratics,  cuUc*,  and  all 
tin-  higli<  r  ]iii\n  rs  :  and  could  not  have  been  formed  «itli- 
out  the  knowledge  of  the  coinpo^ilion  of  the  ternis  tiom 
the  roots  of  the  equation. 

Chap.  9  and  lo  contain  the  resolution  of  various  ques- 
tions producing  equations  not  higher  than  quadratics. 

Chap.  1 1  is  on  the  case  or  lurni  -*■  Shs  =  2c.  Cardan 
now  comes  to  the  actual  resolution  of  the  first  case  of  cu- 
bic equations.  He  begins  with  relating  a  short  histoiy  of 
the  invention  of  it,  obeerving  that  it  was  first  found  oat( 
about  thirty  yean  beliMtt,  hy  Scipio  Ferrcus,  of  Bononia, 
and  by  bia  taaght  to,  Aalonio  Maria  Floritio,  of  Venice, 
who  having  a  coatest  afterwards  with  MioolaaTanaka,  at 
Brescia,  it  gave  occatioH  to  Tsrtalea  to  find  it  oat  hiai- 
self,  who  alter  great  eatreatie*  taught  it  to  Cardan,  bat 
suppreiaed  the  denonttration.  Hy  help  of  the  rule  alone, 
however.  Cardan  of  himself  discovered  the  source  or  geo 
metrical  investigation,  which  he  gives  here  at  large,  from 
Euc.  ii,  4.  In  this  process  he  makes  use  of  the  (7 reek 
letters  a.  C,  y,  S,  iVc,  to  denote  cert.un  indet'inile  numbers 
or  quuiitiries,  to  render  the  investi!;;r.n>ii  E<  :ii  nil  ;  which 
..jJnay  be  considered  as  the  first  instance  ot  sucli  literal  no- 
*!)wtlon  in  algebra.  He  then  gives  the  rule  in  words  at 
length,  which  copies  to  this,  z=\/[^{c'  ■*■!>') c} 
-,y[v'(c*  I- 4i*)-c];  illustrating  it  by  a  variety  of  ex- 
'samples ;  in  the  resolution  of  which,  he  axlraci-«  the  cubic 
«>  =  a**  this  kind  ofraoti/lfi    2    V*»        iiroota  of  sach  of  the  binomials  aawUl  admit  ^  it,  by  some 

ax*wicrhutbukind  of  root  V»6  -  2  ♦  V*.  nitowWch  be  hadforthatlPUipoee»snchMa' ^  6*=ao^ 
wbcie  the  ihrw fi  ^tl.!"'  «  coatiaual  pro-   whew  »  »  V(^«»  ♦  *•)  -  <^ ~  • 


equal 

ainafions  equally,  as  noch  as  they  will, 
to  the  height  of  the  least;  then  divide  by  the 
nomber  or  coeflicient  of  the  greatest ;  and  laatly  ektract 
the  root  on  tx'thsides.  Soif S(te*aiaOc'f thaaflOailMis% 
and{  =  i',  and  xs'f. 

Chap.  4  treats  of  both  general  un  I  parlicular  roots,  and 
contains  various  definitions  and  obst-rvutions  concerning 
.them.    It  is  hep>  shown,  that  the  several  cases  of  quadra- 
tics and  cubics  have  their  roots  of  the  following  forms  or 
*  Unds,  namely,  that  the  case 
X*  B  or  -«■  b  has  its  root  of  this  kind  ^  19  3, 
a*  •«•  ox  s  &  has  its  root  of  this  kind     1 9  —  3, 
X*     ^  s  Off  has  two  ti»U  like  3-t-s/2  and  3  —  v^2, 
X*  s  hs  ^  e  has  it*  root  of  this  kind  ^4  -t-  l/'i, 
X*    Axsc  haa  its  root  of  this  kind  ^4  ^ 


uiyiliz 
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Chap. 

•ClIyMthe  lau,  aii<i  fituU  il.p  rule  to  be  *  =  ^[c+^Cc* 

—  P)]  -t-  ^/[c—  v/(t-'  —  6*) I;  which  he  illutiratM  by 
many  examples  im:  t.  JliJl  when  cxc't-ocis c',  uTikfi 
ha>  since  been  called  the  irreducible  case,  he  ri  ters  to 
another  folloniug  book,  called  jllita,  for  olhi  r  ruleri  v( 
solution. !'-»  overcome  thi»  difficulty,  about  wlucli  lie  li  nk 
inriiiite  pains. 

Chap.  i3,  on  the  ewe  ■♦-  2c  =  3Ar.  This  case,  by  a 
geometrical  process,  he  niluces  to  the  case  in  the  last 
chapter :  thus,  dud  the  aeslimatio  y  of  the  case  y  =:  3l>y 
•f  2c,  having  the  tame  Cuefficicnts  as  the  given  case 

■*■  2c  =3*jr  ;  then  is  t  =  iy  ±  4v''(126  -  3y'),  giv- 
ing two  roots,  lie  showi  al'-o  huw  lu  find  the  second 
root,  when  the  fint  u  known*  independent  of  the  formoiag 
MM.  Ftam  thb  relation  of  these  two  caan  be  deduce* 
wwnl  eanlhries,  one  of  whkh  is,  that  th«  MtiaMia  or 
itMtof  tbecuey'  =  3by  f  2c,  is  equal  to  thewim  of  the 
roots  of  the  case  z'  -«t  2c  a  Sbx.  As  in  the  example 
jf'  =  \6y  21,  whose  estimatie  is  v'di  l^i  which  is 
e<|iial  io  the  sum  of  3aiid^9|—  14,  tbo  two  noil  of 
the  case      -t-  21  =  \6r. 

In  chaptrn  1*,  IS,  and  l6,  lu  tn  a-',  i>f  thr  rlurc  c;isf^, 
which  contain  the  2d  nmi  id  po»er>,  but  w;!Mting  llie  Ul 
power,  according  to  all  tlic  ■tariette*  of  the  signs;  which 
he  performs  by  extcrmm;<ting  the  2d  term,  or  that  which 
contains  the  2d  power  of  the  unknown  quantity  x,  by  sub- 
stituting y  ±  I  the  coefficient  of  that  term  for  x,  and  so 
reducing;  these  cases  to  one  of  the  former.  In  these  cjiap- 
ten  Cardan  sometimes  also  gives  other  ruler;  thus,  for  the 
caMX*  ^  S<Mr*  =2c,  find  first  ihc  aeitinatiojr  of  the  caee 
yatSqr -i-^SCtthen  is  r=:«*  — 3«:  alio  for  ibe  caw 

•»•  te  «■  Sai*,'  fint  find  the  two  roote  of  jr*^  St, 

m&9$fSe,tb(Bbr=^  that«onla«orjraccovdii« 

Io ibe two vatuea of jr>  HebeeaaliojiwflaiKrtlwrralc^ 
bf  taWcb  A  Moond  wtiiario  or  root  it  ibttiid,  when  the 
lint  ii  knowB,  miady,  if  e  be  the  fint  aettimalio,  or  vulue 
of  X  in  the  case  t*  -»-  2c  =  3««*,  then  is  the  other  value  of 
I  =  WH^"  -  «)  •  (50  +  3f)]      4(30  -  ,■■<. 

In  chapters  17,  18,  19,20,  21,  22,23,  (':ir  i.ui  tu  n!s  r,f 
tlir  CUT'S  III  whir.'i  Till  the  fnir  trniis  ul'  ihi-  equation  are 
prescrit  ,  and  thi>  lu'  alvsays  eticct*  ijy  taking  away  the  2d 
term  out  ol  the  i  qu  iI.Mii,  and  so  reducing  it  to  one  of  the 
foregoing  ca>.i-<t  uhich  want  that  term,  giving  always  gro- 
mctrical  investigations,  and  addiqg O gnat BMIiy  OIUBpleS 
of  every  case  of  the  equations. 

Cbap.  t4  it  on  the  44  derivative  cases ;  which  are  only 
Ugtwrpoweia  of  the  forms  of  quadratic^,  and  cubict. 

Cbi^  9Sf  on  imperfect  and  special  c»*c* ;  containing 
jptaay  nanindir  euapletwhen  tfae  coefficiaiiu  have  cer> 
.laia  ratlioBi  among  thea,  with  caty  rules  ibr  finding  the 
footl}  alao  8  atber  rules  Ibr  ibe  irtcdncible  case  r>  a  Ar 


Ghn^8ti;  in  yite  ■aimer,  contains  easy  rolet  for  biqua- 
tlM  CCefficiento  have  certain  special  rrla- 


Tban  (be  following  chapters,  from  chap.  27  to  chap.  38, 
contain  «  gri»t  number  of  questions  anil  applications  of 

various  kinds,  the  titles  ofsvhicharc  t!ie,e  :  D,  iransiiu 
eapithU  tptama  tn  ea/i//i;/,j,„  spccinU\  D-  >,!i,7:,:.i,m!fmj 
radicum  praOMim  scu  muiarumet  Aik  Uatum  ■  l)e  re^ula 
miodi  De  reguia  Aurta;  Dr  rt^uta  Mat^na,  or  ih  method 
of  finding  out  solutions  to  cmam  questions;  Dc  reguia 
MMOa  be.nR  .-^  ,„r,hod  of  subttitnting  for  the 

balf  eum  and  half  different  of  two  qt»ntiliMiiHa«i  of 


the  qaanttttn  thoatelvet ;  2>r  rtgalt  (Mtqmdita- pmimdi, 

tru  proportion  is  ;  De  regtUa  tnedii  i  Dt  reguia  a^grtgatii 
De  rcguLa  Ul>a  ee  pontioiut;  De  reguia  faUum  ponendi^'m 
vtiiicli  some  quantities  come  out  negative ;  Quomod"  ezci-' 
d'ltit  parte)  et  demminatione* muhiplicando.  AinDnq  the 
fiiie^innf;  coUectnm  dl  rulestioiis,  «  h  i  -  ii''  (  tii^lU  aii  Jiit 
nnniln-i»,  tliere  are  boine  genrnetriral  uiii^,  Iriul;  the  ap- 
pliralirci  ut  .il|rrl:M  tn  geometry  ;  such  .'is,  In  a  r;i;lit- 
an^Ied  trian;^le,  given  the  sum  of  eacli  leg  anil  llit  ad- 
jacent se»inent<)f  tr,e  hypotenuse,  Iriaile  by  a  perpendicu- 
lar from  ibe  right  angle,  to  di  termine  the  area, ice;  wiUi 
other  such  geometrical  iiui^iions,  rcM>lved  algebraically. 

Chap.  39,  De  regiUa  qua  pluribui  potuioniha  invatimiu 
ipwiMM  qumtiMmi  wnich  is  employed  on  biquadratic 
equations.  After  tone  exaniplca  of  fait  own.  Cardan  give* 
a  rule  of  L«wit  Pensri\  for  iceolving  all  biquadratici, 
oamaly,  by  mani  of  a  cubic  equation,  which  Fcmui  in- 
tcetigMed  at  bit  request,  and  which  Cardan  hece  denoo- 
strates,  and  applies  in  all  its  cases.  Tlie  method  is  very 
general,  and  consists  in  forming  three  squares,  thus:  first, 
COmpleleone  tide  of  the  equation  up  to  a  siiuare,  by  aild- 
in»  or  subtracting  some  multiples  or  parts  ol  some  of  it6 
'>«n  terms  ou  both  sjd<^,  which  il  IS  always  easy  to  do: 
2d,  supposing  now  tlie  three  terms  ol  this  square  to  bebut 
one  quantity,  viz,  tin'  hr,i  term  of  another  square  to 
which  this  SHine  side  is  to  he  completed,  by  annexing  the 
square  of  a  new  atid  a^umed  inde  term  mate  quantity, 
with  double  the  product  of  the  roots  of  both  ;  which  evi- 
dently forms  the  square  of  a  binomial,  consisting  of  the 
assumed  indeterminate  quantity  and  the  root  of  the  lir^t 
square:  Sd,  the  other  side  of  the  equation  is  then  made 
Io  become  the  square  of  a  binomial  also,  by  suppotiiig  the 

'  product  bf  itt  Itt  and  SA  term*  to  be  equal  to  the  equate 
of  Imlf  ih  td  term ;  for  it  oooiistt  of  only  tbtc*  tetmt,  or 

^nc  difcratt  demmiiuttioai  of  the  original  iraknown 
iMMttty:  then  tlits  equality  will  determine  the  value  of 
ne  amumed  indeterminate  quantity,  by  means  of  a  cubic 
equation,  and  from  i;,  that  of  the  original  ignota,  by  the 
equal  roots  nt  ih  ■  5.i   iiid  3d  sipiar*-*.    Here  »e  have  a 

nntahlp  exampi  I  the  u-../  ot'  i.-r. min;;  a  new  imletermi- 

nate  <|uantity  to  iniiuuiici  iinti  lii  equatinn,  lenp  before 
Des  Carles  IS  li  irn,  ishi  [-.^dtlc  n^>-  I'l  ii  like  assumption 
fiM  a  similar  purptjse.  And  this  im  thcui  i<>  very  general, 
and  is  Ik  re  applied  In  all  fornix  uf  biquadratics,  i-ithcr 
having  all  their  terms,  or  wanting  some  of  ihein.  To  il- 
Inttiale  this  rule,  i  shall  here  set  down  (he  process  in  one 
of  hia examples,  which  is  this.x'  4r  h-  8  =  lOjc*.  Now 
firtt  aubtiact  Sc*  ••-  4x  -^  7  irom  both  sides,  then  the  fint 
baoome*  a  aqnaie,  vii,  —  &i*  1  or  (x*  —  1)*^  . 
—  4r  ->  7.  Next  attnme  the  indeterminate  jr,  and  tulf 
tfUiet  2y  (j'  —  1)  — y'  from  both  «.ides,  making  the  first 
tide  again  a  square,  viz,  (r  —  1)='  —  2y  (i  —  1)  -*- jr'  or 
(x*  -  1  --y)»  =  (8  -  2y)  4t»  -  4*  ♦  y"  +  2y  -  7.  Of 
this  latter  side,  make  the  product  of  the  1st  and  3d  terms 

equal  to  the  squnrr  i  f  half  the  -d  term,  that  it,  (8  —  to), 
(y'  -•-  2y  —  7)  =^'>  which  reduces  toy'  -♦-  30s=^i*-»- 
1 3jr ;  the  positive  roots  of  which  are  y  =  2  or  ^  1  .'i :  und 
hence,  UMng  2  for  y,  the  equation  of  equal  squares  be- 
cnnies(i' —  I  — y)'or  (x' —  3)'=  4jr'— 4x -1-  l,theroolt 
of  which  give  jr"  —  3  =  2r~  1 ;  and  hence  j'  =  2x  -t-  2,  or 
x'"  2i  =  4;  the  two  positive  roots  of  which  ate  v^5  -i-  1 
and  —  1,  which  arc  two  of  the  values  of  x  in  the 
given  cqaation  x*  -•-  4t  8  =  lOi**  Tile  Other  rootube 
leavet  to  be  tried  by  tbe  reader. 

The  40th,  or  list,  cfaap.U entitled.  On  modes  of  genwil 
•UfpoMoo  iiiati«g  to  thii  urt;      toma  trulat  oif  so  «n> 
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iiwial  kind;  ud  mliiiMitia*  «r  rooti  pf  a  mtura  diflhmt 
from  tbeforcgmngOMi.  Some  of  these  arc  as  follow :  If 
s*  s  <ur*  •+■     and  x  «•  a  =  y,  and  x  :  y  :  :  c  :  </ ;  tlifen 

Sicomlly,  if  r'  -f-  ax'  =  c,  and  y  =3  ay'  t-  c, 

Thirdly,  when  r*  -i-  c  =  ui-,  ihc  square  will  be  taken 
away,  by  puiting  i  —  y  +  \n  ;  and  than  lb*  cqwUon  be> 
comes  y     c  —  s= 

Cardiin  adds  spmc  othrr  rcmarki  concerning  (he  solu- 
tioDt  of  certain  cases  and  questions,  all  evincing  the  accu- 
ncy  of  hia  skill,  and  the  extent  of  his  practice  ;  he  then 
concludes  the  book  with  a  remark  concerning  a  certain 
Iranslunnation  of  eC|MtfaH»i  which  quite  astonishes  us,  to 
£nd  that  the  Mme  person  who,  tbrouj;h  the  whole  work, 
Ine  ehowB  tlich  a  pnroond  and  critical  skill  in  the  nn- 
ton  of  eqnatioH,  and  the  solution  of  problem^  should 
yet  be  ignonuit  of  one  of  the  moat  obvioui  lianmataiiaB* 
attending  them,  namely,  hienMiag  or  dimlaiahhig  (he 
roou  in  any  propoition.  Cardan  having  ohaerred  that  the 
form  jr*  =s  6x  -^clnay  be  changed  into  unother  similar  one, 

viz,  y  =  '  y  of  ivbich  the  coefficient  of  the  term 

y  is  the  quotient  arising  from  the  ceefltcKnt  ofx  divided  by 

the  absolute  number  of  the  first  equation ;  and  that  the 
absolute  number  of  the  2d  equation,  is  the  root  of  the 
quotient  of  1  liividrd  by  the  said  abi:'t;iti  riimi!  tr  of  the 
first  ;  he  then  uddn,  that  tinding  (be  Kstimatio  or  root  of 
ti '  <  IK'  equation  from  that  «f  taa  oiker  i«  very  diflkalt. 

It  is  matter  of  wondtr  that  Cardan,  itiiiiini;  s  i  many 
tranamutatlons,  should  never  think  of  substituting,  instead 
ofy  in  such  equalfoaai  aaother  positioor  root,  greater  or 
leM  than  the  former  in  any  indifioite  proportion,  that  i>, 
multiplied  or  divided  by  a  givm  number;  for  this  woiild 
hava  led  htm  immcdkaiely  to  the  same  tramfonsalion  as 
im  amkca  abofc,  and  that  by  a  way  which  would  have 
shown  the  constant  proportion  be^peeo  the  two  rows. 
Thus,  instead  of^t  in  the  given  form  s*  s  tr c,  substt- 
lulc  Jy,  and  it  becomes  rfy  =  bdy  ■+■  c;  and  this  divided 

by      btcuiiR'sy  =  ^,y  ■*■  ~  ;  and  here  if  d  be  liikcn  = 

^c,  it  lieciimesy  =  ^y  ~i  the  very  Ininsforroation 

in  quc&Uun,  and  in  which  it  h  estdcut  that « is  syy'c, 

aadys^.  laMcadofthii,  Cardan  gives  thaibllowiBg 

stratii:<'  wa)  of  finding  the  one  root  jr  from  the  other y, 
when  this  latter  ia  by  any  means  known;  vis.  Multiply 

the  first  givan  equation  by  y*'    1i  tfien  add  ~  to  both 

Miif^,  and  lii5[Iv  t  >iriirt  t!ie  roots  of  both,  whirl,  ra-i  .^1- 
wa>:>  bu  dune,  as  tbey  wtil  aiwa^'s  be  both  of  them  squares ; 
and  tbc  rooli  wiD  glva  ttw  Tuoe  «f  »  by  a  quadratic 
equation. 

Thui,    s  iar  +  c  multiplied  byy*«    1  |i«m 

f^^^^^mi^*^  **+(*-..«y)»*cj  md 

the  roots  arc  yx'  ->■  ^  =  v'[{*y'  X*       (b  ■*•  cy*) 

S  c"];  and  this  2d  side  of  the  equation,  he  says,  will  al- 
ways have  a  rrvot  also.  It  is  indeed  true,  that  it  will 
have  an  exact  root;  but  the  reason  of  it  is  not  obvious, 

which  is,  because  y  i»  the  root  of  the  equation  y*  s  ^  + 


V^-.  Cardan  has  not  shown  the  reason  why  this  happens; 

but  I  qiprchend  he  made  it  out  in  tills  manner,  vis,  simi- 
lar to  the  way  iu  which  he  forms  the  last  square  in  the 
case  of  biquadratic  equations,  namely,  by  making  the  pro- 
duct of  the  1st  and  3d  terms  equal  to  the  square  of  half 

the  2d  term:  thus,  in  the  present  case,  it  is  4*  ■*■ 

=  (4  -t-  cy*)',  which  re<luces  to  y'  =  ^y  the  equa- 

tion in  question.  Therefore  taking  y  the  root  of  the 
eqoatioa >*  a  ly  undMibstitutlacitaTalM  intia 

quantity  (Ijf*    ^)  x*     (A    cy^  *    c,  tUs  becomes 

a  conipli'te  ii)uari-. 

O^Carii  ^n's  Libclltu  de  AIna  Regula.  Subjoinrd  to 
the  abovi-  tieatise  on  cubic  eijviations,  is  thi  i  I.ihrUus  dc 
Alivi  Rrt^lii,  or  the  algebraic  Injistirs,  in  which  thr  au- 
thor treals  of  some  of  the  more  ahstrubc  parts  of  arithme- 
tic and  nIgebrM,  especially  cubic  equations,  with  many 
more  attempts  nn  the  irreducible  case  x^  =  fcr  -«-  c.  This 
book  is  divided  into  6o  chapters;  but  1  shall  only  set 
down  the  titles  of  some  few  of  tham,  trhoso  floaienl*  re- 
quire more  particular  notice. 

Chap.  4.  De  mod»  ndigcndi  quaHtitates  om>ta,  fuA  di- 
ctfluvr  latera  prima,  tx  didmo  Euclidu  m  »ie|ptndm>n  He 
treats  here  of  all  Euclid's  inatioaal  Unes,as«aidmtmbaia, 
and  performs  various  opanlioaa  with  them. 

Chap.  5.  IliecwmfdirnWMwetoimferamet  tttimnut, 
«W     mkmaiitite  eapindonm.  Contaim  varioal'«peni> 
tions  of  miltiplyiog  compound  nvmben  and  lurds. 

Chap.  6.  De  eperaiwiiUmt  p:  er  m:  (i.  c.  and  * 
KcuMdmn  comnnmem  irfiuR.  Here  it  is  shown  that,  in  mul- 
tiplication and  clivi>>iiin,  ptiu  always  gives  the  stinn  "^'^.M, 
and  minus  givi-s  the  contrary  si^iis.  So  also  in  addition, 
every  quantity  retains  its  own  m^iii  ;  but  in  subtraction 
they  change  the  signv  That  the  ^  ,  or  the  square  root 
of  plus,  is  -»-  ;  but  the  ^/  —,  or  thi'  sqirare  root  of  minus 
ii  nothing  us  to  common  use  :  (but  of  this  below.)  That 
I/—  is  — ,  Bs  y  —  8  is  —  C.  'ITiat  a  residual,  composed 
of  and  —  may  have  a  root  also  composed  of  ■*• 
and  —  :  so  ^{S  —  V'W)  is  as  ^3  —  The  rules 
for  the  signs  in  mnltipiication  and  division  arc  illus- ' 
t rated  by  diis  example)  to  divide  8  by  2  +  ^6  or  ,/6 


l6-^384div. 
Quot.  v^S|6  -  8. 


Divis. 
-« 


the  quodento  still  both  alike.  Thiu, 


Divid.  Divis.  Diviti 

8  v'fi  -♦■  2  8 

V'SM- 16  divide  2 
Quot.  ^/S6  —  8. 

And  this  method  of  performing  division  of  compound 
surds,  was  fkiily  taught  before  Lira,  by  Lucas  (ie  Burgo, 
namely,  reducing  the  compound  divisor  to  a  simple  quan- 
tity, by  multiplying  by  the  currcsiponding  quantity,  having 
the  »ign  changed. 

In  chap,  li  and  18,  and  elsewhere,  Cardan  makes 
general  notation  of  e,  b,  c,  d,  e,f,  for  any  iadsfialm  'I'm!! 
titics,  ajid  treats  of  them  in  a  general  way. 

Chap.  2.  De  amuvtplalione  p:  «  m  :  (or  -t-  "  '  e» 
fusd  mt  M  m:,^  pt  «» <*»  emii*  konmjmtta  ««t<«ow. 
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cftlion  aod  division,  like  signs  give  plus,  aiid  uolike  ogns 
give  roinus.    And  he  illustntes  tJut  nuiaenially,  by 
squaring  the  quantity  S,  or  6  ^  2,  or  10  —  9, 
BMiit  >U  produce  the  same  thing,  madj^Sti, 

Anong  many  of  the  chaptm  wbich  trait  of  the  irredu- 
cible case  r*  =  kr  -(-  e,  there  is  a  peculiar  kind  of  way 
given  in  chRp.  31,  which     (.'ntttled  ut eutimatime /^aterali 

=  ii  —  c  Mjlida  tocmta,  el  operationibus  r;u< ;  in  xvliicli 
he  shows  huu  tu  appniMinaic  to  the  root  ol  thut  ca»o,  in 
a  manner  siroiUr  to  u[ipioxitiiiiti:i /.  iIm'  Mjuare  ruot  and 
cube  root  of  a  number,  'j'hi-  rule  dc  uws  lur  this  purpose, 
is  the  3il  in  chap.  of  the  lajt  book,  and  it  is  this:  Di- 
vide b  ittto  two  parts,  such  timt  the  sVira  of  the  products 
of  each,  multiplied  by  the  square  root  uf  theother,nay  bO 
equal  to  ;  then  the  sum  of  the  roots  ol  ^  I 
theie  parts  is  the  csliinatio  or  value  of  ''/(^ 

cmjuind.  So,of  ihiaeqiMtioit  »^  =  10*  a  1 
+  S4ithetwopBrtiaie^udl,udtfaeir  S-4-j)orlSai|c^ 
mote S aad  1,  and thdrna 4 Bs «| n  xaS^-ls*. 
ia  the  iMigjo.  Agtin.  tdte  ai'  h  &  I.  Here  be  m< 
vanii  ft  Daw  noutlun  to  cxpnH  iha  mot  or  radKx,  which 
htalOattSda,  mi,  x  =  ^*ofSdaQbi\,  that  it,  the  root* 
of  the  two  parts  of  G,  so  that  each  part  multiplied  by  the 
root  of  the  other,  the  two  products  may  be  \  or  \c.  Then 
t<j  free  tiii-  frnni  fractiMii:-,  a^jd  uluke  the  operntiun  t'.Lsirr, 
multiply  iliui  root  by  wtue  number,  as  suppose  4,  that  li, 
the  square  part  6  by  the  square  of  4,  and  tbc  »oli<i  part  ^ 
by  the  cube  of  4 ;  then  i  «=  iy/tolida  96  in  32.  Now, 
hy  a  few  trials,  it  ii  found  tluit  the  parts  arc 

neatly  yjj  and  I,  which  give  too  much, 
or  "'"l  r'n  "'hich  give  too  little, 

'  end  thereof  95f^  Uid  jW  aie  »lill  nearer.  Divide  both  by 
4^  or  16,  then  HHua  yK  "'^'^  quotients.  And  the 
nim  of  tiieir  roots,  or  x  a  v'^fH  *  ^ri%  **  nearly  the 
nlae  of  the  root  x. 

Cbep.4<.  Oe  Ayita  gfcuafMiM  awye i—Je  i»  dfinUo 
oAi  at  wmm  t^fimm  rdm.  Tiwli  eflhe  two  pailtive 
roots  of  that  castr,  iMjlectiw  the  aqgiillve  one;  ana  liiow* 
ing,  not  only  that  m  OM  hH  two  nwh  ioott,-bat  that 
the  same  number  any  bn  tbn  caoinoa  fOOt  of  ilUHIIIMIlr 
ble  equations.  • 

Cii;i)i.  57-  De  tractatione  ctsiimalionU  generalitctipituli 

bx  ~t-  c.  Cardan  here  again  resumes  the  consi dfration 
of  the  irreducible  ca.se,  making  ir>genious  observations 
upon  it,  but  itill  without  obtaining  the  root  by  a  <;cncral 
rule.  In  lliis  pluc  aKi).  m  wijll  as  elsewhere,  he  bliows 
how  to  iorin  an  equation  in  this  caio,  that  shall  have  a 
given  binomial  root,  as  suppose  ^ m  n,  where  the  equa- 
tioD  will  be  X*  =  («»-<-  3»')  x  -»-  2n(»i  —  »'),  having 
■*■  n  for  one  root,  namely  tlie  positive  root.  From 
which  it  appears  that  lie  waa  well  acquainted  with  the 
conpoaition  of  cubic  cqwllom  from  given  roots. 

Chap.  59.  Da  orrfweat  mmpUt  U  UmmUi  mmia  tt 
phlW  CMiiaa  a  great  nmy  mmianl  fitraaa  of  die 
>a—  iriDrfnahU  caaa  y  a  te  4-  c,  with  their  rooU ;  from 
which  are  deilmd  dtaia  fbUowing  cases,  with  many  cis> 
lious  remarks.    Aa,  when 

1:^  =  (  r  -f   1)  X    c,  then  I  =       c  -♦-  {)     i-  . 
;    +   i)  X  -1-  c,  then  X  =  ^/(i*  •*• 
.        =  I  p)  I  -f-  c,  then  *  »  |)  ■*■ 

.  x^sB         i6)»  f  e,  than*  a  v^fic  +  y) {. 

=  (-C  4-  n*)  X     c,  then  x  -  ^/''^      ->  +  !i. 

Cbap.60.  DtmofUtratio  gateralU  capuuU  cuht  amudiM  rt- 

hmmwmmn.  ThisdcmunatMilaBoftheimdiuihiflCHa 
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k  geooctiiGat,  Ukaall  Uw  fctt.  8«u«  nore  ingenioos  re- 
■iwka  an  again  added,  aa  if  he  idttClaiitly  finished  the 

hook«  wkboat  perfectly  oferooming  the  difficulty  of  the  ir- 
nduicihle,casc.  Cardan  here  also  uses  the  U  tiers  a  and  b 
for  maj  two  indefinite  numbers,  in  order  tu  show  the  form 

and  Mnaer  of  Aa  aiithmeiical  oftcrationa:  Aua  ia  the 
ftaetumfgrthdrqaotiait^alio  v^^  or  ^  ihe  aqun  not 

of  that  quotient,'  and  (/^  or  ^  the  cobe  not  of  it,  ftc 

Having  considered  the  chief  contents  of  Cardaii'i  alge- 
bra, It  will  now  be  proper  to  sum  them  up,  and  set  down 
a  list  of  the  impnvamenttaiadebjrhiai,  arcotkctedboin 

his  writings. 

And  1st,  Tartalea  h.ivin^  only  coinnuiiiicuted  to  Idn 
the  rule*  for  resolving  thcs*-  three  cases  of  cubic  eqaa> 
tioas,  viz, 

x'  ^x  =  c'i  he  thence  raised  a  very  large  and  complete 
siix  c,>  work,  laying  down  rules  fur  all  forms  and 
^  eae  bx,}  varietin  of  cubic  equations  haviqg all  their 
tarmi,  or  wantiiy  any  of  them,  and  having  all  pomibla 
varieties  of  signs;  demonstretiog  all  theae  ralce  geometri- 
cally ;  and  treating  very  fully  of  alnioatallkiBdaoftnaa' 
fbiaaiiom  of  equattoni,  in  a  manaer  befitn  iMkabwn. 

Sd,  It  ainpean  that  he  was  well  acqwioiad  with  all 
the  roots  of  equations  that  are  real,  both  positive  and  ne- 
gative ;  or,  as  he  calls  them,  true  and  fictitiou!i ;  and 
thathema<leu»ooftheniboih  occasionally,  lleals  i  siuwcLl 
that  the  even  roots  ol  poiiiivi-  (juantilii,s,  are  eit'n  r  posi- 
tive or  negative  ;  thut  the  odd  roots  of  negati  v,  i|u.iiiiities, 
nre  real  and  negative ;  but  that  the  even  roots  ui  them  are 
iinpoiisihle,  or  nothing  M  lo  COBIIOB  OM*  He  waS  aliO 
ac(|uaintod  with  the 

3d,  Number  and  nature  of  the  roots  of  an  equation, 
and  that  partlpr  from  the  signs  of  the  terms,  and  partly 
from  the  aagnnida  and  nHtioo  of  tha  ooedkienta.  m 
also  knew, 

4ih,  That  the  number  of  positive  roots  is  equal  io  tha 
nnmher  of  changtaof  thaii^of  the  terns. 

Stk,  That  tha  eoettdcDt  of  tha  second  tern  of  tha 
«<|uatiwi|  k  the  diflbnaee  bctweeB  tha  positiv*  and  nc^ 
tm  raols. 

6th,  That  when  ihe  second  term  is  wanting,  the  sum 
of  the  negative  roots  is  equal  to  the  sum  of  the  po«i- 

tire  roots. 

7lh,  How  to  compose  equations  that  shall  have  given 
roots. 

8th,  That,  changing  the  signs  of  the  even  terms, 
changes  the  sigiu  of  all  the  roots. 

9th,  That  the  number  uf  routs  failed  in  pairs ;  ur  what 
we  now  call  impossible  roots  were  always  in  paii^. 

lOih,  To  change  the  equation  from  one  form  to  another, 
by  taking  away  any  term  out  of  it. 

llth.  To  increase  or  dimioisb  the  roote  by  a  given 
qoantity.    It  appears  also, 

ISth,  That  ha  bad  a  lula  fiir  oatnctiag  tha  caba  not 
of  such  binonialt  as  admit  of  aatractiaB. 

19th,  That heoAca imd tha Htani noUlm a^^tt^t 
tte. 

1 4th,  That  he  gave  a  rule  for  biquadratic  equations, 
suiting  all  their  cases;  and  that,  in  the  investigation  of 

tiiat  tuIl-,  iie  r.i.i'ii'  u-.r  ul  an  .is-'.iilied  iiideti-rr..iL'..i;c  tjuari- 
Liiy,  and  ai'tcrwariU  found  iu  value  by  the  arbitrary  as- 

aaatptioik  of  a  rdation  betwcea  the  tenn. 
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I3tb,  That  hcappUfd  algebra  to  ibe  mttulloo  of  gao- 
metrical  prubU-ms.  Ami, 

l5th,  Tliut  he  was  well  acquainted  with  the  difficulty  of 
what  is  called  the  irreducible  case,  vif ,  j-"  =  bx  -t-  c,  upon 
*hiLli  he  spent  a  f;reat  deal  of  tinic",  in  altirn]itini'  to 
overcuiiiL-  it.  .AniJ  tlmu^h  la-  iliil  ;i(jt  lull'.  Mien  i  il  m  lin, 
<".i5e,  unv  mure  th;-i[i  oilier  prr^sjiis  hii»c  uoiu'  .luicf, 
he  ncvi  rliiikss  niadi-  many  iiij^rniuus  oljiirsations  ubnut 

it,  la^iqg  down  rulea  for  many  particular  forms  of  it,  and 
Aarniaghom  to  apprminiaie  very  mwIj  to  the  not  in  all 
catM  Whatcm. 
Canlaa  died  at  Bona  in  tfaa  year  '1 475. 

OF  TAmULM. 

.  MicboUw  Taitaka,  or  Tkrtaglia,  of  Brctcfa,  waa  eDn> 
temponfjr  witbaCinlaii,  and  mm  probably  older  than 
fca  wat;  but  I  do  iiot  know  of  any  book  of  algebra 

paUidusd  by  him  till  the  year  1 546',  the  year  after  tlic 
dale  of  Cartlan's  work  on  Cubic  Equiitii>n»,  when  he 
rintc'ii  III-  '^m-.ti  rt  liivciui  iiii  diverge,  at  Wnice,  » here 
e  ii'Mtli  ii  Us  il  public  Ic-Lluirr  on  niitlhemnlics.  This 
unri.  IS  ill  liir.iii  (1  111  <iur  kin!;  Ih  m  y  lit.  >lh  oi  |-.nf;land, 
and  cn.i^islb  ('t  nine  lioiik>,  c uiiUiiniii^  aii^wi  r>  Ici  viiitous 
()ln  sU()ns  wliicli  hail  l<L''  n  |)H  I'r -1.1  U)  11  1!]  al  '.ifuTciit 
tunes,  coiici-rniii^  MH'eii.iiiu >.  %l.(iii  »,  lij  iliosi,iiir>,  «.\:c  ; 
but  il  Is  t)iil\  (tif  1)1  lii-i  b.i.  k.  tljiit   Hi'  si. ill!  buve 

occuMup  ti>  take  noiicv  nl  in  lhi>  pluci ,  us  il  contuini  all 
those  que)li(iii»  vliich  relate  to  iiiilhnietic  and  al<(cbia. 
TbcM!  ur<'  all  !>et  down  in  chruiiological  <>rdi>r>  forming  a 
petty  collection  of  qm-ktiank  ajtd  aolutiooa  on  tho«e  sub- 
Ji^is,  with  a  »hott  account  of  the  occasion  of  rach  of 
tbcin.  Among  thcie,  tbe  com»poiidenca  fartween  him 
and  Cardan  formt  a  mnaifcafak  part,  as  we  have  here 
tho  Uitoiy  of  tbc  invention  of  tbe  rurs  for  cubic  equations, 
which  be  communicttrd  to  Cardan,  uodir  the  promiee, 
and  iitdeed  oath,  to  ke«p  them  secret,  on  the  <5th  of 
March,  1539-  But,  iiotwithsianiiinj;  hi^i  <'(iili,  finding 
that  Ciirdan  publiihed  llu  in  in  154j,  ns  abinf  related,  if 
seems  'larlulea  juiblished  the  corrisiiiu;(ii  i,  between 
till  m,  111  iru  iii;!'  liir  Iiih  bii  uch  o(  luilh  ;  unci  it  clsi  wlure 
ap[;  ..It.  ili;-.L  n-iany  otliorshaiii  liji  kc-nr.is  paiis<-il  betwein 
tbeiii  (in  Ibe  Mime  atcoum.  uliich  i.nly  eailcii  with  ihc 
the  death  ofTartrtlea,  in  lb*-  ynr  IjbT- 

It  seems  it  wan  a  common  praeticc  among  the  inathe- 
maticiuns,  und  otbcr>,  of  that  time,  us  in  most  other  times, 
to  scad  to  each  other  curious  and  difficult  questions,  as 
triaU  of  .skill;  and  to  this  cirrumktance  it  k  that  we  owe 
the  principal  questions  and  ditcuveries  in  this  collection, 
as  well  as  many  of  the  beet  diKoveriec  of  otiicr  authors. 
The  colIeciioB  ww  before  u«  contain  quettiona  aad  m>Iu- 
ikms,  with  their  dales,  in  a  r^iar  order,  from  the  year 
15S1»  and  ending  in  15)^I,  in  43  dialogues,  the  la&t  of 
which  it  with  ao  English  gentleman,  namely,  Mr.  Richard 
Wentworth,  who  it  seeing  was  no  mean  in  itiieimitician, 
and  w  ho  learned  some  alijebra,  &c,  i  l  'I'artaie  wlnlu  be 
resided  at  \'enice.  Tbe  fjue-ilifnis  at  first  are  nioitiv  vvry 
easy  oni's  in  riii'.hmctie,  but  f;radu:i!ly  btrumi'  more  diffi- 
cull,  and  exerci'^mc;  Minplf  atid  quinirutit  equuLi' i  ^,  with 
complex  calculatiuiu,  <i)  radical  quuniilieii :  uU  showing 
that  he  was  well  skilled  in  the  art  of  ali^ebra  as  it  then 
stood,  and  that  he  was  very  ingeniou".  in  applying;  it  to  the 
solution  of  qiie^tion».  Tarlalea  madr  no  alteration  in  the 
uolaiion  ur  forme  of  expreiaion  UMrd  by  Lucas  de  Burao^ 
calling  the  lint  power  of  the  wiknown  quantity,  in  his 
inmn^  COM,  the  leeool  power  etma,  the  thnd  cafo,  its, 
aad  witting  tbe  nameiofail(h«opmtioittin««idiatleiig|th. 
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without  tuiiig  any  con  tractions,  except  the  initial  ^  for 
root  or  radicality.  So  that  the  only  thing  remarkable  in 
this  collection,  is  the  discovery  of  the  rules  for  cubic  equa- 
tions, with  the  curious  cirrumstances  attending  the  s.Tme. 

1  he  lir>t  two  ot  these  were  discovered  by  Tartalea  in 
tlio  year  1  j30,  namely,  for  the  two  cases  ar  ax*  3^ 
and  r"  =  ax'  ■+■  c,  as  appears  by  Quest.  14  and  25  of  tlus 
collectinn,  on  occasiun  uj  a  question  then  proposed  to  him ' 
by  one  Zuanni  de  Toiiini  da  Coi  or  Colic,  John  ilill,  who 
kept  a  school  at  Brescia.  And  from  tbe  25th  question  we 
leam,  that  he  discovered  the  rules  for  the  other  two  cases 
r'  *  =  c,  and  ^  bx  -h  c,  oo  the  12th  and  13th  of 
Februaiy*  1535,  at  Veoicc^  w  here  he  had  come  to  reside 
the  year  befiwfw  And  the  occasion  of  it  was  ibis :  T1ie« 
was  then  at  Vcainaaae  Aatonio  Maria  FioM  or  Florido, 
wlio,  by  bis  own  aceeunt,  bad  reodrad  from  bis  prtccptoc 
Scipio  Farrco,  about  Aiityyattabcftre,  a  grneral  rule  for 
resolving  the  case  s^^ht^e.  Beinj;  u  captious  man, 
and  presuming  on  this  di>t  uvery,  Florido  used  to  brave  his 
conteiiiporHrie»,  and  bv  hi^  insults  provoked  Tartalea  to 
enter  into  a  «ui;»  r  'i\.ili  tnni,  that  each  ^ou^i  i-n;pr>^n  to 
the  other  30  (tiltt  rent  (|U('^tloi'.s ;  and  that  be  uUo  soonirjt 
resolved  tht«f  of  his  adverssary,  should  win  from  him  as 
niMliy  treat>  for  himirlf  and  friends.  ThesH  questions 
were  to  be  pri'jjnsi  i|  im  a  ciTtnin  day  at  some  weeks  dis- 
tance i  and  'JiiriaUa  made  such  ^ood  use  ufhis  time,  that 
eight  days  belun-  tbe  time  npp<iin(ed  for  delivering  the  pro- 
positions, he  discovered  the  rules  both  for  the  case  x*  kt 
=  c;  and  the  case  :s  ht  e.  He  therefore  proposed 
several  of  his  questiuiit,  so  as  lo  fall  either  on  this  latter 
case,  or  on  Ibe  ca&es  of  tbe  cube  and  square,  expecting 
that  h»i>d«enary  would  propose  his  in  the  former.  And 
what  he  tOSpectM  feM  eat  aeeordingly ;  ihc  const  quMlca 
of  which  was,  that  on  the  day  of  meeting  Tartalea  reaolwd 
all  his  adversary's  qurslians  in  the  space  of  two  bonis, 
without  receiving  one  amwer  from  Florido  in  return  ;  to 
whom,  however,  Tartalea  generoufily  remitted  the  forfeit 
of  the  :50  tri  als  won  of  liini, 

Question  31  first  brings  us  acfjuaiiikd  with  the  Corr^ 
spondiiicc  between  Tartaleft  und  Cii:dan.  This  Corre- 
spondence is  very  curious.,  and  would  well  deserve  to  be 
given  at  full  length  in  their  own  words,  if  it  were  not  too 
luii^  for  this  place.  1  may  enlarge  farther  upon  it  under 
the  article  Cubic Squaiiomt;  but  must  here  be  content  with , 
a  brief  ubsirjct  only.  Cardan  was  then  a  respectable  phy- 
sician, and  leclurerin  mathematics,  at  Milan  ;  who  having 
nearly  finished  the  printing  of  a  large  work  on  arithmetic, 
algebrnt  and  geometry,  and  having  beard  of  Tartalca'sdia* 
covcries  in  Cttbie  cquatiaas,  he  was  eenr  doirous  of  diav- 
ing  those  rules  from  bim.  that  he  ndght  add  them  to  bii 
book  before  it  was  linisbadi  For  this  purpose,  he  first  ap- 
plied to  Tartalea,  fay  means  Of  a  third  perioii,  a  bookseller, 
^^ll<lnl  be  sent  lo  liim,  in  the  beginning  of  the  year  1539, 
with  many  llatterliij;  compliments,  and  offers  of  his  ser- 
vici'-  Mill  11  ..'iiiUinii,  Ike,  accompanied  with  somt-  L:iiical 
queitiuiis  liii  liini  P  rc'nive,  according  to  the  custom  of 
the  limes,  'i  artiili  li  hrJ\^  f.i'i  irlused  lo  i.Us.'losc  his  rulea 
to  any  one  ;  ai  the  knowledge  of  tliem  gained  hirn  great 
reputation  among  all  people,  and  gave  him  greac  a  lmn- 
tage  over  his  competitors  for  fame,  who  were  comrnonty 
afraid  of  biro  on  account  of  those  very  rules.  He  only 
sent  Cardan  theiefore,  at  his  request,  a  copy  of  the 
30  questions  which  had  bao  profM^  to  biwiit.« con- 

tart  with  florfdob  .     »  • 

Iiot  to  be  idMtW  »  sway.  Ctadao  m 
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d»  mmH  tttgept  latmitr,  by  Irtur,  to  Itettloi;  whtdi 

hbrnver  procured  from  him  only  tb*  toliition  of  seme 
iOttr  questions  proposed  by  Cardan,  and  of  a  lew  of  the 
<lurstioii»  that  had  bwn  proposed  lo  Floriilo,  Imi  none  of 
fhoir  iolulions.  Finding  he  could  not  thin  prevail,  with 
nil  1  ■■  Inn  [  p  III  i;.!  5 .  Cardan  ihi'n  fell  iiji'  ii  ainthcr 
«rlii!!!r,  'Ilcw  vva'i  at  Milan  a  certum  Marquis  dal 
Va-:i.,  ;h  'ZT'-i-.i  ]iatron  of  Cflrdan,  anil,  i(  was  .*:tiil,  of 
IcariR-il  null  in  general.  Cardan  conceived  the  idea  of 
making  use  of  the  influence  of  this  nubli-man  to  draw 
Tartalea  to  Milan,  hoping  that  then,  by  penoMi  «Dttr>> 
tics,  he  should  !>uccerd  in  drawing  the  lol^GaoeCBl«i 
rules  from  hira.  Accoriiiiigly  b»  wrote  «  tecond  letter 
Ip  TarlBlea,  much  in  the  MBe  rtrain  with  the  former, 
■tm^y  iovii^  iiim  to  cone  and  tpend  a,  few  dayt  in  his 
house  u  Miha,  nd  mpr«enti«g  tbatt  havinf  oAan  conf ' 
mended  iim  in  the  U^bett  tenn  to  the  iiMn|tti»,  this  no- 
bleman (Mud  Atidb  to  see  hin  t  fiir  which  muon  Cor> 
dan  advised  hlMlf  as  a  friend,  to  come  lo  vi-^ii  them  M  Mi- 
lan, as  it  m%fat  be  greatly  to  bis  interest,  the  mHrquis  be- 
inj  very  liberal  and  bountiful ;  nnil  he  b«-?.ides  guve  Tar- 
taKa  I'j  understand,  that  it  ini^lit  be  duuEeiMii!.  in  i  flenJ 
such  «  man  by  rrfusinj;  to  come,  who  niif;ht,  in  (hat  c.ise, 
take  ortt-nce,  ami  do  hiin  •.ome  injury.  This  maiiun\ re 
had  llir  iliMrcd  frtict:  Tatlulea  ou  this  occusmn  lanienls 
tu  himsi'lf  in  these  words,  "  Uy  this  I  am  reduced  lu  a 
great  dilemma;  for  if  I  go  not  to  Milan,  the  marquis  nmy 
lake  it  amis«,  and  some  evil  may  befall  me  on  thatac- 
e'  uiii  ;  I  shall  therefore  go,  though  very  iwwiilinfty.'' 
Whijii  he  arrived  at  Milan,  however,  the  marqnis  was 
gone  to  V'igeveno ;  and  Tartalea  was  prevailed  on  to  slay 
.tkree  dsjg^jrith  CardaBi  ia  expectation  of  the  maranis  le- 
Mniing  j'lte  the  ead  of  which  tina  ha  Mt  «o;Ti«m  Milan, 
with  a  letter  from  Cardan,  lo  go  t»  Vigmno  lo  that  no-  r 
'.UaniaB.  While  Tartttea  was  at  Milan  the  three  days. 
Cardan  plied  hiin  by  all  possible  means,  to  draw  from 
bini  the  nilet  for  the  cubic  equations;  and  at  length,  ju<it 
as  Tartalea  was  about  to  depart  Inini  Milan,  on  (lie  '.'  Mli 
of  March,  153.9.  he  \»n>  overcame  l>)  the  must  ■•i  b  inn 
protestations  of  secncy  that  r<iiilil  l>i-  niaili\  Cardan 
says,  "  I  shall  jwear  to  you  on  the  biily  i  vaiii:i  listh.  and 
\iy  rill  hiiiidur  of  a  gentleman,  not  only  neM  r  tu  pulil  -li 
your  inventions,  if  you  reveal  thcni  to  ine;  but  I  aUo 
promise  to  you,  and  pledge  my  failh  a*  a  true  Christian, 
to  note  them  down  in  cyphers,  lo  that  after  my  death  no 
'other  person  may  be  able  to  understand  them."    To  this 

.  Tartalea  replies,  "  If  I  refuse  to  give  credit  to  these  ai- 
suninccs,  I  should  deservedly  b<-  accounted  tttMrfy  Void 
«f  belief.  Bat  as  I  intend  to  tide  to  VigasfiM^  to  ate  his 
«Men«i^  the  raarquis,  as  I  have  been  Ufa  nMjr' Umk 

^  -'^  duec  days,  and  am  weaiy  of  waitiiig  so  k/k^  sfilMaar 

^  '  I  reluin  therefore,  I  promise  to  show  3rav^w  wEota." 
Cardan  answers,  •*  Since  you  di  lerminc  at  any  rate  to  <;o 
to  Vigeveno  to  the  marquis,  1  shall  give  you  a  letter  for 
hi»  cxi  ellency,  that  he  may  know  who  you  are.  But  liow 
belore  you  ili  parl,  I  entreat  you  to  ^bow  me  the  rule  lor 
the  equaliiins,  as  ynu  have  promised."  I  i.ni  cnnU-nt," 
says  'i'aitalea;  "  tint  v<iu  rails?  know,  ihiit  t  i  nl  ie  on 
all  OCCnsion*  to  rcrnrniber  such  o|MT<mi  ■ii',,  I  Ijunt  brought 
the  rule  into  rhyme;  lor  if  1  hnri  not  vi  ed  that  precau- 

•      tion,  I  should  often  have  forgot  it,  nn<t  ifauugh  ray  rhyraesi 
are  not  very  good,  I  do  not  value  that,  a*  it  is  sufficient 
that  ibey  serve  to  lying  the  nitc  to  mind  as  often  as  i  re- 
peat tbcm.  1  shaP  WlJuj|Bk|ha  nile  with  my  own  band, 
.«b«t  you  Bay  MjilMfl^^  exac^y." 


Ttnsa  rude  esnes  contaitt,  in  lathevtefc  and  enigmatical 

language,  the  rule  for  these  thiea  cases,  vi^, 

-t-  *x  =r  f,"!  which  diBer  hovrever  only  in  the  sign  of 

=r  c,  V  one  <iuiinlity,  ami  the  rule  amounts  to 

.t'  -r-  t  =3  Aj,  3  this:  I  mil  two  liunibois,  t  andjr.  such 
that  their  diH'erence  in  the  lirit  case  ,  and  their  sum  in  the 
2d  and  3d,  mav  be  equal  to  <■  the  absolute  number,  and 
their  product  equal  to  the  cube  of  j  ol  h  ihe  eoeiJicient 
of  the  less  power;  then  the  liitrerence  of  their  cube  roots 
will  be  equal  to  i  in  the  liist  ease,  and  the  sum  of  tbcir  * 
cube  roots  equal  to  i  in  the  2d  and  3d  cases:  that  is, 
taking  t  —  jr  =  c  in  the  first  case,  or  s  -»•  y  =  c  in  the  2d 
and  3d,  iind  as  s  then  x  =^s  -       in  the  first 

case,  and  r  a •4>  {/y  in  the  other  two.  At  parting, 
Taruira,  fails  not  ag|>in  to  remind  Cardan  o.f  his  obliga« 
lioni  "  Now  yottr  excellency  will  lenmher  not  to  break 
yoarpnnia(]I  bilk,  bt  if  uoban»ily  you  should  insert 
these  roles  ctther  in  the  work  you  are  now  printing,  or  in 
any  other,  Aiough  you  should  even  give  ihtm  under  my 
name,  and  as  of  my  invention,  I  promise  and  swear  that 
I  shall  iinniediaiely  print  another  work  lhat  will  not  be 
very  pleasing  to  y<iu."  "  Doubt  not,"  Miy»  Cardan,  "but 
lhat  I  shall  oltserve  what  1  have  promised  :  Go,  and  rest 
secure  as  to  that  point ;  and  "ive  this  Utter  of  mine  to  the 
niai<]Uls."  It  should  seem,  h  hv,m.  r,  that  Tatlulea  was 
much  displea»ed  at  busing  sulicred  himself  to  be  worried 
as  it  were  out  of  his  rules  ;  for  as  soon  as  lie  quitted  Mi- 
lan, instead  of  going  lo  wait  upon  the  marquis,  he  turned 
his  horM.-'s  head,  and  rode  straight  home  to  Venice,  saying 
to  himself,  "  By  my  faith  I  shall  not  go  to  Vigeveno,  but 
•hall  return  to  Venice,  come  of  it  what  will.*' 

After  Tartalea's  dqiartuiv,  it  seems  CaMan  appliedhin- 
self  iiapediately  lo  resolving  some  cscamplct  ia  the  cuhie 
eqvatioas  by  the  new  nils^  bur  not  racceeding  in  them ; 
for  indeed  he  had  austakcn  the  wotds,  as  it  was  very  easv 
to  do  ilt  such  bad  verses,  having  mistaken  for  jl^, 
or  the  rube  of  4  of  (he  coeflScieni,  for  4  of  the  cube  of 

ti-.!'  C' i>  li"uii'!;t  ;  .'irrm  (!in^ly  «e  fiml  lii:n  \\M:ir,j  I'l  Tiitla- 
iea  ii>  14  du\s  ulli  r  Uii  alioM  .  blainuii;  liiiii  niu<  n  liir  his 
abrupt  departure  without  »eein>:  the  marcjUi'-,  «ho  «as  so 
hbetal  a  prince,  he  said,  and  ri  questiiii;  Taittilea  to  re- 
>-  live  him  Ihe  example  J'  3r  =  10.  Tliis  I  .in:-.li  a  did 
to  his  satisfaction,  ri[;htly  guessing  at  the  nature  of  his  - 
mistake;  and  concludes  his  answer  with  these  eniphatical 
words,  "  Remember  your  promise."  On  the  I2ih  of  May 
following,  Cardan  returns  him  a  letter  of  thanks,  toqether 
with  a  copy  of  his  book,  saying,  "As  to  my  work,  jv$t 
finished,  to  remove  your  suspicion,  I  send  you  a  copy, 
but  unboiOid,  as  it  is  yet  too  fresh  to  be  beaten.  But  as 
to  the  daubl^ou  express  lest  1  may  print  youriDvcntlons, 
my  faith,  which  I  gave  you  with  an  oath,  should  satisfy 
you  ;  for  as  to  the  finishing  of  my  book,  that  could  he 
no  security,  as  I  coold  always  add  to  it  whenever  1  please. 
But  on  account  of  the  dignity  of  the  thint;,  I  e.\cu»e  ynu 
for  iKil  1  el\ ing  on  that  which  jou  ou.  l  t  )  i  hast  done, 
nanii  lv,  on  the  faith  of  a  gcnlleniaii,  iii-t!;ni  ol  lli<  linisli- 
ing  of  a  iKiok.svhich  might  at  any  nine  )ie  enl.iir'iii  bv 
the  addition  ol  new  chapters;  and  time  are  besnlis  u 
thousand  other  ways.  l!i;t  the  security  ci  nsi^ls  in  this, 
that  there  is  no  greater  treachery  than  to  break  one's 
faith,  and  to  Hgjtrieve  those  who  have  jjiven  us  (ileasure. 
And  when  you  shall  try  me,  you  will  find  whetlter  I  be 
your  fricnii  or  nul,  and  whetlu  r  I  shall  innlte  an  UOgrala- 
ful  return  for  your  frieodsbjp,  and  the  aalisiaclioa  ya« 
hmai^veiiiu^.  •      .  ^pl'     •     -.->!*=»->-«  .i 
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b  mt  «MtHi  km  tbati  two  aioatlH  after  tli!»,  hovtver, 
flat  Taitain  iMtind  IIm  aUiming  new*  of  CanUii't 
thowing  some  sysplaBi  of  tawkiiig  tha  hiih  he  hmk  to 
lately  pledged  w  Ub  { lUt  wM  m  •  letter  firan  •  quoii- 
dam  pupil  of  bia,  in  which  he  writae,  *'A6iatd  eftninc 
•t  Miuui  ha<  writtra  to  me,  that  Dr.Oudntkcompo^iiiig 
another  ai^'braical  work,  concerning  iiome  lalcly-disco- 
vcred  rule* ;  hence  I  imagine  they  may  bp  those  same 
rules  wLich  you  told  mc  yuu  hiid  taught  him  ;  so  that  I 
fear  ho  will  deceive  you."  To  which  'lurtnltii  rcpliei, 
*  I  am  heartily  grifviMl  nt  tin-  no\t^yuu  infunn  ine  of, 
concerning  Ur. Cardano  of  Milan;  lor  li  it  bt-  true,  they 
ran  bt-  no  other  ruU-s  but  tbo»(  I  gave  him  ;  and  ihcrc- 
forr  the  proverb  truly  aayt, '  That  which  you  wiah  not  to 
be  kDown,  tell  to  nobody.'  Pimv  ewtenHmr  to  banwm 
of  thia  matter,  aod  inform  me  of  it" 

I  after  this,  kept  on  the  reaerve  with  Cardan, 
(ttvaial  klters  he  tent  him,  till  one  wiitlea 
tame  year,  liS9t  conplmillg 


■uspicioaa  of  Cardaa'i  intcntioDi,  and  declining  mjfi 
correapandenoe  with  him. 

Thi«  however  did  JSmemtm  C.  for  we  find  him 
writing  again  to  T.  en  dm  Slh  of  Juraan,  1540,  io  dear 
up  another  diflcoUy  which  had  occurred  in  this  bamwM, 
namely,  to  extract  the  cube  root  of  the  binomiah,  of 
wiiich  the  two  parti  uf  the  rule  akwayt  con»i«icd,  and  for 
winch  ]uirpow  it  srcm»  C.  had  not  yet  found  out  a  rule. 
On  this  occasion  he  intorm-*  T.  that  his  i|uuudam  corapr- 
titor  ZuHnnc  Colic  had  conic  to  Milan,  where,  in  some 
coiiti->i  .  (i  twoon  ihcni,  Colle  gave  Cardan  to  undcn^iand 
that  he  Imd  found  out  ihf  rules  for  the  two  c»ses 
bi  =  c,  and  X  =  ii  -t-  c,  and  furtht  r  that  he  had  disco- 
vered a  general  rule  fur  extracting  the  cube  roots  of  all 
anch  binomials  as  can  be  extracted  ;  and  that,  in  parti- 
cular, the  cube  root  of  y<'J08  10  is  v'S  1,  and  that 
«f  V^IOS  —  I0t>^3—l,aiid  consequently  that  ^(v'lOS 
t-  10)  -  VCv'lOB  «  10)  ia  as  (v'S  1)  >  -  1) 
t.  He  then  OMBBtljr  eatteMi  T.  to  toy  M  ind  mit 


S%  •(  Ttrtdea'^  nq^ect  of  him.  and  larthcriafneil*  tfm  rale,  and  the  MfattiMiof  ewtaift  oiker 
Mi«Miltaao»  tadearui>tbadifficnltyof  thniiiadai>  had  been  propoaed  to  Um  hj  Oolte.  Bj  thk  letMr  T.  ii 
a  on  a^  a  A*  •*■  ^  whieh  Cardan  had  thus  early  atiU  aaraeoofiimed  in  hia  reiointioai  of  lilence ;  to  thai, 
been  emharramed  with :  he  mpf  that  when  (^by  cxoeav  without  returning  any  answer,  he  only  acta  down  among 
(4«)*,  the  rule  cannot  bo  applied  to  the  eqcMtton  in  hand,  hi«  own  memorandums  some  carious  remarks  on  tho 
because  of  the  square  root  of  the  negative  quaatitiea.  On 
this  oi-Cjibinn  'l'ii:ulfa  turns  thr  tables  on  Cardan,  and 
plays  liiii  oun  game  back  upon  him  -,  for  being  awaiY  of 
the  above  difliculty,  and  unable  to  ov-ercome  it  biroself, 
he  wanted  to  try  if  Cardan  could  be  encouraged  to  ac- 
conijiliih  It,  bv  pretLiidiiji;  that  the  Cast  might  be  done, 
though  in  another  way.  llu  says  thus  to  himself,  "I 
have  a  good  mind  to  give  no  answer  to  this  letter,  no  more 
than  to  the  other  two.  Uowerer  1  will  answer  it,  if  it 
be  but  to  let  him  know  what  I  hatrn  beea  told  of  him. 
And  as  I  perceive  that  a  suspicion  has  arisen  conccrniitf( 
the  difficulty  or  obalacle  in  the  role  for  the  ca^c  =  bx 
c,  Iham  amiad  l»  try  if  ha  on  alter  the  dau  aa 

haad^ ao m rtmlrft?SiiiTOlii5w?'tlS 
itcaaaotbeddnes  howatat  thwa  it  aohtna  hitiyi^.* 

M.  Hieronime,  1  have  received  jaux  letter,  in  which 
you  write  that  you  nnderstand  the  rule  for  the  caae  x*  =s 
bz  c,  but  that  when  ({by  exceeds  (it)',  jrou  cannot 
n'boln'  itic  cquatioD  by  following  the  rule,  and  therefore 
you  rri|iR-st  n:e  to  i;ive  yovi  the  solution  of  this  equation 
r*  =  9r 10.  To  which  i  reply,  that  you  have  not 
used  a  good  mcihod  m  that  case,  und  that  yoor  whole 
proce&s  is  entirely  ialse.  Aod  as  to  revolving  you  the 
equation  you  have  sent,  I  must  say  that  I  am  very  sorry 
that  I  have  already  given  yoo  so  much  as  I  have  done ; 
for  I  have  been  informed,  by  a  credible  person,  that  you 
are  ahout  ta  publish  another  algebraical  work,  and  that 
yaa  ham  haaa  boasting  tbrotigh  Milan  of  having  disco- 
takaiaalnbta.  Bat, laha aotiea,  that 
IT  ftith  iSh  SM^  I  tlidl  eanaialy  haep 
I  awB  MaaHiyae  ta  do  mora 
fUa  he  aayi, 
my  intention  to  pub- 
iiah  meee  on  alf^bra.  But  1  suppose  you  have  heard 
something  al  i  i-  my  work  De  Mysteriis  .ttornitatis, 
which  you  taico  tor  some  algebra  I  intend  to  publish.  A5 
to  your  repenting  of  having  given  me  your  rule?,  I  am  not 
to  bo  moved  from  the  faith  I  promised  you  for  any  thing 
you  say,"  To  ihi!.,  ami  many  other  things  contained  in 
the  iMine  letter,  Tartatea  ratoraad  a«  aaaaer,  bciag  still 
Vol.  I. 


ifyoHMc  J 
•  aqrwrd  wMb  yoa»  am,  laws  Mnnya 
Aaa  I  Bromiaad.*  la  Oardan'i  aattwr  to 

*'  Yon  have  been  misinformed  as  to  my  intt 


contents  of  the  Irtttr,  and  then  coneludca  to  himself, 
"Wherefore  I  do  not  choose  to  answer  liini  again,  as  I 
have  no  more  affection  for  him  than  for  M.  /uanne,  and 
therefore  I  shall  leave  the  matter  batweett  them."  Among 
those  remarks  he  sets  down  a  rule  for  extracting  the  cnbo 
root  of  such  biiiumials  as  can  be  extracted,  and  that  is 
done  from  either  member  of  the  binomial  aloite,  thus  : 
Take  cither  term  of  the  binomial,  arid  divide  it  into  two 
such  parts  that  oite  of  them  may  be  a  complete  Cube,  and 
the  other  part  exactly  divisible  by  3;  then  1h«  cabe  reoC 
of  the  said  cubic  part  will  be  oae  term  of  the  N<|uii«d 
RMt.  aad  the  square  root  of  the  quotient  arising  from  the 
dMiiaa  «f  f  <«f  tha  SfMot  by  the  caha  iMt  of  the  fNt, 
attl  ha  the  other  ■waAcraf  the  taolMHiPM.  1Mbf«la 
«fll  b»  better  uadeiaiaad  fai  chafactata  ibm  t  kfkm  be  one 
awnher  af  the  i^ven  btiioinial,whoae  eaba  MMJtlou^hi; 
and  let  it  be  divided  into  the  two  parts  a'  and  Sb,  so  that 

o^     36  be  =  m;  then  is  a  -»-        'he  cube  rootrequired, 

if  it  has  otve.    Thus,  in  the  quantity  ^iOi  -t-  10,  taking 
the  tern  10  for  m,  then  10  divides  into  1  nnd  0.  where 
=  1  or  A  S3  I,  and  3fr  a  9  or  6  s  3 :  therefore  a 

bccotaet  1     v^S  fbr  the  eaba  root  af  «^108  10, 

And  taking  tlic  other  rrcrabcr  v' TOR,  this  divides  into 
the  two  equal  parts  ^St7  and  ^i7t  making  a?  =  ^37^ 
and  «*  at  i/STi  hnea  «  »  ^3,  aad  ft  ■  ^9  al»)  aait- 

scqucntly  a  ■*■       U  =  v'S  •♦•       or  '^3     1  for  the 

cube  root  of  the  binomitti  sought,  the  same  as  before. 
"Aod  thus,"  beadds,  "we  may  know  whethcrany  proposed 
binomial  or  reaidiml  be  a  cube  or  a  noncnbe  ;  for  if  it  be 
a  cube,  the  iaaw  two  terav  Ibr  the  root  must  arise  from 
both  the  given  termi  aepaiately;  and  if  the  two  terms  of 
the  root  cannot  dun  be  brought  to  agree  both  ways,  iwch 
binomial  ot  midml  wiU  oat  ha  a  cube."  And  tbus  ende 
the  correspondaaca  htljaaui  dwm,  at  Itaat  for  this  time. 
But  it  tecfflt  they  bad  itill  more  violent  disputes  when  C. 
in  violation  of  his  faith,  sooften  pledged  to  the  coniranr, 
publishpd  bw  work  on  cubic  equatiaaa  4  |e«m  aterwarda, 
Tik  in  the  year         of  which  wa  Ipja  mHw  gaca  tm. 
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account,  which  disputct,  it  appran,  continued 
^Mth  of  Turtulea  in  tl.c  >rar  1557. 

The  last  hMicIc  in  llic  volume  contains  a  dialc^uc  on 
Mime  other  form>  of  cubic  cqiiatinn^.  in  ihc  )t'ar  1541, 
between  T.  and  Mr.  Ricliard  Wcntwortii,  rlie  English 
(gentleman  bcfure-mcntiont  d,  w  iio  it  seeiuii  h'.nl  r>sidud 
tome  time  at  Venice,  on  Mac  public  service  from  Eiiglund, 
n»  T.  io  the  dcdic.itinn  of  the  volume  to  Kenry  viii,  king 
of  England,  makM  mention  of  him  as  "a  gentleman  of 
his  sacred  majesty."  Mr.  Wentworth  had  learned  some 
mtbenatica  of '1.  and  being  about  to  depart  fur  England, 
nqocsts  T.  I»  Am  him  his  new^  meovcred  rules  for 
CBMo  tfUMkoib  •>  *  ftmwdl  Immb  ;  and  it  ia  worth 
I  IB  MtB  m  fiM  nutieidan  IB  tfck  confenoo^  w  dny 
f  ant^  wdltlielfaBilid  kno«Mf»  of  T.  M  Unt  iibu^ 
ilBWBBatBi«BBd«o^of MidiaqBBriaafc  T.hBdbt- 
bn,  it  Mcnis,  showed  Mr.  W.  tbe  mle*  for  the  cam  «f 
the  9d  aod  1st  powers,  and  now  the  latter  deairet  htm  to 
do  the  same  as  to  the  three  caacs  in  which  the  3d  and  2d 
powers  only  arc  concerned.  On  this  T.  professes  great 
f;ruUtudc  to  Mr.  \V.  for  many  obligations,  but  de«ires  (n 
Lo  excused  from  givins;  liini  the  rules  for  llie*e,  because 
be  says  he  intends  sn<in  to  coin  pose  a  new  work  on  Arith- 
metic, Geometry,  and  Alj;ebra,  wbich  he  intends  to  de- 
dicate to  him,  ami  111  ^vljicL  hi!  means  to  insert  all  h.s 
new  discoveries.  On  Mr.  W.  uigiog  him  futtker*  how- 
ever, T.  gives  him  the  rood  of  aoM  BqMa<kBi  «if  tktt 
kind,  as  for  ini»tance : 
Jf  jr"  +  6r'  =  luo,  then 

*sm^{42  ■>-  v'17000)  +V'<*«-V'l7000)-t. 
If     -t-  gur*  1=  100,  that «  m  ^2*  -  2. 
If**  +  SJt»s-     2.  then  r  SB  v'S— I. 
If  r»  ^.  4    =  5x',  then  *  =  ^9*9. 

But  1m  doM  not  Maliiia  tte  niM  for  finding  then. 

the  couhb  at  Ab  HiBwnBliaa  T.  taUt  him  that  "aU 
MKh  equatiow  mimUt  of  two  JUfaRat  anawer*,  and  per* 
hapa  more ;  and  hence  it  follows  that  they  have,  or  admit 

of,  two  different  rules,  and  perhaps  more,  the  one  more 
difficult  than  llic  other."  Ami  on  Mr.  \V.  expressing  his 
wonder  at  this  ciicumstancu  of  a  plurality  of  ro^ts,  T. 
replies,  "  It  is  however  very  true,  though  hardly  to  be 
believed,  and  indeed  if  experience  had  not  confirmed  it, 
I  should  scarcely  have  belii>vrd  it  myself,"  Mr  then  com- 
mits a  strange  blunder  in  an  example  which  be  takes  to 
illustrate  this  hy,  namely  the  equation  -i-  3x  =  14, 
whiiCbi  he  wysi  it  is  evident  has  the  number  2  for  one  of 
'ilanoMi;  and  yet,  he  adds,  "  Whoever  shall  resolve  the 
nvM  equation  by  roj  rule,  will  find  the  value  of  x  to  be 
V(7  v'SO)  1/(7  —  ^50),  wbich  is  proved  to  be  a 
tna  toot  hy  Mifaatiuiliiig  it  io  the  equation  for  x.  Aai 
oootfaiBeth^ '*rtiiiDaaireitthatthecaiBB*'»' 


some  of  then,  I  am  almost  certain  that  they  admit  of 
more  thaa  two  mlai,  a^  Ood  wUiB^'IahBll  moo  dOM^ 

strate." 

Now  all  this  discourse  shows  a  strange  mixture  of 
knowledge  and  ignorance.  It  is  very  probable  that  be  had 
met  with  some  equiitMiis  .vhicb  admit  of  a  plurality  of 
roots ;  in<kx-d  it  was  hardly  possible  for  him  to  avoid  itt 
but  it  stems  he  had  no  suspicion  what  the  number  of  nwlB 
mit:ht  be,  nor  that  his  reasooing  in  this  instat>ce  waa 
founded  on  an  error  of  his  own,  mistaking  the  root  x  st 
Vi7  ^/50)  ->■  V(7  y^io),  of  the  equation  + 
:)j  =  14,  lor  a  different  root  AMI  thc  namber  or  loot  t» 
when  in  reality  it  i>  tbe  my  MBW^  at  ho  aught  aaiiht 
kate  found,  if  be  had  extracted  Aa  c«hr  vooia  of  tho  1m> 
Banials  by  the  rule  wbich  he  Unaelf  had  jmt  oho«o 
far  that  purpose :  for  by  that  r«Ie  he  would  Ufc  found 
^  f  ^M)  =  1 1-  v'S.ond^Cr  -  x/SO)  =1-^2, 
aod  ihombiB  their  sun  u  8  =  x,  the  same  root  as  the 
otberi  which  T.  thought  had  been  dilferent.  And  besides 
this  root  2,  the  equation  in  qnestion,  j:'  -t-  3j  =:  14,  ad- 

ijiiis  of  iKj  c:i;h(T  n-ftl  nails.  Nnr  indeed  doc>  iinv  efj\jd- 
tion  ul  the  i.an,e  torni,  i'  -t-  bi  —  c,  tidmil  u{  more  lli.ui 

one  rr.ii  root. 

It  seems  also  they  had  not  yi  t  dibCOvercd  that  all  rases 
belong  to  the  rules  und  loiluv  lor  <]nadrHtic  equations, 
which  have  only  t»o  pi'wrrs  in  them,  in  which  the  expo- 
nent of  tlie  on<  b  I'^bi  double  of  the  exponent  of  the 
other,  as  X**  Ax*  =  c;  but  some  particular  cases  only 
of  this  sort  they  had  as  yet  ventured  to  refer  to  quadra- 
tici,  as  tbe  case  x*  -t-  kt*  ea  c.  But,  in  the  condoiion  of 
thb  dialogue,  T.  informs  W.  of  another  case  of  this  sort 
which  be  had  acco«plishcd,8s  a  notable  disoofeiy,iallMaa 
words :  "  1  well  remember,"  saya  ha»  *■  thotia  iha  wear 
lAS^oBthanidktof  St.  Marda,  «Meh  ma  on  b  Sttur* 
dqrsMAWfalgin  hod  akaB  I  caM  not  stMp,  I diwiK 
Mni  dM  BHcnl  folo  §ut  the  case  x*  -•■  !«'  =  c,  and  also 
far  As  odwr  two,  itt  ocooropanying  cases,  in  the  same 
night."  And  then  he  directs  that  they  are  to  Lie  re«io|ved 
like  quadratics,  by  completing  the  square,  6cc.  And  in 
these  rtsolutioiM  it  is  ren  :  1.  1  M  ibut  he  uses  only  the 
positive  roots,  without  tukiuj;  ajiy  notice  of  the  negative 
ones. 

Tartaiefl  also  published  at  Venice,  in  1556",  Stc,  a  very 
large  work,  in  folio,  on  Arithmetic,  Geo  merry,  and  Alge- 
bra. This  is  a  very  complete  and  curious  work  on  the 
first  two  branches;  but  that  ot^  Algebra  is  carried  no  br- 
iber than  quadratic  equations,  called  book  tkejint,  wilk 
which  the  work  terminate*.  It  is  evidently  incomplete 
owing  to  thc  death  of  tbe  author,  which  happened  befoM 
this  latter  part  of  the  work  was  printed,  as  appeata  by  th* 
dates,  and  by  the  prefaces.  It  appaan  akiv  Croa 
parte  of  this  work,  that  the  BBtbar  had  mm  mm 


It  rs  c  admits  of  two  rules,  namdy,  ana  (aa  Ib  ibe  abovo  ftcts  anth  Ctidan  and  Ua  liticnd  Lc«ia  Famati:  and  par 


aplo)  which  ought  to  give  the  wlao  of  c 
«h|»  S,  and  the  other  is  my  rule,  which  d«aa  ihcmlaB  of 

X  irraiioml,  a»  appears  above ;  and  there  ii  nason  to* 
lUnk  that  there  may  be  such  a  rtile  as  will  give  the  value 

of  X  =  2,  though  our  ancestors  may  not  have  found  it 
out."  "  And  these  two  different  answers  will  be  found 

not  only  in  every  equation  of  this  form  I'.-t-  hi  =s  c, 
when  the  \;»l-.jr  of  i  h.t|ii  ens  to  be  ra'.: m.-i],  ii^  m  the  CX- 
Hiiiple  r'  't  1  r  =  1 4  abos e,  but  the  ■'anie  n  ill  also  happen 
in  .tII  the  .ntlier  five  forms  oC  enhir  eu,U:ilion'. ;  iinri  there- 
fore there  is  reaion  to  think  that  they  alao  admit  of  two 

:  ralett  a«id  Igp      '  ' 


iMariy,  Oeie  was  b  public  trial  of  shin  balweni  tbem, 
in  the  year  1347;  >n  which  it  would  seem  that  Tartalea 
had  greatly  the  advantage,  his  question*  mostly  remaining 
•naasMndby  his  antagonist*.  - 

Or.MICHABL  STIFKLItfS. 
After  the  foregoing  analysis  of  the  works  of  tbe  firtt 
alf^braic  writers  in  Ituly,  it  will  now  be  proper  to  con- 
sider those  of  their  contemporaries  in  Germany;  where 
it  is  remarkable  that,  e.xcepting  lor  the  discoveries  in 
cub:r  eijnations,  the  nrl  was  in  a  more  advanced  state, 
and  of  a  ^mi  approaching  nearer  to  that  of  our  modem 
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«li(Terpn(,  that  one  wnuld  atm«*t  be  led  to  suppose  tin  y 
bad  dcnvt't]  ihi'ir  ktiuwlrdge  of  it  front  a  different  origin. 

Hen;  Slilelius  «nd  Scheubelius  were  writers  of  the  vame 
time  witli  Canlanand  Tartalea,  and  c\cn  bH-ton  th(  ir  di'.- 
coveries,  or  publication,  conceming  the  ruin  for  cubic 
equations,  Stifclius's  Arithmctiek  Integrs.  bciiift  published 
at  NorimlMT);  in  1544,  the  year  before  Cardan's  work  on 
fjlbic  rquutious,  and  is  an  excellent  treatise,  both  on 
Mitkmeiic  and  algebra.  The  work  is  divided  ialo  three 
toafci,  and  is  prenecd  with  an  Inlrodyction  by  the 
now  JdeteacbthMi.  The  int  book  cmlatM  a  ceaqplM* 
■Did  noffh  Itariin  on  Aritbiwetic»  the  eeomd  u  £»• 
f«lliM  af  the  iMi  book  of  Euclid's  Elements,  and  the 
durd  a  IVmiie  on  Algebra,  being  therefore  property  the 
part-with  which  we  an.'  at  present  coi>cemed.  In  the  de- 
dication of  this  part,  he  ascribes  the  invention  of  algebra 
to  Geber,  an  Arabic  aslrcnomcr ;  and  mentions  bcsidi-^, 
the  authors  Campanui,  Christ.  lUidulph.  and  Adoni  His, 
Risen,  or  Gigas,  whose  rulf-  and  examples  lu  Las  chiefly 
given.  In  other  parts  of  the  bu<ik  lif  -pi-ak^,  am!  makes 
Use  also,  of  the  works  of  Ik>ettu»,  (';iiiipiiiiu5,  Carcian 
(i.  e.  his  Arithmetic  published  in  15.19,  before  tho  work 
on  cubic  equations  appeared),  de  Cuta,  Euchd,  lorduii, 
Mtlichius,  Schonerus,  and  Stapwlensis.  So  that  he  ap- 
pears to  have  been  very  little  acqwislMl  iniaad  wWi  any 
besides  the  Gorman  authors. 

Chap.  I.  Oh  the  Rule    Algebra,  and  ut para.  Stifelius 
iMfo  deaciibct  the  notalioa  and  marln  of  pnran  or  deDo> 
I  a»  b*  edb  tlHM,  *hicii  aails  Ibr  dM  Mwml 
If*  Amt 

%*   Ss   t(t  1».    «^  >f(»*e» 
licing  formed  ftm  tM  imtialt  of  A»  tartanna  way  In 

which  the  Germans  pronounced  aod  wrote  the  Latin  and 
Italic  names  of  the  powers,  namely,  res  or  c<i«a,  census, 

Cubo.  ^rnsi-znn^ui,  sursolid,  zensi-cubt),  Sir.  And  ihp 
C0«8  or  finil  power  ,  be  cklls  the  radix  or  roul,  whicli  is 
the  first  lime  tiuit  we  meet  with  this  word  in  the  priiitf  <i 
authors.  He  also  here  use*  the  5i(?ii5  or  characters,  -i- 
and  — ,  for  addition  and  subtraction,  and  tbc  lirvt  of  uny 
that  I  know  of :  for  in  Italy  Ihey  u&ed  nunc  of  these  cha- 
racters for  a  long  time  after.  He  has  no  walk  liMiaier 
for  equality,  but  makes  use  of  the  word  itself. 

Chap.  2.  On  the  Parts  of  the  Rule  of  Gebor  or  Alge- 
bra :  teachina  the  vaiiom  tedttctkm*  by  addition,  sub- 
tractioR,  ■uliplicMlmt  H/Min,  tiiweluian,  aad  atntiH 
tun,  1 

CiMp.  3.  On  Am  Algorithm  of  Coaiie  anmber* ;  teach- 
ing dw  iMMl  OMUlioM  «f  addilioo*  nhCnctioa,  laoltH 
plieatiooy  divwoo,  iawtation,  and  axUMlioB  vt  fww, 
much  the  same  as  they  are  at  present.  Sill^  ter^  or 
possen,  b*  calls  simple  quantities;  b«tiM^ail  5  '^'1% 
a  composite  or  compound,  aiM  9%—  t  «  JiJiiicll»a  «ne. 
In  multiplication  and  division,  he  proves  that  like  signs 
give -t-,  and  unlike  signs  — ,  Hii  jhows  tW-a  the  powers 
1.  if.  7),  I  drc,  form  a  om;[ric.ii  progression  from 
Unity,  and  that  the  iiaturdl  icnes  ot'  numbers  0,  1.  '-i, 
&c,  from  O,  are  the  exponents  ot  the  cossic  powen;  and 
for  the  first  time,  expressly  calls  them  exponents;  ttWi 

Exponents,  0,    1,    2,    3,    4,    5,    6,  tuc. 

Powers,       I,  ^,    5,  f(,  55,         5(t,  &c. 
And  he  shows  the  use  of  the  exponents,  in  multiplication, 
division,  powers,  and  roots,  as  we  do  ut  present;  *is,  ad- 
ding the  exponenu  in  multipUcatioB,  and  subtractiag  the« 
i«difiij«n,dcc  And  lhae  oparatei  ka  ' 


from  the  iiiiun  iil  a;  ithniytical  and  geoiuctric.il  prDCros- 
siiiii^.  It  i~  rLmiirl.ubl<'  that  these  Compound  denoinin*- 
tintis  ul  tlu'  powers  arc  lormed  from^  the  simple  ones  ac- 
c  irdiiii;  !rj  the  pr(xii«c<j  of  the  exponents,  while  those  of 
Diophantus  are  formed  acewrding  to  the  mmi  of  them  ; 
thuH  the  ()th  power  here  ii5(!(or  quadrata-cubi,  but  with 
Diophanius  it  is  cubo-cubi ;  and  ao  of  others.  Which  ii 
presumptive  evidence  that  the  Europeans  had  not  tafcea 
their  Algebra  immediatrlyfram  huoyladqieudent-of  odMT 
prooft. 


Chaok  4.  Oa  the 
km.  Hohan 


malt  of  qtudfatic  eqwliaaa,  wfeiek  ha 
motvea  by  eampMng  the  square,  from  Euclid  il*  4^  iok 
Abo  Sjoadialka  of  the  higher  orders,  showing  how  to  iw> 
solve  them  in  al)  cases,  whatever  the  height  may  be,  prO« 
vided  the  expooenls  be  but  in  ahthmotical  prugressioD,  ai 

&c}  wken  it  u  plain  that  he  alwiftcaaattO 
for  the  exponcat  of  tha  uokaami  qoaal^y  ia 

the  absolute  I 


viaea  ine  < 

1,  0) 

2,  of ; 
6  , 3, 0  r 

8,  4,  O) 


Chap.  5.  Of  irrational  coasic  numbers,  and  of  surd  or 
negative  numbers.  In  this  treahse  of  radicals  or  irra- 
tiiiiiiil'.,  he  first  u5es  ibi  cliaracter  ^  to  denote  a  root,  and 
sets  alter  it  the  mark  of  the  power  whose  root  is  intended ; 
as  ^  5  20  for  the  square  root  of  20,  and  a/  C(20  for  the 
cube  root  of  the  same,  and  so  on.  He  treats  here  also  of 
nogatl^<'  numbers,  or  what  be  calls  surd  or  fictitious,  ot 
numbers  lesa  than  0.  On  which  baMJm  OCoaMO. to  ab* 
serve,  that  when  a  geometrical  puigiMiiiai  is  eoanMCd 
downwaidt  below  I,  dm  the  aiiBaMnie  of  tko  tani^at 
tka  ariAaMlical  pmiawiaB,  wOl  |»kdaw ft  iata  ntg^ 
tif*  wmAan^  and  will  jet  ka  tke  inw  aapoMttli  aCtka 
AcaMTS  aaiaibcM^ 

EiVOB.  -s,  -2,  -I,  0,  1,  a,  s, 

Ptow.        f,     i,     i.  1,  2,  4,  8, 
And  he  g^ves  examplt^  tu  show  that  these  negative  expo- 
nents perform  their  ofiicc  the  same  as  the  positive  ones,  in 
all  the  operations. 

Chap.  6.  On  the  perfection  of  the  Rule  of  Algebra,  and 
of  Seri.ndary  Hoots.  In  the  re<luction  of  equations,  he 
u'.es  tt  more  general  rule  than  tho»e  who  had  preceded 
liim,  who  detailed  the  rule  in  a  multituiie  ot'  caries;  in- 
stead of  which,  he  directs  to  multiply  or  divide  the  two 
sides  equally,  to  transpose  the  terms  with  +  or  — ,  and 
laidy  to  extract  nich  root  as  may  be  detx>ted  by  the  ex- 
poMlt  of  tka  higkcat  power. 

As  to  aecoodary  root*.  Cardan  treated  of  a  Sd  ^iioCa 
or  unknown,  which  be  called  guaruiuu,  and  denoted  it  by 
Ike  iailM  f,  W  dirtiiiguiak  it  ftoa  ikaint.  Bat^km 
StUbliut,  fw  dtaihwtiaB  Mka,  aod  to  ptmatona  natfroB 
being  miataken  for  othen,  aingas  literal  taarka  ta  att  of 
them,  ai  a,  B,  c,  B,  &c,  and  then  performs  ill  the  usual 
opeiatione  with  them,  joining  them  together  a.s  we  do 
now,  except  that  he  subjoins  the  initial  of  the  power,  in- 

"  ^f  its  nunirrai  exponent:  thus, 
3.\  into  ;)b  miikcs  27aB, 
35  into  i  El  makes  1  'i^  B, 
2{C  int"  ^  ^5  makes  H^A, 
1a  sqiuircd  tiinkcH  la)| 
6  into  3c  make?  18c, 
2a ;S  into  S\  makes  lO.iM,  &c,  &c, 
8C(a5  dnided  I.y  ICf  nakc  '^.i^,  &c. 
The  square  I'.ot  1.1       5  ^- 
Ako  fta added  to  2^  makes  i'i,  -t-  2a, 
•  atf  Sa  Mikto*  fcwa      make.  2  ^  -  « A. . 

'  at  8 
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And  he  sliosvi  liow  Ic  us*  itic  sam<!,  in  quf«.uuri5  cunct  rii- 
ing  several  unknown  numbers;  where  he  puts  a  tiiflVrfiit 
character  for  each  of  tfaero,  as  ^,  a,  b,  i,  A-c  ;  be  tlif a 
makes  out,  from  the  conditions  of  tin.-  uut^ii.  n,  ::s  many 
equations  as  there  nrc  characlcrs;  from  liK-si-  he  linds  iho 
value  of  each  letter,  in  terms  of  some  one  of  the  rest; 
mad  to,  expelling  them  all  but  that  one,  reduces  ibc  whole 
to  a  final  equation,  as  wc  do  at  present. 

The  reuuiider  of  tha  book  is  employed  with  the  solo- 
fioiu  of  ■  great  number  t>f  questions,  to  exercisii  all  lk« 
niki  nkd  methods ;  torn  cf  whkk  m  geometrical 
~      this  accouai  of  diaMMaaf  Aigebra  in 


it 


that  the  ii 


iher  denoted  by  the  initial  of  the  word,  or,  after  some 
Hutbons  by  the  mark  y/:,  viz,  the  sq.  root  y':.  the  cube 
root  vv*/ :,  and  the  4th  root,  or  root  of  the  root  tlius 
which  latter  method  be  mostly  uses.  He  then  gives  tb* 
Arithmetic  of  lurdi,  in  multiplication,  division,  'HilhiriBt 
aad'Mibtnetloa.  In  these  last  two  ruin  h«  sqoaiw  the 
sum  or  difference  of  the  lunls,  and  dNO  Mia  Ike  itwl  to 
the  »  hole  compound,  which  he  calk  nuliv  mHmM,  what 
Car daa  calls  stafefriaWi  Ihnt  ±^aO  an. 
ed.a»±^960.  But wIno^  tarn  aairrtthice  to  a 
Burd,  he  then  milct  tlieBt  into  one  numbr  r;  as 
IS  equal  V75.    Also  of  cubic  surds,  and 


I,  bay^  Abm  of  iko  Italians,  aa  coolained 
lok  of  1509^  woiaa*  follow: 
lit.  Ha  latfodooeii  tlie  eharaclcn      — ,  v',  for  plus, 
minus,  and  root,  or  radix,  us  he  calls  it. 

2d.  The  initials       5,  ff,  &c,  for  the  powers. 
3d.  He  tre:ii.  a  all  tho  h4|jh«r  oidm  of  qoadiMia  by 
the  same  gtuerul  rule. 

4ih.  He  introduced  the  numenl  exponents  of  the 
powers,  —3,  —2,  —  1,  0, 1,  2,  3,  he,  both  positive  and  ne- 
gative, so  far  OS  integrul  niiniben,  Lul  i:ol  l.-actioiuil  o:ie>; 
calling  them  by  the  name  cijxwmw,  exponent:  and  he 
Uugbt  tho  general  usas  of  the  exponents,  in  the  sewal 
operations  of  powers,  as  wo  now  use  them,  or  the  loga- 
rithms. 

Mb.  And  laMhr*  be  uted  ibe  jeneial  Utetal  notation 


by  blMOl^  or    m  roots.    In  binomial  and  residual  surds,  be  rt  iuarks 


01  MSBOMUVa* 


tie  and  Algebra.  TiteaaownrbelbrsaM^kaniillad  Al' 

gcbrz  Coropendiota  Facilisque  Description  quA  depromun* 
tur  magna  Arithmetices  miracula.  AuuKm  Johanne 
Scheiil'elio  M.itKernrdic.ii uni  I'l i,tV«-.r r.-'  in  Academia  Tii- 
bingcriM.    Parisiis  lint  at  Uie  e:iii  of  the  book  jt 

jv  iia;ed  1  l  il.  The  work  is  most  fceauliluli)  (jriiitfd,  find 
is  a  v«|-)'  clear  though  succinct  treatise;  and  both  in  tb« 
form  and  matter  rauth  1  eseiiiblcs  a  modern  printed  book. 
He  says  that  the  writers  ascribe  this  art  to  Diophanius, 
which  is  the  first  time  that  I  find  this  Greek  author  men- 
tioned by  the  modem  alfebraists:  he  further  ohsenrcs> 
that  the  Latins  call  H  J^plk  H  Centui,  the  nlo  of 
tbs  thing  and  the  square^  or  of  the  Ist  and  2d  po«ar| 
and  the  Arab«,  Algebra.  His  cbaiactars  and  otMCatioM 
aia  much  the  same  as  those  of  Stifelnis,  osing  the  sign* 


the  different  kinds  of  them  which  answer  to  the  several 
irrational  lines  in  tho  10th  book  of  Knchd  5,  r  Ifli„e„ls  ; 
and  then  gives  this  general  rule  for  cxtr^.rtin;;  the  root  of 
ricy  biiiuniial  or  residual  <i  h,  v,  in  re  one  rir  !iuth  part* 
arc  surds,  and  a  the  greater  (|iiaiitity,  namely,  that  ihe 
•qtian  foot  of  It  u  ^i+ilifLliii  j.  ^'-v/  ^'-/'!. 

vslileli  iie  illustrates  by  many  uvunijiles.  This  rule  will 
oiiiy  succeed  however,  so  as  to  come  out  in  simple  terms, 
ill  certain  cases,  namely,  either  when  n'  —  is  a  square, 
or  when  a  and  v^C"'  —  reduce  to  a  common  surd, 

and  unite  :  in  all  other  cases  the  root  n  in  two  compound 
surds,  instead  of  one.  He  gives  also  another  rule,  wbicb 
comes  however  to  the  same  thing  as  the  former,  *b»i^ 
by  the  words  of  them  they  seem  to  be  diflereat.' 

Scbeubelius  wrote  much  about  ibe  time  of  Caidan  and 
Siifelius-  And  as  be  takes  00  notico  of  euhie-c<|ttaiions, 
it  n  piobaMa  ha  bad  Baitbcr  mm  nor  bcaid  any  thing 
lAotK  mumt  wbidi  odiht  teiy  mil  bappn,  the  one  living 
in  Italy,  and  dw  other  ia  Germany.  And  besides,  I  know 
not  if  thb  be  the  first  edition  of  Scheubel't  book:  it  i» 
rather  likely  it  is  not,  as  it  is  printed  at  Parts,  and  be 
liiin^i  lf  wii,  profasor  of  mithomatics  at  Tnbiagw  in 

Gerrmiii',  .  • 

HOUBKr  RECORDS. 

To  ibis  ingenious  man  we  are  indebted  for  the  fir^t  trea- 
tise on  algebra,  then  immed  theCossic  Art,  in  the  English 
language  ;  but  his  mcntoriuus  labours,  like  thow  uf  the 
greatest  benefactors  of  mankind,  appeur  to  have  been  ill 
requited,  since,  after  removing  to  the  capital,  be  died  un- 
der confinement  for  debt  in  the  Flert-prisnii.  In  bis  book 
00  Aritlunetic  he  is  styk-d  "  teacher  of  mathematics  and 
practitioner  In  physic  at  Cambridge."  It  was  for  many 
ages  the  custom  to  unite  the  title  as  well  as  the  pmclic* 


and  cbaraclers       — ,       aitd  tha  powarsft,'^,  aedicine  with  those  of  chemistry,  alchymy, 

dw,  when  the  cbaiaMer  8>  n««d  for  1  ornnity,  or  a  tics,  and  aatrologf.  b;f  the  bloont  and  after  than  ty  tba 
number,  or  the  0  power ;  prefixing  also  tbe  nnmerwal  co«   Ettnipenn%  and  is  stHi  oontimiad  amoH  the  aimanac- 

Aad  it  is  remarkable^  that  M  tho  Moosa  we«a 


efficients;  thus  44*3  l  H  31  9,  —  53p(.  He  uses 
also  the  exponents  0,  I,  'i,  3,  &c,  of  the  powers,  the 
same  way  as  Stifclius,  before  him.  He  [wrlonus  the  al- 
gebraical calculations,  fir»t  in  integers,  and  then  in  frac- 
tions, much  iho  same  as  we  do  at  present.  Then  of  equa- 
tions, which  he  !>iiys  may  be  of  infinite  degrees,  though 
he  treats  enly  uf  two,  namely  the  (ir^t  and  second  orders, 
or  v»hat  wc  call  simple  and  quadratic  equations,  in  the 
"isual  way,  takini;  however  Vtnly  the  positive  mots  of 
these;  and  adverting  to  all  the  higher  orders  of  quadra- 
tics, namely, 

t',  at',  b;  and  i*,  ajr\  A;  and  i",  ai\  U;  kc. 
NeM  folloMs  11  trnc  t  on  surd-i,  both  simple  and  com- 

£ound,  quadratic,  cubic,  binomial,  and  residual.,  llcia 
a  Ant  maifca  tb«  noMtioo,  olawviBt  that  Iba  foot  k  ci> 


not  IsN  famed  in  Europe  for  tbelr-skill  in  nedicine,  than 

their  dexterity  in  calculation,  the  term  Physii  umI  A1- 
pebraist  appear  nt  first  to  have  bi  en  regiirdeil  as  iilijiost 
bynnri)  nmus.  Tlius,  it  is  eiiiiiiiis  to  reniaik,  that  in  tlie 
Ci'lcbr;i[  <J  finKiiue  ol  Don  Quixote,  published  about 
ill  s  ;;ni:  ,  ihe  Ij.k  :;elor  Siimson  Carr;ifCo,  wlio  111  liu  rrn- 
counti  T  Willi  the  kiiightvwas  thrown  from  his  hoisv,  and 
bad  his  ribs  broken,  Knt  in  qocstofaa .^fesMsM  io  hcai 
bis  bruises. 

The  first  part  of  bis  Arithmetic  was  published  in  1 552; 
and  the  second  part  in  ]5j7>  under  the  title  of  "The 
Whetstone  of  Wiite,  which  is  the  5<^conde  parte  uf  Arith- 


sioihe  IbKtnctioa  of  Bootes:  Tiie  Cossiho 
nactiN^willilbaBiibor  EtinaiMn:  and  tba  Workct of . 
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Surde  NomLeri."  The  work  is  in  diuiogue  hclweiai  the 
master  and  scholar;  ajid  is  nearly  after  the  manoer  of 
the  Germans,  Stifelius  and  Scheubeliu»i  hut  especially 
ihe  latter,  wkom  he  often  quotes,  and  takes -cxamplw 
fna.  The  cbiaf  part*  of  the  wwk  are,  1st,  Tha  propar* 
6m  of  tibatnet  wd  figanta  nnaiben.  'id,  The  aBlMe- 
tienof  thaf^aaniMl  Cuba  toola,  much  th«  tame  aaaC 
picaent.  hn%  whan  Aa  auber  iiaet  an  asaot  power. 
iMt  havfas  (MM  mmMw  over,  he  aillwr  coBtianaa  tba 
raotiM»A»dnMb  ■■  ftr  M  be  pleases,  by  adding  ta  Iba 
remainders  always  periods  of  ciphers ;  or  else  Bakes  a 
-vulgar  fraction  for  Ihe  remaining  part  of  the  root,  by 
U'kiiii;  till'  remainder  for  the  numerator,  and  double  the 
root  lor  the  denominator,  in  the  square  root;  but  in  the 
cube  root  hi-  takes,  tor  the  denominator,  either  the  tnplc 
square  uf  the  HHit,  which  is  Caiidan's  rule,  or  the  triple 
square  and  triple  nnjr,  wiih  une  ituMe,  "Inch  is  Sclu-u- 
bel's  rule.  3d,  Of  Algebra,  or  "  t  ttesike  Numbers,"  Me 
uses  the  notations  of  powrrs  with  their  expuuent-i  llic 
■una  as  Sdre).  with  ail  the  nperationt  In  simple  and  com- 
pOMni  ^pMntf lica,  or  integers  and  frnctiotu.  And  ho  ^ives 
aha  May  auisplea  c»f  extractina  the  roots  of  compound 
•Iglbnic  «uui^liaa»  even  when  A*  loott  aie  inm  t«  o  to 
fix  lenni,  >n  imitation  <rf  the  same  process  in  numbers, 
Jast  as  «a  do  at  present :  which  is  the  tirtt  insUaea  of 
this  kind  that  I  have  observed.    As  of  this  quantity; 

Square  Root. 

245ff  +  8015  -  2655  - 1  **tf 8 '  5  (5  tf 85  -  9?.. 

4lb,  "The  Rule  of  Equation,  comnionly  called  Alge- 
bn's  Bala."  Ua  hcn^  fijit  of  any,  iniroduces  the  charac- 
ter v.  far  bnvi^  aako>  Hit  mwib  are,  **  And  to  avoid 
tbatetHoManprnonof  tbewwootdcatisanwila  to:  I 
will  setta  aa  I  Am  ofaa  i»  amofkeiiH^  •pain  M  panlldes, 
or  gemowo  Unaa  «f  <MW  lengtbe,  thus :  =,  bicause  aoe  3 
thyiiges  can  be  m'oare  equalle."  He  gives  the  roles  for 
Minpleiind  <jiiriilf.i!i(:  f'r|u.i!iiins,  '.villi  many  cxainplei>.  He 
gives  also  some  examplc-s  m  higher  eiuiipound  equations 
a  root  for  eiith  of  them,  but  give-'  no  rul<  h  w  t;i  find 
11,  'itli,  "Of  Surde  Nombers."  lljib  n  a  very  ample 
In  iHi^e  ijii  iur d*,  both  simple  and  ct>i:-|i:juiid,  (\iul  5iirils  of 
V  ill  ii  lus  decrees,  as  Mjuare,  cnl)lc,and  l:ii,uudr.ilic,  marking 
tiiC  rijoti  in  Scheubcl's  manner,  thus:  ^' ,  vw/'  Vv/-  He 
liere  uses  the  names  biinediai,  binomial,  and  residual;  but 
s.iys  ihey  have  been  used  by  others  before  hiiii,  and  indeed 
by  Lucas  da  Bmgp,  as  ia  cart.  120,  edit.  1494h— Uvnca  it 
tffmn  that  tba  thfaviriiicb  chic^rM  *■  i^nthaiv 
m  ibaia  taro,  n% 

1.  TbeaKtrMlioa  of  lb«  root*  of  cOTpoDiid  ilgabiiip 
quMiifaa. 

f.  Tbeneof  tbesign  of  equality,  ores. 

or  PEI-KTARir*. 

The  first  edition  of  this  iiuthor's  algebra  via-s  rrinted  in 
4to  at  Paris,  m  iiiidrr  thi-,  titlr-,  ./.x-oW  PdelaTii  Cf 

nofiMnt,  de  occulta  jiai  te  Namtri/rum,  qiiam  Algebrnm  vacant. 
Lib.  duo. 

Iti  the  preface  he  speaks  of  the  supposed  authors  of  Al- 
gebra,  tmmcly  Gebcr,  Mahomet  the  son  of  Moses,  an  Ara- 
bian, and  Diophantus.  But  he  thinks  the  art  older,  and 
Mentions  some  of  his  contemporary  writers,  or  a  very  little 
befotv  him,  as  Cardan,  Stifel,  Scheubd,  Cbr.  Januariin; 
and  a  little  earlier  agpdo^  Latin  Padotot  of  Florence,  aad 
Slepbaa  Villafimncus  t  G«iiL 

Of  Aatvo  booba.  iirtawbidi  tbe.miliit  dtvided.  tba 
Ant  b  00  nttoml,  aad  Iba  aeooai  OB  imlioiMl  or  surd 


quaiitiiifii;  eacli  being  divided  ioto  nian^  chapters.  It 
will  be  sulhcient  to  mentum  OHljr  tho piincipel  articl<4. 

He  calls  the  series  of  posrers  numeri  ereaii,  or  ik-nvcd 
■nibars,  or  also  radicals,  because  they  are  all  raised  Uvm 
OMiooCor  fiad^a.  He  naraea  tb«m  thus,  radix,  qoadntui^ 
'  Cttbw,  ^tHdrato^uadratus,  or  biquadrataa,  supenolidu% 
^Hadiato-cwbw,  Ac;  aod  marb*  tfaan  ibw  |t»  fi  tt«  ^ 
aft  fC(.,  Ih^  4«>  Oftbcie  hogpvaatfceMlowtngs^es  ia 
anmia,  haviqg  tba  canriMO  iMio^  with  their  msrkt  set 
over  ^asa,  and  tba  exponents  Kt  over  these  again,  in  an 
arithmetical  series,  Beginnino  at  0,  thus: 

0  1      2     3     4      5     ti     7  8 

1  2     4     8     16    3?    04   128  ii6  kc. 
And  he  shows  the  use  of  the  exponents,  the  same  as  Siiiel 
and  Schcubel ;  like  them  also  he  preli.xe^  ctH.-(ficient»  to 
[[-..anhties  of  all  kinds,  as  also  the  radical  y'.    But  he 
does  not  follow  them  in  the  use  of  the  signs  ■*■  and  — ,  but 
employs  the  initials  p  and  m  for  the  same  purpose.  After 
the  opetatioas  of  addition,  ftc,  he  perfonas  involotioii, 
and  evotniiaB  also,  much  the  same  way  «  at  pmat; 
thus,  in  powers,  raise  the  coefficient  to  tba  pmmr  faqairedt « 
and  multiply  the  exponent,  or  aign,  aa  bocalk  it,  by  9, 
or  S,  or  4^  «c,  for  the  Sd,  Sd,  4ih,  fee,  pewcrj  and  tbe 
fasciaa  fisr  extraction :  and  hence  bo  obniiwii,  if  the 
mtaiher  or  eoeCcaent  will  nut  exactly  estne^  or  d»  ligt   .  • 
do  noteiactlj  dividr^  the  quantity  is  a  sdrd. 

Afkertbaoj^CfMiaaaof  compound  quantities,  »nd  iirae> 
tions,  aod  rrdwlion  of  equations,  namely  simple  aod 
quadratic  equations,  as  usual,  in  chap.  16,  De  Inveniendit 
gtntntim  Rndicibia  Denommaloruoi,  he  pi\es  a  method  of 
finding  the  root*  "I  equations  among  tlie  iliui,<ir^  of  ihe 
absolute  number,  when  the  root  is  rational,  whether  it  be 
integral  or  fractional  ;  for  then,  he  observes  the  root  al- 
ways  lies  hid  In  tlirit  number,  and  is  some  one  uf  its  dt- 
visorv  This  is  e.vemplihcd  In  sevenil  in-ilances,  both  of 
quadralic  and  cubic  equations,  and  both  lor  integral  and 
fractional  roofs.  And  he  here  observes,  thst  he  knows 
not  of  any  person  who  has  yet  given  general  rules  for  the 
solution  of  cubic  equations;  which  shows  that  when  kf. 
wrote  this  book,  either  Cardan's  last  book  was  not  pub-' 
lished,  or  else  it  had  not  yet  come  to  his  knowledj(e. 

Chap.  17  coBlaios,  in  a  few  words,  dircctioBS  for  britw> 
ing  qncatiois  to  oqoilioM,aDd  for  rednciis-  tbcae.  Ho 
hara  ohwrsea,  that  aomo  ulbors  oall  tha  oaniawn  bob- 
'  btrra^  and  otbnt  Iho  podlin  b«t  that  bo  calk  it  ra- 
dtf,  or  nMt,  aad  ouakt  ft  thus  f!:  hence  tbe  term, 
mot  of  an  cqoatkm.  Bat  it  was  before  called  radix  by 
Stifelius. 

Chap.  21  fr«7-  treat  of  H  coiidary  roots,  or  a  pluriility 
of  riKJts,  denoted  by  a,  r,  c,  &c,  iifler  Siiklius.- 

The  'Jd  book  contains  the  like  (iperHtlon-*  in  MtrJs,  or 
IrrMtKinal  nuiiibeis,  and  is  a  verj'  coinplrte  work  on  this 
siiliject  indeed.  lie  treat*  iirst  of  simple  or  single  surds, 
then  uf  binomial  surds,  and  lastly  of  trinomial  Mirds.  lit; 
gives  here  the  same  rule  for  extraiAiflg  tbe  root  of  a  bino-  * 
mial  and  residoal  as  Scheubrlius,  via,  ± 

— i— j          i  ^  ^  ^      ■  .    In  dividing  by  a 

bittomial  or  residual,  he  proceeds  as  all  other«  before 
biia  had  doive,  namely,  reducing  the  divisor  to  a  simple 

Siantity,  by  multiplying  it  by  tha  same  two  terms  with 
o  atan  of  one  of  them  ch«i«ri,  (hat  is  by  the  binomial 
if  it  bo  a  leiidaal,  or  by  the  anno  lOMhMl  if  it  be  a  biDO- 
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'aiul;  and  raulitplying  the  dividotid  by  the  Mme  thing: 

And,  in  imitatiun  of  ibis  method,  in  division  by  trinomial 
Mrd»,  lie  directs  to  reduce  the  trinomial  divisor  first  to 
•  binomial  or  residual,  by  multiplying  it  by  the  same  trino- 
mial with  the  Kgja  of  one  terra  changed,  and  then  to  n- 
duce  Ak  biMNMil  or  reiidual  to  a  aimple  nominal  h 
above;  obeerang  to  aultiply  the  dividend  by  the  name 
^uandlies  a*  the  diviior.  Tliui,  if  the  diviior  be  4  ^2 
••V^t  nuliivl|"VtlH*  by  4^v^2  -»-</3,  the  prodactiit 
14  4*  S^S}  tMR  tU*  UmmU)  multiplied  by  lh«  reiidual 
1«  ^'8v^S,  aim  fU  -  m  or  97  for  sinple  dinior : 
and  thBjdiviiHnd,  wUtewerit  b,  mmtko  be  multiplied 
lMrthetwo4-^  V'z-f-^sand  15  — S^S.  OriafMcnl 
if  the  divuor  be  <i  -t-  y/b  —  ^c; 
multiply  it  by  a-*-^b-t-^c, 
wliiclj  gives  (a  yi't)*  —  c  =  o'  6  —  c  -t-  la^b; 
then  multiply  thit  by  •  •  a} -t- h  —  c —  'Za,/b, 
and  it  gives  ....  -  (o' -»- i  —  c)' — +«•  t,  vshicb 
vill  b  '  rramniU,  and  will  all  collect  into  one  tingle  term. 
Hut  Turtiilea  must  have  b<L'cn  in  possession  of  some  surh 
rule  as  as  one  of  the  questions  be  proposed  to  Fiurido 
was  of  this  nature,  namely  to  find  such  a  quantity  as  mul- 
tiplied by  a  given  trinomial  surd,  shall  make  it  rational : 
^d  it  appears,  from  what  is  done  abave,  that,  the  givca 
trinomial  being  a-*-  ^h  -  v'c,  the  annrar  will  bo  (c-^- 
Chap.  24  shows  thacomposuion  of  a  cube  of  a  blaoiaiil 
or  nmual,  and  thence  renark»  on  the  root  of  the  CHO  or 
c^pn^  1  tt  />  **|»*1  to  widch  Iw  lecnn  to  know 
aomethiflf  abowl,  ibouglh  he  had  mt  Cndu'o  rules. 

Chap.  SO,  wMch  It  tho  luti  tiratt  of  oertain  precepts 
ntaling  to  square  and  cubic  numbers,  with  a  table  of  such 
■quaret  and  cubes  fitam  aD  luunben  to  140;  also  showing 
how  to  compuM  thorn  bbths  hgroddiiiig  alMjf*  thoir  diJ^ 
fercnccs. 

Ill-  then  rnr.cli;L;c!  remarking  that  there  are  many 
curious  propi  rtio  ul  li  i  -M'  numbers,  one  of  which  is  this, 
that  the  su[ii  ot'iiny  miniijo.r  ul"  t^ir  (-■.ibti,  [ak<'iL  Iruin  the 
•  l>eginning,  always  makes  a  square  iiumb<T,  the  riKji  of 
which  is  the  sum  of  the  roots  of  the  cubes;  so  that  the 
scries  of  squares  so  formed,  have  for  their  roots  1,  3,  6,  10, 
15,  21,  &c,  whose  diff.  arc  the  natural  n**  I,  2,  3,  5, 
€,  &c.  Namely,  1'=  l';  l'    2»  =3';  1'  -i-  8*  +  S'sfi*. 

4tC  Or  in  general,  l'  +       3'  li^  a (t    <  •«-  3 —  liJF 

■aHo.  (a* 

This  work  of  Fdetarin  u  a  myiogedow  and  moiterly 
compMiUoa,  tmoing  in  an  aUe  Mnner  of  the  Mterri 
imtt  ol  ihe  ittUset  dwn  known*  wccpting  tho  euUe 
o^ttttiou^  But  ail  ml  diwwiwriw,  or  impfovomoniH 
nay  be  Kduced  to  tbcaa  fbnCttdii 

isi.  That  the  root  of  an  oqjMtiaa  il  00*  of  the  dlviMMi 

of  the  absolute  term. 

Sd.  Vie.  (augbt  how  to  re  luci'  trinomiuU  to liaf  to laiu% 

by  multiplying  them  bycumpound  factors. 

3il  He  taught  curious  precepts  and  properties  concern- 
ing square  iiimI  cuh.  number*,  and  thi'  mithod  of  con- 
structiot;  :i  ^erlr  '.  u{  each  "by  addition  only,  Bainely  ly  ad- 
ding successively  their  several  orders  of  dilTi  n  neu'i. 

PETFR  R,\MIS. 

Peler  Ramus  wrote  his  arithmetic  and  .ilgel>ra  about 
the  year  156o.  His  notation  of  the  powers  is  thus,  /,  9, 
e,  iff  bfini  the  iaitiab  of  latui,  quadratu,  cubw,  bi<iua> 
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dratus.  He  treats  oijly  of  simple  and  quadratic  equationis. 
And  the  only  thini;  rLniarknbie  in  his  work,  is  the  first  ar- 
ticle, on  the  name  and  iiiventiun  of  Algebra,  which  we 
have  noticed  at  the  l)euiuiiiiig  ol  this  history. 

or  PEDRO  NUGNEZ  OH  NUNEZ,  OR  (H  LATIM  BOklVS. 

Peter  Nuoex  or  Nonius,  was  a  very  ingeaioni  and  emi- 
nent physician  and  niatht-maiician,  for  the  time  in  w  -ch  he 
lived.  He  was  bom  in  \A^7,  ai  Alcazar  in  Portiijiai,  and 
died  in  1577,  at  50  years  uf  age.  He  was  profesiar  of 
mathematics  in  the.uuiversiiy  of  Coimbra,  where  hepvln 
liahed  aenral  iaftnioasaad  weful  pieces  on  difiHcntlHan- 
cb«  of  tho  mndNmatia*  mw  bo  wen  by  Ike  aoGoant  of 
life  liven  in  tho  fd  vol.  of  ihfeDictioiwiy]  bat  it  b 
only  with  Us  AlMbm  Ikot  oor  kniineii  is  at  present. 

Tbia  work  ke  and  cocnpoird  io  Portuguese,  but  trans- 
lated it  into  the  Caitilian  tongue,  when  he  resolved  on 
making  it  public,  which  l.c  thought  would  render  hia 
book  more  utelul,  as  this  language  was  more  generally 
known  than  theforiM  i  .  I  In  iJidicuiioii,  t  1  iii-  i-  rmer 
pupil,  pnnce  Henry,  v<,i>,  dati  d  tK.iii  l.i>.U.n,  Dec.  1.  1664; 
and  the  work  cont.nii:.  341  h  utis,  equal  to  ()t<2  nosely 
printed  pages,  m  iln-  .\nt«er,)  edition  of  156'7,  111  Svo; 
the  folios  being  numl  ei<  il  1  uiy  on  one  side. 

The  work  is  very  methodically  and  plainly  treated; 
being  divided  into  regular  and  distinct  chapters  or  scc- 
tions}  leading  the  reader  pmdually  through  the  several 
opctalion  of  coffipntatit  n,  in  mtegeis  and  fnictions,  in 
powers  and  roots,  in  surd*  und  in  pmportiona,  tic.  The 
nies  for  dignities  or  powers  are  given;  and  thne  hedo* 
nOminatat  from  the  product  of  their  indiees;  thus,  for 
tho  powoB  of  S,  with  their  nnmn,  and  dmominalkHB 
undcrthem: 

t   4   3      Iff      S3  64 

Co.  Ce.  Cu.  Ce.C^.  Re.  p*.  CiwCn.  or  C«.Cl*.  &6 
1  2  3  4  5  0 
where  the  6th  denomination  i»  called  C'e.  Cu  or  Cu.  Ce. 
that  is  Censo-Cubo  or  Culio  Censo,  iiKiininf:  ;hi  M^uare 
cubed  ur  the  cube  squared,  the  index  (!  ch  notcii  bv  *  3, 
the  [)rf>ilui.t  of  the  indici-s  of  the  powers;  after  the  man- 
ner of  the  former  lv.irii|jeiin  .iiuiuu--,  Luca*(le  liutgo.Tar- 
lalea,  ami  ('arduri.  A:ui  exactly  alter  the  maimer  ol  these 
alio  is  his  practice  iii  every  other  pari,  with  little  or  DO 
variation,  si  far  as  he  goes,  which  is  to  quadratic  equa- 
tions; without  treating  on  cubics,  further  than  giving 
some  account  of  the  dispute  between  Tarulea  and  Cardan 
,  caaeamitig  their  invention ;  and  that  in  such  a  mannera* 
shows  he  did  not  very  well  understand  thcsk  Liko  ihoM 
authors  are  his  names  and  roles  for  HaiMi,  roots  oir  radi> 
cals,  which  ho  sonclinMt  ealb  Sorda,  siitdi.  .  to  dMr 
marks  or  signs  nbo;  asSffBrfoot;  jl'fbr**-;  tiferauMa) 
&  «.ibr  mt  nnivenal,  instead  of  the  vtnenli  osed  by  tho 
awdem;  also  L  fbr  ligature  or  compnsitioo,  such  as  L. 
IL  9  with  R  4,  composed  of  3  which  is  R  %  and  of  2 
which  is  R  4,  making  5.  He  places  likewise  the  name  of 
the  root  after  the  R;  as  R.  cu.  '25.m.M,ai.  13.|L  JK.ai. 
9;  that  18.  i/C5 

After  nh  the  iisj.il  iiri  p.irutory  rules,  Nunej  then  treats 
of  equations,  simjiU:  unil  tjiiadratic,  in  the  common  way, 
and  giving  geometrical  denionbtrntioni  ul  ihr  riile^,  as  bad 
been  done  before.  lie  then  upphes  these  equations  in  the 
Solution  of  a  great  number  of  examples,  of  questions  OT 
problems,  first  in  nuinbera  ur  aritlimcliCt  and  tlien  ingeo> 
metrical  problems  or  figures;  io  which  bo  pfocoeds  or- 
derly thipHgh  the  Kveru  kinds;  as  sqaaici^  i«eiaag|e%' 
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Iriangles,  rhombs,  rliomboid*,  trapeziains,  pontapnn?,  &c: 
nil  which  hf  calls  by  the  samf  names  i«  at  pn«.L-nt.  The 
content  of  a  Agtirc  too  he  calls  it»  Area,  Dc  Hurgo  did 
before  him;  and  after  the  tame  author  aUu  hr  givt<i  thi' 
geomHricftI  demonstration  of  the  common  rule  for  finding 
the  arra  of  a  trmiiglc  from  the  three  side* given.  He  treats 
on  the  in»:r)ption  uf  circles  and  lauMVt  in  Iriti^^  of  va- 
riou*  kinds ;  and  the  difUioii  of  tiiu^  into  Mraral 
parts  in  different  ways. 

In  an  address  to  his  readers,  at  the  end  of  the  book, 
Nunes  informs  ibea  what  an  the  aathon  wbOM  books,  on 
bis  subject,  arc  Id  be  fonixl  in  Spun,  whkb  ebn^  only 
«r  De  Buses IWmlw,      Ouden;  atatincUi  ideas  on 


the  Mtrito  «f  tbiif  with  ciiticd  tMMtlit  on  many 
puts  of  thm»  ia  whkfc  be  men  perticolarly  approves  of 
thots  of  Terlelce.  UpoN  tbe  wholes  Ae  merit  of  Nunez, 
in  this  art,  consists  chiefly,  or  wholly,  in  having  given  a 
very  neat  and  orderly  ti  catisc  on  it,  after  the  manner  of 
th'oe  Hiiilii  r-  ,  but  without  haviii;;  made  any  ilDpfOffe- 
mcnc  or  iniciitinns  of  h\i  o«ii,  in  (he  art. 

On  this  accusion  it  is  vcr\'  reiiiiirkiibic  to  observe,  that 
Nunez  appeLira  not  to  have  been  at  nil  ftC(|Uuintcd  wilh 
any  of  the  Oernianic  autlior>,  several  of  whom  "ere  con- 
temporaries of  Tarlalea  and  Ciiriiaii,  and  who  treaunl  the 
subject  in  a  better  manner,  in  some  respects,  than  these 
did.  Anotli«r  thing  may  be  h«re  uiuiced  oa  this  occa- 
sion, as  remarkable ;  not  only  that  we  have  never  heard  of 
any  other  early  writen  oo  thb  subjiKtf  in  Spain  or  Portu- 
;  but  that  we  haw  nevar  beerd  ef  writing*  on  it  by 
the  Moors,  who  occupied  great  part  ef  that  pariuiila 
during  several  centuries,  by  whom  wt  befe  always  been 
taught  to  believe  that  tbe  em  of  MiithaMtic  and  algebra 
wen  beom^t  iet»  ihet  ooahtry.i->Hid  that  people  k-ft  a  ny 
awb  werin  ie  the  coontry,  wooM  not  tome  of  tbem  have 
beco  found  in  mm  of  the  great  citlet  or  the  nniverstties,  or 
could  ibajr  yet  be  in  rxiMancc  there  f—Or  could  the  peo- 
ple have  carried  ell  their  books  away  with  them  when 
ttey  wen  eglpiiled  from  the  country  f 

BOMBELLt, 

Raphael  Dombelli's  Algebra  was  published  at  Bologna 
in  the  year  1571,  in  the  Italian  language.  In  a  short,  but 
neat,  introduction,  he  first  adverts,  in  a  few  words,  to  the 
great excelkncf  and  nscfulneft  of  arithmetic  and  algebra. 
He  then  laments  tiiat  it  had  hitherto  been  treated  in  ao 
iin|>erfectand  irregular  a  wuy ;  and  declares  it  bis  intention 
to  remedy  all  defecUi,  and  to  make  the  science  and  prac- 
tice of  it  aa  easy  and  perfect  as  may  be.  And  for  this 
puipoie  he  fim  resolved  to  procure  and  study  all  the 
fermer  auihovB.  lie  then  mentions  sevenl  of  theee,  with 
•  short  kistofjr  or  cbmieter  of  themi  'M  Hnbomet  tbe 
ion  of  MofM,  U  Amfeiu}  Leomfd  Ffaano;  Lucas  de 
Bums  the  tint  priitted  indMir  in  Europe  i  Orondus; 
Sciibelitis ;  Boglione  France*,! ;  Siifelius  in  Germany;  a 
Certain  Spaniard,  perhaps  meaning  Nunea  or  Nonius;  and 
Intlj  Cardan,  Ferrari,  and  Tarialea;  with  some  others 
•incv,  whose  names  he  omits.  He  then  adds  a  curioia 
paragraph  concerning  DiophantUS:  he  says  that  iomc 
yeanwnce  there  had  l>ccn  found,  ir>  the  Vatican  lil>rary, 
a  Greek  wtirk  :iri  tli^s  art,  composed  bv  a  Certain  Dio- 
phantus,  ol  ,\  ir-isndna,  a  Greek  author,  who  lived  in  the 
time  of  Ai.t  r  irius  Rus;  which  work  hnvJiig  been  shown 
to  him  by  Mr.  Antonio  Maria  Pa«i  Reggiano,  public  lec- 
turer on  nnatheraatics  8t-Roao;  and  finding  it  to  be  a 
ipod  work,  these  two  %«|i|||||e  dmign  of  i^riag  irto  ibo 


world;  and  lit  &ay»  that  tky  had  already  translated  fiva 
books,  of  the  seven  which  were  their  extant,  being  as  yet 
liiridereri  by  other  avocations  from  completing  tbe  wofk, 
Jle  then  adds  the  following  stnnge circnmstaoce,  vie,lAel 
iftry  had  foutd  that  in  ihe  taid  work  tht  Mian  mtAon  are 
qficn  cittd;  tohith  Ae  Umed  that  tku  Kicnee  wa$  know* 
ammtg  ike  Indiaiu  brfon  ihe  Arabians  W  t(;  a  Mnmnh 
the  more  rentarkable as  I  have  never undentooddHt  mn 
Other  person  could  ever  find,  in  tUi^iMu^  amnibmwe 
to  Indian  writers :  and  1  hnn  exnmincd  hit  werit  widi 
some  atimtioo,  for  thnt  mifMte.  Probably  the  copy 
which  Bonbelli  mw»  contmneJ  mei^nal  rmarks  by  Pla- 
nodas,  or  tome  other  aebdiml^  making  mention  c-f  the  In- 
dian wwkl  OB  the  idenee,  or  WOmc  such  remarks  ;  which 
taiAt  be  mistaken  for  part  of  the  text  uf  T>i»phaniiis. 

Bofflbelli's  work  is  divided  into  three  b<jokt.  In  th« 
fint,  are  laid  down  the  definitions  tind  operations  of 
powers  and  roots,  with  various  kind^  of  rsidscuLs,  simple 
and  compound,  Lmomial,  resid  i  ' I ,  .\  i  ,  :..  im  ly  after  the 
rub  s  and  manner  of  former  writi  iS,  in  some  few 

instances,  which  I  shall  here  take  notice  of.  "And  first  of 
Ills  rule  for  the  cube  root  of  binomials  or  residuals,  wiiich, 
for  the  sake  of  brevity,  may  be  exprensrd  in  moder^lfe* 
lation  as  followi;  t«i  y^*  «  tmlb^  binomial,  the  tenn 
v'ft  being  greater  than  «;  thcntMiple  for  ibccvhe  root 
of       -f-  a  comes  to  this,  p  —  «  +"^f(p_  q)" 

J;  where  r  =i/         +        ^  \    and    ,  ^ 

V^(v^(ji+ -jj-J-y).  Which  isarule  that  can  beol  lii- 

da  or  DO  me.  For  In  the  imi  pla'e«k  (i-  -  «)« 

b  tbe  same  as  [r  +fljt.  ^  ,  vt^W'^*^-^'i  -f-Jl 

»  =^'(>/|j  *  i)  =1^^  =  ii^Ub  ^  «)5  theil 
fore  the  whole  r  -  q  +  v^(p  -  q)«  -t-  {/(b  -  «)•  reduces 
tor-«-t-n.Q=2p  =  2x  il/(^b-i-a)  =al^(^b 

a),  the  original  quantity  fint  proposed. 

The  next  thing  nmalfcabk  in  this  1st  book,  is  hia  a>e> 
thod  for  the  square  root*  of  negative  quantities,  and  hii 
rule  for  the  cube  roots  ef  ittch  imaginary  binomials  at 
ariae  from  the  irreducible  case  in  cubic  equations.  His 
words,  translated,  an  dime:  "I  ha\v  found  an.  t her  sort 
ofeabic  not,  very  diferent  from  the  former,  which  arises 
fnm  the  case  of  the  cube  equal  to  th<  first  powi  r  and  u 
number,  when  the  cube  of  the  ^d  part  of  ihe  (coef  of 
the)  1st  power,  i>  greater  than  (he  sijuarc  of  half  tbe  ab- 
soltite  number,  which  kind  of  scjuarc  root  hath,  in  its  al- 
gorism, immrs  and  operations  diffi»rent  from  tbe  others; 
for  in  thai  cute,  the  excels  cannoi  be  called  either  plus  or 
minus;  I  ihtrefore  call  it  plut  <2/"  wiaiij  when  it  is  tn  bo 
added,  and  minui  of  mmus  when  it  is  to  be  subti^cicd.* 
He  then  gives  a  »et^  of  ruiet  for  the  signs  when  such  roots 
are  inuluplied,  and  illustrates  them  a  great  many 
araples.  Hi*  rule  for  the  cube  roots  of  such  binomials, 
vi«,  such  as  4  y'-ft,  is  this:  tbtt  Bad  ^(a*  ^  b); 
then,  by  trials  search  out  a  number  e^  and  a  »q.  root,  ^rf, 
such,  that  the  sum  of  their  H)nafCt^  +  tf  nay  bc=-^(a* 
and  also  c*~3cdBa|  Am  diaU  e-*-^-dbe 
+  V—*}  "Hli^t  ThM,  toenlnct  the  cube  root 
of  Si-V'-lgls  hen i^(d^ -!-»)* ^125=  5:  then 
lakug  caS.  and  d     1, it  is ds 5  ■>■  K)  and 

t^—Scd=  8  — £a2=a,  as  it  ought;  and  thtteforo 
2     y-1  is  s  the  cube  rovt  of  2     ^-121,  s«  rc- 
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Tli«  notation  in  thit  book,  m  dN  butial  B  flir  vpot, 
tj  <ir  c,  f^c,  nftiT  it,  for  quwiTala  or  mbie*  Itc  nwc  Ako 

p  iur  anrl  m  for 

In  rlie  '2<i  book,  Bombclli  ircjn  of  the  algorism  with  un- 
known qoantitiei,  and  tiic  resolution  of  equations.  He 
fint  givn  the  definition?!  and  characters  nl  i.:<-  unkiiouii 
quantity  and  its  powers;  in  which  br  ucvutt<'s  Irum  the 
former  authoni,  but  professes  to  imitate  DiopliantlW  Ut 
calb  the  unlinown  quantitv  lanto,  and  marks  it 
thus       .       .       -  - 
Its  square  or  Si  powei  potaua. 
Its  cube  ...  aAo, 
ami  tha  ImiIwi  ■■■h  wii  mmnnHnili  il  of  these,  and  mark 
•41»£*i»i»*«l  wtliit  "edewiteaH  the  ponm  by 
tlwv  expoBMMi  Mt  ««er  liw  Mmaoa  character  ^.  And 
■li  th«e  pamn  lie  calli  by  tbeguMml  nunc  digmut,  ific* 
aiqr.  Heitep«rfoniiatttli*alcMMmof  tiwaepo«M% 
hf  meum  of  thnr  anoMnm  ai     do  «l  FfCMMt  ^ 
adding  them  in  mnlupUctfiaD,  nbtnetiag  in  diviimt 
nultiplying  them  by  the  index  in  involation,  lad  dividing 
by  ihi'  ^aivio  in  cvoiulion. 

In  equations  he  goes  regularly  through  all  the  cases, 
and  varieticis  of  the  signs  and  trrras ,  first  all  the  simple 
or  single  powers,  and  then  ail  the  compound  caaca}  de- 
Bonursting  thp  ralcegtooNlriaUjr*  wd  iUwtntiig  Ihtm 
by  many  examples. 

In  compound  quadratics,  he  gi^f'  two  rales:  the  first 
i>  byfncing  the  pouma  or  square  from  ifi  coefBcicnt  by 
difirinb  "id  then  complctiikg  the  square,  &€,  in  the  usual 
way:  ji^  tlic  8d  rale,  vlien  tlie  first  term  his  its  coeifi' 
'  L^r«e  thotexpniMd}  ifa^-t'lvKC^  tbanx 


— being  a  way  that  was  piMiiMd  by  the  In- 


He  Ukes  only  the  positive  root  or  roots ;  and  in 
dw  caw  oz*  e=sbx,  which  has  two,  he  obserm  that 
dw  aitnto  of  the  pnlik^  mmt  show  which  of  the  two  is 
dw  proper  OM. 

In  the  cubic  iMinationi,  fca  givaa  the  roles  and  traasfor- 
mation»,  6cc,  after  die  Banner  of  Cardaa  I  laMuUivtbat 
some  of  the  rases  have  only  one  root,  but  odMK  two  or 
three,  of  which  some  are  true,  and  othan  fidee  or  nega- 
tive, And  in  one  place  he  sa)«  that  by  means  of  the  case 
«»  =  6jc  e,  he  truectt  or  divides  aa  at^te  t'ltfo  lAree  equal 
paru. 

When  111-  arrives  at  bitiundrutic  equations,  and  particu- 
larly t.i  t  iib  rasex*  -hax  =  l>,  hr  says,  "  Since  I  have  seen 
Diophantus's  work,  I  have  always  been  of  opinion  that 
his  chief  intention  was  to  cnmc  to  this  cfji.ation,  because 
I  observe  he  labours  at  fi;i  ling  always  v-|uare  numbers, 
and  ineb,  that  adding  some  nurabtr  to  them,  iniiy  niakK 
squam;  and  I  believe  that  the  six  books,  which  are  lost, 
ma;  treat  of  this  equation,  &c."— "  But  Lewis  Ferrari," 
lie  addi,  '*of  tbil  citjr,  also  laboured  in  this  way,  and 
Jbuui-vttt  a  nda  fin*  such  cases,  which  was  a  very  Gne  in- 
watioa,  aad  dMitfenl  sbaU  ban  tnat of  it  the  best  I 
can.*  IWii  baaeeonHo^j  dock  ia  ail  the  cases  af  bi- 
quadratics both  with  respect  t»  the  Dumber  of  terms  ia 
the  equation,  and  the  signs  of  tbo  tanns,  except  I  tbiak 
I  h  iv  i:: a^t  fteneral  case  only  r*  —  91*  jMf*  —  *•  =  s;  folly 
ap|ilying  Ferrari's  method  in  all  cases.  Which  Concludes 
the  2d  book. 

The  3d  book  consist*  only  of  the  resolution  of  near  300 
practical  questi  ins  exercises  in  iill  ti  t  rnUs  and  equa- 
tions, many  of  which  are  taken  from  other  auibors,  cspe> 
d^ly  ftoM  «ba  fint  flfc  boaki  of  Diovbantn. 
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wilk      llimtba«boUltaMana»lbtttbfaisapliiin.  explicit. 
Aka  aiid  *aiy atdeily  twatta  aa  a|ybw,  towhich  are  wy 
well  axpaiBad  tba  nha  and  nethods  of  former  writers. 

But  Bcmlielli  docs  not  produce  much  of  improvcmrnt  or 
invention  of  his  own,  except  his  nutation,  which  varies 
from  others,  and  is  by  moans  of  one  gineral  character, 
with  the  numeral  indices  of  Stit'elius.  ile  also  first  ro 
aaibfrthat  angles  arc  triei-ctcd  by  a  cubic  equatioB* 

OULIELMI   GO'^ALINI,  Scc. 

De  Arte  Magna,  ku  de  Occulta  Parte  Numcrofum  t/ua  et 
Algebra  et  Atmacabala  vulgo  dicUw,  lilfri  quatuoi.  In 
quibut  expticantur  aquationet  Dinpkiiiui,  Requite  SuaiUi- 
latit  SitKplicit.  et  duaiuitatis  Surda. — Pans,  157?,  ia 
small  8vo,  86'  leaves,  numbened  only  on  one  side. 
In  the  dedication,  this  author  notices  the  term  Coeiic 
Numbers;  «nd  mentions  many  of  the  former  writers;  ai^ 
Diophantut,  Forcadel,  Schoubcl,  Pcletare,  Stifel.  CMa% 
Lucas,  Villafraoc,  Nunes,  and  TartagUa,  whose  wa4  ha 
says  he  had  trwisUted  aad  paUkhied  in  Fiaacb.  Tba 
piasent  work  seems  meant  aa  aa  elementary  book  of  in- 
itnictioiifbcine  regularly  divided  into  chapters,  and  troat* 
ad  molkMiiGalfy,  though  not  deeply.    1  be  chapters  an^ 
on  quantity,  on  the  aMtbods  of  numeration,  on  the  object 
of  algebra,  on  the  naaia*  of  numbers  with  respect  to  their 
powers,  which  are  thus  denoted  :  l  the  latus  or  number, 
4  the  quadrant  or  square,  c  the  cube,  q  y  the  square- 
squared  or +ih  \}i,v,t  r,  u  r        n.lutus-prjni.j>  ui  otii  power 


(called  by  r)i<jpliani;i 


juadfaiocuLiLi!. 


]t  s  the  relatus- 

bccuniu.j  o:  v';ii  |)i:mi.t,  QQQ  quadrant  <)(iariruti>-qu*drm- 
tus  or  tith  powi  r,  c  c  tlie  cubotubus  or  yih  power,  dec- 
Chap.  7.  gives  a  linic;  afctnii.t  i  i  the  Composition  of  the 
cube  of  a  binomial,  and  the  extraction  of  the  cube  root, 
from  tbo  theorem  r'  ^  (a  -t-i)^s  or'-i-  ^-1-  3at .  a-*>SoA 
.  from  Tartaglia. — Chap.  8,  &c,  treats  on  proportioa, 
aritboietical,  geometrical,  and  harmonical,  with  the  arith- 
metic of  ratioifc  Chap,  li,  16,  on  the  lingle  and  donUe 
rule  of  Hypothesis,  or  Position — Chap,  17,  on  £ndiiy 
several  mean  proportionals,  by  the  double  ralo  of  VyB»> 
thois,  with  its  appliiatioii  la  thacalebmad  probloaiaf 
doubling  the  cube;  abo  to  ita  tripKi^  and  faadiu- 
pling,  &c. 

Book  II.  Chap.  I.  On  the  values  of  the  powers,  (or  what 
are  now  called  their  exponents),  being  the  numben  of 

thiir  situation  in  the  scale  of  pouLT>,  1,  2,  3,  4,  &c.— 
Chap.  2,  on  the  audition  ul  stic  puvier^,  L>y  means  of  their 
signs p  and  m,  that  is,  plus  aivi  minus. — (.'hup.  3,  4,  nn  the 
multijilicatioi!  and  division  <j|  puwer^,  tiv  mlding  and  sub- 
tmcting  •Ju'ir»a;uei  ki w.dicfi).— L'iiap.  .1,  6,  iidiiition  and 
subtraction  uf  compii-'x  i|uantaies,  with  mixed  signs,/>and 
«»,  and  viinoijs  powen.. — Chap.  7,  8,  multiplication  and 
diviuon  of  mixed  quanlitics.  Hero  the  author  states  that 
in  these  operations,  like  signs  produce  p  (plus),  but  unlike 
signs  ai  (minus) ;  and  he  says  be  has  proved  thcae  in  hit 
Arithmetic,  which  no  one  hat  done  before  hissj— Cluip.  ^ 
10^  &C,  on  finding  the  sides  or  note  of  aa^aad  foai- 
ponad  quantities. 

Book  III.  0»  Eqwtlioiu.  Chap.  I,  S,  3,  on  simple  eqoa- 
dana  Chap.  4»  5, 6, 7, 8,  on  quadratic  eauations,  by 
the  Biual  methoid  of  oojaplciing  the  square,  &c.  In  the 
case  jc*.*.  a  SB  «r,  the  author  assigns  the  two  roots.  In  the 
other  two  cases,  he  finds  one  root  only,  nithool  noticing 
the  negative  roots — In  chap.  JO,  hu  bpcuiss  of  the  cubic 
e()uar:uiis  treated  of  by  Cardan  and  TartiiKiiii,  but  without 
slating  tbe  rules  for  their  solution.  In  chap.  U,  IS,  13, 
I  ptwbiMM  aia  traalad  af* 
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Book  IV,  titled  De  9ttmttilrile  AMvta  et  Sirda, 
rontAin»  two  chapten.  1  lu  ^^v  inri  nlc  vari  jni  problem* 
or  questions,  in  which  several  unknown  quantitas  arc  re- 
quired to  be  found,  from  as  many  proposed  imlppt'iidcnt 
relations  In  the  solution  of  these  questions,  tlir  au- 
thor uses  lilt-  cnpit.iK  a  ,  n,  i ,  d,  A.  i ,  Uit  the  nukiiou  n 
quantities  to  be  found,  «hicli  he  employs  in  the  same 
way  as  we  do  now  the  letters  x,  ^,  &c,  making  out  with 
than  at  many  independent  equations  are  the  unknown 
tMla%  A,  B,  c,  i^cc ;  by  the  reduction  of  which  equations, 
in  Ae  usual  wdv,  the  values  of  these  ietten  are  detenai- 
ned.— But  Stifefiui,  before  Un^  had  need  e»  &C,  for 
the  imkiiowa  qwiiitiriw. 

clathfi. 

Christopher  Glariut  ineie<Us  Al||ehi»  eboiit  the  yew 
1580,  though  it  wia  mrt  publkhM  till  \60i,  el  Orleene. 

He  mostly  follows  Stifelius  and  Scbcubelius  in  his  nota* 
tlou  and  method,  &-c,  having  scarcely  any  variations  from 

tJli'lv.  ;  llul  linv',  In-  L  :<iil  (  i)  lubiC-  i        ;i  t  li       .      I  Ir  L-.sent  io:iS 

Iho  nainf5  given  to  tiic  art,  tlic  opinion?  ubuul  its 

origin,  iu  which  he  inclines  to  ascribe  it  to  Diupiiuntiis, 
from  what  Diophantus  suys  in  his  preface  to  Diuiiy»ius. 
ST  K  V I N  us. 

The  Arithmetic  of  Simon  Sti-vin  of  Bruf;ea,  was  pub- 
lished in  1585,  and  the  same  with  his  Algclira  in  1605,  iu 
the  Flomisb  dialect,  and  conlauning  a  free  translation  of 
the  fir>t  1  books  of  Diophantus.  They  were  also  printed 
in  a  French  edition  of  bis  works  at  Leydcn  in  \6Si,  with 
some  noUi  and  additions  of  Albert  Girard,  who  it  seems 
died  the  year  before,  this  cdrtko  beinf  ^oWshed  fur  the 


benefit  of  Girard's  widow  nnd  chiMiCD. 
tiiin  all  the  6  books  of  DiopliMtaei 

Tlie  Algebra  i«  an  ingcnioot  aiid  orq^l  woik*  O*  d«- 
aotee  the  rei^  or  unknowa  qwiiti^,  in  •  way  of  hia  mn, 
mttdj  by  ■  stnell  circle  0<  witbiii  which  be  plecce  the 
numeral  exponent  of  the  power,  as  O,  Cf ,  (§),  Q),  &c, 
which  are  the  0,  1,2,  3,  ike,  power  of  the  quantity  Qj 
when  p  ,  iir  tin  d  pnwi-r,  is  the  bi  jiMining  of  quantity,  or 
anlhnictical  unit.  Ik-  uho  cMeiids  this  notation  to  roots 
or  fractional  exponents,  and  even  to  radical  om-s. 
Thus  ©,  0,  ®,  Stc,  arc  ibt  square  root,  cube  root,  4tk 
runt,  tkC  ; 

also  ®  IS  the  cuHo  root  of  the  square  ; 

and  @  is  the  square  root  of  the  cube.    And  so  of  others. 

'I'he  hn>t  three  powers,  CD,  ®,  ®«  he  also  calls  eoj^ir 
(•<ide),  yuarre  (square),  cuke  (cube) ;  aud  the  first  of  them, 
4),  the  prime  quantity,  which  be  obwrvea  is  also  meia- 
pkorieaUy  called  the  raciae  at  root,  (the  nark  of  which 
ii  alao  y',)  because  it  wpwaeBia  the  mot  or  origiu  fron 
which  oUetherquntitica  ipring  or  ache,  called  the  fotamt 
or  poven  of  it.  He  coBdemns  the  terms  sunolids^  and 
auriboB  abivnl,  inalioaal,  irregular,  inexplicable,  or 
•urd,  and  shews  that  all  numbers  ere  dcaoted  the  same 
way,  end  arc  all  equally  proper  expreiaions  of  aoaic  1<  n^th 
or  magnitude,  or  some  power  of  the  same  root.  He  also 
rejects  all  the  compound  expressions  of  square-squared, 
cube-squarfd,  cube-cubed,  I've ;  and  observes  that  it  is  best 
to  name  them  all  by  their  exponents,  as  the  1st,  Cd,  3d, 
♦ih,  5th,  6tb,  &c,  power  or  quantity  in  the  srries.  And 
on  his  extension  of  the  new  notation  he  justlv  obw;n  s, 
that  what  wss  before  obscure,  laborious,  cinl  ti.'esonic,  u  ill 
by  these  marks  be  clear,  easy,  and  pleasant,  lie  also 
makes  the  natation  of  algebraic  quantities  more  general  in 
their  corfficicnta,  iacludittt  in  tbeat  sot  only  iattgm,  as 
3  ®,  but^alwIiraetlauwrfntfBaks  M^^,  aad  y'Sd^ 
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he.  He  has  various  other  peculiarities  in  his  notat)nr,»  ; 
all  showing  an  original  and  invcotive  mind.  A  quantity  of 
several  terms,  he  calls  a  multinomial,  and  also  binomial, 
trinomial,  &c,  accordittg  to  tlie  unmij'jr  of  the  terms.  He 
uses  the  signs  and  — and  sometimes  :  for  equality ; 
also  X  for  division  of  fncttoniy  or  lO'nmltipIy  i 

thus,  I  X  i  :  14. 

He  teaches  the  generation  of  powen  by 
means  of  the  annexed  tiible  of  numbers, 
which  art-  the  coefficients  of  all  the  terms, 
except  the  first  and  last.  And  be  makes 
use  uf  the  same  ntimbers  also  for  extract- 
ing all  rooU  whatever:  both  which  thima 
had  fiiat  b«en  done  by  Stifriina,  ]a  ex« 
traeliag  tlM  toots  of  nun^uadiate  or  non-cnbic  nnabers, 
Iw  has  the  snae  apprmtlmatiau*  as  at  present,  saa^  eiUicr 
to  Continue  the  extraction  Indefinitely  in  decimals,  by  add- 
ing  periods  of  ciphers,  or  by  making  a  fractiim  of  the  re* 

nminder  in  thia  nuuHwr;  iiij^  v^M  i 

If  ^a* 

and{/ir ■»«■«•  aeariytwhewaiatfcei 

exact  root  of  m  i  which  is  Pelelarius's  rule,  and  which 
differs  from  Tartalca's  rule,  as  this  wants  the  1  in  the  de- 
nominator.  And  in  like  NMnaar  iio  gsea  «n  to  tlw  root* 

of  higher  powers. 

iic  iheu  treats  of  equatioMi  osd  thoir  iBfanlon,  idbidi 

according  to  him  are  tbua: 

$  egale  d 
its  derivati*C8t' 
(£)  egale  d  (9,  0. 
And  ioro«  unknown  author,  the  derivatives  of  this. 

Some  unknown  author  invented  these  ■ 


3  a 

5  10  10  4 
6  13  20  15  $ 


Mahomet,  son  of  Moiea,  an  Anbian 

invented  these 


•{i 


(  ©egale  d  9  9, 
(^(Jegalea®! 


But  eitcrwardi  ha  mcnlionB  Fetnoa,  Tartalea,  Caidan, 
&c,a>  being  ahoconcwiwd  in  thaiasentionof  theaa. 
LcwiBFcfnriineeMad        .  ®c|aleil|iMd- 
HeM^aholhal  IXophaatHBonMnial«ealh«caae®  • 
egale  dh®.  In  hie  ftduction  of  agnafiew^  which  la 


full  and  maaterly,  healwaya  placea  the  highcat  power  .On 

o«w  side  alone,  equal  to  all  the  other  terms,  set  in  i^eir 

order,  on  the  other  side,  whctln  r  they  be  -♦-  or  —  .  Aod 
bo  demonstrates  all  the  rules  b<itti  arithmetically  aud  geo- 
metrically. In  cubas,  bf  pues  up  the  irreducibU  c*s*, 
as  ho|)eless:  but  »ayt  that  iiombclli  reiolve*  it  by  plus  uf 
mirj'.i,  and  mima  qf  minin: 

thus  if  I  C  e=  30  e  ••-  36",  then  1  4  =  ^/(IS  ot  -  'J(i) 
-«-i/(l8  -  of  -  26).  that  is,  1®  =:i/(l8  l) 
-«-V(18  —36^—1).  He  resolves  biquadratics  by 
means  of  cubics  and  quadratics.  In  quadratics,  he  taltea 
both  the  two  roots,  but  looks  for  no  more  than  two  in  cu- 
Wea  or  bi<|nadretics.  He  gives  also  a  general  method  of 
approaching  indefinitely  near,  in  dcciiaalt^  to  the  root  of 
iiny . equation  whatever;  but  it  is^very  laharioaas  btin| 
little  more  than  tiying  nli  nlmbeia,  one  after  aaolherf 
iinding  thua  die  let  figaia,  then  the  ii,  ttm  tha-Sd>  Aot 
among  these  IwcbamctenO,  1,S,S,«ktk^7j«i9>  Aad 
finally  he  applies  the  rules,  in  ibe  laieiatiOB  of  a  gnat 
many  practical  qui'>.tioij-. 

Though  agenerui  lot  of  originality  and  is, 
runs  through  the  whole  of  .Si.'viiius's  work,  yet  bia  1 
remarkable  or  peculiar  iivvtnlioDs,  may  be  reduced  to 

these  few  following:  via,  ^  

1st.  He  invented  not  only  a  new  character  mr  IM  «n- 

b«t  gnany  improv««i  iha  aotaMn  of 
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fomwn,  by  WUMnil  Utdircs,  fint  given  bjr  Stifcliu*  as  to 
inUfnlcxpootali;  wkkk  Stenaus  extaoded  to  firmciiondi 

aU  odiv  lorti  of  cxpCMMBi^  ihenby  diwrti^ 
«f  roott  the  mo  woy  oi  prnvnit  by  mrnwial  ospoooalt. 
Aciteamittoca  kiihofto  uouilbl  tokoof  nndkloifrio: 
mtiiwi. 

9A.  He  improved  and  evtendod  th«  moond  noMloKof 

coriEcicnts,  inclttdio|  in  them  fractioM  and  cadieah,  aod 

all  %on%  of  numbcrt  in  gciK-ral. 

3il.  A  i)ii;.ii;;ty  ol  si  vcral  trrms,  he  railed  gc-norfllly  a 
multiiioaiial  ;  aiiJ  he  dtuuttd  all  nomials  whatever  by 
|iar<.icular  name;  L'Njir('!,viii<i  (he  number of.thcir  Icmi^ bi' 
iKin;ial,  trinuniial,  <|>in<irinamial|  &C. 

4th.  A  luimcral  raloUoB  of  all  oqaatHMU  wbotonr,  by 

one  general  rnelhdd. 

Besides  wlocli,  lie  hi:)ts  at  somr  iinknowij  authur  as  the 
firft  iovcntOT  of  the  rules  for  cubic  equations;  by  whi<m 
may  petkap  be  intended  the  author  of  the  Arabic  manu- 
■cfipttnatme  on  cubic  cottadontj  given  to  the  library  at 
LrySkn  by  tlw  eriebratcd  Watner. 

Tin*. 

Moat  of  Vieu'*  alg^bnieal  worki  ncn  vrittm  about  or 
bdon  the  year  iGOO,  bot  tone  of  them  wen  not  pubHihc 
.cd  till  after  hb  death,  which  bappened  iii  the  yaar  iSlO, 
ift'dio  69d  year  of  bb  age.  And  hit  '  * 
trorin  were  collected  together  by 
('U'^:;antly  printed  in  a  folio  volume  in  l64&  Of 
the  al^ebmical  parts  ore     follow  : 

1.  lift(»oj;c  in  Artriii  Aaulytit  iuii. 

2.  Ad  Loj;i5ticen  Speciosiim  Ni  t;r  PriorcJ. 

3.  Zeteticoniiu  lilir:  (]',!iiii.;iir. 

4.  Dc  .tquatioriurii  JlfCuiMiitii  lie,  et  Emrndallnne. 

5-  I)e  Numcrosi  Pnu  -■linim  .id  Kxrgesin  lU-Miliittnne. 

Of  all  these  I  sbull  gire  a  particular  account,  I'spccially 
in  such  parts  as  contain  any  discoveries,  as  v.r  here  meet 
with  more  iapraveinvnts  and  inventions  on  the  nature  of 
eqoatioM,  thaa  in  alinoat  any  former  author.  And  fint 
oftlM  Jiogogt,  or  Introduction  to  the  Analytic  Art*  In 
thii  ihort  iotroduction  Vieta  layi down  certain  piaeognita 
la  tUa  art ;  «•  definitioBi,a»ioHii^  nolatioM,  oommon  pre- 
cepttoropwalieinofadditieB,  tubtfiaoliai^Broliiplication, 
and  division,  with  nilca  fiw  qyattlani,  &c.  Froai  whick 
we  find,  1st,  That  the  MflMtofhit  powert  ai«  latia,  «■•> 
dratura,  cubus,  quadralo-qttadratum,  quadi«IO>Cllh«ih 
cubo-cubus,  il^c;  ill  which  he  follows  the  method  of  Di(H 
phantus,  and  nnt  that  derivnl  fr  in  the  Arabians.  2d, 
'iTiat  he  calls  powers  pure  or  uilicHid,  and  first  here  uses 
ihr  terms  coetficient,  atiirmative,  nogstivp,  specious  lo- 
piiilic!!  or  calculations,  homogeneiim  comparationis,  or  the 
absolute  known  term  of  an  equation,  honio>;cneuni,  adfcc- 
tionis,  or  the  2d  <ir  other  term  which  makes  the  equation 
adfccted,  fifc.  3d,  That  he  use*  the  capital  letter*  to  de- 
note tiie  known  as  well  as  unluwwn  quantities,  to  render 
hU  rules  and  calculations  geaanl;  namely  the  vowels 
A,  t,  I,  o,  ti,  Y  for  the  unknown  quantities,  sod  thocon- 
HinanU,  a,  c,  o,  kc,  far  dM  blown  one*.  4th,  Thaf  he 
use*  the  sign  •*■  between  two  terms  for  addition ;  —  for 
•obt  ruction,  placing  the  greater  before  the  less ;  and  when 
it  is  not  known  which  term  it  tkofreaier»ha  placea  s  bor 
twecn  then  for  the  difciima,  at  wo  now  taa  }  thoi 
A  =  a  is  the  aama  at  a  ••  tkat  ha  axprenei  diviiicm 
by  placing  the  tamt  like  a  fraction,  oa  at  praaat ;  though 
Jic  waa  net  lint  in  this.  But  that  he  ima  no  chefaetaie 
Cor  auiltiptication  or  equality,  but  wriiet  the  werda  them* 
•el«ei,aiwf}lattlwnaniea  of  aii  the  powcn,  as  be  wet 


no  exponaoia,  which  causes  much  trouble  aisd'prolinty 
ia  the  progress  of  his  work  ;  and  the  nunicml  coeiiiGicntt 
■et  after  the  literal  quantities,  have  a  disagreeable  eftcL 

II.  Jd  Iqptttoa  ^penoMat  Ikut  Priam.  Ikaie  c«n- 
liit  of  wiona  tkcorimt  coneeniflfmau^difliMBeea,  pn»' 
ducts,  powen,  propoclioMkj  &c»  with  the  geneila  of 
pow^fs  from  binpmiat  sad  retidual  roota,  and  certain  pro- 
partict  of fational  ridife«nglcd  triangles. 

III.  Zetukonm  niri  quinipie.  The  xetetics  or  ques- 
tions,in  these  5  books, are  chiert\  from  Diopbaiitus, but  le- 
solved  more  grnerally  by  lilertii  uiithii.ctic.  And  in  these 
questions  nri'  alv  i  investigated  rules  foi  the  resolution  of 
quadratic  and  cubic  equations.  In  these  also  Vieta  fint 
hhb  a  line  drawn  over  tonpound  quantiliet^  aa  •  viaon- 
lum. 

IV.  De£qmlioit»tmRecoLniiiione,elEmmdatione.  These 
two  books,  which  contain  Vieta's  chief  improvfincnts  in 
algebra,  were  not  published  till  ibe  year  I  It  1  .'>,  hy  Alex- 
ander Anderson,  a  learned  and  ingenious  Scutcbnuin,  with 

■  variooi  eonections  and  additions.  The  1st  of  these  two 
books  consists  of  20  chapters.  In  the  first  tix  chapteny 
rules  are  drawn  from  the  letctics  fur  the  letolntMmt^ 
quadratic  and  cubic  uationa.  Tbeta  nikt are  bf  meana 
of  cenain  qoanlMei  m  conlnnied  pmpociiaR,  but  ia  the 
iolatioa  tkqr  conw  to  the  tame  tbmg  aa  Caidaa'a  raleai 
b  the  eabica,  Viela  tometinea  chaiwit  the  negative  roott 
into  aflirroatlire,aa'CanhHilMiddonckWitbe  finds  only  the 
afGrroative  roott.  And  he  here  refiottkeinreducible  case 
to  angular  sections  for  a  solntloa,  n  BWlhod  which  hui 
been  mentioned  by  Bombelli. 

Chap.  7  treats  of  the  general  methtid  of  tmnsforming 
equations,  which  is  dutu'  eitlu  r  by  changing  the  root  in 
various  w.iys,  namely  by  substituting  anotln  r  iiiitesd  of 
it  »hich  is  either  increas<"d  or  dimuiished,  or  multiplied 
or  divided,  by  some  known  number,  or  raised  or  depressed 
in  some  known  proportion  ;  or  by  retaining  the  saiKe  root, 
and  equally  multiplying  all  the  terms.  Which  knuk  i4' 
ttansformntion,  it  it  evident,  arc  intended  to  make  the 
equation  become  sijnpkr»  or  more  convenient  forsolu- 
tioiu  And  all  or  aioat  of  theta  reductions  and  transfor* 
mationa  w«m  alto  ^ractiaad  by  Cardan. 
'  Chap.  S  thowa  whatpmpoeet  are  antwered  by  the  lov»> 
going  tranafonnaliemi  aaek  na  inking  nwny' tome  of  tke 
tenw  eat  «f  Mt  etpiaden,.  and  naiticularly  the  Sd  temi, 
which  it  done  by  iacRaamg  ordiminiihing  the  root  by  the 
coefficient  of  the  Sd  term,  divided  by  the  index  of  the 
first :  by  which  wwnnt  also  the  affected  quadratic  is  re- 
duced to  a  sim^  one.  And  vaiiow  other  eflecia  are 
produced. 

Chap.  9  shows  liow  to  ilrducc  compound  quadratic 
equations  from  pure  unes,  which  is  done  by  increasing  or 
diminishing  the  root  by  a  given  quanti^, bcinig OOd  appli- 
cation of  the  foregoing  reductions. 

Chap.  10,  the  reduction  of  cubic  equations  affected 
with  the  1st  power,  to  such  at  arc  affected  with  the  2d 
power ;  by  the  same  roeana> 

III  chap.  11,  by  the  same  means  also  the  2d  term  is 
stored  to  such  cubic  equations  ns  want  it. 

In  chap.  17,  quadratic  and  cubic  equationt  are  raited  to 
hi^er  degrees,  by  substituting  far  the  root,  the  tqnare  or 
cube  of  another  root  divided  by  a  gjvcn  quantity. 

Ia  chap.  13,  alfected  biquadntic  equations  ate  deduced 
from  afectcd  quadratics  in  thia  manner,  when  «ipieaK4 
in  the  nodera  notatioB .  If  A*     BA  «  X, 
than  thai)  A*  <t>  TTsai  ^  A  ai  ■*  +  a^. 
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«iid ito tqam —  Si*s-t-  u*a* t 
Iwit  »•*•  =  »•»-  B»*, 

tbMcfbre  ii*  a;  7*  -  2ba7  +  b'z  —  I**, 
or  A*      b'     C»z  .  A  =  z'  +  n'/. 

And  ia  like  nuuuic-r  fur  the  biquadratic  aflccted  with  lit 
other  (criii's.  Aikd  in  a  kiiuiltr  man  nor  aiso^  in  chap.  14, 
Bifocted  cubic  cquationi  are  dcdnoed  fraa  the  eActed 

«|uadratic!i. 

Ill  chap.  15  It  is  shown  that  the  quadratic  ba  —  a*  =  z 
has  two  values  of  the  root  a,  or  ha*  ambiguous  roots,  as  he 
calls  them ;  and  also  that  the  cubics,  biquadniticit,  Itc, 
which  are  raised  or  deduced  from  that  quadratic,  have 
abo  double  root*. 

Baring  in  the  forqgpiiig  chapfao,  shown  how  the  coef- 
fideati  of  aqvatioot  of  tM  9d  and  4th  degree  ate  formed 
Iran  thoee'of  the  Sd  degree,  of  die  now  lOOt ;  and  that 
oerlaia  ^oadiatici»  end  oihen  raned  tnm  then,  have 
dottbh  foott;  then  in'  the  1 6th  chap.  Vieta  ehowa  what 
rdatioa  thoie  two  roots  bear  to  the  ooellieiaHi  of  the  two 
lowest  term*  of  e»  cqnatioii  cooiiiting  of  ooly  three 
terms. 

Chap.  17  C'lii^^itii  several  theorems  concerning  ounn- 
tities  10  coiitiiiUKi  giometrical  progression.  W'hitii  nrc 
pRparalory  to  what  follown,  ci/ncernin^  the  doiilitc  nrnts 
of  equations,  the  iiuluri;  of  whirh  he  cNiuiuiid^  by  means 
of  such  properties  of  pro|K)rtion.il  tjuuitn  lt-^, 

Chap.  18,  j^qualionuM  imcipitum  consiitutito  ;  treating 
of  the  nature  of  the  double  roots  of  eiiuationi. 

Next  follow*  the  2d  of  the  pieces  published  by  AleJUB- 
der  Anderson,  namely, 

Dt  Smemd&doiie  Ja^tuuiomtm.  in  14  chapters. 

Chap.  1.  Of  preparing  equations  for  their  resolution  in 
■Minbcn,  by  taking  away  the  2d  term ;  by  which  afiected 
fOadratici  are  reduced  tu  pure  ones,  and  cubic  equations 
affwtad  with  the  Sd  tern  aro'TCdnced  to  such  aa  an  al^ 
lamed  with  the  Sd  only.  Several  example*  of  hoth  hinds 
of  oqualioos  are  given.  He  here  Mo  mtttrhe  oil  the 
ncthod  of  takinj;  away  any  other  lem  out  of  an  equa- 
tion, when  the-,  highest  power  is  coinbincd  with  that  other 
term  only  -,  and  this  Vieta  effects  by  means  of  the  co* 
efficients,  or,  as  he  cnlU  iheiu,  lh<-  unciie  of  the  power  of 
a  binomial.    All  which  wa.s  also  performed  by  Cardan 

for  thr  5;in)C  |;urpij«-. 

Chiip,  2  Dr  It, mmtt! aline  IIs'iTr'Vw— fKatrs*,  ijUte  remt- 
dium  rii  ndj-risii.s  riitum  nff^attonit.  Concerning  the  trans- 
formalions  by  chanomj;  ths  given  root  a  for  another  root  «, 
which  IS  equal  to  the  homogencum  comparationis  divided 
by  the  6r«t  root  a;  by  which  means  negative  terns  are 
ebangrd  to  affirmative,  aiid  radical*  ate  talwn  out  of  the 
equation  when  they  arc  contained  in  the  homogeneum 
eonunratioiiis. 

Chap.  3.  D$JbuuU€fhe,  showing  the  relation  between  the 
CMts  of  cofwdala  cquatiooi  s  whence,  having  fpven  the 
■Mt  of  the  eoa  eqaitifl%  tliat  of  the  ether  hccones 
hnowB. 

Chap.  4.  At/wMrtt,  odbeiwittMiMjIwfiamk  To 
Mm  amy  fiactioaa  ont  of  an  equation.  Tlin^ 

if  A*  + -4  A  4?  tlx"  9*"^  ' 

(hap.  5.  Dt  S^mmmiea  Ctimactismo,  adva-aa  vitium 

msyaatttrite.  To  take  away  radicals  or  surds  out  of  cqua- 

lioiis,  by  squaring.  Sec,  the  other  vide  of  the  fquation. 
Chup.  6,  To  reduce  bifiuadratic  et|uatioiM  by  mean*  of 

cubicsaiid  i|u:uiiiaK'>,  liy  iiiitlir.d-'  which  MWiaallvaiia- 

titios  from  thute  of  Fen  an  uud  Caidan. 
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Chap.  7.  The  ntaliliaift  of  ciihic 
«fcieh  aie  ^  stM  widi  CMnA. 
Chapk  S.  J)eCsBawfaeg|«ilii 


hy  nloa 


el  eo- 

•  •  To  trans, 
of  the  lower 


nule  the  equation  so  that  the 

term,  or  power,  may  be  any  given  number,  he  changes  the 
root  in  the  given  proportion,  thus :  Let  a  be  the  root  ot 

the  .'i|iuiUMii  ri^i'ii.  i'  tli:ir  i  f  ;i.uibiTiuti  d  ft|uaticii, 
B  thu  given  coethcicni,  and  x  the  required  one  ;  then 

take' M.m^,  vhtcii substitute  in  the  gircn  cqoatioo,  and 

it  is  done. — He  c niutuMily  change?  it  so,  that  x  may  be 
1  ;  which  lip  ilu<  >,  tliat  llie  numeral  root  ol  (lie  equation 
may  be  the  easii  r  found  ;  jind  this  he  here  perU'rras  by 
trials,  by  titking  the  iu-are;l  root  of  the  highest  power 
alone :  and  if  that  does  not  turn  out  to  be  the  root  ol 
the  whole  e(|uatioTi,  he  conclude*  that  it  has  no  rational 
root. 

Chap.  ^  To  reduce  certain  peculiar  bnnsof  c«bics  lo 
quadratics,  Or  lo  ainpler  fbmt,  nradi  the  aaate  aa  Cardan 

L  ■  J  


Chap,  la  SAmttni  seidwtfonaw  ceMhatatia,  Being 
sono  nofo  linilar  theorens*  whea  the  equation  iaaftdad 
with  aD  the  poweit  of  the  unknown  quantity  a. 

Chap;  11,  lt,13idaloaliotocertaiBpooiiUatffifm»of 
equations,  in  which  the  root  tr  one  of  the  tenaa  of  •  cer- 
tain series  of  continued  pniportionals. 

Chap.  14,  which  is  the  last  in  this  tract,  contains  in 

four  theorems,  tho  ^;un^'^;^l  rcliitinii  hetween  thi-  ruuli  nfaii 
equation  and  the  co<.-thcienIs  of  ils  Icniib,  when  aW  il!, 
roots  are  po3itne. 

And  from  thm'last  four  theorems  it  appears,,  that  Viclu 
was  acquainted  with  the  c(jn]|]u_s;[iur;  u1  these  equalioiis, 
that  i>,  when  all  their  rooln  are  posiliie,  (or  he  never  ad- 
verts to  ncgativo  roots;  and  from  other  parts  of  the  work 
it  appears,  that  be  waS  not  aware  that  the  same  proper- 
ties will  obtain  in  ail  sort*  of  roots  whatever.  But  it  is 
not  certain  in  what  manuer  he  obtained  these  theorems, 
as  he  has  not  gives  any  acco(.4jt  of  the  investigations, 
though  that  was  usually  liis  way  on  other  occasions :  but 
he  hoe  coatenu  himsdf  with  borcly  aunouaciqg  the  theo- 
rems, and  for  this  stmne  leasoi^  that  ho  night  at  length 
bring  his  wofffc  tea  onelnsson.  • 

T  o  !hi»  piece  is  added,  hy  Akownder  Aadanqm,  an 
A|<peii(iix,  containing  the  construction  of  cubic  eq«ai> 
tion*  by  the  trisecliun  of  an  angle,  and  n  dcmonbtralioBOf 
the  property  referred  to  by  Vieta  for  this  purpose. 

Dt  fiumcrota  Polettalum  Pumrum  Rrsoiuy.i^nf.  \'iL'ta 
here  piv<.»  some  examples  »f  extiiictilig  iLe  ruuts  of  pun: 
powers,  in  the  way  that  had  been  Ion;;  before  practised, 
by  pointing  the  numlxr  into  periods  ot  liguie«  according 
to  the  index  of  the  root  to  be  extracted,  and  then  pi<ooCeil> 
ing  from  one  period  to  another,  in  the  usual  way. 

De  Numerota  Potettaiutn  a^ftctmrum  Retoiultone.  And 
here,  in  close  imitation  of  the  above  rocibod  for  the  roots 
of  pure  powersb  Vieta  extract*  thoco  of  adfected  ones ;  or 
indiqg  the  roots  of  afiected  equations,  placing  always  tJie 
honsfsneun  eonpaiatioais,  or  absolute  term,  on  ono 
ui»,  and  all  the  teraa  aliacted  with  the  unknown  qimn* 
tily,  and  their  proper  e^aa,  en  the  other  side.  The 
method  ia  my  ]aboriaiis,aBd  is  hotHtlle  more  thao  what 
was  befbie  done  by  Sterians  on  Oils  anltfeet,  depending 
not  a  little  on  trials.  The  cxanpha  he  use*  aie  such  as 
have  either  omb  or  two  roots,  and  Indoad  such  a*  ato  af- 
fected (  ornmonly  with  only  two  powsse of  |he  unknown 
quautiiy,  and  which  therefore  aAut  oaly  of  these  two  . 


Digitized  by  Google 


ALG 

wrtetict  m  to  th«  namtet  of  roots,  mawly  according  m 
the  higher  of  the  two  powen  ic  affirmative  or  neeativc,  the 
iMMDOgeneum  compnrationii,  on  the  other  side  of  the  cqUH- 
tlMi  bdng^Mysafirmativc ;  and  lie  remariu  thkniwnl 
mK  if  the  U|her  power  be  negative,  thee(|uatioBbMti>o 
MOli^  otftenriM  onhronet  thati^afirmathwfpots;  Ibr 
n  to  negatiw  mni  foii^Miy  onea,  Vkte  Itiwir  midinf 
about  them,  or.  at  leait  £e  uSm  no  aotico  of  tlMnk  By  dio 
foregning  rxtractioD,  Vieta  findt  both  the  greater  and  leia 
root  of  the  two  that  are  contiiined  in  the  equation,  an<l 
cither  of  them  that  he  pleases;  having  first,  for  this  pur- 
pose, laid  down  somt-  ubMTvations  ctuiCcTiiini;  the  limits 
withiit  which  the  two  rooH  are  contniiiiHi.  Aho.  Imving 
found  one  of  the  rojts,  he  shows  how  the  other  loot  may 
bo  found  bv  means  ol  another  C[|untion,  which  lb  a  degree 
lower  than  the  siveii  one ;  though  not  by  (h'ljressiiii;  the 
given  equation,  by  dividing  it  as  i»  now  done;  but  from 
the  nature  of  proportionals,  and  the  theorems  relating  to 
equations,  as  given  in  ttie  former  tracts,  he  finds  the  terms 
of  another  rt{UKtion,  difffrent  from  that  last  mentioned, 
from  the  root  jcc  of  which,  the  3d  root  of  the  original 
equation  nay  be  obtained. 
In  Ikin  couno  of  tliia  work,  -Viate  maltea  dao  some  «b- 

,  or  have  thteo 


ndy,  ^  iIm  oiAMioB  ic  6q -*■  1  iv  =  6, 
or  «  we  wiite  it  x*  —  €r  llx  at  6,  it  ambiguous, 
when  the  2d  term  is  negative,  and  the  3ci  term  affirma- 
tive, and  when  J  of  the  square  of  6,  the  coefBcient  of  the 

Q^  term,  pxcecds  11,  the  cn' fRriout  uf  the  Id  terqi,  and 
has  then  three  roots.  Or  m  general,  il  j  ■-  «j  -  bx  =c, 
and  |a'-'  b,  the  equation  is  ambiguous  and  has  three 
root*.  He  ihows  also,  from  the  relation  of  the  cnefficirnts, 
how  to  liml  *  iifther  the  roots  aiv  in  arithmetical  progns- 
sion  or  Mill,  ami  how  far  the  middle  root  differs  Iroin  the 
extremi-s,  means  of  a  cubic  equation  itt  this  I'orm  j:*  — 
bi  =  c.  In  all  or  most  of  which  remarks  be  was  pre- 
ceded  by  Cardan. — Vicia  also  remarks  that  the  caac  r  — 
j^'  24r  =:  20,  hM  three  roots  by  the  HBO  rale,  viz, 
9,  8,  S,  but  that  two  of  them  are  equal.  And  further, 
tlint  whea  ^*  is  ss  A,  tiien  all  the  three  root*  arc  equal, 
a*  in  tin  cote  Jt*  —  (m*  -i-  ISc  s  8,  the  three  roots  of 
which  are  2,  2,  3.  But'  when  ia  ies  Chan  i,  the  case 
is  not  ambiguous,  having  but  one  mOC  And  when  asc* 
then  a  as  X  is  on^  root  inelf. 

Many  cunous  notes  are  added  at  tte  end,  with  reotarlts 
on  the  methoil  -.f  -in-ling  the  approximate  roots,  when 
they  arc  nut  raliiriial,  whith  it  done  in  two  wnys,  in  imi- 
tation of  th<-  something  in  the  extraction  of  ))i)ro  ;i  vm  :^, 
viir,  the  one  hv  f-irminr;  a  Iraclion  oi  the  remuiiuli  i'  .r.t-.'r 
all  the  fijjurc'.  of  the  t;omu!;i  nenni  conipaimionis  aii  t  \- 
haustrd  ;  the  olhel  by  mcn  iisinn  the  rout  of  the  equal. un 
in  a  10  fold,  or  lOO  fold,  6tC,  proportion,  nnd  then  di- 
viding the  root  which  results  by  10,  or  i()0,  &c  :  and  this 
is  a  decimal  approximation.  And  Vieta  observer,  that 
the  roots  tvill  be  incressed  10  or  100  fold,  &c,  by  adding 
the  corresponding  number  of  ciphers  to  the  coefficient  of 
the  Sd  term,  double  that  nnnbcr  to  the  Sd,  triple  the 
niae  mintber  to  die  4(h,  and  •»  on. ,  So  if  die  eqimtioa 
Hera,  ic  -t-  4«  as  tha»  Ic  40«  ••■  60O  »  s 
MOO  will  hav«{(ir(M»t10ibM,aailC-f-400«-*>6000ta 
s  8000000  will  have  it  100  fold. 

Besides  the  foregoing  algebrairal  worlia,  Vieta  gaw  va^ 
ridO!  ron>truction»  of  equatio(is  by  means  of  circle*  ani 
risht  line*,  and  ansular  sections,  whichmay  be  const* 
*leR'd  ai  (in  iilgebriin  ,ii  tr;u  t,  or  a  method  of  exhibiting 
the  roots  of  certain  e<iuatK>ns  having  «U  (heir  roots  aftr- 


native,  and  by  neam  of  wUch  Ite  resolved  the  celebiatcd 
equation  of  45  powers,  proposed  to  all  the  world  by  Adri- 
anus  Romantu. 

Uaving  now  ddivered  a  particular  analysis  of  Vteta'a 
alfebilieal  wiiikiii,  it  will  be  proper,  as  with  other  aa- 
tfaiofs,  to  colkct  into  one  view  Uie  paiticttiaie  of  hie  mm 
noHufcabM  pecnliaitiic^  invrtttKHiiy  and  i  nprovenents* 

Aiid  lint  it  na/bo  «bMfved,  that  Ms  writing  show 
great  originalily  ofgfniut  and  invention,  and  that  he  inade 
alterations  and  improvements  in  most  parts  of  algebra; 
though  in  other  parts  and  respects  his  method  is  inferior 
to  some  of  his  predet  i  n  .  ,  15,  tur  iiihtancH  ,  w  here  lie 
neglects  to  avail  hiiiisell  ul  the  negative  rimtt  of  Cardan; 
the  numeral  exponents  of  Stifelius,  instead  of  which  he 
uses  the  names  of  the  powers  theuiMelves ;  01  the  frac- 
tional exponent'*  of  Stevinus;  or  llie  convinotlious  w.iy  of 
prefixing  the  coefficient  before  the  quantity  or  factor; 
and  such  like  circufiNtancet}  the  want  of  which  gives 
bis  Aigiebra  the  appearance  of  an  age  much  earlier  than 
its  own.  But  his  reitl  inventions  of  things  bcfoio  not 
known,  may  be  reduced  to  the  following  particulan. 

1st.  Vieta  introduced  the  general  use  of  the  letters  of 
the  alphabet,  to  denote  indefinite  given  quantities;  which 
had  only  been  done  on  some  particular  occasions  befim 
his  time.  Bnt  tho  vneral  use  of  letten^  lor  the  onknown 
quantities,  was  before  pretty  common  with  Stifelius  and 
his  successors.  Vieta  uses  the  vowels  A,  R,  i,  o,  v,  r  for 
the  unknown  quantities,  and  the  consonants,  a,  c,  d.  Sec, 
lor  known  ones. 

2d.  lie  invented,  and  introduced,  many  cxpressioiu  or 
terms,  several  uf  which  ure  in  use  tu  this  day :  such  as 
coefficient,  affirmative  and  negative,  pure  and  adfeaied  or 
affected,  unciw,  bomogeneum  adJvraoM^  hoUMnHMOB 
comparationis,  thclineor  vinculim  over  compound  quaa* 
titles,  thus  A  B.  And  bis  method  of  setting  down  his 
.  <|m:i  in*,  is  to  pl.ice  the  homofteneura  coinparationis,  or 
aosoluie  known  ti  nil,  on  the  right-hand  sidc,alone,  and 
on  the  other  .«i<le  .ii  .  ili.  i<  rms  which  contain  thonnhnovm 
quantity,  with  tS.eir  pmpi  r  Mnns. 

3d  In  me.M  (it  -.iit  ,-iilts  aiul  rn;iictions  for  cubic  and 
other  equations,  he  ni^.do  "iiiiiir  improvements,  and  varia- 
ttons  In  the  modes. 

~  4th.  lie  showetl  how  to  change  the  root  of  an  e<|UH[ion 
in  a  gfvcn  propoition. 

5.  He  dcnved  or  raised  the  cubic  and  biquadratic,  &c, 
pfpiations,  from  quadratics;  not  by  composition  in  Har* 
riot's  way,  but  by  «|«iafiBg  and  othii  wise  multiplying 
certain'parts  of  IM  ^admtic.  And  as  some  quadratic 
equations  have  two  roou,  therefore  the  cubics  and  others 
raised  from  then,  haw  alio  the  lane  two  roots,  and  no 
more.  And  heneo  lio  ooncs  to  loiew  what  relation  thaio 
two  roou  bear  to  the  coeffidenU  of  the  two  iowcet  teraw 
of  cubic  and  other  ecjuutions,  when  they  have  only  9 
tenn»,  iianielv,  by  comparing  them  with  similar  eqnadoni- 
so  lai-eii  Irom  <|uailriilic<..  .  AnH,  on  ihe  cutiiraiy,  what 
the  ^tl<lt^i  UK,  in  lerm»  ot  such  Coefficients. 
(1.  He  mao"  bome  obscrvanow  on  the  liauttof  the  two 

roOt»  of  ci  ilain  rqtmtiotw. 

7.  Hestatid  the  neneial  rclaliun  between  the  root*  of 
certain  equations  and  the  coellicK  nts  01  its  tcrios,  when 
the  terms  are  alternately  plus  and  minus,  aiid  nono  of 
them  arc  wanting,  or  the  roots  nil  positive. 

8.  He  extracted  the  roats  of  atfected  cqostioni,  by  a 
method  of  appnnimatiMi  similar  to  that  for  p«»  powcn. 

9.  Ho  gave  the  cawiractkw  «f  certain  M|HtianH  nwl 
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exhibited  their  roots  by  mraas  of 
furc  adverted  to  by  iioiiiDi  Jli. 

Albert  Girard  was  oii  iugciiiuu*  Dutch  or  Flcmi^ib  rut- 
divrnaliciiin,  who  died  about  the  year  He  pub* 

lahed  an  edition  of  Stcviiiiu'«  Arithmetic  in  \6'lo,  aug> 
■MDleil  with  many  notes;  and  the  year  alter  bis  death 
wan  published,  by  his  widow,  an  cditioa  of  the  whults 
works  of  Stevinus,  in  the.  same  toanner,  which  Girardbaii 
Uft  fcadjt  fur  ibe  pnaa.  But  ti|a  work  which  eatiilca  kin 
to  a  partieiilar  nolke  in  lUi  hialo^,  it  hit  <*  Jowiition 
Nouvelle  en  I'Algebre,  tant  pour  la  _9olatfa»  dot  equa- 
tioiM,  que  pour  recognoiltwlclMinbtedeatoltttbns  qu'el- 
ks  rcfuivcnt,  avec  plusiciin  chom  qui  soat  necrssaires  a 
la  perfection  de  ceste  divim"  science ; '  which  was  printed 
at  Amsli  1  ilriiii  lO:'J.  lu  mmu'I  i,  i.irti.,  i;]  f''i  (1  igcs,  viz,  4y 
pages  oil  anlbuKUc  uiul  algebra,  aiiii  the  rest  on  tba 
ineu'^urc  of  the  ^u^H-rficiL'S  ol  spherical  triailgica  and  po* 
lygiiii>,  b)  IliiT)  tlu-n  lately  discoverrd. 

I[;  thiii  wiirk,  (.iinnl  tirst  premise*  u  short  tract  on 
Ariibtiietic  i  in  the  Dotation  of  which  be  has  Mmething 
peculiar,  viz,  di^idiiig  the  nunbait  into  Uie  tank*  of  nil* 
lians,  billions,  trillions,  &c. 

He  next  delivers  the  cotninnn  rules  of  nigebra,  not  only 
in  inlcgi'n  and  fraction*,  but  radicuh  nUo;  with  the  no- 
tation  of  the  quantilica  aad  ligiis.  In  tWn  part  he  uses 
tonictijnfx  (be  letten  a,  a,  c,  &e,  after  tb«  maaner  of 
Victa,  but  roorc  comrooaly  the  eliaracien  of  Slevinui^ 
0»  <i)>  ®»  )  ^  tl>*  potraia  of  tiio  unlinowii 
onantity,  with  thrir  rooti  9, 9*  ft»  '■'  «  9t  by 
Stevinus  ;  and  S4im<  timet  the  inon-  usual  maria  of  the 
roots,  as  ^/  iir  \/ ,  v/t  V>  prefixing  the  cncfficienu, 
at  6>ii,  or  "f  2^.  In  the  signs  he  follows  his  pre- 

decessors so  lar  (IS  to  have  for  plus,  —  or  for  mi- 
nus, =  i  ll  J,!  i.er;il  or  indrfiiiiti'  (iitiLTcnce,  a  -(-  B  for  the 
suin,  A  —  B  or  A  =  B  for  the  diflvrcncc,  ab  the  product, 

and  -  ibr  the  quotient  of  a  and  >>  He  wet  tho  para* 

tbcaea  (  )  for  the  vinculum  or  bond  of  cumpouod  quar>- 
tilies,  as  i^  now  roimnonly  practised  ;  as  a(au  t-  inj),  ur 
y/{A  cub.  —  .';.\qli);  :«liil  be  iiilriMlucrs  the  new  chiiiutkrs 
ff  for  iptula'  tkitn,  and  \  for  ins  than  ;  but  he  ujt  k  no  cliu- 
ractrr  for  equulily,  only  the  vwni  it«  It. 

Girard  gives  a  new  rule  for  cMructing  the  cube  root  of 
binomials,  which  however  is  in  a  good  ineusure  tentutivr, 
and  which  he  eaplain*  thiu:  To  extract  the  cube  root  of 

Hm  iqnarei  of  tbt  lema  j  ^  I  ^ 

llieir  ilifferencte    ti-t,  and  its  cube 
root  4.    Which  shows  tlint  ilie  ditTircnce  between  the 
squares  of  the  terms  required  is  -1;  and  the  ntlnuMl  juk 
75  being  the  greater,  the  wreiitrr  lerin  ol  the  root  will  Ui 
rationiil  hIho  ;  .in'l  Itiillvi  i,  t:  it  lin-  rn  iiter     ^  _^  ,^ 
terms  d  the  power  and  root  am  commrii-    ^  ^•Z/^ 
»ur.ii.if,  as  also  the  two  less  Icrmt.    I'hen    ^  ^  2/14 
i)a>iug  made  a  tabh.-  as  in  the  nisir^in,  where    ^  ^ 
the  square  iif  ibc  rational  term  iiiwuss  ex*  " 
cecds  that  of  tbe  other,  by  the  number  4  above  neDtiuii'- 
ad,  on«  of  thcM  binomials  roust  ha  tiif  cabic  root  wught, 
if  the  giwen  quaaiity  have  tuch  a  root ;  and  it  must  be 

one  of  theie  four  forme;  ibr  It  itlniown  to  be  carried  far       .   .  ,  

enoiiih  hjr  obteniac  that  the  cnbe  root  ol  7ll » lea  than  vim  Iqr  tbit  pmieriy.  oo'wbere  appears  ituu  I  know 
•S,  «Bd  tlM  c«ha  loot  of  «1«0  Imt Adi«lt  iMknd,  M   of.  ftmAm  property,  anoag  otht^r  deductioiu. 

b«ii«tlttcaic^tlwfaMWnomialita«;hidcd,iS.«>UHMtr   Qjiwl  t9  4l>d  llw »Mliw  «f  (b«  p4V«t  «f  tht 


too  great;  and  the  tiist  is  e.\tluiied  betuuso  one  of  its 
terms  is  O;  therrlore  the  roel  must  be  «ith«r  3  -i-  y'a  or 
^  1'  v^l3.  And  to  know  whether  of  these  two  it  must 
lie,  try  which  of  ihcm  has  it*  two  tenns  c.\act  divisors  of 
the  correspondini;  terms  of  l)ie|iven  quantity;  then  it  is 
found  that  3  and  -1  are  both  divison  of  72,  but  that  onlj 
&,  and  not  1",  is  a  divieor  «f  j  ICO;  therefore  3  V< 
is  the  not  louaht,  which  upon  trial  a  found  10  a 
It  U  rrmarkabw  here,  that  Girard  uses  4  j 
of  4  y' IS,  and  S  -•.  initaad  of  5  i,  v'SO^ 
traiy  to  hit  own  mio. 

Ginrd  then  yvM  distinct  and  plain  ndta  for  briuiag 
quntiora  to  cquationi,  aad  for  tbe  reduction  of  tjioia 
equations  to  their  ^iinplesc  form,  for  solution,  by  theutual 
tuodi-s,  and  also  by  the  way  called  by  Victa  /Kmerio, 
multipIjiUi^  llie  terms  r)f  i),e  e<|Ualiori  Iry  ibi  terms  of  a 
geometrical  jifOj^ressjun,  by  winch  means  ;;io  roots  arc 
altered  in  the  proportitm  of  l  to  (he  raliu  of  the  progres' 
sion.  He  then  treats  of  the  method)  ol  finding  the  root* 
of  thr  several  kinds  of  cquu(iuns,  quadratic,  cubic,  &cj 
ajid  adds  remarks  on  the  proper  number  of  condition*  or 
equutiuits  for  limiting  quealiuits.  The  quadratics  are  re- 
solved by  coropletiny  tbe  aquare,  and  both  the  potitive 
and  negative  root*  are  taken;  and  be  observes  that  some* 
times  the  equation  is  icupowiible,  as  <;j>  equ.  b'lD  — 
whi.ise  roots,  he  adds,  are  3  -t-  v'—  |6  and  3  —  —  Vi^ 
The  cubic  equiuiuns  he  resolvee  by  Cerdan's  rule,  ex- 
cept tbe  irredocibU  case,  which  he  lite  fint  of  any  rer 
iolvca  1^  a  table  of  fina»i  tha  other  case*  he  alto  le- 
•olvci  Iqr  tablat  of  iHHB  andtaaieeau;  and  aiddicmio> 
triqil  ocHMtnictioBt  by  moaM  «f  the  byperbda  or  tliatti- 
section  of  an(|lM.  He  next  adds  a  particular  node  of 
resohing  all  kinds  of  equations,  that  have  rational  root^ 
on  the  piinciplo  of  the  njots  beinj;  divisors  of  the  last  or 
absolute  term,  iis  IhIoi.  m-  Kii  Mied  by  I'eletaiuis;  and 
then  ^ives  the  method  <'!  approxuniUirig  to  other  roots 
that  are  not  ruti  inal,  much  in  tbe  same  »uy  as  btevinus. 

Having  found  one  root  ol  an  e<|U«iion,  by  any  of  the 
former  methods,  by  means  of  it  he  depresHK  ilit:  equation 
one  degree  lower,  then  finds  another  root,  and  m  u|i  (ill 
they  are  all  found;  for  he  show»  that  every  algebraic 
equation,  admits  of  as  many  solutions  or  >«oett  a*  there 
arc  uniu  in  the  index  of  the  hi||nil  ppeier,  vUdil  POOH 
may  be  cither  potiiiva  or  ncaatif*,  or  inapiwiry,  or,  as  he 
calls  them,  gnMar  ttan  nMhinfr  «r  \m  than  nothing,  or 
involved}  to  thtf  moti  of  tba aqi||Mio«  1  •  t^it. 7<S  -  ^ 
an  4;  I,  aad  ~  St  aad  tlia  foot*  of  tbaaqaation  i®  cqu> 
^^-Snn^Uwi  i,u4  -  i*         wd  i 

In  d<  pressing  an  equation  to  lower  degrees,  he  duet  out 
use  the  method  of  resolution  of  Harriot,  but  that  whicb 
is  .li  rixil  fii.iii  till- iLi  ul  lel.ttii.ii  i  f  the  roots  ami  eci  iTi- 
ciilils  ot  tiie  tiruis,  whicn  tie  huri  lully  and  uiiiver^Uy 
♦tales,  \iz,  that  llic  coelbcient  of  the  id  teiiii  jk  e.jual  Xt) 
the  btuii  uf  iW  ti.e  lonts  ;  that  of  the  Jd  term  equal  tQ 
the  »uni  of  all  ihe  products  of  the  roots,  takon  two  by 
Iwo  ;  that  of  the  -tth  term,  tbe  sum  uf  the  pmductl.  takes 
three  by  three;  and  so  on,  to  the  last  or  absolute  term, 
which  It  the  continual  prad()ot  of  all  the  fOOtsi  a  prop^ny 
which  was  before  stated  by  V'ieta,  ae  to  tbe  equatmiw  that 
have  all  their  roola  poittifa;  *a4 hmaiVleaded  by  Ciiar<l 
to  all  kinds  of  roofs  «ba|eear:  bn(  hov  cither  Vieta  or 
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ro<it»  of  an  equation;  thui,  let  a,  b,  c,  d,  &c,  W  the 
Sd,  3d,  ♦ih,  &c,  coofficient,  *fur  llic  tii-t  term,  or" 
ihe  sums  ol"  tlic  pruducts  taken  one  by  om-,  two  by  twii, 
ihw  l)y  tbret,  itc;  then,  lit  ail  kinds  of  iquiiijons, 

Aq-i!B  (  I  w  3  squares, 

A  cub.  -  3aii  +  jc  jcub««, 

Aqq  —  4AqB  -»-  4*C  -t-  2Bq  —  4D  )  I  i  {  biquadnlet. 

Girard  mxt  explains  ihc  uie  of  nFf;aiive  roots  in  geo* 
mciry,  showing  that  they  rcprcMrnt  lii>c»  only  drawn  in  a 
direction  contrary  to  those  ri:|irrseniini>  ilic  p«sitiM<  roots; 
■Utd  lie  trawtkt  iku  this  ii  a  thing  hitherto  unknown.  He 
thcB  tenninatM  tho  nllgebre  by  some  questiom  having 
two  or  more  unknown  quaatitiei.  And  he  to^oia  to  the 
whole  a  tract  on  the  mentuntion  of  the  nrfacet  ^  iph^ 
fi^  tritngln  and  pulygom,  by  him  lately  dncoveredT 
Fran  the  foregoing  accoont  It  appnrs  that, 
tai^Ilnwaa  the knl  person  who  iinderstu<>d  the  gcurral 
doelme  of  the  formation  of  the  coi  (Ecii-nts  of  tho  jjowen, 
from  the  canM  of  tht'ir  roots,  and  [lu-ir  |)roduct*,  &r. 

a,  He  was  the  first  wlio  utiricrstorxl  ilie  use  of  rir<4iitivc 
noil  In  the  solution  of  gmnietrical  pintilcnis. 

3d,  He  was  the  first  who  spoki'  of  llie  imaginary  rrtots, 
and  understood  that  cmtv  c<jualinn  might  tmvc  us  many 
roots,  tvh\  ond  iiUMginary,  and  no  mort-,  as  there  aru  units 
in  the  index  of  the  lughest  power.  And  he  was  the  first 
>Tho  gave  the  whimsical  nanic  of  quaniities  ku  ihan  no- 
iJiiru;  to  the  negative  ones. 
4tii,  He  was  alio  the  fiiat  who  diacovcred  the  rules  for 
;  the  powmt  of  the  raoli  of  aiqr  e^tion; 

or  BAKklOT. 

i  Harriot,  an  excellent  aattoooaer,  philosopher, 
and  mathemnticiui,  was  bora  at  Oxford  in  1560.  After 
liking  the  degree  of  bachelor  of  arte  in  1679,  he  aocon- 
nanied  the  fonuos  Sir  Waller  Beteigh  in  an  expedition  to 
Viiginia,  wheee  the  Cnt  Englieh  eaublinhinent  was  made. 
Uaniot  haradnw  the  map  of  the  country,  and  in  1588 
ga«e  a  relation  of  the  voyage.  Being  returned  to  his 
country,  it  appears  that  he  guvc  himself  up  entirely  to 
the  study  of  the  mathematics,  (itid  especially  to  that  of 
alei'bra.  He  ri-maiiiMi  nm  |,,,,^  ii i ikm  -.y r.  tn  rlir  iMtlof 
Nor()iuml>«rlai;(l,  !i;;rr;.r  MiCnura^ri  ,,i  (lie  scu'nces,  who 
niainUined  sewuil  ltaru<H  such  a^Ri.b.  Hues,  Wal- 
ter Warner,  and  Niiihaniel  'I'arporley.  This  enlightened 
nobleman  entertained  Harriot  in  his  house,  with  a  salary 
of  £300  sterling  a-ycar,  a  great  sum  in  those  times;  and 
in  this  situation  it  was  that  Harriot  finished  bis  days,  m 
the  year  1621,  at  6l  years  of  age.  Itappean  by  Kepkr*! 
Icttfii^  that  he  held  a  corrrspondoice  with  Uui  astrano* 
ncr,  chiefly  on  the  theory  of  the  rainbow.  ffarrioA  na- 
mnetiitts,  lately  discovered  m  the  caalle  of  the  carl  of 
Ckrenent,  infann  us  of  roaiiy  af  hb  aitrr>nomical  obser- 
ealiont,  and  particnlarly  of  tfaow  of  the  spots  in  the  sun 
■  aaOMlya*  the  beginning  of  December  IGIO,  while  the 
fintof  thnae  of  Galileo  were  not  made  beloro  the  prece- 
ding month.  So  that  Harriot  must  then  either  have  made 
himself  a  telescope,  or  procured  one  from  Holland.  He 
made  in  the  surne  year  .ilso,  obsi  rvntion*  on  Jupiter's  sa- 
tellitrs,  and  on  the  remiuknl  ic  comtts  of  the  years  l607 
aiid  10  IS. 

His  Al^i  bra  »«s  itit  behind  him  unpublished,  as  well 
as  those  other  papers,  at  his  death,  which  happened  in 
the  year  1621,  as  before  mentioned,  and  but  6  years  after 
the  first  publication  of  the  principal  parts  of  Vieta's  Al- 
gebra, by  Alexander  Aodenon ;  w  that  it  is  probable  that 


Harriot's  Algebra  was  vtriticn  long  before  thie  dm,  and  ' 
indeed  that  he  had  never  M'cn  these  pieces. 

Harrint's  Algebra  «as  pui,lis|je,l  l.y  hi>  friend  Waller 
Warner,  in  the  year  :  and  it  would  doubllesa  be 

highly  grateful  to  tlie  U  wined  in  these  sciences,  if  hit 
other  curious  algebraical  and  astronomical  works  wew 
piiUished,  froea  his  original  papers  in  the  posseatlon  of  the 
carl  of  Egremont,  to  whom  they  have  deeccnded  tnm 
Heniy  Percy,  the  carl  of  Northumberland,  that 
Mccenas  of  his  day.  The  book  is  in  folio,  and  entitled 
Artis  Analytic*  Praxis^  ad  Aquationet  Algefmicaa  nova 
expedita*  et  genetali -methodo^  resulvcndas;  a  work  in  all 
parts  of  it  abowmg  marks  of  grelit  genius  and  originality, 
and  is  th^  first  Instance  of  the  modern  form  of  algebra, 
in  which  it  has  ever  since  ap|)carrd.  It  is  prefaced  by 
18  delinitions,  uhich  are  thi-se  :  Isl,  Logistiea  Spi-ciosa  ; 
Sd,  Equation;  Synthini! ;  4,  .\n«lysis ;  5,  Composi- 
tion and  Ke»olution  ;  (i,  IVumitig  an  Kquatioii  ;  7,  Re- 
duction of  an  Lijuation  ;  8,  Verification  ;  g,  Nuraerosa 
et  Spcciostt;  10,  Kxcogitata ;  II,  Uesiilulionj  12,  RooU; 
1 J  and  14,  The  kinds  and  generation  of  equations  by  mul- 
tiplication, liom  binomial  note  or  foclon,  called  otimnal 
equations : 

n  a  -r  I']  —  aa  +  hi  ot  a  +  U  m  aaa  ^  lea  +  In 

o  —  n  —  ta  —  he,       a  +  t|  +  na  —  Ma 

a  — rf|  —  daa  —  cJa  —  ttdf 

where  he  puts  a  for  the  unknown  quantity,  and  the  small 
couviimnts,  b,  c,  d,  ice,  for  its  literal  values  or  roots. 
IdjThe  first  form  of  caiiooical  equations,  which  are  derived 
fCMi  .the  above  originals,  by  transpiMing  the  hotnoge- 

laa-i-M 

16,  The  secondary  caaoMcat^forawd  bma  tha  piimaiK 
by  expelling  the  fd  turn,  thtis  as  aa  + 

oraaa  — Ma 

•+•  bee. 

17,  That  these  an.  c  .ill.  d  canonicals,  hc  r  iii-r  tin  y  urn  ad- 
apted to  canon*  or  rules  for  finding  the  nnmet.i!  h>iir>,  \c., 

18,  Reciproral  equations,  in  which  the  li'  ii  .  iir  n.  um 
is  the  product  of  the  coefficients  of  (he  other  terms,  and 
the  first  It  nil,  IT  hiphi-!it  po«er  of  the  root,  is  equal  to 
the  product  of  the  powers  in  the  other  terms,  as  aaa  — 
caa  •*•  bba  =  bbc. 

After  these  definitions,  the  work  is  divided  into  two 
principal  fwrlt;  1st,  Of  various  generations,  redactions, 
and  prqiaiiitions  of  equations  for  their  lesolution  in  the 
Sd  part.  The  forraef  is  divided  into  S sections  as  follom. 

Sect.  I.  Lt^ticu  SpKioiat  exemplified  in  tho  «  one* 
ratwns  of  addiliaa,  aabtnetion,  mvltiplicalian,  and  diei- 
sion ;  as  abo  the  vniuction  of  algebraic  fractions,  and  dm 
ordinary  redaction  of  irr^ular  equations  to  the  fenn  pro- 
per for  the  rcaolution  of  them,  namely,  so  that  all  the  un- 
known terms  be  on  one  side  of  the  equation,  and  the  known 
term  on  the  other,  the  po«ers  in  the  terms  raii.-i  In  or- 
der, the  greatest  lir:ii,  and  the  first  or  highest  power  made 
positive,  and  freed  from  its  coefficient;  a#aa  +  liascd; 
or  aaa  •*■  boa  —  cda  ~  —  c'J. 

In  this  part  he  explain',  sunn-  iiiiusual  characters  wUch. 
be  iutroduces,  namely,  =  for  equality,  as  a  =  6. 

>  for  majority,  as  a  >  6, 


nana,  or  aheolate  term,  diua  i 


but 
coide. 


<  for  minority,  as  a  <.i; 
the  fint  fcad  hocB  befora  iaitrodueed  ty  Kobart  Ba* 
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Sect  C.  The  generadon  of  original  equattoM  froa  U- 

nomial  factori  or  roots,  and  the  deducing  vf  canonical! 
from  the  originals.  He  supposes  that  every  equation  haf 
as  mail)'  rouis  a5  liiiii'  ii^imis  \-\  its  ln^ht-i  |-i>wrr;  then 
nupposing  (lie  Mlluc^  of  llu  unkiUAsji  IcUi  r  £i  hi  any  equa- 
tion to  be  h,  f,  </,/,  &c,  lliat  is  (1  =1  fc,  ami  n  =.  c,  and 
a  =  d,  f<c;  l>y  trunspoiitioii,  nr  equal  subtraction,  ihcsc 
bciijiiK'  «  —  i  =  0,  and  a  —  c  ~  <'',  uinl  a  ■  d  =  0,  Sec, 
or  tiif  wmc  loltert  with  contrary  signs  rnr  r.rgaiivr  values 
,  or  roots;  then  two  of  thevc  hinojnial  fuctors,  multiplud 
together,  give  a  quadratic  equation,  three  o(  them  a  cu- 
bic, four  of  tliein  a  biquadratic,  and  so  '<n,  with  all  the 
terms  on  one  side  of  the  rquation,  and  0  on  tlia  oliicr 
aide,  aioce,  every  binomial  factor  being  s  O,  Uw  conti- 
bubI  product  of  all  of  ihem  mutt  alio  fae  s  0. 

Aaa  thaw  opcnlioin  are  canwd  throtigb  all  the  catcs 
of  tke  id,  9d»  and  4cb  powem,  as  to  tlw  varittica  of  the 
■tint  *  and  — «  and  the  propurtkma  of  (he  roola  i>  to 
•$Mt  and  jnequal,  with  the  hsciprocals,  &c.  From  which 
an  made  avidoii,  at  one  glance  of  the  eye,  «ll  Um  vela> 
tJons  an<l  properties  between  the  loola  of  eqiiatioai^  and 
the  coetTicient^  of  the  terms. 

Sect.  3.  JEquatioaum  canonicarum  secundoriarum  a  pri- 
mariis  reJuclio  i>er  p'adtit  aticujus  pnrodici  suklationcm  ra- 
dice  suppoMtiita  inviiTiata  miincnlf.  CiiiiCiiiiini;  a  ^rrat  many 
exampli'S  <il  pii-pariiii;  equntioui,  b\  (ai,ui:;  iHSii)  ihc  2d, 
3d,  or  any  hiIrt  of  the  iiiterim  Jiiitk'  li  ruiii,  wliicli  is  done 
by  nwkini;  the  positive  roi-llicii  iits  in  that  term,  equal  to 
th<  tii  ii.ui'.  L  in\c^,  Liy  wliich  mean*  the  whole  term  va- 
ni'lies,  or  btCfuiies  ecjual  to  nothing.  They  are  extended 
as  far  as  rtjuatKins  o|  the  5th  degree  ;  and  at  the  end  are 
collected,  axid  placed  in  regular  order,  all  the  secondary 
camjiioab,  lo  reduced ;  sd  that  fay  the  oniform  law  which 
h  nsible  through  them  all,  the  leria  nay  be  continued 
to  the  hipber  degrees  as  fiir  as  we  pleSM. 

Sect.  i.  Mquatiotmm  canonicarum  tain  fmrnutanm^ 
quam  leamdarictrumj  Todicum  designaiia.  A  great  manj 
literal  cqaatioaa  an  &ck  set  down,  and  their  roots  as- 
ugpai  from  the  form  d  thf  cquatkm,  that  k,  all  their  j>o- 
$iim  foots;  for  their  M|atife  loou  aianot  aoticed  herci 
and  it  is  every  whcie  proved  that  they  camiat  have  any 
more  positive  roots  than  theM,  and  consequently  the  nrst 
arc  negative.  That  tbo»e  are  nxits,  he  proves  by  substi- 
tuting tin  in  inslcad  of  the  uriknav»  n  ktter  a  in  the  equa- 
tion, when  liiey  make  all  the  terms  on  one  siile  cunis  to 
the  same  thing  as  the  h'  iin:i^;i'ii.  ;iin  i     tIit  mi1,.  r  nJc. 

Sect.  5.  In  qua  aqur,: lon^im  commumum  per  tanomcurum 
atpiipollentiaui,  rndHn-<;i  riuni'-rut  dtteiminaUtr.  On  ihc 
number  of  the  roois  of  comnifm  equations,  that  is  the  po- 
sitive roots.  This  Harriot  determiiKis  by  compariiii;  tin  in 
with  the  like  casct  found  among  hit  canonictti  forms, 
which  two  equations,  having  the  same  number  of  terms 
with  the  same  signs,  and  the  relations  of  the  coefficients 
and  horoogrneum  cormpondent,  he  calls  ciplipollents. 
And  whatever  was  the  narober  of  poriti*e  roots  used  in 
the  composition  of  tbo  canonical,  ue  same,  be  infen,  is 
the  nnmber  in  the  proposed  common  equation.  It  is  re* 
marhaUe  that»  ia  all  the  cnnipks  beiv  ned»  the  number 
of  posidvo  roots  is  Justeqnal  t«  thennniber  of  the  fdnnfn 
in  the  sifpts  from  -»-  lo  —  and  from  —  to  wUdi  nfk 
circumstance,  though  not  here  expressly  mentioned^  that 
could  not  escape  the  observation,  or  the  eye,  of  any  onc^ 
m  uch  less  of  so  dear  an^  fiomprdwuive  «  sight  that  of 
Harriot. 

In  thii  section  aw  conlaiiMd  MBjy  ii^nlooi  dfafqniai- 
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dons,  concerning  the  liniils  and  magnliodes  of  quantities, 
with  several  carious  lemmas  laid  down  to  dcmonsttatt 
the  propositions  by,  which  lemmas  nrc  tliemsclvcs  de- 
monstrated in  H  pii:r  iiiiillu'matical  wav,  fri'in  the  inngri!-  ' 
ludes  llicniseUes,  ludepciiilent  of  );<'<iiii!.  tiical  (iguris  ; 
such  as,  1,  If  a  quantity  be  clivide>l  into  nny  two  i]t>e(|uul 
parts,  the  square  of  half  the  quandty  will  be  greater  than 
the  pruiiuct  of  the  two  uneijual  parts,  'i,  In  tlin  c  cnii- 
linued  proportionals,  the  sum  ol  the  e.xiremes  is  greater 
tlian  double  the  mean.  3,  In  four  coi.tinued  proportio- 
nals, the  sum  of  the  extremes  is  greater  than  the  sum  of 
the  two  meaiM.  4,  In  any  two  quantities,  one-fourth  the  '  • 
uare  of  the  sum  of  the  cubes,  is  ^lUler  than  the  cube 
the  product  of  the  two  quantities.  5,  Of  suy  'tWO 
quantities  q  and  r,  then  ^(f^  fr  +  «r)*  >  ^dv  * 
frr)*.  6,  u  any  quantity  be  divided  into  dine  unequal 
parts,  the  squaie  of  4  of  the  whole  quaui^  ia  gitwtar 
than  4  of  the  snm  of  die  three  pndttcti  nwde  of  the 
three  um  qual  parts.  7,  Al*o  the  cube  of  the  \  part  of 
tte  whole,  IS  grv'Ater  than  the  solid  or  continual  product 
of  the  three  unequal  parts. 

Sect.  6.  JEjqualionttm  communium  rtductio  per  gradus  ali- 
eujut  parodici  ejcltuiuncm  el  radictf  ntfy.initnut  jnuiiinnne-m. 
Here  are  «  great  many  examples  i>\  rctioring  uml  tians- 
furming  eijur.iii  iis  .:A  ;hc  '^d,  3il,  ulnl  4th  degrees;  chicliy 
either  by  niulllpl) uig  the  rouls  of  equations  in  any  pro- 
portion, as  was  done  by  V'icta,  or  inei  ii^in;.:  ui  diminish- 
ing the  root  by  a  given  quantity,  after  the  manner  of  Car- 
dan. The  former  of  these  reductions  is  performed  by 
multiplying  the  terms  of  the  equalinn  by  the  correspond* 
ing  terms  of  a  geometrical  progressi(jn,  the  tirst  term  be- 
ing 1 ,  and  the  2d  term  the  quantity  by  whifh  the  root  is 
to  be  multiplied.  And  the  other  raductiiin,  or  tnna> 
forming  to  another  root,  which  may  he  greailvr  or  lean 
than  the  given  root  by  ag^ven  quantity.  It  perfenned  com* 
nonly  Iw  stthctitBtinc  «  +  or  —  ^  l»r  the  given  root  0^  - 
by  which  the  equation  is  reduced  to  a  simpler  foim. 
Other  iiituh-s  tif  Mjl:siitution  are  also  used;  one  i  f  whirh 

is  this,  viz,  subslilutiog    ~    or  e  ^  —  for  the  root  a  in 

the  given  rqoalion  aaa  :f  ZJiba    i.ccc,  by  which  it  re-  ' 

duces  to  this  quadratic  form  c"  ^  ar'e*  =  —  fc*,  from 
which  Cardan's  forms  are  immediately  deduced ;  namely, 

ess4/iti^  —  ^^±»t  and  theMCara  «  or  «d;  -7  a 

3)     +  y/c'  i  t"  e  -  ^'^^  ±  i*;  where  he  de- 

notes the  cubic  or  3d  root  y/:;),  but  without  any 

vinculum  over  the  conipoun.l  i^uuntr.ic'^. 

In  this  lection,  Ilarriof  truikrs  viinous  rrtuarks  as  they 
occur:  thus,  he  remarks,  ili  nuinstnites,  that  etc  — 

5  bb  =r  —  ccc  —  ^.bbb  1*  an  impossjblc  equation,  or  has 
no  allirmativc  root.  He  remarks  also  that  the  three  cases 
of  the  equation  aaa  —  3.66a  =  -♦•  2.ccc  arc  similar  to  the 
three  conic  sections;  namely  to  the  hyperbola  when 
o  to  the  parabola  when  c  6,  or  to  the  ellipsis  when 
c<  6,  and  for  whick  lelMOii  thb  Case  if  not  gjencnaUy  n> 
BoTufate  in  species. 

Having  ihvs  shown  %mm  to  limpliQr  cqvalkmi^  nad  pr^ 
f«n  tbmi  to  solatiMit  Hankt  cnten  neait  itpaa  th«  sa-  ' 
eo«d  part  of  hia  voilt,  Mni^bo^ 

0?  the  numeral  molntion  of  all  kinds  of  aqualiont  lw  • 
general  method,  which  if  exempli6ed  in  a  ^*al  DOlaber 
of  equations,  both  simple  and  affected,  as  ar  a»  laa  5th  , 
power  indnsive}  and  tbey.ara  commonly  prcpand,  by 
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the  foTPcoinj;  parts,  by  freeing  them  from  ihi'ir  2d  term, 
fir.  1  licsr  t'Mractiuns  arc  explained  and  pcrformrd  in  a 
way  cijtTi'rent  fTom  thuf  of  Vu  tu  ;  and  the  exannpk-«  are 
first  in  perfect  or  ti  rminr.t!-  r- urn,  i  w-ards  for  irra- 

tional or  intPfininatc  onv^,  lo  wliitii  Harriot  appruxi- 
i;iatr!.,  by  inlrjitiij  nhvnys  pvnodM  of  cipht■^^  to  the  ^'ncr; 
nun]tH>r  or  rMolvcnd,  as  fur  as  nrcpssary  in  decimals, 
irhich  arc  continued  and  set  down  as  such,  but  wkblbcit 
proMr  (tenoniDator  10,  or  lOO,  or  1000,  tu. 
m  1km  eOMtttdft  the  work  uitii 
Comma  Direttorii, 
which  form  n  collecdm  of  Ac  caMS  or  theorems  for 
Mriiiif  tbe  lbi«|0HiCMnicnl  estmctioas,  ret^wmiged 
Ar  «M,  UMler  the  ^ftriom  trnrn  of  cqottioM,  «tih  the 
Jhcian iMCiinfy  to  tarn  tkeeevml  raoltcnds and  tnb- 

And, from  a  review  of  the  whole  work,  it  appears  that 
Harriot's  i&vtnntions,  pccniiaritiea,  and  imprawmehti  in 
algebra,  miqr  he  tompdieA  ia  the  foUomiig  pMitica* 

Ian. 

lit.  He  introduced  the  uniform  u«e  of  the  ill  li  t- 
fcrs,  a,  b,  c,  d,  A.T,  \>7,  the  vowi  ls  a,  c,  &c  for  iinkmrAi; 
(luanlitlcs,  iind  the  r'.jn;iin:iiUs  h.c.d,f,  icr  :f:c  kiiu'.wi 
or.es;  which  he  joins  together  like  Ilie  letter'*  oi  n  »ut(i, 
to  n  present  the  multiplication  or  product  of  any  number 
of  these  literal  quantities,  and  prefixing  the  numeral  co- 
efficicBt  as  wc  do  at  present,  except  only  separated  by  & 
•  point,  tbu«  SMc.    For  a  not«  he  set  the  index  of  the 

root  after  the  mark  v^;«  %/3}  for  the  cufaa  foot  He 
lOio  intRMlaGed  the  chancten  3.  and  for  greiteriiia 
leMi  'indte<A«<t«d«ctieii«fe^iMti«M,1w«ma«cd  Ob 
■phfMhiM  iiiwparite  atm  «r  Iiom,  wlting  the  cxplana- 
tlMlfMtht  iMiqi^b  0*  the  left  h«nd,  for  emA  Hm.  ISy 
«hieh,  gnB  «Nker  nwMM^  b*  my  iie  considered  uiksia-, 
tMdtMer  flf  tbe  modern  etate  of  algebra,  which  qidte 
thenged  its  form  under  his  hands. 

2d.  He  showed  the  nniversal  generation  of  all  the  coin- 
p<iund  or  nffrcicii  fijualions,  by  the  continual  miiUipli'  n- 
tiim  ol  a<i  iiiAtiy  titnplc  ones,  or  binomial  roots  ;  thereby 
plainly  exhibiting  to  tho  eye  the  whole  circuiiiitjuice*  of 
the  nature,  mystery  and  number  of  the  rrois  of  equa- 
tioits ;  with  the  cumpoiition  and  rvlations  t>i  the  coeffi- 
cients of  the  terms  ;  and  from  which  many  of  the  most 
inipcvrt^nt  properties  have  since  been  deduced* 

3d.  He  grcAtiy  improved  the  numeral  ftxegais  or  ex- 
tiaction  of  the  root$  of  all  equations,  by  clear  and  expli- 
«il  rnlea  and  methodib  drawn  from  the  ibrqntjlng  fcatra* 
doD  or  Moipaittioa  of  aflected  eqmtiaiM  of  dl'degteei* 
ov  ooobtred's  GLATra. 

OmAtidi  MM  coMemponiry  with  Harriot,  but  Kved  a 
long  una  altar  Uailp  a*  k*  died  only  in  \660,  at  tTjpm 
of  a^'  Rii  Caairiewas  first  published  in  1 63 1,  the  same 
year  in  which  Harriot's  Algebra  was  publishcel  by  his 
Triehd  "Warner.  In  this  work,  Oughfred  chiefly  follows 
Vieta,  in  l!;<  n' tii!>iii  by  the  capittils  a,  n,  c,  d,  fee,  in 
the  dcsigriiilioti  ol  prodiirt-,  pciwer>.  and  root$,  thou^ 
with  tome  few  variali<  '.s.  lli^  u  irk  inay  be  OOmpV^ 
bended  under  the  follow  iiip  f  in  titulars. 

1.  Notation.  'Hiis  e.xtt-iis  tri  both  algebra  ami  rir:lli- 
metic,  vulvar  and  decimal.  The  algebra  chiefly  after  the 
maiitirr  ol  Vitta,  as  abt)ve--aid.  And  he  separate*  the  de- 
cimals from  the  integers  thus21l56,  which  is  thefimtime 
I  have  ubserM:<i  svir'j  a  separalioi||  aod  the dodlBall  Mt 
down  without  their  denominator. 

t.  m  eoMMn  ndca  OT  •pantidhi  «r  vidbaede  tai 


algebra,  fn  algebraic  multiplication,  he  either  joins  the 
letters  ln^eth'-i  I:k;-  n  '.vi  rd,  i;r  runrr^rls  •.l-c;i:  Lv  the  mark 
X,  uhicli  >s  the  lir^l  iniM^UuctUiii  of  this  character  of 
multipluTfiiii'i :  thus  a  x  a  or  AAor  aj.  Rut  omitting 
the  vKjCjI.jin  over  compound  factors,  used  by  Vieta.  He 
iiitir  duces  i  •  rc  many  iicat  nod  useful  Contractions  hi 
multiplicat.'in  and  diiisiun  ol  decimals  :  as  that  commtNl 
one  of  invrrtiii;;  the  multiplier,  to  have  fewer  decimals, 
and  abridge  the  work ;  that  of  omitting  always  one  figure 
at  a  time,  of  tbe  diviwr,  for  the  same  purpme ;  dividing 
liy  the  component  fiiciore  of  a  number  instead  of  ibe  aun> 
her  itself ;  as  4  and  6  for  94;  and  many  other  naal  cod- 
tnietims.  He  atatea  his  projMirtiDm  tbm  741: :  9tJSS, 
and  denotes  CAatiaaed  proportion  thns'^j  wUdi  fa  Oa 
itst  lime  Iliam  obserfedtUse  characien. 

5.  Invents  and  detcribcs  various  symbolical  marks  or 
abbirviations,  which  are  not  now  used. 

4.  The  /^eneth  and  nnalytit  •</  pmrtrs,  ncnotcs  po«  eti 
!ikr  ^'jeru,         i.Im.  tlnJ^  ^ .  v''' -H,  v^'^'/'J-l,  &C; 

tiul  luutli  III  n'.iiiii:>.'r  too  j«-!liiini'>  flii;  numeral  cx - 
(■  .K  1  mil  i-it  lovi'..  He  lii  i  r  r  n  (  >  ,1  t.i  Lie  iif  tlie  puwerii  of 
the  binomial  A      r.  as  fi»r  as  the  loth  power,  with  all 

their  teriTu  and  ccwAcicnti,  OT  vncis  Bs  be  calls  tbam, 

alter  Vieia. 

6.  F.cjuatidns.  He  here  gives  express  and  particular  di- 
rections for  tbe  *.e\er,il  kind>  ot  reductions,  according  as 
the  form  of  the  equutiim  nuiy  require.  He  uses  the  letter 
«  alter  ^,  for  universal,  instead  of  the  vinculum  of  Vieta. 
And  he  obstrvca  that  the  tigiu  of  »ll  the  lemis  nflibe 
pomwo  df  A  H»  B  are  positive^  but  those  of  a  —  s  are  al> 
temaiely  positive  and  mgaliee. 

6.  Next  folloiv  raaay  properties  cif  triangles  and  other 
geometrical  figures ;  nod  tbe  firM  itniaoce  of  applying 
algebra  to  ptometry,  so  as  to  investigate  new  «»nMtri> 
cal  propcrues;  also,  afier  the  algebraical  resoTtiiian  of 
each  pi'iiblein,  he  commonly  deduces  and  gives  a  [ji  amr- 
frical  construction  adapted  to  it.  He  givc-s  also  u  good 
tract  on  ani;ular  sections. 

7.  The  work  concliule^  with  the  numeral  solution  ef 
affected  equatKiiis,  in  uliich  he  foUoWS  the  HMBner  (if 
\'ic-ta,  though  he  is  more  explicit.  < 

uF  DB^CARTKS. 

Descarles's  Geometry  was  first  published  in  1637,  be- 
ing  six  yean  after  the  publication  of  Harriot's  Algebra. 
That  work  was  rather  an  application  of  algebra  to  geo- 
metry, than  the  .•iciencc  cillier  of  algebra  or  geometry 
itself,  purely  and  properly  so  called.  And  yet  he  made 
improvements  in  both.  Wc  mutit  observe,  however,  thai 
all  the  properties  of  equations,  ifcc,  which  be  sets  down, 
are  not  to  beconridcradaaewnaiaaatbybimaclf  ibrnew 
inssntions  or  discoveries;  betas  iliMmiinli  and  enumc- 
rations  of  pr  ipenies,  before  known  nnd  taught  by  other 
authors,  which  he  is  about  to  make  some  use  orapplieap 
tion  of,  and  for  which  rT-a.son  it  is  that  he  mentions  those 
properties. 

Descartes's  Geometry  consists  of  three  books.  Thf 
first  of  these  is,  l)e  Problematibus,  qtta^  con>trui  [xissunt, 
adhibejido  latitum  rectus  lineas  ei  circulos.  He  here  ac- 
commodates or  performs  r.ritlu:'!  tical  operations  by  geo- 
metry, supposing  some  line  to  rejircseiit  unity,  and  then, 
by  means  of  proportionals,  showing  how  to  multiply,  di- 
vide^ and  extract  roots,  by  lines.  He  next  describes  the 
notation  be  uses,  but  not  -cause  it  fa  a  new  one,  for  it  :$ 
thataaeas  had  been  used  by  fbnner  aalbon,  «it,  e  •«■' 
fcr  (be  additioamf  •  and  ^  a1io«^  A  for  tbdr  snblnc> 
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a'  its  cut>e,  &c:  nho  i/W  ■*■  b>*  for  the  square  root 
of  a*  and  y/c.u^  —  t'  b6A  for  tin-  cube  niot,  iScc, 
with  a  bar  over  the  quuitilica.  He  then  ob»crvM,  after 
8dMiu:t,  tli«t  ibefe  mait  be  U  mmny  cqaacions  as  there 
•re  unknown  linM  or  qwotitiei;  and  tbat  ihry  muu  be 
reduced  all  ut  ms  Awl  ei|Uation,  by  extcrmiuatingsU  the 
•Dkirawn  letbin  except  one;  whea  the  fioti  equuion  will 

«  »  *,  Of 

s*  »  ^  «     i^,  or 

«•»■-•.  ai?  ^  JV-  A  +  #,  i*. 

Where  he  uws  X  for  =  or  equality,  leltiitg  the  higlicst 
term  or  power  a\onc  on  one  sid*;  of  tin-  rqualion,  and  all 
the  other  liriii     i;  ilii-  othfrsuk',  nilh  llicir  jiroptj-  Mj;n«. 

Duscmu-i  m  \l  iU  luu>  plune  prolilfnis,  iiaiiH'ly,  •>iiclias 
cau  be  n-sols'i'd  by  iiglit  lines  and  ciicU-n,  dtscribtd  on  a 
plane  supi  rficiis ;  and  ihtn  tlie  final  equation  riM-s  only 
to  the  2d  powir  of  thu  unknown  letter.  Me  ihen  cun- 
blrurt^  iucb  emiatinn^,  vi/,  quadratics,  by  the  c  ircle,  thus 
finding  gi  oini  trirally  the  root  or  roots,  tliat  is,  (he  puni- 
tive one«.  But  when  the  lini-«,  by  which  the  routs  are 
dMnmuned,  neither  cut  nor  touch,  he  observes  that  the 
ffjattion  has  then  no  potsiblc  root,  or  that  the  problem  is 
jnponible.  He  then  concludi»  this  book  wiih  the  alge- 
braical solution  of  the  celebrated  problem,  before  tftated 
of  by  the  ancients,  nttacl^,  to  find  a  point,  or  tfce  lAevs 
«f  all  the  poioU,  fran  whuifc  m  line  being  drawn,  to  meet 
any  tmnber  of  given  linn  in  g|«en  Mgles,  the  product  of 
tb«Mgnentiaf  Mmwof  themdmli  hnveAfivcn  mtio  to 
.  that  oT  the  reM. 

Book  3.  De  Satura  Hianm  Omurtim.  This  is  a  good 
als;obraical  tn-aticc  on  curve liact  In  general,  and  the  first 
of  t'.ie  iiind  tliat  has  been  produce'!  by  sV..  hii  iIltiis  Hi  re 
tbc  nature  of  tlie  curve  is  expressed  by  an  equation  con- 
ttimimtwo  unltnom  or  Tariable  lines,  and  Olbcn  that 

are  known  or  constant,  asy*  30  ry  —         ay  —  ae.  I!ut, 

not  relating  to  pure  algi-bni,  the  pcirticuiani  will  br  most 
propcily  |iltiti  ij  under  tiie  article  of  curve  liias,  mid  other 
lenns  relating  to  them.  Only  one  discovrrj',  among  many 
ingenious  applications  of  algebra  to  geometry,  may  here 
be  particularly  noticed,  at  it  may  be  considered  as  the 
fint  step  towards  the  arithmetic  of  infinites s  aitd  that  is 
the  method  of  tangents,  here  given,  or,  which  comes  to 
thetUBc  thing,  of  drawing  aline  perpendicular  to  a  curve 
jtt  eajr  point;  whick  b  an  ingeniooi  applicatioo  of  the 

Harriot's  way, 
caive* 

panicouf  MCoaatwiu  ne  ffrca  at  the  ankle 

Book  a.  De  Ctmtrmaleme  PrMmMm  MUtnon,  et  So-^ 
Kda  excedeniiirm.  Descartes  begins  this  book  with  re* 
marks  on  the  ruiture  and  roots  of  equations,  observing, 
that  they  have  as  many  roots  ns  dimensions,  which  he 
fhnws,  after  Harriot,  by  multiplying  a  certain  number  of 
simple  biri>imnl  f  iniaiinns  together,  as  x  —  X>  and 
*  —  3  X  i>,  ;i"'l  J  —  +  K  0,  producing  r'  —  gix  -t-  jfir 
—  "  t  X  0.  Ill  hen-  nniiuK'.  that  rquationti  may  some- 
times have  ll>«-ir  root^  /a/je,  or  what  wc  call  negaiive, 
which  he  opposes  to  those  that  arc  positive,  or  as  ho  calls 

ihero  true,  as  bad  done  bcftiie.   As  a  aatnral  de-  and  tbdr  two  pun  ot  root*  lakan,  tiiey  wiH  be  the  ibue 

duction  from  die  inMim  pr  conpedtiao  of  cqoalMB^  mn  oCtU  fvepoaei  hiquadmlie.  ^  thvt  afaoh  kg 

O  « 


nnenl  Ibnn  of  m  cqntion,  mimlcd  in  Harriot's  way,      '"'^  >upi  osc  ^ 
Sat  ku  two  equal  leotH  «» tha  amiioii  of  the  carve.      ^-^l^^  '»  t^>«  C 
or  which  a  panicolar  accooot  wOl  he  fffca  atihe  ankle      P/*^"<='  "4  ^  x 
TAtfosMn.  "^beee  two    J  ^ ' 

Book  a.  Dt  amUneHnu  PrtUuiMm  MUtnm.  »  So-   «hei«  the  sign  of  4p 

same  as  the  sign  ut  ji 


hf  nMiUitiUc»tkm,1w  inCm  thdrnMhilion,  or  depression, 
or  decoiapMilioa,  aamely,  dividing  them  by  the  Ijmomial 
facton  which  IKia  atultiplied  to  produce  tlie  eqiiatii.u: 
and  he  obs«r«tS>  lbal>  by  this  operation  it  is  known  that 
tliis  divisor  is  oae  of  the  biMomial  rout>,  and  that  iht  re 
can  be  no  more  root*  thmi  t.mirnsions,  or  than  iliu^e 
which  form  with  the  unl^itown  letur  *,  binomials  (hat 
«f  ill  ixactljr  divida  Una  eqnatim,  m  Hamor  had  shown 

tictuie. 

Dt'scartrs  ii  v,  trtv  ;l)  si  4<rsl  other  properties^  OMMtly 
known  belore,  which  he  has  occasion  to  make  nseof  ia 
the  progress  of  bis  work ;  such  at,  that  ct)uatiao*  Maj 
have  as  many  true  ruoU  as  the  terms  have  change  of  lha 
signs  -+■  and  — ,  and  as  many  (iii&c  ones  as  succanHMa  of 
the  some  signs ;  which  uumber  and  aature  of  tha  foot* 
had  bi'fure  been  partly  shown  byCaidanaad  Vieto*  from 
the  relation  of  the  coaCcientt,  and  ihtir  wiffm,  and  the 
iame  thing  appeals  bmi*  fully  by  HarrtoA  Ath  section. 
And  hmca  DcMartaihtfai  lha  Mthod  of  changing  the 
true  roon  to  lake,  and  the  blse  to  true,  namely,  by 
changiqg  the  siipis  of  the  even  terms  only,  a.^>  Cunl.in  hud 
taught  before.  Descartt-s  then  adverts  lu  duu-t  reduc- 
tions aud  irarvtmauiions  »  lntti  hud  bem  luunht  by  Car- 
dan, \  icta,  and  Harriol.  suth  as,  lu  men  Il^^e  or  diminish 
the  rooU  by  any  qiianiity;  To  mkc  a«uy  ihi-  2d  term; 
To  alter  the  roots  in  Hny  proportion,  aiid  thence  to  frtw 
the  iqu;ui  111  from  fraction*  and  radicals. 

Deicarles  next  remarks  that  tbc  roots  of  equations, 
whetlici  iruL  ui  l.iKi  ,  n><iy  be  either  real  or  imaginary  ; 
as  111  the  equitiion  i'  -  (in  -t-  iSx  —  10  »  0,  which  has 
only  one  rcjil  root,  namely  2.  The  imaginary  roots  were 
lirst  noticed  by  Albert  Girard,  as  before  mentioned.  He 
then  treats  ol  the  depression  of  a  cubic  equatioA  iB  • 
quadratic,  or  plane  problem,  that  it  atay  be  i 
by  the  circle,  by  tliv  iding  it  by  iom  one  of  tha  I 
iac|an,  which,  in  Uarriot't  way,  oonposo  the  equation. 
Peletarius  hariiy  ihown  that  the  ■mpla  not  ia  one  of  the 
diviHHaofthahMwntenDof  the  equation,  and  Harriot 
that  that  term  la  the  continual  product  of  all  the  roots, 
Detcaries  therefore  tries  all  the  simple  divisors  of  that 
terra,  till  be  finds  one  of  them  which,  connected  uiib  the 
unknown  letter  I,  by  -t-  or  — .mllexactly  divide  thi  <r|utt. 
tion.  Ami  the  procesn  is  the  same  for  higher  powers  ihan 
tin  cul  e.  lUii  vvlii  n  a  dnisor  cannot  be  thus  found,  for 
(leprtsiing  a  biquMdratic  equation  to  a  cubic,  he  gives 
another  rule,  which  i^  a  new  one,  for  dissolving  it  into  • 
two  quadratics,  by  meam  of  a  cubic  equatioDr  in  tiiM 
manner : 

I-et  the  given  binu.  be 
Which 

XX  -  yx      iyy  .  Ip  .  0, 


pxx  .  qx 


X  0; 

J 

sy 


4P  •  ±  »  0; 


in  the  two  quadralia  mtist  be  tha 

n  the  given  equation,  nivi  in  the  1st 

quadratic  the  sign  of  ^  mutt  be  the  lame  as  the  sign  of 

9,  hot  In  the  2d  quadratic. the  contrar}-.'  Then  if  there 
be  found  the  root  yy  of  this  cubic  equation  ■/  .  :;<-,•  h- 

*^ Sy  —  99  30  0,  where  llie  sign  2p  is  the  same  asofp 
in  the  given  biquadratic,  but  the  sign  of  4r  contraiy  fo 
that  of  r  in  tbc  sunie;  then  the  value  of^,  hence  deduced 
being  substituted  for  it  in  the  two  ■quadrolio  equatioitt. 


Vojk.1. 


f 
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from  thit  time,  the  authors  both  become  too  ntimeinus, 
and  thi'ir  improvements  too*  iiicuri«iJi-rablc,  tu  merit  a 

dcliiii  ill  ihi.'  »aioe  minute  and  ci.-t:llI^^KUltul  way:  aiid 
bLiulcs,  tlii'sr  will  be  better  ixjjlaiiieil  in  a  parliculai 
MiaiiiKT  uiuh-r  the  word  or  articii-  to  which  cacli  of  theni 
bt  w  rally  btlniius.  It  may  lln  n  l'ore  now  sufTice  tu  enu- 
roiTHl.',  or  HI  I  nun  II  CI-  or.ly  ,ii  a  cu)Sory  wuy,  the  chitfilii 
princmcnu  and  authors  on  algebra  down  lu  the  presi  nt 
time. 

Alter  the  publication  of  tlie  Geomeinr  of  Dctcarlcit  a 
f^tcat  EMoy  eili«r ingrniou»  men  followealfce mm Osui^ 
applying  themaclves  to  algebra  and  tbe  QL'w  grnmetry,  !» 
the  mutual  improvement  of  tbem  both;  which  wa^  don* 
cbiiefljr  by  muoning  on  the  nature  and  form  of  «|U«UOii% 
u  gpocnled  ami  composed  by  Harriot*  Befim  pfMWd- 
ing  upoa  thde,  lM«ei(«r,  it  is  but  .profto  to  lake  notice 


liactiDg  of  ail  aiHjk,  tnd  the  Snding  of  lim  of  Fcniot,  a  hianml  mm)  iogeniolu  ■wthciMtidM, 
pra|MVtioaabt  whieb  fiqpclute  lUi  iii'  who  wit  eontanpmry  ud  a  cooiMiitor  of  Oucartc*, 

'    for  his  brightnt  diKO*cri«>,  which  Be  was  in  possession 
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.   .  J  «•  *liftk  wiatiMi;  liaving  analyseil  all  or  noct  of  thofrin- 

n«cr  to  IMM  «(  d]Nd  antlion;  in  a  chranokiial  ordeir,  aad  dtdaccd  iho 
therth,  and  M  m.  Dctcartas  dots  net      the  iavodk  invwitioat  and  inprofemniti  made  by  cadr  of  th^; 

gutiuti  of  this  rmie;  but  it  lias  evidently  been  done,  by 
a'suiniiig  indeterminate  r{uantitio»,  after  the  mantier  of 
Fcrruvi  and  Ci>r<inn,  as  n  i  iTicicn's  of  the  terms  ni  the  two 
ijuailfiHtc  equations,  and  alter  muluplying  the  two  toge- 
ibcr,  dclcrmimng  their  values  by  comperitiiE;  the  resulting 
terms  with  lho»i' ot  the  pnipo^ed  liiquaiJratic  e(|iiali«ii. 

After  thr&e  reducdori'.,  wi'iL-h  n:e  only  ment*'«ncH  I'l'r 
the  saka  of  ihe  geometrical  cunftructiom  wliich  lollow, 
by  simplifying  and  dvpretaing  the  equal lont  as  much  lu 
thiey  will  mdiaji,  Descartes  then  givTs  the  construction  of 
wUd  and  OtbeV  higher  problcm^,  or  of  cubic  and  liinlicr 
Muations,  by  nteans  of  parabolas  and  circles;  where  he 
MMTves,  that  the  falio  roots  are  denoted  by  the  ordinates 
«6  the{Miabolalytn|oa  the  coMfwy  tide  of  live  axis  to 
llw  tnia  fooM^  M  bame  ncBlioned  6y  Gifard.-  finally, 
iam  are  illustmiri  bf  various  jnvblriM 
J  the  trisecting 
two  Or  four  u 
gMiious  worli, 

From  the  foregoing  analysis  may  easily  be  collected  the 
feel  invention?  and  improvemenlN  made  in  algebra  by  I)ei»- 
CartCk  Hi^  ■I'  ll,,  as  hus  been  obser\(  d  before,  is  nut  al- 
gebra itstl;.  bul  [he  applictttinn  of  algebra  lo  gooinelry, 
aij  ]  biiiical  dociniie  «if  curve  line*,  expressing 

and  expioining  their  nature  by  alg<'braical  equations  ; 
and,  on  the  contrary,  conitructini;  and  Explaining  equa- 
tions by  means  of  the  curve  lines.  What  respects  the 
geomelrical  parts  of  this  tract  we  siiall  have.ocCBMon  to 
advert  to  elsewhere ;  and  therefore  shall  here  only  enu- 
■ttrate  the  circumstances  which  belon);  more  peculiarly 
to  tfacKiaBcaof  a|gebia,  which  1  shall  distinguish  into 
tka  two  h»U»,  of  imptovenents,  and  inventions.  And 

Ufc  Of  hii  iaijipMMiaati^Tbal  ha  might  fit  eqaatiom 
the  hethr  for  thnrappHcatioa  in  theeonMnifitien  of  pro" 
UoM,  DncartM  nentioM,  w  it  wort  b|f>the'by.  many 
things  eoncerning  the  nature  and  redaetton  of  equntiuns, 
ui:h  ut  tn  liljliii-;  himself  about  the  first  inventors  of 
ihern,  sijiijj;;  liiein  iii  his  own  terms  and  manner,  vtrbich 
i«  oommonly  more  clear  and  explicit,  and  often  wild  im- 
provements i>f  his  own.  And  under  this  head  »e  find  that 
he  chiefly  followed  Cardan,  Vi'  tu,  and  Harriot,  but  espe- 

•  cially  thi'  last,  and  explains  some  of  their  rules  !ind  rln- 

•  covurics  mi>rc  distinctlv,  and  varies  but  a  little  mi  i  In  :  i- 
tation,, putting  the  first  letters  of  the  alphaU't  tot  the 
known,  and  the  latter  letters  for  the  unknown  quantities; 
alioj^for  nau,  &c;  and  ZO  for  =>  Flut  Hcrigune  used 
tlie  nameral  exi^ioni  nts  in  the  same  manner  some  Jim 
before,  as  well  as  M*veral  older  authors.  Dncaftn  ex« 
plained  or  improved  most  paru  of  the  rtductione  of  cqua* 
lions,  in  their  .various  trAnsmutatiaM,  th«  numhw  and  na- 
twa  of  their  rooU^  trnr  and  false,  real  and  what  he  deno- 
aidnaMs  iNHcinmy.  called  involved  byGifsrd;  yid  th« 
depmtiun  of  eqoatiom  lo  lower  degives. 

Cd.  .\s  lo  hi*  inventions  anil  discoveries  in  alj;ebra,  they 
may  be  comprised  in  thisc  particulars  ;  namely,  the  np- 
|i!  If.' liijo  of  aliti'bra  to  ihc  genmriTv  of  curve  lintv,  the 
conslruclinR  eqiiaiKins  of  the  higher  orders,  and  a  rule 
tor  rcsolvii><2  biquadratic  eqiMlions  by  means  of  a  cnhio 
und  two  cjuadrHticj. 

Having  now  traced  the  science  of  algi-bra  from  its  oii- 
g>i>  and  rude  suie,  down  to  it«  mofletn  and  mr>n-  pulislicd 


possession 

of  before  the  geometry  of  Descartes  appeured.  Namely, 
the  application  of  alfiebra  to  curve  liriei,  «li:ch  he  ex- 
lueswd  I  ;,  .1  in  .1  ilmI  i  i^ualiun,  and  by  tlieiu  Coll- 
fcliucti  d  equaiiuiis  I'l  ila-  3d  ami  4lh  order?  ;  also  a  iiie- 
ti;od  ot  laiij^euls,  and  a  metht'd  ile  niaxiiiiis  1  I  nniiiini^, 
whitli  approach  very  near  l<i  the  imtbod  ot  lluMons  or 
iiii  reineiits,  wliicii  they  ftnkin^ly  r<*emble,  both  in  tbo 
manner  of  treating  the  problems,  and  in  the  algebraic  no- 
tation and  process.  The  particulars  of  which,  ste  uikIit 
the  proper  heads.  Besides  these,  Fermat  was  deeply 
learived  in  the  Diophantine  problems,  and  the  bett  edition 
of  PiophanlMs's  Aiithnctic,  is  tliat  which  cou tains  the 
notes  of  Fernat  on  that  ingnions  weik. 

But  to  return  to  the  sueoason  of  DncaitHb  Vk  f(o> 
netry  having  bci-n  published  in  Holland*  Mveial  Inrm^  ' 
and  ingenious  matb«maiici|U»i,of  that  onintiy»  pmnrtly 
a)iplied  themselves  t6  coltivale'aad  improve  it ;  asSdioo- 
ten,  Iludde,  Van-lJ(  nraet,  De  Witle,  Slusius,  Huygens, 
&c ;  besides  M.  dc  D<  auue,  and  perhaps  some  others  in 
Trance, 

Francis  Schooten,  proftj.>or  of  inuilieniaiics  in  the  uni- 
versity ol  Leyden,  was  one  of  ilie  first  cultivators  of  the 
new  isrometry.  He  translated  Descartea's  geometry  out 
of  In  nch  into  Latin,  and  published  it  in  iti-t^,  with  his 
commentary  on  it,  as  also  Brief  Notes  of  M.  de  tieaune; 
both  of  thi  ni  containing  many  in^enio«s  and  useful  things. 
Aivd  in  he  g^v^  a  new  adiiioa  of  the  samc^  in  two 
velMnes,  wHb  the  addition  af  ssranl  other  ii^gtnions' 
pieces :  aq,  two  posihumoni  tiicta  of  de  BeauMS,  the  one 
«•  the  nature  and  consiitnAon,  the  other  on  the  limits  of 
equations,  showing  how  to  assigo  the  limits  between  which 
an  BontniHtd  the  grraiest  nnd  least  rooti  of  equations, 
cnMmM  and  cuvpkted  by  Efaiiwis  Bartholine :  two 
taters  of  M.  Hndde  on  the  reduction  of  equations,  and 
on  the  ma.\ima  and  minima  of  quantities,  containing 
many  ingenious  rule^;  among  which  are  some  concerning 
lh<  dravviniT  i>f  tangents,  and  on  the  equal  ro<  <  )  i  qua- 
iions,  wiiicli  he  determines  by  mulliplyinj;  ihe  terms  of 
the  equattou  by  tin  terms  of  any  arithmetical  progression, 
0  U'int;  one  of  tin  leruis,  ilu  equation  is  commonly  dc» 
pressed  one  »lej;rec  lowir;  also  a  irntt  of  Van  Heuraot 
on  the  reciilicslion  of  curve  lines:  (be  elemenls  of  curves 


fnna,  in  whkb  it  hn  am  rincn  cwttinved,  «i|h         bgr  I>»  Witia;  BwlMme's  ptiM^loe  ef  vniwnl 
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UAtefei*  bean  piUbM  by  ittelf  ia  l651;  aod  to  tb» 
Md  Qf  the  WQilt  a  acMmI  »  pocthuBoiu  pieet  of  Schoav 

ten's  (for  he  dkd  nhile  tbe  3d  vol.  was  printing)  eufitlcd 
Tractaius  de  concinnandis  dcmoiiitrationibu'i  {^omelricis 
c\  calculo  uL;i'lrniii  .  I.  Sl  IiouIi  ji  Liiv.i  ]n:lil;bliri!,  in  itiST, 
Lxcrcitaiionfs  Matlit iiiiiUca',  m  wliicli  iiris  contained 
many  curious  algcbraicol  and  anljflicil  fUttIf  WMOg 
otliiT*  ii(  :\  gt'umctrical  nature. 

(..1 1  let  ate  CdiimiL'iidiiy  on  Dcscurus's  pmmctry 
^vii^  .livj  pubiuheil,  by  F.  Rabuel,  a  JetuU;  aod  James 
I>cTiii»j|li,  enriched  with  noKt,  M«ditlaiB«f  tbs  MMf 
prioied  ftt  Bttil  in      — . 

Tbecdtbratetl  tiuygens  also,  among  hit  great  discove- 
ries, very  much  coUivaUd  the  •Uebcuoal  analjfnt:  and 
be  is  ol'ien  cited  by  ScboolM,  wbo  rdalMlli«Bi>iii*a>* 
tiow  af.  hit,  wUle  lia  «■*  b»  popH. 

SlMiiiit, •  oumicf  Licga,  puUiiiwd  ia  tSSStUmaU* 
bum,  wtt  «kM  Mdki  pnafNib  per  areuloA  «t  eyi^n.  vd 
bypcrb.  infinitk  moiRiinikifaitiB;  by  which,  uy  lolid  pro- 
bum  may  be  constructed  by  infinite  diflTerent  wayt>  And 
in  1668,  he  save  A  second- edition  of  tbe  »am<>,  with 'the 
addition  01  (ht^ analysis,  and  a  miscullancom  collection  of 
curious  .auii  itQporiani  prublero*.  relating  lu  apiraN,  cen- 
tres of  gravity,  niiixiiii;i  ind  minima,  points  of  inHrxion, 
Md  ionic  Uiophaniiiic  Ilrl1bl(■m^ ;  (ill  showing  him  deeply 
ikilled  in  iiI>;i'1jili  ami  ^i'<iiiirtr_\ . 

There  havr  bet  11  a  Lirtj-t  iiuuibLr  01  ultitr  writers  and 
improvers  ot  <il -il::,! ,  (il  vvliich  it  may  sufilce  slij(btly  to 
meutK^n  the  chiei  part,  a»  in  the  following  catalogue. 

In  161^  several  pieces  of  Van  Cirfleo,  or  CeuU  ii,  were 
ttanaktad  out  of  Dutch  into  Latin,  aad  publichcd  at  Ley; 
dM  by  W.  Sitell ;  among  which  are  contained  a  pariteaiKt 
imiiieoD  Mirda,  and  hia  proportt<»i  of  the  circumfeiran 
of  »  circle  to  ita  diwattf. 
■  la  BedM  pubUihad,  in  Onck  ud  Utin,  u 
iMari>Mphiiitw.«iik  ■MMTMIH,  Aadaai^eradi. 
tittiof  llM HM.«M  faUMMd  in,l«r«,-  with  iddidooa 
byfenwc 

In  I6l4  Bacfact's  Problrmea  Plaitans  et  Ddeciablei, 
being  curioiit  problems  in  mathematical  recreations. 

In  16J4  Hcrigone  published,  at  Pans  tin-  !'/ist  course 
of  mathematics,  in  5  vols.  8vo ;  in  the  '1  of  wlntb  is  con- 
tained a  pooJ  treatise  on  algebra;  in  wljicli  lie  list*  tiic 
notation  by  small  letters,  infroduceii  by  tin'  :-.l;:;i  tii.i  <jf 
Harriot,  which  was  pulih'lu  .1  three  years  bt  tun-,  though 
the  rest  of  it  doet  not  resemble  that  work,  and  one  would 
•napeet  that  Hcrigcme  had  not  teen  it.  The  whole  of  this 

Ke  boars  evident  maris  of  originality  and  ingenuity, 
des  -•-  for  phi$,  he  uses  ~   for  aiteif,  and  8|3  for 
with  temal  other  owlvl  abbmiations  and  marks 
•rUaown.   la  ibe  aotatiaa  of  powera,  he  doca  not  re- 
peat the  UUiBf*  Uko.  Haoio^  hot  nbjaiai  tba- 
exponeaii  to  the  letter,  aa  Brnjito  did  twoiyeiua 
wwdk  Apd  fierigooe  mo  the  w»a  nniwi ' 
far  Ktato,  as  >/3  for  the  cabe  ftel. 

In  \6S5  C/.at.rius  publi^llc•d  his  Indivisibles;  which 
proved  anew  *ra  in  Hiiaiytics,  and  gave  nse  to  other  nrvr 
Modes  of  computation  in  analytics. 

.About  1640,  ft  seq.  Robcrval  made  several  imtuble  .m- 
[irovcmenih  in  analytics,  which  are  pnblisbed  in  the  early 
v(iliitne»  o(  ibo  Memoirs  of  the  Aradcnn'  Sciences;  as, 
1,  A  tract  on  the  composition  of  mo; mi,  an.i  a  niclhud 
ef  tang^ts*  H,  Do  raOagpitionp  aajuattonuoa.      De  gfot 
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at  cwbaw  aqoatiMU  Kfdatiooe. 

4^  A  tMrtiK  on  indivisibles,  &c. 
In  IfitiS  Da  Billy  published  Nova  GeometriB  Clavis 

Algebra.  And  in  I(i70  Diophaiilus  Redivivus.  He  was. 
an  author  particnlarly  well  skilled  in  Dicph.intiiie  pro- 
blems'. 

Ill  lf)4-t.  Renulil  iic  imbhslied,  in4lo,OpuN  A.^thiKiciim, 
both  aiiCu  11;  iii:i.j('rn,  with  niiithemalicHl  ri'soluiinri 
and  co»i[>obilioii.  And  in  MiCt't,  in  lolio,  the  same,  f;re«tly 
enlarged,  or  rather  a  new  uurk,  v\l,ieli  is  very  be.ivy  and 
tedioiia.  ia  thi*  work  Renatdine  u*c»  the  parentboes 
^^j^J^  M  «  liacalmn,  ioMcad  «(  Um  liaie  vm,  uk 

111  l6S5  «M  psbtMial  WalUA  Aitdimatfea  Iidliiifo. 
nm,  being  a  new  meiliod  of  mMmilig  on  quaotitin,  or  a 
great  improveibent  on  the  indithibles  of  Canlniin,  and 

which  in  a  gr«-nt  measure  led  the  svay  to  infinite  terifli 
the  binomial  theorem,  and  the  method  effluxion*.  WalKa 
here  treats  iiigrnioii^lv  <if  q-iadratures  and  iii;iny  olher 
probli'ni^,  nnd  i;iv(<  the  fiirt  exjirc-i^lun  for  the  f]uadrature 
of  the  cirele  bv  an  inrtnite  iscrie"".  Another  s«riri  is  here 
added  lor  the  ^jinic  purptise,  hv  the  Lord  Hroiiiiclcei',  the 
lir*t  pres.  of  tin-  It  .  S. 

Ill  ifi.);!  was  publi'hed,  at  V^urich  in  Swinteriand,  Alge- 
brn  Rhomi  Germnnice  ;  which  was,  in  16'6.S,  translated 
into  English  by  Mr.  Thomas  Hranckcr,  with  additions  and' 
nlteratiunt  by  Dr.  John  Pell.  ^ 
III  1661  wa»  ppblished  in  Dutch,  a  neat  piece  of  .Tl- 
gebra  by  tAr.  Kmckhiiy^-n ;  which  Sir  Isaac  Newton, 
while  ha  #as  profeaaor  ef  mathematica  at  Cambridge, 
made  tuo  of  aiM  impnmd,  and  he  meant  to  republish  i^ 
«Hk  theMMftlM  Afhb  wetiiod  of  lliuiiom  and  intiaite 
Mfiea;  fent  w«»  picvenlad  bjttho  •eddmOkl  buniing  ot' 
sotne  of  hi«  papers.  . 

In  16*55  or  1C66  Sir  Isaac  Newton  made  several  of  bh 
liricli'i  <t  discoveries,  though  they  were  not  published  till 
urn  ruaidii :  «uch  as  the  hinoniial  .theorem ;  the  method 
i.^i  ihixion'  and  infinite  ■rii>  '.  ,  thr  rmitrl.-atii:!',  r''c;:fir,i- 
ti  i"<c,  of  curves;  lo  find  the  routs  niali  t^inds  ol  tqua- 
11-11-.  l  oth  numeral  nnd  literal,  in  infinite  cunvcrgiiic  «e- 
ne* ;  tin-  ri-version  of  seri<  *,  &c.  Of  each  of  wlnrh  a 
particular  account  may  be  seen  in  itirir  proper  articles.- 

In  1666  M.  I'renicic  gave  »everal  curious  tracts  con- 
cerning combinatioat,  magic  squares,  triangubr  numbers, 
&c  ;  which  were  printed  in  the  early  volumes  of  the  Me- 
moirs of  the  Academy  of  Sciences. 

In  1068  Thomaa  Brancker  pubKsbed  a  traaalatian  of 
Rbonioi't  Algebra,  with  many  addMnaa  fay  Dr.  John  PeU,' 
who  used  a  pecoliar  method  of  ngiaKting  ibo  Una  in 
any  algebraical  process,  by  meant  of  markt'and  aobre* 
viations  in  a  small  et^an  drawn  down  the  marginj'by' 
which  each  line,  or  step,  is  clearly  explained,  as  was  bo> 
fore  done  by  Harriot  in  words  ul  length.  ThislHMlKnB* 
lain?  a  valuable  tahle  of  prune  noinbors. 

Ill  Mjfiy  Merctitoi- publi'-hed  his  I.ogarithmoK  chnia,  Of 
methiiil  li!  cim'.trurtint;  logarithm'.;  in  which  he  <;ive«  the 
quadnitiirr  ot'ifie  liyperb<ila,  by  means  of  an  intini:e  *eri<-5 
of  algebraical  terms,  found  hy  liividinp  a  simplu  algebtaic 
quantity  by  a  compound  one,  iit;d  for  the  first  time  that 
thus  operation  w  as  given  to  the  public,  though  Newtoo  had 
before  that  expanded  all  sorts  of  oonpowad  a)g>bmnnl 
quantities  into  infinite  series,  '  '  _ 
In  the  s^iiti*  year  was  pvhlished  .lames  Gregory  « 
£xetcilationc*'  Ceometricie.  containing,  among  other 
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thing*,  o  0<>monMnUM]|>  of  MercMor't  qoirfntim  of  tim 

L)prrLola,  liy  the  same  series. 

Anti  in  th<>  »amc  year  mta  publishrd,  in  the  Philoio- 
fihitul  1 1 Tii>.it!i  ini,  Lord  Qrounrker't  quadmturc  -  f  ihr 
liyptrbola,  by  unmlier  infinite  series  of  jimiile  riitn  iiiti 
terms,  which  he  had  been  in  possession  i)f  <,.iirc  i  '  (  vi  ar 
1657,  when  it  was  announced  to  the  public  bv  Ih.  VVallis. 
Lvrd  Brountker'is  wirics  for  the  <|uailr.uure  of  the  circle 
bad  been  publifhcil  by  Wallis  in  his  Arithmetic  of  Infi- 
nites, as  before  mt  nlioned. 

In  1669  Ur.  Isaac  Barrow  published  his  Optical  and 
Geometrical  Lecture*,  aboundiiig  with  profound  re- 
mrchtl  on  the  dimensions  and  properties  of  curro  iiucs; 
but  pwticularly  to  be  imticed  h«rc  for  hit  method  of  tan- 
fCniii  bf  a  mode  of  CKlcalBtkm  riniter  to  Uhu  of  (la]uom> 
Of  jtmcnenC^  from  wbicti  iInh  dUfer  bat  little,  except 
io  the  BBlttioil*  Of  these  lectures,  the  13th  merits  the 
aOlt  ipccill  notico,  being  entirely  employed  on  equa- 
tions, and  delivered  in  a  very  curious  way.  He  there 
treats  of  (he  nature  and  iiumlK-r  of  their  roots,  and  the 
limits  lit  t'lcir  r:wig:iituiv;'i,  from  the  descnptiim  of  lines 
accumraiiilalid  Ui  eiicji.  mic,  treating  the  subjiCt  as  a 
branch  uf  the  doctn  u'  i  t  ina\irna  an<l  mmirn  i,  whicli  in 
the  opinion  of  ^oni!'  [tc  rsLins  is  the  right  way  of  cunMiln- 
in;;  tjn  in,  and  as  far  |)i<  ti  1  .itili  ii>  the  so  much  bonslcd  iii- 
'  ventioti  of  the  gi  niTaiian  of  c(|uation»  from  each  utiiei  , 
^p>laine«l  by  Harriot  and  Di'<>carti's, 

In  1673  was  published,  in  2  vols,  iolio,  Klements  of 
Alg^ebra,  by  John  Kersey ;  a  very  ample  and  complete 
vorki  in  which  Diopbantus's  problems  are  fully  ex- 
plained. 

la  lfi74,«^m  pabUibcd  Noa*coux  Elcmciu  dc«  Matlie- 
rndqnw,  pir  2,  ftmtH,  fiiint  «  polix  ood  tedious 
work,  wbicb  bo  pminnpUiovily  dedicated  to  God  M' 

niigbty. 

About  IS77  Idboitt  dbeovMcd  bit  llodwdiu  Dide* 
tttttialis,  or  elie  mode  a  tmiialion  in  NewtoaTu  Fluxiona, 

or  an  extension  of  Biirrow's  method,  for  it  is  not  certain 
which.  He  gave  the  first  innance  of  it  in  the  Leipsic 
Acts  for  the  year  l6S4.  He  also  improved  InfinitL'  st  ries, 
and  gave  a  simple  one  fur  the  quadrature  of  the  circle,  in 
tlK  same  acts  for  l682.  But  this  series  bkd  bdun  bflca 
found  b^  Mr.  James  Gregory,  vi»,  in  1(»71. 

In  Ibh'i  hin.u'l  Bulliald  published,  in  foliu,  his  Opus 
N(»uiik  ad  Arithmeticani  Inlinitoium,  being  a  large  am- 
plification of  Wallis's  AriihiDoilc  uf  Infinites. 

In  16S3  Tschirtvausen  gave  a  memoir,  in  the  Leipsic 
Acts,  concerning  the  extraction  of  the  ruots  of  all  equa- 
tions in  a  Miwn^  way  ;  in  which  he  promised  too  much, 
as  the  metbftd  did  not  succeed. 

Jn  168*  CMM  out,  in  £ag|iib  and  l«tin»-4to,  Thomu 
BaWi  GeoiMitictl  Kej,  or  Gate  of  EquttiMM  Unlock'd ; 

of  DcKancc'k  eautractioB  of  all 


equation^  wiug 


oqoaliona  nndar  iba  5th  dcgrrc,  by  HI  CAM  of  a  ciida  and 
emlyOMWMl  lhaiaiae  parebola  for  all  eqitati 
80T  diawaler  ioMfod  of  the  axis  of  the  parabola. 

•  ;  In  I6M  »W  publish.-d,  in  fiiiiii,  \V;,lUs's  Tnn'Ur  of 
Algebra;^  both  Historical  and  i'raclical,  »iih  liii  aadKion 
of  sevaial  other  pieces;  exliilijtins  tlie  origin,  progress, 
and  advancement  of  ihui  scitncc,  from  time  ti>  time.  It 
cannot  be  denied  (hat,  in  thi»  work.  Wulli^  has  shown  loo 
luucli  partiality  to  the  Algebra  of  Harriot.  Yet,  on  llic 
other  band,  it  k  true,  that  M.  de  (Jua,  in  his  account 
of  It,  m  the  .Memoirs  of  the  Academy  of  Sciences  for  1741, 


hai  tm  at'leitt  a*  fiw  Into  the  like ntMiaa  «6  Aa  ctm-' 

trary  side,  with  respect  to  the  discoveries  of  N'let.i ;  and 
both  these  I  belifve  from  the  sane  cause,  n;im<l\,  the 
nurit  r,l"  ex.iininLii<T  the  works  of  all  former  vvnlirs  on 
rtiJctjrii,  ami  ipccifyino  their  several  discovei  ll■^  .  ha* 
been  dune  in  the  cuuri,e  of  this  article. 

In  1()87  Dr.  llalley  gave,  in  the  I'liiloo.  'I  ran?,  the  con- 
struction of  cubic  and  bi<{uadralic  equations,  by  a  para- 
bola and  circle;  with  improvements  ttn  what  had  been 
done  by  Descartes,  Baker,  &c.  Also,  in  the  same  Tl«a>> 
actions  a  memoir  on  the  number  of  th«  roots  of  equation*, 
with  their  limits  and  sig)it> 

In  1690  wu  publiibed,  in  4to,  by  M.  Rolle,  Traite 
d'Atgebre}  in  1699$  Vaa  Metbode  pour  la  Ucaolution  dca 
PmUcam  indetamiu&ijaiid  ia  I7(M|  Menoim  nir  na- 
TCiM  det  tanaetti}  aad  other  piecM. 

In  \€gO  Uaak  Raphson  publkM  Aad^  Jb|l»> 
tionaai  Utth«inliii  bdng  a  general  nrdHMl  ofapproKi- 
mating  to  the  nxrts  of  equations  in  numbers.  And  In 
1715  he  published  the  History  of  Fluxions,  both  in  En- 
glish and  Latin. 

In  I()<)0  was  also  published,  in  4  vols  4to,  Decbelcs 
Cursin  »<'U  nnlnlill^  iK^ithematicus ;  in  v»iiich  is  a  piece  of 
alorbr.i,  of  a  very  old-fasliiuncd  sort,  considering  the  time 
i>  hen  It  was  written. 

About  and  at  diflerent  times  afterinrds,  Dc 

Laj»ny  published  iuhmv  j  ^rejoii  the  rCMiluliun  of  equ^ 
liuiis  in  numbers,  with  many  theorems  and  ruUs  for  that 
purpose. 

In  1693  was  published,  in  a  neat  little  volume,  Synopsis 
Algebraica,  opus  posthumum  Johannis  .Alexandri. 

In  l6j)4  Ur.  Hallqrfavc,  in  the  Philoa.  fraus.  an  in> 
gMliowtnMtoil  tba  numeral  extraction  of  all  roots,  witb> 
oat  any  piaviaM-ndactiaa.  Aad  tbifteictnalMi  added 
to  wne  adition  of  Newtoo't  Univenal  Arithmetic. 
'  In  1(95  Mr.  John  Ward,  of  Chester,  published,  in  8*0^* 
A  Compendium  of  Algebra,  containing  plain,  easy,  and 
concise  rules,  with  example*  in  an  cm^  and  clear  way. 
And  in  1706  he  published  the  first  edition  of  his  Ynung 
MathematirianV  Guide,  or  a  plain  v  J  ■  .isv  n noduction 
to  ihr  mathein.itics:  a  book  which  is  still  in  -;reat  request, 
rspecmlly  with  lieginnei-s,  and  which  has  been  ever  since 
the  ordinary  introdurtion  ol  the  greatest  purl  of  the  ma- 
theraaticiaiis  ul  ihib  ti  untry. 

In  1696  the  Marquis  dc  rH6pi(al  publishrd  his  Analyse 
dcs  infiniment  petits;  and  gave  several  papers  to  the 
Leipsic  Acts  and  the  Memoirsof  the  Academy  of  Sdeocee. 
lie  left  behind  him  also  an  ingeflioui  treaiiK,  which  wai 
published  in  1707,  entitloi  Traild aaalytique  dca  Scctiaoa 
Coniqiies,  et  de  la  cunstruction  des  lieux  geomctriquee.  • 

In  1697,  and  several  oAm-.jmOt  M.  Ab.  Dcnoim 
gave  mrious  iiaoeia  ia  tha  VMbm,  Tim.  containinr  im- 
piiuatiUMti  ia  ngtbia}  ids,  ia  iCiPf*  a  Method  of  raising 
an  lafinito  nuHinoiBial  to  any  power,  or  extracting  any 
root  of  the  same.  In  I69S,  The  e.xtraction  of  the  root  of 
an  infinite  rquatiuii.  In  1707,  .Analytical  solution  of 
C'.'rtaiii  rr-;ii;Uii  r  t'  l!i  '  ,'vi,  5i::.  "ili,  iVc,  dejjrcc.  In 
17-.''J,  i)t  al^ebr.ut  ii,icliu;is  and  recurrini;  series.  In 
1738,  The  reduction  of  radicaLs  into  more  himple  forms. 
Ako  in  1730,  ho  published  Misctllaoea  analytica  da  te* 
ri  1     <  t  quadaatwii,  eoaMiaing  giaat  impiowienti  in 

senoi.  ^£c. 

In  1698  Mr.  Richard  Saull  publishrd,  in  4to,  A  New 
Treatue  of  Algebra,  apply'd  to  numeipl  quatiout  and 
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WItli'  i  -CMniiging  sriMt  ht  til  mMroer  of 
Aliiatiaw.  Tba  icrin  hen  attwin)  la,  h  Mr. 
JUpharo'te  ■ethod  of  approx  i  roatira,  wtdcbtmi  bcca  latdy 

pnblishi'd. 

In  1699  Hykc.ChriiiopherpubtiRlied  at  Naples,  in4^a, 
Dc  construction!  xquationum. 

In  17OZ  was  published  Ojnmam's  Algebra;  which  is 
chiefly  remarkable  for  the  Diopbantinc  analyiis.  He 
had  published  hit  roacheinatical  dirtiouary  in  and 
in  1693  his  courv:  of  mnthi-rnatiob  ill  5  voll.  BfO»  eott- 
tainin^  alf)  a  pircr  rn  alsjrbra. 

In  17(14,  Dr.  Jiilm  1 ! ill ris  published  hij  Lexicon  Twh- 
nicuin,  the  iirxt  Utctiuiiary  of  arti  and  »cienc(^:  a  very 
plain  anl  meful  book,  especially  in  the  matheinatical 
aiticlea.  And  in  1705,  a  neat  little  piece  un  algebra  ami 
4loxion*> 

In  1705  M.  GuisBce  publiahed,  in  4to,  his  Application 
da  PalMbn  a  la  fKNMtno :  a  awful  buuk. 

h  1706  >Ir.  WilHim  Jomt  p«blirii«l  Jiia  Sptoftm 
FdMtlMiniB  MMheiMMt  or  •  nwr  uMadnedan  id  ihs 
aathematicii  s  my  wfial  eampendiiim  in  die  nialli** 
matica)  s4>iracai.  And  la  1711  na  pablnlial,  in  4lo»  a 
colkciiun  of  Mr  Isaac  N<-wton'»  papcia,  anlitlad  Analjtia 
per  i|UHntilalum  series,  fluxiunes,  ac  diflieraMtea!  CUm 
enunuTalHiiK'  lincarum  tirtil  ordini*. 

In  1707  was  published,  by  Mr.  Whi?(ton,  the  first  cdi- 
tioB  of  sir  Isaac  Newton's  AridiiiiotK  ,1  L  iiitr:>.,il;'-  ivr 
de  compositione  cl  ifwiluiimie  arithim  iicii  libi  r  :  ami 
many  editiun»  have  b«'en  |mblishcd  since.    Tht^  \vuii>,  il 
tenaCi  was  the  trxt-briok  UM-<i  by  our  ^rcal  aiiiluii  lit  tiis 
lel^ttrn,  while  he  wii.s  proU-ssur  ut  imtthi n  acr ^  in  the 
tity  of  Cunibridge.   And  tiiuugh  it  was  hcmt  iii- 
1  tor  poulicaiion,  it  enalaitis  many  and  great  im- 
.in  analytics ;  pariicolariy  in  the  nature  and 
■vtation  of  equations;  the  limiti  of  tba  MMf  of 
1;  the  nuraberofimpaiaible  nxKi}  tha inwentiim 
t^'  ditdaoia,  both  »ard.  and  laiiaaal;  Ifaa  raalvlioB.af 
jniMm^ atiihataiical  and  giBomctdcalt  the  Unaar  «An» 
atroetioo  at  rquationii  appmiawring  to  the  nala  nf  all 
equations,  \c.   To  the  later  aditioaa  of  tlia  -    *  '  - 


luti^  Oidinbi  an  'inganhinf  ftmkt  CflBlBining  good  im* 
pforanenn  in  ana^yno.  And  in  1790^  Hethodus  Dift> 
rantialli :  fiva  ImcMttM  de  MMunalfaav  et  interpolationa' 
•ciierum  iiiipitaniin :  a^di  great  inpraiaincali  on  infl* 

nlle  scriea. 

In  I7'j6'und  1729  Maclaurin  pive,  in  lhcPhil6».Tr»n». 
tracts  on  the  imaginary  roirts  of  equations.  And  after- 
wards was  published,  from  his  posthuini  ',  v  papers,  his 
'I  reatist'  on  Al^'brn,  with  its  applicatiuH  (r>  curve  lines. 

In  17^7  canii- out  s'Ch  Algebra,  with  a  speci- 

men of  a  coiiimiT'tary  on  Newton's  universal  urilhmctic. 

In  I72H  Mr.  Campbell  2fl\x-,  ui  the  Philos.  Trans,  an 
ingenious  paper  on  the  number  of  impossible  roots  of 
equalinns. 

In  1732  »a>  published  Wollius's  Algebr.i,  in  his  coorsc 
of  muthematici,  in  A  vols,  4to. 

In  173A  Mr.  John  Kirbjr  pnbliahed  bis  arithroetic  and 
algebra.  And  In  174B  lili  doctriae  of  uliimators. 


In  1740  waropvMiibadlllr.'nanHS  SinpMo's  Eanytt 
1 174S  im  mmaUOsnu,  and  in  I7d7  Id*  "naeo ;  in  oil 


lnl74Sl 

«Mefa  atoMMlainad  aniaMt  inwiwfwntt  in  aarica  aa4 
other  parla  of  a^bM. .  At  alto  M  M«  Algebna,  Cnt  frinb* 

ad  in  1745,  and  in  bit  iSelect  Exercises,  in  I7M. 
•  Alto  ill  1740  was  publiahed  profcwor.SaundeiMm'a^ia- 
mcnts  of  Algebra,  in  9  vois»  4Mi  boiog  •  vaty 

work  for  bei;iiiiien». 

Id  1741  M.  <le  la  Caille  published  Lc9ont  de  nati 
mutitjueij  ou  tli  metis  d'»ljjcbn.'  et  de  gcomflrie. 

Also  in  1741,  in  the  Memoirs  of  the  aciidi-rny  of  sci- 
ences, were  given  two  arlirles  hv  M.  doCiu;i,  on  the  num- 
ber of  positivr,  iioiialive,  and  iinanin^iry  ri>ot5  ot  1  i  luitiiins. 
With  an  hiVotical  account  of  the  improvements  in  al- 
gebra; in  which  be  wwrely  censures  Wallis  for  his  par> 
tiality:  u  circumstance  in  which  he  himself  is  not  le«9 
fculty. 

in  17-^  M.CIaira^l  pubibhed  his  Elemens  d'algebre, 
in  which  ai«  eontaiiiMi  aenwl  improvements,  especially 
on  dm  IrMdneibk  caaa  in-cttbic  aqontioni!  dnadj  after 
dw  manner  of  LeiMii  and  Nioola.  Ha  hai  alio  imnl 
good  ptpaia  oo.diflncnt  pana  of  ana^riias  h  th*  McMoira 


■mnly  sui:joined  Dr.  Halley't  method  of  finding,  the  NOtt  '  of  the  aeadnny  of  sciences. 

ot  equations.  As  the  principal  peril  of  this  work  are  not  ■  In  1747  M.  Fontaine  gave,  in  the  Memoirs  of  theaCA* 
atlapteii  to  the  circumstance  of  beg'muen,  there  Iwvo  been    demy  of  sciences,  a  paper  on  the  resuluiion  of  equatiOnai 

.  ,     1      ^    :.    I       .  I   ■    T,        I   .  1  1_  «1   g —  ^  .^L*^ 


(jLibii.'.liiii  ci;!-' iiM  iii.i  lii-i  up'-iii  it  by  sevoial 
s'Ciravf5.iiioc,  C'<iitiiliiiii,  WiUiir,  iSrc. 

In  170s  iNLIleviK-jiu  publibhid  liis  Analyse  Denioiilree, 
in  2  vols,  410.    And  in  1714.  l-a  Scieenc  ihi  Calcul,  Sec. 

In  1709  was  published  nn  F.ngli.sh  triinsliiti. 'n  of  Alex- 
ander's Algebra.  With  an  ingenious  appemli.i  by  Hum- 
phry Ditton. 

In  17  Id  Ut.  Brooke  Taylor  publiahed  his  Melbodus 
Incrementomm  :  an  ingenious  and  laaroed  work.  And 
in  the  Fhiloa.  Ttnu.  fur  17 IS*  An  Japtowent  of  the 
nKlbnd  of  appnoiBatTng.  to  the  noia  off  equatiom  in 
wnnbaa* 


Ilcsidcs 
years. 


analjrttcni  pnpcn  in  the 


of  other 


In  I7f)l  M.Ca.stillion  published,  in  2  vols  4tO,KeWl«rt 
universal  anihmetic,  with  a  large  commentary. 
In  1763  .Mr.Bmefsim  pobUihad  bit  InetoncMl.  h 

176'4  bis  Algebra,  fee. 

In  1764  Sir.  Landcn  published  his  Residual  Analysis. 
In  176s  hit  Mathematical  Lncubntiom.  And  in  I780 
hU  Mathematical  Memoin.  AQaoMaini^ggoodldpran- 
acAla  in  inlim'te  series,  &c.  .  •  * 

In  1770  was  pi^bliahed,  in  tlie  Geraaa  Im^naga^  Elo* 
raenliof  Ateobra  bj  M.Bnlcr,  wUA  hnwbi|^iinc«tnfe»> 


In  1717  M-  Micola  pm,  in  the  menoin  of  tin  nen-  lalcd  iiNo  mneh  md  EadUi.  And  la  1774  •  ttmA 
m  of  adaacci»  n  tnet  on  the  calculation  of  finite  dif-  tramialion  of  tho  tuob,  Tht  mamtn  of  Bailin  and  Pe- 


nce* 


dtmy  I 

■  fcrenees.  And  in  tewral  foltowing  years,  he  gave  vaiiena  tenbnrg  acadvndn  also  aboMd  with  'wriona 

other  tmctii  on  ihc  same  subject,  and  on  tho  resolution  mcnts  in  scries  and  other  liianrlHI  nf  aillljBli,  fij I 

.  of  equations  of  the  3d  dcgnf,  and  particularly  00  the  ir-  Icbrated  mathematician, 
reducible  case  in  cubic  equations :  thnvc  trari>  are  j;rouncl-        In  177  5  wns  published  at  Dologna,  in  2  vob,  4t(^ COHl* 

ed  on  a  prixluction  of  M.  Leibnitz  in  the  year  1677-  pendio  d'Analini  di  GiroI«mo  Saladin. 

Alao  in  1717  was  pnUiahcd  n  Tmaiiae  <m  Algebm  by       In  1797  was  publisbe  l,  by  s  ^nur  Cos<uli,  in  the  ItaHan 

'Philip  Ronaync.  lantpiafUi  in  2  vols,  ^to,  a  very  elaborate  history  of  iha 

Alio  Jn  1717  Mr.  Jams  StCTHng  pobliriied .  lioa»  origMi  of  lie  tot  iotroditction  of  tigOv*  >«•  My,  «m4 
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of  ill  fSOfftm  tad  more  early  Vtprovcmenls  arooag'hu  lisbcd  a  similar  work  in  Latin,  aftannsdt 

coaalri'JliMb  htllilWDrk,  the  auihur  clearly  alioiij|,  what  Frcivch  in  1  vol,  4to,  under  the  tide  «f 

hoimar  ant'arall  kaaarD  lo[\g  befure,  that  tnc  ideace  «at  mctique.  The  subject  of  whick  ia  anaeh  (k»  aana  aa  tiw 

iinporled  into  Italy  fion  the  Arabian*;  but  he  sccma  fi>raier|  these  two  able  mathematicians  having  undertaken 
erroneously  to  ascribe  the  very  invention  of  algebra  to 
ibe*«  latter  pcopli",  from  hi»  igtioi-mce  uf  the  diicovo- 
rifs  lately  made  ot  the  writings  un  tiiii  science  among  the 

LK   l.  EVDRE.  . 

M.  Lc  Gcik'k  |ir|,li-,lM  il  i:i  iryS.at  Paris,  in  1  vol  4to, 
I'.»bai  bur  la  i  luom>  (ics  Nombrps,  in  whicb  ail  thu 
^  most  iiitcrebting  properties  of  numbers  arc  leciirded,  and 
faithfully  atliibuicd  to  their  respective  authors,  which  is 
I  believe  the  first  book  ol  any  importance  thut  was  dedi- 
cated to  this  particular  subject.  The  work  i>  divided  into 
four  parta,  aack  containing  several  iheurems  LH-!.idei>  an 
Ituroductioa  at  cooiiderable  length;  and  at  the  end  of 
the  book  ai«  addtd  aeveial  table*  relating  to  the  particu- 
lar (omnrOf  Mnmn  ^MA  belong  excliHiivly  to  ccruiin 
illlpWieal  fbnnulB)  tbt  vm  and  appUoaiMn  of  wUdtan 
an^ined  in  the  body  of  the  work. 

li»  Introduction  treats  of  (Im  particular  form  uadrr 
which  prime  numbt  rh  ar.'  cuiiaiued,  and  the' number  of 
the  latter  is  proved  to  be  luiimie.  It  is  also  demonstrated 
that  no  algebraical  formula  can  express  prime  numbers 
only.  Lastly,  the  number  of  prime  numbers  b,  contained 
Ml  any  given  number  a,  il  ihemi  to  be 


■  wry  nearly  pxpressed  by  t  = 


1  log.  a 


Part  1  CoDtaio*  an  explanation  of  Continued  Fractions, 
and  their  application  to  various  cas(^  in  the  indcterroi- 
nate  analysis  ;  among  others, a  gencrai  solution  is  given  in 
intMcr  numbers  to  every  possible  indeterminate  equation 
«f  l£a  aacond  degree,  and  a  isetbod  ofjudgiiuof  tlie  poa- 


illiililyii  or  impossibility  of  tBeh  eqiiammj  ah  lolouont 
kaiNvar,  is  due  to  Ia  Grange. 

The  second  part  conwnences  with  U19  dtmonstration  of, 
•£*an4  gfeuBfai  pnmartie*  of  Aumbeii,  noat  of  whic^  are 
WanlMWpd  OMdcr  tiat  aitida  in  tbjt^  XHctivoaiy.  Tba  neat 
•f  tttiprtii  employed  in  dite«nMin|tl«  figau  ofdivi- 
ton  wbich  belong  exclusively  to' certain  algebraical  for- 
mula:, and  the  applied  til  ti  I  if  them  for  finding  prime  num- 
bers, with  an  explanaiKm  of  the  law  of  reciprocity  b^ 
tweeu  the  jailer. 

Pari  3.  ik-rc  numbers  arc  considered  as  decomposed 
into  three  squares,  and  many  properties  relating  to  them 
are  demonstrated.  Every  number  is  shown  U>  be  thcsum 
of  one,  two,  or  thice  triangular  numbers,  which  is  thtfii^t 
demonstration  that  was  given  to  tJ)is  pari  of  the  celebrated 
ibcorcm  of  Fcrroat. 


the  lame  task  at  nearly  the  same  time,  without  knowing 

each  other's  intentions  ,  but  here  the  snt  jrci  !»  carried  to 
a  greater  length  than  in  tiie  I  rm;  r.  M.  Gauss  has  by 
an  extension  i.-i  his  analysis  bdis  :tb,e  in  cNpr. the  side 
of  a  polygon  ul  17  sides  inscriU-d  in  a  cuele  Lij  means  of 
a  <|Uadiallc  eijuulion,  which  was  brl'urc  thought  to  be 
inipos'ible  ;  and  ilie  same  incthod  may  bo  applied  to  other 
poly  eons  v\hi  n  the  number  ot  their  sides  is  a  prime  num- 
ber of  a  particular  form.  Tbero  are  likewise  lome  hinta 
given  for  forming  a  tabic  of  kngarithju,  or  nuahaea  IdUcIi 
may  be  eaaploycd  in  algebra  to  great  advantage,  as  com- 
men  Iqg^tnau  are  in  arithmetical  computations.  In  tk&' 
Aork  aMay  near  ^boU  am  introdaoad,  tucb  aa  S  for 
cotigruiiy,  that  ia  aS  t  (to  nmdnlaa  t\,  mtm  a  ±  A  la 
ditrmbla  ^c^and  mmy  o&cnw  wlueli  cannot  ba  ptajtMlr ' 
oadcflitoDd  without  an  alleniivo  pcroHd  of  the  maA. 
itidf. 

We  am  informed  by  M.  Gau*s  that  be  bad  anotbar 
.VI  :k  ni  h  ulii.  whiobwiU  cnaqriUa  inlomtint  Miljiaet. 

luucli  liiithcr. 

A  ItnOUAST. 

M.  Arbogast,  proiesiior  of  mathematics  at  StrasUurgb, 
published  in  1800,  in  1  vol,4to,  a  work  entitled  I>u  Cal- 
cul  des  Derivations,  which  is  appropriated  entirely  to  the 
ilucinoeofsiTies;  where  tbcir trdti^liinnation,  summation, 
intetpolatioaf  aod  reversion.  .i>  rIsu  vanou*  other parttcu- 
lanrahlinflnthli intricate  i nincb ofanaly*i*,aretrtaiod 
of  in  a  maoMTt  ■>  '""^  ingcuiaus,  aa  it  i*  profound 
and  learned,  tbc  method  here  introduced  maaydif^' 
iniiiit*  aia  aunMHUiiad  rdatimt  to  tba  higbar  bianchai 
of  mMmomy,  wUehtiw  CakaTOiflefential  waa  ian^ 
to  eacauiiM  with  anwiwa.  -It  seems,  howaitr*  that 
binit  at  this  nadnd  waa  fat  given  by  Or.  Vmdag 
in  his  Meditatiooo*  Analytics,  and  wbicb,  perbapb,  fii>« 
aiahed  Arbogast  Mrith  the  germ  of  his  idea.    In  thi* 

work  mam  new  rliarartcrs  arc  introdiieid,  I'.ot  to  ri-- 
preseni  (juanuues,  Lui  the  operations  piTlunneii  upoa 
tliem.  llius,  let  F  («  1-  x)  be  any  iiinctiun  of  the  bino- 
mial tt  -t-.x,  we  caa  ecspand  this  iuncuuu  in  a  series  pro- 
caediag  aeoa*dh«  to  tba  powan  of  x,  in  thi*  ' 


r  (a 


i)  =  a 


&c.  Now,  wa 


know  tliat  It  —  Ta,  that  l>  is  derived  from  a,  or  from  ra; 
c  from  b,  d  Irorn  c  &c,  by  the  some  law ;  ihcn  lore,  if  we 
conceive  the  manner  in  which  we  derive  k  Irom  a,  in  th« 
same  manner  we  may  derive  c  from  i,  d  from  c,  6cc. 


The  fourth  part  contains  the  d<:mon«tration  of  some   Thua  representing  by  d,  tba  oyiers4ion  that  must  be  per- 


other  properties,  in  which  the  possibility  and  impoMtbi- 
lity  oLtariou*  formulc  are  demonstrated  with  rwird  to 
fMir  bciM  particular  powers,  thus  i  ±, y  =z ^Mtmpos- 
aiUe»  a»  nbo  «*  ±y  9  **,  and  gprncally  <■  ^  is 
jflip«piihle,«hcB  n  ii  frcaiar  l&tt'S,  but  thia  lait  has 

In  uaeoHiaa  of  thia  wHk  wma  naw  qpmbola  an  oec»> 
■iooattjr  tetMduoadt  which,  faoiieaot.  our  linili  will  not 
permit  tti  to  explain. 

Saronl  olhar  work*  have  been  published  by  the  same 
attthor:  bift  aa  they  do  not  properly  fall  under  this  ar^ 
Jial«,(hagra)tao«itted. 

GAUSS. 

Bow  altar  tin  uhove  Eaiuya  annual,  M .  Gtm  imb- 


formcd  on  va  in  order  to  obtain  1^  we  shall  have  b  a  s ya, 
c  =  o'  Fu,  (i  =  dHo  &c ;  so  that  t)ie  above  series  may 

be  expressed  thus,  T  {a     x)     t  a     -r— «  •♦■  "TT''^ 


t-aut 

It  is  however  impossible  togiw  any  thing  like  an  ade- 
quate idea  of  the  metl}od,  or  DOlatiOQ»  employed  in  this 
profound  work,  in  the  tsar  row  Umita  to  which  we  arc  un- 
der ibc'necesity  of  coniiniaiourobaerfatiQns  which  ham 
already  exceeded  the  boundb  wa  had  at  first  pieacribed 
to  this  article. 

Besides  the  fort^^^ing,  there  have  been  many  othtr. 
aathan-whehuTn)|ivantraatticaaoalgehn«  onmohave 


Digitized  by  d|oogle 


Ail                         [   100  3  ALL 

latfcowineDtt  on  tenet  miiI  other  {Mtrts  of  klgebra ;  part  ia  such,  u  bring  ttktn  or  ivpetted  a  crrtnin  namber  of 

u  Schonerv!!,  Coignet,  S«l^Enat,  Ldouberv,  Hcniischius  timn,  exactly  nmVet  up,  ur  it  rqnul  to  the  whole.  So 

Dcgramve,  Meacber,  Henitcbiua,  l^ibervBl,  the  Demoul-  1  it  mn  aliquot  p«n  of  o,  or  of  «ny  other  whole  nnmlMS } 

lit,  Malbranche,  Agncsi,  WtUt,  Oodion,  Mfenfredii,  Bf^  9  H  alio  an  ali<)u«(  part  of  6,  being  contained  Just  3  tinM 

nttuu,  Bezout,  Uonut,  Rowningt  Maicm,  Waring,  Lrri;-  in  6';  and  S  i»  abo  M •liquot  part  of  0,MtlgC0iMaiOcA. 

m,  (ie  la  Orange,  do  la  Place,  Ucrtrand,  Kuhoius,  HaU^,  just  Srimes;  to  that  alt  tte  bliquot  partttif6iirFl«4,S. 

and  many  other  authors.    Dr.  Wuringand  the  Rev.  Mr.  All  the  Blicpini  parts  ofany  number  may  bv  thus  found: 

Vinep,  «f  Carobridgi',  hB»e  botli  given  many  improTe-  Diridc  the  given  number  by  its  li-sst  divisor;  then  divide 

iiiciiti  u'lti  iiii<.u\orii->  in  ierie*.  and  iti  other  branclj<'^  of  ihc  i-nrslinit  a\u>  by  ils  Ic.T-t  lim^or;  ami  <o  ini,  iilways 

analysis-    'rhuNC  ot  Mr.  V'iiicc  are  rhu-fly  contained  in  divulii;i;  Itiv  last  quotieiil  liy  its  U-jist  ilr.isoi,  til!  tUo  tjuo- 

the  laiit  r  lolumrs  of  the  Philiw.  Trans. ;  wlu  re  alio  are  licnt  1  is  oblaincd  ;  and  all  llu  iliv^sors,  thuf  taken,  are 

lemnl  ot  i>r.  Wariug's :  but  ?hp  hulk  of  this  gintleman^  ihr  pntni-  alirjiiot  pnris  ol  (lie  given  tiumbcr.  l  Uvti  inul- 

iwpiW»pini'nl»  arc  contained  m  his  iipaialu-  publicaiions,  liply  (-i>tnim;;illv  tn.^cther  thcsi-  prime  di\is<ir-;,  vu,  rvs  ry 

particularly  the  Meditationes  Al  ^tbi  aicae  published  in  twoottltt-m,  every  three  of  thpnijcvfryioui  nt  them,  &c; 

1770;  tfaeProprietatrs  Algcbraicarunt  rurvai^nB»{ll  1779$  and  the  producis  will  be  the  uihcr  or  compDutiJ  i\li(;iiot 

1^  the  MeditnticM  Ainlytica^  io  1770*.  parta  of  the  given  number.   So,  if  the  dliitnot  juirts  of  (<o 

Fotft  tlwnadailiedhillDiy  «f  ntg^ii**!  ***  MjTltitiM,  be  required ;  first  dtvkte  it  by  2,  and  ^\\^  q\i«uc-nt     30 : 

ld.9ytnfltfS.  then  30  divided  by  t  al»0  ^vet  15,  a»d  Ij  (iividt  d  9 

-  AiSBSHAlCALi  MMthing  relating  to  alfibim.  Ural  gives  6,  and  5  divided  by  5  gives  1 :  loihat  ull  the  (>riai* 

w«  My  algahnkil  lolutioin^  cutm^  dMiaotcn  «r  aym*  diwiion  or  aliquot  part;  nre  t .  ?,  ?,  3, 5.  '1  hon  the  cote* 

bols  &C  fomni  onta,  b-  roulopljmg  ^  vt  ry  two,  ntv  4,  (',40flrtl^r 

Alcbbuaical  Ckrw,  ii  a  cvrra  inTwbich  thagenml  Md every  thtea  10,  SO,  30.    So  that  all  the  aliquot  ^arte 

relation  between  the  absciwa  Mid  miimm  cnn  be  tat-  tit^  the  given  numher  60,  are  l,  S,  3,  4.  5,  b,  lO,  12,  )5. . 

pri-«s<  d  by  a  common  algd>raical  «qnati«i.  Tbeae  are  ^0,  90.— In  Kkt  manner  it  will  bo  found  thtit  all  the  aU- 

abu  called  gtmneirical  Una  or  curvet,  in  contradialinction  quot  part*  of  SfiO,  arc  ),  ?.  3.  4,  5.  6,  »,  9,  10, 13,  16, 

inecli'i'ii'nl  or  InunrrnJeiitalwn-^.  IS,  W,  5»,  30,  36,  40,  fi,  <>0,  7i,  180. 

ALtiEliUAlST,  11  porsiiii  skilh  il  i»  algebra.  ALLKN  (Thomas'*, n  ulibralfd  iriaihiTn:(liflun  of  (he 

,\  [.GENKB,  or  Al-r.rNJR,  i<  lixrii  ktar  of  the  MCOIld  l(?th  crrilnr)  .     Me  v.;i>  b.ua  at  Utt0XPt>i  111  istiiirt>nJ>!uro, 

magnitude,  on  the  right  side  uf  Perseus.  in  IS'.-'Z  ;  w.ii  a  linilicii  ;i  scholar  ofTn:nty  rulKgi',  U\- 

ALOUL,  or  Medum't  H*od,  a  fixed  ttar  of  tbi  third  ford.  In  I56"l  ;  "bin-  bi-  t^.^k  bis  ilrynv  -A  hiliskt  of  uris 

magnitude,  in  the  conmellation  Per»eus.  in  I'50'7.    In          lie  qintit'd  hi»  culit'|ri-  uml  h  hi;»ship, 

ALGOR  AH.a  fixed  ttar  <if  the  third  roagnilttd*,  ia  tb«  and  n  tired  to  Gloccsicr  hall,  where  he  tiiidieu  «  >  ly  clo'tcly, 

light  winft  of  the  nmatellaoott  Corvu*.  and  became  celebrated  for  his  kiiu«r(cdge  in  antiquity, 

ALGUKITFlMtWahnilar  to ^gialici,  lignifjint!  (heart  philov>phy, and  mathematics.  He  received  an  invitation 

tiWKtflUainn  tn  any  particular  way,  or  about  come  par-  from  Henry  earl  uf  Northurob4<rland,  the  great  friend  and 

lleHlir  n^jCCt  1  or  th«  common  rule*  of  computing  hi  patron  of  iimtlieuiHiician»,  and  he  >pi'nt  >uroc  time  at  the 

any  art.-  Aa  the  algaritbili  of  iraiBbant  of  algebra,  of  iAt«>  cnrl'a  hou»c ;  where  ho  becunie  acuuuiuted  with  thu»enble 

gers,  of  fnctioM,  of  Mttd*i        neauine  the  common  idntbcniaticians Thoma*  Harriot,  John  Dr<^  Walter  Ww>> 

rtiks  for  perlbrtniRg  tfao«fMMiu»     wflfaMcdd,  or  ml-  iwr,  and  Nathaniel  Torporjcy.  Qobqrt  *u\  ofLdccilHr, 

gebm^  or  fractions,  tte.  too,  bad  n  great  catram  li>r,AlicQ,«nd  would  hav*  eon- 

ALHAZEN,  All*cb«,  or  AaviLAeuM,  ^vx"  a  ferred  abiib^ficiiponMM;  hut  bis  love  forsolituJc  and 

learned  Arabian,  who  lived  ili'ftpifn  about  the  yv  nr  1 1 00,  rptivement  made'  him  deelint  tAe  offer.   Hit  great  kiiill  in 

according  to  liii  editor  Hisni-r,  and  Weidler.    He  wrote  the  mathematics  gate  urca>.iun  to  the  inin^ra;  .!  uttd  vulgar 

upon  iurrolr>gy;  and  his  woik  on  optics  was  printed  in  to  look  U|>on  him  us  a  cnaj;ician  or  coiyuiti'.    Alien  was 

Latin,  at  Bil>iI,  hi  1572,  uwlrr  the  title  i>t Optica;  Th'KHO-  m  i  \  cui;"ii»  and  indefatigable  in  collecting  scatU  icd  mu- 

rui,  by  Ri Slier.    Albasen  «  a?  ihr  hr^t  who  sbf>«fil  tbe  mm  ripts  relatina  to  history,  antiquity,  ai-tronomy,  philu- 

impotlanec  of  refractions  111  U'trononiy,  VI  litib' know  n  (II  M^pbv.  and  tnatneniaiics:  nbirb  c.jih  cliuus  haw- .tiui'ii 

the  ancients.    Me  is  also  the  hr»t  author  who  has  treated  quoted  by  several  learned  aatt>or$,ttiiJ  intuiiuiied  as  in  the 

on  the  twiltgbt,  upon  which  he  wrote  i  woril,it  which  he  Bibliotbeca  Alleniana.    He  publi!.hrd  in  Latin  the  second 

likewiao  speaks  uf  the  height  of  the  clouds.  and  third  books  of  Ptolemy,  Concerning  ihc  judgement  of 

AUDADE,  an  Arabic  name  for  the  label,  Mex,  or  the  Stars,  or,  as  it  il  u»ually  colled,  of  the  quadripartito 

fiAer,  which  is  moiroiibia  alMMit  the cvntre  uf  an  astrolabe!,  cottatfuction,  with  an  exposition.    He  wrote  aUo  notes 

qaadt»nt,  he,  and  carnring  the  fights  or  telescope,  and  on  nianjr  of  Lilly's  books,  and  some  on  John  Bale's  work, 

tm»]i^iawigiOwitthe  m|rce»ent  off  the  fimh  or  uch  De  scrij>btibiu  MaJ.  firitaimiae.   lis  died  at  Gloccsler 

liiHy Kutinnwmp  ■  ■  hall  in  l532,it^yeon  o'foge. 

i^'mB/OAVtV  f«ft,  itth«t  |Nir«  «hi<:h  will  not  exactly  Mr.  Burton, the natbor  of  lua. fawwJ  owtiw^'cilli bia 

iiflMip^^tK»ide  -ifa*  wbote,  without  leading  some  re-  the  very  soul  awl  sun  *f  all  tbe  iMtheihatldaaiof  bi^bg^ 

inainder.    Or  the  altqMnt  part  is  «uch,  as  being  taken  or  And  Selden  mentions  him  as  a  person  of  the  most  extMl* 

repeated  any  number  of  limes,  does  not  make  up  the  .live  lenrnin;;  and  consummate  judgment,  the  brightest  oiw 

v»hplc  exaCi  h   1  '  :  :   l  ithcr      hIi  c  or  b -^s  (bnn  it.    Thu*  njiim  tit  of  the  cniversily  of  Oxford.    Camden  nho  nays 

4  u  an  uUtjUii.i  |  .n:  of  10;  for  *  twice  taken  makes  8,  be  was  Mvii!<  il  m  most  of  Ihc. best  arts  and  scicncesi 

whicli  is  less  lh«;t.  I  if-,  and  rikree  tlniM  tekca  imket  19,  A.  Wood  has  nb.o  tranvcnli' J  p.n  t  of  bis  character  frotn 

winch  is  greater  ifean  10.  a  matiuscnpt  in  tbr  bhrary  uf  'rnniiy  CL.JIegc,  in  ibrac 

ALIQUOT  Jl«rf,  b  such  u  part  of  a  niimb<-r  :is  uitl  uords:  "Ho  o.uihed  politt'  htti.itiire  «ilh  t;reat  iippU- 

CMiCily  divide  it  wiifamit  a  remainder.   Or  the  oliijuot  cation ;  he  was  sUicUy  tenacious  of  academic  discipline} 


A  L  M 


ii)«ay»  Ltglily  t-iU  cmtii  both  by  toreigners  and  those  ol  the 
tiiiivrr-sity,  and  liy  ali  of  the  highm  »t«Ii(jiij  in  tlir  church 
of  England,  and  the  uaiwiity  of  OiUbrd.  he  wa»  a  w- 
ockfu*  ubscrvcr,  an  iigmirtlfi  eoBpaimi^  be*"  See 
Wood,  vol  i.  p.492. 

ALLIGATION, one  of  the  rules  in  uithmctic,  by  which 
are  resolved  questiou  which  Nlale  to  the  compounding 
or  ipixiug  together  of  dwcw lipiphi  or  ingrcdicntis  being 
M  called  fnon  «IU|nf«f  tatia  or  conticci  luj^eiker,  probably 
from  cartiin  viiicaH,arcioi>ked  ligntures,  commoDly  uied 
to  cbnMct  or  biod  the  iHimben  togiether. 

b  unrobahU  that  thi»  rale  cmro  toot  inm  the  Mooriih 
or  Aimbic  writen,  u  we  find  it,  trith  ill  the  other  rvlct 
of'Mltbmctic,  in  Luca»  dc  Bur^,  and  other  early  anthon 
U  Europe. 

AUifution  \s  ot  Iwij  kLLCi,  tncdtal  aitci-iiuu. 
Ai.i.iciATlov  tiled, ui  IS  tnc  nietliod  ol  tiudinp  the  rate  or 
quality  of  the  compositirM),  from  having giun  thi'  ru!i-i  uiut 
quaiilitu-s  of  the  &implc-s  or  iuprodiriits. 

Thf  rule  of  0|>ci'aiiun  ut  iLib :  multiply  cacii  quiintity 
by  its  rate,  and  add  all  the  products  together  ;  then  divide 
the  sum  uf  the  producU  by  the  sura  of  the  quantities,  or 
whole  cumpouna, and  the  quotient  will  be  the  nttsMKight. 

For  cx«mpU:  Suppose  it  were  rrqutrvd  to  mix  toother 
$  lalloM  of  wine,  at  4*.  a  gallon  i  >i  gallous.  at  (m.  the 
^^knit  and  4  gallon*,  at  8t.thepUoni  and  to  And  the 
wofth  orvaliM,  per  ftlkNif  of  lb*  whole  mimiio^ 
OA  fHtuHt.- 
Ham     6  x  5  aa  90 
«  K  6  ja  48 
■  ■  J»  a  8'  a  _S« 
whole  comp.  18  110  »uni  of  prod. 

Then  18}  1I0(  6^  or       U  the  rate  tooghu 

s 

ALltaaflov  aUtorwrif  ii  dw  method  of  finding  the 
quantities  of  ingredrenta  or  simple^  ACOaiiaiy  to  iiirm  • 

coiiipoaod  of  a  given  rate. 

The  rulr  uf  '^p./nniim  is  thit:  lit,  Pinca  the  given  rate» 
of  the  simpii  ^  m  a  column,  under  each  other.  2d,  Con- 
nect or  link  with  a  continued  line,  each  rate  which  h  less 
than  thf  pmpowi  compound  rate,  with  one  or  any  nutn- 
bor  of  ihriic  ih-Ai  ari'  ^^rcater;  and  every  greater  rate  with 
one  or  any  numbir  of  the  less.  3d,  Write  the  diffrnmcc 
betwn-ti  the  given  compound  rate  and  that  of  each  simple 

Kotite  the  rates  with  which  they  are  linked.  4th,  Then 
niy  one  difference  stand  opposite  any  rtte,  it  will  be 
the  quantity  bcloiigiiip  to  that  rate ;  but  when  there  are 
aeveral,  their  sum  will  be  the  quantity. 

Ar  cmnnple.  Suppose  it  went  required  to  mix  together 
gold  of  TMlous  degrees  of  incoM,  vis,  of  19,  of  21,  and 
of  33  cuata  fine,  lotbat  ifco  ni»tn«  shall  ba  of  Meant* 
fine.  Hare, 

Dift. 


Comp.'nla40 


■ll9'...l^S44on9 


ifine^ 
I  cams  Una. 

That  is,  there  must  he  m  -  d  quantity  of  21  and  29 
carats  fine,  and  4  times  h'^  much  of  1()  carats  fine. 

Various  limitations  1.  il,  .|  the  compound  and  the 
fiigredients,  may  be  conceived;  and  in  »uch  cases,  the 
differences  arc  to  \^  altered  propoiligidly. 

^Sam^^i^*  '^^  howewf  commoolj  best  and 
eaaJMC  loolrad  lijr  ooniMu  algEbn,  of  which  th^  torn 


a  ipecics  of  indeterminate  problem*,  aa  they  admit  of 
many,  or  an  iiulL-lii'.iK  number  of  uinwfrs. 

There  is  n-curdi  d  a  reinarkoUR"  instance  of  u  discovery 
made  by  Arcliimedcs,  both  by  aili^utiun  ami  specitic  gra- 
vity at  the  iaree  time,  nami  l\,  concerning  the  crown  of 
Hiero,  king  oi  Syracuse.  l  he  king  had  ordered  a  crown 
to  be  made  of  pore  gold ;  Imt  \vhr;i  brought  to  him,  a 
suspicion  arnte  that  it  vas  iiii.\'  <i  iMth  alloy  of  either 
silver  or  copper,  and  the  kuij-  recummended  it  lo  Archi- 
medes to  discover  the  cheat,  without  defacing  the  crown!, 
Aicbimedea,  after  long  thinking  ou  the  ntatter,  without 
lighting  on  the  meant  uf  doing  it,  bdag  one  day  in  the 
bath,  and  obaerviiig  how  hk  bmiy  failed  the  water  higher, 
oonedwd  the  idaa  that  diffirrat  meiabof  the  eaaM  wieigbt 
woold  occupy  different  ipnres,  ant!  so  roi^e  or  expel  dif*  • 
ferent  quantities  of  water.  Lpon  whicii  he  procured'twA 
other  inii^vs,  iMch  of  ihc  Mine  \ieif;lit  with  the  CtOWn, 
the  one  ot  pun-  ■;ol<l.  and  the  other  i<i  alloy;  then  llB" 
merfliip  them  all  iSree,  sepnr.itely ,  ;ii  r,  iiu  !  ■  jisctving 
the  i-pace  each  occujued,  by  the  qu«inlity  It  ia4»ed  the 

water,  iie  (:;< m  e  11  iiiputed  the  quantities  of  gold  and  alloy 
containe<i  in  the  crown. 

ALLlOTH,  ii  star  in  the  tail  of  the  great  liear.  Ihc 
word  in  Arabic  denotes  «  horse  ;  and  they  guve  tii.s  name 
to  each  ol  the  three  stars,  in  the  tail  of  the  great  bear,  as 
they  are  ptaceil  like  lhre«  horses,  thus  arranged  for  the 
potpoaaw  diawiDg  the  waggon  commonly  calh-d  Charles's 
wain,  represented  by  the  tour  aUn  on  the  body  of  the 
■rime  conatellation. 

ALU ACANTAB,  or  AiJueaiiTai^  from  the  Aimbio 
almoeaaihamt^  are  diCke  paialkl  to  the  boriaon,  and 
conceived  to  {MM  tkvem^  *my  degree  of  the  meridian  ; 
serving  to  show  the  height  of  th»  ton,  moon,  or  stanr,  ice  ; 
and  are  ihc  same  as  the  parallels  of  altitude. 

Alm  ACAWT  A  r's  Sf/j^.was  nn  instrument  formerly  used 
at  sea  for  ubscrving  the  iim'b  nuipliiudc  at  rising  or  set- 
ting, and  theiice  to  determine  ihi-  variation  of  the  com- 
pass, &c. 

ALMAGF-M',  the  name  of  a  celebrated  book  composed 
by  Ptolemy;  being  a  collection  of  a  great  number  of  the 
observations  and  problems  of  the  aocieola,  relating  to 
geometry  and  astronomy,  but  especially  the  latter.  Being 
the  first  work  of  thit  kind  which  haa  come  down  to  usy 
and  containing  a  cMakigBe  of  the  fixed  ttan,  with  tbcir 
plaoct,  bctidet  nomenraa  laoordi  and  obMrvUkuit  of 
ecUpaea,  the  mud  on*  of  the  planclt,  dtc,  tbit  woric  will 
over  ba  hdd  dear  and  valuable  to  the  euliiwtMii  of 
Mmy. 

In  the  original  Gfofk  It »  caUtd  ourmlif  fuyieni,  the 
greni  compoiitian  %t  eoMwrfeo.  And  to  the  word  fMyirri), 
megiiu,xhc  Arabians  joined  the  particle  at,  and  thence 
called  it  Almaghetti,  or,  as  we  call  it,  from  them,  the  Al- 
magest. 

Ptolemy  was  born  about  the  vear  uf  C'hrl^t  (i<),  and 
died  in  1+7:  he  wrote  this  work,  cull5l^nnE  of  13  booki, 
at  Alexandria  in  F.i:vpl,  where  the  Arubjun^  lound  it  un 
the  captuu  uf  thut  Lnndom.  It  was  by  tlirm  traiislali  d 
OUtof  Ureek,  into  Arabic,  by  order  of  (be  calipb  Alfua- 
mon,  about  the  year  827 ;  and  (\nt  into  Latin  about  1230, 
by  ftvour  of  the  emperor  Frederic  II.  The  Gres-k  text 
however  was  not  known  in  Europe  till  about  the  begin- 
ning of  the  15th  century,  when  it  was  brought  from  Con- 
stantinople, then  taken  by  the  Turks,  by  Geurcr,  a  monk 
of  Tcabeiond,  who  tiantmtad  it  into  Litni,  wnich  tiai*- 
hlioD  baa  eavtml  tinMt'becn  puUiihad. 
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Riccioli,  an  Italian  Jesuit,  nlto  published,  in  1651,  a 
body  of  Attronomj,  which,  in  imitation  of  Ptolemy,  he 
Called  AUiMcn{um  Novum,  tfa«  New  Almagftt ;  iwiqg  s 
bugt  co1Im«ni  «f  ancient  and  Bodeni  otaemtiom  and 
diammini)  ia  llw  ackace  of  aatnmonj. 
-A1MAM€HI»  criipb  at  Baciltt,  •  philosopher  and 
y  i*  fka  htfinting  of  the  9th  oeotuiy,  haviac 
•  m  -the  7«ar  SI*.  He  ww  wn  of 


Hania  AI>Iteahid,  and  graiKhon  of  Alraansor.  Hit  name 
is  otbmwiie  wrhten  Jfman,  Abnaim,  Ahmamm,  Atamoim, 
or  Al'Maiinon.  Having  Lcrii  (.-(iucatecl  with  great  care, 
and  posjcssing  a  love  for  the  liberal  icicnces,  he  applied 
him«L'lf  to  cullivutr  and  iiicouragp  ihcm  in  his  own  CoUtH 
iry.  For  thU  purl^c►^e  he  ri-(iui-si<'<i  ihr  (ircck  cnipernrs 
to  ikupply  him  with  such  bn.  ik-,  mi  pii  ili-.i  ■■.ih y  ilu  y  h;ul 
amitni^  tlicm  ;  aiiJ  hf  collected  »kiilul  inlcrprrli-r^  to  lrfin»- 
late  ihcni  into  iho  Arabic  language.  He  alvj  encouran>'d 
bis  tubvjccts  to  study  them  ;  tre(|uenting  thr  nii^ciiiigs  uf 
the  learned,  assisting  at  their  exercises  and  dolilK-rniuxis. 
He  caused  Ptolemy's  Almagest  tn  be  translated  in  827, 
by  Itnac  Bcn-koiukiii,  and  Thabet  Hen-konih,  according  to 
.Uerbalot, but  accordtnglo others  by  Sergius,  and  Alha*en, 
the  MH  of  Jowph.  In  hit  rrign,  and  doubtless  by  bis  en- 
Bl,  an  astronomar  of  Bagdat,  named  Habasb, 
three  sfU  of  astraiMNIlkal  tables. 
ArBtaBMMi  himself  made  oianyaatMaoinical  obaermtknii^ 
and  deieraiiaed  the  obliquily  of  lha  acliptic  lo  be  dwn 
SSigy  (or  f.1*  sar  in  lom  mavuKripto),  bw  V«Hiw 
iaja«S*Sl'or8S*3«'.  HedncMMdaUHUoliaamn 
lo  piocne  jmpor  iMttaaMBll  to  he  awde,  aad  to  eierciae 
themielm  m  aalnmoinical  ohMrvariont;  which  they  did 
accordingly  at  Sliemasi  in  ike  prufiMe  of  If'if'nt.  and 
upon  Mount  Casitis  near  Daraas. 

(.  i!i  r  '.ii'-  iiusinijc-  iir  iMnnion  ulso  a  degree  of  the  me- 
riiJum  was  ineiisuroi)  on  llie  plains  of  Sinjar  or  Sindf;i«r 
■  (or  according  lu  some  I'ingar),  im  the  borders  thi:  Iti  <i 
S\a  ;  by  wliitli  the  di-prec  was  found  to  cotilain  5t>| 
mile«,  of  4fHH)  cuikIih-s  each,  the  coiidro  U  in^  a  toot  and 
a  half :  but  it  i>  not  known  what  tout  is  hcrr  meant,  whe- 
ther the  UoMian,  tlie  Alt  ,\i»nilri;.ii,  oi  >,ciii>r  otiic  r.  lUccioli 
makes  this  measun'  of  the  degni:  amount  to  HI  ancient 
Roman  mile«,  which  value  answers  tob''J()46'  French  toitev; 
a  quantity  more  than  the  true  value  of  the  degree  by  al- 
most unc-ihirdi  • 

Finally,  Mamon  revitTd  the  science*  is  lha  East  to  such 
a  Atgxtc,  that  many  learned  lucii  wete  found,  not  o&ly 
in  his  own  tiaM,  but  afttr  him,  in  a  countiy  whcfe  the 
itudv  of  the  MiiHHct  had  been  k»n^  forg^ieo.  Tbb  leaia- 
cd  iuag  died  nenr  Taciua  in  Citieia,  bj  hanag  ealen  too 
freely  oif  eome  datem  on  Ui  letorn  fraa  •  niliterj  expe- 
'diiioa,  ia  theyterSM. 

ALMANAC,  a  calendar  or  table,  in  wbirb  are  tot 
drj'.vn  .1- d  mai  ked  the  days  and  fcastt  of  tfii- year,  the 
coiimioii  ecclesiuitical  notes,  Ibecoune  and  phases  of  the 
niimn,  tic,  (or  ench  numlii:  and  nnewere  to.thi  iaiti  of 

the  anricnt  Romans.  . 

'I'lie  ciymolosy  of  the  word  is  Bioch  Controverted 
ninon^  ;;r»mni.irmiis.— Some  derive  it  from  the  Arabic, 
via,  from  the  puriiclc  al,  and  maanA,  to  count.  While 
i>c^ili<;rr,  and  others,  derive  it  from  the  same  al,  and  the 
Creek  ^LOLiaMs,  the  course  of  the  months.  But  Golius 
Controvcrbi  these  opinions,  and  ascribes  the  word  to  aiH 
other  origM't  titoiuh  be  still  makes  it  of  Arabic  cxtlMti 
which  it  moN  vSSis^  is.  He  aan  lhai,  in  the  Eul,  it  if 
the  cnstom  for  the  people,  at  tte  bepneiaB  of  lha  year,  to 
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make  prcMmts  to  their  prinoes;  and  that,  among  &ic  mt, 
the  astrologers  pfMeat  them  with  tiieir  almanars^r  epli*> 
aMiiidcib  for  the  year  ensuing ;  whence  tbi>>e  came  to  be 
called. alnanha,  that  is,  new-year's  gifu.  But  this  deri- 
'  fBlioo  eeeoM  rather  stnined  aiud  imprabdilei  Cor,  hy  the 
tanw  lulr,  the  ^fte  or  umdwetiaaa  of  other  ailiit%  or 
daeice  of  men,  night  also  he  tallied  almaanei.  Thetd 
are  other  gumea  at  the  etyOMlogy ;  and  Venif^n  writes 
the  word  a<iiMmor»  and  makes  it  of  German  otifpnal.  Our  . 
ancestors,  he  observes,  used  to  carve  the  course't  of  the 
moon,  for  the  whole  year,  upon  u  'irjuarc  p  i  ce  .  .|  wm  I, 
which  they  called  n/-wonnifA»,  which  is  a«  Miui.li  ,  to  , 
in  old  Kng!i>li  or  S,i\oii,  ai'-n,t>im-hetd. 

An  inttrnniont  ol  tins  knm,  it  ^^  l'nll.,  of  ;i  \<  i  s  iJiCn  ut 
date,  is  to  br  seen  in  St,  Juiit '-■  l  iII-^i-  ;it  ("ambndii- ; 
ar)d  that  in  the  niiJIaml  couiiiie*  tln  ie  aie  xdl  s;  Vi  mI 
rcmnins  of  them.  An  eiigraviil  li^uie  ol  one  ot  [!i-in, 
with  a  particular  description,  may  be  M-eii  in  Brjdy  * 
Clavis  Calendaria,  vol.  I,  1812. 

Almanacs  are  of  various  kinds  and  composition,  >rimt! 
books,  others  sheets,  &c,  some  aiiiiuul,  others  perpetual. 
The  essential  part  is  the  calendar  of  muntlis,  »< ,  ks,  and 
days;  the  motions,  changaii  and  phases  of  the  moon  ; 
with  the  rising  and  setting  of  the  tun  and  moon.  'I'o  these 
are  commonly  added  various  malient,  astronomical,  astro- 
kjgicalf  chnnologicair  aieteorological,  uid  e«en  political, 
rwal,  Dodioalt  dec;  as  abo  eclipses,  totar  iagrwas,  as- 
iiacta,aad  eonlgin^ioneof  the  heavenly  bodies,  lunations, 
nclioceBtrie  and  geocantiie  motion*  of  the  phmeis,  prog'  . 
nostications  of  the  weatlier,  predictions  of  other  eveMs^ 
the  tides,  twilii;ht,  equation  of  lime,  &e. 

Till  about  the  4th  century,  almaiMcs  bore  the  marks  of 
heathenism  on>y  ;  from  thence  to  the  7ih  century,  they 
«eri.'  <i  rnixlun-  <A  hi-uthif,i:,ni  a-'.ii  ("hri-ti JIuly  ;  und  ever 
since  lliry  liuvu  hifti  .litogellier  CliliNrian  ;  but  ttl  uli  tinies 
tistrulogical  and  other  predictions  have  been  corvi  ;' ml 
as  an  essential  purl,  aud  are  to  |p  this  day  with  several  of 
them,  noiwithsiaiidingttet  meet  people aftct  todisbelievc 

in  sucli  predictions. 

Awaiicn;  Alm  A  V  AC,  and /fj^ronomicu/  Epkanerit,  is  a 
kind  ol  national  almanac,  chiefly  for  nautical  purpust», 
whicli  was  begun  in  the  year  17o7  under  the  direction  of 
the  Itoard  of  I.ongitude,  on  the  rrcommcndalion  of  the 
late  worthy  Astronuincr  Royal,  Dr.  Maikelyiie,  ubc/  ii>id 
the  immediate  conducting  of  ;it,  It.ie  etill  published  by  ■ 
antidpatioh  for savecal  yean  hefisce-haad,  for  the  convrui* 
ance  of  ships  gmg  oat  apon  hag  Toyages,  fur  wbicb  pur* 
poee  It  is  highly  ueehl^  and  was  fmnd  oaincnily  so  in  the 
eoarsB  of  the  lata  voyagts  ronad  the  world  mr  awking 
discoveries.  Basidfe  most  thingi  etaenthil  to  grneral  vm^, 
that  are  td  be  found  in  other  almanacs,  it  contains  many 
new  und  important  particulars;  moie  especially,  the  di* 
stances  of  the  moon  Iim  i;  tin  mn  und  fixed  .-l.iis,  «hii  h 
are  cimipnlid  lor  the  meii<imn  ol  tlic  Hiiyal  OI>m  im:i  ry 
ot  (mi  1  ;,i«ich,  and  u-t  down  to  every  thn-e  hour>.  oi  t;iiii , 
exprevily  designed  for  coinputiiiw  the  longitude  lit  -<  Ji,  by 
Comparing  these  with  llie  like  ili>tiinci  s  observed  there  . 

Koran  explanation  I'l  liu'  Ihiulti  almaiiucs,  ttvi-  l'liiiti«. 
Trans.  .'Vbridi;.  \o..  17,  j'.  '-'  li),  0\  i . 

ALPHONSINE  Tubki,  usv  astronomical  t.iUos  con.-  . 
piled  by  order  of  Alphonsus  king  of  Casiib  ,  m  ib.  com- 
piling  of  which,  it  is  thought  ttflil  prince  iiimseil  a-^sted. 
See  Atironomicot  Tables. 

ALPHONSUS  Ibe  lOtli,  king  of  Leon  and  Castile,  win, 

la*  hecaauraeaMd  The  Witi^  oaaocountof  hisaltachsaent 
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tu  litcraturr,  anil  i»  now  more  c«lebrtied  io*  h»viti>;  heen 
m  ■strxioonicr  tli»r\  a  king.  He  wm  Iwrti  in  :  •'U< - 
CMtk-d  bi»f»tlier  Kcnlinand  ihv  3<\,  in  \'25'2  ;  uiiu  'ii<  d  in 
1S8*,  at  the  age  nf  bl. 

Thf  aflidr*  o*  the  relgu  of  Alph<mMli>  w»ip  vrr,  cxlra- 
ordin«ry,  and  unfoj-nsnati:  far  him.  But  shiill  lure 
only  cwxider  turn  in  ibat  (xtrl  of  hit  cbaruclcr,  un  uccount 
«r  which  he  hat  a  place  in  thh  work,  namdy,  ai  an  a»tn>- 
jioiiier  and  nan  of  leltm. '  He  undentood  astrouomy, 
pbiloiopby.  nnd  history ;  and  compokcd  buok^  upon  the 
moiiooa  of  the  hcawm,  and  on  lb*  hitiory  of  Sfua, 
whkh  are  highly  comatciided.  **  Whpt  can  be  more  tur- 
ptimtf"  tay>  Mariana, « than  thataprine^ educated  ins 
camp,  end  handling  arm*  from  im.  childhood,  ihould 
have  »uch  a  knowle<lge  of  the ! 
transactions  of  the  world,  as 
acquire  in  their  rctiRiuf  nB  ?  There  arc  extant  aONM^ 
Ipoks  of  Alphotisus  un  the  motions  of  the  star*,  and  the 
^ttory  of  Spain,  ui  r  n  .i.ili  ^real  ^kill  atld  incr«dit)k- 
care."  In  his  uilrjiioimrul  (lur-uHK  he  ilisco%trcd  ihui 
the  tabli-s  of  riolomy  were  full  ol  i  irors;  mid  lliince  he 
conceived,  the  first  of  any,  ttir  roolimon  of  correcting 
them.  I'or  this  purpos<-,  about  tlii'  >< nr  12-Ut,  and  durii  n 
the  life  of  bi»  father,  be  atsembliii  at  Toledo  the  moiit 
■hilhdattnmomenof  bi»  tiine,ChriMiaiis,  Moors,  or  Jews, 
when  a  plan  w«*  formed  for  coastructin((  new  tables. 
Tltit  taak  was  accompli»hed  about  125-'.  the  first  year  of 
Ua  leign)  the  tafakt  beinu  drawn  iip  cbtcAy  by  tbe  skill 
ud  pmw  «f  Rahfai  laaac  H»an,  a  Warned  Jew,  and  the 
««fk  called  the  Alphonmmi  IMtt^  in  boMur  vf  ibo  prince, 
who  was  at  vut  e.<<peti«ca  onafleniag  thcM.  He  fixed  tbe 
epoch  of  the  taUa*  la  tha  SOthel  Iby  >afl8.  bring  the 
day  of  bi«  accewkm  to  the  thfone»  Thtf  wefe  prialed 
for  the  first  lime  in  IMS,  at  Venice,  Badlolt,  who 
excelled  in  printing  at  that  time;  whidieditiM  k  «•» 
treraely  rare  :  there  are  otb^  of  14j|S»  ISH,  154d|,  te. 
(Weidler,  p.280.}  « 

We  must  not  omit  a  memorable  saying  of  Alphonsus, 
which  has  been  recorded  for  its  boltincis  and  ptcleilded 
impiety,  nimulv,  ihnt  if  he  had  been  of  God's  (irny 
council  when  he  made  the  world,  he  could  have  adMM.d 
hin  better."  Mariana  however  says  only  in  general,  that 
Alphontut  was  90  bold  as  to  blante  the  works  of  Provi- 
dence,  and  the  comtrortion  of  our  bodn-s;  and  he  says 
Ibat  this  story  concerninj;  him  rested  only  on  a  vulgar 
tiadition.  The  Jesuit's  words  are  curious:  "  Kmaniiel, 
the  nndc  of  Sancbes  (the  loo  of  AlpbiMwlu).  >"  his  own 
naiDCt  and  hi  the  aaiaa  ofodier  Mobl«»  derived  Alphon- 
MM  of  hit  hingdom  by  -a  public  Mtitcnce:  which  that 
piiMO  aerited,  lor  daring  Mvotuly  end  boldly  to  ceniiure 
tba  woikt  of  IMviM  Pmidrnce,  and  tbe  coMHticlioa  of 
die  hvnMn  body,  at  iraditkMi  toy*  be  did.  Heawu  mm 
justly  pnoiihed  the  folly  of  his  tongue."  Thaai^  tha 
■ilence  t^Micb  an  historian  as  Mnrtann,  in  regud  to  Pto- 
lemy's system,  0U4(bt  to  be  of  somt  iM  will,  yet  we  cannot 
think  it  improbable,  that  if  Alphiiii'<ti%  <li'i  pass  so  lK>ld  a 
ct!nsure  on  any  part  of  ihe  uni^rrse,  it  uh'-  im  i'h'  ri  le4li.il 
sphere,  and  meant  to  glance  upon  tin-  rcntriMr-'  luid  Mip- 
portiT"  of  that  syst.  hi.  l-or,  bci.l.s  i  i.it  ).e  rlutln-il  ih- 
tliin;»  more,  it  is  ceitniii  at  ll.iu  Imh.- ii'.tr- lu.nii  rs  ex- 
plained the  molioh^  ..f  tin  li.  iivt  ii',  U:  mlntuli'  .nid  cuii- 
t'tl^ed  h vpotheses,  wliit  i,  l„,i..jiii  lu  Cnd,  inir  .iiiy- 

iiii'.wcriil  thf  i(l<':i  nl  an  ahle  i)[KTat(ir.  ^50  that,  honi 
considering  the  multitude  of  spheres  couiposiug  lite  system 

of  Pto«e»y,  a»i  ihoie  nuBwnMt  acecatnc  cyeha  and  epi.  ^ 


cycles  with  niuch  it  U  cmbarra> cd,  il  "e  !uppoi.e  Al- 
]l|]|.'il^U^  lo  )iii\e  saio,  "'  '1  lial  kl  CiixJ  ba<i  .istoil  his  advice 
wkteii  III'  iiui<ie  tiie  world,  iie  xitiunl  huve  yiv,  n  liiui  better 
council,"  the  boldness  and  impn  ly  <■•(  tin  ccnsart.  \mII  be 
greatly  diminished,  if  nut  euirely  removed*  as  probably 
mcnnt  for  a  ssiinVal  sneer  at  lhar  iaitioaia  deneca  aad 
coDtrivanCi.'s  ol  morials.  « 

ALSTUD  (Joun-Hehkt),  a  Geratan  protestant  di- 
viite,  ui>d  one  of  the  most  indefatwabit  wiilersof  the  171^ 
century.  He  was  sooie  time  pfONMOr  of  philoiophy.aad 
divinity  at  Herbom,  in  the  couaty  of  Nassau:  bem 
thence  he  went  into  TmosjrWania,  to  be  pruliaNor  at  Albn 
JulUi  whcfe'he  continuad  till  hit  death,  which happcMd 
n  I^.at50ywnorag».  Ha  afvplled  himself  cliiely 
to  compote  malnadi^  and  to  ndnce  the  several  bninclNB 


of  ans  ami  tdencet  into  syittoN.  Nit  Ency  c  lopa;dia  baa 
been  much  esteemed,  even  by  Roman  catholics :  it  was 
printed  at  Ljranft,  and  sold  very  well  throughout  all  France. 

\\i>>!.iii'>  nifiitioiis  ihe  I'.iKvrlopcdia  in  genrr.il,  but  ipi  akb 
lit  lus  irriitiM-  ol  AiithiiH  tic  iiior*-  particularly,  ami  alltjws 
llii  :i'..tlii.'r  ii  have  bfcii  a  man  fil  tn-at  reailiiii;  unil  uni- 
\  I  1  'nl  '  I  u<Jil :  1  >n.  I  lis  1  lu'saut  us  C  linjnnlKi'icii!.  l^  by  some 
1  >!i  1 1111  .1  1  111  t>l  hi-^  best  works,  and  i  .u  ^  n-j  throuiih  se- 
veral editions,  though  others  speak  ol  ii  »itfa  cnnleinpt. 
In  his  I  riunipliiis  Biblicus,  AUtid  endeavours  to  prove, 
tiiat  the  materials  and  principles  of  all  the  arts  and 
sciences  may  be  found  in  tlie  bcriptures;  but  begeiacd 
very  few  to  his  opinion.  John  HimmriiM  wrote  a  piac* 
against  hit  TVotagta  Polemics,  which  was  one  of  Alsted'a 
best  performances.  It  seems  be  wa*  a  railienarian,  having 
published,  in  ItiJZ,  a  treatise  De  Milk  Anois,  in  wbicb 
be  asserts  that  tbe  fitithful  shall  leign  tritk  Jam  Christ 
upon  earth  a  ihoutand  years;  alter  whidi  will  be  the  gc- 
aafBlRaiirtaetioo»  and  the  latt  judgoMMj  aiMl  he  prrtcnd- 
ad  that  thirieiKn  wonid  commence  ia  tha  year  l^Kw 

ALTERNATE  amfltt,  in  GeanurHy, 
are  tbe  iolemal  angles,  a  and  b,  or  o  and 
b,  made  by  a  line  cutting  two  parallel'*, 
and  lying  on  oppf»ite  sides  of  the  cutting 
linr.  It  IS  'Aw  piij[irMy  tKi.'^L"  .ili^ln'? 
til  Ir-  rtlways  equal  i«  ewcli  uiiiei,  nanu  iy 
tbe  angle  a  ~  the  an^^h'  a,  and  tbe  angle 
a  =^  the  angle  h.  And  the  exleriur  alternate  angles  are 
ulsii  I'ljUiil. 

Al.TKiiNATE  KaJio  or  Proporlitm,  ii  ilic  ratio  of  the 
one  antecedent  to  the  other,  or  of  one  consequent  to  tbe 
other,  in  any  proportion,  in  which  the  ^uantilict  are  of 
tbe  same  kind.  So  if  j  :  ■  : :  c  :  is 

then  allernately,  or  by  alternation,  a  :  c  :  :  b  :  o. 

ALTERN.'VTION,  or  Permuiatwn,  of  quantities  or 
ihinfii  it  tbe  vaiying  or  changim  tbe  oidet  or  petition  of 


ar 


As  tupiKnc  two  tbnigt  c  and  h;  these  may  be  placed 
either  thus,  nt  or  io,  that  it  two  wayv^  or  I  n  S.  If  then 
b«  three  things  fl^  lii  e:  then  the  Sd  thiitg     mm  ho 

placed  three  dilferent  ways  with  respect  to  each  -of  the 

two  |K>silions  iA  anil  ba  of  the  other  two  things;  il  may 
stand  either  before  ihein,  or  bttween  them,  or  after  thenj 
both,  that  i*,  it  may  stand  either  hi,  1^,  or  3d;  and 
Iheiefori',  with  three  things  there  will  be  three  limes  as 
many  l  linnm^  as  with  two,  that  is  1  x  ?  k  3  or  6  changes 
Willi  uiree  lliiiigs.  Again,  if  tti>>rt>  lie  four  things  o,  b,c, 
d;  then  the  lourlh  thin^;  J  may  be  plitui  m  lour  diifcrent 
ways  Willi  respect  to  each  of  the  si.\  positions  of  the  other 
thieas  tu  U  mqr  he  set  riilwr  Itt  or  Sd  or  3d  or  dtb  ia 


ALT 
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the  or()«r  of  each  potitioa;  contequenlly,  from  four  thingi 
tSere  will  fao  four  time*  a»  many  alternations  as  tbctv  are 
from  three  thing* ;  and  tbereCor*  lxSx9x4  =  34iB 
the  n amber  of  cfaaagt*  with  lour  tbiaga.  And  so  ou,  «W 
irayt  iuttltiply^  the  last  found  Bttiuwr  of  •ttenwtiodi 
bf  th«  next  iHitnber  of  thioK* ;  or  to  ioA  th«  number  of 
cm^Mi  liar  may  mumber  of  things,  m  n,  multiply  the  se- 
riceoi  BOtaivl muabera  1, 2,  S,  4,  S,  &c, to n,  contiouall; 
together,  and  the  last  pnjduct  will  be  the  number  of  alter- 
nations sought ;  III,  1  X  !2x3x  4xj----ttis  the 
numiit'T  (.'I  rh;irii;i-(  in  fi  things. 

So  il,  lor  i-xarnjilf,  il  were  rrquircd  to  find  how  many 
changes  may  be  ruug  uii  12  brlls;  it  would  be 
Ix'JxSx'Vi.'ixOKZi'Sxyx  lOxll*  IC 
=  j7''0U  I iiMO,  iiuinb..!-  i'l'chungos.  Now  suppoiing 
tiierf  might  be  rung  10  changes  in  on<'  minute,  that  u 
10  X  12  or  120  strokes  in  a  minute,  or  '2  strokes  in  each 
second  of  time;  then,  according  to  this  rate,  it  would 
take  upwards  of  91  ye-irs,  without  c\'er  ceasing  day  or 
night,  to  liiig  over  all  thes«  cban£;es  on  the  12  bells  only. 
Abo,  if  bttt  two  more  bclk  were  added,  making  14  bells ; 
then,  gt  the  mme  r»ie  of  ringing,  it  would  require  about 
VBSfA  jetn  to  riia  all  the  changes  on  the  14  bells  but 
«ne»  otMT,  And  inhs  nnmber  of  belU  w«re  24,  it  would 
ivquiie  noK  than  lI7€O0O0OOO0O00OO07«ut  to  fiat  nil 
th«  dilhnnt  ehaniei  ii]mM  them ! 
'  ALTlMBTRTt  Amutt^u,  tlie  art  of  taUng  or 
nawruig  altttudtt  or  hei^its,  whether  BMctiiMa  of  ]r- 
•eeeliible.  Or  Altiiaetria  is  Ont  part  of  ffaetiad  f/M- 
metry  which  relates  to  the  theoty  and  practice  of  mea> 
suring  both  heights  and  depths,  either  in  perpendicular  or 
oblique  litir  s 

AI.TING  (James),  was  born  at  lliideiberg  in  lfil8. 
He  travelled  into  England  in  l640,  where  he  was  ordained 
by  the  Ie4irncd  Dr.  Pndcnux,  bishop  of  VVorotster.  He 
afterwardi  tucciTdrd  Gomarus  in  iliu  ]iru:!  s^.jritiiii  ii{ 
Groninghen.  He  died  in  l6y7  ".  and  recommended  the 
edition  of  his  warks  to  Mens-o  Alting  (author  of  Notitia 
German.  Infer.  Anliquae)  ;  but  they  were  published  in 
5  vols  folio,  with  his  life,  by  Bekker  of  Amsterdam.  They 
contain  Tarious  analytical,  excgetici),  practical,  pioble- 
matica],  and  philosophical  tracts,  which  show  hb  great 
industry  and  knowledge. 

ALTniJDE,  in  Geometry,  it  tha  hnf^t  of  an  object, 
,  or  lit  devatioa  above  that  plane  to  wbidk  ill  bun  is  ra- 
Amdi  wthMthitaMfiie^f  tha  eame  object  hJMhUMt 
la  dlAtnt  placef ;  thus,  two  persons  taking  tha  hri||it  of 
a  immntain,  being  on  contrary  sides  of  it,  will  each  ODn> 
aider  its  base  as  en  a  level  with  the  place  where  he  stands, 
and  therefore  in  many  cases  they  will  give  different 
results. 

Altitlide  of  a  ,figure,  is  the  distance  of  itt  vertex 
from  tlie  base,  or  the  length  of  n  pi  rpiiidicular  let  fall 
from  its  vertex  to  the  base.  The  altitudes  of  figures  are 
rieceioarf  lo  ha  haawa  in  oompntiaf  their  aicaa  or  Nli* 

diiipi.  ' 

Altitu UH,  or  Height  ol  imy  jxiint  of  a  terrestrial  ob- 
ject, is  the  perpendicular  let  fall  from  that  point  to  the 
plane  of  the  borison. 

•  To  mtumrc  (A<  A  lt  itu  DK  q^  hoiin  or  o^'eeft.  If  thii 
caiyiot  be  done  by  stretching  a  line  6oni  top  to.botton, 
which  is  the  direct  and  most  accurate  way,  then  some  is* 
way  is  uiedt*by  aeasoring  some  other  line  or  di-- 
which  awjr  tun  t»  a  baaa,  in  coq}nnclion  witk 


angles,  ar  pnpoitioaal  linoi,  dtlier  lo  comptiie,  or  geo- 
menrtcallj  dalamun^  tha  aldtnde  of  the  object  sought. 

There  are  wuloof  wayt  of  Bnnttiing  altitudes,  or  ~ 
depthi,  by  meant  of  diflbrent  iostrameMii  aad  hy  ehaduwa 
or.  Mfleeied  tHnfei^  on  optical  princ^ln.  fken  ota 
aim  wioBi  waya  of  computing  the  dtitnda  la  avmhen, 
froM  lha  Boamremenu  taken  at  above,  either  by  geoaw- 
tfical  eomtractton,  or  uigoooBMltiaal  calculation,  or  by 
simple  numerical  oompatation  fins  the  pinper^  &f  pa-  * 
rallcl  lines,  &c. 

The  iiistrumeiiti  mostly  used  m  im-ri^urin^  altitudis, 
are  the  (juadiant,  tlieodi.lite,  geometrical  square,  line  of 
shuduwK,  ;  tin:  >li'scT:{i[hjii^  of  etch  of  whiich  may  be 
^.een  uiiijcr  [lunr  n'bp-cllve  names. 

To  mrafiiir  an  umtudc  geomrtricallj/,  uAci       I  n  kne 
access  to  the  base  i.f  thr  Dhjcct.    Suppose  ll.e  In  i:;hl  of  the 
uccessible  tower  a  i;  li    iL;juircd.    First,  liy  vxom-  ■:•/ f^,> 
roih,  or  start),  qf  diJTerefU  lengths.    Plant  the  louder  <-(alf 
])vipi  ndicularly  at  c;  then  move  the  shorter  backwards, 
till  l>y  (rials  you  find  such  a  place,  u,  that  the  eye  placed 
at  the  top  of  it  at  e,  may  leo  the  top  of  the  other,  f,  and-  ' 
that  of  the  object  a  in  a  straight  line :  t|cxt  measure  tb» 
distances  da  or  eo  and  dc  or  eu,  also  hf  the  difTcrenci; 
betweea  the  heiig|ita  of  the  rods :  then,  by  similar  trian-  , 
gM,  ai  B*:aa:;Hi:  too  4th  proportiotkal  «■}  to.'* 
whidi  add  ao  or      aad  tha  nua  will  be  tha  whole  at- 
titada  a*  lov^t.  Or,  at  ta  :  la : :  rn  :  sa. 


r  ST 

Or,  will  ear  nod  CT  OMb.  Plant  it  at  such  a  place  c, 
that  the  eye  at  the  gronno,  or  rtesr  it,  at  i,  may  see  the 

tops  T  and  p.,  ;n  a  ri^l.t  liiif-;  ihrn,  h:tviiig  measurw]  IC, 
lA,  cr,  the  4(ll  ])r(jport!un  lo  shcsc  will  l>r  the  altitudo 

A  a  sought 

Or  thus,  hi/  mean)  nf  ifusdows.  P!«nt  a  rod  ab  pcrpt-n- 
drruLrly  at  n.  mnl  nicu'-iire  ils  ihinlnw  Ac,  as  also  the 
shaiii  w  At"  of  the  object  AB,  at  th<  same  instant;  thro 
the  4ih  proportional  to  ac,  ab,  ac  mil  be  (he  altitude 
AB  soughL  .  For  the  angles  at  a  and  c  being  equal,  the 


a  r       -  A 

Oi  thus,  bjf  meatu  qf  optical  rr/iecticm.  Place  a  vessel  of 
water,  or  a  mirror  or  other  reficciKi:;  surface,  horizontal 
at  c ;  and  go  to  such  a  distance,  o,  that  the  eye  t  may 
jet  the  image  of  the  top  of  the  object  in  the  inirrur  nt  c; 
then,  by  similar  figures,  cd  :  oe  :  :  ca  :  a  b  the  aliituda 
sought.  This  depends  on  a  property  in  optics,  namely, 
that  the  angle  of  incidanoe  it  equal  to  the  angle  of  rvtier. 
tion,  that  is,  tho  aoglt  *CA  it  equal  to  the  angle  EC  u  ; 
and  the  uiglet  at  a  aad  a  hiiBg  ruht  angles.  ,th«  two  tn- 
angha  art  mnilnr:  hcaet  the  aSova  pKopwtiew.  .Sea 


Ornca. 
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Til  on,  from  tlic  angle  c  taking  the  ungk-  u,  icuvcs  the  uglc 

CBD  ;  tiLT.tf 

As  Mue  ^  cso  :  sine  ^,  o  : :  co  :  cb;  and 
A*  nd.  t  liae    abb  : :  cb  :  a«»  th«  diinide, 

H 


A 


Or  tHui,  by  the  geometrical  square.  Which  consists  of 
V  ptiiin  piece  of  board,  a  fixji  'M|Uftre,  one  of  the  sidrs  of 
which,  as  o  r,  is  diMdnl  imo  a  luimbor  of  equal  partt,  and 
having  a  plutiib  lini-  susjKiidcd  at  the  angtihn  ;  iii'  f, 
with  two  !>ight"i  or  a  ItltTiOjjje  placed  on  tin-  srU-  ut; 
Mild  then  the  wliolc  fixed  to  a  >tund  at  r>.  At  any  place, 
as  at  c,  fix  the  stand,  and  turn  the  square  about  the  cen- 
tre of  motion,  n,  till  the  eye  thm  ne  the  top  of  th«  ob- 
ject through  the  iighls  or  lelcMofw  on  the  side  ne  of  the 
square,  and  note  the  nurobec  of  divisions  cut  ofT.the  other 
tide  by  the  plumb  line  eg  :  then,  by  limilv  triaiulet,  a* 
it:  r6  '.  z-m :  ;  to  which  add  as  or  cd,  wr  the 
whole  height  AB.  If  llie  tide  or  be  divided  isto  IYX> 
equal  ))arti,  we  ha**  oi>ly  nnlltply  the  length  of  1>H 
in  feet  by  the  number  of  parts  cut  oif  by  the  pliunb  line, 
and  to  cut  off  tw9  figuree  from  the  protract  tn  deciokals} 
mui  we  shall  have  Me  he^jht  of  Bii  in  feeL 

\n 


To  meature  the  altitude  qf  m  aeceuikU  ohfect  trigonomt- 
triemlly.  At  any.coovenicnt  station,  c,  with  a  qiiadnuit* 
theodolite,  or  ether  graduated  instrument,  observe  the 
angle  of  clevatioo  AO  above  the  boriaontal  line  ac: 
and  measure  the  dbtancc  AC.  TheOt  A  being  a  ri^t 
aiM|e,.it  wiU  be,  as  ndiu^is  to  the  t^pgsDtof  theai^lec» 
■o  w  ACM  AB  sought. 

If  AC  he  jiQt  hariaoatai*  hat  lodfaMsd  fkmi  dm 
the  aogle  aboVe  it  Bint  he  oleerred  at  two  ilatioiii  c  and 
D  in  a  right  line,  and  the  distances  ac,  cd  both  mea- 
sured. Then,  from  the  angle  c  take  Ihe  angle  d,  and 
there  rrmains  the  angle  <  bd;  licncr  in  the  tiianjili-  Bcn, 
are  givf:i  the  iin^les  and  tbi-  »ulc  uc,  to  liixl  the  side 
c»;  ai.J  tlu  n  in  the  tiiiingk-  auc.  uic  given  ibe  two  sides 
ca  and  CB,  with  the  included  angle  c,  tu  &nd  the  third 
vde-A.B. 


'  only  the  disiance  ac,  and  the  angles 
A  and  V  •■  then,  in  the  tnan(;K'  auc,  aie  gifCO  all  the 
angles  and  the  side  ac,  lo  tiud  the  side  a  b. 

To  Hiensurc  the  altuxde  of  au  inaaxutbte  object,  as  a 
lull,  cloud,  or  other  bo«iy.  This  is  conimonly  done,  by 
oliM-rving  the  an-le  (,1  its  uliiiudc  at  two  vtaliuiis,  and 
incasuiiiig  ili.-  .Ii^ti.ucr  l.e!«,,n  them.  Thus,  Un  the 
hei-ht  Ah  :.i  .1  MH^.u.v  tij>- distance  CO  at  die  foot 
i»I  It,  and  obx.1  u-  the  quaulity  ol  Lhc  two  f0gl«a  C  BOd  O. 


u  C 

And  for  a  balloon*  or 
cloud,  or  other  moveable 
object  c,  let  two  bbieiven 
at  A  and  b,  ili  the  same 
pkoe  with  c^. take  at  the 
Mine  time  th^  ^n^**  4 
a,andnMaiuivtbeifiitance  ^ 
AB  hetneen  them;  (hen 
caleuhte  the  altitude  cd  exactly  as  b  the  tot  example. 

It  must  however  l>e  by  mere  accident  that  a,  b,  and  c. 


are  in  the  sanit 

method,  though  il  !iL 
tifi'  :  IV,  will  therefii 


ilir.il  |)liin 


.'hlU  ihis 


Ihe 


Irue  \\\  tlu'ury,  is  ol  no  usi-  in  jjriii.- 
r  how  the  altitude  may  be  i)b- 

tuined  when  the  observers  are  nut  in  a  ]>lane  with  the 
object. 

In  this  case,  there  muit  be  three  ob>eiver!i,  who  take 
the  angle  of  elevation  at  the  same  instant,  being  at  given 
distances  Irora  each  other  iu  the  laine  right  line,  ait  at  a, 
B,  and  c,  in  the  annexed  figure;  now  admitting  liiosv 
three  angles  to  be  known,  it  it  iei|nii«d  to  find  tfae  altitude 
of  the  balloon. 

Demit  the  perpendicular  i>  r 
to  the  horizontal  plane  acp, 
and  draw  the  other  linea  aa  in 
the  igiire.  Make  f ,  t,  re-' 
preacnt  lencctively  the  naC; 
cotan.  of  tbe  angica  obeerved 
at  A,  B,  and  c;  also  put 
AB  =  a,  BC  =  b,  and  ac  =  r; 
and  call  dp  =  j.  Thin  ap  ' 
s  (X,  BP  SI  iz,  and  cp  —  i'x:  hence  from 

prioeiplnof  geooeny nefiatf or  =  V     ^-f"  ■'■ 
fbrtheallitadeiought  IfZ.AcaAB,lhcn'tor«  v'.p-rTf^ 
if  ^Bs  ^e,  then  aadif  asl^dicB 

wiU  nrs</^^}^_fn. 

To  find  the  height  of  an  object,  by   H 

Vnowing  the  utmost  distance  at  which 
its  top  can  br-  luht  »een  in  the  horizon.  ^ 
As,  «upp<.)5»  till  not  a  tuwerfii  can  [ 
be  just  M-cn  from  K  when  the  distance  BF  \ 
is  '25  miles,  5U|ipL>sin^  the  circumference  \^ 
ol  the  railii  to  U'  2jU(M)  iiiihs,  or  the  " 
radius  .i!)?*}  mile*  or  21<K)9120  feet.  First,  as  25000  : 
25  :  :  'M)0''  :  ll'  36"  equal  to  the  angle  o  ;  then  a*  radius 
:  sec.  o  :  :  eg  ;  on,  which  will  be  found  to  be' 
2lUO(>j36'  feet ;  from  which  take  f.o  or  or,  and  tl|pi* 
remai  n»  4 1 6°  feet,  for  r n  the  height  of  tbe  tower  soi|g^l<i— 
Or  rather  thus,  as  lOOOOOOO  radius  :'  l^S  =  kc  t,^  ~ 
adius : :  S1009120  s*  «•  :  41$  k  rn,  i 
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Or  thr  Mmr  may  i>c  found  rosier  thus :  Thr  horizon 
dipi  nearly  8  inches  or  ^  of  a  foot  at  the  distance  of  1 
iBile,  niiil  accmiliiig  to  tin.'  square  of  the  (iislanLi-  fur 
other  distaucis ;  ihcrelorf  at  l*or  I  :  26*  or  6.1  S  '■  \  ' 
j  of  625  or  4l6'  feet,  the  same  as  ttrfore. 

Or  conrent'lvi  to  find  the  distance  r. r,  from  Itic  kiioxvn 
height  rii  :  Mt-ro  ,  :  1,  or  its  'J  :  3  :  :  416"  :  t>'2i,  the 
square  root  of  nhicb  gives  36  miles,  for  the  diitaiice  KP. 
'iiiat  ii,  in  ^riicrnl,  take  the  square  rooC  of  (flf  ihfl  alii* 
tudo,  in  feet,  for  the  distance  in  miles. 

There  is  a  very  easy  method  of  takitig  great  terrestrial 
altitadet,  such     mouatitim,  or  the  heights  to  which  bal- 
*  loont  ascend,  tut,  bf  meant  of  the  difiifrcncc  between  the 
.  hcighU  «f  the  flMtreary  im  the  haranetar  obicrved  at  the 
boteoMiand  topaf  thaauwb  Which  ■waodcrilMaflich 
BaMHiTBm. 

.  AtjmVM  tf  tkt        in  Pcnoectiee,  w  a  H|^t  line 
let  fall  fiMt  th«  ffCy  perpendiciMat  to  tha.imnetrical 

AvmVW,  in  A<,tronoray,  is  the  arch  of  a  vertical  dlid%. 
measuring  the  height  of  the  sun,  moon,  star,  or  other  c»> 
lestial  objuct,  above  the  horiton. 

This  altitude  may  be  either  true  or  apparent.  TTic  ap- 
parent altitudf.  i  -  «l>icli  npprars  by  »ensiblr  observa- 
tions, made  at  any  |iiace  on  llic  5Uifac<'  of  the  enith.  And 
the  true  altitude,  k  that  whu  li  rcbuhs  by  d  r recti^g  tlw 
ajijmrf  nt,  on  arnuint  of  refraction  unci  ji.ifitllux. 

The  quaiitily  of  t.'.c  refiiiction  is  diftrri  r.t  at  different 
altitikdes;  and  the  ([usntity  of  the  parallax  is  ditTirent 
according  to  the  distance  of  the  different  luminaries:  in 
the  tixed  start,  this  is  too  small  to  be  obeened;  in  the 
sun,  it  is  but  abont  S|  eaeondst  hot  in  the  bkwib  it  la 
about  52  minutes. 

Altitudes  are  obicrfcd  by  }t  quadrant,  or  sextant,  or 
the  ihathn*  of  a  g^untn  or  hifji  pole,  and  by  va- 
noua  adiar  wajfi,  aa  aiaj  be  aeea  in  aioat  booka  or  aatn»« 

flUeridimt  Ai/rrnmB,  ii  an  arch  of  ^2__p 
the  meriifiaa»  laterccpted  between  iv'''' 
any  point  in  u  and  the  honioo.  So,      TX.     /  \ 

.  if  KO  be  the  horiaon,  and  itazo  the  J —  -^^^  L 

ittcridiaa;  then  the  arch  he,  or  the  \  /  ^\J 
angle  HCr,  is  the  meridian  altituilo        \y  ^ 

of  an  object  in  the  meridian  at  the   

point  B. 

Altituuk,  or  eltviuioH,  tf)  the  I'oU,  is  the  angle  ocr, 
or  arch  or  of  the  iBeridian»  ialerccpled  betwcoB  the  ho- 
rizon and  pole  P. 

This  is  rquai  to  tliu  I,i;iti.uu'  i.f  tin-  plac:c  ;  iimJ  it  may 
be  found  bv  observing  the  meridian  altitude  oi  the  polur 
start  "hen  it  is  both  above  uud  below  the  pole,  and  taking 
half  the  turn,  whin  corrected  on  account  of  refraction. 
,  Or  the  same  may  be  found  by  the  dcdiaatkNi  and  aieri* 
dian  altitade  of  the  ran. 

'Al>Tn«l)Si  or  •fcrolfait,  of  the  efmAw,  is  the  angle 
HCK,  or  arch  KK  of  the  arridian,  between  the  horimn 
and  tfaecqnalorat  *\  and  it  ii equal  lo  i»  the  oo-htitHde 
of  the  place. 

Altit  vdb  ^ike  Trtpkt,  the  same  as  what  is  otherwise 
called  the  tolMttial  altitude  of  dwHn»  ot  Ua  meridian  at> 
titnda  whan  In  the  wlilirial  pointi. 

Avtawtt  va  htight.  <^f  the  Aerisai»  or  of  atani  fcc, 
aeeo  in  Itp  b  the  quantity  by  whidi  it  i»  laiaed'by  re- 
fraction. 

Jt^wiim  pf  AiTnn  at,  is  an  aicb  of  a  mtical  circle, 
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liy  which  the  true  altitude  of  thr  mofln,  or  a  itar,  i  r 
other  object,  is  inrrcaitd  by  in<  ans  of  the  rcTniction  ;  and 
\\  ilili'crent  at  ditTi-rcnt  altitudes,  licing  iiotliii:)<  in  the 
icn;lh,  and  grratpst  ut  the  horizon,  where  Jt  IS  abolft 


PaTallai  of  .K-Ljmviif.,  is 
ail  arch  ol  a  vertical  circie, 
by  which  the  true  allilndo, 
observed  at  the  cintre  of  the 
earth,  i  xccnls  that  which  is 
observed  on  the  surtiice ;  or 
the  difference  betwerif  the  an- 


gles i!  LM  and  >iK  of  altituda  thant  and  is  equal  to 
the  angle  1}  L,  formed  at  the  moon  or  other  body,  ami 
subtended  by  the  radius  tl  of  the  earth. 

It  ia  evident  that  this  a^g)t  ia  ken  aa  Ac  Iwniaaiy  is 
Jarthcr  diamnt  fiom  the  earth ;  Mid  also  lets,  lor  any  ooa 
lamiaaiy,  as  it  is  higher  above  the  horiion ;  beiag  gnaieit 
there,  and  nothing  iirthc  tenith. 

Altitdob  ^  the  Nonagaimal,  is  the  altitude  of  the 
gOlh  degree  of  the  ecliptic,  counted  upon  ii  from  wht  re 
it  cuts  the  horizon,  br  of  the  middle  or  hmhc-t  point  of  it 
which  is  above  the  horizon,  at  any  time;  and  i»  equal  to 
the  Rn!;le  i.:a.lr  by  tl.r  ecliptie  wtd  hcciMB  when  they  !»• 

ti-rsect  at  thai  iiiiic. 

Ai,TiTunr.  of  the  cone  of  thr  carth'i  or  m^irm's  T'lnjoui, 
the  height  of  the  shadow  of  the  body,  niatit  by  tlie  suii, 
and  measured  from  i  .  nirc  of  the  body,  'i'o  lind  it, 
say,  As  the  tan^^ent  ol  the  an^h^  of  the  sun's  apparent  semi- 
diameter,  is  to  rndius,  ^o  n  1  to  a  +ih  projicii tional,  which 
will  be  the  height  of  the  sliudow,  in  ■^^•midiametcnt  of  the 
body. 

So,  the  greatest  height  of  the  i  inli  s  shadow,  is  2I7*8 
semidiametersof  tlMcwrthiWhc:  in  is  at  hi^  grvateit 
distaace,  or  his  semidiameter  subtends  an  aaglc  of  abont 
IS*  47"j  aadabe  height  of  the  same  is  tio-j  ifmidiama> 
ters  of  the  earth,  whon  the  t«B  is  nearest  tha.ear^  or 
when  his  teroidisasier  is  ahoui  W  IjjT— And  pnpMb 
tionally  between  these  limits,  fer  the  iuetmodMe  di- 
stancn  or  semidiameten  of  the  sun. 

The  altitudes  of  the  shadows  of  thcCBTtfa  and  moan,'are. ' 
nearly  at  1 1  to  3,  the  proportion  of  tlicir  diameters. 

AltituiiB  of  motion,  h  a  tirtn  used  by  Dr.Wailis,  for 
the  measure  of  any  motion,  csiimated  in  the  line  of  direc- 
tion of  the  niovin;;  force. 

Altitudi:,  in  speaking  of  fluitls,  is  more  frequently  ex- 
pressed by  Ifi  III  dfpi/i.  'Ihr  pressure  iii  rtunl^,  in 
every  direciiuii,  is  .ii  pi  jportiuri  to  their  altitude  or  depth. 
And  on  this  principle  is  constructed  the  sea-gage,  for  tind> 
iug  the  depth  of  tlie  water  of  ti-.c  MCeaii.    Si.l  Ciac.e. 

.Alt  ITU  nr.  of  i/ie  utercury,  in  the  barnmafr  and  llier- 
Htomctcr,  is  marked  by  degrees,  or  equal  divisions,  piacM 
by  the  siile  of  the  tube  of  those  ittstruments. 

The  altitude  of  the  barouMtcr,  or  of  the  merrury  in  its 
tube,  at  London,  is  otually  comprised  U'twerii  the  liauu 
of  38  aad  31  inches;  and  the  mean  beiabt,  observed  for 
ateiy  day  in  aamal  yean,  ia  found  neai^  1^87  inchea. ' , 

ALYtTVDB  ^  At  pytiOdt  i»  J^gpi,  wan  measoied  s»* 
long  since  as  the  time  of  Thalest  which  ho  rAcled  by 
means  of  their  shadow,  and  that  of  a  pok  set  apright  be- 
sMe  them,  mahiag  the  altitudes  of  the  pofe  and  pyramid 
nnpoftiuMa  10  tha  lenglhi  of  their  shadows.  Plutarcb 
baa  riven  kn  account  of  the  aianaec  of  th»  opeiauoo, 
which  is  one  of  the  first  gffif  rimi  olweiiatiollt  we  hasf 
an  exact  account  oL 


AMI 


8«t  «r 


Altitude,  cirelit^,fanMnf,fi»lrml^f,^ 

the  rc»j)ccu*e  words. 

Equal  Altitvpe  lattrvMou,  ii  an  instnimest  used  to 
obRcrve  a  c>'l»tiii1  object,  when  it  hat  the  lame  or  an 
i-qual  aUiiuiif,  ii  I  -'  'I'lf''  of  the  meridian,  or  before 
and  after  it  pa^st-,  tlic  nuridian:  an  inairuineiit  very  use- 
ful in  adjusting  clocks,  fcC)  MlA  fi>r  canpwiag CfDlil Mid 
apparent  tinip. 

AMALG  AM,  in  Chemistry  and  the  Arts,  ft  mixture  or 
alloy  of  mercury  with  any  of  the  other  tnetals. — For  a 
' ilescription  of  the  umaigain  used  bv  ijUctriciuBf  uuldw 
method  of  pripiiri"<r  it,  see  LLECTlIlctTV. 

AMBIEN  i ,  >'iii>  iiipnsiug  round  about;  as  the  bodies 
vbicll  art  plac«>d  round  any  other  b^tdy,  are  callrd  am- 
Ueat  bodkii  Md  kometimes  circum-anibteni  bodies ;  and 
die  iMit  of  Uw  air  or  stBo^iv,  tMscwMe  it  cn- 
eon^MMi  all  thingi  on  the  fkee  oTtlMcafth,  bedM 
ambtent  air. 

AM1U0ENAL  HyperhUa, 
a  name  given  by  NewtODiinbll 
Enumeratio  linearura  terdi 
ordini^  to  oiu-  of  the  triple 
hyperbola*  r  ol  the  second 
or<lw ,  i.avir.g  .  .:u-  lit"  l[^  111  full  te 
legs,  Sb  Li.,  Lilliiif;  vv  J  liin 
angle  at  n.   f(iriii'j<i  l.y  iH<- 

aaytriptotcs  ac,  cd,  hiiJ  the  other  leg  of  falling  without 
that  angle. 

AMBIT,  <j^«/^T",  in  Geometry,  is  the  p»rimeler,  or 
Hne,  or  sum  of  tin  Imm-s,  by  which  the  figure  is  bounded. 

AMBLiGON,  or  Am  blioon  al,  in  Geometry. sigoific* 
ohtMim  nnpilnfi  as  a  triangle  which  has  one  of  in  ai^BS 
'obtUK,  or  consUting  of  more  than  90  d^rces. 

AMICABLE mmAot, denote  pain  ofnumbcn.of  which 
each  or  than  ii  atatually  cqaal  to  the  sum  of  all  the  ali- 
quot parts  of  Iba  oAar.  So  the  first  or  leaat  pair  of  ami- 
cable numbaii  aic  MO  aad  SM  i  aU  Um  alisiMt  pant  of 
which,  with  their  tuna,  arel*  lbl]o««  vit* 
of  2«0.  they  aits  i,  2,     5,  10^  44»fl5k 

110,  their  sum  bring      ...       -  SM) 
of  2114,  they  are  1,  2,  4,  71,  1«»  ■"l^ 

The  2d  pair  of  amicable  numbera  aia  OtSS  aiw  OSOlt 
which  have  the  same  properties. 

Thi-3'l  p.iir  ol  amicable  numben  arc  17296  and  18410, 
which  i■K^e  also  th,'  i-iiiii  -  |:i':'P'  '<>'  ''^  iilxivc. 

AikI  tlie  4th  pair  0I  .iimralile  ri;;inlHT>  lire  9303584  and 
9.1.17056. 

■Jhe  Ut,  3d,  and  4th  pair*  of  amic^ljlc  nurol>ers  were 
found  out  by  F.Schooteo,»ert.  9  of  liis  F.xercimti  in  s  Ma- 
thcmaticte,  who  I  believe  first  gave  the  name  ot  umuatiU 
to  such  number*,  though  their  properties  it  seems  had  be- 
%n  been  treated  of  by  Kudolphiis  Dmrarns,  ami  others. 
.  To  lind  the  first  pair,  Schoo!  n  ]  .ts  \i  and  4y:,  or 
^  and         for  the  two  numbers,  uhcre  ass  2;  then 


nahing  each  of  theae  equal  to  the  sum  i>f  the  aliquot  parts 
of  tha  other,  gf 
the  valuta  of  x 


of  tha'other,  g^VCS  two  equations,  from  which  arc  found 
if  JT  and  a;  and  coiucqiienily,  assuming  a  pr<H 


the  two  amicable  numbcn  theotscNes  4jr 


p«v  value  for  JF, 
and  4jn. 

In  lik«  manner  fiir  the  other  pain  of  mdi  nnmfacn ;  in 
whie^  be  Atida  it  ncoatiii^  10  aMtina  iCv  and  iSyi  or 
and  a>a  for  the  Sd  pair,' and  imr  atal  iS^ora^x 
mnd  «>B  fw  the  4th  pair; 

Schooten  titenmaatlin  practical  rule,  fmm  Descartes, 
fox  finding  aaucawa  DUBlicn,  viz,  Aaaume  the  mtrobcr  2, 


A  M  O 

«f  tha  awabcr  S,  tnch  that  if  luity  or  1  he 
'  gf  tbo^  thne  MIowiiiB  qtMMiii«t 


from  Arte  tinee  the  imw—tb  muHrf 
also  from  six  times  the  aasUncd  iMItniitl't 
and  from  18  time^  the  square  of  the  aiMBNd  nunlher, 

the  three  tcm ill; uii  rs  may  be  all  prirats;  then  the  last 
prime  number  being  inullipUed  by  double  the  assumed 
number,  the  product  will  bo  one  of  the  amicable  numbers 
sought ;  and  the  sum  of  its  aliijuot  parts  will  be  tlie  other. 
That  is,  It  a  be  put  =  the  iiuiiiber  '2,  and  n  some  integer 
number,  such  that  Sa"  —  1,  ami  ba"  —  1,  and  I80"  —  1 
be  all  three  prime  numbers;  then  is  :  iHu'  -  1)  x  3a"  * 
one  of  the  amicable  number;  and  the  sum  of  its  aliquut 
parts  is  the  other. 

Or  (hit  rule  may  he  otherwise  expreaacd  thus.  Suppose  , 
AandBarathepainofaaslcahleattmbcnwugbt;  then  find 
iiichapo«rerofS,^ia,«>ar.Bachthatte  -  1  =  K 
6«  —  1  sc,  ll<^ 1  sd^  thf  nunfaeit    eand  d  maj 

be  pi  ip.K  :  rheii  will  tbo  BOBhcn  MUllbtba  A  ■3^'*''^; 

and  B  =  2"  ^.'Ac. 

The  demonstration  of  which  rule  is  as  follows.  Lit 
/a  rcprtaent  the  stun  of  the  diviaors  of  a,  and/B  the  sura 
of  the  divitonof  9,  tha  whoia  valnca  of  a  aad  »  not  being 

1*«'-»-2'-h2'  ' 

s  . 


cumpri&ed,  then  since 


-I-  2 

-  1,  we  shall  have  /a  =  (8""-'  I)  .  ( 1  -Kf)  - 
\d  =  (4a  -  l)18o*-  2ii(18a'  -  1)  3=  B,  and 
(I  .4-  i)  .  (I     c)  -  2"'*''.ie  =  (4« 


/B  =  (2'*-'l) 
-  1)  .  18<j'  -  2a(3o  -  1) 


(6a-  1)  «a  A, 


as  IS  evi- 


dent; bccaus«  (1  -I-  3'  -f-  2'  .  .  -1-  2  )  .  {d  t-  \)  will 
be  itM  lum  of  all  the  divuors  of  a ;  and  in  the  same  man- 

■ar  (I  ♦  S»  ♦     .  .  .  +  2"*  ') .  (6     I)  •  (e     I)  ia 
die  laa  of    the  divisors  of  a. 

Mr.  John  Gongh  has  lately  in«««tigM>d  some  pnpoii> 
ties  of  thcK  MUnbcn,  especially  of  lie  Cartesian  form, 
where  ax  and  mf%  are  amicable  numbers,  consisting  of  S 
common  neuuraa,  multiplied  by  ihc  primes  x,]f,t.  Boo 
lej' bourn's  Math.  Repos.  n*.  7. 

AMONTON8  (William),  an  ingeniona French eipe- 
rimcntal  philosopher,  was  born  in  Normandy  the  SUtof 
August  166.1.  While  at  the  grammnr-school,  he  by  sick- 
ness colitrarnil  .1  druln.-.--  ti..it  ;ilm'i-t  rsr'.ihlii?  him 
from  the  coiuui!-iiUo!i  >ii  luaiikitut.  Ill  tins  MlUiitiun  tie 
applied  himself  to  the  sludy  ol  geometry  and  mechnmis; 
with  which  hewa-s  so  delighted,  that  it  t%  said  he  refused  io 
try  any  remedy  for  his  disorder,  either  beranse  he  deemed 
it  incurable,  or  because  it  increased  his  attention  to  his 
»!  jdi>  s.  Among  other  objects  of  his  study,  «er»-  the  arts 
of  drawing,  of  land-survejing,  and  of  building;  and  shortly 
after  he  acquired  some  knowledge  of  those  more  sublime* 
laws  hjr  which  the  universe  is  regulated.  He  studied  with 
grcst  cara  the  natoie  of  barameten  and  thermomet^; 
and  wrote  his  treaite  of  Obtamtioas  and  Esperiraems 
concerning  a  new  Uour^ast,  andconceraing  Borometet^, 
Thermometers,  and  HypoacoMs;  as  also  soma  pieces  in 
the  Journal  d«  Savant.  In  l6»7,  be  pn-srntcd a  ncwhy- 
t;r')scope  to  the  Academy  of  Sciences,  which  was  mttrh 
api^irL/vi  il.  He  recommended  a  methnd  of  conveying  in- 
teliiE'iue  I'  I  -irut  distanccin  a  short  spaceof  time  :  this 
w.is  nialviii!:  .si^rnals  from  one  person  to  another,  placed 
ut  as  gre^t  distances  from  e.icli  oli.i  1  ll^  (hey  could  s«e  the 
•ijuals  by  means  of  tdescop<«.  ^Vhcn  the  Koyal  .Academy 
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mtiitw  ngjabklMt  !•  iS99,  A'nontmi  lAs  cdoM  •  mmh 
bcrofit^M  wlfcwiiHHwHwriiird  Awnmoimr;  mihtt 
nad  Am  h»  New  Thcon'  of  Friction,  ia  arUch  he  Imp* 
citemi  up  Jkn  iiiipurtant  object  is  iMdHUlici.  !■ 
t  be  had  •  pwlicttiK aeniw  Amt  oMiUqg  oipej^bMaii: 
hU  noiioM  wtK  jimt  Miawlicale:  and  Iw  knew  how  to 
prevent  the  inconvcuionccs  of  hi«  new  inrentions,  and  bad 
a  woiiilrrful  ikiU  in  executing  them.  He  ilied  of  an  in- 
Haroiiuili.Mi  r>  h bowel*,  th«  llthcf  OctobW I70i,  bdog 
only  'Jl  age. 

I'hc  >li>t;e  ol  Aiiii'titoiis  m.iv  be  ?ccrs  in  the  Tolnme  of 
ibo  Metui.H-^  <il  the  Academy  o^  ^iencei  lor  (he  year 
170,1,  JiiiL  [la.  1:jO.  bis  pieces  contaiiKiJ  hi  iIjc 

ditTeri.'iit  vuluimi  ot  that  work,  which  are  pretty  numerous, 
and  on  variowt  subjects,  as  the  air,  action  of  fiie,  barome- 
ters, thermometers,  hyi^romptfrs,  friction,  m*chtrH'Ti,  heat,, 
cold,  rBrefttClion!*,  |)uiii|i^,  \c,  may  be  ieen  in  the  volumes 
for  the  yriir-  1690,  1699.  1702,  1703)  1704.  and  1705. 

AMIMil^CIl,  or  AMPiiiMriAiia,  ai*  the  people  tvho 
inhafait  tJie  twrid  aoM{  which  are  k>  called,  because  tfa«jr 
litw  thvir  jriiadow  at  romi  tufMd  •ometimcs  one  way  aod 
aaantinwk  aiMlb«r,  lUMMly,  at  ow  liia«  of  the  year  ta» 
fwrda  the  aorth,  aad  at  the  other  imrarda  the  aouth. 

AMPLlTUnK,  III  Oaii«wr]r,theniiMarBpfqcetlie,«r 
right  line  upun  iIh-  greuad  auhlMiniy  the  eOTtHiaecr 
\  inth  in  which  it  mow. 

AwPLiTU  DB,  in  Attrooomj,  it  an  arril  of  the  horiton, 
iBleri-<-|)te<l  bor(v<'en  the  true  ett>t  or  west  point,  iind  the 
Centi'v  lit  the  sun  nr  a  star  at  its  ri?.in^  or  setting-  jii  that 
ihe  aiiipll tu'le  1  ^  1  1  i  im  k  1  nds ;  md vi  m  <',r;U'r  11,  iiinl  (jrc:- 
duouft  ui  western.  I  .jk  h  t/f  ti-f^r  aiviplftiiili-s  u  jiIs'-t  ri:hcr 
Durtbum  or  jo'jllirrn,  Hccnnlui/  a?  lln-  [hmiU  of  risini^  or 
•elling  is  in  the  nurtln'm  .'i-  hj-juui'Th  pait  "1  tlic  hnrinm  : 
and  the  compliment  ut  thi  anipilitudr,  or  ihr  .11  r  h  1, 1  dis- 
tance of  liir  point  of  rfhing  01  •H-ltiiig,  from  tlie  north  or 
south  point  III  the  hHriion,  is  the  azinuith. 

Tba  amplitude  is  of  uk*  in  navifralion,  to  £itd  tbc  *aria- 
tiou  at  the  comp«ii*  or  mu^iiatic  ni«dle.    And  the  mle  to 
iad  it  h  this:  At  tbc  cosine  of  (he  latitude  is  to  radius, 
80  it  the  iiDe  of  tbc  san's  or  star's  declination,  to  the 
•iae  of  the  amplitudtt   So  in  the  ktlttnie  of  London,  via^ 
SI*  St',  when  the  en'!  Minaliaa  it ««•  fa's  than 
coa,  «!•  31' the  lat.    •  -97939909' 
am.  13  S8  the  decL    -    •»■  j^«01l»l 
«iii..a9  47.theampl.     -  $r90fltr* 
That  it,  the  ami  then  rfiee  er  M(»  99"  47*  Df<m  l&e  entor 
wett  point,  to  the  north  or  aonili  accordmg  aa  tka  declf> 
nation  is  north  or  south. 

Magiutictd  Am  I' LIT  f  nr., !?  an  arch  of  the  horiion  con- 
tained brtvveen  ihu  ^uii  or  star,  at  thtr  ri»ini;  or  settiti;;,  mid 
the  ni. 1:^111  ciist  or  we^t  point  of  the  horizon,  pointed 
out  by  ihi'  itiiigiiitical  cotnpa%5,  or  the  amplitude  or  azi- 
muth compass.  Anil  the  diffen-nci'  betwu'n  ilii^  ni  ignc- 
ucal  amplitude,  su  nbserrcd,  and  the  true  amplitude,  as 
computed  ia  the  lait  artielt,J«  the  miadoii  ei  Ae  com- 
pass. 

So  if,  for  instance,  the  ma^iietical  amplitude  be  oh- 
sf  rveii,  by  the  compaai,  to  l>e  bl*  47',  at  the  time  when 
it  \%  computed  to  be      '     39  47, 
ttien  the  difl'erence    -    -    22  0  is  the  variatioa  areit. 

ANABIBAZON,  a  name  somelinaa  pvcii  to  Ae  dl>* 
gon'e  tail*  or  northern  node  of  the  naeii. 

ANACAMPTICS,  or  the  mmbcb  of  the  leflcetiMM  of 
M«nd%  fiequaatl;  nad  i*  tafepuwa  t»  e^iMb  i^idi  a» 

« 
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laid  ta  be  toOBdi  produced  amcampticalljr,  or  b*  leAce* 
«iM.  And  hi  thtt  acMe  it  was  used  by  the  aacanili  fbr 
that  pan  afeftkawhiek  it  otherwise  cmliad  OttopHio. 

ANACHJt01IISM,liiCbnnulogy,  anoiwintaa^ 
taktn  of  lime,  bj  iMdk  *m  ateal  it  placed  earlier  than  it 
really  happened.  Stici  ii  that  of  Viipl,  allio  makca  Did*' 
to  reign  at  Carthage  in  the  lime  of  /Eneas,  though,  in 
reality,  she  did  not  arrive  in  Africa  till  300  years  aftef 
the  tall i  II 1^  i  f  Troy. 

An  t'rror  on  the  other  side,  by  which  a  fart  is  placed 
later,  or  lower  than  it  should  be,  is  called  a  parachronism. 
But  in  common  use,  thi%  distinction,  though  proper,  it  not  . 
attended  ii  ,  iwA  ihr  unrd  :umchrouism b  tittd  iOdUib* 
rcntly  for  the  rnistain-  on  both  sides. 

AN.ACI. ASTICS,  or  A\ Ati..*Tics,  an  ancient  name 
for  that  part  of  optics  which  consider  rolructed  light; 
being  the  siime  as  what  is  more  usually  called  dio]>- 
triCs.  Sec  the  Compendium  of  Ambrtysius  Rhudius,  lib.  J. 
Optics,  pa.  AM.  dt  icq. 

AaACLASTie  Chraat,  a  name  given  by  M.  de  Mairan 
to  certain  appareiit  cotm  formed  at  tbc  bottom  of  a 
tcaal  foil  of  water,  to  an  eye  phiced  in  the  air;*  or  the 
malt  of  the  htaTta i,  teen  m  rrftaetlaii  throagb  the  at- 
mosphere.  M.  da  Maiian  dctcrmiim  thcae  mrm  fajr  a 
principle  not  admitted  bj  all  authoit ;  but  Dr.  Barraw*  at 
the  end  of  UtOptict^  detarmiwt  Ihe  lame  curvet  by  other 
principles.  ' 

ANALI'.MMA,  a  phiniipbtrt,  or  projection  of  the 
sp+iere,  onhr>i<t8phicany  matlronthepliine  of  the  meridian, 
h\  [M  T|M  inl.ciil.i:-  Iroin  every  pr  int  of  tbnt  pliiiie,  the  eye 
supposed  to  Ije  at  all  infinite  dislance,  and  in  the  east  or 
west  point  of  the  horizon.  In  this  pnijeclion,  the  solstitial 
colore,  sinH  all  its  parallels,  nrc  projected  into  coMcenrric 
circles,  equal  to  the  real  circles  in  the  sphere;  and  alt 
circles  whose  pUnrs  pas<  throiijih  the  eje,  as  the  boriieon 
and  its  parHllrls,  are  projected  into  right  lines  equal  to 
their  diameteni;  but  all  oblique  circlet  are  projected  into 
elfipan,  having  the  diameter  of  the  circle  for  the  tranf- 
feise  axis.  This  instnmient,  having  the  furniture  drawn 
on  a  pkie  of  wood  or  bnno,  whh  an  heriion  fitted  to  it^ 
it  tned  for  laaolving  many  astronomical  problems ;  as  ifaa 
tfmaof  the  nm's  rising  and  tetiiiig,  the  leiigth  andhoorof 
A«dqrt  ttc.  It  it  alao  vtcfii)  in  dialling,  for  laying  dttii*  . 
tiw  aipit  of  tbetodiae,  with  the  lengths  of  dayi,  aad  olhar 
lantleit  of  furniture,  upon  diala. 

Theoidcattmtiae  we  have  on  fheanalemaM;  vruwril- 
lan  by  TMemy,  which  was  printed  at  Rome  \  i62,  with  a 
commentary  by  P.  Commnndine.  Pappus  also  treated  of 
the  same.  Since  that  tiiiio,  many  other  authors  have 
treated  very  well  of  the  aiialemm.i;  aii  Aguiloniuf,  Ta- 
quet,  Decbales,  Witty,  &c. 

ANALOGY,  the  same  as  propuitioti,  or  equality,  or 
siraililudo  o|  ratios.     Which  me. 

ANALYSIS,  IS,  cttii  rally,  the  resolulion  of  any  thing 
into  its  component  pai  ts,  ui  onicr  to  discotcr  it  or  its  com- 
position. And  in  mathematics  it  is  properly  the  method 
of  resolving  prob)em«,  by  reducing  them  to  equations. 
Analysis  miiy  be  distinguished  into  the  ancient  and  the 
modem. 

The  ancient  analyiia,  as  described  by  Pappus,  is  the 
mcttiod  of  proceeding  Ihmi  the'  thing  tought  as  uken  for 
granted,  through  its  cooMqaences,  to  something  that  ia 
really  granted  or  known;  in  which  sense  it  is  the  reverse^ 
of  tyodmit  or  eoinpetilion,  in  which  we  lay  that  down  ■ 
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hypotbeMS  ac  :  bc  :  :  r  :  o 
OB,     may  bc  tbu«  proved. 


ANA 

and  alau  ai' 


OA 


finl  which  was  ihc  last  >u  p  of  iht  Btuilysii,  i»nd  tracing 
tliv  ktcpk  uf  till'  aiialy»i!i  bjick,  iimkui^  iliiii  aiiK-ceilinl 
here  wliich  was  cuiiM-qui-iu  there,  (lU  we  arnvt-  «(  the 
ibitig  Miuglii,  which  »f«»  tiiken  or  a»utn«l  u  graiitnJ  in 
the  lint  ktcp  o(  the  aiinlysii.  Tbis  cbicfly  retp^cted  geo> 
■  HMlrieil  inqiiirii^. 

The  principal  authors  on  ihc  tncicnt  •ntlyki*,  o>  re- 

ritiiri!  d  by  Pappus,  in  the  7th  book  gf  his  Mathcavatical     

CullfCiiutn,  are  Euclid  in  bis  Data,  PoriMoau,  <tt  <k  Sinoa  oc  ttfuche*  lite  circlr,  and  ue  cun  it,  ^ht  mnfjte 
Locic  ad  &UDerficicin:  Apolloniua  dc  Scctioiw  l^tfamiit  MB  is  equal  to  sac  by  Euciii  99;  alaa  tbv  angle  d  ia 
de  SectioBe  ajiaiu,  ile  Tactwnibu,  de  luelmationibw,  da  eoauaon  lo  both  the  triaitgle»  d  c  a,  bc  B ;  then  are  tbrre- 
Lodf  Plaim^  at  de  Scctiooibiu  Conicii;  Anitcua,  da  fore  wimSktt'uti  by  vi  4,  da  :  Be  : :  dc  :  db,  and 
Loeis SoUdia;  and  Kraiosihencs,  df  Mediis  PropoTtiMall»  hcMOe  BA*:  DC* : :  BA  :  DB  by  cor.  visa  But  uIm),  bv° 
boa ikaai  whkfa  Pappus  givos  many  rxamples  in  the laae 
bouka  To  tbeie  authuns  uc  may  add  Papput  himwif. 
Tlie  Mmc  «on  uf  analy^it  has  aUo  bci-n  well  cultivated 
by  iiuiiiy  111  iln'  r^o^il'^n^;  u>  IV'i  in.ii,  V'lvi.iiii,  Ghclaldiii, 
Siji'lliu^,  Huyniiis,  Sinihon,  SttuuK,  La«"i>i>,  Plavtair, 
Lc&lic,  vVc,  uiiil  iiiotf  e^picially  Hu^o  d'Onu  iui'ii",  iii  Jii'> 
Analysis  (icomclriCii,  in  w  inch  he  has  vi<i!i  ir.  i  -.ued  In 
restore  ti.'  uii  liyiis  of  the  ancients.  And  m.j  ihii  head, 
Dr.  I'eiubiTiun  tells  us,  "  that  »ir  Isuac  Ncwluti  used  to 
censur<  hiinii  lf  t)r  nut  lollowing  the  ancients  more  cloM-ly 
than  he  did;  and  ispuke  with  regret  of  hit  miatake,  at  the 


d  by  pemutation  :  i>c 
AC'  :  BC*}  and  hcace,  by 


Ti  4,  DA  :  AC  : ;  DC  :  cb,  and  bj 

:  :  AC  ;  bc,  or  da'  :  i»c' 
equality,  ac'  :  bc'  :  :  ua  :  bb. 

Hut  the  ratio  of  Ac'  to  bc  '  is  given,  because  the  rutin 
of  m:  10  B(  n  given,  and  conM-quenily  that  of  i>A  lo  ub 
is  i^ivon.  Now  Mncf  the  ratio  of  OA  to  DB  i»  given,  there- 
fore uUii,  by  Datn  vi,  iii«t  of  DA  to  AB,  and  hence,  by 
Dai  A  II,  DA  lb  m  ir.a^itude. 

Ami  here  the  analysis  pirtpcrly  ends.  For  it  huviin^ 
been  ^hoirn  that  DA  i<i  piveii,  oi  that  a  |>oint  D  may  be 
found  in  ab  produced,  iiuch,  that  a  tangent  being  drawn 
beginning  ol  bit  mathematical  studies,  in  applying  himself  from  it  to  the  circumference,' the  point  of  cmHact  will 
to  the  works  of  Descartes,  and  other  algebraical  writers,  be  the  point  sought;  we  nay  now  begin  the  composition, 
beferahe  had  considered  the  Elements  of  Euclid  with  that  or  synthetical  dcniMUUation  ;  which  must  be  dune  by 
attcatioii  to  excellent  a  writer  dcterm:  that  he  Mb!iIj(  finding  the  point  Bt  or  lining  down  the  line  ad,  which,  U 
approved  the  laudable  attempt  of  Hofiftil'Onuriqiia  to  wat  anrawd,  waa  given,  la  iSb  iMtiln^  of  the  anaiyiif. 
•MR  the  ancient  analym."  Snrntail. 

In  the  applicatiiMi  of  the  aadcnt  analyait  m  (eomdri*      CtaMncMga.  Malta  as  r* :  •*; :  AO  :  BB,  (wUeh  laaj 

Iwdoaet  liace  AB  is^ven,  by  aakiifitaa  ■*'-a*  :  •*«  a 


cal  problems,  eveiy  tbiag  cannot  be  brou^ilit  within  strict 
rales;  nor  any  invanaUe  directions  givm,  by  which  we 
Diay  succeed  in  all  cases ;  but  some  previous  prepaiation 

is  necestary,  a  kind  of  mental  coiitrivuncc  and  ct>nstrDC- 

tiun,  to  lurm  u  connexiun  helwd  ii  tin  d.ila  un  l  <{ua"iila, 
U'hicli  n>ii»t  be  lift  to  every  oui-'i  ju<l^ineiit  tu  liiul  injt  ; 
bi'ing  variou-^,  aceonhiii;  tu  ihc  v  in  i..-.  luiture  of  the  prr^ 
bleiits  propiiit  d.  Hi|;.'it  linn  nulht  be  drawn  in  pattii  ul.c 
dim  iiniii,  or  of  particulrtr  mngnitudcs;  biw-cting  pi  rli,i|  s 
u  ^niri  aiii;!f,  or  ptrpiiidicular  tiiugiv>n  line;  orpcriiaps 
tiiiigi:)l>  limit  be  ilriiwii  to  a  finrii  curve,  frum  a 
|Htiiit  i  or  circli-s  discribi'd  from  a  given  centre,  with  a 
given  radiii!),  »r  tuucliing  given  lines,  or  other  circle*;  or 
such-lil.e  operations.  Whoever  is  convcrsaot  with  the 
works  uf  Archimedes,  Apollouius,  OT  FteppOS,  wril  knows 
til  at  they  founded  ttwir  analysis  on  some  such  previous  ope* 
rations ;  and  the  gfcat  skill  of  the  analyst  consists  io  dis- 


AB :  BB,  and  then  by  composition  it  will  be  as  r* :  •* :  i 
AB  :  db){  then  from  the  point  d,  thus  found,  draw  a 
tangent  to  the  circle,  and  from  the  point  of  contact  c 
drawing  ca  and  cb,  the  thing  i«  dune. 

Danonnrati/m,  Since,  by  the  cunilr.  r'  :  ti'  ;  :  ad  : 
hi;,  iiid  hlko  AD  :  Du  :  :  a(  :  Bc\  which  hat  bii-n  al- 
u:iily  li-nioiislrMtt'd  in  the  aniily»i»,  and  might  be  here 


]ir'n  (  .1  111  (he  same  mannir.  Therefore  f  :  o'  :  :  AC'S 
jic  ,  mill  iiinvpquetitly  r  ;  (i  :  ;  AC  :  BC.    &.  E.  D. 

lit  re  we  «  e  an  iiislance  "i  tin-  method  of  revilutinu 
and  cumpusilion,  n>  it  wa."  practised  by  'the  ancients,  the 
solution  hfie  given  being  that  of  Pappus  himself.  Hut  as 
the  method  of  relernng  and  rcdurin)r  every  thing  lo  the 
Data,  and  con»iunily  quoting  the  saim-,  may  Appear  now 
to  br  teiliou^  and  troublesome  :  and  indeed  it  is  unne- 
CesNary  to  those  who  have  already  made  tlnmselveii  nia- 


coverioig  the  most  proper  aflactioos  on  which  to'found  his  steraof  the  substance  of  that  valuable  book  uf  Euclid, 
aaalysis:  for  the  same  proUnn  may  often  be  eftctrd  in  aitd  have  by  practice  and  experience  acquired  a  liicility 
many  dUfermt  ways:  or  HHMch  it  may  bo  proper  to  give  of  reaaoning  in  such  mattets:  1  shall  therefore  now  sIm*w 
bereancxamplaertwa.  LeitlMuebelakeiii,l«if  losiaBce,  how  we  najf  abate  something  of  the  rigour  aw)  strict 
this  prsbleni,  which  is  the  \5SA  prop,  of  the  7th  book  of  form  of  the  ancient  method  ofaotulioo,  wiihuui  diminish- 
" — ^pus,  ing  any  part  of  its  adminble  elegance  and  perapicuiiy. 

rooi  the  exttemitics  ef  the  bsK  ab,  of  a  given  seg-  And  this  may  be  done  by  means  of  another  solution,  uf 
of  a  circle,  required  to  draw  two  lines  ac,  tic,  meet-  the  many  more  which  might  be  given,  of  the  same  pru- 
Itig'ata  point  C  in  the  circumlcrenci',  so  that  tliey  shall 
have  agiwn  ratio  to  eadi  other,  sujiposc  that  of  r  to  «s. 

The  solution  of  this  problem,  m  given  by  Pappus^  is 
thus. 

AfJ  A  I.TSI  H. 

-  Suppose  the  thin;;  doiK',  and  that  the  p.^ii  l  c  i<i  b.und; 
and  let  CP  bi;dravvn  a  tangent  lo  the  circle  at  c,  ami  mn  1- 

•ing  the  line  A  a  piwluced  in  the  point  o.    Now  by  the 


Analysis. 

Let  Us  »<!iiin '>iippii*i-  lllut  till  lliin.;;  it  dcru,  / 1  : 
BC  :  :  r  :  <«,  and  let  tlu  u-  be  drawn  bu  inakiiif;  llie  aii;;li- 
Aim  equal  lo  the  angle  a(  n,  and  mcilini;  ac  produced 
in  II.  Then,  the  angie  a  bi mg  also  tomnioii,  the  two 
iiiuM^les  Anc  and  vnii  are  equiangular,  and  iherefoK, 
by  VI  4,  AC  :  BC  :  :  AB  :,  au,  in  a  given  ratio  i  and,  AB 
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being  (>iviii,  (limlbre  n  k  givni  ia  poMtioa  aad 
liid«. 

CbmMlC''^.  IIt  iv.  1.11  making;  liir  an><1c  abii  equal 
tu  fhat  whiob  uiay  U-  coiitainrd  in  -the  given  iicgment,  and 

Mkt  AO  to  BB  in  lb* given  nuo  of  t  lo.a.  Umv  *at, 

ami  »<:. 

Dciiiotuiiuiion.  The  liiiin^K's  aw,  abh  art  etjuiaiiaii- 
lar,  ihiTftorc,  vi  ac  :  cn  :  :  aii  :  bii,  wliicti  li  the 
giK  n  raim  by  conslrin-'nuu. 

Modem  AxALVsis,  consisU  chHlly  ol  alacbra,  aritli- 
Bctic  ol' infinites,  iutiiiilc  scries,  incrrnirnts,  flu.xiotiii,  jcc; 
ofrach  of  which  a  piulicular  account  mHy  be  seen  under 
their  mpectivu  anicln. 

These  form  a  kind  ol'  uithmetical  and  symbolical  ana- 
lysis, drprnding  partly  OA  node*  of  arithnHtical  compula- 
tion, |<ai  (Iv  «n  rules  pepulinr  lo  ^  aynilioh  made  me  of, 
and  purily  on  rukt  drawn  from  the  nntura  and  ipedw  of 
the  i|uantidea  Aey  raprcMnl^  or  iram  the  mode*  of  their 
existence  or  gHwratioo. 

The  modern  analysis  is  a  gcm  ral  in«>trunient»  by  which 
the  finest  inventions,  and  the  gritttc55t  iraprovciMBtt,  have 
been  mudc  in  nialbcmatics  and  pbiloM.iphy,  for  two  cen- 
turies pa^t.  It  furni*ht  i  ibt?  most  pr-rfi-ct  examples  of  the 
mujinc'i  111  wliifli  lljr  ;iit  1)1  niii<ini;it;  sIkuiIiI  In-  tmploy- 
rd  ;  it  lo  tli-  iiiitui  a  woiid<  ilul  skill  inr  iliscovcring 

thinsjs  unkiMnvi),  [i\  iiir.in?i  o(  a  sroall  number  that  aix? 
given  ;  iuid  by  t  mpioyiug  short  aful  i-n>>y  >v")lj<i'>'  tor  vx- 
pressiiig  ideas,  it  presents  to  llio  imci.'i-taiiJin^  things 
which  otiiervii-,c  would  *eem  to  i»c  above  its  sphere.  iJy 
tills  means,  gcomeiricnl  demonstraiions  amy  be  greatly 
afariU^trd ;  a  lung  train  of  Arguments,  in  which  the  mind 
cuino^  without  the  greatest  eflbrt  of  nttcoten,  diseovcr 
tlw  oonnosioo  of  ideas,  is  converted  into  visible  symhob} 
tnd  tho  i-nriousopefaiions  which  they  require^  oie  siraply 
cfteled  by  the  oombtiiation  ot  those  tynbub.  "Aod, 
whntliilHl  more  extraordiu.iry,  by  this  nrtUke,  n  grsot 
Dumbcroflrutiis  are  often  e.\pre«ed  iu  one  litte  only :  in- 
stead of  which,  by  fuUunini;  (he  ordinary  way  ul  c^pla- 
notion  and  demoustratiou,  the  samu  truths  would  o(^upy 
whole  pagc^  or  volumrs.  And  thus,  by  the  bare  conteaH- 
pla:iijii  of  ciii;  liiii' icf  c.ilculiiliiiii,  ue  may  umkTslaiiJ  in  a 
sh'irl  tiiiu'  whuir  .scii  iu  e>,  wbitli  otluT«ike  cuulU  hardly 
be  <  iHiipri  iu'rvii.  <i  i;i     v  eral  year^. 

It  !■>  Iiiii;  iii,4t  \cv\t(in,  «hi>  best  knew  ail  the  advati- 
la^  s  ofaLnul\'i'-  iii  !;oijii.eiry  and  other  sciences,  laments, 
I.I  s<  \cral  paru  ol  his  works,  that  the  study  of  the  an- 
riem  j;<-oinelry  is  abandoned  or  iienlLCud.  And  indeed 
ih>'  method  employed  by  the  ancients  in  their  gvoinetncal 
vvri':ni;s,  i,  commonly  regarded  as  more  rigorous  than 
that  ut  the  modern  iin  ilysis:  and  tb<iu<>h  it  be  greatly  in- 
ferior tu  the  latter,  in  point  of  dispatch  and  facibty  ol'in* 
feMiDOi  it  is  ncvenbelcss  highly  useful  iu  stnagtbeiiiug 
the  mind«  impioving  the  rsasnning  fuultics,  nml  is  nc- 
cuitomitig  the  young  iMitheanticioa  to  u  puw,  dmr,  and 
.  accunite  node  of  investigation  tnd  denoartntion,  thottgh 
by  •  long  and  labonred  process,  which  he  woidd  with 
difltcnity  have  fubmhiod  to  if  his  taste  had  beforr  been 
vitiutetl,  a-,  it  \n"n-,  I  v  tlic  nu>rv  piquant  svvoili  ot  ifu* 
modern  alialv  s:-.  Anil  it  i>  pniitipally  uii  lliis  that  tlie 
toiiipliiinl'i  ■  I  .Ni  wi.,11  are  t.mnded,  wholVaied  lest  by  the 
t<io  enrSy  Ami  iretjui  ut  use  o(  the  modnii  aiml\si»,  the 
'ciLUce  of  geometry  should  lose  that  ii  m  ir  i  .  I  (»urity 
u  hicti  characterise  its  investigfsliQtis,  aud  the  imod  become 
debilitated  bytheteiltlyofoiiraBotym.  TbitgMMl 

Vol,  I. 


WH  Ihotibn  wciU fottudod,  In  ncomsnendhig,  ton  cerl^ 
•MMt,  tho  ttn^r  of  the  Mldeftt  geometricians :  for,  their 
denonstrations  bang  aoorc  diffcult,  give  more  exercise  to 
the  mind,  acciistuiii  it  to  a  closer  applicutiiin,  n:ve  it  it 
greater  scope,  and  habituate  it  to  patience  and  josolution, 
so  nicrvsaiy  for  niaking  discoveries.  But  tins  is  the  u;dv 
ot  priiii  ipiil  advantage  from  it  ;  (or  if  shoald  loiik  iiu 
farther  than  the  n.ethud  of  the  ancients,  it  is  probable 
that,  even  vvitii'ihe  bc-l  ^eiiiu>,  nc  should  have  made  but 
few  or  small  diM;overies,  in  ciimpurison  with  iliu6e  ob- 
tained by  means  of  the  modern  analysis.  iVnd  even  «idi 
regard  to  the  advaatsj^c  given  to  investigations  UMiie  In 
the  manner  of  the  ancients,  nunely  of  boin^  mm  rig^ 
rous,  it  may  pcrhap  be  dosbled  whether  this  pseSension 
be  well  founded.  For,  lo  hattaco  in  those  of  Newton 
himself  though  his  doBODStntions  be  managed  in  th« 
■snaaerof  thooBoiailp}  wtatihesnRiotiaieitisovideiit 
tttt  hehivesdptn  Uo  acorcne  by  «  method  dilfe|«M 
from  that  employed' In  the  demonstrations,  nrbich  nro 
conmonly  analyucal  calculatioiiii,  disnuiscd  by  aubstitu- 
ting  the  name  of  lines  for  their  algebraical  value:  and 
though  it  be  true  that  his  demonstrations  are  rigorous,  it 
is  no  les^  so  tlml  thiy  s\o',dil  Ije  ihi'  same  when  tiim-  at'  d 
and  <1',  Ineied  in  i<lj!i  biaie  luncuace  ;  and  what  diltiuiice 
can  it  make  in  tins  leviipci,  whrthor  we  Call  a  line  a  ii,  or 
deiujtc  it  by  the  iil;'.rhruic  c  hiiracler  «  ?  Indeed  ihi^  last 
desi;;r-.ilti<''i  has  tins  piTnh:iii;\ ,  that  alniiall  the  lines 
arc  »len(ited  liy  .il^iebrHic  clmrnt  ters.  mane  opTralions  can 
be  perlurnied  npi  n  i  In  ,:  ,  ui  ,  iin  iliii;kiii:i  of  the  line*  or 
the  figure.  And  this  circ  umstance  proves  of  no  small  ad- 
vantage: the  mind  is  relieved,  and  spared  as  much  aspao> 
sible,  that  its  whole  force  may  be  employe<l  in  overcoming 
the  natural  difficulty  of  the  problem  alone. 

Upon  the  whole  therefore,  the  state  of  the  conuwrison 
senna  to  he  this  {That  the  method  of  the  ancients  »  fittest 
to  begin  our  studies  with,  to  form  the  mind  and  to  flstn«' 
blLih  proper  habits}  and  that  of  the  nodenis  to  succeed, 
by  catBoding  our  views  btgrond  the  present  tiniiisy  and 
enabling  us  to  make  new  discoveries  and  improvemcnla. 

Anafytit  is  divided,  with  respect  to  its  olject,  iaio'that 
of  finite*,  and  that  of  infinites. 

Analytit  qf  finite  quantities,  is  what  is  OthorilriBa  CUOad 
algebra,  or  specious  uriihnH  tic. 

Anai^isis  i,, '  ,n,,'i  ^  <  ;illrd  also  the  1KW  analysis,  is  that 
which  lb  cuHLtjiiid  ill  ta.culiiting  the  relations  of  i]uan- 
tities  vvliicli  are  couMilered  as  iiiliiiite,  i  i  iiitiiiitely  small ; 
one  of  its  cliii  l  [■iiiiiclies  li-,  ing  ihe  method  of  fluxions,  or 
the  difTercnliu!  euh  aluj.  And  the  great  advantage  of  the. 
modem  mathenmiiciaus  over  the  aucieiits,  arises  cbieliy; 
from  the  use  of  tliis  modem  analysis. 

Analysis  t>f  powtrt,  is  the  same  as  resolving  thcasisto 
their  roots,  and  is  otherwise  called  Lvolutioij.  '  ■ 

AWALTsis  <tf  curve  lines,  shows  their  constitntion,  nap 
taw  and  properties,  their  po^f  of  iofiection,  station,  i«> 
tngradatioa.  variation,  &c. 

ANALYST,  a  person  who  analyses  something,  or. 
nakaa  uar  of^  the  analytical  meihadU  la  mathematics  it 
isapersonskillod  in  al-^ebia,  or  in  the nwdKmatical aaaly* 
sis  in  (;eneral. 

Analtst,  the  title  of  an  iogenious  though  sophisticail 
book,  Nsritten  by  the  celabnted  Or.fieriMley,aV>"*'^*lM> 

doctiuje  (it  fliiMuns. 

AN.U.YTIC,  or  An  ai.vtic.»i.,  something beloaglim to, 
<y  partaking  of,  tho  uatuic  oi  analysis  i  or  p«rf«naed  by 
thaaudMd  of  analysis.  . 

•  Q 
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Tlmt  we  ny  annlytical  denomtTfttion,  aDiilytiatl  ea>  which 
miiry,  analytical  tabic  or  Kheme,  analytical  method*  itc 
lius  analytical  mndt  oiipuutl  to  the  synthetical)  or  tfaat^ 
which  procccda  by  the  way  of  synthesii. 
•    ANAL]nriC8>  the  acknoe,  or  dodriBC,  and  ok  of 
cndnit. 

ANAMORPHOSIS,  in  perspective  aad  painting,  a 
aMMUmw  pfojection ;  or  »  repreaentailoa  of  (omo  image, 
ahhcr-cn  a  plane  or  carve  aurfiMe,  deformed  or  diiawled ; 
but  which  in  a  certain  point  of  view  thill  appear  reguiari 
and  drawn  in  Ju;t  proportion. 

To  coin''  i;i  '  "■'  Amtnorphoiif,  "r  mnnttrous  projcciion,  nn 
aplant. —  iJr.i.i  O.iv  squari"  abi  D  (li^.  1),  >')'  Liny  at 
plca-<<urr,  luui  ilindc  il  by  ctosmii^  into  a  nuiiibtT  of 
arpolae  or  •yiiiiilU  t  i<]u.ir<'5  :  an. I  iljrii  in  li.n 'iiiiarc,  or  rc- 
ticiv,  callLii  also  ttu'  cr.iticcihir  prolulypf,  diuw  the  re- 

gttlar  imajje  which  is  lu  be  disturtvd.— Or,  ahout  any 
image,  propoeed  lo  be  diatorled,  draw  a  Mticle  of  amaH 

(quarts. 


- 

Ay] 

I  draw  the  line  ah  (fig.  C)  equal  to  A%,  dividiiy  it 
into  the  same  number  of  equal  parte,  as  the  eideofthe 

protr  t»  fi,  A  1^ ;  and  on  its  luiddl*  point  e  erect  the  pcr- 
pendicuiur  lv,  m  also  v»  per|H'udicular  to  Kv,  making 
r.v  so  much  the  longer,  and  vs  »o  much  the  shorter,  as 
It  is  inlcndctl  the  imnsir  nhftll  be  morr  distorted.  From 
Cftcii  oftlir  pimil"  <it  tiivisiori  drii-.s  riLlif  .i:  i  s  to  the  point 
V,  anrl  draw  llie  ni^lit  line  «s.  Las;;-.,  llin  the  points 
r,  f,/.  C.  . 'If'i'*  '""'^  parallel  to  ui'i 
the  spare  upon  which  the  mon^troiis 
drawn  ;  which  is  called  the  cralicular  ectypc. 

Then,  in  every  arcoln,  or  small  trapezium,  of  the  space 
lAed,  draw  whet  appears  contained  in  the  corresponding 
■nob  of  the  original  space  abCO  :  ao  shall  there  b«  pro- 
duoed a  deformed  image  m  theepaee  dM,  which  yet  will 
appear  in  jvet  pfoportioB  to  an  eye  distant  from  it  the 
length 'of  KV,  and  ratied  above  it  by  a  height  equal  to 


S.  I  ■.liull  abed  be 
projection  is  to  be 
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through  these  small  holes,  f»ll  oo  any  pbaoor 
curve  superficies  i  for  they  will  give  the  correnoDdcm 
poinu  of  the  image  deformed,  and  by  meam  of  which  tin 
deformation  may  be  completed. 

Toinm  an  Auamorphotis  on  tke  vamu  rngfiKt  qf  a  cone. 
It  appears  from-the  construction  above^  that  we  have  only 
to  make  a  ciaticular  retype  on  the  nirfiMc  of  the  cone, 
which  m^apprun  qual  to  the  cnuicttkr  pRMotypc^  to  an 
eye  placed  at  a  pri^pet  height  above  ibe  vertex  of  the 
cone.  Hence, 

Let  the  base,  or  cirenmferencp,  abcu,  of  the  conc 
fli.'.3)lM'  dnidcil  by  radii  uitn  nr.  ht-r  ot' c<|unl  parts; 
ami  let  MJiiic  one  radius  l«'  IiIcc  wim'  divultd  jiitu  r-i]ual 
parts;  then  throUj;h  t-HCh  point  of  division  draw  rnnLcn- 
tric  circles :  ao  shall  the  cruticular  prototype  he  formed. 


c,  \.- 

With  double  the  diameter  ab,  as  a  radiu'",  ilei^cribc  the 
quadrant  kh..  (Ii|;.  -Vi  •■o  a«  tin  arrli  r<.  in'  nuial  to  tlic 
whole  periphery;  iheu  this  quadrant,  being  plied  or  bent 
round,  will  tbrm  tha  eupcrticice  of  a  cone,  whoM  bpM  ie 
the  circle. 

Next  divide  tin"  ruch  to  into  the  same  number  of  equal 
parts  as  the  cruiicuiur  prototype  i>  divided  into;  and 
dnw  mdii  from  all  ilie  points  of  division.  Produce  or 
to  t,  ao  that  ri  be  cr^ual  to  rci :  from  the  centre  i,  with 
the  radius  ir,  describe  the  quadrant  rKtt ;  and  draw  tha 
right  line  in.  Tlien  divide  the  arch  nr  into  the  same 
nwaber  vS  e<|iwl  |iarl«  m  the  tadina  of  the  craticular  pra> 
totype  i»  dlvfaiod  iatoi  and  fnm  the  centre  i  draw  radii 
through  all  the  poin|>  of  diviilcn,  meeting  bv  in  I,  2, 3, 
Jrc.  Ustly,  from  th«  CCMn  with- the  radii  r\,t1, 
r3,  &c,  describe  conoaotiie  e(rde$.  So  wilt  the  craticu- 
lar ectype  be  fonwd,  whoae  aicolns  will  appear  equal  to 
each  other. 

Hence,  "hat  !••  <!elirieatt':l  ;ti  ■;  rry  areola  of  llie  crati- 
cular prutolypi',  beln;;  tran^terred  mio  tlic  areola^  ol  the 
craticular  ectype,  the  itnui;c5  will  he  distorlrii  or  deforin- 
cd  ;  and  yet  they  will  appear  in  Just  proportion  to  an  eye 
eles:\:<:d  uboM-  the  veitex'-at  a  bei^t  equal  lo  thohc^t 

of  the  cone  itself. 

If  the  chords  of  the  quadr.tnt5  be  drawn  ii>  tlie  crati- 
cular prototype,  and  chords  of  each  of  the  4lh  parts  in 
the  craticular  ecty[>e,  every  thins  else  remaining  tMaamc« 
there  will  ho  obtained  the  crnticulur  ectype  in  a  qua- 
drangular pyntmid. 
And  hence  it  will  be  caqr  to  deform  an  image,  in  any 


vs 

f  t  will  be  amusing  to  contrive  it  SO*  that  the  deformed     , 

image  may  not  repreiant  •  neiw  chaa«»  but  loma  certain  other  pyramid,  wfcese  base  is  any  regular  ^lygon. 

Sure:  thus,  a  river  with  aoldicii,  wngpns,  and  Mber  Baeause  the  illusion  is  nwM  perwc(  when  the  eye,  by 

joets  OB  tha  side  of  it,  havii  been  to  drawn  nni  dittottp  llie  contiguoas  objects,  cannot  citimaM  Ibe  distance  aif 

ed,  that  when  iriewed  by  an  cyn  at  8^  it  appealed  Ukn  the  tbe  parts  of  the  deformed  images  it  hi  thorcfen  proper  to 

fiiea  of  a  satyr.          '  view  it  through  a  small  hole. 

Ao  iaaage  may  also  be  distorted  mechanically,  by  per-  Anamorphoses,  or  inoiivtroiis  imu^rs,  may  ol'^i  be  niitde 

Ibraititig  it  through  in  several  places  with  a  fine  pin ;  then,  to  appear  in  their  natumi  shape  and  just  proportions,  by 

placingitafiitwtncandlaorlaaiipiobierve  where  the  laySt  means  of  minoEs  of  canaia'  ifanpcfi  ftom  which  thow 
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mrtteMd  agiini  ud  then  llMy«ni«idto  b* 


1 


AMD 


.  .  H«  mmiK  ii'iPJ>l|ii  ■  of  MgM  upon 

mtd.  For  larther  putiettlwit  tee  Wolftus'i  Gttop-  •entiqr  of  kit  laMto/i  sysMi.  >9le  made  Ike  Ant 
•lid  DioMrici,  sod  mm*  «tiMropticil  Nthon.  dpte  of  tUnp  to  comitt  ia,     aurV^lkick  lM 


ANASTROUS  rigu,  in  AiUmm^y  •  iwme  gircii  to 
the  duodecatemoria,  or  the  13  portions  of  the  ecliptic, 

which  the  tigM  pouc-vbcd  rir.ririitly,  but  bsw  BDOC  de- 

StTtfd  by  the  prrCWsioii  ol  Ihc  ctjuiiiox. 

ANAXAGOUAS,  orn'  of  thi-  most  Cflebratetl  phllaso- 
phrr*  aniont;  ihc-  ancients.  IIi'  was  horn  at  Cl  izomene  in 
Ionia,  ubuut  the  70lli  Oh  mpiad.     I was  u  iisciple  of 


he 


Ills  patnmoiij-,  to  bo  more 


Anaximene^  ;  nml 

at  leisure  for  the  ^luJy  of  philosophy,  giving  lecturr-s  in 
'tliat  tciencf  at  Attvcas.  Being  persecuted  in  this  place, 
and  at  last  banished  from  it,  he  opened  a  Kkooi  at  ilamp- 
Hcaro,  whorr  be  was  (>rcatly  honoured  during  his  life,  and 
Itill  mora  after  his  death,  statues  having  been  erected  to 
bh  ntnory.  It  it  aatd  Ite  nad^  pnedictioas  ntatim  to 
thaplwiKwiw  of  vt/autt  w  oaitiiqiMknt  &Ct  npoa  wbich 
he  wnto  «oaw  UWtiMi.  Hi*  sriniapal  teMb  may  be  re> 
doead  to  tbe  fiBll«>wing All  tningi  wen  in  the  banning 
omfiHcdly  mixed  together,  without  «d«t  and  witbont 
motion.  The  orinciule  of  thiu£s  is  at  the  MM  tlae  oaa 


  The  princiule  of  things  is  at  the  l  

and  multiples,  which  bad  the  nane  of  hoofiowaria^  nf 

umilar  particle*,  deprived  of  life.  But  thcte  is  hnide 
this,  frotn  all  eternity,  another  principle,  an  infinite  and 
incorporeal  spirit,  who  gave  motion  tu  tbe^e  particles;  in 
virtue  of  which,  such  as  wcrr  hnniiii^viioal  uiiit<'ii,  Hnd 
such  as  were  hctc  rojici\i'al  separateii  according  Id  tht-ir 
ditTereiit  kinds.  All  ihitijs  bciiij;  thus  put  into  motion  by 
the  spirit,  and  evrry  tliln^  being  united  to  such  tu  arc  si- 
milar,  thoM>  that  bad  a  circular  motion  produced  heavenly 
bodies,  the  lighter  particles  asccndmg,  while  those  that 
were  heavier  descended.  The  rocks  nf  the  earth,  being 
diBira  np  by  the  whirling  force  of  the  air,  toolc  fire,  and 
became  *tan,  beneath  which  theaun  and  moon  took  thdr 
itatioBa^-vIt  was  laid  he  alio  wrote  upon  the  qaadratnra 
of  the  circle  j  the  treatise  en  which,  Pintarch  ^*ay*,  ha 
compoaed  during  hi*  impoioniMnt  as  Athcii*.    *  . 

ANAXIMANDER,  a  wry  oeiebiated  Gnikphikio- 
pher,  was  born  at  Jililetas  ia  ON  dOd  OlyMnfaid  {  iiMr»  t«> 
cordihji  to  Apollodorui,  he  was  $4  yean  or  ageia  tbeM 
year  of  the  68th  Olympiad.  He  was  one  of  the  first  who 
publicly  tauulit  philovtphy,  and  wrote  upon  philosophical 
subject*.  He  "was  the  kinsman,  c.iinpanion,  and  disciple 
ofThaies.  He  wrtde  »ls<j  upon  llu-  spln-re  and  on  geome- 
try, &c.  Ami  lie  curru  il  Ins  rcH'arciifs  into  nature  very 
far,  I'M'  the  tinir  Ml  •Ahirh  h<'  liveii.  It  is  siiid  lliiit  In-  'liv. 
Coven'd  the  obl'(|mtv  ol  the  xmlinc  ;  that  In:'  first  pub- 
lished a  geogniphiciil  luhle  ;  that  he  invunit  d  the  gnomon, 
arkd  set  up  the  first  sun-dial  in  uii  i>i>r';i  [  lace  at  Lacedae- 


as  infinite  or  immense,  and 'to  ii|IMVMaM(n*d  a  per* 

petual  motion  -,  that  this  air  was  (he'  saiMI^  spirit  or 

God,  since  th  !  :  r  |  i  u  r  i.  si  li  d  in  it,  and  agitated 
it.  The  stara  wlil  us  tiury  iiuils  in  tlie  heavens;  the 
sun  a  Ikt  plate  of  fire;  the  earth  an  extended  flat  sut- 

face,  iVr. 

ANIil'RSON"  (Ai  I  :\  \m>eh),  one  of  the  brightest  or- 
naments of  the  inatlu'iii.'.lir.ii  ivmiil.who  flourish, il  about  . 
200  years  ago.  It  appears  that  he  was  born  at  Aberdeen 
in  Scotland,  towards  the  latter  part  of  the  l6th  century, 
and  he  was  professor  of  mathematics  at  Paris  in  the  eariy 
part  of  the  17th,  where  he  published  aaweial  ingenioo* 
worlcs  in  geometry  and  algebra,  both  of  hi*  oma,  aad  of 
his  friend  Vieta's.   He  published  his 

1.  "  Supplementnm  Apollonii  Rcdivivi ;  sive  analyii* 
problcmatis  hactena*  deiiaenli  ad  Apollonii  Perpi  doo 
trinam  «f  i  mmwt,  a  Marino  Ghetaldo J|atritio  fo||Uiino 

mcchaidet  ■qualiCatttm  lertii  giadni  ihmlNMdBnip,  in 

qnibus  magnitudo  omnino  data,  xquator  bomogBMS*  |uh 

altero  lanturo  corfficiente  if^noto.  Huic  snbnexa  est  va- 
riorum problematuni  practice."  Paris.  I6'r2,  in  4lO. 

2.  "AmsXoyia:  Pro  Zrtetico  ApoHoniani  problemalis 
a  sc  jam  pndem  cdilo  in  supplenieuio  Ap<dl<jiiii  Rcdivivi. 
.Ad  clnrissimum  et  omatissimum  virum  Marinum  Gho 
taiiluin  Patritium  Ragusinum.  Iti  cjua  ad  ea  quae  obiter 
mihi  perstrinxit  Cihetaldus  respond!  tur,  et  analytices 
cliirius  detegitur."  Paris,  101.5,  in  +lo. 

3.  "  Francisci  Vietsc  I-'outcnacensis  dc  Aeqimtionum 
Recognitione  et  Emendationel'ractstus duo."  Pans,  !(>  1 5, 
inMo;  with  a  Dedication,  Preface,  and  an  Appendix* 
by  Anderson. 

4.  "  ^d  Angwiariura  Scctionnm  Analyticen  Thco> 
raaato  KiilMn«nf«.  A  Fiaiiciico  Vieta  Fonfmcfniii 
cxeogjlitB,  at  ahaqne  nUa  demonftialMNie  ad  noa  tnu» 
miMa,jamundcBdcnMaBtiatM»ihai  Goninnata.  Omift 
at  (todfai  Ahmandri  Andononi  Scoti."  VMk,  iSlJ^ 
ia4to.' 

5.  "  Vindidm  Aichimedii.  Si!n!,Elrnchus  Cyelometria 

noviF,  a  Philippo  Lanabergio  nuper  edits.  Per  Alexan- 
drum  .Ainl<  ;^"ii,:iii  Sc>i!iiiii."    Parisiis,  UilG,  in  4to, 

6".  "  AK'Xiiiiilii  Amlersoin  Scoti  F..\ercitationum  Matbe* 
maticaruni  Duas  I'nma.  Contincns,  Qua:stionuia  all. 
(jiioi,  ipuL-  iiobilissiinorum  turn  h^uu  turn  veteri*  sri, 
Matu.maticornm  ingcnitClieRIIOfefEMldBliiOOell*'*  PMi* 
risiis,  IfilJ),  in  +to. 

All  theM-  piece)!,  of  this  excellent  grametrician,  are  re> 

  He  taught  that  iii6nity-of  ibing'i  was  the  prin-    plete  with  the  finest  speciment  of  pore  g^mmetrical  excr- 

dpal  and  univenol  clement that  this  infinite  always  pre>    cises  that  have  perbap*  ever,  been  produced  by  any  au- 
/  aened  it*  imity,  but  that  its  parts  underwent  changes ;    thors,  ancient  or  modem.   So  that  it  is  to  be  lamented 
,  that  all  tbiagi  came  from  it ;  and  that  all  were  abijut  to    that  the  limiu  of  this  work  will  not  admit  of  ^ving  the 
'  retuni  to  iL   By  thi*  obscttra  and  iodetcrmiaatB  priad«   full  account  of  all  the  paniculats  contained  in  then» 
pie  he  probably  meant  the  chaoe  of  other  pbiloaophaia.   vUch  I  had  prepared  iiMeed  expressly  for  that  purpaaa. 
He  held  that  the  worids  are  infinite;  that  the  Man   Beside*  these,  I  am  not  aware  of  any  more  public* tieoa 


are  cowposed.pf  air  and  fiK,^which  aie  carried  about  hi 
thiAr  spheres,  and  that  these  spheres  are  gods ;  aad  that 
the  earth  is  placed  in  the  midst  of  the  universe,  as  in  a 
common  centre.  Further,  that  infinite  worlds  were  the 
produce  of  infinity ;  and  that  corruption  proceeded  from 
separation. 

ANAXIMIu)i£S,  an  eminent  Greek  philosopher,  born 
•t  Wirtiis,  tftM^MlHriar.  and  awSwim  «f 


Hcaide*  these,  I  am  not  aware  of  any  mow  Nbll 
of  oar  author,  though  perhaps  there  may  hasefaeMi 
Indeed  from  the  last  piece,  it  ful(y  appeals  that  ha  had  at 
least  written,  if  not  published,  another,  via,  A  tieatHeon 

tlic  m<'iisuration  of  solids,  perhaps  with  a  itfawnco  to 
gaiii;ui-  ;  as,  m  si\cral  problems,  where  he  criticaJly  e»« 
ainin.  s  the  tr.  atlse  on  cask-gauging  of  Kepler,  our  author 
often  reiers  to  his  own  worlt  on  stereometry,  which  I  has* 
■M  lanracd  had  ever  been  published. 

Q« 
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AND  C  ' 

AlMudcr  WM  eowia-gsmaa  to  •  Mr.  Dftfid  Andeiwn, 

'  tiun  for  matlivauitiea}  and  mechainaii  knowledge.  This 
inathein«lic«l  geniu»  appears  tu  luvc  bucii  liiTidilary 
in  Uii:  fiunilyof  tin-  Ainlfntuns,  atul  Iruin  thrni  transniittrd 
to  their  d«cen<JiUil>  of  ihe  iiiirac  of  Grrgorj'  in  thf  samv- 
conntrjr:  tlu-  ilauphjpr  of  tho  »aiil  David  Andepwm  hnviriij 
been  tlie  irul^;r  .'l  (lie  rt'loliralni  iiiiUln'mntiCKiii  .lames 
Gregory.  ;uk1  her^fll  lirhl  inslriirtcd  licr  son  Juints 
in  ibc  I'lcnu'iits  uf  tin-  matin  iiiutii*,  on  obsL-ivitii;  ill  liii:i, 
,  wbilcyct  achiid,  a>tr<»ng))ropt;mity  to  those  »cu'iice». 

The  time  cither  of  the  birtb  or  dciith  of  «Mr  Mtiiar 
Alexander,  bas  not  come  lutny  kiiowk-dge. 

ANDF.RSON  (Robert),  an  ingenious  matheOMtidan, 
«1m  imiiiML  ia  tho  latl«  hiUf  of  the  Wth  caotuiy,  ind 
wMmidk  Mliead  ami  cnoonn^  in  Aon  atodiu  by  tha 
■^CBaticai  Joliii  Colling  aaanig  othen,aoiilkai  aMB- 
liaiMdi  ia  Ifce  aivly  liboan  of  tiio  tbaywi  Sodetj.  Mr. 
Aadeinw  wm  »t  i»  tlie  pioiwiinB  <d  wathcmotio;  or  of 
dMsae  otW  bnmciiea  vliictt  it  appears  be  mefully  culti- 
vated and  improved  ;  but  was  a  tilk-wi  aver  by  tradf,  and 
niunt  bavL'  bi>cn  a  (icrson  of  wmc  consideration  atid  sub- 
itance,  be  was  able  to  muko,  at  liis  own  chargi',  lonie 
thou»anils  i)f  oxperiraenis  «iili  ciunmii,  for  improving  the 
art  of  gunnery;  \«'bich  be  did  in  a  coiisiiioiable  degree, 
as  iippcars  by  (he  tracts  on  that  art  which  he  |iublishfd, 
as  deduced  from  tho»e  cxpenmenlg ;  viz,  Ttie  Ciemiino 
Use  and  r.ffert?  of  the  Gun,  in  l(i74  ;  To  ilit  a  Mark,  in 
1690 ;  and,  !  »  Cut  the  Rigging,  &c.  in  I6'i;i,  all  in  4to. 
He  publiubcd  also,  Stercnmetrical  Fropositiuns,  variously 
•pplicaUe,  but  particuUrly  intended  for  G«ugiiig:  in 
MmU  ftvo,  1669.  Thtt  little  work  it  an  alaborau;  treatise 
on  tbe  mniareflMOt  of  all  kinds  of  toHdt  that  can  be 
genaimted  by  tbe  ratatiaa  of  ciickt  and  tbe  conic  svctioin, 
«r  tbo  eUi]Me,  byperbola*  tuid  parabola }  via,  all  tpbcre*, 
aphafoids,  conoitu,  andapindlea,  dec,  «i(tb  tbeir  •cgpnents, 
sonei,  vogulas,  &c. 

ANDROMI'IDA,  in  Astronomy,  a  con!>tc1I)ition  of  the 
jiorthem  hemisphere,  representing  the  lijjure  of  a  woman 
a!lll0^t  Diiki  ii,  l  i  t  !<<■;  lit  ;■.  li>ti>iice  iVoMi  each  other,  aiui 
her  arr:;s  i  .vteinjed  iitid  t:liiiine<!  ;  bein^  (ilic  of  tbe  ori- 
gmai  IH  asterismii,  or  fij^ure^  under  which  the  ancients 
comprehended  the  >l  ir-^,  115  derived  tolls  from  the  Greeks, 
who  prolmldy  lii-.-l  i^.  m  fro.n  tlie  l-';  s  ptmns  ur  llllhlll)^, 
and  who,  it  u  -suspeiied,  alu  red  their  names,  and  accom- 
piinicd  them  with  talnilous  •-inries  of  (heir  own.  Accord- 
ing., la. then,  Cepl^Lis  the  father  of  Anilrotnedn,  was 
abDgBd.,tO,giK0'bcr  up  to  be  devdured  l>y  a  )n<invlei,  to 
praaerve  his  kingdora  from  the  plague  ;  but  ibat  »he  wasi 
de&vercd  by  Perseus,  »  ho  sU-w  the  iuoii»tcr,  and  e<pou»rd 
her.  And  the  fouiily  were  all  tninalaled  by  Minenra  to 
beaven,  the  mother  facing  tbe  comtrllation  CaMloaeiR. 
t-  Sba  a  aoActintea  called,  in  Latin.  Atmw,  MtiHerctM- 
M(o,  fjigo  dnolg,  ttc.  Tlio  Arabians,  .wboce  religion 
did  Mt  pmalC  thctn  to  draw  the  figure  of  the  human  body 
on  mm OCCoaldn whatever,  have  cbanjied  this  coiv«tellation 
lea-calt.  Scbickard  rhan<^ed  tlic 
name  fortnatoftbe Scripture  name  Abi^'uil.  .And  bcbillcr 
bas  uJ»o  changed  the  figure  of  the  coii^teil  aion,  for  that 
of  «  sepulcliri  ,  and  cull!,  it  the  Holy  .S  |iiiichre. 

I'liis  c<inslell«lioM  cfinlains  about  stars,  that  are 
vwiblo  to  the  naked  eye;  of  ivhicb  the  prii.iival  are,  a 
Ai>dr..medii's  bc.id  ;  £  ,»  tJie  oir.ll.  .  ;,iid  cdl.  d  .Mirutn  or 
M>»tr ;  y  on  the  south  Iwl,  and  named  Alumak,  and 
•ometinet  Alhaniea. 
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Tbo  numbar  of  atan  pteeed  in  Ibn  conaieltalion,  by  tbe 
caMl^fWb  of  nntennr  il  tS»  by  that  of  f ycho  Urahe 
also  iS,  by  that  of  Hevefitu  47,  and  by  that  of  Flam- 

stu-d  (>(i. 

ANM.MOMKTKU,  an  instrument  for  measurinj;  the 
force  of  tbe  wind. 

An  instrument  of  tttis  vut,  it  s<ems,  imis  lirst  insenti  d 
by  Wrdriui,  in  the  year  1 70(1,  and  tirst  pnHished  in  Ins 
Areometry  in  1""*^  h'*"  '0  the  Ada  l^riidilururn,  of  the 
>i)i:ii'  year  ;  iitterwaids  in  tils  Matlieiijiilical  Dictionury, 
and  in  his  Llero.  Xlatbeseos.  Me  says  he  tried  the  |piod* 
nets  of  it,  and  observes  that  the  internal  stmctOW  auybe 
preserved,  SO  as  to  meoiiire  tbe  force  of  runniniB  voter,  or 
tliat  of  men  or  honca  wben  tliey  draw  or  pvil.  Ybe  ma- 
chine  comiMa  of  aailt,  a,  b,  c,  like  those  of  a  wind»niill, 
oganatwUeb  the  wind  blows,  and  by  turning  ibcm  about 
laiaea  an  om  s  wilb  >  wrigbt  i,  unoa  it,  to  dMinvnt 
anglca  of  defatiooi  abom  by  tbo  iomx  m,  accordii^f  to 
Ibefsfcoofttowiiid.  (Plate  ill.  fig.  4.) 

Mr.  Leutmann  improved  on  Woifins's  anemometer,  by 
placing  the  mils  boriaoaialt  iaitaad  of  vertical,  which  are 
easier  then  to  move,  and  tum  whatever  way  the  wind 
blows. 

Mr.  Benjamin  Martin  alio  (I'lute  ni.  tii;  .>)  impn  ve<l  mi 
the  same.  He  niain'  the  axis  liki  ihi'  fn-ee  nt  a  watch, 
bavinp  a  cord  winding  upi>n  it,  viitli  tuo  neighu  at  ihe 
ciui«,  wliieh  make  iilwavs  a  b  ilanre  to  (he  forCB  of  the 
wind  on  (tie  sails.    Sec  Ins  I'biios.  Utitan. 

And  M.  D'Ons-en-Bray  invonted  a  new  niH*monieter, 
which  of  itself  expresses  on  paper,  not  only  the  severa) 
winds  that  Iwve  bUiwn  during  the  v|  ace  of  :  i  hours,  and 
at  what  hour  each  bi-gan  uitd  ended,  but  also  their  dif- 
ferent velocity.    S<-e  Mem.  Acad.  Scienc.  an.  17^<k 

In  tbe  Pliilos.  Trans,  another  anemomeier  is  dcsctibed, 
in  which  the  wind  being  supposed  to<blow  directly  against 
a  fiat  side,  or  board,  which  morn  along  tbe  graduated 
aich  of  jt  ijuadrant,  tbe  nultaber  of  degivct.it  advances 
shows  tbe  comparative  force  uf  the  wind. 

In  the  same  Transaction*,  for  the  year  ij^t  Mf.  Alex, 
V,\  deM  Tibes  n  nietbfid,  successfully  pnirlised  by  him, 
of  iiHusuring  the  vebicity  of  llie  wind,  by  means  of  that 
of  tlie  abadow  of  ebnids  pasting  over  a  plane  upon  tbe 
earth. 

AKo  in  tl:e  e  TraiisaciKin^,  li  i  the  '.<\if  \77-''t  Hr. 
Lind  givi^  a  us  ^ti  ipiioii  ol  a  very  in:;eiiino.  i  niiable 
Wind-Ciaiine,  by  whirli  tbe  force  of  thi  uiiid  is  cii'ily 
measured  ;  and  «!;itli  *eem«  to  have  be<  n  »U[".:isIed  by  ii 
bint  of  Dr.  Haloi,  in  his  Desc  ription  id  \  <  iiiilutor>,,  pa  17, 
and  de»criheil  in  the  Huriiana,  long  letuiu  Dr.  Lind'e 
lime.  A  brief  description  of  tbo principal  pHrt>orit  here 
iollowa.  This  ttmiile  inalrutBeat  coiibtsia  uf  two  glasa 
tabes,  AM,  CO  (Piatcrii.  fig.  4),  which  thonid not  be  lew 
than  8  or  9lnclH»  long,  the  bore  of  each  being  about 
ot  an  inch  diameier,  and  coanecmi  tugeifacr  by  a  small 
bent  glass  tube  ah,  only  of  about  -^of  an  inch  diameter, 
to  cheek  Ihe  unduhitinnsof  ifar  wafer  CKUM'd  by  a  sudden 
l^iist  nf  wind.  On  the  upper  end  of  ihe  lej  aB  i«  fixed  at 
nulit  aiiKles  to  it  a  thin  metal  lube,  and  liHvina  its  mouth 
open  li«  r<  ri  lie  s»irid  bbming  bori/"iitiiliy  mlo  it. 
Tbe  !wi.  iaiie.'..  <ir  rali,<  :  'lie  twi'  liriinrbes  nl  the  tube, 
an'  1  i>ri:-,ec'eii  I"  a  v|i  i  I  spirnlli  K  I  ,  liv  -  li  |i-  "t  L'i,i-s  iii  ar 
the  t<i|i  ami  b(iltr>ni,  on  tlx-  S"ik>'ls  ol  »hicii  alrand/i 
liv  (hi'  un'.d  bloMiiii;  in  ii:  the  oiltice  at  I  ,  the  ub'ili-  In- 
strument tunis  cttMly  Hbtmt  the  spindle,  wbicii  is  fi.xrd 
iaia  a  block  by  a  aoew  ia  ito.UrtMm.  Wben  tbe  Inalru- 
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L    >17  1 


A  N  G 


TiKiit  IS  u!«d,  a  qumntity  of  water  is  poortd  in,  till  the 

tubt-*.  an:  nbnut  hall  full;  then  expo»ing  the  instrument 
to  iki-  tviiid,  by.blowlne  in  al  the  orifice  »,  it  turcn  the 
wiitiT  ili"Mi  liiiM-r  111  til'-  lube  .iii,  ami  raiM'>  il  i'/  niucti 
highiT  HI  llu-  ii:li>'r  lui.if ;  tin  ii  tti.'  liistaiici!  brtttccn  llii; 
surluco^ol  ilirWiiKT  Hi  tlu  t«'i  tiiln'^,  i  s()ii)al<  d  by  a  kcuK; 
of  inches  nnd  [ihii-  mi,  plunil  bv  llic  miKi  <jf  thr  IuIm^, 
will  be  Ihi'  lirij;ht  of  u  CHhimn  vl  «;ilt'r  wIjum'  >M-igiit  is 
MllUli  to  the  futcc  or  mom«iii»in  of  tito  niml,  bl»uino  or 
■tnkiag  a;;ainsl  un  equal  base.  And  as  a  cubic  luut  of 
water  wrighs  1000  ounces,  or  6'2i  pounds,  the  l'2th  part 
of  which  i»  jj^  or  pound»  nearly,  ihereforc  Ibr  every 
iadi  tke  surt'aco  uf  tbe  wat«r  is  nnedf  the  force  of  the 
wind  ba  equal  to  to  many  times  H  pouncl*  on  a 
square  ibot.  lliHs,  tMpiMae  tks  water  atond  9  inchca 
k^gher  in  tbe  one  tube,  tnan  in  tbe  other  {  then  3  times 
A^,  or  IM  pounds  ■*  <'qual  to  thr  piemie  or  force  of  the 
mini  on  the  surface  uf  a  iquare  foot.  ' 

This  instruii  iui  of  Ur.  Liiid's,  mnunrcs  only  the  force 
or  momentum  ul  itic  wind,  but  n^t  its  velocitji.  How- 
ever, the  vclocitv  "1  tfii-  wiiiil  may  Ik"  deduced  from  its 
force  io  obtained,  by  help  uf  soim-  e.x|ierimeiits  [wrformed 
by  me  at  the  Royal  Mililuiy  Ac;uli'iii\ ,  m  tlie_\e;ii>  I7S(>, 
178",  and  17S8;  fr  nu  «liich  it  a|)pe.iis  lii.il  ;i  pl.uie  -.ur- 
face  of  a  v(ju:iri'  fuot  ^ud'i  r.*  a  re<l^t■lllce  nf  12  uullce^.  nr 
J  of  a  pound,  from  llie  »md,  when  bloiving  willi  a  velo- 
city of  20  feet  per  »ccond  ;  and  that  the  force  is  neatly 
as  the  square  of  the  velocity.  Hence  then,  taking  tho 
force  of  li}  pounds,  above  fouad,  for  the  force  of  the 
wind  when  it  sustains  3  inches  of  water,  and  talcing  the 
iqanM  roots  'of  the  forcesi  it  will  be,  as  :  1 5|  :  : 
SO  :  9l\  tbe  4(h  pnmortional,  that  is  a  velocity  of  91f 
feet  per  second,  or  o2  miles  per  hour,  is  the  nitc  or 
city  «t  which  the  wind  blow*,  when  it  tafaes  the  water  3 
incbe*  bi;;her  in  the  one  tube  than  the  other.  And  (Kf 
ihvr,  us  the  said  bej;tht  in  as  the  force,  and  the^famaa 
the  -iqoare  of  the  velocity,  we  shall  have  the  force  and 
veloc  ity,  I orii  '-|>f>noin;;  to  v  veral  height*  <»t  the  water  in 
the  one  tube,  uuove  liiat  in  (lie  other,  as  in  lite  following 

uUe. 

JhUe  ^tU  eorrafoMUng  iiei^t  ^  wutrfjhree  qf  tke  veiiut 
m  <  af  KMJnr/«o<,  umd  k»  vrhdly  per  kour. 

In  one  instance,  Dr. 
Liiul  found,  lliiit  the 
t<M  1  .■■•i  llie  «  III' !  u.i»  Mich 

ai    Ui    In    l'<|U.li    lu  M^''g 

priund?,  on  a  ^qullte 
Itj  't;  and  tlii>  by  pm- 
pcition,  in  till'  liillow- 
in;;  tiililr,  will  be  fuu|id 
to  an>vier  to  a  velocity 
of  ^  iniiis  per  lionr. 
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latter  kind,  it  (eemii,  w»s  that  used  by  the  anrK  mn.  ns 
deSrrilied  bv  \'itniuii<- ;  ind  we  hav<  m;i;,v  oi  iluin  nC 
pri'sent  i;i  lucnc  fir  )n,lilic  hulldln^^.  n'  :iii  luiiex  Hiih- 
inmde  a  room  or  1.  ill,  |iuii.l^  to  tlie  ini:!i<  ,1  the  (juarter 
troni  uliii  li  iht  .Mil  I  ijio»"V  without;  which  is  simply  ef- 
fected b>  <  <>i>n<  t  tii.i;  un  index  to  the  lower  end  of  the  spin- 
dle ol  a  wi allier-totk.  , 

It  has  bt.en  ob>etveil  that  hyi;ro5Ccipes  made  of  cat-gUt, 
or  such  like,  prove  v.T)  f;i.od  ant  inoscopesj  seldom  fiulhlg, 
by  the  turning  of  ihe  iii<le.\,  to  fnretelt  the alltftjll|g  of  tbO 
wind.  See  accounts  uf  two  diflrrent  aiienKiaeojwa;  ono 
by  Mr.  I'ickeriog,  vol.43  Phiivt.  Transt  the  other  by  Ur< 
U.  Martin,  voi.3  of  bis  Philos.  Britan. 

OiiuCtKrieke  also  gave  the  title  anrninscnp«  to  a  mar 
chine  invented  fay  him  to  foretell  tbe  cbai^  of  tbe  wea- 
ther, as  toniAan^fiiir.  Itcoflsiitcdof  the  small  wooden 
lisnra  of  a  man,  wUch  km  and  fell  la  tdaM  tube,  as  the 
atmoipbere  was  more  or  leis  heavy.  Which  was  only  an 
application  of  the  comnnm  baronieior.  ari  shown  by  M. 
Couriers  in  the  Acta  Kruditorum  for  Hih\. 

A  NXi  LL,  An^tilHt,  in  Cn-onu  lr\ .  llu-  upt  nin;:  or  mutiiiil 
n.<  oi.ation of  Hvo  line*,  or  Ho  p,.in<'«,  mi'<  lin^  in  a  point, 
riilb  d  Itie  vertex  or  aii^uUir  point.  S'.tl;  us  the  anpic 
iormv<l  In,  or  liet«<'<  ii  ifie  l!ln^  ah  and  jlc,  at  tbc 
vertex  or  ei-i  j;j  l,j  r  [ i  ii  I  i. — Al-o  [In  two  lilWS  M  and  AC, 
are  called  the  legs  oi^  the  sides  ut  the  angle. 


weather ;  and  sooietimcs  fur  an  insirutaeni  showing  by  an 
iades-wbot the prrsent diiectioa of  thb  wind  is.  •  Oithii 


Angles  are  lometimes  di  noted,  or  named,  by  the  siii|{^e 
loner  placed  at  the  angular  poiui,n«  thean-^le  a;  afldsorac- 
timcs  by  thiwo  letteta,  as  bac.  placing  always  that  of  the 
vertex  In  the  middle.  IV  former  mciho<l  is  uvd  when  ' 
only  one  angle  has  the  snine  VI  Ilex ;  and  the  la;;i  r  mriind 
it  I*  necetsary  to  u^e  when  M-veral  nniiles  have  llie  s.iine 
verti'N,  lo  di^li;.L;iii-li  ilnni  from  one  anothir. 

'1  l:e  miasuieol  un  allele,  by  « hicli  il  oiiiinti h  or  niag- 
liiluiie  is  exjireNscd,  is  an  arch,  as  nr,  ■  i  :b>  il  li.«i)  the 
centre  s,  with  any  radius  at  pleasure,  and  ii  iiliiin-d  be- 
tween its  lens  An  and  ac. —  Hence  aiiubs  iin'  c<iiiif>jred 
and  «l]>iiti2iii^lied  by  the  ratio  of  the  arcs  «iiich  s'lbu  r.d 
them,  to  the  u  liolc  circumference  of  the  circle  ;  fir  U\  the 
number  of  degrees  contained  in  flie  arc  DF:  by  whic  h  tl.cy 
ail-  iiii'HsUnd,  to  36o,  the  nuniiii  r  ■  i  dej^ri  es  in  the  whijo 
circumferrncr  of  the  circle.  And  thus  an  angle  is  said  to 
be  (if  no  many  degrees  as  are  contained  in  tlia  are  be,  by 
which  it  it  mt^snrcd. 

Hence  it  mattfts  not  with  what  radius  the  are  is'de- 
wribrd^  for  the  am  db,  rfr,  being  aiinilm-,  diey  have  the 
same  ratio  as  their  respi-clivp  radii  or  drcumforrnccs,  and 
therefon-  they  coiiluin  the  same  number  of  decjrces.— 
Hence  it  follows,  lhi»l  the  qunnlitv  or  mapnilode  of  the 
an;^le  remains  still  iIh  -  ihh  ,  iboueh  <\w  leijs  de  ■  \  r  ^<> 
much  incrtased  er  dii.iii.i^lud. — And  thus,  in  sMnihsr 
fl|pur»-s,  ibe  like  or  fonrsponding  uncles  ate  <  tpKil. 

The  taking  or  mefimnir^  of  tin;lr^,  is  iiii  tip.nil'on  of 
preul  u' "  mid  extent  in  »iirvc\ini!.  ii!iM::.iii(.ii,  ^roi:i;i|diy, 
a-triironiy,  \c.  And  ibc  iuMi '  ni.  iiN  chielly  "■•'■d  lor 
t!ii"i  piirpoie,  lire  <|uaciranlf,  -i \i;'iitv,  <,ctiii>ts,  ihi  '  d.  iliti 
circumlerrniurs,  6fC.  Mr.  Uadley  luvrnted  on  excellint 
insinnKHt  for  inking  the  latfrr  kind  of  mngtes,  when 
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auch  acenncy  is  required,  or  where  the  ■otfam  of  the 
objvct,  or  atiy  circumstance  eatuing  Ml  •utcidfaHai  in 
the  common  in^trumints,  render*  ibe  obeeiwdow  difi* 

cult,  ur  uncciiuiii  .And  .Mr.  Oollobd  Contrived  an  iiH 
sirunu'iii  iVir  luiNt.'.uriiig  buutll  aag|lei>  Soe  HaJi^i  8iuh 
draat.  Mu  rvmti.r,  and  the  Phike.  Tranc  Nuntber*  490, 

and  vol.  IS.  ^ 

'I'o  measure  the  'iluantity  r  f  iin  Ansle. 
1.  Oh  paper.  Apply  llic  ccntic  ol  a  |ji.ilii»ctor  to  the 
vertCN  .1  ot  the  angle,  s.o  thM  tiio  lailui-.  may  coincide 
with  one  leg,  as,  ab  ;  thco  tlie  degree  uu  the  arch  that  it 
riii  by  the  <ulur  l«fg  AC,  will  gtve  tlic  mcaniK  of  the 
angle  rctjuirwl. 

Or  thus,  by  a  line  of  chord*.  Take  off  the  chord  of 
60  with  a  pair  of  oonpaMcs;  and  »ith  that  r.i<luis  from 
the  centie  a,  daicribe  en  arenas  nc.  I'Ikh  i^Ia  this 
arc  DK  between  the  commmm,  and  app\y  the  cxitnt  lo 
the  icale  of  chords  which  will  gi«e  tan  dcgieea  in  the 
4Mglea>  before. 

M.  Oc  Lagoy  gave,  in  Kvml  nenein  of  the  Aoyal 
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the  3d  is  -r  OT  ^ 


and  the  fourth  is  —  or  , 


Acadny  of  bciMwe«,a  new  tnediod  of  veanrii«  aagkih 

which  he  railed  Goniometry.  The  medwd  coniisttin  ine|t» 

suritig  with  a  pair  of  conipaste^,  the  arc  which  nihieildt 
Ihe  profioird  an-.;!!-;  not  hy  applying  its  extent  lo  a  pre* 
conitnirlcd  mmIi- I (  liMi  li-,  ij  .r  i  -;  f;ill.  i«  u;;;  imiiiner: 
Fiuiii  till'  uii;4iilar  piiini  us  a  i  i  itUc,  luili  n  iirvlly  large 
radius,  di  sci ibi  a  circ  le,  producing  dih'  Irg  <iI  ;lie  angle 
backwHnl*  lo  cut  ofl  u  >eniicitcUi  ;  lljcn  <>i  a.-rli  ont  what 
partdl'lhr  >ii'iiiii:ii fli'  tlif  aic  isuhirh  nx-ii^nre^  liiL-  i;iven 
angle  tn  thi«  maniu  r  ;  viz.  lake  the  extent  <il  lhi<i  urc  with 
a  very  fiui'  pair  of  co^lpu^^^>,  irui  apply  it  several  times 
to  the  arc  of  the  semicircle,  (o  And  boVr  often  it  is  con- 
J,  with  a  email  part  rnnalning  over ;  in  the  same 
take  the  extent  of  this  small  port,  and  apply  it  lo 
the  lint  arc,  to  find  how  often  it  is  contained  in  it;  and 
what  icBiuM  this  Sd  time,  apply  in  like  manner  to  the 
*.fintJMMUM)er;  then  the  9d  remainder  apply  to  theSd, 
and  10  on,  always  oonntiqg  hou  often  the  latt  remainder 
it  contained  in  the  next  foregoing,  till  nothing  remain, 
or  till  the  nmttinder  is  In^eiiMble,  and  too  small  to  hr 
measured.  Then,  bii^innu.g  at  the  la;*!,  aiul  relurniii<: 
liiicki^i Ills,  mak(  a  ^erii-s  of ,  fractions,  of  nhirh  the  nn- 
mtraior*  arc  alvviiyh  1,  and  the  denoniinulors  arc  the 
aumber  of  linveseach  remainder  is  coiuained  in  itsni.xt 
remainder,  uilli  the  frarlional  part  more,  as  derived  from 
the  following;  ri-niiimiler  ;  ti  >  ii  the  last  Iraciiini,  tliii->  ob- 
tained, will  ^how  what  part  the  given  Biigle  i*  of  ISO",  or 
the  semicirtl<'  ;  and  being  turm-d  into  degrees  i\:c,  uill  be 
the  measure  of  the  angle,  mid  nearer,  it  is  aix-ried,  than 
it  can  be  obtained  bv  any  other  means ;  whether  it  be 
meatUrinK,  or  calcufatir.':;  by  trigonomeUrical  tabhv. — 
11iue,if  it  ho  re4ui:>  (]  i<>  nu  itsurc  the  aSf^  cm :  With 
alaige  radius  drKhbe  the  semicircle  oiii,  BMCtii^  the 
l«g  ro  produced  in  t;  then  take  the  extent  of  the  arc 
OB  in  the  compusHi,  and  applying  it  frnn  a  ibe*^ 
micircle,  tuppose  it  ooniaius  4  times  to  the  point  4,  and 
the  part  41  over;  take  4t  and  apply  it  from  K  to  I,  ao 
that  MO  contaiM  4t  once,  and  lo  over ;  also  a)ip!y  this  re- 
niaindei  tntfaebmer  4i,  and  it  isconiainol  .s  times,  from 
4  to  5,  *nd  Si  over;  and  lastly  the  remaindi  r  3  i  is  just 
twice  contained  in  the  former  remainder  Ic;  or  12,  with- 
out any  remainder.  Here  then,  the  seiie*  of  miolieiits,  or 
numlteis  of  liiiie>  cc  :itaine<l,  arc  •»,  1,  5,  2;  llureloie,  be- 
gV>tung  at  the  last,  the  first  fraction  i>  or  the  la»t  re- 
jniuuder  is  half  the  praccding  on«{  and  the  8d  fraction  is 


ft     •  'ft     '■  ' 

that  M,  the  arc  c  u  IS  1^  of  a  semicircle,  or  the  angle 
•ra  is  of  two  right  an^es,  or  of  180**,  which  is  eoui- 
vnlent  to  57f  degrees,  or  37.^  »'  34> 

flL  OnfAegnaM.  Place  a  anrvqriBf  instrument  with 
ill  CCntw  over  the  aagular  pcnnt  to  be  Bcisured,  tumitig 
the  instrument  about  till  0,  the  beginninjt  of  its  aieh,  lull 
in  the  tine  or  direction  of  one  le"  uf  the  angh- ;  then 
turn  the  index  about  lo  iIm  i  in  r  mh  of  tli<' other  leg,  and 
it  will  cut  off  from  iLc  an  li  u.<  ci  guis  answtring  to  the 
gi  *  1  11  allele. 

'l  o  plot  or  lay  ilown  any  gneii  angle,  eiliirr  oh  |)«per 
i  r  oil  itie  jJiMiii.  l,  may  be  perlormed  in  ihi  saiiie  iiiunner; 
and  liie  niethod  is  turrbcr  explained  under  the  articlii 
Plottin(.  und  I'ltoT iiactiho,  alio  under  thenaases  of 
the  Msteral  instrunienis. 

IhUmt  a  ftitM  wigk,  as  »uppobe  the  angle  lkm.  From 
the  centre  a,  with  any  radius,  describe  the  arc  lm  ;  then 
with  the  cenlns  l  and  H,  describe  two  arcs  intersvcliag 
in  M  i  and  draw  ihe  line  km,  which  will  bisect  the  g^vcn 
aofle  LKH,  disidiD§  it  into  the  two  equal  angles  lkw, 

HKV. 


To  iriwcs  an  a^glr,  •^e  Tusicriov,  mi  Ashwias 
Surrioiis. 

AIIOI.KS  are  of  various  kiiuK  and  denominations.  With 
fegsrd  to  the  iorm  of  their  legs,  they  are  divided  into  • 
iwM'MMcr,  ewvf'lrneor,  and  mixtd. 

tteaUbmt,  or  rjfA^Maeid  A  volb,  is  that  whose  legs  aw 
boA  fight  lines ;  as  the  foicgoiNg  angle  kkl. 

CmvUimiat  A*out,  b  that  tflme  legs  are  both  of  thea 
corves. 

Mill,  OT  miitiUntttr  Avd  lf,  is  that  of  which  one  leg  is 

u  nnht  line,  niid  the  other  a  curve.  * 

With  ^^l'a'<l  '.o  lluir  ma^nil mli',  rini;1rv  are  again  di~ 
vidi  <l  iiilfi  n^iil  I'lil  oLIniue,  acute  anil  ulitiise. 

Hii'h!  Am-1,1,  lhal  ((rliicli  1-  joinir'd  liv  nrir  line  |K  r- 
|>einlKulai  to  anotiier  ;  or  that  wlttch  i%  sulitendril  Ijv  n 
(Hiailtaiil 'if  u  i  in  li  .  As  the  angle  bac. — Tlifri  iiiir  ihr 
measure  of  a  right  angle  is  n  quadrant  ol  a  i  ircie,  or  iK)*'; 
and  consequently  all  riiiht  angle*  an'  ei]uul  to  each  other. 

(MigtK  AstGLE,  is  a  eominon  name  for  any  angle  that 
is  not  a  right  one;  and  it  is  either  acute  or  obtuse. 

Acute  Aynta,  i»  that  which  is  less  ilian  a  n^ht  angle, 
or  less  than  i)0  dcfsrecy;  as  tiiv  im^lc  r.  \  p. 

Otmse  Angle,  is  greater  than  a  ngiil  angle,  or  whose 
nressure  exceeds  90  degrees;  as  the  angle  bak. 

With  regard  tu  their  wtnalicm  in  respect  of  each  other, 
angles  are  distiiighished  into  cna^pisn^  n^flaaHir,  iwrtfcn/t 
vffoiUe^  and  mUmuie. 

Omtigiumt  Akolks,  are  sneh  as  have  the  same  vertex, 
and  one  leg  common  to  both.  As  thoa^gjc*  •«!>,  CAO, 
which  have  ad  common. 

Adjacent  AsiiUi.*,  arc  lho*e  of  «liicli  a  h  i;  'if  the  one 
prodoced  forms  a  h  g  of  the  other:  as  iIk  hii/Ii's  lkii  ami 
ini,  whicli  liavr  Ik'^s  ir  aim  n.  in  a  Miai:"lit  hue. — 
llcnce,  adjacent  angles  are  supplements  to  each  other, 
making  togstber  180  degim.  And  thfRfbre  if  one  of 
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these  be  gi»cn,  the  other  will  be  known  by  subtracting 
the  gi*<  n  one  from  180  degrees.  Whicli  j)rr>|)<  rty  u!.r- 
ful  Ml  jurveying,  to  find  the  quBUlily  ol'  au  iuucccuiblc 
angle  :  viz,  mcfuure  its  adjacent  •fWlM*  VOtf  md  iqIk 
tract  thiit  Irani  l&O  dc£r««». 


I'ertical  or  opposite  AxuLE?,  iir;  bii'h  as  Inivc  their 
legs  iiiiitually  c<<ntiiuiati<iii»  of  each  i.liitr;  iis  (he  two 
angles  a  and  b.  or  c  and  rf. — The  |  r<i|i<  rty  <i|"  these  is, 
that  the  vcrticiil  or  opjx  siiv-  -jiv^l  s  .in  iLUvuys  tqual  (o 
i-ach  otIicT,  VI2,       =  iLl'.  uimI  /.c/.    ,'\i;d  hcncu 

the  quantity  of  un  iniiiiciijililf  »:  ^li  of  a  ficlil,  &c,  inliy 
bo  found,  by  measuritig  itb  iicci-^Mblc  opposite  angh'. 

AltcmuU  Anolbs,  arc  lbo»e  niaile  on  the  opposite 
■idct  of  a  linn  rutting  two  parallel  linv»;  fo,  the  ai^^t 
cud/^  or,  g  and  k,  arc  ulternatcs.  And  llicte  are  always 
•qui  to  oacit  olber;  vii,  Uw^«  stAj,  or  /.g  sZ.A. 


Eilerwd  AvHLV.s,  urc  tlic  .in^U's  <if  a  figure  made 
without  it,  by  producinif  it>  »id('!>;  nt  tin-  atiglis  i,  t,  l,ni. 
All  tilt- cxlcrtial  anjtk-s  •/t'iiny  right-tint d  figure,  taken  to- 
gptber,  are  equal  to  4  rifiht  angles;  and  the  external  ao- 
glk  of  •  triangle  is  (quul  to  bolb  die  internal  opposilo 
ones  lakan  lomtbcri  alto  any  extanal  ai^a  of  a  trap^ 
nuni  imcribrd  in  n  circle  ia  equal  to  the  latemal  oppo> 
■ite  angle. 

hitmnU  Av6U^  aie  the  an^hi  wiiliin  nny  figuM,  and* 
Iqr  the  tidn  of  it }  to  the  nmilca  n^^o,  m.—ln  any  nght- 
lined  figure,  an  intwaal  angle  as  n,  and  its  adjacent  ex- 
ternal  an^e  tMEther  aiakc  two  right  aogles,  or  18a 
di^reca;  atui  all  the  internal  angles  n,  o,  p,  q,  taken  to- 
gethei',  in.ike  twice  as  many  ris>ht  ani'let,  wuuting  4,  im 
the  figure  ha«  ^id.  s  ;  also  any  two  oppo>ite  inlern»l  an« 
gios  of  u  trnpe/iiini  iiiu'iihed  in  ii  c  ircle,  taken  lOgethcTt. 
maJie  two  nstht  ungle^,  or  l<SO  diyree-. 

H'.iin',i'<zoiis,  i>r //,{<•  .Ast. (.1  s,  AU  siicii  an^ci- in  two 

figu^<'^,  a»  rel.^iii  die  snir.e  iir<li  i  iii  Ixiih. 

AN<il.F.  al  Me  ieiil<i.  Uiiumc  vortex  if.  ill  tlic  Cen- 

tre; us  tb«  anule  trc,  iniiiirii  by  two  radii  af,  iCi  and  it 
i»  measured  by  the  arc  a  i»c  — .An  angle  at  the  centre,  as 
Arc,  is  always  double  the  angle  abc  at  the  circumfc- 
rmceiStnodingon  the  same  arc  auc;  and  nil  angles  at 
the  ccntn  am  equal  that  stand  npon  the  snme  or  equal 
ores :  nlw  all  anigles  at  the  centre  are  peoporliofeal  to  the 
am  thay  stand  upon ;  and  lo  also  are  oil  anglni  at.thn 
aicaunlercnce. 


9  ]  AN  {; 

Akgle  at  the  eircmnference,  is  that  Ahote  vertex  is 
somewhere  in  the  circamference  nf  ncirole;  asthe  nn- 

glr  ABC. 

Anoi  l:  III  a  u'^ent,  is  that  «lio5r  le^s  inert  the  i  xlrr- 
lintirs  ot  the  Uwm'  of  itie  spgmen!,  ami  i!s  veili  x  is  ariv- 
where  in  its  uri  li  ;  a*  iIh'  b  h  ni  the  si-«nieiit  aih  ; 

and  is  conipn  hendcd  bet«een  two  chords  An  and  BC. — 
An  angle  at  the  circuinfiK  nee  is  measured  by  half  the 
arr  auc  on  which  it  stands;  and  all  the  angles  abc,  asc, 
in  the  same  segment,  are  equal  to  eacli  other. 

Akgi.e  in  a  semicircte  is  an  angle  at  the  circumlenoca 
standing  on  a  semicircle,  or  nn  a  diauKleCw— An  Mig|e  in 
a  semtdrclet  is  a  right  angle ;  in  a  greater  aegpen^  the 
angle  it  Iw,  and  in  a  leas  segment  is  grealert  than  a  right 
ni^> 

AN6I.B  4f  n  snpnotf,  b  that  made  hy  a  chord  with  a 
tangent,  al  the  point  of  coalael.  ■  So  in  x  is  the  angle  of 

the  less  segment  IMH,  and  ini,  the  angle  of  the  greater 
segment  in  ii.  —  And  tlip  mea-ure  of  each  of  these  angles, 
is  half  the  alieriinto  or  supplemental  segment,  or  c<|ub1 
to  the  nn^U'  in  it  {  «%  the  AIHK  M  ^iiiB,  and  the 

Z.IIIL  =  ^lIMll. 

Amh.e  out  qf  the  crntrr,  «s  o,  is  one  whose  vertex  is 
not  in  the  centre  of  the  circle, — And  its  measure  IS  half 
the  sum  ia  t-  [b  of  llie  arcs  iiiterccple>i  i  -,  legs  when 
it  is  within  the  circle,  or  half  the  ditkrcnce  ia  —  ib 
wbw  it  b  wilkowt. 


AttaiE  of  a  semicircle,  i  ,  iIm  ingle  which  the  diameter 
of  a  circle  makes  with  the  circumference.  *Euclid  dc 
nomtratc*  that  thia  is  lete  than  a  rig{bt  angles 'W  gpvater* 
than  any  acute  angle. 


Akolk  pftuMta,  it  that  mnde  hy  a-enrve  line  nnd  a 
taugent  to  it,  at  the  point  of  ooniact  \  at  ihe  an^le  itix. 
It  is  |>Tovc4  h]r  Euclid,  (hat  the  angle  of  contact  between 
a  right  line  and  a  circle,  is  less  than  any  right-lined  angle 
whatever;  though  it  does  not  therefore  follow  that  it  is- 
of  no  magnitude  or  quantity.  This  has  been  the  snhjecl 
of  gn'Bt  disputes  umonj;  geometrician'*,  in  which  Peleta- 
riiit,  Clavius,  'l  iiiiuet,  \V.illi»,  4cc,  bore  a  considerable 
share  ;  Peletarins  and  U'aliis  contending  that  it  is  no  hii- 
j;le  at  ail,  ajrainst  Clavius,  who  rightly  asse its  timt  it  is 
not  absolutely  nothing  in  itself,  but  only  of  no  inasinitiiili-' 
in  companion  with  «  right  lined  angle,  being  »  quantity 
of  a  different  kind  or  n.iturc<  like  as  a  line  in  rr»p<'Ct  to 
a  surfuce,  or  a  surface  in  respect  to  a  solid,  hr-  Ami 
since  his  time,  it  has  been  proved  by  sirlsaat  Newton,, 
and  others,  that  au^  of  cwlact  can  be  compared  to 
each  other,  though  toA.  to  rig|l^liB«l  aaglet,  awl  whMi 
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tbo  proportions  arc  which  thqp  hav  to  «Kh  other.  Thus, 
,  the  circttlar  et^cs  of  conlect  tHK,  shl,  aie  lo  eech 
other  in  the  ndprocil  tubdui^iceie  raiio  of  the  dieaeten 
uv,  uw.  And  heaee  the  circnlar  angle  of  contact  my 
he  dividcid,  by  deccriblBg  intenaadiate  cireka,  into  any 
numbr  r  of  part*,  and  in  any  proportion.  And  if,  intteod 
of  circirs,  tlie  curves  be  parabola*,  and  the  point  of  con- 
latt  H  or  o  ihi'  coMunon  vertox  of  liiiir  u\is;  ihc  iui^k^ 
of  contact  will  then  be  reciprocally  in  the  suli  lujihcalc 
risliii  oi  ti.ni  |)araini'lors.  I'ut  in  siuh  illijiiual  iiini  hy- 
fMrbohtal  aiiijli.!!  ol  cwntuci,  ihtM  viiil  bo  rftipioculiy  m 
thi  suLiiJui>lic.iti-  'if  till  i.uio  ci>mp<iundi'il  of  the  ratios 
of  ila'  imiaiiu'tcri,  and  llu-  transviTM'  axes.  Morpover,  if 
TOQ  be  a  common  parubola,  to  the  axis  or,  and  tun[;cnt 
vow,  and  ttbosc  equation  i'-  I  «  J  =_v',  or  r  =_y',  wln-re 
*  IS  the  abjicis'i  OP,  and  y  tho  ordinate  py,  the  paiumcu  r 
being  1:  and  if  vtt.  os,  ^Ct  be  other  paurabulait  to  the 
•ane  axii,  tangent,  aiMl  parameter,  tb«ir  ordinete  y  being 
n^mvt,  diCi  a»d  tbeir  equatiom  x  bji*,  s^y,xamf, 
&e:  thealbeaefiaof  oMlcaof  quntact  will  b«  io  tnc* 
ceniea  iafiaildly  grealer  inaa  each  odwr,  via,  the  angle 
of  voatact  woo  inluuiely  greater  than  voa,  and  this 
finite^  greater  thaa  w«a,  md  to  io  jaAnitnm. 

And  farther,  brtwwn  the  Mf^t*  of  coniact  of  any  two 
of  lhi>  kiiul,  ni  i\  .  n^jle!.  of  contact  be  found  ad 

iiirmiluiii,  wliicii  vha.l  niuuitely  exceed  each  other,  and 
yrt  the  iiti-s!  c\  VM-m  In-  iiihnitely  U'^>lhi«ii  Ihe  ■*'ni;ilk'4l 
n^hl-li;.!  ,!  iiii^'..'.  Si,  al>"  J •  =•  y ',  J '  =  v',  » '  ~  ^T,- 
dehoU-  H  ij'.  riiiAei,  ol  %>hRli  v\i  t^  »',.t<  i  i '1  ili^  one 

niake>  an  im^U-  «itli  iii  laivjfnt,  iniuiiirl  ,  ei .  ati  r  tlian  the 
prcceiling  one;  and  tin  U.ist  ol  l\:r--,  \:/.,  lliat  whose. 
e4)Uation  is  i'  —  y^,  or  tlu-  ««niiLubiertl  ["ittabolH,  ii  infi- 
nlu4y  gtealer  than  any  circular  an^h'  ol  rotiusct' 

Angles  arc  age>n  divided  into  pltnte,  sjiheiical,  and 

Pbme  Angles,  are  all  those  above  treated  of;  which 
are  dcAoed  by  the  inctiaatfoo  of  two  lines  in  a  ^ane, 
aiming  in\i  pigint. 

•  Sjphefiod  AwsLS,  is  anw^e  fcnnrd  on  the  svi&ce  of 
a  iidiere  by  the  ioterMction  w  two  greM  cifdc* :  or,  it  is 
the  inclination  of  the  planes  of  those  circles. 

The  measote  of  a  spherical  angle,  is  the  ore  of  a  great 
circle  of  the  ipbci*,  intercepted  bv-tween  the  two  planes 
whirh  form  the  lfnj;Ie,  ninl  uiiii  !i  cuts  the  said  planes  at 
right  angle".  Tor  thi  ir  ]iro|K:ties,  vVc,  m  c  SvilKBr., 
Sptir  Rir  1 1  ,  ami  Si-ji  til  u  \L  l  n  n,  o v •  i  ^!  KT iiT. 

Solid  Asi.i  i.,  ii  tlif  jriiiiiii,.!  im  liiialintt  of  ni'iro  than 

two  |);  iiicv,  or  plane  ani:li-s,  nuTlifL;  111  .1  |  :t,  niul  not 

contauu  d  in  the  siiirnt  plane ;  liiie  the  Uiigiei,  or  corners 
of  solid  Itodics.  For  their  nwasnre,.  properties,  &c,  see 
Solid  /tiu;l<!.  ' 

AniiUi  of  other  less  utuul  kinds  and  denominations,  are 
alio  to  be  found  in  tome  book*  of  pcunietry.  As, 

Homed  AKbi.i;,ai^pdbrcanMaw,  that  which  is  made  by 
a  right  line,  whether  a  taagjiDt  or  MKKUt,  with  the  ciicunf 
(erencc  of  a  circle. 

ImmUit  Aaout,  ot^gute  baailtHt.  is  that  which  is 
formed  by  the  intcaeeiion  of  two  curve  lines,  the  one  con* 
cave,  and  the  other  coovex. 

Ciuoid  Anuta,  mjpJut  i^moidti,  the  inner  an^  made 
bgr  two  spherical  convex  Itn^  intersecting  liich  other. 

Siatroid  Ahqli,  aegkbuHurQidc;,  i$  that  which  is  in 
the  Cera  of  a  ostrum. 

Pefeceid  AltOLi:,  aitj^ului pdeeotdct^  i»  that  lu  the  lorm 
of  shatehcu 
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Ahole,  in  TrigunoBwtry.  See  TRlAxei.B,TKl«0li0» 
MBTUY,  SiMBtTavoBirr,  #c, 

A  VOLS,  in  Medtanics.— ilngle  4if  OirwoCioa^  is  that 
which  is  eonipreheaded  between  the  lines  of  direction  of 
two  conspiring  turcea. 

AwoL*  qf  EUnAmf  is  that  wMeh  'is  conprebende*! 
between  the  line  of  direction  and  eny  plane  un  which  the 
projiciion  is  made,  whether  horizontal  or  oIjIkjui  . 

An(.  L>:  cf  IiKidaicc,  is  that  made  by  the  line  of  di- 
n  c  th  iiuf  an  impinging  body,  at  the  point  of  impact.  As 

the  angle  A  I^C. 

AvOLr,  of  Rtjlfc'ion,  is  th.it  tnivlc  by  the  line  of  direc- 
tion of  the  rcllcc  tid  boiiy,  a!  !h<-  j'oiiit  uf  inipac!.  As  the 
ant:le  Dill:. 

Instead  of  the  angles  of  incidence  and  relkclion  being 
cstimaled  from  the  plane  on  which  the  body  inipin^cs, 
sometimes  the  complements  of  these  arc  understood,  tria, 
(IS  estimated  from  a  perpendicular  to  the  reflectiaig  plane; 
as  the  two  angks  aar  and  oar. 


® 

Amolk,  in  Opitct.— Fisaaf  or  /ln^/f,  is  the  an™le 
included  bi'lwcen  the  t^vo  iay»  drawn  from  the  two  ex- 
treme points  of  i;ii  object  to  the  tetilre  of  the  pij|;il  of  (he 
eye;  as  ilif  m,  1.    The  «pp;ii '  iii  u;;uiiilude  of  ob- 

jects, Viiu  11  !)..  ir  <li»tulicc  cannot  hi-  <  niv|N,icii,  is  sreaier 
or  li'ss,  ucci,iil:ni;  to  the  ani;le  under  wh.t!i  tln  v  ajjjirar. 
—  Olijeels  M  Til  uixicr  ttie  "iiine  or  an  equal  aiiijle,  appear 
f()ual. —  Hut  thi  u-  Is  an  r.sfi  p;!'  !!  to  this  rule  iii  the  case 
ol  the  heavenly  bodies,  which  are  really  seen  under  a 
lesii  angle  in  the  horizon  than  wln  n  tin  y  have  attained 
any  sensible  dtgreo  of  elevaiinn  (m^-  UeraACrioN); 
aotirilhstandiag  liihicb,  it  must. have  been  observed  by 
every  one  that  they  appear  larger  in  ibe-horison,  than  in 
any  other  port  of  their  couim;  this  becomes  still  more 
sensible  if  we  ohaerve  tho  diatancv  of  two  stan  a(  their 
rising,  and  again  when  'they  are  near  aeiiiib,  their  a»> 
parent  distance  in  the  iwmer  cam  hcing'consideniHy 
greater  than  in  the  latter,  yet  if  their  angular  distance  ha 
inea.su red  by  a  S4-xtant,  it  will  be  ibund  to  increase  as  their 
distance  Iroiii  the  zenith  decreases.  (Si  e  Jppannt  Mag- 
miudr.) 

riie  lensl  uMblo  anjle.  or  1<  i«t  an<;le  under  w  hich  a 
bndy  can  I s, fn,  m  cordiii.;  |,i  Dt.  !■<  ulic  1.;!- 

iiule  ;  bur  I  )r.  .1  uriii  slmui,  liui!  at  li.e  lotii'  <'t  his  debate 
with  ll(  ,i.lius  1,11  tills  Mibjicf,  the  latter  ronid  probably 
disco4<  I  a  sioale  sinr  und<  r  s,,  small  an  uiiele  as  ',.'0'.  But 
biwlies  are  visible  under  snialh  r  ani:Ii->  as  they  are  more 
bright  orlurainniis.  Dr.  Jartii  states  the  grounds  of  tins 
controversy,  and  discu<<ses  the  question  at  lar^,  in  his 
Essay  on  distinct  and  indistinct  Vision,  published  in 
Smith's  Optics,  pa.  148,  et  Wfs 

Anolb  q^iAe  tnUmU,  of  two  phicrs,  is  th^  angle  sub- 
tended by  two  lines  directed  from  the  «gre  to  those  pbccs. 

Anett  of  faddence,  or  re/tcdioB,  or  rtflnethii,  &e.  See 
the  reapcctive  words  Ivcidxscb,  RBrucTioir,  Ra> 
raiicTioH,  &c. 

AaovT,  in  Astronomy. — ^nglf  nf  CbiwaMKarfeni  See 

CuMMtJTAIlOX.  •. 

Angle  qf  eioiig«tion,  or  Augk  at  ihe  JBsrd,  See 
£iA«oaTioa. 
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PiiTallactU:  ANOtr,  or  the  parallax,  is  u 
at  tin- rcntrc  (if  u  star,  or  tin- ii,  c\- 1  ,  l  y  Iwu  Inn  s  ,;rmvii, 
till"  tmc  to  th«-  centre  of  ihi;  <djtfi,  jiiuJ  (he  uSher  In  ils 
RUrfacf.    Si  c  P,<  RM,i,.\c'Tir,  and  l*AaAi,L,\x. 

Aniu-E  of  ihe  poMtmn  /it'  ilie  sun,  of  ihe  tvn't  apparent 
ttsiii-diiimcler,  i\  c.     See  iIjP  respvclivc  words. 

A  N  r  F  III  the  jvn,  is  ibc  angle  under  whicil  the  diittnce 
of  a  pliir.ct  lioni  the  ecliptic  is  seen  from  thscwk 

ASOLB  o//Af  £fjj/.     Sir  NoNAOESlMAL. 

Angle  of  obliquity,  of  the  criiptic,  or  the  angk  of 
inclinuiun  of  the  axitjof  ida  Mith  to  the  Mcia  of  lh« 
wliptic,  is  now  nearly  9^  Slf.  See  OnuairiTr,  nnd 
£cLimc. 

Aholx  ttftoHgiiiide,  ii  the  angle  trkicb  th«  dfd«  «f  • 
•t»r*«lonjsitO(ifl  make*  with  the  mMiiUnn,  «t  tin  pole  of 
iJw  eelipiie. 

AaSL*  ^f  rigkl  aicauiem,  is  the  angle  which  ili..-  circio 
of  n •tar's  rf^tatccMion  makes  with  the  m(-ri<ii:iii  ut  the 
pole  of  (he  equator. 

AnOLC,  in  NavigKtinn.  Anole  of  ihe  rhumb,  or  loio- 
dromic  angU.    !See  Kiiumb  nnd  LoxoonoMic. 

Angles,  in  Fortification,  are  understood  c^' those  form- 
ed by  Ihe  several  lines  Msed  la  fintifyinc  or  making  a 

j>lflrf  di  fL'iisilile. 

Tlior  are  of  tv*o  sorts  ;  mil  and  imaginary. — Reul  an- 
gles urc  those  which  actually  rM?t  iif.ii  Hjip.nr  in  ihc 
works,  Siic.'i  u.^  Ihf  flMnkud  atiL;lf,  the  angle  ot  the  e]iauK*, 
angle  of  the  Hunk,  and  the  re-entering  angle  of  the  coun- 
terscarp. Imajfinary,  or  ocxult  aivgles,  are  those  which 
arc  only  sulnrnriimt  to  the  construction,  and  which  exist 
DO  more  after  the  fortification  is  drawn.  Such  the 
aagie  of  the  cratre,  angle  of  the  pdlygoa,  flanking  gjigle^ 
saOam  angle  of  the  counterscarp,  Ike. 

ANei.t  qf,  or  at,  tht  cmfm.  Is  the  aag^  tamei  at  the 
centra  of  the  polygon,  by  t«ro  ndii  drawn  fram  tte  cen- 
tra' ■   


>  to  two  ai^actnt  aiiglsst  and  subtended  by  a  side  of  ii, 
tha  a^gle  4ca.  TUi  Is  found  by  dividi^  966  dk-gte^i 
tha  number  of  sides  in  tha  icgular  polygaib 


Anoi.  F.  nfthc  V' 
two  sides  of  tile  pn 
SUppL^ment  of  thr 
fouiiii  iiy  Mil,::,ii;tii 


I'v:: ivn,  IS  the  angle  intercepted  bclwcen 
^  i^un,  as  UA  B,  or  A  BF.  T.:ii>  I!,  ilie 
anj;k'  at  the  centre,  and  is  tiicrejore 
Ihe  angle  c  Iruin  180  degrees. 


Anolk  ofihc  Truingle,  is  half  the  angle  of  ibe  poly' 


ic  angle  ol  Ibe  poly- 
fora  half  tha  supple- 


gon;  as  Cab  or  CBA  ;  and  is  there 
inent  of  the  angle  c  at  the  centre, 

Anulk  qf  the  Boition,  u  the  angle  tao,  made  by  the 
two  faces  of  the  bastion.  And  is  otiwrwiM  called  the 
flanked  angle. 

Dmmuk€il  AiiOLB,  is  the  angle  bao,  made  by  tha 
masting  of  the  exttrior  side  af  ibe  polygon  wUk  tlie  faca 
ao  cf  tha  bastion. 

Vol.  J.  • 


A.si,  1.1  qt  the  curtin,  or  qf  ihtjtattk,  ii  the  angle  oUf, 
ma.lc  (K-t«i  eii  the  curtin  iind  the  flank. 

AKtiLt  of  tht  tpatile,  or  sAoulder,  is  the  angle  aOH, 
made  by  the  flank  and  the  face  of  the  bastion. 

AnuLr.  of  the  lemtiUe,  or  eJteriorJlmUMg  ai^lr,  is  the 
angle  a  KB,  made  by  the  two  niant  liacs-of  ddbficcor 
the  faces  of  t^o  bastioas  pfoduead. 

AvotB  lie cMaMfneai^  is  the  tngla  made  by  the 
two  sides  of  tha  cotMtaicaiyk  meetfaig  belhre  the  middle 
of  the  cartin: 

A  voiB>ia*flt;  tnwartf,  is  the  aagle  nada  ky  the  flsnk* 

ing  line  with  the  curtin. 
A  K  c  L  E  forming  tlitflu^  is  that  «o»(iiiiif  ef  one  flank 

and  one  deniigorge. 

A   ■  L  r  formn^  tMefiec,  is  tbst  coMpoicd  of  One  liank 

ana  une  late. 

A  N  c  I.  r  of  i/ie  moal,  is  that  niad«  before  tiM  cnnin, 

wliiTe  It  IS  inliTSet  ted. 

Rt-entftinsf,  or  re  cntriinl  Andle,  is  that  whose  vencx 
is  turned  inwards,  tunard-,  the  place  ;  SS  II  or  I. 

S.ilumi,  m  tortant  Anoi. f.,  t>  that  turned  oatwardStSd* 
vancin<;  its  point  tuwards  ibc  Aeld ;  as  A  or  O.  ' 

Dead  Angle,  is  a  n-ealering  angle,  wliidi  Is  not 
flanked  or  di  fended.  • 

AxoLE.  of  a  wall,  in  Architecture,  is  tbo  poiiitorcov> 
ner  where  the  two  sides  or  &CCS  of  a  wall  meet.  • . 

ANGUINEAL  T/ypwMo,  a  name  given  by  Sir  Isaac 
Newton  to  four  of  bis  carves  of  the  second  order,  vis, 
species  39, 34,  SS,  36,  expmsed  by  the  equation  xy*  -^  «y 
=  -aT'-hk^-f€X't-dt  btiag  hyperlMBlas  of  a  ssf* 
pentiiic  figureu  See  Cvaras. 

ANGULAR,  something  relating  to,  or  that  bath  angles. 

At  s  dislanci',  angular  bodies  appear  round ;  the  angles 
and  small  inc'jiii.iith  s  >'i'i'.ppcariiigat«m«cblcsB distance 

than  the  bulk  nl  tii.'  t>.)dy. 

ANGl'L/M'.  Million,  ii  the  inoti'>n  of  a  body  which 
moves  circulurU  about  a  point ;  or  the  variation  in  tbc 
anoli-  di-5Lrilitil  by  a  line,  or  radius,  connecting  a  body 
with  the  Centre  about  which  it  moves. — I  hus,  a  pendu- 
lum has  an  angular  iiiotion  about  it*  centre  of  motion; 
and  the  planets  have  an  angular  rootioo  about  (he  sun,~ 
Two  moveable  points  M  and  0»  of  wMdl 
Uie  one  describes  the  ate M«,  and  tha 
other  Ike  arc  op,  in  tha  saaM  liaiie, 
have  an  eijuai,  or  the  same  anftular 
motion,  though  the  real  tnotioa  of  the 
point  o  be  much  graater  than  that  of 
the  point  m,  vis,  as  the  are  op  is  greaier  than  the  are 
■V.  The  aagalar  motions  of  revolving  bodies,  as  of  the 
planets  about  the  sun,  are  reciprocally  proportional  to 
their  periodic  times.  Ai.fl  th-  y  an-  aKn,  as  ttn  ir  iral  or 
absolute  motions  directlv,  <iiyi  liiiir  raiiu  ol  nioliou 
inversely. 

Angi  1  molio'i  is  ulso  a  kind  of  compound  motion 
comp osr  l  of  a  circular  and  a  rcctiliaear  motioa}  like 
the  wheel  of  a  Coach,  or  other  vehicle. 

Angular  Sections,  the  dividing  of  anjjles  into  some 
number  of  equal  parts;  as,  to  bisect,  or  to  tiiiect  an 
angle,  &c. 

Euclid  taught  bow  to  bisect  an  angle,  viz,  in  prop-  y, 
book  I ;  but  bis  geometry  goes  not  fartbi!r.  The  other 
ancients  aAer  him  endravoun-d  to  trisect  an  anglo  ;  iq 
wbich  attempt,  as  Euclid's  geometry  failed  them,  they 
had  nooviss  to  the  conic  sactiens*  which  ^bad  been  ad> 
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Tlut^ftfrn  vabie  oi  u  Mnuit/,  ii  tliat  wuf,  which, 
i»|iWiiil  «t  iotnat,  wll  b«  tuCckat  (a  fig  the 


\i  value  of  onmn'^  ttrttbi,  payable  ycariy, 
is  th»  fMiomu^  wammi—Lct  Ac  aiuiiinr 
tr  inoto  lb*  MMMrt  «r  U  for  •  year,  or  U. 


annuity 
The  pretaU 
.  h  cakulktad ' 
b«ll.«iHlbt 

iarwMii  by  to  iBtemt  far  aubyms.  Than,  i  being  tb« 
pment  value  of  the  eaiii  r,  aQd  bating  to  Snd  the  preient 

ralur  of  the  sum  1,  it  will  be,  by  proportion  thui,  r  :  l  :  : 

1  :^  the  present  value  of  1/.  dvie  a  year  hence.    And  for 

the  taroc  reason  "~  is  the  pment  value  of  a  pounds  due  a 

year  hence;  the  present  value  being  always  in  direct  pro- 
portion  to  the  yearly  paynifnt.  So  that,  in  what  fullow^, 
yr«»liall  only  consiii^'i  the  annuity  as  1/.;  and  whatever 
results  arc  thus  obtained,  being  multipUed  if  9f  wiU  Mr- 
retpond  to  an  annuity  of  a^unds. 

Mowilncai  ia  tba  pnaent  valna  «f  tl,  dn*  •  year 

heaopt  ■»  Gkewiie  ^  will  be  the  pnanit  nbm  of    due  t 

yean  heaea;  for  r :  i : :  i  :  1  So  alto  ^,  i,  &e, 
will  be  tka  presi-nt  vulue  of  ll.  dmat  tbe  end  of  9,  5, 

&c,  years,  respectively  ;  rinj  in  cn-.r-rnl.  '  wil!  ho  tlie 
value  of  ll,  to  be  received  alter  tbe  e\])iralion  of  n  yean. 
CoMeqaenlly  At  mm  of  all  these,  ot  j ■*■  ^  ^ 

kc,  c  ml.Muctl  to  n  termt,  will  be  the  prrient  \  a\:u:  nf  all 
-  ihcn  years  annuities.    And  the  value  of  tin  pcr]n:;;iiiy, 
»  tbe  sum  of  the  soriet  continued  to  infinity. 
But  ihi*  eprics,  it  i»  evideat,  ie  a  goomeuical  progf«. 
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netted  into  geometir,  by  aaaai  of  vbicb,  and  a  probletn 

in  Apollonius's  Inclinationi,  tbey  eflected  the  triacctioa; 
which  was  equivalent  to  solving  a  cubic  equation.  Pap- 
pus, in  till-  J-4!  I  ,  luK  uvi  ig  props,  of  bi)C)k  4,  treats  of 
llic  Itisiction  ;  und  in  tbr  JOlh  ft  M.q.  of  utiy  scciiuii  in 
general,  ftlany  of  tin'  mmicrns  have  also  triiilnl  ot'  an- 
gular !>i'i'tions;  as,  Vicla,  Alex>  Anderson,  M'allis,  iiiigg^ 

i'liM):;!,,!,  Guisne,  Faiariea,  tn.    Sea  Sscnov  and 

TrISKI  TlClX,  &C. 

ANNUAL,  in  Astronomy, iunu  l'iuig  tbatTetomtavCiy 
year,  or  which  tcruiinntes  with  tbe  year. 

Avvxi At  nMioH  of  ihc  earth.    Se«  Eaktu. 

AnaiiAL  argumttu  of  lont^itude.    Sec  Arcumln t. 

AVWOAL^pOCU.    See  Epact. 

AwwAi  eyaaiiM  of  the  nean  awtioa  of  tbo  >nn  and 
moon,  and  of  the  mooa'i  apog^  audoodai.  Sea  EaoA- 
Ttoir. 

ANNUITIES,  any  pariodieal  inoeiMi,  ariiing  froa 
onnqr  lent,  or  bam  heuei*  hmb,  HJaries,  pensioaa,  &Ci 
payaUa  ftem  tina  to  Ubw)  ailfamraaoually,  or  at  other 
intervale  of  lioM. 

Annuitiet  may  be  divided  into  tvcb  at  are  certain,  and 
f  lic]:  depend  on  sumo  rontint^eitcy,  at  tta  COBtinvaBGO 
o:  a  I  If,  &c.    See  Liri:  An  s'lriTlEH. 

.\i  iiinties  are  alio  divided  int  i  lamu  in  s  in  possession, 
iiFid  ann  iittpa  m  reversion;  thr  iDniici  meaning  such  as 
have  tuirjiiiem  cd  ;  and  tin-  luttrr  bucli  as  will  nut  com- 
mence nil  »oiue  particular  evrnt  has  hapfKised,  or  till 
tuinc  give  n  period  of  time  has  elapsed. 

AiiDuities  may  be  farther  considered  as  payulilc  cither 
yearly,  or  half  yearly,  or  qaarteriy,  &c. 


ANN 


•ion,  the  finl  term  and  coromon  ratio  bring  each  \  and 

tbk  number ofitt  lenntnt  Chenfan.th*  earn  «  of  all  lha 

terms,  or  thr  prest-nt  ralucof  all  ih*  aMwal  pnynwMi^ 

will  be  »  3=  — i--.  —  X   , 

iw|     r— 1  r' 

When  the  annuity  is  a  perpetiuty,  it  ia  plain  that  the 
latt.qnaBthy  ^vankhat,  and  therefore  jzi ^  alw  v»- 

ntsbts ;  consequently  the  expression  becomes  baidy  tsa 
;  that  is,       is  the  pre!>ent  value  of  the  perpetuity  of 

an  annuity  of  1/.  per  ann.  and  consequently        will  be 

the  present  vilue  of  the  perpetuity  of  a  pound.s  p<>r  ann. ; 
lu  nce  any  annuity  divided  by  the  interest  of  1/.  tor  ope 
year,  is,  llic  value  of  the  perpetuity.  So,  il  the  rate  of  in- 
lerMt  tie  5  prr  ri  nt.  ami  yearly  payments,  then  •'■f"-  a  =: 
20a  the  value  of  the  perpetuity.  Also  -"-J"  a  =  2  j«  is 
the  value  of  the  perpetuity  at  4  per  cent.  And  a  = 
33|a  is  the  value  of  tliu  perpetuity  at  3  per  cent,  in- 
terest.   And  so  Oh. 

If  the  annuity  is  not  to  be  entered  on  immediately,  but 
after  a  certain  time,  as  m  years ;  thtJi  the  present  valna  of 
the  revcriiion  is  equal  tu  the  d^reiHW  between  two  pre* 
sent  values,  the  one  of  the  6lU  term  of  m  yean,  and 
the  other  fur  ilie  cnil  of  the  last  term  n  :  that  is,'  equal  to 

the  difference  between  — ^  —  — ^  »  —and  — — •  —  — !—  s 
r— I      r— I     ,*•      r— 1  T—l 

-  -,  or  =  —  X  f  ). 

Annuities  certain  difi^r  in  value,  as  they  are  nade  pay- 
ahlajMr^.  kaff^^eaHjf,  or  juarter^.  And  by  proceeding 
aa  abovoi  miiigne  inierat  or  amount  of  ahalf  year,  or  • 
quarter^  aa  tboia  for  tbe  wholo  year  weiv  uied,  tba  fol> 
lowing  act  of  thcorema  wiU  ariie ;  where  rdr notes,  as  be- 
fore, tbe  amount  of  If.  and  its  interest  for  a  year,  and  n 
tbe  number  of  yean,  durll^  which,  any  annuity  is  to  bo 

paid;  alio  i  d«iiotc»^ parpetnity^,  v  denotes  ^ 

—  ^  a  -^tba  pment  value  of  the  anaoily  tuppotad 

payable  yearly,  ri  the  prcicnt  viilue  of  the  same  v»tieii  it  is 
payable  half-yearlv,  and  q  the  same  when  payable  quar- 
terly-,  or  urn(T:.a.l^ .  M  the  pramit  value  when  it  ia  pa^ 
able  every  m  part  ol  a  year. 

,    Trnfom.  1.  r  fw  V  —  r  a  (-f. 
Tbbok.  S. 


TBBom.  4.  »  ar  r  -  r  K  ( — - — 

Exam.  1. — Let  the  rnte  of  interest  be  4  per  cent,  and 
the  term  5  years;  and  consequently  r  =  roi,  n  =  .i,  f 
=  l.'ia  ;  nisi)  let  m  =  12,  or  the  iii'.i  r.  st  paynblc  munrhly 
in  theorem  4  :  then  the  present  vulue  of  an  annuity  of  • 
pounds  a  year,  for  .>  yeni^,  according  ai  it  is  tupposcd 
payable  yearly,  or  every  half  year,  or  every  «nafter.  Of 
month  or  T^jth  part  of  a  year,  will  be  at  ibllo 
V  n  S3  —  2.^  X  -82 1938  =  V4SI8 
H  »  25  -  25  X  '820348  = 
Q  »  S»  -  25  -SiSm  m  4*5114 
MaS«- S5  X  •81«SSH!a«4-«»t 
Ssom.  g.  Siippoiisg  tba  ammity  lo 
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fffun,  tbe  nte  of  intemt  and  every  thing  dw  beiag  m  bo- 
fore;  then  the  values  of  the  annuiUM  for  25  yc«n  will  he 
T  =  25  -  25  K  175118  =  15-6'221 
H  =  25  -  25  X  -371527  =  I57I18 
g  =  25  -  25  X  ■36;)709  =  157573 
u  —  -25  —  '25  X  -366477  =  15 7S!jl 
Eiam.  J.    And  if  the  lerm  be  50  jrar>,  the  values 
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Y  =  25  —  25  X 
H  a  S5  —  25  X 
«  s  25  -  25  » 
H  s  25  -  25  » 
4.   Abo  if  the 


•140713  =  2r482'J 

•138032  =  2r54y.; 
•136085  =  21-5829 
•135775  =  21-6056 

be  100  jreen,  the  velun 


rmtS-±S  *  H>19S00  s  C4'MS0 
K  a  S5  -  85  »  *01905S  «  34-M97 
■     «  «  C5  -  S5  »  •OlSfiftS  s  S4-5S29 
H  a  S5  -  S5  K  <018495  =  84-5391 
Hence  the iKficrencc  in  (he  vattM  by  making  period*  of 
|MtyeMnts  smaller,  fomny  givm  term  of  years,  is  the  more 
Htlie  ititcrvaU  arc  smull<  i  ,  <ir  the  pcriu<ls  mure  frequent. 
The  tame  dilU'niict'     al^o  variable,  biilh  as  the  rate  i>l 
inli-rest  Vitrics,  and  iilso  us  the  whule  term  of  years  n 
vanes;  and,  for  any  given  rate  ol  interest,  it  i>  evident 
that  the  difference,  for  any  periods  m  of  payments,  first 
increases  frum  nothing  as  the  term  n  increases,  from  0,  to 
some  certain  finite  term  or  value  of  a,  when  the  difference 
D  h  the  greatest  or  a  maximum;  and  that  afterward*,  as 
n  inrreawi  more,  that  difference  will  continually  decrease 
to  nothing  afuoi  end  vanish  when  n  is  infinitei  elao  th« 
term  or  value  of     for  the  maximum  of  the  diAMKe, 
will  be  dileieot  eecocdiaf  to  the  peiiode  of  fUjmtut,  or 
eelveofah 

Jmmkm  wmy  efao  be  coiuidered  ei  in  emeii,  er  ee 
forbonif  for  any  namber  of  yean;  in  which  caie  eech 

MyiMtt  !•  to  l>e  considered  as  a  taro  put  out  to  interest 
for  the  remainder  of  the  term  after  the  time  it  becomes 
<iae<  And  as  1/.  due  at  the  end  of  I  year,  amounts  to  r 
at  the  end  of  another  year,  and  to  r'  at  the  end  of  the  3d 
year,  and  to  r-  at  the  end  ol  the  4th  yi-ar,  and  so  on  ; 
therefore,  by  addinj;  always  the  last  year's  annuity,  or  1, 
to  the  amounts  of  all  the  tornu  r  year^,  the  sum  of  all  the 
annuities  fcnd  their  inti  re^ts,  will  lie  the  nuni  of  the  fol- 
lowing geometrioil  series,  1      r  -^■  t*  -t-      -t-  r*  . 

to  r*-i,  continued  till  the  last  term  be  r*-*,  or  till  the 
number  of  terms  bo  n,  tbe  numbmr  of  yceis  the  annuity  is 
furbom.    But  th«  stun  of  tith  geomelricul  progression  ii 

-  "  ^>  which  therefore  is  the  amount  «f  li.  atinuity  for- 

bom  for  a  years.   And  this  quantity  being  mnltiplied  by 
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7 
8 
9 
10 
tl 
IJ 
13 
14 
IS 
16 
17 
IB 
19 
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■il 
T2 

n 

J4 

■Ji 

J6 
W 
•J» 

29 

to 

31 
31 
33 
34 
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•la  |>rr 
cent. 


(>4«M 

e.H9JH 
H>I5» 

ia-t!07tU) 
I4I9-J03 
I5-(II77» 
l7-U863-i 
ia-j!>891 

2I7(>I&> 
ia-41444 
MII6«7 
36-87097 
98^67649 

so-s3e7t 
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^ee.  ifoairffy  ^  U.  at  Comp.  hiemt. 


4  p« 


IMOCII 
13-48631 

15-  02S8I 

16-  fi2684 
IB-29191 
a0-O2SS9 

2142433 
!U'fi»71> 


28  •27968 

30-26947 


32-4Sa8«!  3-l-4GrHl 


3 

34-24797 
36-61789 


34-42647)  36'-6b'663l  39-0H2b~0 


8-  OI9li 

9-  i«00l 


io-inao|  1040311 

I34M91 

I344IIB 
iS'46403 

I7l!ii»»l 

20-7!i-IOa 
22-7 1 914 
24-74171 
2(i'B550K 


i  per 

C«tlt. 


6-80191 
81420 

I 


4lf>4i9l 


56-  4S986  38-94986! 

38-5S304  4I-3I310|  44-31174 

40-70969  43-768n6  47-0S43I 

42-93(l92  46-39063 

45-2l8«5  48-91080 

47-57i42  S 1-6226* 

&(l-O0268  S4  42947 

52-50276,  57-334  SO 

55'077H4  011-34171 

57-  73UIH  G,i-».i:il5 


60-46208!  61^-67401 


3q  63-37594 
66-17423 
69-llMS 
72-33423 
M|  7S-40I36 
78-66330 
82  023-20 
85-48^ 
89-04841 
9^2-7 1 986 
96-50146 
I0O-39S50 
1 04-40840 


70-007CO 
73-45787 


•s-ioes) 

92-S071; 

9(;-«4*'63 
101-23833 
IOi-78167 
110-48403 
115-35097 


39-06356 
3l<S7l4a 

a3-78tl4 

36-30338 
38-93703 
41-68920 
44-5653 

47-r,7064 
&0-7I13-J 
4a-9S7Sa|  U-99333 

sa468»  s7-4asoa 

56-08494  61-00707 


59-32834 
6-2-70147 

66-209.S3 

(;9i;>;»i 

73-<;i222 

77-59831 
•1-7022 


77 -028891  •547034 
80-7Mei 


130-38836  139-26331 


108-54065  i-is-fioiss  i4C4a«7a  I4MMW  lea-Mcsc  mimti 


■  13-79687 
117-10077 
l3l-«Sfi90  l4>^S6aM 


■3049791 
ISO- 


9»-82e*4 

11 00121 
1  Ii-4rii0i 

1 2 1  O-.'g.j!! 

l:^h"-87057 
l32-'i4539 


IS9-77S77 
IC7I4479 


l«4<m|i4»MWe|lM4MSt|Mf43S63 

IM37 


64-75239 
68-66635 
72-75628 
77-03036 

81-49662 


14-  30679 

15-  91713 

17-71298 
19  59863 
2I'57856 
23-65749 
2fi-a4037 

30<5J9<fO 
44<M>Sei 
3S-7I93> 
38-50521 
4  ■•43048 
44-50900 
47-72710 

Ml  1345 
54•^;t>913 
58-40aH 

9t-aaim 

66'4Sg8t 

70-76079 
75-39883 
80-06377 
85-06696 


91-04134  |01-6i>i 
B6-IS820 


90-40eiS  ■0I-46443 
»MaMa  I07-03OS2 


■  I3-e4<W9 

118-93479 
125-27640 
131-91384 
138-84997 
146-09831 
153-67363 


I87-S3566 
196-97477 


I35-23175 
■  42-99334 
I5II430I 


I89-70OIC  313-74351 
I68-S8SI6  396-508I9 
178*1 1149  34I-OIM8 
l6l*68790jl88-01S8f  ajW-^tWI 


I6»4>^  ir44ttsos  209^34800  ae«aMi 


Mnt. 
6-97532 
8-39384 
»'e9747 
1-4913} 
S-18079 
14  97164 
16-86994 
18  88214 
21-0150 
23-27597 

3S47f»3 
28-2  ■-288 

30-90Sb 
33-75999 
M-78M 
S949373 
43-39329 
46-99583 
50-81558 
54-8645 
59- 16638 
C3-70577 
68-52811 

»4iwa 
7»«MM 

8440168 
90<8e7» 

97-343  lt> 
104-^e375 

II1434r'( 

U7-J68I 
135-90421 
145-0584« 
54-76197 


107-70955 
114-09503 
120-79977 

137-83976  165-04768 


175-95054 
1 87-50758 
199-75803 


2304IS« 

232-8S6I7  338^28142 
345-49897  S484783I 
a>8-77a9>l3704f7OI 


Tmi  Ut^  or  Table  I- 

TofitiAe  drnmauof  m.iqmtiiffJMommmm 

,      „  ^  ,  „  m  lUte  out  tbe  aiaouat  fnm  the  lat  taUe,  for  the 

« imtead  of  i ,  will  produce  tlie  aewunt  for  the  ennni^  c.  propoaed  yean  and  iMe  of  interest ;  then  araMply  it  Iw 
B«t  the  amoontsof  annuitiei,  or  their  pwieiit  values,  the  aamutj^  in  qnasticn  j  waA  the  product  «ml  be  m 
are  easiest  found  by  the  two  feilowii^  tables  of  numbers  amoont,  for  the  innie  number  of  yearsj  and  rate  «f  1^ 
^  .  (be  annuity  of  iL  nady  compoted  from  the  foregaing  terest. — And  Ae  converse,  to  Und  the  rate  or  time.  < 
principles.  i  Exam.  1.    To  find  how  much  an  aim-jity  of  jol.  will 

amount  to  in  20  years  at;)}  per  cmt.  compound  mii  re^t. 
— On  the  line  of  20  year--,  ami  m  ihe  column  of  3|  per 
cent,  stand;,  28-27968,  u  ljich  is  the  amount  of  an  aiiuiiiiy 
of  1/.  for  the  20 years;  and  therefore  eS-27P(iS  inulupli.d 
by  50,  pive*  1413-98+/.  or  l-i!3/.  IpJ.  Si/.  |,.r  the  aiiMver. 

Emm.  2.  In  what  time  will  annniiuily  of  20'  amount 
to  1000/.  at  4  per  cent,  compound  inlerett  ? — Here  the 
amount  of  1000/.  divided  by  20/.  the  annuity,  (•■vcs  AO, 
t^^mmiy  iW  the  n^jo^ae 


•      Table  I. 
T*«.^<»a«nt<  tifan  Jbumity  ^iLat  Comp.  Intei  e  t. 

4l»r  '  4 

frwt. 


I-OOOOO 
2  03000 
309090 
4-I8S6S 
&-309I4 


1-00000 
3OJ500 

3-  10623 

4-  31494 


1-  OOOOO 

2-  04000 

3-  I2I60 

4-  94646 
-#41494 


ll-» 
cvni. 


1 -  00000 

2-  04500 

3-  13703 

4- 27819 


i  per 


0  p«ir 
f«iii. 


1-  ooooo] 

2-  OiOOOi 

3-  1  j^.-iO] 
4  11(113 
5-d254i3! 


1-  OOOOO, 

2-  0600<, ; 
SlMUIfl 

4-  17  li'iJl 

5-  63709| 
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TltPD,  ihi  luftK^i  tflbiilar  nuinlxr  lo  the  column  of  4  per 
o  ut.  ii,  4()  967;)s,  »hic!)sui)dii^g9itlwliM€fsa,iwin 
that  28  yean  if  ihc  answer. 

£iajn.  3.  If  it  be  rpqulnnl  to  find  at  uhat  rate  of  irt- 
tei«tt  an  annuity  of  20/.  will  amount  lo  1000/,  forborn 
for  28  yean. —  Here  1000  divided  by  20  gives  40  as  bt- 
hn.  Then  looking  along  the  line  of  2S  years,  for  the 
NMtfWtlD  Am  number  50,  we  tind  4!rf>67  jb'in  tliecelam 
of  4  percent,  which  is  therelbre  iliv  rate  of  interest  r6* 
qairefl.  


■t  J  |KT 

cmi. 


'IaIILE  II. 
T%e  preml  Value  of  anAjmuityof  U. 


ttm. 


0-  97067 

1-  91347 

541719 

7'0iyt;a 
7 -786 II 


cent. 


I  •89960 

2-M0I64I 

4-3irio.> 
j-:vm;,:. 

G'l  H5-I 

ti'HT-lBb'l 

B-3i(;ui 


4)  fa 
cent- 


i  ptr 
crnt. 


l-«&94l 

4-  32948 

5-  07&C9 

5-  7B637 

6-  463:11 

7-  10783 

7-  78173 

8-  30(41 

8'863'2.'< 
9'3»3S7' 

ll-Sl74l|ll-n«39|lO-73!)Sr.  lO  .irMt, 

l-i<K-iir<  ics'.'.io  n-234ov  lO'B.v;; 

l-'  tiil  I  .'  IN  .  I  l-"071t'  I  I'i74(.i7 
I8|I3-7635I  l3-lR9<i<(  lJ  tiirijO|l^-1599»  M-<(<t!»iy 
l»  1 4-SS390  1 3-709841 1 3- 1 3394  1 3-S«329, 1  U-mii  J 
M  14-e7747  14'3I240  I3-S90i33  13-00794  ia-46ia I 


0-  961  &4 

1-  8««I0 

a-77509 

4  t3IHV 

i.li«r;(i;> 
67JV74 
7  -Jli33 
81 1090 

9>25-i6ii  9-00  H'76048 

g<[)54l>0'  9-i;63.33'  9-38507 
IU-C349t>;iO-30.274  9-9«&6&{ 
1 1 -29607  1 0-9iu4  / 1 0-i63 1 -./1 1 0-«2^3 
lt«37»4 
iy-56iio 


0-  9&b'94 

1-  87'J67 

■i-74H!»b' 

3-  .=i«7.i.! 

4-  3li»38 

5<lj8'i7U| 

6-  ^9589 

7-  26«7.'» 
7-91i7a 

9-1 183B 
9-68V83 


6  |Wf 

ceni. 


;i7  I3-I66l'i 


it  I5-4IS03^I4«9797||4  0MI6  ill-4047t|>«-Wni  t>'7MW 
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i»l4'2i940;  therefor-,  I4  C1'..'4  x  "jO  =  7  1 00"2/,  or710/. 
12<.  i'J-  1^  till-  prf^eiil  viiliic  ".(Hit;!!!. 

Ejum.'2.  Ta  find  the  pri-sr:it  s aluf  uf  an  annuity  ot 
20i.  lo  coraineiitc  10  ycais  lii-iice,  and  t^en  to  continiir 
for  40  years,  or  to  terminate  50  years  hence,  at  4  ptr 
cent,  interest. — In  such  cases  as  this,  it  is  plain  we  have 
to  find  the  diffcu-nce  between  the  present  values  of  l»o 
equal  annuities,  fur  the  two  giv'en  limes;  which  thercfvie 
will  be  effected  by  aubiracti^g  the  tRbulnr  value  of  iha 
one  term  from  diat  of  A*  Utbttt  ind  mntlipiyiiig  by  iLr 
aaMtity.  Thua, 

Ubtthr  nluB  for  50  yem  <l-4S9tfl 

•  ttlbohrniluc  for  in  venrs  S-||0<V) 


TiiF.  Use  of  Table 
Smm-  1-        '"■  '  ^"i'"''  ■  iJi'.>  -50/. 

wUch  U  (O  continue  20  years,  at  3i  pt  r  cent. — By  the 

mUci  dw  pnsent  nim  of  li.  fcr  the  Mne  taie  oad  time. 


the  difietence 
mult,  by  - 
giw  - 


20 


-  26/  42i6 
or  -  -  26Tl.S*.Gd.  the  antirer. 
The  foregoing  obaen-atious,  ruin,  and  taiblet,  coMaia 
all  that  i»  iuu>ortant  in  the  doctrine  of  anmiliei  certain. 
And  lor  Autiier  infortnation,  reference  noy  bo  lud  to 
aritliawricali»ritin;!s,  particularly  Makolni*!  Arithmetlr, 
ftgt^i  SimpiHin's  Algebra,  sect.  I6;  Dodson's  Mathe- 
matical Repoiitory.  pajje  -i'JS,  itc  ;  Jones's  SynDp!>is.  eh. 
10;  Pbil(M.TraD*.'v<il.  ixvi,  page  ]tii). 

For  what  relates  to  the  doctrine  ol  annuilitii  on  livcg, 
see  AssiiRANCL,  Cum vtr mlnt,  £»KCTaTioii,  httn 
AsinuiTir.s,  U^,vr.RSlos^,  Cvc. 

.•VNNULtTS,  in  .\rcliiii  ciun-,  are  Mnail  square  mem* 
bers,  in  the  Doric  caj]jiHl,  placetl  under  the  rjiiarter 
ronnd. 

jlmntfet  is  also  used  for  a  narrow  Hal  moulding,  com- 
mon tu  other  parts  of  a  Column,  as  well  as  to  the  capital  ; 
and  90  called,  because  it  cncompaue*  the  coliunn  around. 
In  which  sense  annulet  irfreqvcstly  ued  iar  baguene^or 

little  astrafial.  ' 

A N  N  U LUS,  a  species  of  VoLUTA.   See  alao  Riro. 

AMOMALISTICAL  Ye»r,  in  AatRHHMBy»  called  abo 
pmcdkal  j/tat^  ia  dm  sfiace  af  time  n  wbich  the  Mttb, 
or  %  plaaet,  patiee  Ihraugb  ka  orbit.  The  anoowlhtical 
or  eommoo  year,  is  lomewbat  lunfcpr  than  the  tropical 
year;  by  reason  of  the  preetssion  of  the  equino.x. 

And  the  apses  of  all  the  plan'  Is  have  a  like  pr-igressivp 
motion;  liy  which  it  happen^,  :  it  ii  i  n::,  ■  k  rutr>- 
siiry  lo  arriie  at  ll.e  apli<  lion,  u  iii<  Ji  hu.s  .uJviiiu  rd  a  liitle, 
lliiin  Id  iiiiivf  n;  he  same  (iM  d  star.  I'ur  i-XHMiple,  tin' 
trcpirrtl  r.  \  ,ilii!n/ii  ut  the  >uii,  u  ith  respect  tu  the  equinox, 
1  -         -         -         -    26S^  ^  4^  4»i 

but  till   <.uii  real,  or  return  to  the 

v.inic  star.       ...     ^65      (J      p  |o} 

and  the  anomalistic  revolution  is     365     6    15  90$ 
bemuse  the  sun't  apogee  advancca  each  year  65*|  with 
re«pect  to  the  eqttin<wcs,and  the  aun  raanoi  arrive  at  the 
apogee  till  he  hM  patwd  aver  the  6s"i  more  than  the're* 
volutioa  of  the  year  anawering  Iti  the  eq«iiio3if*. 

To  fiad  the  aaomaliMic  revotuikm,  ny,  Ai  thp  whole 
lecuhr  morion  of  a  planet  roiiraathemoikmof  iuapltelioi^ 
is  to  too  yean  or  3T5376i00O0  Mtanih«  ao  is  SStfi,  to  the 
duration  of  the  anomiitistic  revofotioa. 

ANOMALOUS,  is  sumethiiig inwgular,  or  that  deviates 
III  :  1  li.  ordinary  rale  and  meibod  cif  other  things  of  the 

>:d.i:iv  kind. 

AN' ).M  ALY,  in  .\strx'nomy.  i--  an  nrri'tihiiilj  in  the 
motion  of  a  planet,  by  which  it  dcMaies  Itoin  the  aphelion 

Off  apogee;  «r  it  it  theangiUardiclaiieeoif  ihephuict  ftoitt 


* 


A  N  O 


A  N  O 


Ike  apbelioa  or  apogae ;  that  k,  the  iiagle  formed  by 
thi:  line  afUwa|M>,«danoliicrliMdmwDtliioufb  the 

planci. 

K.{>Kr  (iisun|>uMbet  t^fw  Uiidi  of  «MHMly  (  iMin, 

eccmtiR-,  uinl  irue. 

M((in  ur  Simpie  ANOMALY,  in  tlic  anciiiit  a'tronnniy, 
U  ihc  liisiaiice  of  a  planet's  mcttn  pUicc  from  Ute  apogcv. 
Vi'hicli  Ptolemy  c«lli  ibc  ar  "  ' 

But  in  the  modern  uiro- 
iKMsy,  in  which  »  platoet  * 
h  comidered  h  dacribing 
M  «lli|Me  API  about  this 
■un  plaord  in  one  focut, 
it  ii  the  linw  in  which  the 

Iihiet  move*  from  iu  aphe- 
iea  A,  t»  the  BKMi  place  or 
point  of  itt  oiWt. 

Hence,  as  the  rifiptic 

area  akp  in  proportionel  to   

the  time  in  which  the  i  iunot  descriljts  the  arc  ai;  that 
«rca  may  repr  -i-  u  tin-  mean  ain  imily. — Or,  it  vd  ho 
drawn  ptrpi  luiiciiliu  lo  the  trnni»*er>c  iixis  am,  ami  mift 
Uic  cirrlc  III  D  d«acribod  on  the  same  axis;  ibi-n  thi- 
mcHii  iiiiuiiuily  may  also  be  represcnlcd  by  the  circular 
irilitii-al  AM>,  which  is  always  pmportKiiiHl  tn  ilic  cilipiic 
one  A»P,  Hi  n  proved  in  my  Mensuration,  pr.  8,  page  2.23, 
4th  edition. — Or,  drawing  so  perpendicular  to  the  radius 
'  DC  produced  ;  tla  n  the  mean  anomaly  ii  elw-proportional 
to  so  the  circular  arc  ad,  as  is  deaMMMlcd  Klil 
m  hi*  Lecl.  AMron. — Hence,  talcing  dh  =  so,  the  are 
AH)  or  angle  ach  will  be  tbr  mean  anomaly  in  practiee, 
,13  expressed  in  degree*  of  a  circle,  the  number  of  those 
riogrees  being  to  9^,  as  the  elUptic  tlUitlMl  men  ie 
to  the  whole  anaof  iheellipaet  the  degrees  of  mem  UMK 
malv,  bring  thoae  In  the  am  ah,  or  angle  ach. 

bceennic  AvoUAfcT,  m  ^  tit  eaure,  in  the  modem 
astronomy,  is  the  arc  AO  of  the  circle  adb  intercepted 
l«"l»c(n  the  aphi-lion  a,  and  the  point  n,  dctcrniiocd  by 
the  ptTpt  nilicuiar  ni'E  to  the  line  of  the  apsr-s,  drawn 
throujih  the  plucc  v  of  the  plniut.  Or  it  is  the  single 
Al  l)  ul  ih,-  o  iiln-  III  the  cirtlc. — llinco  the  i-ccentrir 
aiiom.ily  i^  to  thi'  iiicun  utiinr.uly,  ad  ti>  ao  sG.oriis 
\  n  lo  All,  or  111  sin-  ftii;;h-  acd  to  thi*  angle  acii. 

'Due  or  F.i/uiiic'J  Avomalv,  is  the  angle  asv  at  the 
sun,  which  tlic  f>ian*t''.  distance  ap  from  the  aphelion, 
appears  utuh  r;  or  the  angle  formed  by  the  radius  vector, 
Af  line  sr,  drawn  from  the  sun  to  the  piattet,  with  the 
line  of  the  apses. 

Tile  true  sinomaly  being  given,  it  is  essy  from  h  Id 
find  the  mean  anomaly.'  For  the  angle  asp,  whidi » llw 
troe  nnnsnaiy,  faemg  given,  the  point  r  in  the  ellipte  Ii 
,  given,  nod  thence  the  proportion  of  the  am  Atr  to  IM 
whole  ellipse,  or  of  the  weon  anomaly  to  360  degrees. 
And  for  this  purpose,  the  fellowinK  easy  rules  for  practice 
are  deduced  from  the  properties  of  the  ellipse,  by  M.  de 
Iu  Catlle,  in  his  Klrmentii  of  Astronomy,  and  M.  de  la 
Ijtiide.  art.  \  '2-U}  \  l-  i|  Ii  ■■  Astronomy:  l«t,  as  thcstjuare 
rrwit  of  the  [H-ntu'lHMi  <listaiiCt,  is  to  the  square  root  of 
«  A  thi  iipJ  I  11(111  distance,  so  is  the  tangent  of  half  the  true 
Biiomaly  asp.  to  the  tangent  of  half  the  eccentric  «no- 
maly  Acn.  ■2i\,  The  diffciiencc  dm  or  so  betwii-n  the 
eccentric  ami  mean  anomaly,  is  equal  to  the  product  of 
llir  eccentricity  cs,  by  the  sine  of  SCO  the  eccentric  ano- 
laaly  just  found.  ^  And  in  thia,caae»  it  it  proper  to  exi 


found  by  ibis  proportion,  as  the  mean  distance  I  :  the  ec- 
centricity ;  :  '.'OrcHU  St  hicmnU,  or  5;"  J?'  -t  i"  s,  m  the 
arch  nhviise  length  i>  cquitl  to  the  raiiiii*'.  In  li.t  miuiuUiii 
Ilic  i>rc  «  hirh  Is  fi^uul  to  the  i-Ci  eiili  icit)  Cs;  uhiehheing 
imiltiplietl  hy  the  sine  ut  the  ffieiitrie  iumiiKily,  t^i  lailuis 
1,  iib  ubo»e,  gives  tlie  Mconil*  in  >i.,  mT  -.n  the  art  Dii, 
being  the  ililUrence  between  the  imaii  ami  eccentric  ano- 
malies. 3d,  To  liiid  the  radius  vector  ^v,  or  distance  of 
the  planet  from  the  sun,  say  either,  as  llie  >inc  of  tboiruc 
anomaly  is  to  the  sine  oi  the  eccentric  unoinaly,  so  is  half 
the  less  asis  of  the  orbit,  to  the  radius  \ccior  sr;  or  as 
the  sitw  of  half  the  true  anomaly  ia  ta  the  sine  of  hall  the 
cc^centric  anomaly,  so  is  the  square  wot  of  the  pciihelion 
distance  to  the  squnre  root  of  the  ndiiia  vector,  or 
ptaaet's  distance  nr. 

Bttt'tho  mcnn  nnoaaly  being  gjlvtn,  it  ia  not  so  easy  to 
find  the  true  anomaly,  at  least  by  a  Unttfrnm^  Kcncr, 
who  fint  proposed  this  problem,  could  not  find  a  dirrrt 
way  of  rciolting  it,  and  therefore  made  use  of  nn  indirect 
one,  by  the  rule  of  false  position,  as  may  be  seen  pn4>c 
'i.i»j  of  Kepler's  I'.pitoii:.  Astroii.  Copcrnic.  Sie  alio  'y  6v8 
Wolfius  r.liiii.  Astdiii.  Now  the  e.iMist  metlKid  id  per- 
foni;  111;  ill.-.  I  (/i  riitiLiii,  would  be  to  wvrk  tir»t  lor  the  ec- 
crntru  anomaly ,  M/,  uv^umc  it  tuarly,  and  iVuili  it,  so  as- 
sumed, coinpuie  what  would  be  its  mean  anomaly  by  the 
rule  above  given,  and  find  (he  difference  betwe«n  this  re- 
sult and  (he  rae-.in  uncnialy  given  ;  then  assume  another 
eccentric  anomaly,  and  proceed  in  the  same  way  with  it, 
finding  another  eompated  mean  anomaly,  and  itsdifiuiniea 
from  tlie  given  one ;  and  treating  these  difterervres  as  in  tho 
rale  of  position  fur  a  nearer  value  of  the  eccentric  OBO* 
maly:  npeatiiw  the  operation  till  the  result  coawsaont 
fncb  Then,  from  the  oceentdc  tnoraaJy,  thm  ih—il, 
comtHite  the  tr«ennonalv  hy  the  lit  mle  above  laid  itmn^ 

Of  this  proUem,  Diw  VfalUi  first  gitve  the  geotnetrical 
solution  by  means  of  the  protracted  cycloid)  and  Sir 
Isaac  Newton  did  the  sam<'  at  prop.  31,  lib.  I  Princip. 
But  thi-se  methods  being  unlit  lor  the  purpose  of  thi  |ir,ii  - 
tiral  Rstioiionicr,  variuus  >encs  fur  approximatiua  ha*« 
been  given,  vii,  several  by  l=>aac  Ni  wlon  in  Ins  Fnig- 
inenlu  Kiiistoiurum,  page  as  aUo  in  the  Schul.  lo  thi- 
prop,  ubme- niei'.ti  iiii/(i,  wldch  is  his  U'»l,  bi  iiii;  Myl  l'mIv 
proper  for  the  planets,  imt  nlsn  for  the  comets,  viini~p  or- 
bits lire  very  eecenlric.  Dr.  Ciregory,  in  his  Ajtron.  lib. 
3,  has  also  given  the  solution  by  a  series,  as  well  as  M. 
Rcynenii,  in  hit  Aoniyw  Demouti^  p.  713,  &c.  And  a 
better  still  for  converging  ie  given  by  Keil  in  bis  Prtelect. 
AstroD.  p.  375:  he  aays^  if  the  arc  aii  be  the  mean  uno~ 
maly,  calling  itt  tine  t,  oosinc  /,  the  eccentricity  g,  also 
pntti^gxaage^  and  «  s  1  •*>,^,-  then  the  eceentnc  •&»• 

naly  ad  iiill  bo  k  ^  a  (i  ^  fce),  anppoaii^  r  m 
57*39578  degnei;  of  which  the  fint  term  -  is  snflicieBt 

''a  tf 

for  all  the  planeti»  even .  for  Man  itself,  when  the  tnroc 
will  not  exceed  ^e.  SOOtb  .part  of  a  degree)  and  in  the 
orbit  of  the  earth»  tlio  CTTor  ti  kss  thnn  the  lOOOOtb  part 

of  a  degree. 

Dr.  Seih  Ward,  in  hit  Astronomia  Oeometrica,  Itiet 

the  angle  app  at  the  other  focus,  where  the  sun  is  not,  for 


■J  t'nce  gives  an  elegant  nolulton. 
'  lliciently  accurate  when  the  or- 
.1.  ;f  .it  of  the  planet  Mars,  as  is 


the  eccmtrici^  in  scModa  of  •  dogms^  which  will  h« 


till.'  llli'llli  iilmlinly,  ill 
iiiJt  tills  lllfll.iiil  IS  ll; 
bit  is  vcr\  I  rti  n'.ric, 

slwwa  by  iJuUialdus,  i»  his  defence  of  the  I'h'.blaic. 

Aalion.npinitDr.WH«d.  Ho«mw»  whm  Nawton'a  «ai^ 
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'ffclion  it  m%ie,  n  ia  tlMtdiali 
■rabkn  rnolved  aoeanfi^g     VMf*  bypMbiti,  Sir 
mac  afRrms  that,  cvea  in  dra  orbit'of  Vhttp  Ifam  wfll 

iicarcc  ever  he  an  error  of  more  than  on«  woond. 

AK-S.V.,  AwsES,  in  Astronomy,  thoie  seemingly  pro- 
niiri:  i'  }■  J.-i  ot  riii^  of  the  pla/itt  S.Uurn,  |ieirfisuii  in 
its  optiimt;,  ami  appearing  like  hamilt-s  lu  liic  b(  lij  ul  ihc 
pJaeeti  imm  whicli  appearance  the  nauu-  aiiMi;  ii  taken. 

ANSER,  iti  Astronomy,  a  »mall  »tar,  of  the  5tii  QT6\k 
magnitude,  in  thi  ^\llky-'>^ay,  between  tlw eig|« Mid muii 
iir^t  tin>ii{(l]t  into  ortiur  by  Hevcliui. 

ANT'ARCTIC  poie,  ilcnote*  the  southern  pole,  or 
aouthcm  end  of  the  earth's  axit.~'rbe  Mwi  amt  the  aa- 
tarcuc  pole  never  appctr  •liove  our  boriMW  in  thaee  bov- 
t  klttiules. . 

PARCI'IC  circk.  is  a  small  circle  parallel  to  the 
as  the  dittaace  «f  iS^  2tl  from  the  antarctic  or 
w  time  of  the  year  the  tan  never  rises 
of  «iqr  part  witMii  thit  cirde;  and  at 
I  !>e  never  tett. 
,  fAR  LS.  in  Astronoaj»  (be  loorpkNiiri  kmiti  allied 
star  «f  the  first  magniiutle,  in  the  consf«11atioa  Scorpio^ 

ANTtCANIS,  is  usod  by  some  uv!roii<jmri>.,  to  ilcnole 
the  roiistellalion  otherwise  called  Cinis.  Minuf,  or  the 
star  Procyon.  It  is  sti  cnllid,  as  prccrdini',  or  being 
the  Ibrcrunner  of,  the  Cams  Major,  umi  runij;  a  little  be- 
l\irc  It. 

ANTtCEDtN  T,  i^f  a  ratio,  denotes  the  fir!.t  uf  the 
two  terms  of  the  ratio,  or  that  term  winch  is  coinp;ir<ii 
"iih  the  Other.  Thus,  li  the  ratio  be  '2  to  a,  or  a  to  it; 
then  2  or  a  is  the  antecedent. 

ANTECEDENTAL  Mtthod,  is  a  branch  of  general 
QMiiictTical  proportion,  or  univrreal  comparison,  and  is 
M0fMlifiW  ao  examination  of  the  Antecedents  of  ratios, 
ttMg  given  Gamcqnents,  and  a  given  tttndard  of  c<>m- 
w  Ihe  vuioua  degrees  of  augmcntatioB  and  dimi« 
iMtloB,  which  they  ondergo  by  compoaities  and  dacaw 
position.  This  is  a  method  invented  IqrMr.  Jaaat  Gleniab 
and  published  by  him  in  1793;  amediod  which  heiayt 
he  always  uvd  m.^tead  of  ific  fluxional  and  differentia] 
method*,  and  which  i»  totally  unconnected  with  the  ideas 
of  motion  and  time.  Sec  liie  author's  Iriatise  above- 
mentioned,  and  also  bis  Poctnnc  ol  Universal  Compa- 
rison, or  Gtmnl  PnpociinB,  17S9»  ape«  wliicb  it  to 
founded. 

ANTECEDENTIA,  u  tertii  used  by  3<.tronoinera  when 
aplanet&c  moves  westward,  or  contrary  lo  the  order  of 
the  signs  aries,  taurus,  &c.  When  it  moves  eastward,  or 
aeconling  to  the  order  of  the  signs  arie*,  taurus,  &c,  it  is 
then  said  to  move  in  conscqueiitia. 
■  ANTECIANS.  «r  Avtokci,  in  Geography,  the  inha- 
Utanto  »f  lha  earib  which  nccttpy  the  same  semiciicle  of 
thotaaieawri 
the  one  north 
the  Cn|)«  of  Good  Hope. 

Th«,e  have  their  noon,  or  midnigh|,  or  any  ether  hew 
at  the  s«imc  time;  but  tlieir  ^l■n^oIls  are  contrary,  being 
fipring  to  the  one,  whin  ii  is  autumn  with  the  other;  and 
suinnitr  with  tVn-  one,  when  it  is  winter  with  the  other; 
»lsi>  the  length  of  the  day  to  the  one»  is  etjual  lo  the  length 
•f  night  to  the  other. 

ANTES,  in  ArcliitecEure,  are  small  pilastres  placed  at 
the  corn.-rs  of  ^.uildinjs. 

ANTICS,  iu  Architecture,  figures  of  n>«o,  bMitt,  Ac, 
'  M  at  acaaaienit  to  bvildlafi. 


liaa,  bat  equally  ditiant  from  the  eqaatOTp 
and  the  other  Math }  at  Fekponociu*  «nd 
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AKTICVMp  ia  AidnlMtaK.  a  poich  bcAiie  a  door ; 
alio  that  part  of  a  laHph^  vhieh  is  called  the  outer  u-m- 
pte,  Md  iiet' between  the  body  of  the  temple  and  the 
portico. 

ANTILOGARITHM,  the  compkmen(  ul  the  loganihm 
of  a  sine,  tiinm  iii,  secant,  &c,  lo  that  of  the  radiui.  'l  i.n 
is  JcunJ  Ly  bej;iiining  Bt  the  left  hand,  and  subtracting 
each  figuie  from  £),  hut  tiic  last  (igure  from  10. 

AN'IINOUS,  in  .•Vblrunumy,  apart  of  the  constella- 
tion i«q;iiLi,  .  ir  liie  <  a:;le. 

AN  nOCHlAN  iic-c*,  or  Academf,  a  name  given  to  the 
fifth  academy  or  branch  of  academics.  It  luuk  its  name 
from  being  founded  by  Antiochus,  a  philosopher  contem- 
porary with  Cicero;  and  it  succeeded  the  Philonian  aca- 
demy, 'ihoi^h  Antiocbut  was  really  a  stoic,  and  ooly 
nominally  an  acadcnuc. 

AanocMiAii  qMil%  ftiaathod  of  compniijig  tiaw  from 
the  proclamatioa  of  libetty  gnutled  to  the  city  of  Aatioch, 
about  the  time  of  the  battle  of  Pharsalia. 

AMTIPARALLELS,  in  Geometry,  are  tbuae  line* 
which  make  e<)ual  angles  with  two  other  lines,  but  con- 
trary ways;  that  is,  calling  the  funnar  pair  the  l«t  and 
2d  lities,  and  the  lutkT  j<a:r  the  o'l  miuI  4iIi  1II>^^,  if  the 
angle  made  by  the  I^t  and  ;icl  Imei  be  equul  to  the  iinalo 
nniiit  hy  ill'  '.M  .inil  4lli.  ami  euntrari w ise  iIr  an;;le  made 
by  ;ii  -  l.st  mid  -ilh  equal  to  tltc  angle  iiiadi-  ijy  the  2d  and 
3d;  then  titch  pair  of  lines  are  aiuipitiaUel^i  nitit  lespeet 
lo  the  other,  vis,  the  1st  and  SU,  auJ  the  3d  aod  Mb. 
Thus,  if  A  a  and  AC  be  any  tvTo  lioety  aild  TC  and  r«  be 
two  ethen,  cutiUHl  tiscm  an,  .  ' 

that  lha  aa^  u  it  equal  lo  the  angle  a, 
and  the  angle  C  it  equal  to  the  angle  d  ; 
then  DC  and  ne  are  antipatallels  with  reopeci  to  a  a  end 
AC;  alto  thcte  latter  aR  aniiparalkis  with  legard  lo  the 
two  fcrmeri— -See  also  SuecoimunT. 
it  it  a  property  of  these  linca,  that  each  pair  «M»  the 
'  into  proportional  segmenit,  takiag  tbem  altacMtellyt 
«■,  AB  :  ac : :  as  :  AD  : :  M :  BC, 
i  rm  :  PC  : :  rs  :  ro  : :  »« ;  sc. 


ANTIPODES,  in  Geography,  are  the  iidi.lhitanis  of 
two  places  on  the  earth  which  lie  diann  tric aliy  oppr)^l le 
lo  carh  other,  or  that  walk  feet  to  fei  t  ;  thai  is,  if  H  line 
be  coutinued  down  from  our  feet,  quite  (bruugb  the  cen- 
tre of  the  earth,  till  it  arrive  at  the  surfitce  on  the  other 
side,  it  will  (all  on  the  feet  of  our  Antipodes,  and  vice 
vOna<— Aalipodos  are  180  degrees  distant  from  each 
other  every  nay,  on  the  surface  of  the  globe;  they  have 
equal  latitudes,  the  one  north  and  the  other  south,  but 
they  differ  by  I40  itfftn  of  loogitude :  they  have  thera- 
Ibre  the  ta»e  dlamtes  or  degraei  of  beat  and  cold,  with 
the  tane  teaiont  and  length  of  days  and  nighta  t  but  all 
of  tbne  at  contrary  times,  it  beii^  day  tu  the  one,  when 
it  is  night  to  the  other,  summer  to  the  one  when  it  is  win- 
ter to  the  other,  &c  :  they  have  also  the  same  huriiou,  the 
i  ;i:  being  tti  I'm  dirtanl  on  tlic  one  >i<ie,  a^  the  <iiher  on 
ihc  iippoiite,  and  therefore  when  the  Sun,  &C,  rises  to  the 

one,  it  sets  to  i)ie  other.    The  Antipodea  10  Londtm  IW  a 
part  a  little  south  of  New  Zealand, 
b  hat  bant  mid  that  Plato  fnt  tinted  tbo  fiolion  «f 
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Aniipoiie*,  and  gave  tlmii  ihe  nam*;  wh'teh  U  likely 
enough,  a*  he  coDceiivtl  iliat  (he  earth  wa^  of  a  globular 
figure,  but  there  have  b«eu  loany  uisputei  on  thu  point, 
the  fathers  of  the  church  having  greatly  opposed  it,  espe- 
'4ially  Lactantius  and  Auguitine,  who  pre«-ndfd  to  laugh 
■t  it,  and  were  greatly  perplexed  to  think  how  men  and 
tna  ahould  lia^  pcoduloo*  in  Uw  «ir  witfa^  di«»  feet  up* 
,  M  tkay  ihoH^t  amit  be  tiw  mm  in  tin  vtbar 


tSCI  ANS,  or  ANnSCII.  in  Geography,  ar«  fto- 
pk'wiw  dwell  in  the  oppotite  hnniiptwfn  of  the  earth,  w 
to  norlh  and  south,  and  whow  thadows  ttnooo  Ml  io  con- 
trary directions.  This  tcnn  is  rnorc  general  than  SDtoeci, 
with  which  it  ia  ola-n  cuiit''Juuiie«L  The  Antiitfiam  Mand 
contnidistinguisheii  from  Perigcnm. 
ANTCECI,  Antfciaws. 

APERTURE,  in  Optics,  ii  the  hole  next  the-  ohjict- 
gks»  of  a  telescope,  or  ttiicroscupc,  tlirough  wliieh  the 
light  and  tiic  Imftgr  of  ohjcct  rorao  into  the  tube,  and 
are  tlieticc  conveyed  to  the  eye.  Aperture  ia  nUo  under- 
stoiiil  of  that  part  of  the  objcct-glasa  itself  which  coven 
the  fortoer,  and  which  h  left  pervinu*  to  the  ray». 

A  grcst  deal  droenda  on  having  a  just  aperture.— To 
find  it  cxpcrinMltin^:  "Pply  «evenil  circle*  of  dark  pa- 
per, of  varioilf  liiei»oa  the  face  of  the  glass,  from  (be 
breiulth  of  a  itrnw.  to  aucii  aa  leave  only  a  amall  hole  in 
tk  glow;  and  with  cadi  of.lhcie,  aeuarately,  view.»ome 
dbtiaet  ol^|ecli,  as  tha  OMm^  tfan*  lee ;  then  that  apeiv 
Mia  is  to  be  f^oaca  tbiooglk  wbicli  they  appear  the  ^oit 
diitinctlj'. 

Hayigens  fint  found  the  use  of  apertures  to  conduce 

jnucli  to  the  iK-rtuctitni  of  IcU'sroprs  ;  anil  he  found  by  cx- 
pcrtcacc  (Diojjtr.  ptup.  56)  that  the  best  apurturc  for  an 
object-gbM,  for  example  of  30  feet,  is  to  be  detennined 
by  thii  proportion,  as  SO  to  3,  so  is  the  square  root  of  30 
limes  the  di^>laiiCc  ol  the  tocu5  of  any  lenis,  lu  its  proper 
aperture:  and  that  th«  focul  (iisiuuce*.  uf  the  e)ogliu»«t 
arc  proportional  to  the  apertures.  And  M.  .Auaoutsays 
he  found,  by  experience,  that  the  apertures  of  telescopes 
ought  to  be  nearly  in  the  suUloplicalc  ratio  of  their 
lengths.  It  has  also  been  found  hf  cxpericacc  that  ob> 
ject-glasses  will  admit  of  greater  aportwcs,  if  the  tubes 
he  bkcked  within  side,  and  their  patfage  fnrniahcd  with 


It  is  to  be  noted^that  Ihecrealer  or  kwapertUn  afaB 
ol^ct-glass,  deet  Mt  incieaae  or  dimWili  Ite  ^Ue  ana 
«r  tiia  o||}a(«|  all  that  i«  eActeil  by  tUip  i*  the  admit- 
laace  af  mora  er  lewer  nyv,  and  comequeatly  the  ap- 

Eearance  of  the  object  more  or  less  bright.  But  the 
iilgeneiis  nf  the  aperture  or  focal  di»tancc,  causes  the  ir- 
regularity ol  its  refructioiii.  Hence,  in  viewing  \  cnus 
through  ii  ti  leicope,  a  much  le*^  sj^ierriire  is  lu  be  u«ed 
than  for  the  moon,  <ir  Jupiter,  or  Saturn,  because  her 
light  h  bri|;lit  and  f<lunnt;.  And  llii!^  circujlMtance 
U;nii  .li  ir  j:ivulidMte^  and  disturbs  Auzout'^  prOfNetieey' 
as  is  shown  by  Dr.  iiook,  Philos.  Trans.  No.  4. 
ArKKTpRt  in  Hydraulics.  Sec  UrDRAVLics. 
APHBUON,  or  Apiielium,  in  Astronomy,  that  point 
io  theoifait  of  the  earth,  or  a  pinnet,  in  which  it  is  at  the 
CMlnt  distance  from  the  sun.  Which  is  the  point  a  0^ 
no  fig.  to  the  art.  Anoualt)  or  extremity  of  the  tran^ 
wme  axii,  of  the  cUiptic  orbit,  hrtkest  from  the  ban  s, 
where  (he  sun  U  placed  i  md  diaMtrical  ly  oppoaila  10  th« 
Hon  i,orMai«raxi(ami|yoflhatamoaitk.  lathe 


Ptolemaic  system,  r  r  in  thesopposilioii  that  the  »ttii  movca 
ahont  the  earth,  the  aphelioo  becomes  the  efbcee.' 

The  times  ot  the  aphelia  of  the  primagrjMluieik,  may 
be  known  by  their  apparent  diameter  appeantig  the  small* 
est,  and  alto  by  their  mnvin^  olowrtt  in  a  given  time:  and 
the  same  of  the  rnoon's  apogee.  Calculalione  and  nw> 
tbods  of  liiidiii^  them  have  been  given  by  many  Mtnno* 
mers,  as  Ricrioli,  Alraag.  Nov.  lib.  7,  MCt.  8  and  9 }  Wel- 
6ah  -£ldnUtR».  §  669;  Jh.  Halley,  Philos.  Tiaoe. 
NorUlt  Sir  L  Newton,  Frincip.  lib.  3,  prop.  U;  Dr. 
JaaMi  Qnffitf,  Aetnn.  Ilk  3»  prop,  i  v ;  K<  il,  Astron. 
Lect.;  DelaLande,MemoimdePAca<1^75 J,  17.57, 1766, 
and  in  his  Astron.  liv.  2?  ;  also  in  the  w  ritings  of  M  M.  Lu- 
Icr,  U'Alerabert,  Clairaut,  &c,  on  attraelion;  Vtoce's 
Astron.;  vol.  i,  p.  133  ;  and  Gregory  s  Astron.  p.  WO. 

The  aphelia  of  the  planets  are  not  (ixed  ;  fi>r  their  mu- 
tual uctions  on  one  another  ketp  those  points  of  their 
orbit*  in  a  continual  motion,  which  is  gn^ter  or  lav  in 
the  different  pltinets.  This  motion  is  made  in  conaequentia, 
or  according  to  the  order  of  the  signs ;  and  Sir  L  Newton 
shows  that  it  is  in  the  wsquiplicate  ratio  of  Aa  dklmiiee 
of  the  planet  from  the  tun,  that  is,  as  the  square  root  of 
the  cube  of  the  distance. 

The  quantities  of  this  motion,  as  well  as  the  place  of 
the  aphelion  for  a  given  time,  are  varioiialy  given  by  dtl^ 
ferenl  anthom.  Kepler  sum  them,  for  the  year  1700^  at 
in  the  iuQownif  taUe. 


Mincory 

Vemie 

Man 

Jupiter 
Saturn 
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It    8*  SS'  aOf*  ]'  46* 

~    3    2*   37  I  18 

«l    0    51    29  17 

^    8     1(1    40  0  47 

/  28      3    48  1  10 
SB    H    1!  j  :io 
the)  are  given  as  follow^,  for  the  sane 
year  1700. 


I'lu'"-'*.  A|T.f11ur'.  AnnittI  Motion. 

Mercury  tf  13°     .i'  40"  1'  3;/' 

Venus  —  0    50"  10  1  2<> 

Mars  TTi  0    .35  35  17 

Japitcr  iOt  10   17  14  1  34 

Satom  #  S9  1«  41  1  M 

And  Uande  etate  dicm  m  foOowi,  tut  do  fear  1750. 


Maicury 

8» 

13» 

'v 

!• 

iwlifa 

Sf 

In. 

Ve»o»- 

!• 

8 

IS 

4 

10 

0' 

Man 

5 

1 

28 

1 

51 

40 

Jupiter 

6 

10 

22 

I 

43  . 

20 

S.Hturn 

S 

29 

53 

2 

23. 

20 

The  Earth 

9 

8 

38 

1 

*9 

10 

And  for  the  year  1800,  they  are  thus : 
Pliiwu.  A|*«lioii.  Sroil»r  Mollcn. 

Mercury        8'  14»  20*  50"       1©    .33'  45* 
Venus  10      7    59      1         1      21  0 

Mars  5      2    24      4  1      51  '  40 

Jupttci  6    11      8    20         I      f5*  33 

Saturn  8    29     4    1 1         1      .■>(»  7 

Hcfschel       11    16   30   31        I     i9  » 
APHELLAN.  tbe  oanw  ofa^ijiilht  Mar  inlhaoonilcI> 

lation  Gemini.  * 
APHRODISIUS.  in  Cbranokiyt  ifenotes  the  ele«ei)th 

month  in  tho  Bithj^nian  year,  commencing  on  the  23th  ot 

July  in  ottn. 

APf  AM  9S  Anuai  (him},  called  in  Geinwt  Bie-- 
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ni-wil?,  a  celelirat<  il  aurDru/tiR  i  iimi  mathematician,  wm 
born  at  Lciiiii:;  .)r  Lc,|i?.ifk  ".n  .Misnt«,  I4^i,  and  became 
jprofo5»or  of  mallu-inatics  ui  higulsludt,  in  1 534,  when-  hi- 
died  in  the  year  1552,  m  57  years  of  age. 

A|MtD  wrote  treatises  on  maity  itf  the  mathrmaiical 
(cienCn,  and  greatly  improved  tbem  ;  more  especially 
Wirouomy  and  antroiogy,  which  ia  that  age  wer«  much 
tiic  wmc  thing;  also  ge«metry,  geogrcpbj,  aritlmetic, 
.&c  He  partkularly  enriched  astronomy  with  nuiy  in- 
Itninmittt  wul  ohservationt  of  eclipien,  comelit  ttc  •  His 
principal  work  wis  the  'AittDnomicttm  OMveum,  pub* 
lUwd  in  felto  al^nUttdt  io  lS«0,'M4«lNehca«laiiN  « 
number  of  intanttiiig  obiefvntiana,  mUt  riw  tecfipdom 
■nd  dinaiom  of  inttrumenti.  In  ihb  woili  he  prodieti 
rr1ipse«,  and  contitructs  the  figures  of  tbem  in  piano.  In 
the  2i\  part  of  the  work,  or  the  Meteoroacopioro  Planum, 
he  i;^'--,  r  .^^  (iescription  ofYhv  mu»tflccuralr  astronomical 
quaJniiU,  niid  its  uses.  To  it  are  added  observations  of 
five  (iirtentit  ronicLs,  vij,  in  the  y>ars  I:)  '!,  I  '.  j?,  l.ij;3, 
1538,  «"d  where  he  first  showi  thut  the  tails  ol 

'Comets  are  always  projictcd  in  a  riirectirii  from  the  sun. 

Apian  also  wrote  a  treatise  on  Coitnngraphy,  or  Gi-o- 
grephical  lutruciion,  with  various  mathematical  instru- 
ments. This  work  Vouius  say-!  he  published  in  1524, 
and  that  Gemtna  Frisins  n'publi<.hed  it  in  1540.  Bui 
Weidler  seys  be  wrote  it  oiUy  in  1530,  and  that  Gemma 
Fritia*  pubKsbed  it  at  Antwerp  in  1550  and  15S4,  with 
obscrvmtMH  of  many  aclipaM.  The  uutb  nay  be,  that 
perhaps  all  thaw  ediUana  were  pnblisbad. 

Ia  15S9  be  made,  at  Nocimberfc  a  curious  iiutrun«nt, 
wbieb  from  iu  figure  ha  called  Fomm  Populi;  which,  by 
the  sun's  rays,  showed  tbe  fao«r  im  all  paiti  of  thn  eaitb» 
and  even  the  unequal  hours  of  the  Jews. 

In  \'>?,\  he  published  his  Inscriplinn>s  Orbiv 
In  1;)40,  ills  Instrumenluw  -Sinuum,  sive  Prim!  Mo- 
bilis,  with  100  problems. 

Beside  the?*,  Apian  wn*  the  BUlhoc  f;;  ii  iv  y  other 
ivorks  :  among  which  niny  be  mrntioncTi  the  E.jihi  iiieridei 
from  the  year  1534  to  1570;  Books  upon  Siiaduw^ : 
Arithmetical  Centilogues :  Books  upon  Anihinciic,  wiih 
the  Hule  of  Coss  (Algebra)  demonstrated  :  On  Gauging: 
AlmanaCfy  with  astrological  directions :  A  book  on  Con- 
jnactiofls':  Ptolemy,  with  very  correct  figures,  drawn  in 
al|uadranguUr  form:  Ptolemy's  worki  in  Greek;  Books 
of  Kclipaosi  tha  works  of  Asoph,  •  ytry  ancient  aatro- 

-  loiari  the  woikaofOcbre:  tbeftiapnctftear  VUdkv  cf 
Cndeal  Onye,  and  of  the  Rainbow:  •  aew  AMmmsical 

-  ami  Oeomotrrcal  Itadiua,  with  vnlaw  wn  Snaa  and 
Chords :  UniverMl  AstToUbe  of  Nnabers t  Map*  of-  iba 
World,  and  of  particular  countries:  &c,  &c 

.Api.in  left  a  scm,  who  many  years  afterwards  taught 
mathematics  nt  In^olstadt,  and  at  Tubinga.  Tychs  has 
prewrved  (Prouymru  p.  643)  his  letter  to  llie  Landgrave 
t>(  IKvM',  in  which  he  gives  an  opinion  on  the  now  slar  iu 
Ca\!'iopeia,  of  the  year  1579. 

One  of  the  comets  observed  by  Apian,  viz,  that  of  J 532, 
h*'i  cli  kii  nts  nearly  ihe  same  as  of  one  observed  12Ri 
years  after,  nz,  in  l6()l,  by  Hevilius  and  other  astro- 
nomcrt;  and  henci'  r)r.  Ilalley  judged  that  they  wen-  the 
Hune  comet,  and  that  therefore  it  might  be  expected  to 
appear  again  in  the  beginning  of  the  year  1789-  But  it 
was  not  found  that  it  returned  at  this  period,  though  the 
astronomers  then  lo^iked  anxiously  for  it;  and  it  it 
'doubtful  wbaiber  tbe  disappeiatmcM  might  be  owing  to 
ha  pniriag«nDbi>r*ad||  or  lo  anjenwaln  tha  oticnnraom 


of  Apian,  or  to  it*  period  U.iiig  disiurbfJ  and  gn-ntly  nl- 
tered  by  the  actions  of  the  superior  planets,  &c. 

APIS,  muKii,  the  Bcc,  or  FIv,  in  Astronomy,  one  of  lh<- 
s.oulhirn  constellations,  ci.(n'.Lii;,nij;  4  stars. 

APOGtlt,  /lpo^a:um,  in  Astronomy,  that  point  in  the 
orbit  of  the  sun,  moon,  &e,  which  is  farthest  di>lant'from 
the  earth.  It  is  at  the  extremity  of  the  line  of  the  apsm; 
and  the  point  opposite  to  it  is  called  the  patjgM^  where 
the  distance  from  the  earth  is  tbe  least. 

The  aoaicnt  astronomers,  coostderiug  the  aaftb  as  the 
ecMi*  of  tha  lyitaaD,  chiefly  regarded  tha  a|Mg*a  and  pe* 
ligcc;  but  tbe  moderns,  placing  the  nm  in  tha  centra,. 
change  these  terras  for  tha  apMloR  Mid  pctihclioii.p-' 
The  apogee  of  the  sun,  ia  lHaiama  iUm  aa  fha  iqihelton 
of  the  earth ;  and  the  perigee  of  ihfl  lunH  thawneasthe 
perihelion  of  the  earth. 

The  manner  of  finding  the  apogee  of  tin-  sun  or  raoon, 
is  shown  by  Ricciolus,  Aliiiai;.  Nov.  liti.  3,  cap.  24;  hy 
Wolfius  in  lilcm.  Astr.  ^  (i  I M  ,  i  y  f'n-sini,  l)e  la  H:i  ■  , 
many  others  :    see  also   Meinones  tie  rAcadcinir,  llu- 
Phi!'i»  Tr-iii^,  v,,|.  .r,,  47,  *lC. 

'rhf  apogee  niul  perigee,  or  the  higher  and  lower  apses, 
would  be  two  fi.xed  points,  if  the  moon,  or  planet,  were 
only  acted  on  by  the  single  body  about  which  they  revolve 
in  un  elliptic  orbit.  But,  by  the  compound  actions  of 
the  other  planets,  those  points  become  changed,  if  the 
orbit  itself  had  a  motion  about  its  lower  focus.  The 
noont  in  particular,  has  her  regular  orbit  about  the  earth 
dirtwhed,  and  that  in  an  imfuiar  manner,  acceidiqg  to 
their  different  positions  with  itgHd  to  tha  earth. 

The  quantity  of  motion  in  the  apogee  may  be  ibnnd  by 
coopanng  two  obacrvations  of  it  made  at  a  great  distance 
of  time ;  conmtiDg  the  differmce  into  minutes,  and  divi- 
ding ihcm  by  the  number  of  years  elapM'd  betwi-en  tbe 
two  observations;  the  quotient  gives  the  Annual  motion 
of  tlie  apogee.  I  hus,  from  an  oij-' rv  atinn  ir..ide  by  Hip- 
parchus  in  the  veiir  before  Christ  140,  by  which  the  sun's  . 
ajKigce  was  foumi  i,'''  ;io'  of  n  ;  and  auolber  made  by  Ric- 
ciolus,  in  the  year  Iti46,  by  which  it  was  found  7*  2f>'  of 
SB  ;  the  annual  motion  of  the  apogee  is  found  to  be  I  2  '.  ^ 
And  the  annual  motion  of  the  moon's  apogee  is  about 
!•  100  39^  52". 

But  the  moon's  apogee  mom  unequabljr>  When  she 
is  in  the  syzygy  with  the  sun,  it  moves  forwards ;  but  in 
the  quadratures,  backwards ;  and  these  pragressioae  and 
nfTHsions  are  not  eouable,  but  it  goes  forward  ilower 
when  the  moon  is  in  the  qoadmtuiWi  or  perhaps  goes  re- 
trograde ;  and  when  the  moon  it  n  the  sysyg)-,  it  goes  fi»iw 
ward  the  fastest  of  all. — See  the  articles  Arnauow, 
Ai>siH,  and  Lavlacb;  also  Newton's  Theory  of  the 
Moon,  for  more  upon  this  •uhjeety  end  hit  Friacip.  lib.  I. 
pr  43,  44,  45. 

AI'OLl.ODOUf  '^,  a  c  i  'i  bratrd  .irrhitcct.  under 'i^a- 
jiUi  utid  .Adrian,  was  born  at  Damastu*,  and  flourished 
about  the  year  of  Christ  100.  He  had  the  direction  of 
the  stone  bridge  which  Trajan  ordered  lo  be  built  ovi-r  the 
Danube  in  the  year  104,  which  via',  rstiy-med  the  most 
mugiiiticent  of  all  the  works  of  that  emperor.  Adrian, 
one  day  as  Trajan  was  discoursing  with  this  architect 
on  the  buildings  he  had  raised  at  Rome,  would  needs 
give  his  judgment,  in  which  he  showed  that  he  knew  no- 
thing of  tha  mailer.  Apollodorus  turned  upon  bim  blunt- 
ly, end  said'  to  him.  Go  paiu  Cilruls,  for  ydo  are  very  ig- 
neraat  of  die  taUect  sre  em  talking  tm.  Adrian  at  this 
dma  boasted  of  faw  painting  CItrnIa  wolL  This  w«»  the 
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first  »tcp  toward*  the  rum  of  ApuJIodonn;  afirp  which 
be  was  lo  far  frpm  attoiuptutg  to  reiiien',  that  he  cvin 
a4i4le<f  a  ncu  uffenve,  ami  that  to<i  aiier  Adrian  wa*  uil- 
■TOOCcd  to  tiir  empire,  on  the  fuUowjn|(  occaiion  :  Adrian 
■Mtu  to  him  the  plan  of  a  ttmpic  of  Vtiw* ;  aiuJ  though 
ho  ■aked  hit  optnioa,  yc(  to  dww  riuK  Im  had  no  aeed  of 
bin,  »md  that  bo  did  not  OMM  to  to  diiwtod  by  it,  tbo 
tompic  was  alitady  built.  ApoUoAmii  wrote  bia  opwioa 
very  freely,  and  mMfhad  iucb  cmuliat  Aiiilla  in  it,  M 
the  emperar  omiid  aeilhir  deny  nor  vcnody.  Ho  rimwei 
that  ii  wa*  noithrr  high  enough  nor  large  enoai^;  tbnt 
liio  »latue»  in  it  wore  di»proporrioned  to  itn  bidk  :  for.  Mid 

be,  if  the  |;o<jdcs«"i  •.liotild  huvi  a  iniiiil  lo  riH'  illld  out, 
tbcy  could  mil  do  il.  'Vhiy  put  Adrian  inr<i  a  •;ri»t  pas- 
sion, and  prompted  hint  to  the  drstruction  »t  Ap  ill>uionis. 
Ifc  banished  liitn  at  ir>t;  then  under  the  pnrtr.Nt  >«l  cer- 
tain tuppfi^i'^  crimes  of  wbkb  b«  tad  bi«Mc«cfl»  hett 

2aM  pot  him  lo  death. 

APOlXONlfS,  ot  V  r^u,  a  city  in  I'wupin  Siii,  vvn^  « 
cclobratcd  ^nictriCkan,  wi>i<  flouriihed  in  tho  reign  of 
Ptolemy  EucrgelM,  about  2*0  years  befoi«  Christ ;  bfing 
about  160  years  after  Euclid,  and  49  yean  later  than  Ar^ 
chimedc^.  He  studied  a  long  Iii.m:  in  Aloxandria  nnder 
tbe  disciples  of  Eucli<i ;  and  afterwank  be  compoaed  w 
vpnl  euriott*  and  ingenious  jjconetdcal  trariu,  nf  wbich 
only  bw  boob*  of  Conic  SoMMBtannonrcxtnat,  «Mi«ven 
thoeaniMtMifcct.  For  it^pmn from  ibe«tttbM^»4*- 
dicttofyeniMle  to  Budmiai,  •feomtikiui  in  FitjMiiM, 
4bnt  tbb  work  enoaMMl  of  •  booha;  nly  7  of  «bidi 
however  bate  come  down  to  us. 

From  tbe  Collections  of  Puppus,  and  iheCommealarict 
riT  r.iit.  riL:^,  it  appears  tluit  Apolloniu*  »va»  the  author 
of  various  pieces  in  <;t-ometiv,  oil  account  of  which  ho 
Acquired  tin-  <i|  ihi  (Trta'.  (itvmrtriciiin.  Hit  Couict 
wa>  however  tin-  ]iiintif>;il  i>t  tlinii.  Some  have  thought 
that  Apulrjiiiu-,  upjiroi.riatvil  :/■.<•  ^^  -  itinp  and  diicoTerict 
of  Arciiinicdcs  ;  lkniciiu«,  n  howrotpthc  life  of  Archi- 
medes, affirms  it  ;  thoupli  Kutocius  cndenvours.  i<i  ri-lute 
him.  But  though  it  tbuuld  be  slloued  k  rrnundicM  sup- 
poritioD,  tiiat  Arcbimrdrs  was  tiic  tii!>l  who  wrote  upon 
<Oonici,  yet  as  his  trratioc  on  that  nubjeci  wai  grratly 
aieenied,  it  h  highly  probable  that  AfHillonius  would 
avail  himielf  of  inc  writinpi  of  that  author,  a.s  well  as 
-othen  who  had  gone  before  him ;  and,  upon  the  whole, 
be  bu  tbe  hoMttr  of  "  ' 


'1  hi!  ilrii  lour  books  of  Apolloiiiut't  Conici  only  have 
Come  d.  uji  tu  us  jn  their  original  Grctk  lajiguage;  bat 
the  ne.\t  threi ,  the  .5th,  6th,  and  7thi  in  an  Arabic  ««r> 
sioo ;  and  the  8th  not  at  alL  Thete  have  been  COM* 
mcnied  ott,  traiulated,  and  published  by  rariotis  auibon. 
WUffm,  io  bi«  Matbenatical  CoHectioMt  bto  left  mom 
•oeount  of  his  various  worlui  with  aoM*  Mil  kmine 
00  thito,  aad  partiaUariy  an  Aa  eoaiok  ■  Ami  Emochiy 


oferveial  of  tb«  boobe. 

.The  lint  fMT  booha  were  badly  tnunlated  by  Joan. 
Boptiata  JienMaito.  Bat  a  batter  tiamktton  of  them  in 
Latin  was  made  by  Commandine,  and  published  at  Tto- 
nonia  in  1566' ; — Vossius  mentions  an  edition  of  the  Co- 
mes ill  1(ijO  ;  llic  5lii,  6th,  and  7  ih  books  being  rccorcred 
by  (Jolius. — CUiude  RichanI,  prott^sior  of  mathematics  in 
the  imperial  college  of  his  order  at  Madrid,  in  the  year 
1(>3'J,  eNplaiiied,  in  his  public  lectures,  the  first  foi.r 
books  lit  Apulloniiis,  which  \»ert>  prinieil  ,ii  'uitwrrp  in 
1655,  in  folio. — ^Thc  Grand  Duke  Firdinand  ihe  2d,  and 
hl^  liroiher  Prince  Leopold  de  Medicis,  employed  a  pro- 
fessor of  the  OritfUtal  Inngun^  at  Rome  to  translate  tb* 
5lh,  6th,  and  7lh  book>  into  Latin.  These  were  pub* 
lishcd  at  Flon  nce  in  1661,  by  Boftlli,  with  his  own 
notes,  who  ulsu  mainluins  that  tl|.e*e  books  pre  the  M- 
nuinc  production  of  Apollonius,  by  mttg^^lfflMgiittjtffi 
ritics,  against  Mydofgiai  and  otbciat  whO  ib^ecleovitt 
tbeie  tbfva  boobs  wave  not  tbo  ml  pfodaeHoD  of  ApoU 


At  to  tho  fth,  toiM  MCtNioii  b  mode  of  it  in  a  work 
of  GoIMb,  wba^  ha  ttatca  that  it  bad  not  been  trane- 

lated  into  Antbic;  because  it  was  WMnting  in  the  Greek 
copies  from  which  tbe  Arabians  translated  tbe  others. 
But  the  learned  blersenne,  in  the  preface  to  Apolloiiius's 
Conies,  printed  in  hh  Synop<isof  the  Mathematics,  quotn 
the  Arp.bit  phiUisoplu  r  Ah.  n  Npfiin  Ujt  a  work  of  his 
about  tlir  vi'or  40(1  ill'  .Mahiuiu  r,  m  svhirh  is  part  of  that 
.Sill  aruj  vvliii  ii.'.scrt".  llut  ail  ihu  biioLi  uf  Apol- 

lonius arc  extant  in  his  languaRe,  and  even  more  than  ere 
enumerated'  by  Pappus  ;  and  Vossius  nays  he  has  read  the 
same  ;  De  Scientiis  Mathrmnticis,  pa.  55. — A  neat-  edi- 
tion of  the  §nt  four  botiks  in  Latin  was  published  by 
Dr.  Barrow,  in  4tu,  at  London  in  l675. — A  magnificent 
edition  of  all  the  8  books  was  published  in  folio,  by. 


cxplainina  a  diOcult  subjoct  better   Dr.  llnlW«  at  Oxftnd  in  1710 ;  togetber  with  the  tank* 
balviei  hawiag  made  Mvcnl  in-  nna  of  Fappas,  aad  tte  ConiMntaria  of  Entocias. 
P^UiMdtAproblvmi,and  inEadid.   Hie  int  few  m  Chmk  and  Uliii.  but  the  latter  four  in 


e«ill»  both-teANUnedtAproblvmi, 
ik  work  wn  doabthss  Hh  aiost  perfect  of  the  hind 
among  the  ancients,  and  in  some  respects  even  among  the 
moderns.    Before  Apallonios,  it  had  been  castomary,  as 

wc  are  informed  by  Lutocius,  for  the  ♦iters  on  conics 
to  requHc  ihree  different  kinds  of  cutics  lo  cut  the  diffe- 
tent  M  fiMii:,  iViiiii,  viz,  tho  parabola  from  a  i  liht-nn^leJ 
coue,  ilic  ellipM.-  Irom  an  iicule,  and  tbe  hyptrboia  Irom 
an  obtuse  ci,>iie  ;  l>pfiuise  ihcy  always  siipposid  the  5<c- 
tiotu  ma<k>  by  a  plane  cutting  the  coneti  to  be  |i>erpea- 
dicular  to  the  side  of  them  :  but  Apollonius  cut  his  irc- 
iions  all  from  any  one  cone,  by  only  \nr)ing  the  incli- 
iiulion  or  poMtion  of  the  cutting  plane;  an  improvement 
that  hits  been  followed  by  all  other  authors  since  his  time. 
Sut  tliat  AeeluBMdtoiVwa  actpiaiiUed  with  the  same  iiuin- 
ner  of  catting  any  ooaa,  ia  aafllciontly  pravrd,  ayuait 
£Mlaci«s,  Pappto,  and  otbstSt  by  OiMo  Vbaldas,  te  the 
J^gjaoing  of  his  Comawataty  «■  the  4d  book  of  AfChU 
laedcs's  Kqui  pondvrautes,  p<Uilisbed  «t  Hto  in  ~ 
Yoi-L  • 


-Latia  o«ly,  the  Mi  booh  bdng  restored  by  himself.— The 
other  wfidngi  of  Apollonius,  mentioned  by  Pappus  are, 
1.  Tbe  Section  of  a  Ralb,  or  Proportiuiml  Scctjoiu, 
two  books. 

!?.  The  Section  of  a  Space,  in  two  books. 
3.  r)<'ierniinRte  Section,  in  two  boobs. 
+.  The  Tanneocies,  in  two  books, 
j.    I  lie  Jru  liaations,  in  two  books. 
()   'I  bc  Plane  I»ci,  in4wu  books. 
Thp  contents  of  all  these  are  mentioned  by  Pappus,  and 
many  lemmas  are  delrscnM  relati»«!  to  them  ;  but  noi»e, 
or  very  link-  of  these  books  themselves  have  descended 
down  tu  the  moilerns.    From  the  account  however  that 
has  been  givj-n  of  their  content*,  many  restorations  have 
been  madaoT  tbsw  works,  by  the  in.i<lerii  matheoatidana, 
•ilollow:  via, 

ftaob  ApoUDnias  Gallas.  Tho  Tancrodas.  Paris, 
l6lto,  in4to. 
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SitelHuM,  Apolloiiius  Ualuvus. 
Lued.  ib'ul,  Mo. 

SikIIi»i,  Scctio  JUtiuoM  ct  Spctii.  iCOf. 

GketnJdtii,  ApoUonhw  B«dHwiH.'  Ha  IndiM 
Vanke,  i6u7.  4ia 

Gkmliius  SuppUment  to  Ike  Apoiloniw  Badimol. 
Trngtucio.  l6oj. 

GittaUlu,  Apollontus  Ridivivus,  lib.  2.  1013. 

Aht.Jmknmf  Suppleu.  Apol.  Redivivi.  luclia.  Put'it, 
l6tC,  4IO. 

Alex.  Amtertmi,  fl9  Zctelio  Apolloniaiii  prabhottlil  ft 

•e  jam  pridrm  edits  in  bu^piciucntu  Apollgaii  Hfldirivi. 
.  tviit,  l6l5,  4to. 

SdUMem,  hoc*  Plan*  lotitulm.  Lug.  Bat.  1656. 

Femmt,  Lvca  Plana,  2  lib.  Tolos.  \679,  Mio. 

UalUy,  A()i)l.  ii<-  Spctionc  Ralionis  libri  dooi-x  Arabico 
MS.  Ulii..-  '.c  i>i  dui;  ro-tituti.    0.\i»n.  170<i",  8v«». 

Si<,'s.ion.  Ixitti  i'lamt,  liiiri  <Juo.    Glasg.  17+9,  410. 

Simion,  Si  clio  Drtcrminat.    Glaxg.  1776,  -^to. 

Hottky,  Apol.  Jiiclinai.  iibri  duo.    Oxon.  1770,  4-lo. 

Lauwni,  The  Tangencies,  in  two  books.  Lond.  1771, 4lo. 

Laviion,  Ueiertninate  Section,  two  books.  Lund.  1772, 
4to. 

WaUn,  DetcrmiaatcS^-clion,  two  books.  Lond.  I772|4t0k 
P.  dtuwrni,  Sectio  LVtcrrainar.    Panuii,  l779»4lO> 
BumWf  Tiw  IncliiNUion.   L.ond.  1775).  '^to. 
APONO  (PiTBIk  ^)  afcMoed  antronunu-r  ai.d  plii- 
iModMri  WM  bora  at  ApcuMi  anir  Padua,  about  the  year 
VISO.  He  dowiibad      AstrnlalMUiii  Planuni,  by  whick 
««•  aiutwa  the  cqmtiMM  of  dw  celotiai  houwit,  ior  say 
Iwur  and  minuw,  and  for  any  port  of  the  world:  it  wat 
publikhrd  .at  Venice  in  I  AOS.   He  acquired  tbe  naaie  «f 
the  Conciliator,  on  account  of  a  book  of  Ms,  in  which  he 
rcconcilta  Ihr  Hritiii^',  of  the  unciont  phil<)«ophvrs  and 
pby!iiciuii»;  tin  binik  •A^  publisbt'd  at  Venice  mi  1483. 
Hi'  n  '  .1  il  ill  I'u  iii.i,  where,  from  his  pracli^iiiii  micliciiii-, 
and  ill)  ^Kl!l  in  ti>li'  n.<ms,  hr  It'll  under  li.e  vuspliioii  ul 
MM4;ir     lie  iluil  In  I3ltj,  iit  66"  jean  uf  a^e. 

APi  >l*fl^  GK,  111  ArcliiU'Clure,  is  a  tunrave  pari  or 
rinq  i  i  a  dilunin,  iyin"  above  or  bi  low  itie  lint  mvnibi-r; 
nod  it  owi's  its  origiu  to  the  rinn  by  wbicb  ibe  ends  of 
I  column  went  hoopedt  to  prevoot  thna  fnm  spiil- 


the  rrmaindcr  or  difcwco  between  two 
linet  or  qaautitics  which  are  only  caaiqMiisnrable  in 
.  power-  Such  ia  the  diiermca  hatween  I  and       or  the 
tfiflbn'nep  brtwren  the  cida  of  the  square  and  iisdiaisonal. 

Tlx*  term  is  used  by  Euclid ;  and  a  pretty  full  expla- 
nattan  «'f  wch  qitaBtiifc*  ii  given  in  the  tcttlh  book  uf  hb 
Elemcats  ubcfe  he  diitinguishca  six  kinds  of  apotoinn, 
^  and  Shoas  how  to  fmo  thnn  all  gconietricully. 

APOTOMB  t^rimoi  i>  when  the  crrnler  term  is  rational, 
and  the  (lifterence  of  the  squansot'  the  two  is  a  equate 
numb<T ;  ii%  the  diOerrnce  3  —  ^5. 

Aru  I  uM}  Srru'idn,  i*  when  the  U  riiinl  i  r  ii  rational, 
and  the  «  iMre  rooKif  (bo  .Itiren  iiee  .1  ill''  M|uare<.  of  the 
two  tetins,  IA>  to  ihc  grealei  1'  ru.,  ii  ;.it;ii  e.xpit-ssibie  in 
numlieiv .  >ucb  is  ^  t8  -  4,  bccjiUM-  iIk-  diffvft  nce  of  the 

^qu»l  - 18  and  ItfisjT.aad  ^ihw  Ut  ^9 

or       1  3 

AwMMME  Tt.//-,.  i»  when  both  thelerais  ure  irrational, 
and,  w,  .  ill  -e„„j^  the  »(|ijare  root  of  the  difference 
«»f  tlie.t  M,  ,-.r>N  hi»  t„        ,,n-McT  ttrin,  u  ralioiml  ratio: 

>24and 
VlltoV^4»«r  atl  toO. 


Ai'OTOMr.  Shmrto,  is  when  the  printer  leini  is  a  rational 
niiiiLL  r,  iiiiil  tlie  square  rui  itol  t:.r  dith'rencr  of  the  s'lliarft 
of  the  t»n  iinris  not  a  riilii>;>.al  ratio  to  it:  us  4  — 
V'S,  where  the  dirit-rencc  of  the  »i|uarr»  1 6  and  4  is  19, 
and  v/ 13  bus  not  a  ratio  in  number*  to  4. 

Apiitoms  flimfa,iBwfacn  the  leu  term  isaittloiml 
nuniber,and  the  square  mot  of  the  diffi'ix>ncenf  ihesquarrs 
of  the  two  has  not  a  rational  ratio  to  the  prater:  as 
^6  —  S,  where  thm  dilfetence  of  the  squares  6  and  4  ie 
it  and  y^S  to  ^6  or  to  or  1  to  v^3  it  not  a 
ndoaal  ratio. 

Af  ontitk  Sulmt  u  whcte  both  teraa  are  inaiional,  and 
tiw  W|Mm  reotof  the  difference  of  their  square*  has  not  a 
rational  rado  to  the  greater ;  as  y/ti  —  ^2 1  where  the 
diflcrcncc  of  the  squan-s  6  and  V  is  4^  and  ^4  to  ^9  Ot 
'2  to  ^6,  is  not  a  rational  ratio. 

The  doctrine  of  apotomes,  in  lines,  as  driiverrd  by  Eu- 
did  in  the  tenth  book,  is  a  veiy  ('uri<ius  Mibjert,  and  has 
always  been  much  admired  or  il  r .  .  i'.  ij  I  ,  li! I  mathe- 
maticians who  have  rightly  underviuoiJ  iIjis  |i»rt  of  tbo 
elcraeiils  ;  so  that  Petei  llaniUi  lim  uk  ;  il\  .  \ posed  his 
judi!iiH-nt  by  Censunne;  that  book.  And  the  liiat  alge- 
liiaicnl  uTitei-<>  in  Kurope  ComBionly  employed  a  Comi* 
derablc portion  of  their  worfc» on  an  alg^biiiical  exposition 
of  it,  Wliich  led  them  to  the  ductriae  of  »urd  quantiiirs; 
as  Luca*  rfe  Burgn,  Cardan,  1'attalea,  SUfeliua,  Pelelanga, 
Scc,itc.  See  also  Pappus,  lib.4f  prop.3,  and  theifllndnc* 
to  lib.  7.  And  l>r.  Wallia's  Algebn,  pa.  109. 

A  VOTOMKt  in  Muiie,  is  the  diiincnce  between  a  gnatet 
andi««>seiniUMMvbcin«ekpitiMdbytkciatio!>f  li(StolS5. 

APPAKENT,  that  which  b  vidUe^  or  e*idiiit  to  the 
eye,  or  the  undentandin);. 

APPARtnT  Coi^tutctioH  of  the  phimts,  i«  when  a  right 
line,  iiUppoM  d  to  be  drawn  ihmu^h  their  (<  iiln  puM-es 
throu>:h  iheeyeof  the  i>)iectBtor,(in<l  iioi  thprnijli  ilu  ceiiiri: 
ot  the  eartli. —  Ami,  \:  mthI,  tin'  a|<pau'iii  1 1 'njuiittion 
ol  any  ol>jec't!>,  l&  ulieii  they  appear  ur  an  [.I.k  t  d  in  the 
same  rii>ht  line  with  the  >y. 

Are* Ri  NT  It  iuife.  Dumultr,  Dutnncr,  Horizon,  Mag- 
niiudr,  Muiiaii  l  ime,  Timr,  Kc.  See  the  respective  tcS- 
stantiw>,  lor  ihe  quantity  ami  measure  of  It. 

The  apparent  stale  of  things,  in  cuinmi  nly  very  different 
from  their  real  Male,  either  a:.  io  <i  siimce,  figure,  mugni- 
Ittde,  puMiiun,  &c,  ic  .Tbu  , 

AppAaiHT  DidfluMr  or  Maipumde,  as  for  e>aiuple  of 
the  hcNveniy  bodies,  is  not  tbe  rrai  length  of  the  diameter, 
hut  the  Hngle  which  they  snhlend  at  the  eye,  ttr  uader 
which  tb<'>  app<ar.  Andheucr.theanNle^oTiMipan'iRe** 
tent,  dimiiiivhinK  with  the  iflcivascd  dMance  iif  the  olgcctt 
a  very  tmall  object,  at  Al.'may  have  the  Mine  appareot 
diaineier  as  a  >0y  large  one  FG  ;  an<l  indei  il  the  objects 
liuve  all  the  same  appareut  diamelcr.  Hwii  are  (oiilained 
in  the  same  ansle,  reo.  And  if  theM  ai  r  piirallel,  the  nml 
magiutudea  arc  durrcily  pr«poriioi>al  to  tin  ir  distances. 


— -»  ...^ 

Io  the     „ 

~y  « V*"*      dilfcwnce  of  their  squares ! 
la  te  «, and     i.tov'W  aa      n,^4, ocas  1 1. 


.  But  the  apparent  iMi.gailtldi'  varies,  not  only  by  the  di> 
stonce,  but  aUv  by  the  piMiiuii  of  it.  So,  if  iho  oifjcet 
CDbf  chaiiKid  Iruia  tbrdiivct  pouiion,tolhcob|jqueoiw 
td,  i»  appofvnt  magnitttde  would  tlwn  be  only  tbe  angla 
cwik  iaamd  of  the  ai^  CIA. 


A  P  P 


If  Uw  m  «  ba  placi-tl  between  two  p«nlM>  AB,  CD, 
tbac  puiUcIf  will  appear  to  converge,  or  eome  nearer 
and  nrarcr  to  each  Mlirr^  the  farliicr  tbey  ar«  continued 
out,  till  ut  laat  ib«y  «ilt«ppc«r  19  onncide  in  tliai  point 
wii«K  liie  liflit  teraiinittM,  which  will  happen  .when  ihv 
«p|ic  iu«h>  BID  becoBM  t^mi  to  about  one  inimilA  of  a 
diXKc,  tM  Muilteit  angle  uader  which  a  comnMM  ofajcei 
itdiiMiiirtly  vi«iMe.— Alio  the  apparent  magnitutfatoflhe 
saiiio  objtct  r(i  ur  bd,  »«cn  at  ditivrmt  disiunccs,  that  i« 
the  aii^l<-«  1 Bi.u,  arc  in  a  raliu  llisin  tlio  recipiu- 
chI  ratio  of  the  <iisiancc»,  or  th<-  <li»>.tJit.i'  mcKni  c-^  in  ix 
gri-atrr  ritlio  than  ihe  an|{le  or  appHit  iit  iii:t^i;.tuLK  dimi- 
nishes li'.il  wh'-u  the  object  is  ii  rv  n  iiiMli/,  i,r  llii-  i  (itic 
angle  i^  n  \  mhuII,  »%  one  degKi^^  or  tlitn'iilHUilh,  tin-  an^lc 
tbeli  rHrn^  ii'  Mily  a^  the  d!?l;i-,(.<-       :|iri /rally. 

But  cbsiUith  till'  uptic  aiiglc  be  tin'  muul  orM  n^ibU*  inca- 
atirr  ul  th<-  Hppurriil  niajtii^tude  ui  uii  ubjcci,  ^et  habit, 
aud  ih<-  Ireqiifjit  i  xprrit'iKv  of  lunking  ut  distant  objects, 
by  which  we  know  that  they  arc  larger  tliun  they  appear, 
hai  (o  tar  pievaikd  oo  the  imaginntiun  and  judgment,  as 
to  eauw  thu  too  lo  ha*a  aomr  share  in  our  estimation  of 
ftppansnt  iiagBitiidii  {  to  that  theae  will  be  judged  to  be 
■OK  thao  in  the  ntio  of  the  optic  anglt*. 

Ttw  appawnf  mivnitude  of  the  aoiM  objMli  at  the  ««na 
dhtmcc,!*  iliilimnt  to  dHUeicnt  penuBi*  aad  diiim'ai  nai- 
nab,  and  even  to  the  same  peraoo,  vhca  viewed  in  iW- 
ftmit  lights:  all  which  may  be  occMloncd  by  the  dilfemit 
-  maguitiulci  of  (he  eye,  cau^ng  the  optie  angle  to  didi?r  as 
tliat  ii  grrater  or  lens :  and  unce,  in  the  inmc  person,  the 
rociii'  litilu  there  cotnc"!  truiu  un  «l)jrrl,  thi*  K  si  is  the  pu- 
pil (if  ;hi'  eve,  looking  :it  that  olijt-ci  ;  [lu  nlnrc  (he  optic 
unglc  v>  il I  ulvii  he  less,  iiiul  c'i niM  quelillv  tin/  :i |i|hini  nt  iii:ig- 
iiiliuli'  ut  the  olijict.  bvery  one  muhi  hiive  i  xpcriciiced 
the  truth  ol  this,  by  looking  at  another  p<  r->oii  in  a  room, 
and  afterwar's  abroad  in  the  sunshine,  when  he  always 
appear!!  Miiulh  r  than  in  a  room  where  the  li^ht  ir<  It-ss.  Sio 
tMo,  objects  ele%ated  in  the  air,  having  more  liulit  cuwiitg 
from  them  than  when  they  are  upon  the  jfrouiid,  or  near 
it,  may  appt-ar  leas  in  the  former  case  than  in  the  latter ; 
thuy  the  ball  of  the  cran  on  the  top  of  St-  Paul's  church, 
which  it  6  (evi  in  diamrttr,  appcan  kn  than  an  object  at' 
tin  tatw  diameirr  teen  at  thr  aama  diitanca  hdow,  near 
■lha  gniund.  And  ihia  is,  by  some,  supposed  to  be  the 
rCison  why  thestn  and  moon  appea  r  so  much  lufft  when 
seim  in  the  hittisiM,  whm  ibcdr  faennw  am  weak,  than 
when  they  are  mure  drvated,  and  their  light  stronger. 

Thi»  apparent  vaiiaiion  in  the  niagiiiiudc  of  iha  hca>- 
veoly  bodies,  which  is  inenlioiied  under  the  article  opiic 
on^lc,  i^  a  very  ^in^^.hir  jilii  nuini  ii'm.  »!iirli  lia'^  riiijKn.'il 
the  attention  <il  ni.ii.y  i  imin  ut  ]ih<luj.op!H  li  ;  and  vjirious 
allcropts  have  Ul  (.  nijiiijl  V  Lei  li  made  lu  explain  the  Ckiusi- 
from  which  il  ai]»t  >;  ihe  inost  >nli-fiictory  of  which  ap- 
pears to  be  the  fullounig. 

Ill  jiidtrini!  of  tlic  magnitude  ol  a  bud^',  wc  do  not  c&- 
liinatc  It  trom  the  an^le  only  undi'r  which  we  pcrfrivc  it, 
but  aUo  from  its  clisianrc,  and  this  dittaiuc  t«  ntin'mfrd 
by  a  CompurtHon  with  lliat  of  other  objcts.  N'l-n  tin  re 
is  nolbing  between  us  and  the  moon,  when  »he  is  near  the 
•enith,  ffons  wUcb  to  draw  .Uwt  eopipariion,  and  thenar 


fore,  ilpciniiJ  Ly  iKp  aLs<  i»ce  of  intcrmedinte  bodies,  we 
invijluat  inl)  ii>:.ciiK!i'  that  »hf  iA  iieaier  to  us  ii;aii  \\\n  n 
ue  uW  i  vc  iief  ii^iikg  ur  setting  ill  the  hori^uo,  be  yond 
bills,  valleys,  f<ir«-.sts,and  other  ubjecis,  which  wc  know  to 
b«  at  a  considerable  distance ;  ami  hence  it  happens,  that 
seeing  this,  and  the  other '  heavenly  bodui,  atwa^it  under 
the  same  angle,  and  conceiving;  ihein  -to  be  S^pwimcs 
near  and  somelinick  luore  ii  utute,  otir  seoMS  SXa  de* 
cvivtd,  and  we  uitributi-  to  tliem,  aliafnate^i  agieatctr 

and  less  nta^nilude,  ^         /  ■  ,  - 

•  That  tiiia  ia  the  'cause  of  the  pbienoncnon  is  dnHni^ 
■trabla  from  the  lollowing  (rircumstaaev,  that  the  illusion 
cvasca  a*  toon  as  wc  Um  aight  oi  utbtn-  object*.  To  pi  ova 
this,  il  will  ha  suffidvnt  to  obterra  any  of  tlie  hfett\«nly 
hvdies  tbrav^  a  tttle,  or  ilirou;:li  u  small  bole  pierct  il  in 
a  card;  in  rilher  case,  ihiy  uill  appear  no  larger  in  the 
hori/on  than  in  the  2<'iiitti,  beej.U't  thr  su.  u.ik ut  iii,. 
aperture  pn  vents  u»  iiutn  mtiii^  an^  uiiier  <>bjtM:t  than 
thui  on  which  (he  observation  is  intide,  and  G0atS4|UCntly 
all  iiii  iins  of  coiiipurison  are  destroyed. 

A;;aiu,  It  till  I  ye  be  placed  in  a  i.iic  mcdniru,  and  vievr 
an  uiijtct  llu.  ygh  a  denser,  as  giuss  or  water,  havina  plane 
surlaces;  the  ubjict  will  appear  larger  than  it  really  is: 
nod  contrariwise,  smaller.  And  hence  it  i*  that  iiahcs, 
and  olhi'r  objects,  si'cn  in  the  water,  by  an  eye  ill  tin  all>( 
always  appear  laq^r  than  they  aici — Ja  like  miinnor,  an 
object  will  appear  buget  mhta  viewed  throuigb  a  globe 
of  gbi»  or  water,  or  any  tnnkpeirnt  oon«vx  spherical 
Mgmeat;  and,  on  the  eontnry,  it  will  appear  smaller 
when  viewed  ihroi^  a  coocave  of  gissa  ur  water— See  ■ 
MaaniTVliB,  .^fwrau;  alio  ftobint's  Tracto,  vol.  . 

ArrARKXT  Dunmet,  k  that  dittanca  which  w<>  jud^ 
an  object  to  be  from  us,  when  teen  afar  oA'.  I'his  is  com- 
monly very  different  from  the  true  distance ;  because  we 
are  apt  to  think  that  all  very  n  moic  nbjci  ts,  «tio-,e  pBrt> 
cannot  well  be  distinguished,  and  wiiielj  huvc  no  (Jtherti- 
^iblc  objects  near  thi  m,  arc  at  the  same  distance  from  u«; 
thougii  petha)>»  fh<  v  inuy  be  thu)iMnij»  or  millions  of 
miles  off;  as  in  ;ii<  c.U'i  of  the  sua  and  motrna/id  u»r». 
The  apparent  dbtanci^  of  .pfatf^^^Juc^JMymjatly  altered v?* 
by  the  rcfractloa  of  tBti  Ijl^ftllitWIPpHI  they  etei^; 

.ApPiSBENT  F«g«r(,is  the  li^upc  or  ^hspe  which  an  i>h-^- 
ject  ia  seen  utuicr  when  virwari  at  a  Ataiice>s  and  i|  oAeis 
very  difTerent  from  the  true  Sgftn.  'For  a  stiaigbt  liaf^ 
viewed  at  a  distance,  may  appear  but  at  a  point  i  « tar* 
bca,  as  a  line  ;  and  a  solid,  at  a  sorfiuic.  AIhi  these  may 
appear  of  <diir«nwt  magmtndcs,  and  the  tttrfac*  and  soKd 
'  of  dillmnt  figures,  according  to  their  aluaiioa  with  re-  ' 
Speet  lo  the  eye :  thus,  the  arc  of  a  circle  may  Mppear  a 
straight  line;  a  square,  a  trapeiium,  or  even  a  mangle; 
a  circle,  an  ellipsis;  angular  magniiuii' <.,  ;  hj,,  ';  i mI  ..^ 
sphere,  a  circle.  Also  all  objecis  hme  n  u  i  ili  in  y  to 
ruuiiJiiess  and  Miioothm  s',,  m  u|ipiiir  K-^s  uii^iilai, , is  their 
distil NLi'  15  f^realiT  ;  for,  ils  l  lir  (i oliinci  is  inc  rrcUi-d,  ihc  4 
snialU  :  anyio  uiid  ii^[X  i  itius  first  dis:i(jjn  -M  ,  hy  ^iihu-nd- 
iiig  a  less  aiiple  taan  mir  iiiinuti.' ;  altrr  llnvc,  tiiu-  ne.vt 
larger  disappear.  lijr  tin  inme  ii-,»,ijn  ;  and  sn  on  C'ol'li- 
nually,  as  the  distance  is  tnurc  and  more  increased  :  th«-> 
object  seeming  stiil  more  and  more  rounil  iind  kii  ^'ch. 
So,  a  triangle,  or  square,  at  a  great  diiuiice,  >hi><«»  only 
as  a  round  speck;  and  the  e«Jge  of  the  monn  appears 
rouiuliUMl  regular  to  th«  eye,  notwitbataA^iog  the  bills 
and  vailm  on  her  Mirfica.  And  hence  it  is  atitt,  that 
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M«T  objccti,  M  a  rangr  of  Umpat,  V  tKk  Hki^  MM  Mt 
i  gireat  dittance,  appi-ar  lo  be  ronligimia,M<l  III  igmmM 
vaiform  contiaued  magDitnde,  by  Ik*  Intwmh  hetmttn 
tftrm  disappearing,  fnm  llM  aaillaeu  of  Ihc  maffn  Mk> 

tnidnl  b)  lln-ro. 

ApPAnesT  Motion,  is  either  limt  tnuiinn  wliicli  we 
percfivr  III  11  diviant  body  lhal  ihom-j,  iIh-  rye  hi  the  -amr 
time  be.nj;  eltlii  r  in  mutiiin  <ir  at  nil;  iir  liial  nn  lien 
which  yii  objt'Ct  at  ml  jiccms  lo  li«»e,  «liile  the  i  vf  hm  U 
only  is  in  tnoti>  ii. 

Ilie  mutiutis  III'  bodies  at  a  great  distance,  ih<>u;;h 
really  moving  equally,  ,or  pacaing  over  r<tual  »pacis  in 
lU  linira,  may  appear  to  be  very  anequal  and  irregular 
Ite  eye,  which  can  only  judgt  of  them  by  the  muta- 
'of  the  angle  at  the  eye.  And  moliont,  lo  be  equally 
le,  or  appear  equal,  roaat  be  directly  proportional  to 
AMftets  tt  Ihc  objceu  novii^  Agptin,  vvry  iwift 
MMMoM,  il  tftoMof  the  JwahMries  Ay  "ot  •ppw  be 
ttrv  «iNliM»  at  all,  but  Uke  that  of  die  tumr  hud  ti  a 
dock,  on  acconnt  of  iht  peat  dbtanc*  of  the  intjedi : 
tM  this  t»ill  always  happen,  wbcfi  the  tpace  aitwUly 
ftahtd  over  in  nn<-  second  of  time,  if  IcM  than  ahoul  IM 
IMOOth  part  ni  di-iaiici'  from  the  eye;  feflha  hg«r 
hanit  <if  11  l  i  n  k,  iiiul  tilt-  iiars  about  the  earth,  move  at 
the  rail  ft  I  s  (li  .ils  (.1  n  dcgrw  m  i>iu'  cund  of  turn-, 
wille  d  I-.  only  the  l.)7.il  part  of  the  raiiiu-.  or  distance 
from  ;rii  <  yr.  On  tin-  odu  i  hand,  it  is  posMbIc  for  the 
motion  ol  a  body  to  be  »o  swill,  a'  not  lo  ap|Knr  any  ino- 
lion  at  all;  aa  when  through  thi-  wholo  spatf  it  de>f  nbcs 
there  conataotly  appears  a  continued  surfare  or  lolid,  as 
it  ii«f«  ffmrnicl  by  the  motion  of  the  object,  as  when 
any  thing  is  whiilod  ti  ry  s»it'tly  round,  describing  a  ring. 
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Aito,  the  mora  obliqae  the  eye  ii  to  the  line  which  a 
Ukaa^t  body  mom  in,  ibe  more  will  the  apparent  raotioa 
4Nhr  from  the  true  «M.  So,  if  a  bod^  icfoive  wilb  an 
ifMifcle  motion  in  the  dmnfeRnee  or  the  drda  a9C9 
tf^'tad  the  eye  be  at  B  to  the 
df  the  circle:  as  the  body 
I  frora  A  to  B  and  c,  it  seems 
to  noft  ftloner  and  tloner  along 
Hfe  Una  AIK,  till  \»hen  thi:  body 
arri*a  at  C,  it  appears  at  rcit  at  k  ; 
ibMUMle  it  really  movt•^  from  c  by 
it  app<ai>  to  iiMiTc  rjuickcr 
Mid  {f^idnr  from  K  by  i.  |r)  a, 
I  Ha  motion  is  quickest  of  all ; 
;  appears  to  more  slower 
from  A  to  x,  while  the 
'  MA  V  lA  r:  ibeiebai- 
CiMniBg  atatkmary  again,  it  appcati 
lo  retamfrtim  n  to  a  in  thestiai|jM 
Kae,  while  ita  foal  moika  ia  firoM 
a  hv  t  to  A  in  (be  dNlc  And  thus  it  ap|Maf«  lo  i 
in  IM  Ine  n,  bjr  a  motion  ooMiandlj  wivtog  Utwaw 
the  leHl,  or  nolhinb  «t  tbe  extrvmct  x  ewl  «,  and  the 
matest  of  all  at  Oie  ariddle  point  A.  Or,  if  ibe  nodoa 
b«  referred  to  the  concave  side  of  the  circle,  instead  of  the 
linr  KN,  the  appearances  will  be  the  same. 

If  an  eyt-  move  directly  forwards     Q.  9 
I'rorn  E  In      Ate;  any  ri-inotc  ob- 
jcct  at  rpst  nt  p,  will  appcnr  to  move 
l!ie  conltnry  \»ny,  or  from  p  to  Q, 
with  the  same  velocity.    But  if  the 

»  aoVB  thn  lana  way,  Md 


wiA  tha  law  vrledly  aa  tbe  eye;  it  win  leem  to  stand 
Mill.'  If  the  object  haw  a  lesa  velocity  than  the  eye,  it 
will  appear  to  move  back  towards  q  with  the  dilerrncc  of 
tfacTemciiics;  and  if  it  mow  faster  tlinu  tbe  eye,  it  will  ii|>- 
p«iir  to  nm»f  forwards  from  «,  with  tlir  same  diflt  it  ncr  i.f 
till  Anil  vi  likeuiM-  when  ibe  object  p  niuvcs 

ci  nirnf\  li>  ihi-  moliun  of  thi'  i)e,  it  Appears  lo  move 
l:ru  k»iuils  »ilh  ihc  'Lin  of  ihr  motions  of  the  two.  And 
ttio  truth  <i|  uil  iliiN  In  exj.i  iieiictd  by  p<-rsoiis  sitlin*  in  a 
hniii  iiH!\ing  ii[i  a  riv(  r,  cjr  in  a  wheel -carriage  when  rUft- 
nin;;  last,  and  vieuiug  houses  or  trees,  Ac,  on  tbe  shoraer 
side  of  ihe  road,  or  eilwr  boat*  or  wheetcarriagn  aho  in 

motion. 

Appahkut  Pibce  tf  n  e^^.  iu  Optics,  is  that  In 
which  it  appears,  wlicn^smi  in  or  tkroagb  glase,^ 
other  reflecting  mediuiDs ;  which  is  oemmonly  i 
from  the  tnie  places  So,  if  an  ai||ect  be  seen  In  or 
ihrongii  glass,  or  waier,  either  plane  or  concn*»,  it  will, 
appear  nearer  to  the  eye  than  ita  trae  phce ;  but  whe» 
acen  ihrougb  a  cemrcx  glasa,  it  appears  more  remote. 

ArrABBliTMMe^lip/aM^  ofanobjtci,  iiiCaioptriri. 
ii  tiMt  wliere  the  image  of  an  object  nmdi-  t>y  the  n  fli^ciion 
of  a  speculum  appeals  to  be;  and  the  o[>tical  ivrili-is.  from 
Kuclid  downMnrds  give  it  as  h  juikthI  ruir,  that  this  „ 
vrh<  rr  (he  n  fli  clcd  ihvs  meet  the  pc  i|/cniiiculnr  ((■  tji,. 
>|n'i:  uluiii  drHwn  (roni  the  ohji-ct :  su  that  il  tin  fpirulum 
U'  u  pliiu',  llie  uppaiwnt  plarc  ol  the  iiiihijc  will  li^  «( 
same  (lislHnie  Udiind  ihr  spiTuhan,  as  tlif  i'vl  is  bt'fore 
it  ;  if  Cunvi  x,  It  will  apix  ar  behind  the  ^luss  nearer  to  |||^ 
same  ;  bin  if  c<incHve,  it  will  appear  before  the  sptculua. 
And  yet  in  some  caaes  there  are  exceptioas  to  this  rol^  aa 
is  shown  by  Kepler  in  liis  Paralipoinena  in  VilellioiMnit. 
IB.  fceal*  -  " 


prop. 


Iso  Wol^us  Catoptr.  §  51, 18S,9SS,S34w 
ApraBBirr  PImot  qf  *  iHoMt,  dec,  in  Auroweay,  is. 
that  point  in  Am  aarface  of  the  spbeni  of  tbe-ftied  bUb,, 
when  tbe  centra  «f  tbe  laainaij  appears  IVm  the  raiw 
iifle  of  tbe  earth. 

APPARVnOH,  in  Astronomy,  danolM  a  star's  or  other 
luminary's  bemung  visible,  wliidi  beibre  was  hid.  i»o^ 
(b«  heliacal  ri^m,  t»  wtber  an  nppaiition  tbna  a  | 
rising. 

Al'Pl'.ARANCE.  in  Porsppctiu',  is  the  n-pr 
or  projection  <if  a  tigure,  body,  or  tin-  like  (ibjict,  on  the 
perspective  plane. — '1  lie  upp<-ur3iic u  of  an  ol>j«cli\e  right 
line,  is  uluRjs  a  right  line.  Sie  Pnisi-KCTiva. — Having 
given  the  ap|K'nrance  of  an  cipako  l:i>d\,  and  <if  a  lumi- 
nary, lo  find  the  appearance  ol  the  i>hadaw ;  see  Shadow. 

ArrEAHAMCEi,  in  Astronomy,  &c,  arc  more  usually 
called  pfatroonKcna  and  pha«4'«. — In  Optics,  the  icrm  dj& 
feet  appearance  is  used  Hot  the  \iew  oraigbt  of  any  obfeot 
by  direct  rays;  without  either  refiactioa  or  reflection. 

APPLICATF.,  Applicata,  OHkmlg  AwLiCATa,  ia 
'Oeometry,  is  a  rkht  Una  dmwa  lo  a  cnrve^  and  bisacied 
by  iu  diametw.  Tbia  is  «tbcf«iae  called  an  OKnuiAn 
irbicb  see; 

Am'icATS  Hfenicr.  SaeCniicBcn. 
ArPLicATiox,  the  act  «f  applying  one  thing  to  atw 
ther,  by  approaching  or  biingingthem  nearer  tof^oihcr.  So 
a  longer  space  is  measured  by  ihc  continual  application 
of  a  l»s ;  as  n  foot  or  yard  by  an  inch,  ice.  And  motion^ 
is  determined  liy  a  «ucussiia  application  of  anything  to 
diflVrpnt  parts  space. 

At'i-Lic .^ TKi-N  IS  somctinu<s  used,  both  in  arithmetic 
and  geometry,  for  the  rule  or  opomlioii  of  division,  or 
it  in  gwrnilry.  'nMia,.iW  mHed  lo^ 
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•r  divided  by  4»  gira»  ^  *  And  •  n^%n(fie  apfditd  to 
»  Ihw  Cj  ghet  ike  4th  pmpoftioMl      mr  u«iW  line 

which,  will]  the  fiivon  lnic  r,  will  cnnuiii  urmlhrr  rtf'nn- 
glc  \t  Inch  stinii  L»c  rqual  to  thi>  furmi-r  nciangU-  u^.  And 
ihi^     icte  mam  ia  Wlu(4  Kwciid  infi  ,tlM  neniit  Jib.  6, 

pr.  CS. 

Appt.iCATiDN,  ill  Cn'onK  try,  alio  mm  il  for  thi^  act  or 
suppositlim  (il  putting  ur  placing;  viw  tii/un  iipnn  nnutht  r, 
to  (ind  «ljpttier  iht'V  be  itjiuil  or  uiipquul ;  wliich  m-cius  to 
be  the  primary  way  in  which  tbi-  iniiiil  tiist  acquirci  l».'ih 
llio  iik'it  uuii  |)ror>r  of  equality.  And  in  thi»  way  Iv.;uilJ, 
ajid  oihor  Keuinetricianit  dtnaonstrutc  some  of  tbc  lirtt  ur 


] 
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it ;  and,  making  no  diflrieBiN<hetw^n  the  known  ani  uih 

knoun  i|iiuiititn>*,  consider  hour  ihcy  depend  upon,  or  »«e 
irlaii'd  to,  one  another;  tbiit  it  may  be  perceived  what 
quaiititii-ii,  if  till)  ure  iissuiiicd,  will,  by  proceeding  lyn- 
tht'iuiiHy,  eivr  tho  re>t,  and  that  in  tin-  tiinpleM  niannar. 
And  111  IMS  Cui:;|i.iri«j!i,  llii  ",i  onii-lrical  finurc  is  to  he 
Ccigiird  and  con-tructcil  ut  mmloin,  as  il  iiU  thf  pRr!«  were 
nctually  knoirn  or  giii  n;  iind  any  othir  ii.ie&  jiruwii  iliat 
miiy  appear  to  cuuduce  to  the  tauer  and  aimpler  solution 
of  the  problem.  Having  considered  tbo  metluid  of  com- 
liutation,  rad  dmwii  out  the  tcheme,  names  are  ii)m  to 
lie  given  tfi  tb«  ipiltntiti«'«  entering  into  the  cnmpatltion« 

thai  it,  to  tome  fev  of  thm,  b<nb  Itnowp  atiH  unkivMni } 


leading  propcrtica  in  fwirtry.  Thus,  if  two  tnanglea*  fy^m  which  the  mt  may  noit  natanlly  nnd  simply  be 


liave  two  tides  in  the  one  ttra^gle  ei|ual  to  two  sides  in 
t^e  other,  and  alav  the  ai^  included  by  the  sane  lidea 

aval  to  inch  other ;  then  are  th«  two  triangica  eqiMl  in 
feipisols:  fcr  by  conceiving  the  o|m  triangle  plaecd  oe, 
or  afDlifld  to  (be  othw,  it  *>  piwwd  thnt  ihty  coincide  or 
cMCtty  ngmi  in  their  nnU.  And  the  aune  happens 
if,  of  two  trinnglca,  one  tide  end  the  two  adjacent  niij^ca 
of  the  on*  triangle,  are  eqttal,  respectively,  to  one  aide 
and  tl)«  luo  corres^iuiirling  angles  of  iik-  other.  Thus  also 
it  may  be  proved  tlial  the  diameter  ot  a  circle  dividoi.  it 
iato  tun  r.,ii.il  ;i-  uUl/  (bul  the  diug'jiul      ;\  bnuaru 

or  piuiil  II        iini  6)ix.-fli»  or  c(ividi>  it  into  two  equal  (lurK. 

At  riiCA.'!  of  one  science  to  another,  as  of  a!;;  l/t.i 
to  geoinvtJ>,  IS  iiUii  of  tbf  ute  made  of  the  principle^  and 
properties  ol  the  one,  for  augm<  lUmg  and  perfecting  the 
otber.  indeed  all  arts  tad  sci^'iices  mutually  recvivt:  aid 
frotn  each  other.  Hut  the  upptication  beic  mcaiit,  is  of 
jt  xaof*  cx|raa  and  Itmitcd  nature ;  m  will  ap|>oar  by 


AFrLiciTtON  of  AJgiint  er  ^  ^tmljfiuto  Geometry. 
The  fir>t  iu)d  princi4ial  appHniMW*  of  iUgebrat  were  to 

mU^iicnl  tuamfm  ««d  MtmittMiwM,  «b  beiag  &m 
«iri4noei  luandwaicv  i«  «U  w«  flOMBiw  af  kumMi  life. 
Aftnwwd*  nigpbm  nw  wiled  to  gMNMtiy  Md  nil  ihe 
other  ariewsaa  m  their  twn.  Tbn  npiiUmioB.  of  algebm 

to  gaomt^y,  i«  of  two  kind*)  dint  which  regards  the  plane 
or  cosneion  grumeti-)',  and  that  which  mpccts  tho  higher 
geometry,  «r  the  nattire  and  propertti «  of  curvr  lin(«. 

The  first  of  iliew,  or  ibe  application  of  »ig<  bra  U>  com- 
iiiiiii  pei/^iii  iiy.  i»  cu.ki.1  i  If  u  II.  tiK-  Hlgebraical  toluliun  of 
gbuniftnciii  pti.ilii«'iiis,  ami  iim.iii;^.  out  theonnv*  in  geo- 
metrical fiijure*,  by  moans  of  .u^u  i  liral  innstis;iitii>i!s 
Or  deiDunstrHlionii.  I'his  kind  ol  upjilicatiun  has  been 
made  from  the  time  ol  ilif  lailiest  writers  on  algebra,  as 
Diopiiantus,  the  indians  and  Arabians,  Lucas  de  Burgo, 
Cnnan,  Tartalea,  &c,  ice,  down  to  the  present  lime.i. 
Some  of  ilie  best  precepts  and  exercises  of  thia  kind  of 
application,  are  to  he  met  with  in  Newton's  Universal 
ArithiMtic>eiHi  in  Simpion'*  Algebra  and  Select  Exer- 
cises. Gcoioettkal  pioblemaare  commonly  resolved  more 
difecll^  and  easily  by  algebra  than  by  the  geooMiicat 
nnalmm  especially  by  young  bcginiMitt  hut  tbeil  Iho 
eynthwin  coueinictioii  aad  dewonatrrtica.  i»  woet  d>» 
gantea  dedoced  fro*  the  latter  method.  Now  it  oom- 
mooly  happen*,  that  the  algebraical  solution  succenls  best 
in  sncli  problems  as  respect  the  sides  and  other  lines  in 
geometrical  t'^'ui-L-i  ;  w!:l!e.  <  v.  iliu  CL-niu.i-',  iln.vf  pro- 
blcm»  in  tthicb  ani-lrs  anc  contciiicil,  are  best  ellccted  by 
ihc  geometrical  analysis.  Newton  pives  these,  aiaong 
many  other  remarks  on  this  branch.  Having  any  ptobjem 


derived  or  expressed,  by  meani  oTtbe  ^eomctriciilpiaiMl^ 
tirt  of  figure*,  till  an  eqeation  be  obtained,  by  which  the 
valoe  of  the  nnknown  v/ua^  mj  be  derived  by  the 
ordinary  methods  of  n>dttctraM  oT'ctfiatiom,  when  only 
one  unknown  qnanlity  i»  in  the  notation  ;  or  till  as  many 
equations  are  obtained  as  there  are  unknown  ktten  in 

tlie  saitir'. 

For  isample,  suppose  it  wore 
rxjiined  to  inscribe  a  square  in  a 
gui'ii  trinncle.  Let  ABC  be  the 
gi\i  n  tiiuiigle  ;  and  suppose  I>If.fO 
to  be  the  required  square  ;  also 
ilraw  the  perpcndicuUr  nr  of  the 
triangle,  which  will  be  gi*cn,  as 
well  usall  the  sides  of  it.  l*hcn,  Con- 
siderini^ibat  Ibe  triangles  bag,  bbf  are  aimilar,  it  will  be 
proper  to  oMka  tlte  notaHoo  as  fbUowB,  viii,  making  the 
baae  4c  s  i>,  the  perpendicular  nr  as  li,^aad  tiie  side  of 
the  tqiiare  VBWWfs^  it.  Hence  theif  ■«  na  sr  —  so 
ap  — 7;  con»qn««tl^,  by  the  proponioittlily  of  tha 
parti  of  thoie  fVro  eimtlar  trilUg^i,  Mf,  ST  i  «c : :  *9 : 
^r,  it  isp  :  A::J>—  '  t'Mi,  multiply  extremes  and 
means  &c,  them  arist  s  />x  =     —  ir,  or  ftr  = 

MdfBtj^.  ihe4idfi«f  Aaawi|»aMik»i.<haf  J%ia 

fourth  proporiioniil  to  the  how  and  peipendicniar,  aad 

the  sum  ui  the  two,  taking  thia  aum  /or  the  fiiat  term,  or 

AC  ♦  BP  :  Bi-  :  :  ac  :  \  \ 

F.nimp.  2.  In  a  rijiht-ansled  triati^lc,  having  given  the 
perimeter,  di  miiu  <i|  nil  tlie  •.uk--,  uid  (he  perpendicular 
let  f.ill  truin  ilie  right  anj^W-  on  tlK'  li^pothenuse,  to  dcler- 
niinr  the  ^ide8  of  the  triangle. 

l.ct  .*Bt"  represent  the  tri- 
angle, and  BD  the  given  peri«'i\- 
dicular.  put  bd  =  /»,  .*B 

=  I,  BC  =y,  AC  =  5,  and  the 
sum  of  the  side»  s  t.  Now  then, 
wc  have  three  unknown  quanti- 
ties, aod  thcrafpre  we  -mmt 
alaUiih  thnoivittationi  before  it  will  be  poaMhia  to  piD< 
CBod  Ib  |hp  wlutioii,  which  are  as  follows  ; 

x*'4-J^si^.    Euclid  prop.  47,  book  1. 

;^=spz.  Euclid  prop.  8,  book  4> 
r  -K  y     1 5=  #.    By  the  que»tion. 

From  tlie  firxt  and  second  equatiim  we  find  jt*  On-  -♦- 
y'^  —  z  h  'i:/),  or  J  +  jf  =  ^/(i'  -^  2;>»)  i  but  r  .  >  ~  » 
—  s.bythe  third  ctjuation  -,  therefore,  v'(l* -t- 2ps)  =*  — *. 
or  by  squaring  both  sides  and  trai)»posing      ^-  2*}*  « 

AhcMoana^^.  liari|«ihvBfiraMl«M«Pl«eafA 
wv  may  piooced  to  tad  x  and  jr>  a«l  e*iMec  t  m 


kitown  quantity,  only'iuUtituting  in  ihc  final  expresaioni 
Hi  value  tlcicrroined  ai  above.  Tbi«  may  be  done  by 
meani  of  any  two  of  ibe  original  equaiian»,  bui  ibe  firet 
Md  lecond  are  the  lamt  proper  for  this  purpota;  fnm 
tham  we  detcrmim-  nt  once  i'  +  t?ry  -t- mjr  ^OyOT 
• » ♦  jf  SB  ^(t» 9^)\x^  —  2zy  ^  y  sni*  —  ttmtvr*—y 
■iv'(i'-2/e)}hcneex  =  iv'(t«-^  1pt)fi,/(i?-^y, 
•nd  jr  ^)  -         -         and  now  re> 

tMiUMiiiig  dw  nlm  of*  m  delenainc4  above,  the  lite 
«f  the  triangle  will  be  a«  follows : 


BC 


AC  = 


Tba  «thcr  bnncb  of  die  apptimion  of  algibra  to  geo- 
■Miy,  «■>  ialnduccd  by  Desrancs,  in  his  Goomctrv , 
whim  la  the  new  or  bigbor  gi-oiiietrvf  and  rclatm  lo  pro- 
perties of  curvp  lim.-».  In  tbi«  branch,  the  naiuro  o(  ihi' 
curve  i»  expmiit'd  or  dcnutcd  by  an  ali^rbrAlc  t  ijiuition, 
wliii.  ii  IV  tliuv  liiiivi-ii  :  A  lini»  i>  Conceived  lo  Ix'  drawn, 
as  the  di:>niLtiT  or  s<Jin''  other  |)tinci|)iil  Inn-  about  the 
curve;  and  on  any  Indiiiiiite  pi  iiii-  I  :li i  . othrr  Imi'*  are 
erected  per|)Pniiicular(y,  which  arc  callt  d  cnlinntri,  while 
the  pai  lb  of  the  first  line  cut  otf  by  ttitnt!,  are  culh  <l  iib- 
»cifs«4.  Then,  calling  any  ab»ci»«  z,  and  its  correspond- 
ing ordinate  jf,  by  inemsof  the  known  nature,  or  relations 
of  the  Other  linn  in  the  curve,  an  e([uulioii  k  derived,  iii- 
takhig*  wdji,  with  other |$«en  quantities  in  it.  Ilencc, 
ai  g  aod  y  an^  common  to  every  point  in  the  primarj'  line, 
Aat  equation,  so  derived,  will  belong  to  every  position  or 
rnlae  of  the  absciss  and  ordinate,  and  ao  ia  properly  oiio> 
■dand  aa  expreaiinf  the  natno  of  the  «af«e  in  all  polnti 
of  it;  and  is  coromoaly  called  iheoi)ua|ion  of  the  ctirve. 

In  this  way  it  ia  found  that  any  curve  line  has  a  pecu- 
liar form  of  equation  haloii|pii|g  to  it,  and  which  is  dif< 
fcrcnt  from  that  of  every  other  curve,  either  as  to  the 
nurnin  r '  f  thr  tcrins,  the  ppwcrs  of  the  unknovn  Ictteiax 

aiKt  y,  or  ihc  iii;n!i  or  coefficients  of 
the  tortus  of  the  i-quatioii.    Thus,  if 
the  curve  line  hk  be  a  circlu,  of 
which  III  is  part  of  thr  diameter,  uiid 
IK  a  iicrpendicular  ordinate :  then 
putting  III  =  X,  IK  =y,  andpe=  tbc 
diameter,  the  equation  of  the  circle  will  be  pz  —  x'  =y*. 
BtttifBK  be  an  ellipse,  an  hyperbola,  or  parabola,  the 
equation  of  the  curve  will  be  different,  and  for  all  the  four 
oorves,  will  be  ntpaclively  at  follows,  viz, 
for  the  circle    •   -  j»  ^    z*  =jf% 

for  the  cUipMS   -    -  px  —  ^j'  =y', 

for  the  hyperbola  -  pz  ■*■  £x» 

Ibr  the  paraht^'    .  jm  .  . 

where  « is  the  iraiisverse  axlf,  and  o  ita  pamicCer.  And, 

id  like  manner  lur  other  CUrvCI.    Svo  AltCiaa. 

Tbil  way  of  cxpn'fttiiif  the  nature  of  curve  Hnea,  by  al- 
febmie  equations,  has  pven  occaston  to  the  |realrsi  im- 
pwwemeot  and  extension  of  the  jjnmietry  of  curve  lines; 
fat  thus,  an  the  properlica  of  algebraic  c.iuations  nnd 
■Iwir  looli,  we  inmlenfni  and  added  to  curves,  whose 
aliiciiiea^and  owlnatea  have  similar  properties.  Indeed 
ctie  benefit  of  tnitioftaf  application  is  mutual  and  reci- 
procal, the  kaoanipnpertioof  equations  being  iransfei  red 
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to  the  curves  that  they  repraientt  and,  on  the  contrary, 
the  known  jpropertici  of  curves  are  transferred  to  thcix  i»- 
presentative  cquatiooa.  See  Cvrvu. 

AvruCATioK  qf  Ocoaieiiy  to  Atgebn..  Beiite  the 
UBB  and  applicauon  of  the  hi^er  nomeiry,'  for  ohtalnii^ 
th«  Mtnte  and  roota  oS  equattou,  and  fbr  6nding  tha 
values  of  those  roots  by  the  geometrical  construction  of 
curve  lines,  even  common  geotnctry  may  be  made  sulwer- 
vient  to  the  purposes  of  algebra.  Thus,  to  taki-  a  very 
plain  and  simple  instance,  if  it  w<  ri' r<'i|uir<.  d  to  srjunre 
the  binomial  a ;  by  forming  n  )i(|u.ir<  ,  ii>  m  liie  an- 
nexed figure,  whiiM- M(k- IS  equal  to  «  -•-  b,  <ir  the  i«  o  line* 
or  pait^  udJi  d  toactln  r  di noted  In  thr  letters  a  and  6  ; 
and  then  diaivmg  two  lim<,  paralltl  lo  i]w  iides,  from  the 
points  whi  le  the  t»o  parts  join,  it  will  be  iinntr diately 
jK'rceived  that  tie  svhiili  vquarc  of  the 
compound  quantity  a  h,  it  equal  to 
the  squares  of  both  the  parts  togetber 
with  two  nctannU-s  under  the  two 
parts,  or  «'  and  b'  and  2u6,  tttat  i«i  the** 
square  of  a  -•■  4  isc<jual  to  a*  A* 
'iub,  at  derived  from  a  geometrical 
figure  or  constnicticm.  And  in  thi^  very  fflannrrlt  WM^ 
that  the  Arabians,  and  the  early  I'.uropean  writen  on 
gebra,  derived  and  demonstrated  the  coninww  rale  for  n- 
solving  compound  quadratic  eqnaiiant.  And  thus  also, 
in  a  timifatf  aqiytit  »aa,  that  Tartalea  and  Cardan  derived 
and  dcnMinitrntef  all  the  rules  f<>r  the  Miluiion  of  cubic 
equations,  using  cubes  and  pBralKlopiiKtions  instead  of 
squares  and  rectangles-  And  many  other  iiisiancts.  might 
be  given  >  1  the  u>.e  and  application  of  geometry  in  alvebra. 

Applu  .stion  qf  Algnra  md  Geometry  to  Mechamct. 
This  is  foiindcL!  <iii  the  same  principles  as  the  application 
of  al):ebru  to  mumptry.  It  consists  principally  in  rcpre- 
5!  ntirig  hy  pq,;,Uioiis  tin-  Curvo  described  by  bodies  ia 
fnoiKin,  by  determining  the  equation  between  the  spaces 
w  inch  the  bodies  describe,  when  actuated  hy  any  forces, 
and  tbe  times,  employed  in  describing  them,  &C>  A  fe« 
miliar  instance  also  of  the  applicatiim  of  gMNnrtiy  to  nw- 
chanics,  may  be  seen  at  the  article  Arc  CLBBATlOlt,  where 
the  perpendiculars  of  triangles  represent  the  times,  the 
bases  the  velocitici,  and  the  anas  the  spaces  dctcribed  bgr 
bodicf  in  motion;  a  method  lint  given  by  Gdiko.  In 
short,  OS  velocities,  tinscs,. forces,  spaces,  &c,  any  be  »> 
presented  by  lines  and  geometrical  figures ;  and  as  thcae 
again  may  be  treated  algebrnically  ;  it  is  evident  how  the 
principles  and  properties,  of  bi>th  algebra  and  geometry, 
may  be  applied  to  rr  er''  anirs,  and  iiidaadtnaU  the  Other 
branches  of  mi.xe<t  niailieniailrs. 

A  iTi.u  ATiox  tif  MechoMtist  t(i  GtomclTif.  This  ronniiti 
cbieliy  in  llw  um'  that  is  somelinHS  made  of  li.c  centre  of 
gmvily  of  figures,  for  lU  terminMif;  the  ronti  iitv  ot  si. lids 
described  by  tho^r  fif^iires.  Tlii>  is  calKd  the  cintrobanc 
method. 

ArPMCATios  of  Geotnetry  md  Astronomy  to  Geogra- 
phy. This  consists  chiefly  in  three  articles.  .Itt,  In  de- 
termining the  figure  of  the  globe  we  inhabit,  by  means  of 
geon.erricul  .it'.d  nstroiiomicnl  operations.  2d,  In  deter, 
mining  the  pooiiions  of  places,  by  obsrrvaiiom  of  lalitute 
and  longitudes.  3d,  In  deierauniaj^  hy  geonairicd  ope> 
rations,  the  position  of  anch  ptacia  aa  an  not  far  diilant 
from  o«ie  another. 

Gromrtfy  nnd  Atttmeniy  ai«  also  of  gnat  me  in  Na* 
Mgation. 
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AprtiCATioW  Geometry  and  Algebra  to  Phytiacr 
t!fUnrat  Philotophy.  This  applicaticm  »r  owe  to  Newton, 
whtMC  philosophy  may  thi-ielon-  Ik;  culk-cl  the  giomciii- 
cal  or  mntlii  inritical  ptuln-opliv ;  on  this  application 
art'  touiuicii  all  llic  pliyMti>-inath<  matical  vcieiice?.  Here 
a  single  observation  or  t-Npei irtu  nt  •.wll  olli  ii  |>r<j<!iici'  h 
^vhole  science;  so,  wlieti  hi-  know,  as  wo  do  by  ex- 
pericncis  that  the  rays  of  li^ht,  lu  retli-ciing,  make  the 
•n^c  of  incidence  rqiiul  to  the  atij>lc  of  rillection  ;  we 
tMnoe  deduce  the  whole  science  of  catoptrics:  for,  that 
experiroeiit  once  admitted,  catoptrics  becomes  a  science 
purely  giH>nirtrical,  since  it  is  reduced  to  the  comparison 
of  angtrs  and  lines  given  in  i>osition.  And  the  same  in 
iMny  otb«r  tdeiicfs. 
ArrttCATtow  4f  om  4Aiii«  #»  mofftcr,  in  general,  w 


conoected  by  parallels  or  lines  of  commiinicatiun.— The 

be»t('i;ed  cominonlv  nmke  Couiiti  r-uppn  aclics,  to  ioMr* 
rupt  nru!  Hrtnu  the  «]i|iu.aeiK->  nl  llie  bv5ii-(;ers. 

Thi-  im  I  t-  ni.iili-  tlu'ir  ap[)roa(iu->  towards  the  place 
bt'iiej'.i  ii,  iuiicii  iilur  '.lie  iame  niuiiiier  as  the  inodernt, 
r<ilnril  ^lio\s  s,  tliat  iii<  y  had  tlieir  trenches,  their  paral- 
leU,  '■.'i]i>,  iSiCi  vtliKti.  thuucli  usually  thought  ul  modern 
inveiiiiiiii,  it  appeal-,  h»\r  i,<-<  n  practised  long  bdoMf  Igf 
the  (irevkl,  Komans,  Asiatics,  &c. 

APPROXIM  A  l  ios,  a  continual  approach,  still  nearer 
and  Dearer,  to  a  root  or  any  quantity  sought. — Methods 
of  continual  approMinaltun  tor  the  stjuare  routs  and  cube 
roots  of  numbers,  have  been  employed  by  algebraists  and 
aritiineticiam,  from  Lucas  dc  Qurgo  down  to  the  pieicBti^ 
timcL   And  tbo  laMf  writen  liave  given  varioua  approxi* 


cspioyori  to  denote  the  lAa  tbat  k  mnde  of  the  former,  to  mntkiM,  not  mriy  Ibr  dw  raou  of  higher  pnwm,  or  ill 

iindentand  or  m  pt  rfect  thn  htHr*  Thos  thcappliai-  aiaphi  «inntiflai!,  bol  ibr  the  roots  of  all  sorts  of  com- 

tiunof  the  cvcIokI  to  pendtlnm',  BHlntllw  ne  nwde  of  pmind  eqnntiom  wbttever;  especially  Newton,  Wallis, 

Ac  cycl'iidal  curve  iiir  inpioving  the  doctrine  and  use  of  Raphson,  Halley,  De  Lagny,  Lagrange,  Ac,  dec;  all  of 


peniluluro». 

API>LY.  ThiatciBitinedtwodiflbRntmiy^ingBO- 

mdry. 

1st,  It  sijjnifie*  to  tninsfer  or  place  n  given  line,  either 
in  a  circle  or  son>e  other  figure,  so  that  the  eNtrcmitics  of 
the  line  sliiill  be  in  the  perinn  irr  o!  the  (i^ure. 

2'l,  It  .iho  useil  to  (  spros  division  in  gcnnn  try,  or 
to  ftii'l  one' limienvioii  of  u  rectaii|;le,  when  the  iir<.  :i  an  l 
the  other  tliniensioM  are  given.    A»  the  anui  ab  applied  to 

ibc  line  c,  i»  — .  ' 

r 

APPRO  Vf'II,  the  curve  of  equable  approach.  This 
was  a  problem  lirst  propowd  by  Lcibnits,  namely,  to  find 
A  curve,  down  which  a  body  descending  by  the  force  of 
gravity,  shall  roslce  equal  apprnaches  to  the  horizon  in 
eqoal  portions  of  time.    It  ha$  iK'cn  found  by  Bernoulli 

«ad  otiicia,  that  tbc  curve  is  the  tccond  .cubical  {larabola,  pMNU,'  of  whkb  there  are  many,  I  brliew  tb«  heat  k'tlMt 
plncvd  with  itt  vertex  ttpprrmoat,  and  which  the  descend-  «hl^  w«  dlacovered  by  roykeU,  and  given  in  the  fint  vo- 
ing  bo<ly  must  mMr  with  a  cntain  determinnte  irelocily.  lume  of  my  Mathopatiaa  Tract*,  (priMed  in  1786)  in 
— Vangnon  rendered  tb«  (laesiigo  gpnenil  for  any  law  nf  point  of  «ue,  both  'of  execution  nnd  br  tniiemfaeriog 
graviiy,  by  which  a  body  raajf  appnneh  towards  a  given  jt.  Which  is  this:  if  n  denote  any  nunU-r,  out  of 
pcint  by  e<jual  spaces  in  eqntil  aimcf.  And  Maupertuis  which  is  to  be  eMracird  the  root  wboac  index  is  denoted 
nlio  resolved  the  problem  in  the  case  of  a  body  deac^nd-    by  r,  and  if  n  be  the  nearest  root  tirst  taken;  then  wili^ 


them  forming  a  kind  of  infinite  series,  either  cxprencd  or 
undersloiiLl,  converging  nearer  and  nearer  to  the  i 
sought,  ucciiidinu  to  tlx'  nature  of  the  process. 

It  is  eviilent  that  if  a  liUinlK-r  proposed  be  not  a  true 
squnre,  itiai  no  exact  square  root  of  it  can  li*"  (ound,  cx- 
plical>le  l>y  rational  numbers,  whether  interii^.ir  frac- 
(jon> :  lherefr>re,  in  such  Cases,  we  muM  be  content  with 
appro  Ml  II  a  till  IIS,  or  rimi,  ul;  >  '  ^.i  iiiually  nearer  and  nearer 
to  the  trutii.  In  like  manner,  tor  the  cubic  and  other 
roots,  when  the  propoaed  qnaaiitiea  are  not  exact  cubo; 
or  other  powers. 

Hm  moat  easy  and  general  made  "f  approximation,  for 
any  power  above  the  square,  is  perhapa  by  the  rule  (rf 
Double  Position,  or,  what  is  sometimes  called,  tlw  Me» 
thod  of  Tria)-«nd<errort  which  see  under  ila  own  naoM. 
And  aaiong  all  the  rolea  for  finding  the  root*  «f  pom 


ii^  in  a  medium  which  resists  as  the  square  of  the  velo- 
city. See  llisl.  de  r  Acad.  de»  Sciv  nce*  fur  l(i"9f)an(l  1710. 

Mttliod  of  APl-KOACllKS,  ii  n.iiiie  i:ivell  by  Dr.  Wallis, 
in  his  Alg"  l/r:i,  lo  w  ineihoil  ut  ri  ^o^in^  rerlain  pr(]hli'nis 
relating;  tn  s.jiiare  nuiiituT^.  iScc.  Tiiis  is  done  by  first 
iissigniii::  ri  rtain  liinitv  lo  (he  quantities  rcquiu-d,  and 
then  approaching  nearer  unit  r.i  an  r,  til!  a  coincidence  is 
(jhtained. —  In  this  sense,  the  nicthml  of  Trial-and-rrror, 
or  double  rule  of  False  Position,  may  be  Considered  as  a 
method  III  approaches. 

APPKO.VCHES,  in  Fortilicaiion,  the  several  works 
made  by  the  besiegers,  lorad\aniing  or  getting  nearer  lo 
a  fortress  nr  pUco  besieged.  Sticb  as  the  treocha,  mines, 
lapi,  Indf^nli,  battericti  fallerieii,  vpaulmenli,  ftc> 
AnawACilBl,  or  Umt  ^Ari>noAca,«(«pMticttlBrly 
1  for  tnitch**  dog  in  the  ground,  and  the  earth  thrown 
«p  on  Ihr  aide  townrdt  the  pince  h^ieged ;  under  the  de> 
Cut  CO  -or  shrlier  of  which,  the  besiegers  may  approocR 
witboni  li'»»,  lo  miH-  biitteries,  and  plant  guns,  &c,  tu 
batter  il.— The  lini's  of  approach  are  coiniiionly  carried 
4»n,  ill  a  /i;;zag  f'lVni,  punillii  to  thi  opposite  faces  ol  the 
besieged  work,  or  nearly  so,  that  they  may  nut  be  en- 
'  1  by  the  gnna  from  the  enemy.  And  they  are  aha 


be  the  required  root  of  k  very 

r—  .\-ff+lri'  1  ^ 

il'.arK  ;  or  as  r  —  I  tinu-s  the  given  nunibcr  aiided  to 
r  -<-  1  times  the  Learest  power,  Is  t"  r  1  tijut^  tin.'  ^ivcn 
niitiiber  u'lileii  to  r  —  1  times  the  iie.uesl  puwei,  so  Is  the 
assumeii  rdot  n,  to  ihe  required  root,  strj  nearly.  I  hen 
this  last  vulue  of  the  root,  so  tound,  if  one  sliU  nean-r  is 
wanted,  is  to  be  used  for  n  in  the  same  theorem,  (o  repeat 
the  operation  with  it.  And  so  on,  repeating  the  openiion 
as  often  as  necessary.  Which  tbt-orem  include!  all  tka 
rational  formulx  of  Halley  and  De  Lag^. 

For  example,  slipposa  it  wen  required  to  double  the 
cube,  or  to  find  the  cube  root  of  the  anmber  9.  Heiw 
r M S»  comeqncittly  r  ■*■  1  s di,  and  r  —  1  9g{  aad 

thenlbre  the  gennal  theorem  hecomea^**^^ 

eir+ 


K  i»or 

X  n  for  tlM  CtthP  root  of  n  ;  or  as  s  -t-  Sw'  :  »• 


^  »* : :  » :  the  root  longht  nearly*    Now,  in  this  uk, 
IT  m  S,'and  thmfore  the  ntareet  root  a  ia  l,4Uid  it*  enbe 
a^.     1  also :  hence  ir  ■*•  fti^  «  «     «  =  4,  and  «W 
s4-i>  1 B  5;  tberefinni, as 4  :  5  : :  1: ^or  1^ SB  m  t6a 
fint  apiinnimatiaa.  Ag^iib  taking  rs|,  md  eome- 
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In  lire  H      dr'  as*t  •»■ 

am)   '^if  ♦       a:  4  ■♦• 

l  tiA^<>«l,  "l)ich      ihe  ciibr  n 


::  J 


A 


t  <il  ,\  true  in  all  the  li- 
i  iit  iv  Miltjf  of  n,  and  rc- 


;r(  ut  inoii)  itiori'  ligurn  may 


)'Uri>.  Ami  l>y  taking  * 
J»patiiig  tlir  process  asaili 

be  roiiiul. 

^  0/ ike  Rooti  of  ii</uu<4f«u  i>y  AiTKOxiMAriox,— «Ste- 
Vimm  and  VictH  gave  nK'thiHls  tor  liniluig  values,  always 
nrkirr  and  ncurer,  of  ibe  twA*  of  equaiions.  Aiiii  Uugb- 
tred  and  otiicr^  pursued  and  improved  iho  miiiip.  Tbc»e 
iKVWeVer  were  very  tecliuus  and  iniperfecl,  and  required  s 
dM^nt  prno'»  for  v^cry  ilpnrep  <if  i  qualiom.  But  Nw- 
ton  intitMluaeil,  ngt  only  ral  mcthtida  for  rxprni»ing 
radical  qu— titiw  bj  uppmxiinating  infinite  arrin,  but 
sin  for  tiM  iMtaofnll  tortt  of  cMmoaBd  eqoalioM  wiwt- 
crar,  wbidi  «*  badi  cmjf  md  cjcpcdiiioni,  mk  wUch  iriU 
be  MoKfMidciAuly  HeacHbcii  under  their  mipectiveeid- 
elce.  Ha  Method  of  eppimnnting, it  ie  •uhrtmee  ihiet 
Pint  raJtc  a  n\\w  of  the  root  neer  as  mejr  be,  kjr  titab, 
either  grraler  (>r  le>s ;  iben  etaamiti;  another  letter  to  de> 
note  the  iiiikiiixwi  'iillerencc  brtwceri  tlii>  lUnl  ihe  true  va- 
lui',  subsliuite  into  tlie  equarimi  Ihi'  \nm  or  itilTfrelice  of 
the  approMrnnte  runt  and  this  u^^uim  <t  Irit  i,  instead  of 
the  unknown  Ivtter  or  root  ol  the  r.iuation,  whicb  will 
produce  a  tirw  i  (|Uiili'  n  hm  n:;  only  the  ussunieil  small 
dlAcrclict- lor  i(>  r<Hit  or  unknown  letter;  .mii  find,  from 
this  equation,  a  nrnr  \alu<'  ol  this  small  iivsuiiK-d  (juanlily. 
Awuioc  then  another  letter  fur  the  »niall  ditlerciice  bo- 
twcan  ihi«  laitc  value  and  the  true  one,  and  lubtiitute  the 
■ua  or  diflerrnce  of  them  into  the  la*t  equation,  by  which 
iHN  arite  ■  third  e<|uation,  involAng  the  second  assumed 
auuli^;  whoM  value  it  ftuiid  at  beiiaire.  Praceedng 
nm  « (br  at  nre  pirate,  ell  thentar  mImi, 
Mher  by  tbe4r  proper  tign,  will  form  » 
B^MiM  MUcreud  imrrr  to  Ae  tme  not  of  die' 
yrppBeeid  cqundon.  The  approximate  valeet  of  the 
nl  anuill  eaiuneil  dffi«ret)ce<t,  may'be  found  in  different 
■ways:  Newton's  method  is  this:  As  the  quantity  5oUf;ht 
I!  small,  its  higher  i>o«er>.  dccretise  more  and  inore,  and 
therefore  nei;lecting  tliom  will  not  lead  to  any  ;;rrat  iTror. 
He  tlieroforc  neglects  all  the  terms  having  in  them  the  2d 
and  tinfier  powers,  liin  .ii^:  riiil\  the  1st  power  and  the  ab- 
solute known  lenn;  lioin  Mhicli  simple  rqiration  he  al- 
ways find>  llie  value  of  the  assumed  unknoivn  letter  nearly, 
in  a  very  simple  and  easy  manner.  Halley's  metliorl  of 
doing  the  same  thing,  wet  to  neglect  all  the  terms  uliovc 
the  square  Xfr  2d  ponrtr,  and'thrn  to  find  the  root  of  the 
refnnining  quudmiic  equation ;  which  would  indet-d  Im- u 
Dearer  valoa  of  the  assumed  letter  than  Newton's  was,  but 
Ibea  it  it  lUutli  norc  trouUeiome  to  perform.— Raphson 
IiiM  another  way,  wbidi  h  a  |}tlle  veiled  froia  that  of 
Newtoa^«gBin>  whicb  tttMt:  Having  Crand  a  near  tiIuc 
of  ilie  lint  aaeurtieti  %,nnn  quantity  or  dMbrenoe,  by  this 
ke  ceTreeltlKe  first  approxirttiiilali  to  tin  mot  of  Ibe  pro- 
potad  equation}  and  then,  assuming  another  letter  for  the 
next,  or  taiaUer  difovnce,  he  intriMluces  it  into  the  origi- 
m1  equation  in  <lw  seme  w«y  as  before.  And  tl,u»  he 
procecdt,  fram  one  correction  to  an<Jthi  r,  employiug  al- 
ways the  tiltf  propoM'.l  enuatinn  i,,  fnid  them,  intlrad  of 
the  aUCCfe'tiVB  new  equali,,!,,  UM  .I  hy  Newton. 
►  For  example,  let  it  l„.  required  to  fnid  Ihe  riK.t  of  the 
e(|aation  *'  -  5r  =  31 ,  „r  _  '.r  -  :l  t  =  n  :— Here  the 
root*.  ltJ»  evidenc,       ,„,„,, ^,  _    .        j  tln-relore  take 

»  +  t,  and  subatituu-  8  +  j  jj,  ,     the  given  equation 


bellni; 

S*t9t  ^^^^^ 

-8l»  -31 
the  turn  i«  —  7  -^  lit  •«■  c* sn 

Then.  rrjerlMig  :%  it  it  Ha  — 7  <■ 
<fC,  or  :k  0  tiearly. 

Aasuiae  now  i  =  (i     v :  ihi<n 
r  =r-  St;  -t-  V2y  -f  y 
llz  ca()-0'  ^  lly 
-7  a«-? 

tlwanni  — '04  -f-  l2-2y  -♦•>*i 


O. 

Aandai 


where  v  =  ■ 


=  0^:5  iienr! 


Hence  then,  colleciin;;  all  the  aisuinrd  ditiirreiices.  with 
their  signs,  it  is  louitd  that  j  s  8  -«-  «        ae  8  -*-  '£ 

SE  8-603278  the  root  of  the  cq^uatiuD  rrquired, 
by  Newtcn't  atcthod. 

7Ae  aaaw  ^  SLtfiuam't  tug. 
Fir^t  J-  =  S     t;  • 
then  2*  w  (i4  ^  tfis  a* 

-31  St -31 

tlM'mra  —  7     I  is    t*  SB  O: 
hence  x  as  ^  a  *fi  nnrly,  at  betwn, 

and  X  =  8  -•-  t  s  8*6  marly. 
Assume  it  I  =  s  (;  -+-  v; 

tbeik  j'  =  7J  ."Xi      17"^  jr* 

-  \  :\  —Sg 
-31  =  -  31 

4llcaiMi  — •04-t-  12-^-«>jp*  vO; 

hence  jr  =  —  =  'OO.I^FS  ncarK , 
■'  111 

and  J  =  S '6     y  =  8-<t03v'78,  as  before. 
And  in  the  samo  manner  Newton  performs  the  ap|jru>xi- 
nation  for  the  roots  of  literal  equations,  that  it,  equa- 
tions having  literal  coeOicicnls  ;  so  the  root  of  tUt  eqUatiCMi 
jr"  -4-  axy  -t-  a-y  —     —  2«i^  s  0,  it 

See  alto  a  memoir  on  thit  ntethod  hy  liic  Marqtiit  de 
Courtivrr>n,  in  the  Alcmoiret  dc  I'Academie  fur  1744. 

Other  McihoiU  (if  Appkoximation.  Besidei  the  iiwp- 
going  general  methods,  other  panii;Mler  wa^t  of  appniM- 
matinft,  Ibr  twiieus  purposei,  have  been  given  by  many 
different  pcnoiMii — ^Ai  ior  eiampie,  Mclbedt  of  approxi- 
mating, by  tenet,  to  the  rooti  of  cubic  ct|uationt  belong* 
im  1^  tlir  icteducible  case,  i)y  Nicolc  in  the  same  Me- 
moires  de  I'Academie,  by  M.  Clairaut  in  his  Algebra,  and 
by  niyself  in  llie  Phdos.  Trans,  fcjr  1780.  See  al  i. 
ral  parts  of  Simpson's  workii,  or  my  Tract*  vol.  1,  .i:,.^  my 
Course  of  .M.illieinaliev,  vol.  1;  or  the  treutiM- i>n  iiUd.c- 
ncal  equations  by  Lii^r<ui«e.  Also  the  methods  oi  inn- 
liite  series  by  Wallis,  Newton,  Gtet;oi\,  .Meicalni,  \c, 
may  be  con>i(lered  a<.  npproximatior.i,  in  (juiulr;itiin s,  and 
other  brauclu-.  uj  die  tuatheniatics,  nwuiy  Hl^laIiCl•s  of 
which  may  be  seen  in  Wallis^  .Algebra,  and  olfter  books: 
— Likevsise  the  mt  tluKl  of  exhaustions  of  the  ancieiiU-,  by 
which  Archimedes  and  other\  have  -jpptosiuiuted  to  the 
quudrutuie  and  reetlticMluin  of  the  circle,  iVc,  which  wet 
performe<l  by  rnniinually  bisecting  the  sides  of  pulygom, 
i>oih  inscribed  in  a  circle  and  circuinscribed  about  it;  by 
which  mean;  the  sum  of  the  tides  of  the  like  polygooa  ap- 
proach continually  nearer  end  twflrer  together,  nnd  tne 
djcumferance  of  the  circle  is  acnrly  •  ncan  between  the 
tare  attma.  See  alao  E«uaTunis. 
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APPULSE,  in  Aitroaomy,  niMns  tba  bmut  Approach 
of  two  luminaries  to  each  other,  itu  U  M  M  MflBi  Cw 

staiict.',  wilbin  the  Mmf  telescope. 

Till-  ujipulsci  I  1  tlx-  piftiicti  to  llu-  ilarN  Imvc  al- 

ways been  xiry  usiIjI  to  antranoiucrs,  iis  ien.inn  to  fix 
uiiii  diteriiiiiiL-  till-  |il.ir<*  of  the  forini  r.  Tlu  ancients, 
watitiiig  an  melhoil  of  comparing  the  pluniis  \\n\i  the 
ecliptic,  which  is  not  visible,  bad  scarce  uir,  oliier  u.iy 
of  fixing  their  iituatiom,  but  by  ofaaerviag  their  track 
among  the  fixed  &tan,  and  marking  thrir  appulies  to  loiae 
of  tfaoM  vkible  points.    Sec  Hiit.  Acad.  Scienc,  for  171 9. 

C4I7.  And  Philo*.  Trans.  No.  36«),  where  Dr.  Ilallry 
Itven  a  m«tliod  for  dctcrmiDing  the  places  of  the  pla- 
patlk  ky  obwrving  tbeir  near  i^pulncs  to  the  ti.\cd  atart. 
Saa  abo  Fhiln.  Tiaiia.  Ma.  76,  pa.  ml  Mem.  AcaiL 
Sefanek  fitr  I7(M»  nlwn  nuHead  airi  Pa  l|  Hbeban 

eiaaliiirwUanKrf  llw  moon's  appulMa  lo  ilia  HuUtt, 
Bho  Fbunttced'a  Hlitoria  Cceiestii,  where  a  noltiliida 
of  oUervalions  of  appuhe«,  or  tmall  distanoef,  of  tha 
moon  and  planrt^,  from  the  Axed  itare,  arc  recorded.  An4 
Dr.  Halley  li;i>  ]lul1ll^^lI■ll  a  map  or  planisphere  rf  iha 
Harry  «odiac,  ir.  arc  accurately  laid  ilown  ftll  (In- 

stui:.  Ill  wlucJi  ill'  nRKjii's  nppulM>  ha*  ever  been  obstrM  ci 
ill  any  part  ot  the  world.  Sec  I'hilos.  Tnili*.  No.  3C;)  ; 
or  my  Abridg.  vol.  6,  pa.  530. 

APRIL,  the  ♦th  month  of  the  yiar  atci  rtliiig  (o  tlic 
common  coiiipututum,  and  the  2d  t'roin  thu  wniul  equi- 
■oox.— The  word  is  deriv«d  from  JprUi:,  of  aptrio,  J  open ; 
hocaufe  the  earth,  in  tliis  month,  begins  to  open  her  bo- 
wm  ior  the  production  of  vegetables. — In  this  month  the 
|M  travels  throoi^  pait  of  the  signs  Aries  and  Taurus, 

APRON,  ia  OiMOMy,  a  piaoa  of  tbia  ot  ibaet  lead, 
VKd  tocoverlhaaeatof  loiick-kalaairaaBnMo. 

APSES*  ot  AmvM,  ia  AMraaoay,  ait  tl«  two  prinM 
io  the  orbtti «f  plaMto^ whmAitf  ai»  at  tbepr  gM«ia«i 
and  Wnst  (lisiMGaAiail  tiNNHItrAe earth.  The] 


at  tue  gieiitesitdiitaim  bring  eaHed  the  higher  apm,  and 
tbatat  the  nearest  distance  the  lower  apsis.  Also  the  higher 
apsis  is  more  particularly  called  the  aphelion,  or  the  apo- 
gee; and  till'  l  aii  r  apsi-,  tin-  perihelion,  or  the  pi  liucc. 
The  diuiiifter  uhicb  joins  tliebc  two  poinU,  it  cullrd  uie 
line  ol"  thi-  iipsi  s  or  of  the  a]«ide»  ;  it  posses  through  the 
centre  n|  tho  orbit  of  thu  planet,  and  the  centre  of  the  sun 
or  ir.i  l  arth;  and  in  the mo<lern astronomy  this  line  makes 
ihp  longer  nr  iraiMvene  axis  of  the  elliptical  orbit  of  the 
planet.  In  this  line  is  counted  the  exctntricity  of  too 
orbit ;  being  the  distanca  hctwecn  the  centre  of  the  orbu 
and  the  focus,  where  it  pfawtd  the  ton  or  tha  earth. 

The  foregoing  delinittans  tuppow  the  Inm  of  thamair 
ait  and  least  distances  to  lie  in  ll»  MUM  aHaj^  lina; 
arhich  n  not  always  preciialy  tha  eaaat  aa  ihcjr  aroMMBa* 
I  out  of  a  right  line,  makiog  an  aagh  fnalar  or  kat 
ISO  tl^gww,  ami  dw  Mmneo  mif^  IBO  it§mt  » 
called  tfca  molion  of  iba  line  of  the  apm:  whaatha  aar 
il  lev  than  180  dagraeii  the  motion  of  the  apagt  is  lald 
la  ba  Tcoatfary  to  the  order  of  ihc  signa ;  on  the  other 
bead,  when  the  angle  exceeds  180  dtgiaa%  tbamotiaa  is 
according  to  the  order  of  the  sigirs. 

Different  means  have  been  employed  to  di  teriniin'  the 
motion  of  the  apse*.  Dr.  Kc:l  explaini,  in  hii  .•Astronomy, 
the  method  used  by  the  uhcimus,  who  supposed  the  orbits 
af  the  ])lanet»  to  be  perfecliy  circular,  and  the  sun  out 
.•f  the  centre.  But  since  it  has  been  discovcreti  that  thi-y 
|lHcribc  elUiMic  ortela,  variotu  other  methods  have  been 
^B*iaed  for  ^rtwaifcriag  tt.   Sr.  Halba  baa  »m«i% 
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«rikid^  iappoaes  to  be  known  only  the  (iroe  of  the  planet'* 

revolution,  or  periodic  litne.  Scth  Ward  hasalvo  given  !\ 
detrrmiaation  from  three  difi'erent  observations  of  a  planet, 
in  any  three  placea  of  its  orbit:  but  bis  method  bring 
founded  on  an  hypothesis  not  strictly  true,  Kuler  has  given 
one  much  more  exact  m  mjI.  7  ol  the  Petersburg  Com- 
menlarie».  See  various  w.iys  r\pliii:ii  i!  in  the  Astronomy 
(I I  Ki  ll  and  Monnier. 

Ne^vton  has  also  given,  in  the  Principia,  an  excellent 
method  for  dviermining  the  slme  moiion,  on  the  suppoai* 
tion  tiiat  the  orbits  of  the  planets  ditfer  but  little  ftoai 
circlca,  which  is  the  caM  acaily.  That  great  philosoplic* 
shows,  that  if  the  sun  be  inmoveable,  and  all  the  plaaaia 
gravitate  toawidi  him  in  the  inverse  ratio  of  thaaqtmrai 
of  t)(eir  diitaneai,  Ibaa  tbaaoaeiiiiU  ba  fixed,  or  tbair 
■otioB  tiedBBgi  lba|  k,  tbe  liaai  of  ginlait  aad  kail 
diitance  will  (arm  one  light  line,  aod  tha apMirill  badi- 
lactlyopposiiPfOrat  lao  degrees  diMaaea  from  cacb  other. 
But,  because  of  the  mutual  tendency  of  the  planets  to* 
wards  each  other,  their  gravitation  towards  the  suu  is  not 
precisely  in  that  ratio  ;  and  lunce  it  happens,  tliitt  l\v; 
u|}sc5  are  not  aJwuvf  e.siitti)  in  a  right  line  with  ibe  sun. 
Ai.d  Newton  has  given  a  very  eli-gant  method  of  deter- 
n:iiiMiig  their  motion,  on  the  supposition  that  we  know 
tliL  Idrri-  whirti  is  thereby  added  to  the  gravitation  of  the 
piuDcl  I'jvMirds  the  sun,  and  that  this  additional  force  is 
always  iii  tliul  direction.  Dr.  Chas.  Walmesley  hasatlM* 
lue  on  the  '1  hcorie  du  Mouvamc-Dt  dcs  Apaides,  in  DvOb 
APSIS.    See  Aps&4. 

APUS  or  Apous,  M$  hdka,  in  Astronomy,  a  coqiM|» 
lation  of  the  southern  hemisphere,  s'tuatod  near  tbe  soulb 
polc^  between  the  triangulum  australeaad  tbe  chameleoa, 
•ad  Wppo&ed  to  represent  the  bird  of  paradise.  Alio . 
faapoHd  to  ba  one  of  tha  bitda  aaawd  ApodeHaa 
fto  leetk 

TWaaariwr  afllanCMilained  in  tfaisooRstellatianaMk 
11  iatb«'lMdih  Oalalogaa,  in  Bayer's  Maps  12,  and  a 
still  greater  number  in  La  Caille's  Catalogue :  tbe  princi- 
pal star  being  but  of  the  4th  or  5th  order  of  maguilude. 
See  Ctslum  Austrnle  Stellifiw«n>»  aad  tba  Ifamaina  da 
I'Acad.  for  17A2,  pa.  S69. 

AQUARIUS,  in  Astronomy,  one  of  tlie  re! -stial  CMH 
atellations,  being  the  eleventh  sign  in  thr  zuiliac.  n  rkon- 
ing  from  Ariej,  and  is  markc<l  by  tin-  churALier  ::: ,  n  i  r-  - 
sentiiig  part  of  a  stream  of  water,  issuing  Irom  the  vessel 
<jl  .^ijuarius,  or  the  waler-pourer.  This  si<;n  also  givx^s 
name  Co  the  eleventh  part  of  the  ecliptic,  through  which  the 
sun  moves  in  part  of  the  months  of  January  and  February. 

Tbe  pocu  feign  that  A4}uafiin  teas  Gauymede,  who'io 
Japilar  ravished  under  tha  ifa^  of  aa  eagle,  and  carried 
away  into  Heaven  to  serve  as  a  cup-bcaiart  tMlMd  of 
Hebe  aikd  Vulcan ;  whence  tbe  name.  OtlM  Mi^  thai 
the  aiga  waa  that  oalladt  becauae  that  wbca  it  tft*"* 
tba  bailmb  tha  weather  oommonly  ptovea  rainy. 
'  Tha  stars  in  tbe  conttallatioo  Aquarius  an,  in  Ptole- 
my's Catalogue  45,  in  Tycbo^  41,  in  HeneiiiHTs  47,  and 
in  Flamsieed's  108.  8aa  tba  afticla  CvaaraLbaTioM ) 
also  Car  A  tonus. 

AQl^LLVL'CT,  or  .\  >j  l  *  duct,  tliat  i-,  to  say,  tluctuj 
aqua;,  a  mniluit  ut  wiitfr,  is  a  fun-inittiim  of  stoiic  or 


on  urie\eri  j-rnuiid.  I-^  prcstive  the  level  of 
inev  ;t,  b\  a  r.-in.il,  lr:iin  one  place  lo  ano- 


timber  built 
water,  and  c 

thfr. — Some  Ficjueiluuls  iire  ouder  Kiound,  being  conducted 
thtoitgb  hills,  itc;  anif  others  are  raised  ahove  gruuntl,  and 
l«ia(clMi»t»eoBdacttbt«mair«wr«ikiy«,<i& 
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The  lliNMaa  were  very  miigoific«nt  in  their  •qucductts 
ku>iog  K>me  that  extended  a  huiMlfwi  mihl,  «r  IBorp. 
Kronlinu*,  a  roan  of  cuntuUr  digDity»  who  kad  the  dirrc- 
tioa  «f  Uw  aqsodttcb  iiad«r  tha  mpomr  N«r*»,  i praks 
of  aiMdnt  aatpliad  (hanwlfo  dmmgh  lS|49<l.pipn,  of 
>•  iocb  diunciar.  Anditiaotoemdhj  VignMiir,iha»iB 
(be  ipacaof  04  honn,  Roma  fecund  imti  Amm  mwa* 
dacia  not  Icwtiiao  50O.0uu  hc«haada  af  water.  'He  cUaT 
a^wdttcM  now  in  being,  are  tncae:  tit.  that  of  the  A^joa 
Vi(gii)ia,  re|taircd  by  pope  Paul  iv;  3d,  die  AqtM  PaUop, 
eotntructcd  by  pupc  Sixtua  v,  and  ia  called  from  the  name 
hv  aasuniod  bi't'orc  he  was  exalted  to  the  papal  tiironr  ; 
3d,  the  A(|ua  Paulina,  rrpairrd  by  po)i<-  I'aul  v,  in  the 
year  l6ll;  ami  4ttily,  the  acjucduct  l.uilt  by  L-'uisxn', 
near  Muiiitoiiou,  to  cuiney  lUt  ri%er.  liurc  lo  \  i^jmuUi'^, 
whicli  is  (x  rhapa  ihf  largi'st  in  the  world  ;  being  7000  fa- 
thoms lung,  elevated  256o  fFiihnms  in  height,  and  contain- 
ing 242  arcades.  Sec  I'hiUi,.  I  ruiis.  for  l6M|  Na»17lt 
or  my  Abndf.  tol.  S,  pa.  itil  and  2^1. 

AQUlbOUS  Hviioi;r,  or  the  watry  humour  of  the 
ajfi^ii^fint  or  outcmiovl,  and  the  rarest  of  the  three 
of  the  eye.    ]t  is  tiynsparcnt  and  colourless, 
t  water ;  and  it  filb  up  the  space  tiiat  iica  between  lha 

lanicai  and  tiia  cmtalline  hawKNir. 
AQVUA,tktMigk,  or  th«  rafinraa*  it  b  wweUnaa 
callad,  la  «  eomteliatioii  of  tha  ■ortham  heinii|ilMffe,  viuf 
all*  jaiBed  with  Antjaoot.:  Jt  ia  on««f  the  48  old  con* 
•Mlationt,  according  to  th«  dMiion  of  which  Hipparchtit 
made  his  Cainloguu  of  the  I'lxetl  Start,  and  wJ.ieli  are 
dcacribad  by  i'lolemy.  The  number  of  stars  in  Aquihi, 
and  thcae  near  it,  n<  v  in  the  later-fonncd  comti  lluiion 
Aniinous,  amount  lo  13  in  Ptolemy's  Cut.ili  sue,  to  i;)  in 
i-kli  1^,  I  >  42  in  that  of  Ik'vilius,  and  to  7  I  in  Fliiiii- 
ileetl's.  Hut  in  A(]uila  alone,  Tyclio  coiiiil"  only  12  stuns, 
und  Hevelius '^.l ;  the  priticip.il  Ijpih^  Lucidu  Aqiiiiii, 
and  IS  between  the  lU  and  8d  magnitude.  The  Greeks, 
as  usual,  relate  various  fables  uf  this  coiisiellationi  to  make 
(he  science  appear  as  of  their  own  invention. 

ARA,  the  Altar,  one  of  the  48  old  constellations,  men- 
tiouad  by  the  ancient  astronomen,  and  b  situated  io  the 
souUwm  heniispbefe;  containing  only  7  itan  in  Ptolemy^ 
CatalasWf  and  9  ia  that  of  Flamileed^  none  of  which 
exceed  the  4tli  ■■ 


A  R  ATU&,  celebrated  fitrhb  Greek  poan  catilled  *m- 
rifura,  the  MflwaiaM,  flonriahed  about  the  lS7th  Olym< 
piad,  or  lirar  300  ymv,  before  Christ,  while  Ptolemy  Phi- 
liulelpbiM  reigned  iri  t'.^\;it.  Bring  educated  under  Dio* 
iivsiu"  llerncli  ijir^  ;  ,  !  '  soplier,  he  espoused  the 
piiDciples  ol  ihiit  iiv!,  u.ui  i  Lainc  physician  lo  Anlipo- 
nus  Gonatus,  tin-  m-h  vl  Uememus  I'olinrci  ten,  king  of 
Macedon.  'I'hi  I'lieniMiifna  of  Aralus  pi^es  liiiii  ;i  titii  lo 
the  chamctcr  of  an  aslronomi  r,  a?  «cll  .is  n  poet  I:i 
this  work  iicdeicnbeii  the  nature  <tiid  tuutiun  of  the  stars, 
and  shows  their  various  dispositions  nnd  relations ;  be  de- 
(cribt*  the  figures  of  the  constellations,  their  sitintionft  in 
the  iphere^  the  orijtin  of  the  names  which  they  hear  in 
Otawaanl  in  Egypt,  the  fables  which  hare  given  riae  to 
thoBt  theiiring  and  selling  of  the  stars,  and  he  indicaica 
die  pwnacr  of  knowing  the  coostell«tioo»  by  their  fcqpee* 
ti*o  liMntioM. 

The  poem  of  Aiatua  baa  bean  commented  on  ad  tiant- 
talcd  bgr  iMBy  antbans  of  whom,  among  the  aiidcwti, 
wen  CioHOi  Oannaniena  Cmmt  md  Ftatu*  Askmi,  who 
■nada  Latiit  tiaadarion  of  it;  •  put  «C  the  fiMawr  of 
wUchiaafilt* 


b-^ed  by  the  ancienta,  since  we  And  ao  grant  •  1 
of  scholiasts  and  commentators  on  him ;  amoag  whoa  aiw 
Arisiarchtis  of  i^tumos,  the  Aryttylli  the  (pometticiant, 
Apolloniiu,  the  Evxnrti,  Crauai  Muateiiak  the  gramma- 
rian. Pyrrbu* of  MuneriaiTbalaa,  Zeno,  and  many  other), 
aa  oiay  be acoi  ia  Vmbu,  p.  1 S6.  Suidas  ascribes  »Rve- 
fal  otaer  wwifca  to  Antna.  Virgil,  in  bis  Georgics,  ha* 
tfanifaiMd  or  imttatad  Bwny  pttstaget  from  this  iimiior: 
Ovid  cpcala  of  biia  with  admiration,  as  well  av  nnuiy 
Olliers  of  the  poets.  And  St.  Paul  has  quoted  n  pat^ge 
from  him  ;  which  is  in  his  speech  to  the  Attn muns  t  Acu 
xvii,  'J8.)  uhere  he  tells  thrin  that  sr.nir  of  thoit  .,wn  p'x-tj, 
ha\e  said,  "lor  we  are  also  his  otfsnring,"  these  words 
beinx  the  b^aniqg  of  tha  5ih  line  of  the  Pbciionena  of 

Aratus. 

Mis  Mio<iern  editors  are  hj  follow  :  Ilcniy  Stephens  pub- 
lished his  poem  at  Pans  in  1666,  in  his  collection  ol  the 
poets  in  folio.  Grutiiu  published  an  edition  of  the  Phe- 
nomena at  Lryden  in  quarto,  160O,  in  Gre«-k  and  Latin, 
with  the  fragments  of  Cicero's  version,  and  the  translations 
of  Germanicus  and  Avienus ;  all  which  the  editor  baa  il^ 
lustrated  with  eariova  notes.  Alao  a  neat  and  concci 
cditiiM  of  AntHa  waa  publiahed  at  Oxford,  167c,  hi  b«oi. 
with  tha  Scholia. 

ARJEOMETEH,  tea  AmnitSTsm. 

AR€^  or  AkCH ;  which  teo. 

ARCADE,  in  Architecture,  denotes  aa  opeaiaf  ia  tbe 
wall  nf  a  building  formed  by  an  arrh. 

AUC-fiOL'TyVN  I ,  ii  u  kind  ol  a  '.■  1  i  .tl^^  5^,  formed 
of  a  llat  arch,  or  part  ol  an  urcli,  ubuuai:;,  ,(};«llist  the  feel 
or  sides  of  another  arch  or  vault,  ti>  >upport  tlwa  and 
prevent  thpin  from  bursting  ot  giving  way. 

.AUCH,  Akc,  Arcut,  in  Geometry,  a  |iArt  of  aajniwa 
line  ;  a>,  ol  a  circle,  or  cnipsis,  or  the  iike. 

It  is  by  means  ui  circular  ares,  or  arches,  that  all  an- 
gles are  measured  ;  the  arc  being  described  from  tbe  an> 
guler  point  as  a  centre.  Fur  this  purpoae,  every  circle  it 
supposed  to  be  divided  into  56'0  degn-es,  or  iM|aal  parla; 
and  .tn  arch,  or  the  angle  it  subtends  and  nMHsm^  ia  e»- 
tunaled  according  to  the  number  of  those  «wgtec>  it  COa> 
taint;  tbut,  an  arc,  or  angle,  it  takl  to  be  of  30  or  or 
100  Aifftn,  Of  late  yean  the  French  nwthcmaticiaNi 
hm  divided  tbe  circle  into  400  depreea,  or  the  quadrant 
into  lOfl^  called  tho  centigrade  divedon.  Civcniar  area 
are  alao  of  great  use  in  finding  oi  fluents. 

Concentric  Arcs,  arc  such  as  have  the  same  centre. 

£9^0/  Arcs,  are  «tich  urcs,  of  the  saroc  circle,  or  of 
rfjiial  Clicks,  a>  c  i  i  1  f'le  same'number  of  degreca. 
Tneve  have  also  equui  L:.ijrd5,  sines,  tangents,  &c< 

Similar  Ak(  >.,  ol  unequal  circles,  &c,  are  tHch 
lain  the  same  imniUr  ul. degrees,  or  \ 
that  arc  the  like  part  or  parts  of  tln  ir 
resfiectivo  whole  circles.  Hence,  in 
concentric  circles,  any  two  radii  cut 
off,  or  intercept,  timilar  nrc«  m  <«  and 
OP.<»^Byiaraitaare  proportional  to 
the  radii  LII,  xo,  or  to  the  whole  cir- 
caiaiereiicca.'— Similar  arcs  of  rther 
Kke  cnieet,  are  alw  like  parla  of  the 
wboleib  or  delennined  by  ube  parts  similarly  {wtatad. 

()r(ilel«|g(b^€iraifarAaC8.  Tbe  lengths  of 
arc*,  aa  foaad  and  expressed  in  various  ways,  may  be 
ia  oiy  laqpt  Tmmiie  oa  Mentaration,  pa.  88  ct  teq, 
tioat  MMna  of  wUcb  are  at  follow.  Tberadiaaofrndnh 
Magli  aadof.aayaic^  if  tkAttmentboii!,  Ihaiiaa^ 
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the  caiil>»  r,  ud  tbe  imed  MM  at  than  tht  aicii  trill  fit 


truly  ntprcsw'd  by  scvenil  »eriea,  «■  Mlow,  via,  lk*«ie 

«•■•«  ..ft,. 


<OI74Sa«9ftc  M  4;  wkflRd 
AtM>«: 


tiw  nnmber  of 


te-c 
a 

«tluifimrd 


•abiein,  If  a  the  ordinate,  of  the  arc  t,  of  any  curve  what- 
ever.   Put  i  =         ■+■  y') :  then,  by  means  of  the  cqua. 


wth^pvanMie, 

mariv;  wbcre  e  is  dw  diord  of  the  are, 
of  half  the  are ;  whatever  the  radiat  is. 

Tt^ad  the  tttigtk  <f  the  arc  of  my  cunt.  Put  x  —  the 
'  ivathcr 
Put»  =  ^/(v'-t-y-) 
tion  of  the  curvp,  tiiul  the  vuluc  of*  in  terms  of  y,  r>r  of  y 
in  terms  of  and  substitute  that  ralm-  inst  id  oi  i;  n  tin 
above  expression  s  s  ^^(i:'  -••/);  hence,  taking  the  flu- 
cniv,  thry  willp««iholomiborih««rei|,  inthoMtaMof 

X  or  y. 

Arc,  in  Attroiiomy.  Of  thi<,  tlirn  an;-  v;irioU5  kinds. 
Thus,  (he  Iniinifip,  ilevation  of  the  pole,  and  the  declina^ 
tinti,  nrt'  nie;ivurcd  by  an  arc  of  the  meridian;  Olid  tlwlon- 
gitiidi',  by  an  arc  of  a  parallel  circlr,  &c. 

Diw-nal  Aiic  of  the  sun,  is  part  of  a  circle  parallel  to 
the  (quator,  dncribed  by  the  sun  in  his  course  from  bis  ri- 
sing to  theiotting.  And  his  Nocturnal  Arc  is  of  the  lame 
kiDd ;  excepting  that  it  is  deicribed  from  aattiag  to  rising. 

A  lie  </i^^o>reiN<ii,  or  M«cfiBH^lBonneh  of  die  eclip- 
tic, which  a  planet  sefens  to  pm  over,  when  iu  motion  is 
direct,  or  according  lo  the  order  of  the  signs.' 

Ase  of  RungimdmitBf  is  an  arch  of  the  ecliptic,  de> 
scribed  while  •  ^met  it'relngrade,  or  mom  contrary  to 
tike  ofdcT  of  the  sifm. 

AbC  leMWM  tieCentret,  in  eclipses,  is  ati  arc  passing 
from  the  centre  of  the  earth's  shadow,  per[>f-ndicular  lo 
the  moon'«  orbit,  meeting  her  centre  at  the  middle  of  an 
eclipse.— If  til.-  aggregate  of  thit  arc  and  tin-  :i|i|i,irriit  sviiii- 
diamett  I  nl  us,'  moon,  be  equal  to  the  si-mi-dianu  t.:  r  i  f  the 
shadow,  tbc  .clipsp  otll  be  tmal  for  an  insSanr,  or  wnSioui 
any  dunilinn  ;  and  if  ibat  sum  lo  less  than  the  radiUS  of 
the  shii.i  ,  iliL-  r-tli|iM'  be  total,  with  5<iincdUfMlon; 
but  if  gre  III  r,  the  <  clip«-  will  be  only  partial. 

Arc  qf  Vuion,  is  ihst  which  measures  the  sun't  depth 
below  the  hori»>n,  when  a  star,  before  hid  by  his  rays,  be- 
gin* to  appear  again.— The  quantity  of  this  arc  is  not  al- 
ways tbe  same,  but  varies  with  th«  httitnde,  declination, 
right  asccnsiuu,  or  deicension,aaddilaeei  of  aaynliinet 
or  star.  RiccioU  Alnrng.  ^.  i;  p*.  4«.  Howevef ,  Oo  M. 
lowing  nnmhrn  will  serve  nearly  ibr  the  atanaod  phuiels. 
Tabu  eathibitiiic  lh«i^  i^«f  diePlaaaTaaad 
rizsD  Stars. 


navBTa. 

Mereuiy  >  •  -  VP  tf 

Venus  •  •  ■  •  AO 

Man  •  •  -  •  11  so 

Jupitsr   -  •  -  10  0 

•  -  -  11  0 


rmiD  STABS. 

Migniuidt. 

1        -  •       -  It* 

«      -  <.•.!» 

3      -  -  .14 

♦      •  -      -  15 

5       -  -       .  Ifi 

6"       -  -       -  17 


Arch,  in  ArcWtecturt,  is  a  concavt  structure,  rajsid 
«  turned  upon  a  awuldt  caUed  ibc  centering,  in  form  of 
*•      ^^•^■ne>eedaafvinB>a.thai«mid  support  «f 


m  \  .AJtC 

soa»  tapeatm^HiB.  Sir  Henry,  Wotlon  says,  An  arch  is 
nothing  but  a  aaiiow  or  cofttlacwd  saolti  and  a  vault  is 

a  dilated  arch. 

Arches  are  use<l  in  lar^c  intrrcoluinnialions  of  \:  at  Iluk 
buildiiigsi  111  porlicoes,  both  within  and  without  temples; 
iu  public  hall).,  as  ceilings,  the  courts  ol  palace*,  cluisters, 
ihealros,  and  amphitheatres.  They  are  also  used  to  cover, 
the  cellars  III  !he  foundations  of  houses,  and  powder  maga- 
zine!; also  as  buttre9!*3  and  counter-forts,  to  support 
liir^e  Hulls  laid  deep  in  the  earth;  for  triumphal  arnes,  • 
gales,  windows,  ficc ;  and,  above  all,  for  the  fiwndatiooa 
of  bridges  and  aqueducts.  And  thsgr  are  sapforled  by 
piers,  butments,  imposu,  dcb 

Arches  are  of  several  Idnds,  and  are  oommooly  denu- 
minatcd  from  Ibc  figure  or  cam  of  them i  as  dicahr,  e(- 
lipucal,  cycloidal,  caienarian,dW|acooidiiigaBthair€«rve 
is  ia  the  ibrm  of  a  ciicie,  allipsii,  eydoid,  catsaaiyp  dtc. 

These  RR  also  other  deaoaunatuMH  of  circular  arcbo,' 
iiccording  to  the  diftient  parts  of  a  did^  or  manner  of 
placing  them.  Uras, 

RCHES,  which  arc  those  that  niakc  an 
exact  semicircle,  having  their  centre  iu  tbe  middle  of  tlie 
span  or  chord  of  the  arch  ;  culled  alsri  by  (he  Frein  li 
builders,  perfect  arches,  and  arches  en  picin  centre,  Ttie 
arches  of  Uestmin.stcr  lii  ili;''  .ire  -liuic c-^uiar. 

Scheme  Anciits,  or  skciu,  are  tiio*e  whicb  arc  lest  than 
seiuicirclcs,  and  are  consequently  flatter  archen,  coolaiu- 
ing  120,  or  90,  or  60,  degrees,  iVc.  'i  bcy  are  also  callcd^ 
imperfect  utM  tliminiiihed  arches. 

Arches  (if  the  iktrd  andjovrth point,  or  Gothic  arcku; 
or,  as  the  ItaliaiH  call  them,  dittrta  %ai  ^uofto  aeulo,  be- 
cause they  always  meet  in  an  acute  angle  at  top.  Tbo« 
Comist  of  two  excentric  circular  arcs,  meeting  in  an  angle 
abowt^and  arc  drawn  frutu  tbe  division  of  the  chord  into 
dinaor  four  more  parts  at  pleasure.  Of  tbi*  kind  aio 
nuy,  of  the  arches  in  chuicbes  and  odior  old  Oodlfe 
butlaii|||k  ,  ' 

BOipikit  Aitesia,  nsuaUy  coHitt  of  MmMlipaes.  ' 
lie  fbmeriy  much  used  iosiead  of  manlle-tnes  ia 
CMmnqiSi  and  are  still  employed,  from  their  bold  and 
beautifnl  appearance,  ibr  many  purposes,  and  particularly 
for  the  arrhcs  of  a  bridge,  like  that  at  liUi  k-I'riars,  both 
for  their  strength,  beauty,  convenienci ,  iind  theapness. 

Slraif^ht  AftCllfS^  are  those  whurii  biui'  ii,(ir  upper  and 
under  ed^cs  parallel  straiKhl  liue*.,  iiisli,ui  i  f  riirvcs.  These 
are  chielly  used  over  doors  and  window;,  ;  luu!  have  ihcir 
ends  and  jojuts  usually  pointing  towards  one  common 
centre. 

Arch  is  particularly  used  for  tbe  apaca.betw«cn  (be 
two  ;m<  ol  a  brid|^  intsiidad  for  tbe  pasMge  of  dio 
water,  boats,  &c 

AncH  qf  eqiiHibraiion,  is  that  whicb  is  iu  fquiKbaon  ' 
in  all  iu  parts,  having  no  tendienqr  to  break  in  one  part 
mora  Abo  in  another,  and  wbicb  is  ibweforc  safer  and 
stnwgw  than  any  odier  lignre.  Ewoy.nartkalar  dguie 
of  the  extiados,  or  upper  side  of  dw  tMll  abman  ucb,  • 
mittifc*  a  peculiar  curve  for  the  under  sid«  of  dw  aicb  , 
.itielf,  t»  fimn  an  itch  of  eqnilibralion,  so  that  ih«  lRCum> 
beat  pmsnia  on  avoiy  pert  may  bo  proportional  to  tbe 
strength  or  resistance  there.   when>tae  aich  is  cqnally 
thick  throughout,  a  case  that  can  hardly  ever  bappt^n, 
then  the  catenarian  cur^e  is  tlie  arch  of  equilibration;  but 
ill  no  other  casr,  (i.id  therefore  it  is  a  ^ri-at  mj»lake  in 
some  .tuthors  tu  »up{H>sc  that  this  curve  is  tbe  best  &guie 
for  awhcs  in  all  csars  j  when  ia  i«alit|r  it  is  oonunonly  iha 
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^wont.  This  tul^m  it  fullf  iMtti  ill  my  tbMtatai  «r 

Tracts,  tract  1 ,  on  the  Principles  of  Bridges,  pr.  xi,  exam.  8, 
where  the  proper  intraiio»  is  investigated  for  every  extni" 
dos,  so  a.%  to  form  an  arch  of  rqailibration  in  all  cases 
whaicTer.  It  there  app<  ai>  ih<it,  when  the  upper  aide  of 
4HA  li  a  ■tf^Dmtontnmtal  line,  MtetiMMneMl  figBM^ 
I  K 

■  ■■■'''ili'i'Vil'!'!:-!'  .ifP 

J';-ivii;i'Ki-,t  ii  i ; 


M«  1 


ARC 


iog,  of 


where  A  =  *q,  w  ss  ci,  o  «  d» 


Or  ei: 


cyi-A»iiia A  - lo|.or«,aiide-il »  U^of't/y-^. 

,\u(l  tifnrr,  when  a,  h,  c,  arc  any  giwn  numbm,  «  ta- 
blr  IS  liirincd  lor  llie  com-sponding  values  of  w  andjr,  by 
»lii(  h  the  curve  is  coiutrucli'ti  tor  any  particular  occa- 
sion. TIrii'.  supposint;  a  or  i)K  6,  /i  iir  aq  oc  50,  and  c 
or  KQ  =  v'j  1  1  coiri-5f)<)n<)iiig  valur-s  of  ki  nn<i  ic, 
or  horizDiiiai  ftud  vurticul  iiiics,  will  be  as  in  this  lable. 


rilibration. 
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The  doetftiM  M«l  on  «f  wdici  ne  ncMly  detivovd  bj 
■ir  Ifcniy  Wotton,  thouolk  Iwb  ttot  atwayt  mathemaiicany 
■econtetB  the  priucipm.  Ife  nys;  Itt,  All  matter,  hb- 
Icn  tnpeded,  tends  to  the  centre  of  the  earth  in  a  peipen- 
dicular  line.  Sd,  All  solid  materials,  as  bricks,  stones, 
tec,  in  their  (irdinary  rectangular  form,  if  laid  in  nombcrs, 
one  by  the  side  of  anothrr,  in  a  level  row,  Btid  their  ex- 
tmne  otK's  sustained  between  iw"  vopporicrs;  those  in 
thi'  middle  will  necessarily  sink,  rvtn  by  tlii  ir  owrs  gravity, 
much  more  if  forced  down  by  uuv  ^uperincumbrnt  weisiht. 
Til  mnko  lhe*n  stand,  therefore,  either  their  fij;ure  or  their 
j.oviliori  mu«t  be  altered. — 3d,  Stones,  or  other  matrnalx, 
bung  figured  cuncathn,  or  wcd«!-like,1)roadcr  above  thaji 
nd  kidia  •  \nA  iMr,  vtth  iMr  t«o  csMMi 


mapfmM  «•  hlllM IhI  wtkle,  and  ptklSog  tXi  to  the 
saiM  cetilre ;  none  of  tlMin  can  sink,  till  the  supfx>rt(.-r\  or 
hutments  give  way,  because  they  want  room  in  that  ailua- 
tion  to  descend  perpendicularly.  liut  this  is  a  weak  Urur- 
turc;  because  lh«  supporters  are  sulijett  to  toii  much  im- 
pulsion, cspeclully  where  the  line  IS  lon>;;  for  which  reasou 
the  form  of  strajghl  arches  is  seldom  used,  excrplingovei 
doors  and  windows,  where  the  line  i>  sh^irt,  uiul  the  sidt* 
walls  strong.  In  order  to  fortify  the  work,  therefore,  wc 
must  change  not  only  the  figure  «f  the  materials,  but  also 
thair  position.!— 4th,  If  th«  materials  be  shaped  wedge-like. 
tmi  be  diipoMl  iiifMni  ofu  aN<^«Ml  potnting  to  some 
centre ;  m  tbfa  om^  aailfccr  tlw  pten  of  the  said  arch 
can  sink  iemtmiiB,  fer  mat  of  nmi'to  daceiid  perpen- 
dicubr^}  sor  cn  the  tupportefi  «r  tttbwnto  tudhr  inch 
violence^  at  ia  tho  preceding  flat  Uumi  fiv  the  caemaiiy 
will  alwi^  awko  the  iacMhcBt  father  rat  ummi  Ih^ 
supponert,  ihaa  thiVtt  or  p«th  them  oatoatdfc  ifittaa- 
aeaai|»  however^  aAantanla,  oa  the  c&ct  of  circular  and 
aAar  arcbea,  is  not  aionate,  as  be  atteadi  oaij  to  ibe 
■Me  pressure,  withoQt  cawWifiag  the  aStet  of  diflbnnl 
vertical  pressures. 

The  chief  properties  of  arrhrs  fif  different  curves  rr^ay 
!«•  seen  in  the  2d  sect,  of  my  Tract  ou  the  I'lmciples  ol' 
Iirid;;r5,  alu  ve  quoted.  It  there  appvOTS  that  n(ini-,  except 
the  mcctiHnu  iil  cur%e  of  the  arch  of  equilibrulion,  imi  ad- 
mit of  ft  horizuntal  line  at  tup;  that  this  nrcii  i>nl  ,1  (uiin 
both  graceful  and  convenient,  as  it  may  be  made  hij^hcr 
or  lower  at  pleasure,  with  the  same  span  or  opening  :  i^at 
all  other  arches  fsqaiic  extrados  that  are  curved,  more  or 
less, either  upwariior downwards:  of  these,  ibe  elliptical 
arch  •ppioachsa  the  nearest  to  that  uf  equilibration,  lar 
equality  of  stia«|^  and  convenience ;  aiul  it  is  also  the 
best  torn  ior  mat  brid||i*a,  as  it  oaa  be  MHuIr  of  any 
bei^t  to  the  MM  spaiitii*  hanehsa  Wiif  at  the  aiaa 
time  svHciently  elevated  albove  the  trntcTt  evea  irhea  it  is 
very  flat  at  top :  elliptical  atehea  also  Jook  bolder  ond 
lighter,  are  mure  uniformly  strong,  and  much  cheaper  tbaa 
most  others,  as  they  require  ten  materials  and  labour.  Of 
the  other  curvi-s,  the  cycloidHl  urch  is  next  in  quality  to 
the  elliptical  one,  for  those  pmperlie*,  and  laRtly  the  circle. 
As  to  the  others,  the  parabola,  hyperlxila.  inu:  rintenary, 
they  are  quite  inadroisiiible  in  bridges  lhat  cotisist  of  te- 
vcral  urehefi;  but  may,  in  some  Cases,  l>e  eniplnyiil  I'or  a 
bridge  t(f  one  single  arch,  which  may  be  intended  to  rise 
v<>ry  hi^h,  as  in  nch  caics  tiMjr  ai«  aot  miicb  loaded  at 

the  hancbes. 

See  also  BniDoa,  and  Maoazinju 

AncuJUunU.   See  Mu  UAL  iircA. 

ARCHER,  or.9^g«Mort»«,oneof  the  constellations  of  the 
BortlieiD  htaiiipbere^  and  one  of  the  twelve  si(na  of  tbc 
■odiac,  plawdbet««a»ihe8eoifiea«iidCapiieanu  See 

SMITTAItHPa,  ' 

ARCHIMEDES,  one  of  the  noitcdebnled  natheon- 
tieiamaRK>ng  the  ancients,  who  flouiiihad  ahaM Sfljiyean 
before  Christ,  being  about  tlO  yean  later  tbaa  Euclid. 
He  was  born  at  Syracoie  in  Sicily,  and  was  related  to 

Hiero,  according  to  Plutarch,  the  then  king  of  that  city, 
by  his  father.  In  vnuih,  he  devoted  himself  to  the 
study  of  geometry  ;  ami  in  his  maturer  year?,  he  tmvellerl 
intoKgypt,  whither  the  Grcck<  usiitll>  ieM>iieil  in  ihi'  pur- 
suit of  sci(  rtce.  After  un  absence  nl  severnl  veurs,  which 
lie  sprnt  m  tiie  m  cicty  of  Canon  nt;d  r.ther  cn]i:ient  nini, 

and  durrng  which  liaie  be  gave  very  promising  indicaiiinn 
of  Mt  fMvia  flncw-lwaebiiMi  lolui OM  atniMlrit  wA 


A  it  o 

Such  indeed  wew  iiowliir  wd  iateimtoi  rf  lii 

cation  to  matbennticil  ideMW*  that  Iw  Ituwcufcj  kjt 

studies  tu  the  neglect  both  of  food  and  akc{>,kud  improred 
the  minutest  circumstsncc  that  occurred  into  an  occ««on 
of  making  vet)'  lfiipiir!rin[  un  i  iisi  r.-.l  ilmri  v.Mj.>  The 
matbc'ttuilicAl  genius  o)  AittumfJc^  set  biiu  witii  such  di- 
•linguiihtd  cxceilciiCL-  iii  tli:  vn  w  ui  tin-  »oiirj,  as  rvticlcr- 
ed  hini  b<illi  iht;  Ik  riuur  ot  his  onn  an  l  tht>  admim- 
tlrj;;  I  1  |i<ist.  rity.  He  wa*  indeed  the  pniicr  of  tlic  nncicnt 
mathi'inalicmns,  being  to  thein^hat  Newton  is  to  the  mo- 
derns, to  when)  in  his  genius  and  character  he  b^ara  a 
very  near  resemblance.  He  was  frequently  lost  in  a  kind 
of  reverie,  so  a«  to  appear  hardly  sensible ;  he  would  study 
tot  diyi  ud  niglitt  tojjjelber,  neglecting  his  food ;  and  Plu- 
liiCli  taOl  m  ttat  he  used  to  be  carried  to  the  batbs  by 
JbNOL  Ifaiiy  putictthm  erf  his  life,  and-  woAn,  nurtke* 
mticml  and  nrdMnicdt  are  recorded  by  levenl  af  Ae 
ancients,  as  p0lfliiai,li*¥,  Phttarch,  Pappus  &v.  He 
Wis  equully  ikiUM  IB  all  tM  MieiicM,aatnHiomy,  gpone* 
try,  mechaoica^lqrdmiatia,  optics,  dtCt  in  •!!  «C  mUA 
he  excelled,  and  made  n»ny  and  great  dnceveiio. 

Archimedes,  it  ii  said,  made  aspberr  of  glass,  of  a  most 
surprisinj;  cuuirivanci'  and  worltmansiitp,  exhibiting  the 
motions  •<!  ihe  heavenly  lji;i!ic>  in  d  vi  ry  pltHsin.;  rri;iniier. 
Claudinn  has  an  epigram  tin  lliib  iiiveiiUun,  which  hu 
been  tlni>  ttunslaled  : 

When  III  a  glass's  narroiv  >.pRcc  confin'd, 
Jovt  saw  the  f.ibiic  nf  Vi'  ulriiiiihty  mind, 
He  sniiTd,  and  said,  Can  nioriuU'  art  alone. 
Our  heavenly  hibuura  mimic  with  their  OWttf 
The  St  racusan'i*  brittle  wiirk  contains 
Th'  eternal  law.  that  through  all  nature  reigns. 
Frani'd  b^  his  art,  see  stars  unnuniber'd  bun^ 
And  in  ilieir  cuursce  rullinjc  orbs  return  : 
Hit  sun  through  variuiu  sifna  deicribn  iha 
-  And  every  monlh  hb  mimic  umem  anear. 
Onr  rivari  lam  kit  little  plaaela  Wad, 
Aod  nie  tbcir  motiom'with  a  liamaB  aiiiid. 


B«t  Aithimede*  Can  a  world  

Many  wonderful  stories  aw  tnldaf  his  &eovcTies,  and 
of  liis  very  powerful  and  curious  marhitm,  he.  Iliero 

once  udmirin:;  ihcm,  Archimedes  rrplii  il,  ihi  h<'  i  fFects  nn' 
nothing,  "  But  j;ivp  me."  said  he, "  ^(jitk  i  ilitr  place  to  tix  ii 
machine  mi.  and  I  will  move  the  (liitti  '  He  fell  upon  a 
curious  device  for  discovering  the  deci  it  which  had  been 
practised  by  a  workman,  cinpluyed  by  the  king  to  mukeu 
golden  crown.  Hiero,  having  a  tnind  to  make  an  fifl'.  nn^' 
to  the  pods  of  a  golden  crown,  agreed  for  one  of  great 
value,  and  weighed  out  the  gold  to  the  artificer.  After 
some  time  he  brought  ttiecroun  homeoflhe  iull weight; 
but  it  was  afterwards  discovered  or  stMaeeted  that  a  part 
of  the  gold  had  been  stolen,  and  the  liia  w«(|^t  of  silver 
mbstituted  ia  its  itcad.  Hiero,  beiag  angiy  at  this  inn 
iMmiioii,  dctiied  AKhlmtdci  4o  laka  it  into  eowideiatioB, 
mw  nicii  a  ftatid  nriflbt  be  certainly  discovered.  While 
empiged  in  the  aoluion  of  this  difficulty,  he  happened  to  go 
Into  the  bath  ;  where  obscrnng  that  a  quantity  of  water 
owed,  equal  to  the  bulk  of  his  body,  it  presently  oc- 
*  to  him,  that  Micro's  qnei,iirMi  might  be  answered  by 
alike  method:  upon  which  li''  Iraptd  out, and  ran  home- 
ward, cry  ing  out  Ejjijxa  '  ; ',;Tv.a; '  I  }ii-,se  fi  und  it "  1  IjUvu 
found  it!  lie  then  made  two  maiKs,  each  of  the  same 

I  Ae  crawn,  one  ef  91M  Bod  tkcoAac  of  d^: 
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Ait  dOM^ho  filled  avMNl  to  the  brin  wiib  amer,  and 
fM  lh#  eilear  mass  ioto  it,  WM  wUeh  a  quantiiy  at  water 
ewloeiul  equal  to  the  b«iu  ef  the  mass ;  then  taking-  the 

mass  of  silver  out  be  filled  up  the  vi-^si-t  again,  mcasurihg 
the  water  exactly,  *bich  he  put  in;  thissljowed  him  what 
^n■a^ure  1  ■!  n  atct  u7i^»rti-il  !>,  ;i  crrl^iii  (juantKy  iit'  jilnT. 
He  tiicn  trud  the  ^itld  in  like  miUiiier,  .unl  loun-.i  Uiat  it 
cauH-d  a  (iiiuiuity  o(  water  to  overrl'iw,  thp  miU  being 
less  in  bulk  timn  ihe  silver,  tlnuifh  i  l  the  same  weight. 
He  then  tilled  the  vr-s^cl  h  iLiid  timi ,  junj  putting  in  the 
crown  itM-lf,  he  found  that  it  caused  more  water  to  ov*T- 
flow  than  th<>  golden  mass  of  the  same  weight,  but  Icts.Aaa 
the  silm  umi  so  thaMiaiding  its  bulk  between  the  two 
■Mneaof  fold  and  lUeer,  and  that  in  eeitain  known  pro- 
portions, be  hence  computed  tbe  real  quantities  of  gold  aid 
silver  in  theciDwn,  and  somanlfallydiacvmrred  the  band. 
ArchiBMdesalsocaatriied  osaay  macbiaesfer  usefal  mi 
'  poipoica;  aatoag  these,  cagincs  for  kuMbiag 
t  wraarpHnfi^  Ibr  obMeliBf  the  water  out  of 
•ed  laad^  at  Egypt,  &c,  which 
thn  would  do  from  any  depth. 

'  Bathebeeahie  aanat  baioiis  by  bb  curious  contrivances, 
by  which  tliecily  of  ityracmv  was  so  long  defended,  whca 
bfsief^  by  the  Roman  cui»ui  Marcejius ;  showering  up- 
on tiie  ctK-my  somelinx-s  long  darts,  and  stones  of  vast 
weight,  and  in  great  quantities ;  at  oiher  limes  lifting  their 
ihips  up  into  the  nir,  that  hud  come  near  the  «i<i  U,  and 
dashing  thi-ni  to  tiiec<'s  liy  lilting  them  tail  down  again; 
nor  CuuM  tli^  \  liml  itieir  safely  in  remu>iag  uul  of  the 
reach  ot  his  cranekund  levers,  for  tlM:re  he  contrived  to  £re 
them  with  the  rays  of  the  sun  reflected  trom  burnin)(  glasses. 

Howcv«r,  notwilbatandiag  all  bis  art,  Syracuse  was  aft 
length  taken  byManB,«rityearfuptiogiheguurdi.  "What 
owe  Marcelkie  the  greatest  concera,"  says  Plutarch, "  wae 
Owwihappy  fittc  of  Archimedes,  who  was  at  that  time  in 
bitHMueMS}  aad  his  miBd,a«  well  a«  bis eyce,  to  fiaad 
tent  iHHiaoHiegBOiwtncel  figaree,  that  he 
tb«  noita  and  buety  of  the  Bnmnn^  imr  p 
10  bo  tabia.  Ia  tbit  deplb  of  study  ai 


'  sttt^  and  coH- 
>•  ttldier  «MmtaddmiJ|'  imon  hiat,  and  com- 
manded  biai  to  Iblbiw  Urn  Co  UafeeUas ;  which  h«  refu- 
sing to  do,  till  he  bad  finished  his  problem,  the  soldier,  in 
a  rage,  drew  his  swtwd,  and  ran  him  through."  Livy  savs 
he  wa%  slulii  by  a  soldier,  not  knowing  who  he  u»s, 
he  was  dr.iwiiig  schemes  in  the  dust:  that  M!lrctUu^  wn^ 
IMli'Mjil  ,it  Ins  <lentli,  i'.ikI  k  can-  <j|  In-  tiinurul;  iiiul 
iiiiidr  hiN  11  line  11  protection  and  tionuur  to  those  who  could 
churn  a  rcl.i I Kjnsliip  to  him.  liis  death  it  seems  happened 
about  the  I+2d  or  l-tOd  Olympiad,  or  210  years  before  the 
birth  of  Christ.  According  to  I'setact  he  lived  75  yi^rs. 

When  Cicero  wr.s  quvstor  for  Sicily,  be  discovered  the 
torabof  Archiinedt'S,  till  overgrown  with  bushes  and  bram- 
bles ;  which  be  caused  to  be  cleared,  and  the  piace  set  in 
order.  There  was  a  sphere  and  cylinder  cut  upon  it,  widi 
OB  inMripiion,  bat  tbe  latter  fwtaf  tbei 
out. 

■  Mai^of  Ao««tbt«f  (Utfraat  n 
tboagbthegiaatntpnHofriwn— leet  TbeplecesBB^ 
msining  are  as  feUowt  I.  Two  boobe  on  the  Sphere  and 

Cylindcr.—S.  The  DimeneioBof  tbeCircle,  or  proportiea 
between  the  diameter  and  the  circumirreace— -S.  Of 
ral  lines.—*.  Of  Conoids  and  Spheroids.— 4.  Of  EqoipoB* 
drvunts  or  C<>ntres  of  Gravity.— 6.  The  Quadrature  of  the 
Parabola.— 7.  Of  Ikidic*  ftoatiegoa  Flatdsv— »•  Lamma- 
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AroOBg  the  warkt  of  Archimedrs  which  are  Iwt,  tmj 
he  fockoMil  the  diicriptioiis  of  the  following  invcntiom, 
wbieh  My  be  gMhrrrd  from  himwlf  And  olber  uicicot 
mthon.  1.  Hii  Mcouiit  of  ilw  nwikod  which  he  ntfiof 
«i  n dieeowr  the  Mixumof  foU  SDi  nlvcr  in  lb*  fltmnir 
•entioMd  by  VUnnbu^-^  HtadoeripiiMi  ef  tlwOocb> 
loon,  or  engine  to  inm  water  oot  of  plam  where  H  li 
Uagnated,  still  in  usu  under  the  name  of  Archiinedrt't 
Screw.  Athcn«ii»,  speaking  of  the  prodigious  >ihip  built 
by  till-  lUiii  r  ii(  fliero,  sayi,  tli.it  Art  hinird<-i  invented  the 
cochlcoii,  bv  means  i)f  which  ilir  hi  .  J,  not» ilhslundiiij;  its 
dcptti,  couUt  be  dnimrd  by  oiic  man.  A--:t  Onidi.ri;,  .Si- 
culvis  says,tliat  he  contrivrd  this  raatlimt  tu  drdm  I'uypt, 
and  that  by  a  wonderful  nu-chaiiism  it  v,,  uM  i  vliuii'.l  th«i 
water  from  any  depth.— 3.  The  Hi  lix,  by  means  i,l  which, 
AtbeuKUt  informs  Us,  be  launched  llicrn'!.  great  !>hi|).— 
4>  Tbe  Tri«p«aton,  which,  according  tu  Tzetzes  nnd  Ori- 
|p«u«,  could  dfaw  the  most  stupendous  weights. — 5 .  The 
MnahiMit  wbioii  according  to  Polybius,  Livy,  and  Plu- 
tiirab,lie  iieedinthedefriiceof  Syracuic  agaimtMarceUiu, 
cniiriitiogotfTorBMiile,BeUiWB,Cetapuit!',  Sa^utarii,  Scor- 
nioH*  Chnfei»  ftc<— ^  Hia  Bwiiing  Glaue»,  with  which 
M  eel  <!•  to.  the  Rmmh  fstUayt^J.  Hia  PacuiMlic 
and  Hydmlatic  eni^^nn,  conoerniag' which  aoljecta  h» 
wfote  tomt  booU,  .irr  n  rd  1  n);  to  Tieiattp  PappWt  and  Tcr- 
iriHeiU  8.  His  Hphcrc,  »  liich«ih«bited  the  cvkatial  MM- 
tion».    And  probably  many  olhcn. 

A  whole  volume  might  be  wriHen  on  the  curious  me- 
llidili  anJ  iim  iitioni  oi  Archimedes,  iliat  apiwar  in  hii 
malliemalicnl  writinc'  "o^v  e.xtatii  only,     lie        the  fiiit 
wilO  aquared  a  curvilim  ol  rp;u-(  ;  iii.U  i.s  I  |y  p,.i  ratei  must 
bo'excepled,  on  account  o(  Uis  luni-i.    In  his  time  the  tu- 
nic seciuin-.  were  admitted  into  geometry ,  iif  i  In  .ijijiln  d 
hinuell  cloiely  to  the  measuring  of  them,  as  »>  ll  as  other 
tiguroi.    Accnrdinglv,  he  drtermined   the  relations  of 
spheres,  spheroids,  and  conoids,  to  cylinders  and  ci>nes  ; 
and  the  relations  of  parabolas  tu  rectilineal  plane,  whose 
quadratures  bad  long  before  been  determined  by  Luclid. 
He  has  left  us  also  hia  attempts  up<m  the  circle :  he  proved 
that  a  circle  is  eqaal  to  a  right-angled  triangle,  whose 
baaa  is  equal  to  tlie  dicuailinnicr,  and  its  dlitnde  equal 
ta  Ike  iMiHS }  and  cooseiiaentljr,  thei  its  aica  is  e^oal  to 
.  ike  netaa^  of  half  the  diancm  and  half  tbe  citcttas- 
femce;  thasiedacjig  AeqwdntuwoftlwdRletothe 
detaraunation  of  the  ra^  Mtwren  the  diameter  end  cii<> 
cunferenoe;  which  determination  however  has  never  yet 
been  done.    Being  disappointed  of  the  evoct  quadrature 
of  the  circle,  for  want  of  the  rectiCjcmi'  r,  ,4  its  circumfi  - 
rence,  which  all  his  nn  thotls  \voiil<i  imi  i  tli  L  l,  hi-  proceed- 
ed to  aiisi(;n  a  umIuI  a|ip:iiMiii.il;. 'H  to  11  :   lhl8  h»-  fll'cCted 
by  the  numerHi  ( .iir;:la;iiui  ul  the  perimeters  of  the  in- 
scribed and  cirtiiinsc:nf>ed  polygons;  from  which  calcu- 
talion  it  appf  ans,  tlml  the  perimeter  of  the  circumscribed 
tegjilai  polyp,iiri  (if  19^  *i<ic«,  is  to  the  diameter,  in  a  less 
rmio  than  that  of  34^  or  3|5  to  1  ;  and  that  the  perimeter 
Ml  il  l  inscribed  polygon  of  ^C^ides,  i&  to  the  diameter,  in 
.-I  greater  rntio  than  that  of  3fJ  to  1  ;  consequently,  that 
the  ratio  ol  the  circumference  to  the  diameter,  lies  be- 
tween these  two  ratio..    Now  the  first  ratio,  of  3f  to  1, 
reduced  to  whole  numbers,  gives  that  of  SS  to  7,  ftir 
Sjlfi  l  y:  22  : 1;  which  theRfQni»neaflytM(«tioortb« 
emasB^Hcoceto  the  diameter.  FroB  IBs  yatf a  bMamy 
the  cirtea*Mqae^«nd  tbe  diaaMter,  AicfabBedcs  cob- 
putc^  Uie.  ewwrnt— la  amt  of  tba  dutop  aad  ha  found 
that  It  is  to  the  squaiw  of  ihe  diMMter*  u  Jl  is  to  14. 
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He  detftwilked  also  the  relation  between  tiic  circle  and  the 
ellipse,  with  tliat  of  their  similar  parts.  And  it  is  pruba- 
blu  that  be  alto  attempted  tbe  bypetbola  i  but  it  is  not  to 
be  wipecrtd  that  be  met  with  any  success,  since  approxi* 
natktos  toils  area  are  uU  that  can  be  owd  by  tbevarions 
■Ktbods  tiiat  have  aioce  beta  imcHteit 

Beaide*  ib^se  fijiures^be  delermined  tbe  measures  of  ihc 
spiral,  described  by  a  point  moving  uniformly  along  it  right 
line,  the  line  at  the  sunn-  time  revolting  witli  a  uuiform 
angular  motniTi  ,  ih  l.  i  luini  ii^  the  proportion  of  its  area  to 
that  ut  the  cii  LiiJii.>Lubed  circle,  as  alio  the  pix^portion  ol 
thrir  sccldri. 

1  htoughout  the  whole  works  of  this  great  man  we  cvci  v 
where  perceive  the  deept-st  design,  anil  the  fjm  st  nivi'ntii.>:i. 
He  scrniN  to  have  been,  with  Luclid,  exceedingly  tiirelcl 
(>r  adinitling  into  his  demonttratiuiis  uutliini;  but  piinci- 
ple«  perfectly  geometrical  and  unexrepti'inable :  and 
though  his  most  general  method  of  dcmonviruimg  the  re- 
laiions  of  curved  6gures  to  straight  ones,  be  by  inscribing 
polygons  in  then);  yet  to  determine  thoM!  relations,  he 
docs  not  increase  tbe  number,  and  diminish  the  magni- 
tude, of  the  sides  of  the  polygon  lul  mjinitum ,  but  from 
this  pfado  fiindancatal  principle,  allowed  ia  Euclid's  Etc> 
menis,  (vit^  dwt  any  qtuuiti^  nay  be  to  often  mulripfied, 
or  added  to  itself,  as  that  the  icsult  ahall  exceed  any 
propined  linite  quunlily  of  tbe  tame  Itind,)  he  proves 
that  to  deny  his  figures  to  have  the  prupost-d  rclatiom, 
would  invafve  an  absurdity.  And  when  be  demonttnited 
many  j;e(iinetricul  pn  iierln  j,  piirticularly  in  ll.e  parabo- 
la, bv  iia-uns  111  leriaiii  [iin^Me»>ions  ol  nninlui^,  whose 
(rrm.i  an  Minilur  l  i  the  inM  iibed  figures  ;  thi>  still 
dune  wiibuiit  ( uii'tidering  such  series  as  coOtinuid  cuf  M* 
fiititum.  aixi  ih>  II  cullrcling  or  snmnting  up  lite  termsof 

iuch  iiiliiiite  seriev 

Till  re  b.i»e  Ik  I II  various  editions  of  the  exi  ung  wri- 
tings of  Archimedes.  The  whole  of  these  works,  ii.gethcr 
with  lh<-  Conimenlary  of  Kutocius,  were  found  in  their 
original  Gicek  laiiguag< ,  on  the  taking  of  Con^tHiitinople, 
whence  they  wert'  brought  into  Italy  ;  and  tu-n  they  were 
found  by  that  e.xcellent  mathematician  Joint  Afuller* 
otherwise  called  Reeiumontanut,  who  brought  Ibcm  into 
Germ^/t  vbeie  they  were,  with  that  Commcmaij* 
pvbliibcd  lone  aftcrwardib  idft  in'  iMi.  at  Basil,  being 
most  beamifttlTy  printed  in  IblJo,  bolb  ki  Creek  and  Latin, 
by  licrvagius,  under  Ae  care  of  Tbonae  Crchauff  Veiia- 
torius, — A  Latin  translation  was  published  at  Paris  1557, 
by  Pascalius  Hamellius. — Another  edition  ol  the  whole, 
in  Greek  and  Latin,  was  published  at  Pari-^  l()l,'>,  in  Ifdio, 
by  David  Rivaltus,  illustrated  with  new  d< inouslratjons 
and  rtiiiiini  ntaries:  n  life  of  the  author  is  prefixed  ;  and 
at  the  end  of  the  volume  is  ftdded,  some  account,  by  way 
of  re;ti>r,iti(iii,  of  tiur  author's  other  «■ork^,  whicli  iune 
bci  n  lost;  viz,  The  Crown  of  Hiern  ;  liie  C'lchbon  or 
Water  Screw;  lUc  Helicon,  a  kind  <<r  endless  screw  ;  the 
I'rispaston,  consisting  of  a  combination  of  wheels  and 
axles ;  the  Machines  employed  in  the  defence  of  Syracuse; 
the  Burning  Speculum  ;  the  .Machines  moved  by  Air  and 
Water;  and  the  Material  Sphere. — In  lfi75,  Or.  Isaac 
Barrow  publialied  a  neat  edition  of  the  works,  in  Latin, 
at  London,  ia  4toj  illoslmtcd,  aad  succinctly  demon- 
sUBted  in  a  naw  mettod*— Bat  tbe  aost  complete  of  any, 
is  ib«  mngnifkcnt  edition,  in  IbliOk  latdy  {winled  at  Iba 
dutndoo  pms,,  Oxford,  1791.  edition  was  pre* 
p^wed  teady  fcr  'the  press  by  tbeleamad  Josetib  Toteili, 
of  VcnM,  witb  hit  prafiM*,  aad  ia  tbat  state  presented  to 
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the  University  ofOxford.  The  Lilin  iranslaiion  is  a  nevr 
one.  W'v  tind  here  al»o  Kutcjciu!>'!i  Cimimentary  on  sumr 
of  the  im-ci  s,  nnd  note*  i)n  the  wliolc.  An  account  nl  die 
life  rtiiil  vnitin;;s  nf  Tvri  lli  is  prefixed,  by  Clemens  Sibl- 
liati.  Ami  Ht  the  end  a  larjje  appendix  is  added,  in  two 
parts;  the  iir«t  bring  a  Ci>nimcntMy  on  Arrhimed«-s'» 

Sap«r  on  liodies  that  Huat  on  Fluids,  by  the  Kev.  ;nni 
lobertson  of  ChriDt-Church  College,  niio  had  the  cans  of 
tltif  edition ;  and  the  Intteris  a  large  collection  of  various 
IMdinn  in  the  manuscript  works  of  Archimcde-i,  found 
in  the  libimry  of  the  lale  king  of  Frattcr,  and  of  another  at 
FtormCf^MCollKtMlvith  the  Basil  edition  above  meuiioned. 

Th«M  aitt  alM  axtaat  other  adiliont  of  ccrtun  paria  of 
lhiBinMlB»f  AiehiMdM.  Thu,  CoiiHMiidiiM  puUitlMdt 
iRiKn*  atBolcnaa  \i6»,  the  tirobaalGicaMcnHiigBodi« 
that  float  on  Ffaidi,  •  GoaaawiUary.  Commandine 
published  alio  a  tranitation  of  the  Amartus.  And  Horclli 
puUisbed,  in  folio,  nt  Florencp,  ArchiniedesS  Liber 
Assumptorum,  translated  into  Latin  from  an  Arabic  ma- 
nuscript copy.  Tlii>  is  accompanied  with  the  like  trans- 
lation, from  the  Arabic,  of  the  3tb,6th,  and  7th  Ijot.ks  of 
ApolioniUiiS  Conici.  .Mr.  G.  Anderson  published  (mi  Kvo. 
Lond.  176\)  an  Knj;lish  translation  of  the  An  nanus  of 
Arcliinied«-s,  with  learned  and  ingenious  notes  ind  illus- 
trations. Dr.  Wullis  published  a  trHritlalinn  of  the  Are- 
narius.  I.Hstly,  the  tratislation  of  Torelli'swork  into  (he 
Frenrli  iRnsuage,  by  F.  Peyrard,  in  2  vols,  8vo,  at  Paris, 
in  IS — ,  and  1808  And  there  may  be  other  editions  tin- 
•idc  the  above ;  but  theseareall  that  I  have  seen,urk.nowof> 
ARriiiMKDKs's  Screw.  See  ScHtM  qf  Archimedtt, 
Arc  h  1 M  >  D i^s's  BKmrng-ffaa.  See  BaRNlxo^AlMk 
AllCHI'I'LCF,  apmon  tkllled  in  aichilecture,  or  the 
art  of  building;  who  ibmM  piaoi  aad  dniffni  foredifioea, 
comluctsthe  wofk*  and  direeli  the  vaiioiHartilicenaiB- 

ployed  in  it 

The  moat  celebrated  architects  are,  Vitruvius,  Patladio, 
Scamoni,  Serlio,  Vignola,  Barharo,  Cataiwo,  Alberti, 
Viola,  Inigo  J'>iie«,  I)e  Lorme,  Perrault,      Le  CItrc,  Sir 

Christopher  Wrrn,  the  Karl  of  Burlington,  Ate. 

AKCIIU'K'  rUlU  ,  Anhi  eai>ra,  the  art  of  planning 
and  buildinwor  eieclin^  any  cdilirc,  so  as  properly  to  an- 
»v,  .  r  '.he  end  proposi  il,  (or  sijlidny,  tonvoniencv,  an<l 
t>eauty  ;  »  ht  ihcr  lious*^,  te  mples,  churches,  brid^cii,  halls, 

theatres,  <.Scr.  <Vc.— Architectofeiadivlded into o*il» mii^ 

liirv,  and  na»al  <ir  maritu-. 

CVpf<  ARCHlTECTuar.,  is  thi'art  of  designing  and  erect- 
ing editices  of  every  kind  for  the  uses  of  civil  life  in  every 
capacity  ;  as  chuiches,  palaces,  piivale  iioases,  &c;  and 
it  has  tkcen  divided  into  fiveordenor  awtnwnof  buildiag, 
mder  the  namea  of  tka  Tmcan,  Doric^  IoMC,'Cori»dkini» 
and  CenpoeilCb 

There  were  mpay  mdion  «■  Mchkectwe  wmemg  Ae 
Gieehtand  RonHHw,  belbire  VHravlin;  hat  he  b  the  lint 
whose  work  ie  entire  end  extent.  Ho  lived  in  tfie  wipi 
of  Julius  Cesar  and  Augoslus,  and  compoied  a  coQplete 
system  of  arcbitectnre,  in  ten  books,  which  he  dedicated 
to  this  prince.  The  principal  authors  on  archiltcturc 
since  Vilruviu*,  are  Pliilander,  Barbants,  .Salnmsiuj,  B«l- 
dus,  .Mberti,  Oaiirinis.  Dcmoniosius,  P*  riaull.  Do 
rOrmc,  Rivius,  Wolton.  Serlio,  I'alladio,  Str.ida,  V'lgnola, 
Scaroo»i,  Dii  us--art,Ciitariei,  Freard,  De  C'ambray,  Bloi>- 
del,  Goldman,  Sturmy,  Wulgus,  Dc  Roki,  Ucsgodets, 
Barattcri,  Majcr,  Gnfidanuu,  Wnie^  ft^  te.  Sceaho 

AnCUITBCT. 
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Fort^aiim,  i^  the  art  of  siren cituuin^  and  iMfii'ylng 
jilares,  to  secnrr  thorn  from  the  lM^■dltsor  attacks  I  t  ru'- 
luics,  and  the  vio.iiici' ol  arms;  In  crrcting  fort"-,  rastlcs, 
und  other  tortrts-st  v,  «  uti  r;ijii[)arls,  brolions.  \c — -The 
author*  who  havr  rhi.  (iy  i  xr.  ll.jij  in  this  Hrt.arcCoehorn, 
Pap.m,  Va'.:li;.ii,  .^clu  iier,  lilLir.iiel,  and  Montalembert. 

Naval  AftcniTKCTvax,  or  ShohitdUug,  is  the  art  of 
constructing  shipe,gellqf%tnd  Otter  leierli  peeper  toient 
on  the  water. 

ARCfllTRAVE,  is  that  part  of  a  column  which  (waia 
immediately  on  the  capital.  It  is  tbe  lowest  member  of 
the  entablature,  and  is  supposed  to  represent  the  principal 
beam  in  timber  bnildiiupi,  ia  which  it  it  soawtines  culled 
the  ScMon-pieee,  or  Mintetfieeei  A1m>»  in  cbinmeyk  tt 
is  called  the  Maatle-piecex  nnd  the  Hypetthyran  over 
the  jaambs  of  doors,  or  lioteb  of  windows. 

AacHiTaATB  CS»niMe.  Sea  CoKliict.. 

ARcniTSAva  doort,  are  those 'which  have  an  arcbt> 
trave  on  the  jaumbs,  and  over  the  door  ;  on  the  cap  piece 
if  straight;  or  on.the  arch,  if  the  top  be  curved. 

Au<  Hi  I  I'.Avi.  windnwi,  of  limber,  are  usually  uii  i  jjit 
r.ji5ed  out  it\  the  Sfolid  timber,  with  a  list  over  it:  though 
>oinelimes  the  mouldini;s  are  ilruck«  flkllaidOBt  aod 
sometimes  they  arc  cut  in  brick. 

AKCHIVaULT  or  Archivolt,  the  contour  of  an 
arch  ;  a  band  or  frame  adorned  with  meoldings,  running 
over  the  facet  of  the  voussoiis  omrch-steiMib  nnd  hinrim 
upon  the  imposts. 

-  ^  ARCHYTAS,  of  Tarcnium,  a  celebrated  matbenatk 
eian,  cosmographer,  and  P>thag|Otcan  philosopher,  whom 
Horace  calls 

 Maris  ac  Tern,  nnintmqnn  ctRStii  ArcMB* 

Mensoiem. 

Heflonriifaed  aboatiOOjcHthefareCliriite  «ad  wathe 
meaier  of  Plato^  Eudonos,  and  Philoleue.  He  gM»e  a  m%- 

tfaod  of  finding  two  mean  proportionals  between  two  given 
lines,  and  ibence  tbe  doplicatioa  of  the  cube,  by  means 
of  tbe  conic  sections.  His  skill  in  mechanics  was  such, 
that  he  was  said  to  be  the  inventor  of  the  crane  and  thi; 
screw  ;  and  he  made  a  wooden  pigeon  that  could  fly  about, 
when  it  was  once  set  otf,  but  it  could  not  rise  again  of  it- 
self, after  it  rested,  lie  wrote  si  vcjal  ui;rk<,  though  none 
of  them  are  now  extant,  parlx  ularlv  a  treatise  rtfi  7« 
riavTCf,  \>r  l.'iiu  1-1  Mj,  (  .t.  <l  iiy  Siiii|i|,(  iiis  in  Aristot. 
Categ.  It  is  said  he  invented  the  ten  categories.  He  ts^ 
quiretl  great  reputation  both  in  his  legislative  and  mili* 
tar)-  rapacity;  having  commanded  an  ar»j  seven- timce 
u  1 1  h  o  u  t  ever  bei  ng  defeated,  lie  wai  at  laSt  tUpWieclwly 
and  drowned  in  the  Adriatic  sea. 

AKCTIC  ClHtl^  b  atesserdseie  of  the  tphen^  panUd 
tothacqnater,aaM  pewMthiwMiithe  aenh  pole  of  tha 
ecliplie.  or  Aaleirt  noin  the-  noift  or  nieiic  pole,  by  • 
owntitjr  equal  to  the  ohliqall]rof  the  cdipiic,  which  was 
Mfmerljpctttnialed  atSS^  hot  its  mean  qnanti^  is  worn 
SS*  S8' nearly.  This,  and  ilsoppotile,  tbe  antarcijc  circle^ 
are  also  called  the  polar  circles,  where  the  longest  day  and 
longest  ui(;h  t  arr  2).  huurs,  and  within  allthe  space  of  these 
circles  at  one  luue.ul  the  year,  the  sun  never  sets,  and  at 
the  opposite  ^eilion  In  neM-r  rues  tor  some  days,  meeeOV 
less  according  a>  thr  pLice  i»  nearer  (be  pole. 

Arctic  Poic.i'nv  niirth  polcof  theworbi,  andsocalleJ 
from  ifKTis,  uisa,  tue  bear,  from  its  proximity  to  the 
constellation  of  that  name. 

ARCTURUS,  a  fixed  star  of  the  first  magnitude,  bo- 
ifit  iff  ^Lf^  nt  tht  twlilleiltiii  n«nm   So  caUed 
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fcom  if>ms,  bnr,  and  >(fi^lHlt  w  Mmncwtlw  btii^ 
tul.  Tbto  Mu-H  twice  meiMiiMililtoiMwk  of  JdH^ 
fai.  9>  Md  xxxviii.  S3,  by  dwMMittAiik,  it  A*  trtMhlmi 

be  r^bt ;  and  by  many  of  the  ancienis  nnder  its  Crci>k 
name  Arctunu.  The  Grerk*  gave  th^  fabuloas  history  of 
tlifi  star,  iir  r(ji\5trllation,  to  t)ii-i  purport  :  Ciilisto,  ahi) 
was  iHtrrn  ird^,  in  form  of  ihc  grcal  tH'ar,  raistcl  up  into  u 
cnnst%il;i:i<iit,  (hey  tell  us,  brought  forth  a  ton  to  Jupiter, 
wIkui)  they  calle»l  Areas.  That  I.yacon,  wk»n  Jupiter 
r;tti  ruards  Came  to  visit  him,  cut  tlu-  bjy  in  niices,  anJ 
served  bira  up  at  table.  Jupitrr,  in  ri  vt-n^c,  m  mcII  hi 
byway  of  punishment,  called  dn^ui  lightning  to  contutne 
the  piQace,  and  turitcd  the  monarch  into  a  wolf.  The 
limbs  of  the  boy  were  gathered  up,  to  which  the  god  gave 
life  again,  aod  be  was  taken  and  educatrd  by  Mine  of  the 
people,  ilis  mother,  who  was  all  this  limu  a  bear  in  the 
modnf  Ml  in  Us  «j:  he  cbiaad  her,  ignmnt  of  the 
i|e%  lo  maid  hin*  the  threw  henelf  into  the  temple 
•f  Ittpltert  he  Mloaml  her  thither  to  destroy  hrr;  and 
4i>  hciM  deeth  hgr  the  lews  cf  the  country,  J  upitcr  look 
thembdUi  up  into  heaven,  to  prevent  tftc  punishment, 
Bthing  her  <be  comtellation  of  the  great  b<'ar,  and  con- 
verting the  youth  :nt  >  this  single  Star  b<-hind  hrr. 

Dr.  Hornsby,  UicSa\ilian  Profi>ssorof  Astronomy,  con- 
cluftfs  that  Arcttirus  u  tho  nearer.!  ^tar  to  ow.  ;y-,i  :m  visi- 
ble in  the  northern  hemisphrrf,  i«cau!i<?  ibt-  vrfimdoa  of 
its  place,  in  CuruL  quentc  (it  u  proper  motion  of  its  own,  iii 
more  remarkable  than  that  ol  any  "ther  of  the  stars  ;  and 
by  comparing  a  variety  of  observation)  respecting  both  the 
quantity  and  dirceliou  of 'the  niotjon  of  this  star,  be  in- 
fers, that  the  obliqoi^  of  the  ecliptic  decreases  at  the  fate 
of  68"  in  100  ycao}  •  qOMttit^  which  nearly  comiponds 
to  the  mean  of  the  eomputations  framed  by  Enlar,  La- 
knde,  end  Laplace,  on  the  principles  of  attaetion. 
Philo*.TMH.  wL  63. 

ABfiA,  in  fnenL  danolM  anj  pfaun  wuiiwe  to  indfc 
•pent  nMl derived  Mm enm^  to  he diy. 

I,  in  AicyicetuM^  deaeM  ifce  ipnee  er  <iie  of 
OB  which  en  ediiee  Mandi .  It  is 
Jnner  court*,  und  such  like  portions  of  ground. 
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AaeA,  in  Geometry,  denotes  the 
superficial  content  of  any  tigurr.  The 
areas  of  figures  are  e!>.timaled  in  squares 
and  parts  «t  squares,  l  lius,  _Mi|yp(j5<' 
a  rectangle  krcu  have  its  length  i.a 
equnl  to  4  inches,  or  feet,  or  yar<U, 
&c,  and  its  breadth  ef  equal  to  3  ;  its 
area  will  then  be  3  time*  4,  or  13 
Mjoareit  each  side  of  which  is  respec- 
tlte^ylncfc,  or  foot,  or  yard,  &c  The  aretu  of  otho- 
pirliMltoMpiesmjr  beteen  under  tbcir  respective  anmcfc 
TlieneMinsf  «li  similar  figures  ere  in  the  duplkato 
nllcs  or  aa  the  aqneiesef  their  like  lades,  or  of  amr  Ube 
Sneer  dimensiimsiftiAllt  'the  hw  by  which  the  pfensts 
jrfaee  Bonad  tiie  mh^  it  mnintid  by  the  areas  descrihed 
hf  nKMcanMedng  the  tun  and  planet ;  that  it,  the  time 
"in  whieb  the  planet  describe*,  or  passes  over,  any  arc  of 
Ml  sIHp^  orbit,  is  proportional  to  the  elliptic  ares  de- 
i  in  that  time  by  the  said  line,  or  the  sector  con- 
'  ^  ••i'l  ere  and  two  radii  drawn  from  lU  exUo- 
nmnes  to  toe  focus  in  which  the  sun  is  plnctd. 
-  '^Wit  in  Optics.  SeeFiELi>. 
_AR^NARIUS,  the  nnroeof  a  book  of  Archimedes,  in 
'  "f^^^^^ieted,  that  not  only  the  sands  of  the 


in  the  Unmenw  ifkei*  ef  An  find  ^lua. 
bjr  ni»mbsn,  in  n  way  by  him  invested 
This  notation  proceeds  by  certain  geo- 
metrical progretsioos;  and  ia  denoting  and  producing 
certain  very  distant  terms  of  the  progrcsiaun,  he  here  first 
of  any  dwv  mnke>  use  of  a  prupei  ty  iimiUir  to  tlmt  of  lo- 
garithms, viz,  adding  the  indites  of  the  terms  to  tiiid  the 
index  of  ihtir  product.    St-  AutJiiMKDtis. 

AREOM  Kl'hK,  Ar£om>.i  hux  ,  mi  insirument  to  mea- 
sure the  density  or  gravity  of  tluuis 

The  aieoinelcr,  or  wuter-poiM.-,  is  commonly  made  of 
glass;  consisting  of  a  n.uiid  hollow  ball,  which  lonei- 
nateii  in  a  long  slender  neck,  hcnoelically  iceled  at  top ; 
having  first  as  much  running  mercury  put  into  it,  as  will 
serve  to  balance  or  keep  it  swimming  in  an  creel  position. 
The  stem,  or  neck,  is  divided  into  degrees  or  p.-irt>,  which 
are  nunbered,  lo  show,  by  the  d^tb  of  iu  descent  into 
auy  liquor,  the  lightness  or  density  «f  it :  for  thnt  fluid  it ' 
hcnviest  in  wUch  it  sinhs  lenst»  nnd  Ughtsst  in  which  it 
sink*  deepest 

Another  instrument  of  this  kind  is  dtacribed  by  Hom> 

berg  of  Paris,  in  the  Memoirs  of  the  Acad,  of  Sciences  for 
the  year  ;  also  iu  the  Piiilos.tTruns.  N°  26-2,  where  a 
table  of  numbers  is  given,  exprewing  the  den>ity  of  various 
lliiids,  m  ilti' Tri:iiiui  by  this  instruiuent  butb  in  summer 
and  winter,  i^y  ihr.  table  it  appears  that  the  deaaity,  or 
specific  gravity  <  i  <|.ncksilver  and  disjiiled  wnUft  hs  tlw 
two  seasons,  wen:  a»  luliow,  via, 

in  summer  fis        -       -        IS  fil  to  1, 
iu  winter  as         -       -        13*33  to  1; 
and  the  medium  of  these  two  it  as      13*57  to  1. 

Sec  the  Fbiloi,  Trans,  vol.  36,  or  my  Abridg.  vol.7,  ier 
the  descripiien  nnd  nsp  of  enother  new  enemetar.  8w 
also  Hrvnov  BTsn. 

AJIBOMEI'RY,  the  science  of  measuring  the  gravi^ 
tnddmilitjoffliiidi  See  the  Pbiloa.  Trani.vw.^fi««l 
eiMjen  nnometry,  Uc  Also  my  Abridgement^  veL  14. 

ARB08TYLE»  in  Aidutectue,  n  sort  of  inlereolnni- 
nation  in  widch  the  colunms  were  piaced  et  a  great  dii< 
tKDce  from  one  another. 

ARGI.I  I'.NAll,  a  star  of  the  fourth  magnitude,  in  the 
flexure  of  the  constellation  Eridanus. 

AUGO  N  AVIS,  or  the  ship,  is  a  cunslellation  <f  lixed 
stars,  in  the  southern  humisphere,  being  one  ol  the  i8  old 
constellations.  The  number  of  stars  in  tb>s  constellation, 
are,  in  Ptolemy's  cntahltne .49*  hi  TjICho  Bimhe%  11,  in 
Flamsteed's  64-. 

The  Greeks  tell  lu,  that  this  was  the  noted  ship  in 
which  the  Argonauts  performed  that  celebrated  tUftAt- 
Una,  which  has  been  to  famont  in  ell  their  history. 

ARGUMENT,  in  Astronomy,  is  an  arch  given,  fay 
wbieh  another  arch  is  found  insoineprapertion  toit.  Hence, 

AaovNCNT  «fieo(in«fjN^er  AnoimuiT  t^Lutiaide, 
tS  any  planet,  is  an  nie  of  n  plnnet't  orbit,  intercepted 
hetwten  the  Mccndim  nede^  nnd  the  niece  of  the  plnnet 
from  the  son,  nnmbend  eccofdingto  thesnccttsiea  of  tha 

signs. 

Uautnal  AaovHEVT  </  Lalftvit,  is  the  distance  of 

the  moon's  true  place  from  the  sun's  true  place. — By  this 
it  found  the  quaniiiy  of  tlic  real  obscuration  in  eclipses, 
or  bow  many  digits  are  darkt  iu  ii  in  any  place. 

Aimuat  Aaot;>iK>iT  uf  ihc  ntuijiis  apogee,  or  ^imply, 
/•fr(;ii4/3/  Argtunent,  is  the  distince  of  the  sun's  |  Utu  from 
the  place  of  the  moon's  apogee  i  that  is,  the  src  of  the 

«|toplnni> 


A  R  I 


*  [    UJ  ] 


A  R  I 


ARIES,  or  ihe  Rwn,  in  Astronomy,  one  of  the  con- 
Mrllalinntt  of  the  northcni  ht-mikphorr,  being  the  tint  o( 
*  Ihe  old  twelve  signs  of  the  lodiac,  and  marked  T  in  imi- 
tutiun  of  a  ram'«  head.  It  givct  name  to  a  twelfth  part  of 
thf  ecliptic,  which  the  sun  enters  commonly  about  the 
SOih  of  March.— The  stars  of  this  constellation  in  I'lole- 
rav'x  ca4alo)(iie  arf  18,  in  I'ycho  Brahe's2l,  in  Hrt-elius's 
27,  and  in  Flamsie«d's  6b':  but  they  are  mostly  very 
.small,  only  one  bring  of  the  2d  magnitude,  two  oi  the  5l 
maanitudo,  and  all  the  rest  smaller. 

The  labuloUH  arcount  of  thi<i  constellation,  as  civen  by 
ibe  Orwkv,  is  to  this  effect.  That  Nophele  gave  Phry.\u», 
hi  r  sun,  a  ram,  which  bore  a  golden  fleece,  as  a  guard 
as;ninst  the  gn-ati'st  dangers.  Juno,  the  step-mothiT  Uith 
ol  him  and  llellc,  laid  designs  against  their  live>;  but 
Phfyxus,  remembering  the  admonition  of  his  mother,  took 
hi«  •>i>ter  with  him,  and  getting  upon  the  back  of  the  ram, 
they  were  carried  to  the  5»>a.  The  ram  plunged  in,  and 
the  youth  was  carried  over;  but  Helle  dropping  u6,  wa> 
drowned,  and  so  gave  name  to  the  Urllespont.  Wlien  he 
arrivetl  in  Colchi*,  iteta  the  king  received  him  kindly  ; 
and,  sacrificing  the  ram  to  Jupiter,  dedicated  the  fleece  to 
the  god;  which  was  afterwards  earned  olfby  Jason.  The 
auimal  itself,  they  say,  Jupiter  snatched  up  into  the  hea- 
ven!., and  made  of  It  the  constellation  Arit's.  They  have 
other  fables  hIv>  to  account  for  its  origin.  Dut  it  is  most 
probable  that  Ihe  invi  ntors  of  this  sign,  placed  it  there  as 
the  father  of  ihuse  animaU  which  are  brouxht  forth  about 
ibe  time  the  sun  approaches  to  that  part  of  llie  heavens, 
and  so  marking  Ihe  beginning  of  spring. 

AKies  also  denotes  a  battering  ram;  being  a  military 
engine  with  an  iron  head,  much  used  by  the  ancients,  to 
batter  and  beat  down  the  walls  of  places  besieged.  Sec 
Ram, and  Battf.hino  Rnm. 

ARISTARCMUS,  n  celebrated  Gn^k  pbilotopber  and 
astronomer,  was  a  nntive  of  the  city  of  Samos;  but  of 
what  date  is  not  r-xactly  known  ;  it  must  have  been  how- 
ever before  the  time  of  Archimedes,  as  some  parts  of  his 
writings  and  opinions  are  cited  by  that  author,  viz,  in  his 
Arenanust  he  probably  fl<iurished  about  4'20  yeani  l>e- 
(orr  Christ.  He  held  the  opinion  of  i'vthagoras  as  to  the 
system  ol  the  world,  but  whether  before  or  alter  him,  u  un- 
certain,  teaching  that  the  sun  and  stars  were  fixed  in  the 
heavens,  and  that  the  earth  rnovetl  in  a  circle  about  ihe 
sun,  at  the  same  time  that  it  revolved  about  its  own  centre 
or  axis.  He  taught  a.ho,  that  the  annual  orbitof  tbe  earth, 
compared  with  the  distance  of  tbe  lixed  start,  is  butasa 
poinL  On  this  head  Archimedes  says,  "  .Ar)tlarchus,  the 
S«inian,  confuting  the  notions  of  astrolozers,  laid  down 
certain  positions,  from  which  it  follows,  that  the  world  is 
much  Inrger  than  is  generally  imasin«xl  :  lor  he  lays  it 
down,  that  the  fixed  stan  and  the  sun  are  imirvoveablt' ; 
and  that  the  earth  is  carried  round  the  sun  iii  the  circum- 
(rrrncF  of  a  circle.  Un  which  account,  though  he  might 
rH)i  suffer  persecution  and  imprisonment  like  Galileo,  yet 
hr  did  not  escape  ceitsure  for  his  i>up|)osed  impiety  ;  for  it 
is  said  Cleiihthus  was  of  opinion,  that  Greece  ought  to 
have  tried  Aristarcbus  for  irreligion,  for  endeavouring  t<i. 
preterve  the  regular  Bpp<arance  of  the  heavenly  bodies,  by 
supposing  that  the  hi  ntrns  themselves  »t<>o<l  still ;  but 
thai  tbeenilh  revolved  in  an  oblique  circlet  >tid  at  ihe 
Cnme  lime  turned  round  its  own  axis. 
.  Arisiarchiis  invented  a  p4>culiar  kind  of  sun-dials,  nten- 
tioiied  by  Vilruvios.  There  is  extant  ol  his  works  only  a 
treatise  on  the  magnitude  and  distance  of  ihc  sun  and 
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moon  :  this  wu  translated  into  Latin,  and  commented  on 
by  Commandine,  who  first  published  it  with  Pappus's  Ex- 
planaiiuns,  in  1672.  Dr.  Wallis  afterwards  published  it 
in  Grcs'k,  with  Commandine's  Latin  version,  in  I6'88,  and 
which  he  inserted  again  in  the  3d  volume  of  his  Mathe- 
matical Works,  printed  in  folio  at  Oxford,  1699.  'l'b« 
piece  was  animadverted  on  by  Mr.  foster,  in  hit  Mit- 
cellatiie*.  There  is  another  piece  which  bus  gone  under 
tbe  name  of  Aristj)rchu»,  on  the  Mundane  System,  its 
paits,  and  moUons,  published  in  Laliu  by  Roberval,  aud 
by  Merseniie,  lu  his  Mathematical  Synopsis.  But  tins 
piece  is  censured,  by  Meiiagius  (in  Uiog.  Laerl.),  and  Dr:,- 
carte*,  in  his  Epistles,  as  a  liclitiom  piece  of  Roberval's,' 
and  not  the  genuine  wuik  ul  Aristurcliui. 

A KISTOTKLl. AN,  something  that  relates  to  the  phi- 
losopher Aristotle.  Thus  wc  say,  an  Aiisioleiian  dogma, 
the  Aristotelian  sclioid,  &c. 

AiiiaTuTBLiAM  I'iiUotopiy,  the  philosophy  laught  by  . 
Arisuiilc,  and  maintained  by  his  followers.  Jt  is  othei-  * 
wiM-  i-alled  the  Peripatetic  Philosophy,  from  their  prut- 
tice  of  teaching  while  they  were  walking.— The  principle* 
uf  AristutU 's  philosophy,  the  learned  agree,  are  chiefly  laid 
down  in  the  lour  books  de  C«elo.  Instead  of  the  more  an- 
cient sysu-ms,  he  inttmluci'd  Matter,  I''orin,and  Privation, 
as  the  principles  of  all  things  ;  but  it  docs  not  seem  that 
he  dented  much  bi  nclil  I'lom  iheni  in  natural  philosophy. 
And  his  doctrines  an>,  for  tbe  most  part,  su  obscuiely  ex- 
presM'd,  thai  it  has  not  yet  been  satisfactoiily  ascertained, 
what  were  his  seiitimeutt  on  some  of  ihe  most  important 
subjects.  He  atU'ropted  to  rcfulo  the  Pythagorean  doc- 
trine concurniog  tlic  two-fold  motion  of  the  earth  ;  and 
pretended  tu  demonstrate,  that  the  niaticr  of  the  heavens 
is  ungenenited,  incorruptible,  and  not  subject  to  any  al- 
teration :  and  he  supposed  that  the  stars  were  curried 
round  the  earth  in  solid  orbs. 

ARlS  rOTELIANS.  n  sect  of  phi'losophirs,  so  called, 
from  their  leader  Aristotle,  and  are  otherwise-  called  Peri- 
patetics.— ^Thc  Aristotelians  and  their  dogmata  prevailed 
for  a  long  while,  in  the  schools  and  universities;  even  in 
spite  of  all  the  efloils  of  the  Cartesians,  Newtoniaas,  and 
other  corpusculuriuns.  Uut  the  systems  of  the  latter  have 
at  length  gamed  the  ascendency  ;  and  the  Newtonian  phi- 
losophy in  particular  is  now  very  generally  received. 

ARlbTOl'LK,  a  Cirecian  philosopher,  the  toa  of  Nico- 
machus,  physician  to  Amynliu  king  of  Macedonia,  was 
born  J84  yean  before  Christ,  at  Stagira,  a  town  ui  Mace- 
donia, or,  an  others  say,  of  Thrace ;  from  which  he  is  also 
called  the  Stagirite.  Not  succeeding  in  the  prolestion  of 
anus,  to  which  it  s4-ems  he  first  applied  hiMself,  he  turned 
his  views  to  philosophy,  and  at  17  years  uf  age  entered 
himsell  a  disciple  of  Plato,  and  attended  in  the  academy 
till  the  death  of  that  pbilo^jpher.  Aristotle  then  retired 
to  Alarna,  where  the  prince  llermias  gave  him  his  daugh- 
ter to  wile.  Repairing  afterwards  lu  the  court  ol  king 
Philip,  he  became  pnciptor  to  his  son,  Alexander  the 
^ real,  whoso  education  be  attended  lor  the  space  ol  8 
_>enrs;  and  liy  the  magniliceni  encourageinem  of  thia  * 
prince  he  was  alterwards  enabled  to  prucun-  all  soru  of 
animals,  from  the  inspection  of  which  to  write  their  his- 
tory. On  his  quitting  Makitloll,  he  settled  at  Athens, 
where  he  established  his  school,  having  the  Lyceum 
assigned  him,  by  the  niugistrates,  lor  the  place  ol  his  in- 
struction or  disputation ;  where  he  became  the  head  and 
founder  of  tbe  sect  called  after  his  name,  as  also  Peripa<- 
k'tics,  from  the  circumstance  of  his  gi'iue  UMiructioits 
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wbih  wtlkinf!.  Rut  being  hm  meemei  of  impitty  by 
F.urymedon,  priest  of  Cf  ros,  and  (baring  the  fate  of  So- 
crates, he  ri'tiird  to  Chalcis,  whcr«  he  died  at  6"3  years  of 
age,  anri  3'22  yciir'*  l  i !  r.'  rijMst.  Some  n;,_v  ll  iti  Scpoiton- 
«d  hiHiself,  otturs  iiial  ho  ditti  cil  a  ruhr,  tind  others 
•iPiu:!  jiicli'iui  that  he  threw  hitmfll  iiilii  lliC  sea,  I'or  i^rit-l' 
lliui  lie  roiilil  not  i!i'>r<)v«>r  ihe  cause  rif  till"  Hux  nn<l  re- 
flux (if  ill'-  ^1  ilrtj.  LiiLTiius,  in  his  lilf  M  Arisloilc,  esti- 
mate* iiTs  inxtk',  HI  the  nuiiibcT  oi+OCMJ;  (•(  wtiidi  how- 
ever scwrcc  '20  have  roine  dowri  to  us  ;  th<^'  may  Ih'  com- 
prised under  dve  heads ;  the  first,  relating  lo  poetry  and 
rhetoric;  the  second,  tu  logics;  the  third,  to  ethics  and 
politics  ;  the  fourth,  to  physics ;  and  the  fifth,  to  meta- 
physics. Ill  the  schools,  Aristotle  has  been  called  the 
pbilowpber,  and  the  prince  of  philoaophen.  Indeed,  rack 
«M  the  veneration  paid  to  him,  that  bit  opinion  «w 
loMd  to  Hand  on  a  level  with  neion  hielf :  nor  vnanny 
a|tpenl  ftvln  it  tdaiitted,  the  nutic*,  in  emjr  dispute,  be- 
ing «Mlgel  t«  fliow,  tlwt  .trar  eoiidttiioas  «en  ao  lcs> 
confermnble  to  the  doctriaa  of  Ariilotfe  than  to  truth. 

Aritiotle's  Mechanics  were  published  in  Greek  and 
Latin,  at  Paris,  in  4lo,  1599.  hy  Henry  Munanthol,  phy- 
sician, ami  rnviil  pi  I  li  s5or  of  the  Mathematical  arts,  with 
a  large  conimentury  m  Latin.  This  is  a  very  short  tract, 
and  consists  chiefly  in  cxplnlninr:  ilu  r.  ism-  i  r  c.ium-s  of 
certain  moiiiftiH,  atid  tnachlni's,  mul  lun  n  i^  >  tli  i  ;  some 
lieint;  trsie,  and  others  erroneous.  Its  ■■>.)il:iininL:  many 
physical  phenomena,  he  takes  occasion  to  advt  rt  to  the 
proprrtiet  of  theiimple  mechanical  powr  rs,  the  lever,  the 
iNMnoe,  the  ttatera^  the  wheei-and-axlc,  the  wedge,  the 
and  the  pulley;  of  which,  moat  or  nil,  he  ob- 
■gay  be  referred  to  the  lever,  by  mean*  of  which 
hauical  effects  are  produced.'— The  form  of  the 
iMIfei  h  by  way  of  answering  ceitniB  qnerief«  and  explain* 
IngnatwwcfMib  andioemim  cantniiee  or  panKkmct: 

*l.  Of  a  dicniar  line  whtcbt  withont  any  bmdih,  has 
bonfc  taamiityMai  conentiigr. 
t.  How  two  thinp,  ffc«  one  m««ing  the  other,  may 

move  contrary  ways  at  the  same  lime  ;  as  when  one  wheel 
turns  another,  by  mean*  of  teeth  on  their  cite  urn  fen-nces, 
uhilr  the  one  turns  Cwm  tight  to  left,  the  other  twrae 

1 1  oil!  lett  lo  riglil. 

3.  In  a  balance,  because  a  greater  line  revolves  circu- 
(larly  quicker  than  a  less,  therefore  the  hirper  bulunccs  are 

more  exact  than  the  smnller. 

4.  That  two  lini-»  moved  parallclwise,  in  different  di- 
rections, with  velocities  having  always  the  same  ratio, 
have  their  intencction  always  in  the  diameter  or  diagonal 
of  the  paiallelogram  having  its  tides  in  the  directions  of 
tha  motions.  Or,  one  line  nnived  paraUelwisv,  while  a 
point  moves  along  the  line,  with  amotion  in  a  constant 
ratio  to  that  of  the  line ;  the  point  moea*  alwayti  in  the 
diagonal  of  the  said  panllclogram.  And  dtifl  is  tha  lama 
aa  tMcelabntcd  theoma  efihapandldagnn  ofmotioa^ 
aroflBecfi.  fintif lhanotiaMhoMital«»ninthaiani§ 
latlo,  Bwn  dwialaneeiioM  will  not  be  in  the  tHagonl  of 
s  panllebiiam. 

St  Ob  tM  variable  motions,  lo  came  the  iniwiectioBi 

to  deaCribalbe  periphery  of  a  circle. 

I>.  Ontheafliectimis  and  properties  of  scales  or  balances. 
7.  On  the  canst  of  the  power  of  the  lever. — That  the 
weUitand  powar  an  ndptocallyprepoctioMi  lo  thoanno 


riow  oflboio  nmeia  wfce  an  matng  In  the  itidJIe  of  ttie 

ship. 

y.  On  the  cause  of  the  power  of  the  rudder,  in  turning 
the  ship. 

lU.  On  the  cause  of  the  power  of  the  sail-yard  in  a  ship. 
As  the  yard  is  placed  higher  up,  on  thi  must,  so  much 
tjuicker  will  the  ship  be  moved,  with  the  same  wind  and 

the  same  sail;  t»er«in>  tti*  1— r  iWjlanfB  Iff  tho  matt) ' 
if  so  much  the  longer. 

11.  On  shifting  the  sails  and  rudder  when  tnmingthe 
corners  and  windings  of  a  river.  * 

12.  Why  round  or  circular  fgVTCs  are  more  movcahle. 

13.  Why  the  greatest  circles  arc  the  most  moveable. 

14.  Why  bttUsta  without  sveight  are  more  easily  moved. 
Why  a  heavy  or  loaded  carriage  is  easier  than  a 

light  or  nmniag  one. 

16.  Why  a  stone  it  thrawn  frrther  fronn  a  iUng,  than 
Fben  throtm  by  tba  hand. 

17.  Ob  the  wbed-aad^dc^  mhI  tootlMadf  iniou  work. 

15.  On  the  breafcingof  wood.  Why  a  ttick  is  mote  ea- 
sily broken  over  the  knee,  when  the  eMremities  am  held 
by  the  bands,  thaw  when  held  nearer  the  middle. 

19.  On  the  rouiidnos  of  piMiI.  ^,  or  wliy  those  about 
the  Bca-sliore  an-  round  ;  viz,  Irum  liic  continual  rolling 
by  the  mo'.ii  ii  i  l  the  waters. 

20.  Why  » oud  is  weaker  as  it  is  longer. 

2 1.  The  cause  of  the  power  of  the  wodge»  ia  chiefly  ow^ 
ing  to  percussion. 

22.  Of  the  pulley  or  liltio  wheel. 

23.  Why  an  ax  by  striking  divides;  but  by  pressing 
not:  because  in  the  former  way  it  actt a* a thltt wadgo. 

24.  Of  the  Slatera,  or  Stcclyaid. 

25.  Of  the  Dentiduco,  orTwibdnMr. 
S6'.  Of  the  Nutcracker. 

t7.  Why.  in  *  RhombiM,  both  the  extreme,  pdata  do 
net  detciibe  or  patt  ooer  equal  right  lines.  'iMt  h,  oi- 
thor  eatremo  point  atoving  along  an  adjaeent  aide,  while 
that  tida  itcMtiad  by  an  equal  parallel  motion,  then  the 
point  diacribci  the  adjAent  diagonal  of  the  rhombus. 
But  the  diagonal  connecting  the  acute  ani^Ies  of  the  rhom- 
bus, being  greater  than  the  other  which  connect  tin-  ob- 
tuse aiij;uhii  poitii-,  ti  erefore  the  motion  o)  ihe  acute  aa»  , 
gular  |i<)iiii,  IS  Ml  uMu  h  oreuterthan  ihjt  of  the  other. 

2K.  Why  ;i  i:rta[cr  circli.'  revolves  cqualiy  •'•b  a  leii» 
when  posij.iii  i.in.ut  ilie  sumc  centre. 

29.  Ol  11'  ii» — \\  li\  the  sides  ot  a  heii  are  made  111  a 
double  ratio;  the  one  Uing  6  feet,  or  littl»  more  ;  the 
other  only  3.  And  why  ihe  cordings  are  not  extended  dia- 
gonalwise.  Or  that  ihey  he  made  in  such  magniiudeaslo 
correspond  with  the  bodies.  For  thu^  the  Mdes  will  bO 
double,  as  4  cubits  in  length,  and  2  in  breadth. 

30.  Why  it  is  more  difficult  to  support  u  lung  slicfc  at 
the  tfttremity  of  the  am,  than  in  the  middle  of  it. 

St.  Why  It  it  BOfa  dWenlt  to  Mtpport,  at  the  eitianily 
of  tbearm«  a  very  long  weigbt,  than  a  short  one. 
gg.  Wbv  a  toileno  for  Aawing  wnier,  act*  better  at  it 
■arks  with  a  heavy  weij^t  at  the  end  of  the  cross  bar. 
93-  Why,  when  two  men  carry  a  weight  00  a  pole  be- 
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when  it  It  not  in 
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works ' 

J.  Why,  when  two  men  carry 
twcen  them,  they  are  not  eqtiaily) 

the  middle  belvsicn  them. 

34.  Why  those  who  nse  up  from  a  seat,  put  thetasdves 
into  a  piirtirul.Hr  position;  viz,  pulling  their  feet  back- 
wards, :ii, a  111  luliMs;  thoir  body  forward. 

35.  Why  a  moving  body  is  more  easily  moved,  than  a 
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37.  Why  my  thing  proceeds  nut  on  in  the  diraction  of 
itt  motion,  but  rclaxn,  when  impelled  in  the  contrary  <li> 
rcction.    As,  when  its  wi  ilIii  rausingit  todesceml  iluvu- 
wards,  is  greater  than  the  impulsive  force  can  impi  l  il 
wmrds. 

38.  Why  any  things,  cither  small  or  large,  when  pro- 
j*Cted,  do  Iiol  i[n  Mr. 

39.  W  liy  a  iigiil  boily.  floating  in  a  vortex  of  water,  goes 
into  the  niiiidle  of  the  vortex. 

AUrrHMh  TlC,  is  ifao  art  and  science  of  nutubers;  or, 
that  part  of  niatheinatici  which  conitiders  their  powers  and 
properties,  and  teaches  bow  to  compute  or  calculate  tru- 
iy,  with  ease  and  expedition.  It  It  by  tome  authors  abo 
defined  the  Kieboe  of  diactvte  quantity.  Aritbinettc  con* 
tisis  chiefly  in  tbo  four  principal  rules  or  opcratioM  of 
AdUiiion,  Subtractiaa,  MullipucBtion,  and  Uinaiont  to 
which  may  pvrbapi  he  uddcd  mvoliilioii  and  evolution,  or 
nUng  of  powna  aad  extr*ction  of  root>.  But  besides 
thew,  for  tie  ftcilitating  and  expediting  of  curaputalions, 
mercantile,  astronomical,  6tc,  many  other  uwful  rules 
have  been  contrived,  which  are  applications  of  tho  former, 
such  a-s,  the  rules  of  proportion,  proijression,  alligation, 
litlic  position,  fellowiliip,  interest,  barter,  rebate,  equa- 
tion of  payments,  reduction,  tare  and  tret,  &c  ;  biMili  s 
the  doctrine  t/f  the  curious  and  abstract  properties  of 
sum  ben. 

Very  little  is  known  of  the  origin  and  invention  of  arith- 
metic. In  fact  it  must  have  coinmciiced  with  mankind, 
or  as  toon  as  they  began  to  hold  any  sort  of  commerce  to- 
gBtber ;  and  must  have  undergone  continual  improvement*, 
as  occasion  waa  given  by  tbe  extension  of  commerce,  and 
by  the  diicoverynnd  enltivation  of  other  sciences.  Itii 
therefore  fMywohnbk  that  tbe  an  bas  been  greatly »• 

debted  to  ilw  nanilciaM  or  Tyriata;  and  indeed  Pnclttt,  9th  century,  puUished  in  Latin  hy  S^plnnder,  in 
In  hii  amMntuy  on  the  fint  book  of  £ndidp  inyi,  thnt   A  itmllir  wink  ma  writtaa  inaii  nAer  mOraek  by 

the  Pboinlciaas,  by  reoon  of  thdr  tnJBe  end  commerce,   —   -*  •  ^   

were  nccountcd  the  first  inventon  of  AfithnMtic.  Stom 
Atin  tho  art  paued  into  Egypt,  whither  H  wna  cwried  b^ 
Abraham,  according  to  the  opinion  of  Joiepfaus.  Here  it 
wa%  greatly  cultivated  and  improved;  insomuch  that  a 
considenilili  [nirt  of  the  Egyptian  philosophy  and  theology 
seems  to  h.ivu  turned  altogether  ujion  numbers.  Hence 
those  wonders  related  by  tbeni  ni -  lU  vv.iiy,  tiinily,  with 
the  numU  rs  4,  T,  .'),  &c.  In  effect,  Kutlier,  in  Ills  Oeilip. 
.ilgypt.  shows,  that  tin'  ptiiiiis  o.\plaine<l  every  ihiiii; 
by  numbers;  Pythagoras  binisell  athrmiii){,  tliiU  the  nature 
of  numbers  pervades  the  whole  universe  ;  ami  that  (he 
ItDowlcdgv  of  numbers  is  the  knowledge  of  the  Deity. 

From  Egypt  orithmctic  wa*  trauaraitted  to  the  Greeks, 
by  means  of  Pythagoras  and  other  travellers ;  among  whom 
it  was  greatly  cultivated  and  improved,  as  appears  by  the 
writings  of  Euclidt  Archinwdei,  and  otheni  with  ihcse 
inpruveoienti  it  pMwJ  to  the  Bwimm,  and  from  thea  it 
hwdcicendcd  to  m. 

Tbo  name  of  tbe  aiilbmedie  however  thnt  it  now  in 
me,  is  very  different  from  that  above  alluded  to;  thb  art 
hnving  undergone  a  total  alteration  by  the  iatroduction  of 
the  Arabic  or  Indian  notation,  about  8  or  9  hundred  yeais 
since,  iuto  Europe:  so  that  nothing  now  remains  of  use 
fr'.:,.  ilii  Gn  eks,  but  the  theory  ai>i  .ibstract  properties  of 
numbers,  which  have  ito  dependence  on  tbe  peculiar  na- 

tamof  nny  putio«l«ri«elnflr  'nodaafMtoligB.  Thnt 


naedby  the  Hebnwi^OncIn,  end  SoMM,  we*  chiefly  by 
means  of  tbe  letters  of  th«r  atpbabeu.  The  Gicdia,  par-; 
licularly,  had  two  different  methods ;  the  fint  of  ibeie  wa» 
much  theiame  with  the  KomaH  notation,  which  is  sutKci- 
ently  well  known,  being  still  in  common  use  with  u»,  to 
denote  linte*,  ehHplers  atid  sections  of  books,  iJtc.  After- 
wunls  tlu  y  had  a  better  method,  ill  wliicli  the  first  iiini-  let- 
ters of  their  iilphaliei  represtiiii  il  li..  (.i-:  i.iniJjt  rv,  fmm 
one  to  iiirii,  und  the  next  rmu-  n  ()re>eiite<i  any 

number  of  lens,  from  one  to  nine,  i-,.  10,  20,  oU,  iVt. , 
to  yO.  Any  number  of  htfmireds  they  e.Npressed  by  othci 
letters,  supplying  what  tliey  wanted  with  some  other  marks 
or  characters  :  and  in  this  order  they  went  on,  using  the 
same  letters  again,  with  some  ditl'ereiit  inaiks,  to  express 
ihoiltands,  tens  of  thousands,  hundreds  of  thousands,  &c  : 
in  which  it  is  evident  Ihut  they  uppruached  very  near  to 
the  more  perfect  decuple  scale,  of  progression  used  by  the 
Arabians,  end  who  ncknowlcdge  that  they  bad  received  it 
firon  the  lodiaw.  <  Aichiaedce  nlto  invented  nnoiher  pc- 
culhir  scale  and  notntion  of  hit  own,  which  he  employed 
in  his  Areiiarius,  to  sonqHito  the  imnbor  of  dw  teads. 
Ptolemy  is  supposed  to  have  invented  thosengHininl  di- 
vision of  numbers,  with  its  peculiar  notation  and  opera- 
tions :  a  mode  of  computation  still  used  in  astronomy, &c, 

for  the  subdivisions  <if  tin  deforces  of  rircies.  Those  no- 
tations however  were  ill  adujiled  lu  tiie  pnittical  opera- 
■  -jns  of  arithmetic :  and  hence  it  is  that  the  art  advanced 
but  very  little  m  this  part ;  for,  setting  aside  Euclid,  who 
has  given  many  plain  and  u>t)i.il  pn  [eilit-s  of  numbers  in 
his  Elements,  and  Archinieiies,  in  his  Arenanus,  they 
mostly  Consist  m  dry  and  tedious  distinctions  and  divisions 
of  numbers  ;  as  appears  Irom  the  treatise*  of  Nicomachus, 
supposed  to  be  written  in  the  3d  century  of  Rome,  and 
puUisbed  at  Paris  in  1538;  as  also  that  of  Boelhius,  writ- 
ten at  Rome  in  the  6th  century.  A  compendium  of  iho 
andeot  arithmetic^  written  in  Gndc,  by  Psellus,  io  tho 

"  ~  "        in  IMS. 

Jodo> 

WUIiehiM;  and* more nmploworiiordminBohfad 
written  fay  Jordanus,  in  tbe  year  ISM,  nnif  hljl^ai. 
wKh  a  comment  by  Faher  Stapulenais  in  141011 

Since  the  introduction  of  the  Indian  notation  into  En* 
rope,  about  the  lOlh  century,  arithmetic  bas  greatly 
chHiig<>d  its  form,  the  wlioK  u1i;'>nihni,  or  practical  ope- 
rations with  numbers,  beini;  quite  altered,  »s  the  notation 
required;  and  the  authors  of  arithmetic  have  praduHlly 
Ijecome  more  and  more  numerous.  This  nietiio<l  «ns 
tiruu'iht  inti  Spain  by  the  Moors  or  Saraei:)^;  wiJiri.er  the 
learned  men  Irom  all  parts  of  Europe  repaired,  to  learn 
the  arts  and  science*  of  them.  This,  Dr.  Wallis  proves, 
began  about  the  year  lOOO;  particularly  that  one  Gierbertf 
a  monk,  afterwards  pope  Sylvester  tbe  9nd,  who  died  itt. 
the  year  1003,  broi^ht  thie  art  from  Spain  into  Fmnceb 
long  before  the  date  oflw  death :  and  that  it  was  known; 
in  Britein  before  the  year  llSO,  where  it  was  hrought  into 
common  uia  beJbra  IISO^  aa  aypcnn  by  the  treaiiM  of* 
arithmetic  of  JofanNncadoSneroBosco,  or  Halifax,  «1m» 
died  ahont  ttSC.  Since  that  time,  the  principal  writeMi 
on  this  art  have  bcen,  Barlaam,  Lucas  de  Btugo,  Toosiall, 
Awntinus,  Pnrbacb,  Cardan,  iichevbelius,  Tarulia,  Fat- 
her, Stifelius  Uc'iius,  llecorde,  Kamus,  Maorolycus,  He- 
mischiu!,  Feleiuiiut,  Steviiiu», Xylander, Kcrsey, Soellio^ 
Tacqui  i,  ('l^l^lu^,  Mi  (, us, Gemma  Frisius,  Bnteo, Ursinus, 
Romanus.  Napier, Ceulen,  Wiagau-,  Kepler,Brig^  Ulacq, 
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Murlaml,  Monn  ,  J<  akc,  WHrd,  Hatton,  Malrolm,  ij»c,  kc; 
the particulur  invontions  or  cxcellfDcies  of  whor:-..  wAi 
T»pticed  uiuirr  the  Jiniclra of  (Ik'  »evM>il  spccii  ^  <ii  i,.iiils  i  ; 
arithiiR'tic  hrn*  f<iiln»Hii;,  u  liich  may  be  iiicludnl  iin  n  r 
these  hi'Hils,  VIZ,  Thro rv  110.1 1,  I'laClical,  Iii'-lruim  iiliil,  Lr>- 
garilhmicai,  N'utiifii>u>,  Spirioui,  Uiinirs;il,  C  uniiiiDn  or 
Decsilul,  Fractional,  Radical  or  of  Surds,  Decimal,  Uuo- 
decimal,  Sexmtaiuftl,  DyiMPUcal  «r  Bimuy,  TjeOicqre*!* 
Political,  &c. 

Theoretical  Arithmktic,  U  the  tcienee  of  the  proprr- 
tiet,  reUlions  &c,  of  number*,  abstiiiciedly  considervd  ; 
with  the  mtons  and  demonstratiom  01  the  several  ruh^. 
Such  ii  that  comaionl  in  tha  7tli,  tth,  and  9ih  books  of 
Biic)i<ri  ElcmcBlii  the  Lognliet  of  Barlaam  tb«  inonk» 
pabltili«d  in  Lalla  by  J.  CiMtnbcn,  in  I60O;  the  Summa 
ArithflMticn  of  Lucaa  de  Burgo,  printed  14^4,  «ho  g\\v» 
dw  Mwral  divnjom  of  irain^m  fiom  MioomuiiiHy  imd 
their  properties  from  Cnclii),  witfi  tho  nlgorithm.  both  in 
integers,  fmciion!!,  extraction  of  roots,  &c;  Malrolm't 
New  System  of  Arithmetic,  Theon^icul  and  Practical,  in 
1730,  in  which  the  subject  i*  wry  coMfiletdy  treated,  la 
ull  its  brunclies,  &c. 

Practical  Arithmktic,  is  liic  art  (>r  [Mtti.  r  of  num- 
bcriii«  <<r  comjnuin:: ;  that  is,  Irom  cerlani  imm^eis  ai\en, 
to  tinil  oihcrs  ^iliii  ii  ^liall  have  any  proposed  relulmri  lu 
the  t'ornur.  As,  havini;  the  two  numbers  4  and  6  gm  n  ; 
to  find  their  sum,  which  is  lO;  or  their  diffir<-nce,  which 
is  3 1  or  ibcirptaduct,  24:  ornhelr  quotient,  I  or  a  third 
fl«|iortionel  lo  them,  which  is  9:  &c.— Lucas  dr  Rurno'a 
works  contain  the  whole  practice  of  iirithmetic,  thi  n  used, 

u.  II  Its  the  theory.  Tunstall  gave  a  neat  practical  trea- 
tise of  Arithmetic  in  lii&i  as  did  Stifeiius,  in  IM4,  both 
oil  the  jpiMtical  hmI  other  pans.  Tartalea  gave  an  entire 
liody  of  piactica)  arithmetic,  which  was  printed  at  Venioo 
in  1550,  coBsiiting  of  two  parti;  the  ftrmer,  the  appiicn- 
tion  of  aitthsMtic  to  cM  ««•»  thr  htilBr>  tlw  gmiimb  of 
algebra.  *  Aad  meet  of  the  autbon  in  the  Rit  before  enn* 
merated,  joined  the  practice  of  arithmetic  with  the  theory. 

Binary  or  Dvadic  Arithmetic,  is  that  in  which  only 
.two  fiii'.a."-  arc  iiwd.vii,  I  and  0.  S,  i'  B.nak\  . —  I.rJjiiii/ 
and  Ik-  Ijifjny  buth  invenicil  an  liialinunc  oi  liii'-  --i-ii, 
about  the  same  lime:  ami  Darigicourt,  in  the  .Misci.'!.  Uc- 
rol.  gives  (1  specimen  of  the  use  of  it  in  «rilliiiii  licfil  |iro- 
gressions ;  where  lie  shows,  that  the  laws  ot'  proiin-ssiun 
may  be  more  easily  discovered  by  il,  lliun  by  uny  other 
method  where  more  characters  are  U'-eil. 

Cominon  or  Kti/^or  Arithmetic,  i>  thai  which  is  con- 
cerning integers  and  viiltERr  fractions. 

DecimcU  or  Dccadai  AaiTHMETic,  is  that  which  is  per- 
brmed  by  a  series  of  ten  characters  or  figures,  the  pro- 
gtestion  beitw  irn>-liald«  or  firom  1  to  Itfa,  lOD*!*  &e;  which 
indmlet  bolii  intcgfn  Md  dedaal  fnetion,  in  the  cohp 
mn  Kilo  of  Bomben}  and  the  tharacien  itted  are  the 
ten  AmUe  or  In^  figans  0, 1, 3,  3, 4, 5,4,  7i  <•  !>> 
lliii  method  of  arithmetic  was  not  known  to  the  Gnrka 
Mul  Romut;  bnl«ra*  borrowed  {ram  the  Moors  while 
tb^  poneased  a  great  part  of  Spain,  and  w  ho  acknowledge 
that 'it  came  to  them  from  the  Indian^.  It  is  probable 
tliat  this  method  took  its  origin  from  ific  ten  tinkers  of  the 
hands,  which  were  used  in  computations  before  ;intlinietic 
was  brought  into  an  art.  The  l'.a>.tern  mi«*iuniiries  assure 
us,  that  to  this  duy  the  Indians  are  verv  expert  at  conipu- 
tins^  on  their  ringers,  without  any  use  of  |>cn  and  ink.  And 
It  IS  asserted,  that  the  Peruvians,  who  perform  all  compu- 
<^>t<mtT  ihe  diliitirat  anaiifaMnli  of 
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oiildo  any  I'uropean,  both  for  certainty  and  dispatch;  with 

ali  111'-  ri.ilr'^. 

Duudccii/iul  AltiTH  H  r,Tlc,  IS  thai  uhiili  proceed'  fr<»iii 
IV'  to  or  by  a  continual  subdivision  urcordihg  to  12, 
I  hiMsgreatly  used  by  most  urtilicers,  in  ki^uaring  or  cal* 
culatiiig  thequaiitiiy  ol  their  wurit|  U  BncklnjfOia,  Ctf* 
penlers,  I'limtcrs,  1  iUt>.  inc.  * 

hructiunut  Aui  1 II  M 1  TIC,  or  (if  fractivM,  is  that  whicli 
treats  of  fractions,  Lioth  vulgar  and  decimal. 

Harmonicnl  Ahitii  »i  etic,  is  so  much  of  the  docllinr  of 
nuinben,  as  relates  to  making  the  comparisons,  redtto* 
lions,  &C,  of  musical  intervals. 

Akithmrtic  <(f  liffaUa,  is  the  method  of  ramming  up 
a  series  of  numben,  of  which  the  namber  of  terms  is  inlS> 
nite.  This  method  was  Ant  invented  by  Dr.  Wallia,  as 
appeals  by  bis  treallie  on  that  subject ;  where  be  sbow# 
ila  uses  in  orometry,  in  finding  the  areas  of  superficies,  the 
oonlents  of  iolid»,  Jjcc.  But  the  method  of  fluxions,  which 
is  a  kind  of  univerMil  arithmetic  of  infiiiiii  s,  {teitunus  all 
these  more  easily  ;  as  well  as  a  pn  ut  many  otliir  lliiiigs, 
which  the  former  cu  iin  i  u  .n  b. 

Inttrumentul  Ahitiims.tic,  is  that  .ii  vUiith  llie  comiuuii 
rulc-s  arc  performid  by  iiistrumenlSj  or  soineson  ol  i,inj;i- 
ble  or  palpable  substance.  Such  are  the  inethcMis  of  com- 
puling  by  the  ten  fingers  and  the  trains  of  maize,  by  the 
f  ast-Indians  and  Peruvians,  ubuke-inentioiicd  ;  by  the 
Abacus  or  .Shwanpan  of  the  Chinese  ;  tlie  several  sorts  of 
scales  and  sliding  rules;  Napier's  bones  or  rods;  the  arith- 
metical machine  of  Pascal,  and  others;  bir  Samuel  Mor- 
land's instrument,  descnbcd  in  Kib'ti;  that  of  Lieibnitx, de> 
scribed  in  the  Miscell.  Berol.;  that  of  Pulenus,  published 
in  the  Venetian  Misccllanjr,  I7<)9i  and  that  of,  Dr.  Saan* 
deiwn,  of  Cambridge,  deicribed  in  the  introdactkm  to  bb 
Alatbia. 

Jalnral  Asitm metic,  or  «)f  imegert,  it  that  which  le-' 
^wcumt^w,  or  wiiota  onnben. 

JUMmI  AKmHEric,  or  Algekra,  is  that  which  is  per- 
formed liytetten,  which  represent  any  numbers  ind(Grui>  ly. 

l/igitrilkinietll  AritiimV.tic  is  performed  by  the  l.il.ies 
I'f  lo^iiri ihnis.     Tliev  «ere  inveiilid  b_\   b;iioii  Napier; 

ihe  U  sl  trestise  on  tlie  sutijict,  xs  Iti  ii;:;'s  Aiithmt lica 
L  --.II  r.  'siiiica,  l6'24. 

iyiii^ical  Aritiimi  in  .    See  Lor.  1ST  K  A  L. 

Siimeums  or  ?>iii^.r'<ii  AnixHMtTU,  is  that  which 
teaches  the  calculus  of  numbers,  ur  of  abstract  qnaniilies; 
and  is  pcitemad  bjr  the  coaunon  uuaseial  or  Aiablc  cbaf 
racter*. 

I^olitical  Arithmetic,  is  the  application  rf  arithmetic 
to  political  subjects;  such  a>,  ihestrength  and  revenues  of 
nation*,  the  number  of  people,  births,  burials,  Sec.  See 
FoimCAi.  Arithmetic.  To  this  h«i|i  may  also  be  referred 
the  doctriaa  of  Chaaaoe,  Oamint,  Ac  ■ 

Anrniiicnc  of  Rii^eab,  AoftMoIr,  and  Jhwitoiab. 
Sea  KAtfKAi,  Ac. 

AmiTBiiiTic  qiT  .SiWi.   See  Sines.  ~ 

JSwi^taifinaf  or  Sexagenary  Arithmetic,  is  tliat  which 
proceeds  by  sixties;  or  the  doctrine  of  sexagesiiuul  frft- 
tions  :  a  method  which,  it  is  supposed,  was  invented  by 
I'tulemy,  in  the  2d  century ;  at  least  they  were  used  by 
him.  In  this  notation,  llie  intcj;ral  numbers  from  1  lo  59 
were  expressed  in  the  common  »ay,  by  the  alphabetical 
letters  :  then  sixty  was  culli  d  ii  Sexniji  na  Prima,  and  mark- 
ed with  (I  iIhsIi  to  llie  character  i,  thus  i';  twice  sixty,  or 

120,  thus  ii'i  and  ao  oa  ui  i9  times  6o,  ur  35*0,  which  is 
IM^.  .Aftia,  60  tioaafit^  or  afiQO^wai  called  Sex^iiBa 
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Sccumln,  and  marked  with  two  dashes,  thus  i ';  twice  560O, 
'  tbui  It";  and  ten  tiaes  3600,  tJiut  x";  &c.  And  in  this 
'way  the  noUtton  was  continnrd  to  any  Un|>ih.  Uiit  when 
ft  number  lits  iban  sixty  wm  to  Iw  joim  d  uiib  any  uf  ibe 
tcxagetiiaul  intrfjrrs,  their  proper  i-xprrssion  was  atineittd 
witboul  tite  ilnsh:  thus  4  iim«n  6o  ami  '2^^  is  tv'xxv; 
tha  iniB  al  twicv  60  anil  10  lirom  3600  and  1 5,  is  x'ii'xt. 
8o  nm  did  die  intcntor  of  thia  oetbod  approach  to  the 
Arabic  notatioa:  imtcad  ot  ihewMuminal  proitciiioi^' 
h<^  hail  only  toaubsidtuic  diciinal jMM  lo  —ke  tiuil^|M 
of  nu«U-ni,  rram  t  to  9,  Mmple  chancten,  and  to  intra- 
dure  unothiT  character,  wbicb  should  signify  nothing  by 
iticif,  but  icrving  only  to  fill  up  pl«c<'». — The  S'xagrna! 
Inli-;:i '>riiin  w<Ti-  mon  laid  a^uir,  iii  i  nl.n.ir.  i  alculatmiiN, 
aftrf  lln;  intrcKlurtinn  of  tljo  Arabic  lioiiiliuii  ;  but  tlie 
ju-xagiriinial  fiailioii's  coiitiiiui  li  till  the  intention  of  di-ci- 
m.i!s,  nml  inuenl  an-  Mill  us<  d  in  ih'-  »iibilivi»!<)ii4  of  (he 
rtrj;r<i'.s  I'f  ciicuUr  arcs  anii  an£;li'5  ;  I'xcopl  liv  (lie  Fn  ru'li, 
who  now  divide  their  circlrn  iiilo  iOi)^;  mid  wt-n-  it  nut 
for  the  difficulty  in  ovcrcmning  the  prejudices  for  old  csta- 
Uishfid  custons,  this  method  would  doubtleM  be  generally 
iMtfodund,  a»  it  is  oMMk  better  in  prae^  then  that  in 
commoii  use. 

Sam.  Keyher  haii  invented  a  kind  of  tcxagcnal  rMls»  in 
imitation  of  Napier's  b<iiu-«,  by  tm'nw  of  which  the  mska- 
fCtimnl  erilharlic  b  easily  prrfonncd. 

A  good  tteetise  on'  the  Greek  or  Sexagenary  Antb« 
melic  baa  lately  (ISM)  been  given  by  M.  DelMhie,  in 
F.  Ptyiwd'fl  Vtencb  tnnslalion  of  the  wnrks  of  AfChl> 
nedet;  and  a  eery  good  account  is  givra  of  the  niiw  in 
the  Cdinborgh  Reviei^,  vol.  IS,  pa.  185. 

SpeeioM  Aritiimctic,  is  that  which  gives  the  calculus 
of  (juantitit-i  iis  deiigncd  by  the  letten  of  the  ulphaliet  :  u 
method  which  was  more  genrraliy  introduced  into  alfje- 
bra,  by  Virtu ;  U  ing  the  saim-  as  litrral  arithmolic ,  or  nl- 
tjebni. —  Dr.  Wallis  ha*  joined  the  numeral  witli  llic  lite- 
ral calculus;  liy  wincli  nu'ans  In-  has  dcnvni^tiMtrd  the 
rules  toi  fructiims,  pni|)ortnins.,  e  xtraction  of  roots,  &C ; 
of  which  a  compi  ndiuni  is  given  hy  himself,  under  the  ti- 
tie  of  Elementa  Ariihnieticx,  in  the  year  I6'98. 

Tabular  .XKirilMKTlc,  is  that  in  nhich  the  operations 
of  multiplication,  division,  i*c,  are  performed  by  means  of 
tables  calculated  for  ihut  purpose:  such  as  those  uf  flcr- 
wart,  in  l6lO;  and  my  tables  of  powers  and  prmlucts,  pub- 
lished by  order  of  the  ('ommissioners  ot  Longitude,  in  I7SI, 

Tuneiie  At^nHUtrtc,  ia  that  in  which  wnl;^  the  four 
cbamcm*  0, 1, 2,  3.  an  used*  A  Imttise  of  ihk  hind  of 
•fidunctic  is  eximt,  by  Erhani  or  Echanl  Wei|et.  Bat 
.  both  titia  and  binary  aridimetie  axe  little  better  than  eil' 
'  riosilies, especially  with  regard  to  practice;  as  all  num- 
bers are  much  more  coinp«ndloosly  and  conveniently  ex- 
pressed by  the  common  di  cuplr  scale. 

yudgai,  or  Common  A h  i  i*)i  vi  ltic,  is  that  which  ulates 
to  integers  and  vulgar  fracimns. 

frn'rerW  Aritii  M  r.Tli  ,  is  ihi'  name  givrn  by  Nrwton 
lo  the  science  ot  ali;i  lirB  ;  ofwhirh  \:c  lifl  at  Cambridge 
Alt  excellent  treatise,  being  the  lext-bvuk  drawn  up  for  the 
use  uf  his  lectures,  whik  be  WIS  professor  of  tsubemadoa 
in  that  university. 

ARITH  M  ETICAL,  imnclUng  relating  to^  or  after  dw 
manner  of  arithmetic. 

A  a  iTM  M  ETiCA  L  OtmpUment,  of  a  logarithm,  is  what  the 
Itfgarilhm  wants  of  lo-tMXXK)  &c ;  and  the  easiest  way  to 
'    find  U  ■»  banning  at  the  left  hand,  to  subtract  every  fi< 
gun  from  ft  and  the  lau  fron  10.  So^  the  MiduMSkal 


complement  of  8-2501396  is  174986'04. — It  is  cummoDly 
Used  in  trigonometrical  calculations,  when  the  first  term 
of  a  proportion  is  nut  radiiu ;  in  that  case,  adding  all  to* 
gather,  the  logarithms  of  the  fld.Sd,  and  arithaetioal  eoa^ 
.plemcot  of  the  lit  term. 

AntTiiMiTiCAL  Itutnutaut,  or  MmMm,  ««  iMtriK' 
menia  for  pertWrmiug  Kiitfaniilical  cuBpttlttbiiB) 
Napier's  bones,  scales,  sliding  rules,  Pascal't  machine,  &c. 

AktTHWtTlCAL  AfttM,  or  JWa^Mi.  ii  the  middle  term 
of  three  quanthhs  la  sridUMdeal  progression ;  and  n  al- 
ways c(|uul  to  half  the  vam  of  die  aKtremes.  So,  an  arith- 
metical mean  between 3  and  7*  ie  ft;  and  between  •  and 
b,  is  |fl  -»•  \h. 

AKii,  an  anthmolical  mean  among  any  number  of  qoib* 
tilii  s,  IS  orteii  fimnil  by  adding  the  ()uaniilM-s  all  topelher, 
and  then  tlMiili  tlif  sum  by  llu'  nunibi  i  nl  Uj,  terms. 
So,  of  the  SIX  numbets  1,  3,     6,  7,  i^,  the  sun)  is  30, 

wiiicli  divided  i>y  6,  gim    lor  the  mean  or 

iiiiiii;;  ilifm  all. 

A  I'  IT  II M  KT I  c  A  I.  yVn'rciiion,  is  a  ieries  of  ihre^or 
quaniiiies  that  have  all  the  same  common  diffinence:  as 
3,  5,  7,  Acc,  which  have  the  common  dUfcience  3;  and  a,  . 
a  -t-  d,  a  -t-  'itt  \c,  which  have  alt  the  same  diiferenoe  dL' 

in  an  anihmetical  pragremion,  the  chiel  properties  am 
these :  1st,  The  sum  of  any  two  terms,  is  equal  to  die  Slun 
of  every  other  two  that  arc  taken  at  equal  dialnnees  boa 
the  two  former,  and  cquai  to  double  Ibe  middle  tefB  when 
Iheiw  is  one  equally  distant  between  those  twn:  an^  in  tb« 
•Miaa <M,  9,  3.  4,  5, 6,  &c,  O  6st  I  ♦  3asS  ■«-4s 
twin  3  or  6^d,  The  sun  of  all  the  terms  of  any  ariib- 
Mticd  imgreision,  is  eqtutl  to  the  sum  of  as  many  terms 
of  which  each  is  the  arithmetical  mean  between  the  ex- 
tremes; or  equal  to  half  the  sum  of  the  eMn  nxs  mnlii- 
plied  by  the  number  of  terms:  so,  the  sum  of  ibes«  u-n 

termsO,  1, 9, 3, 4^  5,  tf,  7, «,  ft  >»        «  1.0,  or  9  k  S, 

which  is  45;  and  llic  reu~  ii  uf  iLia  will  np;i<ar  by  innrt- 
ing  the  terms,  selling  them  under  the  former  terms,  and 
ad<ling  each  two  togstbcr,  wbich  Will  Make  double  the 
same  serie*; 

thus       0,  1,  2,  3,  4,  5,  6,  7,  8,  9. 
inverled  %  8,  7.  6,  5,  4,  3,  8,  1,  0, 
iuras  9,  y,  9,  9,  9,  9,  ft  ft  ft  9; 
nhere  the  double  series  hcu^g  dia  sane  number  of  9^s,  «r 
sum  of  die  extremes,  the  single  seiies  mist  bo  die  half  of 
that  siinu-3d,  Ute  last,  or  any  term,  of  s«cb  •  loiai,  is 
equal  10  the  lint  ismi,  wiib  the  product  added  of  the  ca» 
«M»  diflrrcnee  nuldplied  by  1  less  dian  the  number  of 
terms,  when  the  aeries  ascends  or  increanes ;  or  the  same 
product  sublrnrlt  il  when  the  series  drsceixls  or  decreases: 
!0,'uf  the  sents  1,  2,  3,  4,  \c,  whnsi-  rnnimnn  dirlVrincc 
n  1,  the  50lh  In  111  is  1  -t-  I  «  4.0,      1  -1-  4f).  lliat  is  .iO  ; 
and  ol  the  serui  iO,  41),  48,  &c,  the  iOih  ti-rin  is  50  — 
1  X  4ftor  iO  -  49>  which  is  1.    Also,  If 
a  denote  the  least  term, 
t  the  yieatest  U  riii, 
d  the  common  d:l3erciicc, 
n  the  number  of  the  icrmS^ 
and  <  the  sum  of  them  all; 
thra  the  principal  pmprrties  are  cxprsusd  b]rthaiecqn»> 
tkms,  vis,       a  aa  a  -4-  </(n  -  1), 
,  a  SB  t  -</(»-  I), 

eswfa  -t-s)!'! 

s«r«-|rf(a- 

tsatcW-idO*-!)]*. 
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Also,  when  ibe  hnl  U-nn  a,  is  0  or  nothing;  tlMilcBlHH 
become       amtd  {u—  l),     and  <  =  |tn, 

AKITMCneiL  Froportion,  it  wbrn  the  <lifft;n>ncc  be- 
twcm  two  iMNIiti  w  equal  to  the  difference  between  two 
Other  tcmH.  So,  the  four  terms,  3,  4,  10,  is,  are  in 
wihmttoJ  proponkm,  becwue  the  diAfrnoB  between  S' 
■Dd  4,  which  n  S,'  it  cqml  t»  dM'dHkfiaGe  hetereen  10 
sad  19.— IV  principal  property,  hceidci  the  kbo««»  uid 
which  indeed  depeodi  upon  it,  U  thii,  thet  the  nun  of  the 
fintend  last,  is  equal  to  the  turn  of  the  two  meant :  so  2 
.  -•-  1*,  or  the  »um  of  2  and  13,  i»  equal  to  4  10,  or  the 
.  sum  of  4  and  10,  which  is  14. 

Arithmetical  Raiio,  \s  (he  name  as  the  difference 
of  any  two  terms:  so,  the  Hrithmrtical  ralio  of  the  scrit'S 
2,  4,  6,  8,  2 ;  and  the  arilhracticjl  l  alio  ol  u  and  k,  i« 
a~b. 

AaiTit  METICA  L  Scald,  a  name  given  by  M.  HulTon,  in 
the  Meninirs  tit' the  Ata<l.  for  1741,  to  different  progres- 
sions of  numbers,  according  to  which,  arithmetical  com- 
putations mifbl  be  made.  It  has  already  been  remarked 
above,  that  our  common  decuple  scale  of  numbers  was 
probably  daiifcd  from  the  number  of  fingers  on  the  two 
hands,  by  means  of  which  the  earliest  and  most  natural 
mode  of  compuUtion  waepertbTmed;  and  that  other  scaki 
of  aumhers  fomed  in  n  aimllnr  my,  but  of «  diffneot 
amber  of  chuucten,  hue  been  devrnd ;  each  at  the  hi- 
aofjr  «nd  letiaeiie  ecalee  of  trithmetic.  In  the  menMlr 
above  dtcd,  Bufbn-  gim  a  short  tad  simple  method  to 
find,  at  once,  the  manner  of  writing  down  •  number  giwn 
in  any  scale  of  numbers  whatever;  with  remariu  on  dif- 
fi  rent  iciii.-^.  'Ilir  iicral  effect  nf  any  number  of  cha- 
racterii,  diticri  nt  Initu  ten,  is,  lliul  by  a  smaller  number 
of  characters,  i'.ny  numlii-i  v.ii.l  i  ref|uire  more 

places  of  fioure'.  t<i  express  or  lienute  ilUy,  but  then  arilh- 
ivie;.(_jl  ciik  ul  itii  ns,  by  multiplication  and  division,  would 
lie  cajicr,  as  the  small  numbers  '2,  3,  4,  &r,  ore  easier  to 
use  than  the  larger  7.  8,  9  ;  and  by  empluyinj;  more  than 
ten  characters,  though  any  given  number  would  be  ex- 
ptned  by  fewer  of  them,  yet  the  calculations  in  arith- 
metic would  be  more  difficult,  as  by  the  larger  numbers 
1 1,  12,  13,  &c.  It  is  therefore  concluded,  on  the  whole, 
that  the  ordiwuy  <i«cnple  ecalo  is  «  good  convenient  me- 
dium among  them  all^  tha  aumhon  aapicwcd  being  tole- 
laUy-ihort  und  compendioiiit  nd  no  aii^  eharacler  ro> 
pnaanling  too  large  a  nunhar.  Tha  laiae  mi^t  alao  he 
.■aid,  and  perhaps  moi«,  of  a  duodadmal  eadOt  hy  twelve 
chamrters,  which  would  express  all  nnmben  in  a  mere 
comjicnilieius  way  than  thi  lii  t  ujile  i  rn  ,  :ntil  yrt  no  single 
character  would  repre-^*"!!  a  iiur.jU-t  loo  larpe  to  compute 
by;  as  !■«  coii'u.'vn  .1  by  'lie  now  common  practice  of  I'X- 
tending  the  inuStiplicaiion  table,  in  schwil  book&,  to  12 
numbers  or  dinieasiuns,  each  way,  instead  of  10;  and 
e*cry  person  is  taught,  with  sufficient  ease,  to  multiply 
uiiil  diside  by  11  and  1'2,  as  easily  as  by  H  or  9  or  lU. 
Another  convenience  might  be  added,  namely,  that  the 
Dumber  1^  admitting  of  more  submultiples  than  the  num- 
ber 10,  there  would  be  fewer  expressions  of  intcrminate 
fractions  in  that  ««y  than  in  decimals.    So  thul  on  all 
accounts,  jt  ie  vtiy  probable  that  the  duodecimal  would 
be  the  best  of  uqr  idle  .of  numbers  whatever. 
ARirHi(BTiCAi.7l>Hi|glr.  SeeTfttAmuifrtthwcM. 
ARMED.  Aaagpietorloaditotwltiaidlohaarmed, 
wben  It  ts  capped,  caaed,  or  set  in  hm  ««r  Metl;  to  mdce 
It  take  up  a  greater  weight  (  and  abo  leadUy  to  distill. 
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It  is  surprising,  that  a  little  iron  fastened  to  the  pole* 
of  a  magnet,  should  SO  greatly  improve  its  power,  as  to 
make  it  even  IM  tiiBOi  stronger,  or  more,  than  it  is  na» 
torally,  or  when  unarmed.  The  effect  however,  it  accMS, 
is  Dot  uniform ;  but  that  some  magnets,  hy  aiming,  gain 
much  nma,  and  othen  much  lew,  than  one  w«mM  cm- 
pect{  and  that  aome  magnets  even  kne  aome  of  tkw  efi* 
eac^  hy  arming'. '  In  gmeiat  however,  the  thiohnm  of 
the  iron  armour  ought  to  ha  nearly  prupurtiooed  to  the 
natural  strength  of  the  magnet;  giving  thick  irons  to  a 
strong  magm-t,  and  to  the  vreaker  ones  thinner :  sa  that 
a  magnet  may  easily  be  over-loaded. 

The  usual  armour  of  a  load-stone,  in  form  of  a  right- 
angled  paruUeli  pipedon,  cot  sisls  of  two  thin  ]iief  e^  nt  in'ii 
or  steel,  ol  a  5;jii  irc  (i^ure,  and  of  n  tlmkiicis  propoi- 
tiuned  lo  tiie  g<j<nliie^s  lii  tbe  stone;  the  piopir  tliickne-b 
beini;  found  by  trials;  always  tiliii<;  it  thinner  and  thin- 
ner, till  the  effect  be  I'ound  lo  be  the  jcreiilcst  possible. — 
The  armour  of  a  spherical  load-stone,  consists  of  two  steel 
shells,  fastened  together  by  a  joiiii,  and  covering  a  good 
part  of  the  convexity  of  the  stone.  Thisalao  is  to  be  illed 
away,  till  the  effect  ih  kr.nnl  to  b«  the  greatest. 

Kircher,  in  his  book  Dc  Magnete,  says,  that  the  beat 
way  to  arm  a  luad-stone,  is  to  drill  a  hole  through  the 
Mmhb,  fiom  pole  lo  pole,  in  which  is  to  be  placed  a  ateel 
rod  of  a  moderate  length :  thii  rod,  he  anifti^  will  taho 
up  BMra  wcl|jbt  at  the  end,  than  the  atone  itself  when 
armed  in  the  way.  And  Oamendua  and  Cabau* 

prescribe  the  same  method  of  arming.  But  Mnscheu- 
broek  found,  by  repeated  trials,  that  the  usual  armour,  al* 
ready  mentioned,  is  pri  ferable  Icj  Kircher's  ;  and  he  givck 
(lie  hallowing  directions  hjr  piep.iring  it.  When,  by  means 
of  steel  filings  and  a  small  needle,  the  poles  of  a  magnet 
ha\c  been  discovered,  he  directs  that  the  adjacent  parts 
should  be  rubbed  oi  ground  inio  parallel  planes,  wiiliuut 
shortening  the  pohir  axis;  and  the  magnet  may  U-  after- 
wards shaped  into  the  figure  of  a  cube  or  paralieiopipedoJl, 
or  any  other  tigure  that  may  be  more  convenient.  Platt-s 
of  the  softest  iron  are  ihett  prepared,  of  the  same  length 
and  breadth  with  the  whole  polar  sides  of  the  magnet: 
the  thickness  of  whieh  flalm,  so  as  that  they  may  umit 
and  convey  the  greatest  quantity  of  the  magnetic  virtue, 
ia  to  be  previouMy  determined  by  eoipcriment,  in  a 
aer  whieh  ha  pntiaihca  ibr  the  purpose.  A  thieher  i 
of  iron  it  to,  ho  aimesed  at  right  anglat  to  thase  pL«n^ 
which  b  called  pes  armatune,  the  foot  or  base  of  the  ar- 
mour :  then  the  plates,  nicely  smoothed  and  polished,  are 
to  be  firmly  attached  to  each  of  the  polar  sides,  while  the 
thicker  part  or  base  is  brought  into  close  contact  with  the 
low<  r  part  of  the  n:aL,ijel.  In  lli  s  ,  he  says,  iilniost 
all  the  maa'iflic  virlue  iv>u:ii>i  liem  l!.e  polos,  enters  into 
the  armour,  is  directed  l  i  tlu  tia-e,  umi  cnniensed  by 
means  ol  its  roundness,  so  as  to  sustain  llie  utest  weight 
of  iron.  ]',::■-.  llspi-r.  and  Geoni.  Dissert.  17-9,  P*-  HI- 
ARMILl.ARY  Splterc,  a  name  given  to  the  artificial 
sphere.  Composed  of  a  number  of  circles  of  metal,  wood, 
or  paper,  which  represent  the  several  circles  of  the  system 
»f  the  world,  put  together  in  their  natural  order.  It  serves 
to  assist  the  imagination  to  conceive  the  disposition  of  the 
heavens,  and  the  motion  of  the  celestial  bodies. 

This  sphere  is  represented  at  Plate  S,  Fig.  6,  where  r 
and  «  represent  the  pole*  of  fho  woiM,  as  tha  ci|Bator, 
s&  the  adintie  and  aodiae,  ffsa«l»  dw  a»efidiaa,.or  tho 
•aMtial  eoMn^ « tha  ea|11i»  W9  dm  troeie  of  caaoer*  ur 
tha  tropk  of  e^ptkom,  mi  dm  arctic  aide,  ot  Ihaaai- 
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•mir,  N  and  o  the  poles  of  the  fcliijlic,  auJ  us  ihc 
lioruon. 

The  Armillary  sphere  const ructcd  by  Dr.  LAmg,  iii  Pcin- 
bruke-hall,  Cambnd^o,  vma  18  tVrl  in  diaiiK'liT ;  and  will 
contain  nore  iban  30  persons  silting  within  it,  to  view,  lu 
froBi  a  oenire.  tU«  reprcseDlalion  ol  tlie  cili'stiul  spheres. 
The  low^r  part  of  the  sphere,  which  is  not  vi&iblo  lu  Eng- 
land, ii  cut  off;  and  the  whole  apparatus  is  so  contrived, 
that  it  may  be  ttumed  round  withMlitUelabour  uieca- 
ploved.  to  vind  n  cohummi  jack.  Setalto  Mr.F«t|«> 
MB  •  tpheie,  in  bit  Lcctnia*  p.  19^ 

Abhiua&t  n%MiMMMrtM  imtnuMitfiiit  eontrived 
by  Mr.  If uago  MHmj»  ud  inpnmd  hf  Mr.  FlH|«i»«t 
eoMitting  of  five  Kmicirclct;  «u»  meridiM.  venial  cir- 
cle, horison,  hour  circlr,  and  equator  ;  to  adapte  d  lo  ench 
othrr  by  joints  and  hinges,  and  so  divided  and  graduated, 
as  to  strvc  lor  e!(p<'<lilimisly  reMiUinj'  n  .i  [h rbloiiis  in 
astronomy,  dialling,  and  spherical  trigonometry.  The 
drawing,  description,  and  ini  thod  of  Vling  itrlW^  b*  HiMI 
in  FergirtonS  TrrfCtt,  pa.  80,  J><c. 

AlVllLl.KRV  l:>  heii^Y  tquipage  of  war;  runifiu- 
hrnding  all  surl*  of  lar^r  luc-.nisis,  wiih  ihrir  appuric- 
nances ;  as  cannun,  morlars,  himitzcrs,  carrun  iiiis.,  bull>, 
shells,  petards,  inu^qu  't'-,  car(iiiii-5,  ;  being  what  is 
otherwise  called  OnHuLim  I  be  terra  is  oImi  applied  to 
the  laixer  instrument!)  uf  w<ir  used  by  the  ancients,  as  the 
catapult,  balista,  batterinn-ram,  ttc. 

Tbe  term  Artillery,  or  Royal  Artillery,  ii  also  applied 
lo  tbe  penooa  «-mpk^e<i  in  that  serviee;  a*  also  to  the  art 
«r  tamn  iikvlf;  and  fonnariy  it  mt  ntad  for  what  is 
ntbeiwiie  called  Pyrotedinia,  or  the  wt  of  fira^orki^  with 
fbeappantMnnHdinttnmMnto  bctoii^totkcwm. 

There  hav«  been  many  authon  on  tbe  rabjeek  of  anil* 
I<*ry;  the  principal  of  which  are,  Buchcrius  Braunitii, 
Tartalea,  Collado,  Sardi,  Ufano,  Hanzclcl,  Digger,  Mo- 
retti,  Siuiieiiowrli,  Mieth,  d'Avilour,  .\Iiini ssoii,  .Mailt  I, 
St.  Julien  ;  and  the  later  autimri,  of  still  more  conse- 
quence, are  Bclidor,  St.  Rcmy,  le  Blond,  Valierc,  Moro- 
pile,  I'u^et,  Coudray,  Robins,  .Muller,  Kuler,  Antoni,  Tig- 
n"l:i,  Schecle;  to  which  may  lii>  iuUinl  the  exlen>ive  and 
accurate  e.xperimrtsts  publislu-d  in  thi-Cd  and  3d  volumes 
of  iny  Tract>,  anil  in  iIk-  Phili.s. 'I'nms.  I<ir  177S. 

Park  o/ AaTtLLERT,  is  that  ptncc  in  a  camp  which  is 
tet  apart  fur  the  artillery,  or  kige  fire-arms. 

Traile  or  Train  of  AaTiLLiiiY,  a  number  of  tiiaoce  of 
ordnuuLt,  mounted  on  carnages,  with  all  their  ninitnre 
it  fur  nwrching.  To  thi»  coninonly  beiongioorumiCnn- 
aon.  balls,  abelb,  tte^tbm  m  train  of  artillaiy  in 
Moat  of  the  royal  magasios;  U  in  tbe  Tower,  a(Poftf> 
■ouih,  Plymouth,  fcc,  but,  above  all,  at  Woolwich,  from 
whence  tJic  ships  commonly  rcceiw  their  ordnance,  and 
wbeie  they  are  all  completely  proved  before  they  arc  re- 
ceived into  thi-  public  ser'.icr. 

The  ofticiTs  and  men  ol  itic  artillery  were  forraeriy  called 
also  the  Train  of  .-Vrtillory,  but  fire  now  culled  tbe  Royal 
Rej^meut  of  Artillery;  consiiting  at  present  of  ten  bal- 
talioni,  and  «>veral  troops  of  Horse  or  Cavalry  Artillery. 

ASCENDING,  in  Astronomy,  a  term  uaed  lu  denote 
any  star,  or  degree,  «  Other  pMltof  thohcaTCWt,  rMng 
abovf  the  horizon.  ' 

Am  K  >  ri  1 N G  L/iiiiude,  it  ihn  IttiUide  of  n  planet  when 
going  towards  the  north. 

AacBK  Dixo  Node,  is  that  point  of  a  planet's  orbit  where 
it  cimaei  the  ecliptic,  in  proceediac  nonfaward.  U  i* 
othnrwiM  calkd  the  Mofdrnm  Mode,  nad  is  dcnoied  by 


tbii  tharai-tor  Q,  reprw riling  a  node,  or  knot,  with  tho 
larger  part  upnards;  ;  and  the  same  cliarat n  i  revemed  it 
used  to  ileni)t<  the  oppo«ite,  or  Descending  Niidc  Q. 

AscLNOiMi  Sigiu,  are  such  ai  are  upou  their  ascent, 
or  rise,  I'roni  the  nadir  or  lowest  point  of  the  heavens,  to- 
wards the  zenith,  or  highest  point. 

ASCENSIUxN-Dat,  otherwise  called  Uok  7Wm%,  is 
a  featival  of  the  church,  held  10  days  befen  Wbtt^iuidiiy* 
io  memor)'  of  our  Saviour's  Ascension. 

ASCENSION.in  Astronomy,  L>  cither  RigbtorOUiqu. 
AscxHsion  of  the  sun,  or  of  •  Mar,  is  that  do* 

Eof  the  equinoctial.  aecotmtBd  from  tbe  btpnning  of  ' 
b  which  riMss  with  tbcai,inftt|i[^i)pbui«'*<Qhllig|it 
Asetoiion.  is  that  pomt  of  the  aqninoclial,  counted  at  fae> 
fere,  which  cones  to  the  meridian  with  the  sun  or  star,  or 
other  point  of  the  heavens.  And  the  reason  of  thus  re- 
ferring it  ti>  the  ii'.eriiliiii!,  bri  Hu^e  this  \s  aUvaysat  yi^ht 
auj,lf^  ti>  till-  eijuinoctl.il  ;  v\liena>  the  horizon  is  so  only 
in  a  ngtit  or  din  ti  sphere. — The  right  asceniiim  blands 
opposed  tu  the  i igli t  descensiou ;  and  is  tiniilur  to  llie  loti- 
j^ituili-  1)1  [iliitcs  on  the  earth.  All  the  ti.M  d  itar^,  <.Vc, 
»hich  luise  the  karac  right  ascension,  that  is,  which  arc  at 
the  same  distance  from  the  first  point  of  Aries,  or,  which 
comes  to  the  same  thing,  which  arc  in  the  same  meridian, 
ri»e  at  the  same  time  in  a  right  sphere,  that  is,  lo  the  peo- 
ple who  live  at  the  equator.  And  if  they  be  not  in  tbe 
sama  meridian,  the  difference  between  tbew  times  of  riliB^ 
or  of  coming  to  the  raoridiao  of  any  plaea,  is  the  PMcitu 
diflerence  of  their  light  aioensioii.F-lhit,  in  an  Mliqua 

Sbcfc,  where  the  borism  Cuts  all  thsnwridisn*  obUqndy,' 
fiiereot  points  of  the  sane  gtendian  never  rise  or  tet  to* 
gelher:  so  that  two  or  more  stars  on  tbe  ane  meridian, 
or  having  the  same  right  ascension,  never  rise  or  set  at  tbe 
same  time  in  an  oblique  sphere  ;  nnd  the  more  obliqttO* 
the  sphere  is,  the  greater  is  the  iiiletval  of  time  between 
them. 

To  find  the  ri^hl  nsceUMoii  of  the  sun.  stars  &c,  by 
trigonometry,  b  iy,  .As  radius  is  to  the  cosine  of  the  »un's 
greitte^l  dectaiatiou,  or  obliquity  of  the  ecliptic,  so  is  the 
tangent  of  the  sun's  or  BUI'S  JoagHnde,  to  the  lugsnt  of 
the  right  ascension. 

Right  AscESSioN  of  the  Mid-hcaim,  often  used  by  as- 
tronomers, especially  in  calculating;  eclipses  by  means  of 
the  nona^esimal  degree,  is  the  right  ascension  of  that  point 
of  the  equator  which  is  in  the  meridian;  and  it  b  equal  to 
the  stun  of  the  suo's  right  atcensionaiid  the  horary  angle 
or  true  tino  reduced  to  degrees,  or  to  the  sum  of  we 
mean  longitude  ud  menn  time. 

OMfu  ASCI*  sioii,  is  m  uck  of  the  equator  iBteteepl> 
ed  between  the  fint  point  of  Aiici,  and  uat  point  of  no 
equator  which  rist-s  tefelher  with  the  star,  dtc,  in  aa  oh* 
litjuc  sphere.— The  oblique. ascension  is  counted  from 
w>  ;t  to  eaii ;  and  is  greater  or  less,  according  to  the  vari- 
ous obliquity  of  the  sphere.— To  find  the  oblique  ascen- 
sion of  the  sun,  we  Ascension  a  i.  and  Glooe. 

The  jlrch  of  Oblujue  Jaoiston,  is  an  arch  of  the  horizon 
intercepted  i.ri'.v. ,  n  :!,e  bei;iiiri;ii^  of  .\rii  5,  and  the  point 
of  the  equator  wincii  riM  s  wiili  a  star  or  phiiiel,  in  au  ob- 
lique sphere;  anil  it  varies  witli  llie  l.iti-.u  li-  of  the  place. 

liefraction  of  AscKNSiOK  (uid  Dco-enuon.  See  Re- 
fraction. 

ASCENSIONAL  Dir»SR«'><"i^^.  is  the  ditTerence  be- 
tween the  right  and  oblique  ascension  of  the  siune  point 
on  the  surface  of  the  sphere.  Or  it  is  the  tiiue  the  &ua 
(ii«sorMlsbafbi»orafk«<»o'doch.  ^ 
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To  find  thp  B*ceinioiial  difffrtricc,  havinj;  given' the  within  the  wator  attracting  as  much  tlownwnrJs  an  up- 

sun's  drclinalion  anil  the  lutiiudc  <>(  llii-  place,  say.  As  ra-  wardb;  it  folliAs,  t'..i!  rir-     limi  urNijcti  pi  m  irles  is  vi  iv 

diuit  is  to  the  tanccnt  of  the  latitude,  so  h  the  laiigctit  of  slioiij>;  lliou|ih  ijcui;;  lr»s  tiniit'  ami  (.li  ic  llian  ilio«e  uf 

the  sun's  decliriatn  ii.  i  i  tiie  siue  of  the  asccnjioiial  ditilT-  ihrir  action  is  not  it|UHl  U>  tiiat  of  gl«n,  « li;tL  keep* 

ence  sought.    The  suii's  ajcensitiual  dilTereiicc  tonverted  quicksilvtr  suspenili  d  to  (he  hi  ij;hl  of  00  or  /O  inches, 

into  time,  iho«>  how  much  he  rises  Ix^lore,  or  sets  after,  and  therefore  utls  i^L  li  n  i  jicr  which  would  keep  water 

6  o'clock.    When  the  sun  hus  north  declination,  the  right  suspended  to  the  hi-i^jht  of  above  60  feet.    By  the  same 

ascension  is  greater  than  the  oblique;  but  the  contrary,  principle,  a  sponge  s>icks  in  water,  and  the  glands  in  the 

when  the  sun  has  south  declination ;  and  the  difference,  in  budiea  fit  animals,  according  to  tbeir  scveni  natures  and 

vither  case,  is  the  asMiuiooal  difference.  dispositions,  iabibe  varioflt  jidew  tnm  tbe  bkod.'*  Op- 

'  ASCENT,  the  motion  of  a  body  from  below  tending  ties,  pa.  3ti7. 

•pwwdt;  «r  tha  conttntu)  teccti  oft  body  from  tbe  earth,  Agiin,  it  u  drop  of  water,  oil,  or  other  fluid,  be  dropped 

'  or  tnm  mmt  other  centre  of  fbics.  Ana  it  k  oppmcd  to  ttpoa  a  glau  plane,  perpendicular  to  ibe  boriioo,  so  «•  to 

dawnt,  or  motion  dowiwymnh.  nand  wjthottt  breaking,  or  ranmag  off  j  and  aaodwr  bIim 

Ad  acctivitT  is  nlao  woMitimet  ctltod  m  aaoeiil,  M  •  touebiog  il  M  one  end,  be  gradually  itxlined  toward  th« 

d«cKvity  is  called  a  descmt.  (brntr,  till  it  toodi'tlK  drop ;  then  wtJl  tbe  drop  fawak 

The- Peripatetics  attributed  tbe ipontiMoui  OietBt  at  SmI  Mwa aloty  MMi«nl«  the  touching  end  of  the  pliines; 

bodies  to  n  principle  of  levity,  inherent  in  then.   But  the  and  it  will  nowellwfiulerm  proportion  as  it  proceeds  far- 

llliKlerns  have  demonstrated  that  there  is  no  such  thing  as  ihOTf  bccaose  tbedistaiice  betuein  ih^-  iiliini'"  is  constantly 

spontaneous  levity;  and  they  show,  that  whatever  ascends,  diminilliing;.    And  after  the  suine  numiier,  the  drop  may 

does  so  by  virtue  of  voinc  external  impulse  or  i  .\tni>.ion.  be  br<iu^ht  to  any  part  of  the  planes,  either  upward  iir 

Thns  it  is  that  smoke,  and  other  rare  bodies,  ascend  in  the  do.>  iiwuiil,  or  sideways,  by  altering  the  angle  of  incli- 

atroospbere;  and  oil,  light  woods,  Ate,  in, water;  not  by  nation. 

any  inherent  principle  of  levity,  but  superior  giaviiy,  or  Lastly,  if  the  same  planes  be  so  placed,  at  that  two  of 

pressure  of  the  Mil  duim  in  which  they  ascend  and  tl' 'ui.  tlmr  sidi  s  him  i,  and  lonn  a  sn.ali  angle,  the  other  two 

The  ascent  of  light  bodies  in  heavy  mediums,  is  produ-  bting  only  kept  apart  by  tlie  niti-rposition  of  some  thin 
ced  after  the  same  manner  as  the  ascent  of  the  lighier«cale  bo<ly  ;  and  thus  iinmerged  in  a  Huid,  tinned  with  some  co- 
of  a  balance.  It  is  not  that  such  scale  has  an  internal  lour  to  render  it  visible  ;  the  fluid  mil  ascend  between  the 
principle,  bywbich  it  immediately  tends  upwards;  but  it  planes, and  that  thehighrst  uhc  re  ilie  plam-s  arc  nearest; 
IS  irapelkd  upwards  by  the  prepunderancy  of  the  other  «o  us  to  form  a  curve  line  which  is  lound  to  bt  a  true  by- 
scale  ;  axoeM  of  the  >«eight  in  the  one  having  the  same  perbola,  of  whu  h  one  of  the  aaynipiutes  u  the  line  of  the 
effect,  by  angpMnting  its  impetus  dowawarda,  as  go  much  fluid,  the  other  being  a  line  drawn  along  the  touchiqg  tides, 
real  levity  la  the  otier:  bmiise  the  indaHdet  miitiMlly  '  And  tbe  phywcal  cause  of  all  these  phenomna,  it  tbe 
'  oppose  each  otber»  aad  ectiea  and  needon  ate  alway«  nme  power  of  aitnctiao, 
eyal^  Sea  this  farther  illmmtid  uder  the  eitielce  •  AecniT  Fi^our.  See  Cmud  and  VAPOira.  . 
Ftmo,  and  SFt^rie  G*Avm*  Ambiit,  in  Aati«ion»y»       See  AicasaioH. 

Aacanv  qfBoiki  m  Sudhtei  Pimm.  See  the  doctrine  Aacii,  ere  those  inhabitania  of  tb«  globe,  who,'  at  ecr* 

and  laws  of  them  under  iNCLiWEn  Plane.  tain  times  of  the  year,  have  no  shadow.    Such  are  the  in- 

A^r'ritTq/"  t'luidt,  is  particularly  understood  of  their  habitants  of  the  torrid  xnm',  who  twice  a  year  having  the 

rising  A  hove  thei  r  own  level,  Ix-ts*  eeii  tlir  vurfaccb  :  i:  lu  an  v  SUIl  at  noon  in  their  ai  nilli ,  hiive  llieii  no  ^I^.L<io^^ . 

conligunu*  litKlits,  or  in  slender  Ciipillary  kIbss  ibbis,  i.r  ASKLLl,  two  fixed  Ntiii^  ot  lh<  l>ni:lh  ir.agnilude,  in 

iu  vessels  filled  with  sand,  ashes,  or  the  jiKe  puions  ^ub-  liie  c n^ii  l.ition  Cancer. 

stancen.    Which  is  an  elTect  that  take,  place  as  viell  in  va-  ASii-WKD.s  l.iiD.*  V,  the  first  <!ay  of  Lent,  supposed  to 

euo,  us  in  the  opi  n  .nt,  ^ind  in  bent,  as  iviil  as  slraii;lit  have  been  so  mlled  hum  a  fU>ioMi  in  the  cbuich,  of 

tubes.    Indeed  some  fluids  ascend  swifter  than  others,  as  sprinkling  ashes  that  day  on  the  he.uls  ot  penm  r,i.>  then 

spirit  of  wine,  and  oil  of  turpentine;  and  some  rise  after  admitted  to  penance. 

'  a  different  manner  from  others.  The  phenomenon,  wilb'iti  ASPECT,  is  the  situation  of  the  stars  and  {danets  m  re- 

Cantcs»  &c»  In  the  instance  uf  capillary  tubes,  will  bo  spect  of  each  other.  Or,  in  Astrology,  it  denotes  a  certain 

tfaatadawreatleija  under  CAriLLAkv  Tube.  oonliguntion  and  mutual  ttdation  between  the  planets, 

,  At  10  planea:  Two  •■ooth  poliahed  plates  bf  glass,  ariaing  from  their  aitoatien*  iu  the  aodiac,  by  which  it  is 

mrtaU  MoMt  w  vliwr  matiert  being  placed  almost  conti>  sappoecd  that  their  powers  an  mutually  either  iacrrased 

goout,  haM  the  cflbet  ef  aeverel  capillary  tubes,  and  the  or  diminished,  as  th^  happen  to  agree  or  diaa^ire  in  theft 

fltttd  rieei  in  then  accordingly :  the  seme  ney  be  said  of  nrtivr  or  passive  qomitice.  Tboagh  inch  coafiipinlious 

a  vessel  filled  with  nnd,  &c ;  the  wious  snail  inMrttices  m  ay  be  varied  and  combined  a  thot»and  ways,  yet  only  a 

uf  which  form,  as  it  were,  a  kind  of  capillary  tuU^.    So  lew  of  them  are  considered.    Hence,  Woltius  more  area*' 

that  the  same  principle  accounts  for  the  appeanince  in  rafely  defines  aspect  to  be,  the  nieetii of  luminous  rays 

them  all.    And  to  the  same  cause  n>RV  be  ascnl  i  d  thu  i  imlii  il  from  two  planets  to  the  eartti,  cither  posited  in 

ascent  of  the  ui\>  in  vegetables.    And  on  this  suhji  cl  Sir  ttie  same  right  line,  or  including  an  angle  which  is  an  ali- 

Isaac  Newton  -ay-.  "  II  a  large  pi[>e  of  <;Uiss  he  tilh.d  with  cjuol  pari,  or  s<inie  nnmh<  r  of  MiqVOt  parlSt  of  ibur  fight 

nited  ashes,  well  prcs-.cd  together,  and  one  end  dipjied  into  audit  s,  or  of  :)(iO  deforces. 

stagnant  water,  tin  riui.l  ■,\ill  ascend  slouly  in  the  ashes,  T'le  doctrine  of  aspects  was  inlrodiicid  by  (he  astmlo- 

so  a«  in  the  spnci'  uf  a  week  or  fortni'-fat,  to  reach  the  height  per^,  as  the  foundation  ol  their  predi(  liiin>.    And  hence 

of  30  or  40  inches  above  the  stagnant  water.  This  accent  Kepler  defines  aspect  to  be,  an  angle  f<inned  bj  the  rBy% 

IS  wholly  owing  to  the  action  of  those  particles  of  the  ashes  of  two  planets  meeting  on  tbe  earth,  capable  of  exciting 

which  aiid*oa  the  sniftee  of  lha  ekvaied  wattrt  tlma  sane  nainal  pevrcr  or  inlaeacc. 
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Tfie  tncicnhi  wckoned  five  stpccts,  vit,  coyuncum,  $ci- 
tUty  igfOTiiU,  ttine,  and  opporitio*. 

QHffundioH  is  denoted     tfaia  clMncMr  d  >  wd  i$  mhem 
e  in  the  nme       md  ihfiw^  or  hm  Ae 


<tw  planets  are 
••■M  ImigUttde. 

to  denoted  by  4i  >  and  it  wbco  the  pianrts  arc 
r  the  tiUi  put  of  a  ciide»  «r  t  lipiy  or  60  do- 


grm. 

Suartile  i<s  Jenotrd  by  □ ,  and  is  when  (be  planet*  et« 
distant  I  of  the  circle,  or  JW  degrees,  or  3  signs. 

IVme  Is  deootiHi  by  A,  and  is  when  thi-  [.lanets  are  dU 
stant  by  5  of  the  circlr,  or  4  signs,  <>r  I  'O  iiigrc-c». 

Oj>pij.%(ti(jn  ill  di'ni)lcd  by  §  ,  «nd  is  w  lirn  the  planets  are 
in  i'ppo>iip  points  of  tlie  cjrcif,  or  differ  by  {  the  circle, 
or  (>  signs,  or  180  do^rces  of  longitude. 

Or  their  characters  and  distances  ore  a*  in  this  fullowing 
teblcl. 

NAMB.  charactbr.  dutancc. 

CoBjoactiga     •  '  ^  o^s  o* 

Soxtile    •   •  .  4i  '  60  =:  2 

Quartile  -       -  o     '  <»o  =  3 

Trine     -  -   -  A  120  =  4 

Opposition  -    -  %  180  =  6 

Tbiiir  inieraUa  are  reckoned  according  tothe  looMtudoi 
of  the  pUnli ;  to  dut  the  upccts  are  the  MnN^  mether 
the  ptiaethe  in  the  ecliptic  or  out  of  it. 

iuPBRITV,  signifies  the  inequality  or  rougbncw  of  the 
Mirface  of  any  body;  by  which  loroe  parti  of  it  are  more 
prominent  than  the  rest,  so  iw  to  hinder  the  hand,  &c,  from 
pas%inj(  over  it  with  phm-  ■mt  frc;  rl'  "i  ;  and  thus  producing; 
what  is  called  friction — A^(i.  r.lv,  or  fouglincis,  stands 
opposed  to  *iii(i<jtliiieii,  i-n-inir",  \r. 

According  to  thr  ri'iiiiiini'.  '  )  \  \  imau^'Ti,  ilic  blind  mun 
so  CelebKileJ  Air  d:-tiiii:ijihiii:ig  tukiuii  by  the  touch,  It 
seems  tl.at  every  colour  h«5  il>  peculiar  degn-<-  ami  liiiul  of 
asperity.  He  make^  black  the  roughest,  as  it  is  the  dark- 
est pr  colours ;  but  the  others  are  not  smoother  in  propor- 
tion ai  thejr  are  lighter;  (hat  is,  the  roughest  tjo  not  al- 
aiayt  reflm  the  least  light :  for,  according  to  him,  yellow 
is  two  dcgrars  rougher  tbaa  Uii*t  and  a>  maeb  moethor 
than  nven.   See  Cotooaa. 

A&IOKABLE  Mugritmitt  la  ntcd  far  any  fate  mag- 
nilada  thet  can  be  exprmed  or  denttod.  Aad« 

AaaMiTAaLa  ttaUe^  for  any  exprenible  iMio> 

ASSU.MPTIUN,  a  faM  celcbiatedl  tke  Ro«ih 
church,  in  honour  of  the  mir«c«lons  aieent  «f  the  Holy 
Virgin,  as  they  describe  it,  brnly  and  M*^  lalftbfaven.  It 
is  kept  on  the  t5lh  of  August. 

ASSL  KANCF.  on  Lives,  a  compact  by  which  security 
is  grunted  for  ihr  pnymcnt  of  a  crrtaia  sufn  of  money  on 
the  expiration  f  i  thr  life  on  wbic'h  the  policy  is  given,  in 
consideration  of  mk  h  a  prt  vinus  payment  made  to  the  a** 
surer  as  is  arcounted  a  sufficient  conip4-ni>atioBliWtbalDia 
and  faaxard  to  which  he  exposes  himselA 

The  sura  at  which  (hit  compensation  should  be  valued, 
depends  principally  on  th($c  two  circumstances,  viz.  1st, 
Ou  the  rate  of  mtervst  given  for  the  use  of  money ;  and 
2d,  Oa  the  probability  of  the  duration  of  the  life  OMured, 
and  the  tmliMa  of  auiuitiea.  For,  lit,  If  the  inMifit  of 
menqr  be  high.  th«  value  of  the  inmnaee  will  be  pra- 
poftwnal^  ifSm^^  and  the  contiary ;  becadta  the  higher  ibe 
nie ef  InienM^ jbe^kai  will  be  «he  promt  valve  wWcb 
anicientt  to  » terwa  proposed  anta  in  any  given  tlniiw 
Also,  if  the  probabiBty  of  the  duration  nf  life  be  high,  the 
value  of  the  assurance  will  again  be  proportionably  low, 

Voj,.  I,         ♦  ' 


and  the  contrary;  because  the  longer  the  time  ii,  thtflcet 
Mill  be  the  principal  which  will  amount  to  any  asaigaed 
sura.  Thus,  if  it  be  n.-qnired  to  Juww  the  pmaitHa  or 
pment  value,  to  be  givaa  iiw  100  ponrii  to  be  leeaived 
at  the  cod  of  any  tine^  a*  seppoee  10  yean;  tlMB,jf  the 
iateieit  ef  laenqr  beat  the  rate  of  A  per  cent,  the  auwcr, 
ior  preteat  piemleia,  woald  be  fill  7*  lOd;  httteit  4  par 
cent,  it  would  he07<ll«l'l  and  at  9  per  ont  it  wewM 
aiBoaBt  to  74(  t*  <A  Agphi,  suppoee  it  were  replied  to 
atsurs  lOOf  OA  a  life,  ibr  any  time,  fur  instance  I  year ; 
that  iS)  let  lOO/  be  supposed  to  bo  payable  a  year  hence, 
prondcd  (S  life  of  a  given  age  fails  in  that  tinu-:  hcrt'  it  is 
evident  that,  whatever  be  the  rsto  of  inttrevi.  uw  K  *  the 
probability  of  the  life  lading;  within  the  Ji  ur,  tiie  less  the 
rikk  in,  uiid  the  les^  iln'  |ii<  i  uuai  ought  to  be.  In  <  (irct, 
the  rate  ot  imeu^l  ;m  hijj  6  jm  r  cent,  if  it  were  iure  ihat 
the  life  would  fail  in  llmt  year,  the  value  of  the  assurance 
would  be  the  same  as  (be  prcscnt'value  of  100^.  payalilr 
at  the  end  of  the  yiar,  which  is  ^^l  41  ptf* 

But,  if  it  be  an  equal  chance  whether  the  life  does  or 
does  not  fail  in  (he  year,  in  which  case  the  piobebility  of 
failing  is  {  ;  then  the  value  of  the  assurance  Will  ha  bat 
half  the  former  value,  or  47.'  12i  ^\d.    Of  if  tfw  eddl 

against  itt  failing  be  aa  2  to  1,  that  ii.  if  enepenoa  eat  of 
every  i  die  at  the  age  of  the  prapoied  iifi^  the  pmhebslhy 
of  dying  being  only  4,  the  valee  of  the  aMttiaaea  will  be 
^ortbe  fint  value,  or  31f  14r  llA  A^d  if  the  oddi  he 

19  If  w  «M  penon  die  out  of  80,  of  that  age,  the  pro- 
bability of  dying  will  be  and  the  raluc  of  (be  assu- 
rance will  also  be,\,  of  the  fir<>i  value,  or  4/  \b4  3d  nearly, 
l^tly,  if  only  one  person  die  out  of  50  at  the  given  age, 
(tie  probability  of  dying  will  be  f'^,  iii.c  iIm  viilue  of  the 
.issurance  will  be  occotdingly  only  ^  oJ  the  hrit  sum,  or 
1/  18j  \d:  ilu-  ii,t-  ll^t  of  money  being  all  along  coiiii- 
dered  as  alter  the  rale  of  5  per  c«'iit.— Now,  according  to 
Dr.  Hallc)']  table  of  observations,  one  person  dies  out  of 
3,  al  the  age  of  ;  one  in  20  at  the  age  of  M ;  and  one 
in  50  at  the  ago  of  39 :  It  followi,  lbf|rfbiak  that  the  va- 
iua  of  (he  amrance  of  100/.  for  nne  year,  on  a  Uk*mi 
tr»  to  SIf  14«  1 14;  on  a  life  aged  64,  it  it  4/  1«> M}  and 
00  a  life  aged  39,  it  is  1/  lg«  lif :  reckoning  iMemtat  $ 
per  cent.  But  if  interest  were  rated  at  9  per  cent,  tbaae 
values  would  be 9Sii7«94l,  and  47  17*  id,  and  1/  IB*  lOd. 

When  a  lile  to  aMOied  fur  any  number  of  year»;  the 
pfcmiom  or  value  may  be  paid,  cither  in  one  aingle  )>re- 
sent  payment;  in  consequence  of  which  the  sum  assured 
will  become  payable  without  any  farther  compensation^ 
whenever,  within  the  given  term,  the  life  shall  happen  to 
drop;  or  the  value  may  bo  paid  in  nnnual  payments,  to 
be  continuetl  (ill  the  failure  of  the  life,  >.houlH  that  happen 
"ithin  the  term;  or,  if  not,  till  the  dedriTniiBtion  of  the 
term.  And  the  determination  of  the  value  of  assurance,  in 
all  cases,  is  to  be  made  out  from  the  rules  for  computing 
annuities onlives;  theprincipalwriterson  which <r«Halley, 
De  Moivre,  Simpson,  Smart,  Kersscbooro,  De  l^rcieux. 
Price,  Moigu,  Masercs,  and  Baily.  See  also  Lira  Ax* 
XDTIES,  RavBUiox,  &c. 

Amraacei  rimy  be  made  either  on  sn^gle  Isvea  ^  ai  above 
explained;  or  they  may  he  made  00  aay  attmber  of  joint ' 
lives,  or  on  die  kmgest  of  any  livta}  that  Wi^  aa  a 


BMy  bind  fahntclf  to  pay  any  suae  at  the  eatineliea  vt 
mag  kHat  livea,  or  the  leitint  of  eagp  tna,  or  at' the  nt- 
tineeoAof  anyoBeortwoefwqrMMBberOflivea.  There 

are  further  assurances  on  survitonbiae ;  by  which  is  mcaal 
an  oUi^lion,  lor  the  saluc  received,  to  pay  a  given  tan 
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or  Kiinuily,  providtil  a  pivrn  life  shall  survi«r  nny  oilier 
given  life  or  lives.    For  which  ivr  SwaviTouiHif. 

The  priucipnl  <iffic«'»  for  making;  thcsv  insurances,  in 
Kngland,  are  the  London  and  Ihe  Hoyiil  F,>i'han{;e  Assu- 
rance Offices ;  the  Amicable  Society,  incorpor«i«tl  lorn  |h-i- 
prtual  A»surance  Office;  the  Society  for  equitable  A«u; 
ranees  on  Livei  and  .Sur>ivorshi|M  ;  the  We«taiinsier  Si»^ 
ciely  for  gr«niinj>  Annuities  and  injuring  Money  on  Liv«-<.; 
the  Phoenix  fire-office;  the  Westminster  fir«-oflicc;  the 
Life-assurance  Society,  for  widoHfiind  female  reliiliun«;  the 
Britith  tire-office;  the  Pelican  life-instirunce ;  (he  Lntid- 
able  Society,  for  widows;  lhe!m|H'riul  Irfturance  Company ; 
the  Globe  ;  the  Albion  ;  the  Rock  ;  the  Provident  Inittitu- 
lion;  the  Philanthropic;  ihc  Hope;  the  County  liri>-oHlce  ; 
the  Kngle ;  the  London  Life  Association;  and  the  Atlas. 

Most  of  these  ufTices,  besides  various  extensive  compa- 
nies in  the  country,  make  also  insurances  on  house-t,  goodii, 
ships,  ice,  from  tire  aiTd  dama|;es,  tec.  Tlitse  articles  of 
OMUrsinces  arc  commonly  divided  into  3  clashes :  tir>t,  com- 
mon assurance*,  which  are  made  at  'i*  per  cent,  per  annum  ; 
2d,  hazardous  nsMirances,  at  3i;  and  3>lly,  doubly  hazard- 
ous, at  Of  per  cent,  per  annum  :  and  the  mode  cla^^ili- 
calion  muy  be  learned  from  the  proposals  of  any  of  the 
companies.  Uesides  these  rates,  a  duly  of  U  6d  on  every 
100/  WHS  imposed  in  1783,  w^iich  was  increased  in  1797 
to  is  per  Cent,  and  in  180*.  to  2*  lid  per  cent.  Krom  the 
produce  of  this  duty,  an  estimate  has  been  formed  of  the 
total  amount  of  property  assured  from  (ire  in  Great  Bri- 
tain, which  appears  to  have  been  at  several  periods  nearly 
as  follows: 

In  1785   .i*  1125  million*. 

17S9   U2 

1793    167 

1797    18* 

1801   223 

I806  -  260 

As  to  the  assurances  on  lives,  the  premium  or  rates  of 
the  different  cnmpanii'^  arc  nearly  alike;  us  indreil  they 
must  be  if  founded  cm  correct  principles,  and  equally  ad- 
vantageous to  the  public;  and  the  following  tables  of  the 
ratis  arc  neiirlv  'he  Riiine  in  iill. 


A  Table  of  I'reniiums  for  assuring  the  Sum  of  one  hundreil 
PciuniN  upon  the  IJfe  of  any  healthy  Person,  from  the 
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A  'table  i.f  annual  Premiums  payable  during  the  joint 
Ccniiouance  of  two  lives  for  ussuriiiK  one  hundred 
Pounds,  or  an  equivalent  Annuity  on  (he  Cuntiiigenc) 
of  one  I  jl'e'ii  surviving  the  other. 
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'i'be  Table  continued. 
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Kroiii  ibi-  ab<itr  >pix'iiiiL-it  ul  preiniuni*,  tbc  reader  will 
rasily  judge  of  the  pnpoitioiid  pr«ntiimforMy  imtnM* 

diatf  »£<■. 

AS'I  ERISM,  the  «aini'  uitli  cumirllaiion.  or  •  coUcc* 
tioii  of  nmnyMBr»,  uhich  an>  usually  rcpn'^ontcd  on  gkibm 
b^s»mp|wrticulHr  iinu^t' or  li^i(rr,  to  <listingiii:>h  th0»tart 
whirb  compoiie  thi»  cofMrllaiiun  from  ihubc  of  otiirni. 

ASTK/I-^A,  a  name  giwn  by  M>mr  to  ibu  sign  Virgo,  by 
otben  callrd  Eriyne,UMl  MMMtiinei  lus.  The  ports  Mgn 
that  JuilioeqttitU-d  lic«vc>i  li»raMdamMirt1i,tii  ihecoMn 
a|!e;  bat»  gimiag  wenj  ti  the  iniqaiiies  of  manJtiA,  site 
U-ft  tbe  eanh,  Ind  ictorwl  ta  ImiTrn,  placing  heiwtf  in 
that  p«n  of  iho  lodiM  oriM  Virgo,  whr  n-  %hv  bccaiM  ■ 
c6n»trIlation  of  start,  and  from  htr  orb  still  look«  rlown  on 
the  wiiys  of  mm.    Ovid.  Mi-tain.  lib.  i.  vt  r.  1  <'/ 

ASTKAGAL,in  Architccturt-,  a  small  romui  mouliliiig, 
which  rnconipiis'M-*  ilic  top  ot  iIk-  lii<t  or  ^llaft  of  a'column, 
likf  a  rinz  or  i,nicflet.  The  iibafi  alwnys  tiTininait-a  at  top 
witli  .m  usirMLVHl,  and  at  bottom  with  •  fillet,  wbich  in  mt 

plan'  is  called  nxia. 

AsTR.^d  A  I,,  III  Gunnrry,  is  a  kind  of  ring  or  mouldiog 
on  a  pirco  of  ordnance,  Ht  about  half  a  foot  (iutanca  fnia 
the  mutile  or  inuuib ;  scrvii^  as  an  ornament  tothcgoa, 
as  llie  fprner  don  lo  a  column, 

ASTRALy  •ometbing  belonging  low  deptodingon  tbo 
stars. 

AsTKAt  VSmt,  or  Sdami^  Ymr.  See  Yun. 

ASTRODICTICUM,  an  mtmnonieal  iiutnuncBt  In* 
wnlcd  by  H.  WeigbrI,  by  meant  of  wbicb  many  penona 
shall  be  able  to  viiMi»ihe  tame  Miir  at  the  aame  time. 

ASTROI.AnF.,  from  arr^c.  .itar.  and  I  take; 

nllilding  lo  ii-o  in  taking,  or  oljM-rMiiL;,  'l^'-"  sl.ir'*.  Tlii' 
Arabinn^  c.iil  it  iii  ■))'  ir  tuiijuc  tisihui  Ich ;  a  word  f.frmpil 
by  corruption  from  rn'  i;<i;iuiuiii  (.in'i'k  name.  ' 

Tbl!!  tiiimr  'va<  Lirigmally  um  d  t'.jr  :i  -v^iem  ur  u^spmhlatri^' 
o(  tiji  <i'vciiil  L'iirios  of  tbc  •phcii',  in  their  proper  order 
and  smmtio:i  uitli  rer«(HTt  to  eiich  other.  And  th«>  ancient 
in»trumciils  were  ninch  the  same  «*  our  arniillary  sphoron. 

Till  til  si  and  miMt  celebrated  of  thi?  kind,  was  thni 
Hippaicliiis,  ivhich  he'mndo  nt  Alc.xandriii,  the  capital  of 
Kgy  pt.  and  lodged  in  a  secure  place,  where  it  a«r\-«l  for 
divers  a.Mronamical  oppniwna.  PMlemy  innde  tbe  auna 
use  of  i  I :  bat  ««  the  imtmmetit  fand  several  inconvvni- 
encet,  he  contrived  to  chnngi]  iia  fi|tufc,  though  perfectly 
Mtnnl,  Mid  agronble  lo  the  doctrine  of  the  sphere;  and 
lo  reduce  Ihe  whole  asfrolnbe  to  a  phiinforfaoei  lo  which 
he  gare  the  name  of  the  Planisphere.  MencPi 

AsTKuiABE  is  u«ed  among  rbe  modnnt  for  ■  Plani- 
sphere, or  a  s|preof;rapbic  projection  of  llie  CtrdM  of  the 
»|ihcre  on  the  plani'  of  one  of  the  qn  at  circle*;  which  ia 
>i-u.iUv  I  nil,  I  ill.  plane  oi  the  rquiii'>rtial,  tbe  eye  beinj| 

rlU  i  or  that  of  Uurnieri* 
X3  ^ 


,     plane  '  ,  _ 

Ihi-ii  placed  la  tbe  pole  of  the  world;  or  that  of* 
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aUn,  the  17c  being  tuppoMdinllieiMiBtefiBterMclionaf  *11i«t"ikWa«fM'u*oucnirt  velnn»orbook,  therein 


tbc  cquitHKtial  anii  borison ;  or  on  that  of  ihc  hori/(<n. 

The  Astrolabe  has  been  treated  at  large  by  Stoffler,  Gem- 
ma Fri»iu«,  ClBviuii,  and  our  p*iet  Chaucer,  who  wrote  a 
long  and  learned  tract  up<in  it,  and  indf-cd  on  tho  wliolc 

practice  of  jutroiiuniy,  as  tin-  iic  l  s'ki  iI  in  In-  ilnv-  lira 
farther  Hccount  of  llu-  nature  and  kinds  ot  11,  >rt-  iIk  heIi- 

cle  I'LAMSl'HtRK. 

AsTHOLA  8C,  or  Sea  Aitrola  ar,  more  particularly  tic- 
notntan  instrument  chiefly  used  for  takinir  altitudes atlia} 
a*  the  altitude  o(  the  polv,  the  »un,  (>r  ihc  slari. 

The  common  AttiaU^t  repraenlcd  Plate  i,Jig.  7,  con- 
rilta  of  a  lw|^  lifaM  ring,  about  1 5  iiKbca  in  diameter, 
tllMwltBib,  or  a  CMvmient  part  of  it,  ia  divided  into  dc- 
mm  and  niRiitca.  It  »  fitted  with  a  movcaUa  label  er 
MtKf  wUch  ttirm  omb  the  ceun,  and  cairiri  twoiiriilil 


God  Ims  written  the  blrtoiy  of  the  world ;  ai  d 
every  man  may  read  Ri«  own  fortune,  and  tlu^  tiuniaL  u.  j.^ 

of  hi'.  ir.r„\  The  srt,"i.ay  lliey,  "  li;id  its  rise  from  tin-  same 
(H'opli  a-.  u'-^rouf>my  itself:  whih-  llio  ancicnl  Assyrians, 
wlnMc  MTciir  iiriel(iiir|rvl  ? I, y  lnvMiired  their  Celestial  obsrr- 
*Mli!in'.  w  iTi'  I  111  Mil  1 1  ;;i  I  I'l;  I  111.'  J 'Hits!,  and  |>rriod>  of  the 
hravi  iily  iji",u  -,  :fu'v  lii-i  n'.  i  ri-il  a  ron^lant,  iteltlfd  rela- 
tion of  analogy,  between  them  and  thing!  below  ;  and 
h>  nee  were  led  to  conclude  these  to  be  Ibe  Pares,  ihc  De- 
stinies mnrh  talked  of,  which  preside  at  our  births,  and 
dispose  of  our  future  fate." 

"  'I'he  laws  thcreffirc  of  tbia  relation  being  aKcrlained 
by  a  serie*  of  observatioai,  ami  thf  ahare  each  planrt  ba* 
therein ;  by  knowing  the  pKCiae  ttme  of  mtjf  penon'e  Ba- 
ft embled,  fron  t'  '  * 


tivity,  they  were  < 


fron  tbnr  Imuwledge  in  aitro* 


«d4  knim*  umII  na§,  at  a,  10  hangitlqf  Hi^imeMob*  Domy.  to  erect  a  scheme  or  horoscope  of  the  situation  of 


MTfatJon 

To  tiiakc  use  of  tiM  Astrolabe  in  lakin;:  nliitudctt  iffr- 
pcnd  it  by  the  ring  a,  and  turn  it  to  thv  sun,  \r,  so  as  that 
tbc  rays  n»ay  pas^  freely  ihrouoh  liolh  tiir  sigiits  r  und  (■ ; 
then  will  the  label  cut  or  poiiu  out  ihc  iihituHc  on  the  ili- 
videil  iiiiib.  '1  :,i:ie  «te  in;in)  nthi  i  i;-,-'-,  ',1  tlie  Astrola he ; 
of  tt'ljici'i  ('l:3ui>^,  lif'iiriini,  .'iTid  miIui--  hn\i'  written  very 
largfiy. 

The  Aitrolahe,  though  now  conie  into  disuse,  is  by  ma- 
ny eateeroed  equal  to  any  other  inHtrunient  for  taking  the 
altitude  at  sea ;  especially  U-tween  the  tropici,  where  th« 
ann  comes  near  the  tetiitii. 

ASTROLOGICAL,  sometUnE  relaling  to  Aerology. 

ASTROLOGY,  the  pntcadcdartof  foreteliing  future 
mstlat  fron  the  positkm,  atpetla,  and  influences  of  the 
heavenly  bodfei.  The  word  is  compouaded  of  aertfi,  start 
•ad  kryvt  discoQist;  whence,  in  ilw  literal  aaoM  of  lh« 
tarm,  aatiiohiar  should  signify  no  more  tbaa  the  doctrine 
or  science  of  wt  stars :  this  indeed  wn^  its  original  accep- 
tation, and  constituted  the  ancient  a^imUtgy;  whirh  con- 
-  iNd  i!  formerly  of  b««lh  the  branches  now  railed  ftslrononiv 
Hiui  astrcdogy,  under  the  name  of  the  latter  <inly ;  iiinl  fur 
the  siike  of  making  judiLi.ii  \  j;  1  r  rii 1 1 1 1  lis  II  « a^,  tliUl  ilsl  1  o- 
nomical  ohserviitiuni.,  ju  I  'l'i  i  ly  so  called,  v.  1  ro  chiefly  made 
bv  the  ancieiiN.  Aim!  ilmugh  the  two  branches  Ix-  iv-w 
perfectly  separated,  an<l  that  of  asltplogy  almost  univer- 
sally rejected  by  men  of  real  learning,  this  has  but  lately 
been  the  case,  at  tbcir  union  subsisted,  in  some  degree, 
from  Ptolemy  till  Kepleri  who  had  a  sinng  biaa  lowarda 
the  aiicient  attralegy. 

*  Asiiology  laay  be  divided  into  tm  bianchas  nataral 
and  judiciaryk' 


the  planets*  at  that  point  of  lim«i  and  hence,  by  conii* 
deting  their  degrres  of  power  ai»d  influence,  and  how  each 
was  either  strengthened  or  tempered  by  some  other,  to  com- 

pute  wlial  must  be  the  rtrvult  thereof." 

Judicial  Astrolopv,  it  is  commonly  saitl,  was  inveiit"  d  in 
Clialdaru,  and  from  lliencc  transmitted  to  the  Kjiyptians, 
(rreek*,  and  llomant,;  iliuii^h  i.ome  iiisi-t  that  it  was  of 
I'-cyptian  origin,  and  ascri;  '.'  rln  iiu<ri:ie'n  luCtaiii.  Jlnt 
il  IS  to  tiie  Arabs  that  wc  o"e  it.  At  Konse  the  people 
were  so  infatuated  with  it,  that  the  astrologer^,  or,  as  iliey 
were  then  called,  tho  niaihemnticiaDs,  maintained  their 
ground  in  «nitc  of  all  the  cdiicts  <jf  the  emperois  to  expel 
ihem  out  of  the  city.    See  Gr.N  rTiii.i  An, 

Among  the  Indians,  the  bramins,  nho  introduced  and 
practised  this  art  in  tbc  East,  have  hereby  made  themselves 
the  avUten  of  gpod  and  evil  hours,  which  gives  them  gmt 
authority:  they  are  consnlMtl  as  oradrs;  and  tb«y  have 
lalcm  care  always  to  sell  th«f  r  answers  at  good  rates. 

The  same  supri-stition  has  prevailed  in  more  modern  ages 
and  nation*.  The  French  historians  remark,  that  in  the 
time  of  (jiieen  Calhaiine  di'  Mcdicis  aslri  !i'i;y  h  as  so  much 
111  vi'i;ur,  (hat  the  most  incotisiderable  thin;.'  wns  not  to  be 
d.iiie  uiihnut  consuitin;;  the  stars.  And  iii  the  rdsnjof 
kinf;  lit  nry  111  and  iv  of  Trance,  the  pn  iliclions  nf  nstro- 
I'jpers  were  the  common  theme  ol  ihc  couil  Com eiMilion. 
And  lhi«  predominant  humour  in  that  couit  was  uell  rni- 
lied  by  Barclay,  in  his  Argenis-,  lib.  2,  on  occasion  of  an_ 
astrolok;rr,  who  badaunderiaken  to  instruct  king  Henry  in 
the  f  sent  of  a  wir  which  was  ihra  threatened  hy  the  fac- 
tion of  the  Guises. 

History  >jf  AMtoliity. — Nothing  Could  be  more  vain,  ri- 
diculous, and  absurd,  than  the  pretended  science  of  a>tru- 


To  NATiraai  hmwvoot  heloags  the  predietiag  of  logyt  ytt  ootUng,  pcHiaps,  couM  possibly  have  le<l  wen 
nanirnl  cActit  such  as  the  changes  of  weather,  winds,  toaamrediiknitinquifyiMOiaRdiaallytoahnawledga 


storms,  hurricanes,  thunder,  floods,  earthquakes,  fte.  But 
this  art  properly  belongs  to  Physiology,  or  Natural  Philo- 
sophy; antl  is  only  to  be  deduced,  11  posteriori,  from  phe- 
nomena and  oh-iTvalioiis.  Ami  for  this  kind  of  astrology 
it  is  that  Mr.  Bo',  le  makes  an  ap<ilu2v  in  bis  History  of 
the  Air.  Its  iVnindatiori  ai'il  m'  rils  may  be  gathered  from 
what  is  said  under  the  artieics  Aix,  Atmodphebf.,  and 

WSATHF.a. 

Judicml,  or  Juditiary  .'\«TRoior.  t,  u  bich  is  what  is  com- 
monly and  properly  called  a-strtdogy,  i.s  that  wh  cli  pro- 
fesses to  foroiel  moral  events,  or  such  ».«  have  a  dependence 
on  the  free  will  and  agency  of  man;  as  if  tlMJ  were  pro> 
duccd  or  directed  by  the  stats. 

Ihc  profeiaws  of  this  hind  of  aattoiogy  ulnlun. 


of,  tbe  laws  that  r^ulate  the  mothma  of  the  heavenly  ho* 
dies.  Th  us  i  t  has  boeu  said,  that  astitihigy  was  the  daugh« 

ter  of  ignorance,  and  the  mother  of  astronomy;  and  cei^ 

lainly,  if  it  wa^  not  the  offspring  of  piis>ivc  ipiiorance,  it 
must  be  acknowledged  to  have  derived  its  origin  from  the 
natural  vanity  and  credulits  of  the  huinaii  mind,  aided 
pfrhaps  by  tlic  coiiunhncc  of  ^onie  accuhnti.l  circum- 
stances, ^iH  II  as  an  ei  Uy~.c.  ihi'  aj'pearaiice  of  a  comet,  i.r 
other  cele^ti.il  phenomenon,  k1  the  time  of  any  remarkable 
calainilv,  tbc  dAth  of  a  prince,  or  the  defeat  of  an  uriiiy  ; 
which  being  once  observed,  nothing  more  was  necessary, 
in  this  infant  slate  of  the  i\-asoniii£;  taculty  of  man,  to  lead 
bim  to  a  beli«f  that  all  great  events  were  connrcivd  with 
the  lagtiea  of  Ike  hcanalyhodka,  that  the  death  of  piinoca 
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«M  «lmyt  mncmuBtnftiHmmlimM  flmnntmem ;  and 

fiiulljr,  tbiit  every  man  bad  hi*  dotiny  wrilirn  iii  tlic  bca- 
\ens,  in  wbicli  might  be  mid  all  the  pnyucal  and  political 

«veiit<  rif  lil^  l.fr. 

Wilcther  or  not,  aslronoiirical  obfw  rvBlioiis  were  made, 
before  Uicy  wetf  thought  tK-crsMi  s  to  :i-ii<i|i)i;jc.ii  (^i.-cdic- 
(iom,  we  have  now  no  mcaiis  of  di'trriniiting;  bui  at  uit 
events,  we  know  that  many  were  made  with  no  olhc-r  view, 
and  in  cont«>qucnce  of  which  the  knowledge  uf  aatronumy 
«raa  advanced,  if  it  did  not  derive  its  immediate  origin  Irum 
Mtroloj{y.  It  is  also  probable,  that  to  the  tame  frivoluuf 
motive,  we  are  indebted  fur  the  preservation  of  so  many  of 
the  learned  wrorka  of  Greerr,  which  have  been  handed 
down  to  us.  Fur,  as  a  celebrated  author  justly  observes, 
**  What  cuuM  be  tbe  cbarmof  lrulli,ptuely  geomrtricaU 


by  iBtfltliMbroili,  and  prc^oraing  that  the  nroul  «|s  tul^ 
ficient  to  MCltrowhat  it  had  already  acquired,  heui  Juird 
every  book  to  be  burnt,  exc«-|)t  thow  ri  luiing  to  r<;;ricul- 
ture,  tnrdicinr.and  astrtiln^y  ,  t;.i.  ,  x(.  jria,  i  ■.vh  ch,  it  thus 
ap|M-an,hc  ihou'rhttquaily  m  r\  :cfahle  t«j  lla  naliun;  while, 
all  those  nlaiiiig  ti-  in  i  i; y  and  pure  tLstrononiy  were  de- 
stroyed in  the  ijbirbarouj  cuiiHagration.  llul  ot  all  iiie  pro- 
feskon  uf  this  dut  tnne,  none  a|>|>ear  lu  have  been  so  cele- 
brated as  the  Cbiildeans,  even  the  name  of  Cluildean  aiul 
^■Vbtrologer  became  as  it  were  jyMuiiynious ;  and  ach>rdiag 
to  their  records  it  Iioj^  Ucrii  practised  amoug  ibcn  for  ibou* 
sands  of  ages :  even  i  i'  Jh^  their  years  for  daytt  wUcb,  ac- 
cording to  some  inudern  authors,  is  what  they  are  suppoKd 
to  represent,  they  amount  to  mure  than  2000  yean  bcforo 
the  birtb  o(  Christ,   /oroastwit  uid  to  have  bna  ibe 

UOmc 


to  a  |>eople  tonh  for  ao  near  ecfH  m  medeL-pest  abyai«f  .fiRmderofettrology  among  theCkaUeMM}  lemifiiUi 
iu'iioranre  and  superititiflnr  but  tttt  aiitbieiic, y e«n    cd  by  Ho^us, film  wiuw  IbtOicclaaad  llgirptian 


try  and  eveo  optics,  tttch  at  it  wu,  were  At 

Mep«  to  astronomy,  and  this  again  was  the  prelirainaiy  to 
every  astrological  prediction?  In  this  respect  aitrotof^, 
if  not  the  mother  of  astronomy,  was  at  least  its  nurse,  nml 
the  preserver  of  many  of  the  other  sciences :  for  whieh 
reason  its  n  in^c  m  iv  siill  be  priscrxed  fnira  that  oblivion 
which,  coiiiiilered  ai  n  science,  it  sojii^lly  uH'rita.  At  what 
time,  or  in  what  .!■  ii\  itiis  pretendi<i  science  fir^l  ori- 
ginated, arc  alike  unknown  ;  or  whether  it  may  not  have 
hei-n  invented,  neglectnl,  and  revived,  in  different  coun- 
lri<-»,  at  ditiVn  nt  periods,  jtcconiing  a-'i  the  sciences  were 
In  their  intancy,  plenitude,  or  decline.  Indeed  the  latter 
ftcenis  the  must  probable,  as  there  were  ditfercnt  modes  of 
drawing  hortMCopes  in  different  or.tiniis;  which  seems  to 
indicat«  that  tbcy  had  not  all  obtained  it  froai  one  and 
thaMuaaoniiHH).  However  dtiaaMy  bet  twinditatncei 
i«  lha  andiMit  iteonb  .and  JMUUMcripla  of  every  omion, 
atherelboaereenr^aie  Mbafrand}  in  India, Cbina,Cbit 
dea.  Greiica,  Egypt*  Ai»biat'ali4  Kiupom.  bk  abort,  is 
every  coaatry  where  the  acieflCfs  have  been  introdiiced, 
the  footsteps  of  astrology  are  likewise  to  be  diicoverwl. 

In  India  the  pretended  knowledge  of  astrology,  or  the 
art  ot  divinuiuii,  remaiiie>l  entirely  with  the  LrHmini, 
who  were  Inu  cunning  to  proraul5;atc  its  mysteries,  bi-ing 
aware  that  it  ivijuM  :.■<:  the  must  ()r<iba(-ilc  nieaiis  ut  ili.-(ect- 
•  ng  the  liH|iiiNi  I  inn,  and  their  inli-rest  ^^^^^  Inu  rtn.u  h  in- 
volved in  ill'-  lii  tL  [jliijii,  ti.ir  them  not  in  Ik'  ;inxiuii,  lu  ki  <  p 
the  secret  tu  themselves:  it  was  notuuly  in  their  hands  a 
source  of  emoluiTlent  and  riches,  but  likewise  a  conveni- 
ent insirunieDt  for  lecuring  the  reverence  of  the  people. 
They  not  only  fn^tmti  a  knowledge  of  j  udicial  ast  rology, 
but  alio  as  it  nqgardcd  metaoralogy ;  publishing  yearly  an 
almanac  or  panjajugaia,  in  which  every  week,  aad  aoni^ 


both  at  day  aad  ni^l,  were  eat  acide  Cor  pecSMaiBg 
laia  aeocationt  in  agrtcullaea  and  ether  caaecnw  of  life 


suppoMd  to  hare  neelvcd  this  doctrine.  Beinei,  another 
noted  Chaldean  astrologer,  became  famous  for  having  pre- 
dicted to  Arbaies  the  victory  that  he  afterwards  gained 
over  Sardaiuipaliis,  a  |  rinlicin  i  \,\  nuuii*  diihcult, 
when  we  cunsidrr  the  tyranny  ana  debauchtry  ol  the  lat- 
ter, which  caused  him  to  be  ablxM  red  and  despised,  both 
by  his  (roups  and  his  nation.  But  thus  it  rrequently  hap- 
pined,  tliiii  the  |uediclioii  uf  an  event,  uhich  requirid  only 
II  litilr  luresiglit  and  knowledge  of  matikmil  to  know  nearly 
ti>  a  Certainty  the  result,  was  the  miBns  ul  rni»ing  men  l<> 
celebrity,  Hud  (hey  were  geiierMlly  too  cunning  to  unde- 
eriw  the  iK^iuioring  multitude.  As  ti>  the  Greuis,  it  dues 
not  appear  that  they  were  so  much  iniatuBted  with  the  be- 
li.'f  of  judicial  astiol'>g)',  as  the  naliun^  ne  have  already 
mentioned ;  but  t«>  what  is  called  meteorological  astrolo- 
gy, they  paid  partiicuiar  attention ;  various  predictions  ot 
thialiind  having  been  given  ia  ihcGrceh  caleadan  by  £a- 
daxin,  Callipput.  Aratm,  HipiMidras,  aad  other  atitlMN* 
of  eaiiBeiWK,  h  is  a  long  time  after  this,  that  we  find  some 
arcnuat  of  the  destiny  of  particular  tneu  pretended  to  be 

Eredicted  from  an  ins)>ection  of  the  stars.  U'c  must  not 
owever  omit  to  mention,  that  there  are  two  works  on  the 
Milij.  ct  ot  judicial  a^lrcjlngy  under  the  name  of  I'tJih  mv^ 
but  it  ap|Har>  there  is  some  leusoii  to  suspect  th^t  they 
are  nut  his  works,  and  for  ihe  honour  of  the  ailthoeflftha 
Almagest,  it  is  to  be  liuped  tliey  are  not. 

Next  to  the  Clmldeuns,  the  KgyptiAt»b  were  cinaiAl]^ 
tha  most  celebrated  asirolugers;  ihrir  belief  in  this  dac> 
trine  being  Carried  to  the  highest  degree  of  enlhukiaam  t 
all  that  wc  suppose  lOk  depend  upon  our  will,  or  on  otir 
determination,  they  believed  to  be  cunnected  with  the  mo- 
tion  uf  the  stars,  and  that  otir  deslioiea  are  wrillm  in  llie 
heavens,  when^'in  ha  laad  our  th«i(ghli|,iadiB 
constitodoas,  and  cvciy  event  of  oar  Uvea. 


Till  about  tfa«com«cii«eaciit<irtb«Chriiiiasam,.orft 
ihcyaanaally  presenred  totfae  priaeaapradietioiiafeveMi  little  before,  a«tralo(Qr«iai  dfOHmctibed  to  the  Eastland 
for  the  following  year;  and  sach  as  were  feond  to  deceive   to  Egypt;  bulaboat  this  time  it  invaded  the  Roman  em-' 


thn-e  times  were  condemned  to  silence,  but  the  others  who 
were  fortunate  in  thnr  predictions,  enjoyed  every  distinc* 
tnjn  that  was  due  to  such  prol'oulu!  kriovv ledge.  The  Clii- 
nise  hail,  and  still  continue  t n  ;..nr,  ihrir  astrologers;  and 
nitiriy  record*,  ijilh  ot'  |iiil:c:dl,  n'l.l  iintural  or  meteorolo- 
gical astrology  of  very  prc;it  ani  'iuity,  still  remHin.  The 
following  is  a  remarkiibte  in-iance  of  the  esliin.ilion  in 
which  astrology  WW  held  in  China,  and  of  the  brutal  bar- 
barity and  Ignorance  of  their  emperor  Tsin-cbi-hoans,  vnho 


pire,  and  Rome  itself  was  iniindiited  with  the  professors  of 
this  imaginary  science.  It  was  in  vnin  that  the  srniue 
issued  decrees  ;ii;ji:>t  tln.-iri,  n  nilt  r  ;  :.('  :  .n-..e  'if  (  hdlilr:,r;",_ 
astrologers,  ur  mathi  nmtieiaiis,  they  ijaviiis;  arrogutid  to 
themselves  the  latter appell;ttioii ;  thus  dcf^rading  one  of  the 
noblest  scietjces,  by  associating  it  »ith  tii<  m  ridiculous  doc- 
trine: hut  notwithstanding  the.se  di  crees,  they  still  main-, 
lainrd  themselves,  through  the  support  which  liny  e»|)«!- 
rienccd  from  individuaU,  and  some  even  gained  great  c«- 


in  the  year  24^,  alter  having  ic-Mtted  under  one  bead  alt  lebrity  for  tbeir  arrtendcd  knowledge  and  ability,  as  Ni- 
Aa  little  stales,  lalo  which,  tha  «li«if«  had  haw  divided  aidii»Rgili»Tta«yUiib^lhaaitsoi«tesi(>tShesitts»i:ib^ 
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ninlim^mwiratf  the  frirnd  both  of  Ciccfo  mi  Varro; 
aiiil  iwnicuhirljr  tke  poet  Maailius,  wboie  pnem  entitled 
Aitnmmtrm  are  Mmhtteott  lib.  tiU,  publuhed  in 
wilb  Minr  Circck  ani  Artbkn  woiks  of  ihu  same  kiad^  w 
nwrtof coiir^i' orjudicmlaMrolo^y,  luion^  scarcclyany 
ihinn  in  it  ri-liitii)»  to  puit*  a^lruiiomy.  Nigidius  brraiiH' 
celebrated  for  prcdictin;;  li>  Ociavius,  fallier  of  Auguslu-^, 
ihnl  the  infurii  wmiUl  Im-  iy.:\'  <lny  llla^l^  r  ot  K(iir;i'.  'I'ra^- 
r_vl(i«was  ilif  i-'iisjji.iiu  aUi-nJiint  t  i  TV-i  i  iiis ;  ;in<l  iIium; 
pcrwtn-  »  Init!)  the  latter  had  resison.  ■,!Mii.i:;lit  iIkU  \.v  had 
rcasiin  tn  Irar,  be  CHUsefl  their  iii>ruati>pf  lo  be  drawn,  and 
if,  as  H  irrijucutls  li.ipiK  iin',  iheirsisrs  anitouticcd  them 
to  t>c  itinbnrou<>,  or  that  they  had  Hiiy  prelensiuns  to  the 
empire,  lliey  were  put  to  death  i.Micji  wai  the  effect  of 
lhi«  mwt  abomitiable,  *aA  itiigutitng  doctrine;  and  who 
knows  bow  many  may  tbttt  have  iniiocrnlly  (ufR^d  death, 
<  from  ittch  prrdictiona,  thfongb  the  tyranny,  ijsnorancc, 
and aiipcntiikm  of  piincei, «m  the mwivoriiaiian^'  Un- 
deHMwie  drcnpnlaneca,  MtiHogrn  could  not  fail  of  hav- 
>  iiig  a  compleli!  amndency  owr  the  people  {  as  it  mu»t 
•  l»vr  been  very  daoKirraiit  to  otfrnd  tbosr,  iHia  conld  make 

'  lbi>  atars  My  what  thfy  plnurW,  to  gain  the  Ikwourof  Ibeir 
prince,  <ir  t'>  cratify  their  own  priviite  revenge,  ft  should 
be  ob>eiveil  t|j;ir  this  »rt  viii«  nr.i  jilnuys  liniitrd  to  pre- 
dicting evens  tVrMn  ecrlnin  permilv  nf  time  biinjj  t;Kf  i. 
hut  they  pctl'inncd  niso  the  conNei>>e  of  the  proposition; 
tliiit  I'.,  .'ly  krio«  iii£  the  cvetils,  they  pietrnded  to  dtscuvcr 
the  tune;  imlnd  w\<  nii  I'iisier  prublem,  iit  least  they 
were  not  sn  like!)  to  I*  Ui  U-  d  liy  tlir'  event,  as  frequently 
happened  in  othrr  raseb.  I'hiis  \  iirro  havin|;  demand* 
ad  of  Firinatttis  the  (ini<-  lit  ifii'  I'irlfi  "I  Romulus,  from  the 
«>vent»  recorded  of  his  life,  the  n-trologrr  discovered  that 
he  was  conceived  the  firsi  \rar  oi  the  second  Ulympiad, 
about  3  o'clock  of  the  23d  day  uf  the  ICgyptian  month 
Cb«enc,  that  ti,  th«  S3d  of  December,  and  that  he  was 
bora  under  the  iaflaeiiite  of  the  luni  the  Slat  />f  Septnn- 
ber  following;  and  meromr,  that  Rnme  «at  Ibunded  by 
him  on  the  9th  of  ApriU  when  the  moon  wat  in  tha  lign 
libra :  hence  also  he  determined  the  late  of  the  city ;  for 
cities  ami  tin  'lail  thrir  horoscopes  as  well  as  men  ;  such 
wa«  the  pik  ti  ii>  utiirli  this  most  ridiculous  science  was 
carried. 

The  Arabi  iuc  rtiiotber  uhn  niarlc  a  rnnsiderable 

(ii'.ri.  i;i  the  liiNlory  of  ju'iirml  ustri:.l<ij;y.  All  the  linow- 
lf<tj;>'  lliey  had  <if  a%trr>n  'in y  ^^  a»  iniiilr  t-iil irri v  subservient 
111  Ihut  dortrinc,  am'-  iIhh'  hi^^l■^_\  i\  lilliul  Ira:l>  <in 

this  Hiiliject ;  a  circumstance  whitfa  prove*  their  gi<  «t  prr- 
dih'Ciion  for  tlii*  pretended  science. 

The  number  of  Anbian  authors,  who  ha^e  written  on 
.  Mtrology,  wtHitd  form  a  long  cataloj^ue ;  but  »  v  shall  only 
laendon  aoma  of  the  most  celebratnt.  tsuch  wen-  .^Ie^:l!ah 
ami  Aldiitidi,  btilh  Jem;  and  Aii-bt-tt-rrdoaai,  who  was 
to  math  admired  by  Cardan ;  Alrabitiijtswhuae  work  was 
puUiidied  in  IdOC  in  qu  <rto,  and  afterward*  in  folio  in 
1.^05  and  Alfambiua;  Aiboneen;  Aliaben  Ki^i 

Alhubaior;  Almansor;  and  a  Krent  number  of  olMrs,' 
worthy  ol'  the  i>(j»curiiy  in  which  they  arc  placed  >tt  this 
day.  Jaeob  Alehindi  the  Jew  enj<Yy<  d  great  Ci  lebrily  un- 
der the  reijn  of  AlinaitMiii ;  but  the  :\i:il>.,  |<  aliiu>  uf  !':.■ 
favour  which  he  ixperi(nce<l,  accused  liiiu  ut  nianic,  wliicii 
Icil  1  I II  vinlr  iit  disimie  betweenhim  and  aino->ulHm  doctor, 
till  Ht  last  they  di  lied  each  other's  art.  This  b4*inn  pnt  to 
the  test,  tln-se  two  learned  prof«-»or»  each  drew  a  cirt  li> 
abvui  himself,  to  which  ibey  aitribuied  a  magical  power; 
and  thtn  poaitedt  thfcdoctor,  by  way  of  cballengPf  wrote 
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two  wardf  on  b  pkc*  of  piper  vhiA  hnaanM  tipiiiid  if 
livmd  to  the  calif,  and  defied  Akhiadi  lo  dMne  what  they 
were :  this  wnt.no  eaty  la«k  for  Jacob;  but  ctill  he  cun* 
ninj(1y  applied  himaelt  tw  kb  brooks  and  in^tiunu  nts;  and 
then,  with  all  the  importance  of  self-conscqiu  iicc,  answvi- 
(■(I,  that  the  first  of  the^e  words  s^uv  h  plitf.t,  ami  iln  r.-isiT 
nn  aniujul ;  the  calif  having  oiicn.  il  tlio  pa)iei .  hr,  uiiu  all 
present,  were  Mnuk  \»iiii  usti,iiishiiii-i>t  i"  li^,.]  ihe  wo»d> 
futo,  wiOKM.    1  his  lucky  ijin  sv  rav,-  Jufob  »ui.M  n  di  eideil 
advantaj(e  over  his  conloumieil  adversary,  that  Alhunia- 
/«r,  one  of  the  dcctor'i  pnpiU,  was  so  much  huii  at  the 
ili'LMnco  III  ln»  master,  rlia:  hiding  a  dagger  under  hit 
cloati,  he  wa»  going  to  kill  Alehindi ;  when  the  latter,  nu 
doubt  apprised  of  his  design,  called  >  iil  with  astern  voice, 
"  Yim  come  to  $lay  me;  quit  (hit  dt\t:(H  and  Ike ptmuirU 
AMgemtarry.andl'jiiltltachyoiiaitionomif'  Attkmilhed  ' 
at  tb<-«e  words  he  let  fall  the  dagger,  and  became  One  of 
Alchindi's  inoti  senlous  disciples,  and  afiicrwnnlt  one  of 
the  moM  celebrated  ntuulofrn.   He  wrote  a  ticatite  on 
the  cotyunelioa  of  the  plnneit,  in  order  to  rand, as  it  weir, 
llw  dntfaiy  of  the  earth  f  todfaiil  the  time  of  ila  origin,  and 
thi  end  Of  the  world.   He  predicted  the  fines  of  the  dit- 
ferent  n-ligions;  the  Christian  relistoh  was  to  suliMst  |,  i 
1460  years,  that  of  Mahomet  644  years;  but  all  ihj'v 
pri'Jiciioiis,  like  inn«t othen ofn timiW tMttnv, howe beeii 

fiiiitradicteil  by  facts. 

Ill  1  179,  the  ;\inL.ian  aslrolugers  predictcfl  fur  ibr  year 
1180',  a  drcaiiful  imiiidBlu.ii,  aiid  such  terrible  ti  inpi-sli, 
that  vvotild  OM  rlliriiw  f\<  ry  lliiug  in  their  course,  in  con- 
sequence 01  a  cunjunctiun  of  live  planets,  and  «  great 
eclipse  of  the  sun.  During  seven  years  alarm  was  spread^ 
in  every  quarter;  but  at  length  the  time  arrived,  and  no- 
thing extraordinary  having  been  observed,  it  gave  decided^ 
ijr  the  lij!  both  to  the  prediction  and  the  art ;  but  notwiih- 
ttBlld}ng  tfaiy,  the  people  still  continued  to  pay  the  aanw 
reveret>ce  to  the  adcnca  nnd  iu  profeiion  at  fomMMiy« 
nothing  being  soOcicnt  to  open  the  eyea  Of  the  inlhtii«M 
multitodo. 

The  Europeans  havhw  rceeired  tbdr  lint  notions  of 

astronomy  from  the  Arabians,  it  was  to  be  expected  that 
they  would  partake  also  of  their  superstitious  belief  in  as- 
trology. Indeed  in  all  I h<ise  obscure  ayes  which  jireceded 
the  regeneration  of  the  arts,  nunc  *ecii»(.i  tn  dciuLt  of  the 
inllupiice  'if  the  ■stars  on  the  destiny  of  man,  and  most  of 
thuse  who  studied  or  cultivated  aatronomy,  had  no  other 
object  in  view,.th«n  itt  npplicntioa  to  ntlnloi(ieal  pie* 
dictions.  * 

Hut  uliat  must  be  our  opinion  of  the  church  of  Rome, 
when  we  And  one  of  its  cardinals  so  much  infatuated  with  ■ 
his  belief  in  this  doctrine,  that  he  actually  drew  the  horo- 
scope of  Jesus  Christ,  from  a  [ireiended  knowledge  that  ha 
professed  to  have  of  the  moment  of  his  birth  ;  aiid  this  be- 
ing what  may  be  called  predictinB«fter  the  evant,  he  Mled 
not  (0  find  wfittaa  in  the  heaema  nil  the  drcumtiancn  of 
Ml  Ufa  nod  danlh:  And  the  mminer  in  which  he  mdeti- 
vourad  to  MM  Itfttneif  fion  the  charge  of  impiety  aU 
legrd  against  him  «at  equally  ai  lidiCttkut  at  Ihe  aaieiw 
tion  itself. 

.•\intiii:;  t!',e  ninsl  c<  1,  litalnl  a^t  1 1 'i<inei s  i.f  Kornpc,  wo 
ni^iiiy  uht'^e  wciiks  ui;  ?ilh(  r  sudjccrs  ha^e  ili>tie  h<»- 
nour  to  theniselv.^  and  tn  their  e<iuntry,  ai:ti  it  is  ;r,  I  n- 
wisb(d  that  they  had  coiUiiivd  liieir  lab<iuT>  miiy  jo  these 
MihjiCts.  Such  were  llegiomontnnns,  Canierarins,  Car- 
dan, Argoli,  Monn,  Tycfao  Brahe,  ar.d  his  patron  and 
friend  connt  lUmsau;  to  than  we  may  add,  Guide 
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Uijfanin  de  l  oili,  wbc  «a.s  tlio  .Tviilior  of  fiv  trtativs  on 
As'.ruloiiy  ;  SlortliT, »bo  puljli!.lK>j  ti>r  inHiiy  )i-nra  aiirplic- 
mrris  cuiiiaiitiiiji  u-'lriilut:H;il  prt-<Jic(ioii».  In  uliiiatnnr 
for  14.^9,  he  Hiiiiounoii  tor  tlii'  1  jl  i  ii  (i*imI>Ii'  in- 

andatiun  ibrouglioui  turupe,  oti  account  uf  the  c<injunc- 
lion  of  the  mperior  plan«l*  in  the  tigii  pioccs :  but  ihi»,  as 
slao'aiiatilw  one  by  V'ir(lunaii.<,  w.i-,  wlirn  t'  <  :  nn-  urri- 
W«|»  imMt  eompletrly  bchrd  by  (hv  events,  t  <;  <  ',<  his 
Mmt  nther  muK  diy  than  u^iul.  Thrsc  eulii  mind*  wera 
riniltr  to  o*r  pntnit  J^loui  I's  nlmanar,  wfaicb  to  the  dis- 
grace  «rth«  coHDtry  still  cerrics  on  this  spc*cir»  ofdeccp* 
tion,  aiHl  which,  noArithatanding  its  man/  and  p«lpaUe 
CMtradiction^,  i>  ni  this  day  n-gardivl  as  Ibe  orach;  of  wis- 
dom anxmg  iho  greater  purl  of  uur  praianlry; 

But  pi'ihups  none  of  th>  si-  above  ciied,  except  Tycfao 
brabr,  was  »o  riilhUMaslically  devoted  to  nstrolojsy  as  Car- 
dan. Ik-  even,  in  imitation  of  ilii  !!  in  iii  ciuiliniil,  ut- 
IcmptG^  from  the  confi^oration  ol  iiii-  luav«-ns  to  draw 
the  horoscopv  tit  Cbri>l;  ami  many  other  "t  li  ■  -  n'lion* 
were  i-qually  abiurd  and  ridiculous.  Ht>  tirmly  believed 
in  itic  intlui'ticc  uf  the  stars  on  the  tees  wd  dcttiUM  of 
kingdoms.   Thus  Budrr  says  : 

"  Cardan  believ'd  ffrrat  states  dt-pcnd 

Upon  the  tip  o^'th'  bear's  tail's  end ; 

That  as  she  whisk'd  it  t' wards  the  sun, 

Strow'd  mighty  empires  up  aud  down." 
HedlTW  his  own  lioroscojie ;  and  it  has  been  said  that 
hecwn  starved  bira»i-lf,  in  order  that  the  time  of  bis  death 
fkonld  not  cive  the  lie  to  his  doclrine ;  but  this  is  not 
tnir>fbr  he  am  hefoie  tin  time  that  hisslan  hail  pradicl- 
•d  for  Uiat  rfODt.  Junctiirae  it'  ono^r  who  has  written 
largely  on  this  subject ;  Iw  wnnattoloMt  to  Cathuim  da 
Medici<>.  at  the  same  time  tint  bewaiumoncrtoiheduke 
of  A:  i"  1  ;  and  a  Column  vtiis  tTt  Cted  lo  him  in  th«'  llulle 
au  iilf  ;  b-.u  he  died  ut  lust  in  indigent  t-irrumstanccs  at 
Lyons;  an  event  »hic  h  Ih^  did  not  probably  liirc-ci'  nol- 
withslati'lins  hi*  a^lIol<l^u  ;il  skiM.  To  lln  si'  v»c  n)»y  lnr- 
tlier  H>lil  till'  lamous  J'lliii  Dn  ,  mI.u  iirliii  iii  tlie  nipanty 
of  ostrobigrr  (u  quein  Klizabt  ili,  by  whom  be  Ntus  ci>ii>utl- 
cd  as  to  the  linu-  propili<>u>  l'<<r  lier  coronation  ;  and  his 
friend  and  compatuoik  Kelly,  another  of  iho  brrucs  that 
Boticr  hfis  iniroilucetl  in  that  character^  * 
"  Kelly  did  alibis  fates  up<in, 

Ttie  devil's  tookin<;-glH'-s,  a  sl<i|ir.  ' 

From'  which  we  may  couclude,  ihai  he  diait  a  little  in 
the  nuigical  way*  hi'sidir  bis  more  comiaon  cKru|iatioii  uf 
axtrolo>>y .  Bat  count  Rnntzan*  aitd  hkally  TychoBrahe, 
«eie  perhaps  the  BMMl  acokNW  defcodm  ol  ««tioic4iy  ;  the 
latter  havM*g  written  laMdv  in  defence  of  the  truth  uf  ihit 
trience,  the  tendency  of  ts-hfch  we&lo  show  its  connexioa 
with  tlie  f  111  is;i  in  rclifjinn,  and  the  impiety  in  doublinp  of 
the  truin  <■!  its  .li-ctriiie.  Kven  Krpl<  r  was  In  ivmv  mea- 
sure addiCt  -il  til  ;i-.lriilii(5v",  iijipi  ur*  (n  in  scm nil  ut  In* 
letters  to  his  frir:)<l>,  wi.i  re  !.<■  l^  m  iimisly  iliscii^Mnj  the 
b^-st  nirthod  ut  J-iiaiii:;  ill)  lii.r.i-,(.i  |n  :  lie  wdi  not  how- 
ever so  viiileiit  and  d»rin^a-<kbt»fller,atid  Curdaui  iiiiikiiig 
hanly  and  dangi-rutts  prrdicliona,  wUch  diihunourcd  both 
the  an  an  J  artist. 

'Morin,  who  was  bom  in  1583,  was  the  last  astrologer  of 
any  oole,  and  wbcM  aiiemptt  to  defend  (he  diKrinnc  of  as- 
trology may  he  cootidend  as  the  last  vdorts  of  this  nipi- 
ring  ail :  he  was  an  outiafeoutoppancttl  to'tiie  Cop^-rnlcan 
aystem,  with  respect  to  the  tnoiiun  of  the  rarth,  and  is 
eaid  lo  have  lafaonred  ao  yean  at  hia  jbutthgiu  Galliea, . 
and  piedicicd  Ibe  death  of  hi*  adversary  the  learned  Cafr 
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sen. II,  n  mimlx-r  of  linKs  ;  hut  the  IiiUit  -niMilfi  li.e 
(roni  uiidrr  liii  In  rjm  lU  attl'.ciuius,  in  ord«  r  to  ^.vr  lin  he 
lo  Mot  Id's  ilotttiiu-.  lli-iM-ii  Inrftiild  llie  liealli  I'l  l.iniih 
XIII,  wlm  111  v<  I  «.!>.  in  UlIiT  ln-iillli  t'lm  ki  lif  iin-i-  an- 
nounced by  Monii  lor  his  dealh  :  hnully,  his  works  and 
Iris  predictions  bi'ins  p  iu  ially  contradicted  by  ijie  i-«enl% 
they  were  dopiiKl  uiiil  ridiculed  by  all  bi^  rimti  niporarivs 
who  had  any  if^iuiuilon  in  the  scieiico,  a.iii  Ins  lavountc 
durtrine  seemed  to  lose  ground,  as  the  liulb  ul  the  mtidettt 
tystein  of  astruivoniy  became  more  generally  acknow- 
ledged. That  a  man  of  this  description,  ao  astnihigicai  ii»  ■ 
got,  should  ao  strongly  combat  the  idia  of  the  motion  of  t$e 
caidi,  is  by  no  meaiM  wipriiinK  I  hrniiNetbcoldq,-«tem 
of  astronomy  was  much  mol*  toTOUmbIc  to  the  docuine 
of  astrolai^  than  the  modern.  Indeed  it  was  to  this^aye- 
tfm  bavin;;  finally  prt-vailed  over  the  obsiacles  that  ijoo- 
raiu  I'  mill  'uiii  r-tition  liad  riiisi  d  aiiHliKt  it,  lliut  was  tlic 
pniicij/.il  cause  ol  plun^iii;;  iis!r<iKi;.'V  into  that  contempt 
it  so  jU'tiy  itirritcil.  for  us  Soi'ii  ii?  It  was  kno«ii  tliiit 
the  laitli  was  nut  the  centre  <il  ihe  universe;  thai  it  was 
only  i>:ie  (  t  the  little  sulellites  i>f  the  sun;  tbst'lllSteMd 
/if  the  sun  and  »turs  turning  about  tb«  earth,  it  turned  ' 
on  Its  own  axi's  to  receitc  the  li°ht  and  heat  of  that  lu- 
minary :  and  <inA,lly,  that  the  fixed  stars  are  placed  at  an  ; 
immense  distance,  that  even  startles  ihc  ii^agination  ;— 
liuw  could  It  for  a  moinrnt  be  adniiiied,  that  oil  this  vast 
machine  w.u  subordinate  to  this  little  g^he  of  earih,  and 
be  designed  only  lo  preside  over  the  destinies  of  its  inlia-  * 
biUnis  I 

Morin  died  In  ifiSfi,  since  which  time  astrology  bat  been  ■ 
declio^g;  and  at  tbit  day  tbofeianotn  nmn  of  icii«ecin 
£urope  who  ia  nut  fully  aware  of  theabauidity  of  ihii  pie- 
tcndra  dorlrlne.  •    ».  •  • 

but  In  the  I  jisI,  nMrtilogy  still  preserves  its  credll  ;  iind 
astroiKiMij  is  niily  culllvaled  iLere,  »o  l.ir  us  it  is  lliou»;lit 
netii>ui\  li  r  ;i.;;  nil  |iur|--es;  lor  llie  Turks  c:in  no 

nmre  li<-  |ii  miiiileiS  tliul  lln'  Luroptans  study  ii-liniiniiiv 
wltiiuul  Im  li.  Mii^  111  nsl I iilo^v,  than  imaglin'  ib;ii  w  ■  ran 
examine  llie  ii.si  iiplmns  and  lUini  ol  ai.llquiiy,  ullhout 
SCaichiie,  t(ir  iri  .imii.-. 

It  m»y  l^c  ihou^r  i  iIihi  too  miirb  has  b<i  n  ».iid  on  this 
subject,  that  even  its  nume  ought  not  Ut  be-  intrudurid  into 
books  ul  science  ;  and  certauily,  were  it  not  for  Ibe  benefit 
that  ittlr«iiiom)  has  diri\e<l  iiKin  It,  nnd  the  rrspectHUHiy 
of  many  authors  who,  uufortunately  fur  lluir  imeuMara,  , 
have  been  its  adiDin.*rs  aud  supporters, it  would  long  lM-ft>K 
this  ha^t!  b(-cn  lust  m  total  oblivion,  ard  i  vnn  its  name 
would  not  have  been  remembered  by  philosopiiert.  Sot 
tboee  ciicttmtttnces  canmii  lail  ofj^ivingit  tomeiau-mt 
when  we  are  ccmtemplatinj;  the  proi^ress  of  human  know- 
ledge, and  uht  n  we  reliecl,  lltat  without  this  su|H'n>il:foiis 
stimulus,  we  might  still  have  remained  i(in<>runi  i.l  iht  ie 
giaiul  and  sublime  laws,  that  n'l^uUle  I  he  motion  of  the 
heavenly  bodies,  i.iul  preserve  unlnipuired,  the  uiiin  rsal 
harmony  of  our  pi  nu  lary  systi  in.  « 

ASTlU)MK'n.UR01.'UC.IA,  the  nrl  of  for.  lellin^t  lii« 
MCuther,  iixl  I'.s  tbaiiges,  from  the  asp«  cts  and  conligura- 
tionsof  ilie  moon  and  planets :  asp«'cies  of  astrology  dutiii- 
gulshcd  by  soma  vwler  the  denomiaatieii  of  «»Mrarai%K«i/ 

ASTRONOMICAL.  sMiielhing  relatina  to  Astronomy. 
AmoKOMicaL  GiWar.  Ctiwatfm,  ColittMt,  Unnzon,  ' 
HotiTM,  Afmak,  Snadnml,  Ring-Diai,  Sector,  TidUs,  JV 
,kmft.  Time,  Ymr.   See  the  s»wrtl  subsiaiitiscs. 

AtTROii*Mic«x  0»«rco«iin«,  Oftbne  thvia  «p»  n. 
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<w*Ui  or  mrnlinn,  in  almoM  nil  agts.  ft  u  mti  dnl  the 
Chinese  Kavr.  obv  rvadoiw  for  «  cour««  of  many  tfaouMud 
yrnrs.  But  ul  tht  sc,  us  well  as  those  of  ib«r  Indians,  w« 
havf  yet  h.ul  but  little  bctu-tii.  But  the  obM-nntiutis  ol 
raosi  (jf  the  t>ih<>r  ancients,  «■»  Babylonians,  Greeks,  &c. 
umiing  »|iicli  ih'.jsc  of  I  lipparcbus  makr  a  principal  6gur«, 
aic  CMtfull^'  jjusiTvid  by  Ptolemy,  in  hi^  Almngt-st. 
About  the  year  880,  Albalegni,u  Samccii,  npiilnd  him- 
to  the  makinft  of  observations  ;  in  which  he  was  fol- 
lowed by  others  of  the  same  nation,  fs  well  as  Prrsians 
and  Tartani  among  whom  were  Nassir-Eddin-Kittt»i, 
Amcliel,who  also  cAnstr«cMd  •  tabic  vf  sines,  and  UIng 
Btigfi.  In  1457  Uegiomontanua  undeHook  the  province 
MNmmbcr;^:  and  bis  disciples,  J.  Venwr  and  IJ«r.\Vitl- 
tbn,  CMtiatMd  ih*  wim  from  UTS  to  ISO*.  Their  ob* 
WMiblMird  togeiiier  ki  lS44^In  1  M9.Co* 
I  ■nw  him  the  landgrarp  of  Hen*,  mkk  hiias- 
•MMiitt  Kathnra  wid  Byrge,  obaen-rd ;  and  after  ihrai 
Tydio  Bnibp,  assisted  by  the  celebrated  Kepler,  troiu  li82 
to  l60I. — All  the  foregoinj5  oliser\-ationa,  together  with 
T  ychoS  apparatus  of  instruments,  are  rontaim-d  in  ti 
Illstnria  CcEleitis,  published  in  16/2,  by  order  of  tliet  in- 
^■rur  I'trdiDHtnl. — In  l651,  was  pubii^ln  i1  ii;  Honotu;!,  by 
Kiccioluj,  Al^nH^;e^lnm  Ntivtim,  bein^aconiplctL-  bo<)v<i| 
ancient  and  iniMlcrn  iiliscrvarion?.  which  he  so  nami-il  ;itinr 
the  work  of  the  same  nature  by  I'tolemy. — Soon  after,  He- 
volius  >*'itl>  a  ma^lficent  aitd  uril-contrived apparatus  nf 
instruments,  described  in  hi*  Mnchina  Corlrstis,  brjpin  a 
course  of  olnerrations.  It  has  been  objcctrtj  to  him,  that 
he  only  used  plain  a^hn,  ami  ctmld  never  be  brought  to 
Uik«  me  advantage  of  ttlesco^ic  ones ;  which  occasioned 
Dr.  Hook«  to  writ*  ■DMMdiwiioMi  on  Hevelius's  instru- 
m  i$t*fm  wUcb  ht  too  ruhly  drspiws 
■I »«  niBMt  of  Adr  ioMMCMy:  tat  Dr.  Halky, 
wlift  tt'tho  imlMMe  of  fin  Royal  8ocie^  we«  ovrr  to 
DMiMCk  m  the  year  l679>  to  inspect  his  instruments,  ap- 
piivcd  of  tbeir  justness,  as  well  as  of  the  obs«>rviitions  made 
vith  them.  Sfc  Sights.— Our  two  oountrymrn  Jcr. 
iforrox  and  Will.  Crabtree,  are  celebrated  for  their  ob- 
servatioiK  from  the  year  l635  to  l644,  whoHrst  observed 
the  trnnsit  of  Venus  over  the  sun  in  the  ye«r  ifisp  — Thry 
were  followed  by  Flamsteed,  Cftssiiii  ibe  t'lilhrt-  uikI  sf>ti, 
Halley,  de  la  Hire,  Roen>er,  and  Kirchius. — VVc  have  also 
now  had  published  the  accurate  observations  of  Dr.  Brad- 
ley aad  of  Dr.  Maikeljniei  as  atw  those  of  the  French 
•iMOthor  obaemtoikaiwItlktlioobMmtions  of  many  in- 
geniotM  private  ftstroDomera,  which  ar«  to  be  found  in  the 
Transactu>n<i  und  Memoirs  of  the  various  Philosophical 
Sodtiies.  There  him  hecn  alio  .ohtemations  of  laaiijr 
otfcercniMntaatraiOMieni  GalHeo,  Huygens,  aad  out 
eoantrfnian  Harriot,  whosa  very  Interesting  observations 
have latdy  hecD  bnogbt  to  light  b/thc  earl  of  E);rrmoDt, 
and  ooant  BmbI,  though  they  have  itot  been  thought  fit  to 
be  published.  Other  publications  of  celestial  observati  ons, 
are  those  of  Ca^sini,  LiaCaille,Monnier,  Liiliiiide,  Mcr!.chr1, 
ItC—See  farther  under  Cslutial  Obtervaiiom,  Cata- 

LOan*  OBaBKVATOBT,  &C. 

ArrmcmoHicAL  Place  of  a  stJir  or  plauet,  is  its  longi- 
f  mic,  iM  placi  i ti  ibe  eclipiir,  reckoned  from  the  beginning 
of  [iriob,       amieipieuiia,  or  accrortling  to  the  order  of  the 
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ASTROKOMYi  the  doctrine  of  tho  Waveaa,  and  their 

phenomena.  Astronomy  is  properly  a  mixed  matheniviicai 
science,  by  which  we  become  acquainted  with  the  celes- 
tial bodies,  tbrir  motions,  penodi,  t  c  lipses,  niagii'.ludes, 
distances,  and  uiIut  pbenonieiiii.  Sotnr,  bowivcr,  under- 
stand the  term  astronomy  in  a  more  (■xteIl^i^e  t-oiiv,  as 
comprinni;  in  it  the  theory  of  the  univi  lii ,  with  the  pn- 
mKiy  lau  s  of  nature  :  in  which  sen^e  it  »r<'inslO  bc  IBthcr 
a  branch  of  physics  than  ol  niaihrmnlic^. 

Hatory  tf  Attrtmomy. — The  irnenuon  of  asltonomy 
lias  been  variously  gi^en,  and  ascribed  to  seveial  per- 
»i>tvs,  fcevcral  nations,  and  H-venil  agPs.  Indeed  it  is  pro* 
bable  that  mankind  never  existed  without  some  know* 
ledge  of  astronomy  amunest  them.  For,  besides  ilio  nio> 
titcs  of  OMfB  cuiioaity,  whicii  •!«  stifficient  of  theinselvfa 


AS  i  liONOMlCALS,  a  name  used  by  sotne  wriftn  for 
sTMgoiinal  fractioqij  on aiceovot of  IMir niaiaaiM«BO> 
mical  cakolatiooe.  ,    *'  '  ' 

QnlUnvt. 


tb  haw  exciMd  hmh  to  •  eonteroplatieo  of  th«  ^ 
and  VHiytiif  oHaatial  cttopy,  it  h  obvious  that  aamo  wttt 
of  tho  ecieace  aaawer  lOch  OMewliiU  purposes  to  innund, 
as  to  laake  the  cultiratioa  of  it  a  matter  of  indispensible 
necessity. — Accordingly  we  find  traces  of  it  in  vuriou* 
lijilioiiv,  and  rccordn  ol  its  eultnatiun  bv  the  earlivst 
Iidu:biluiit5.  Jci!i<  ]ihu>  inlorni5  us,  tliat  the  fony  ol  bclh 
enipUiyp'l  themwlves  in  the  sliidy  ol  astronomy,  and  that 
lluy  enpraviii  their  obbervationS  .m  lw«»  pillars,  one  «f 
brick  and  tlie  other  ot  ^tonc,  in  urili  r  that  tiu  i  might  be 
|irrs>  lAed  from  the  destruction  wbKb  Adam  bad  loretold 
ih(<ul<i  rcme  upon  the  earth,  llealso  rilNt<*<i  ihut  "Abra- 
bain  gave  Icctum  in  »$tronomy  »nd  snthnielic  to  the 
Egypiiitns,"  "  which, "  tie  ^ay:-,  •'  ih<y  km w  n<  t).iiij<of,til| 
Abraham  bruu^tthcn  froM  CktUdea  lo  Eg>pii  and  fnMi 
thence  they  poNcd  to  thoGreclii.'*  BcmutalMt  uhier«9» 
"  that  Abraham  «M»  gnat  and  jott  tcaii,  aivi  iamoiu  ^r 
his  celciiial  obaeiwationB.''  thf  vuhb  atitboir  aaciiba  I* 
the  antediluvians  a  knowledge  of  the  aMranoBiicol  Cytia 
of 600  years,  which  may  be  supp4«ed  tn  nwan'tbe  period 
in  which  the  sun  and  moon  cano-  aiiuiv.  into  the  viine  situa- 
tion with  n-gard  to  the  nodes,  aj uj^i  e  ol  the  moon,  <tc. 
"  This  p<  riod,"  saysCatsini,  "  ol  winch  *»<  find  no  intima- 
tion in  any  nioiianM-nt  of  any  other  iiaUon,  is  the  m«i«t  ac* 
ctirnteol  the  kind  tliat  <->er  w  as  invented  :  for  it  brings 'lUt 
the  solar  yenr  mor''  ex.ictly  thiui  that  of  Hipporchus  and 
I'tolemy  ;  ancl  the  lunar  inoiith  within  about  one  second 
ol  w  haLi^  di  lcrniincd  by  modern  astronomers,"  Iftfaean- 
tediluu»ns  hi>l  suchri  in  iiod  of  600 years,  they  must  have 
known  the  motions  nf  the  sun  and  moon  more  exactly  than 
their  descendants  knew  them  some  ages  after  the  flood. 

The  accounts  however  which  we  have  of  these  m«tteil» 
anterior  to  the  flood,  do  not  carry  with  them  the  dcfree 
of  credibility  that  would  joiiify  a  note  paninilar  mention 
«f  Aaaj  nor  woiild  •  mora  oopiout  detalt  cooduet  at  to 
mrf  BHliki  COMdnaian  of  the  age  or  country  whan  tbo 
science  of  aatronoiDy  fint  originated,  or  by  whom  it  waa 
first  melhodiMd  and  extended.  Whatever  credibility  these 
uncertain  testimonies  of  the  ancients  may  possess;  certain 
it  is  that  most  nuthorv  are  agreed  that  the  commencement 
of  the  science  orij;inati'il  either  in  Chalden,  F-fypi,  or  In- 
dia;  all  ('(  wim  h  nations  pretemled  to  a  very  hif;b  .mri- 
qnily,  nrnl  c<iuatly  claimed  the  honour  of  pi'i'ducing  flio 
(ir^I  cullivnIofA  of  this  tcietice.  The  Chaldcms  ui  purli- 
cular  boBslcd  of  ihi  ir  temple,  anil  rm^rnuni^  tower  of  Be- 
lus  which  has  been  thought  by  some  to  lisive  been  an  as- 
tronomical observatory;  and  no  less  of  their  famous  as- 
tronomer and  phik«opher  Zomaster,  whom  they  placed 
400  yean  before  the  dolmction  of  Troy.  While  lha 
-     ,     whhdmitaroaianlntiaa,oBanted  of  their  Cot- 
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hgpi  of  prieits  which  were  the  drpdts'of  every  species  of 
knowlwqe;  and  uf  the  iiiiriiuin<;iit  III'  Osyniiinttyas,  in 
wllich  tndition  a>scrls,  there  waj>  a  goidt  n  circle  af  .103 
cubits  ill  cireutDfiTciiCi',  und  one  cubit  thick,  divided  iiitu 
SSS  «|Im1  parts  according  to  the  day*  of  the  year,  aud 
coatatmnf  the  hdiaori  littagiaBd  MtiiDp  of  themn  for 
each  day,  ite. 

It  is  indeed  evident  tint  holfc  Chaldea  and  Egypt  were 
fCountrici  very  proper  for  astroooaical  obiervatioDt,  on 
■ccoaot  of  (he  extended  flataon  of  the  countiy,  and  the 

gurity  and  serenity  of  the  air.   The  tower  of  Aelui,  or  of 
abel,  bring  of  a  gnst  hMght,  was  probably  an  astrono- 
mical obaer%aloiy ;  and  ib«  lofty  pmmids  of  Efypt,  wfaa^ 
rer  tbey  were  origjaaliy  dcaigpM'for,  might  perhai 


•wer  the  same  paipow;  at  leait,  they  show  the  skill  of 
ihil  people  in  practical  aatVOIKnBy,  as  tbvy  arc  all  pUcoil 
trith  their  ii»iu  fronia  exactly  fiwio^  the  cardinal  poioU 
of  the  compou.  For  it  is  haroty  possible,  that  tbey  should 
have  placed  them  in  that  striking  position,  and  with  such 
a  degree  of  exacine»'>,  niiliout  some  particular  reason; 
and  this  bcinj  the  cosl-,  it  will  folluw,  that  thL-y  wuri-  ac- 
c^uainii'd  with  the  cotiecl  niethiHl  ol  dntwiii^  a  iiR-iuliaii 
line,  »hich  is  a  inutti-r  of  more  dilTirulty  timii  is  grnerally 
fuppo^ed;  it  being  well  known  tliut  lyrlio  Biiih*,  iho 
iiioit  able  astronuiniT  of  his  time,  coiimiittid  an  error  <if 
Viveral  miuules  in  (racing  (ha(  of  the  ubscr^alury  of  L'ra- 
nlsburg. 

Th«  Chaldeans  certainly  began  to  make  observations 
MOD  after  the  confusion  of  languages,  as  appears  from  the 
observations  found  (here  on  the  taking  of  Babylon  by. 
Alexaitdcr;  and  probably  much  earlier.  U  hmt*  appcan 
that  they  had  d«tcnnincd»  with  loleiabU  exactaM,  the 
length  .both  of  a  periodical  and  naodieal  aMMk.  Thqr 
hadabo  dncovetcd,  that  thenotmof  tbenooo  rgraanot 
anifonn;  and  tbey  •sea  attcMptod  t»  aaiign  tboao  pam  of 
the  oito  in  which  the  motion  ii  quicker  or  slower.  We 
are  also  assured  by  Ptolemy  that  they  were  not  onac- 
4oaintcd  wi(h  the  motion  of  the  moon's  apogee  and  nodes, 
tbe  latter  of  nliich  they  supposed  made  a  cortiplcte  re\  u- 
luiionin  ()58^|  days,  or  a  little  more  than  18  year^,  and 
that  it  contained  C'2J  complete  luoaliuii^,  which  period  is 
called  the  (  liiiltieiui  Saio.i.  From  Ilipparchus,  the  sani^ 
author  aUu  gue-s  us  si'veral  oLservalions  of  lunar  eclipses 
maile  at  liaOylon  above  JQO  year^^  before  Christ.  And 
Aristotle  inl'orms  us,  that  tbry  had  many  occullations  of 
tbe  planets  and  fixed  stars  by  the  moon;  a  circtimslaace 
which  led  them  to  conceive  that  eclipses  of  the  sun  ski* 
to  be  attributed  to  the  same  cause.  They  bad  also  no  in* 
conuderabli!  share  in  amaging  the  stars  into  constella- 
tioiH.  Nor  had  even  thoM  eecentrk  bodies  tbe  comets 
escaped  their  cibeervatioo:  ibr  both  DiodomtSiculuaaaid 
Appullinus  Myndicus,  Seneca.infeiflH  Wsaccowledtkaa 
to  be  pennnnent  bodies,  havin|4MlMl  tm/Mtemu  weA 
as  the  planets,  hot  in  much  moire  extensive  ovbita:  al- 
though others  of  them  were  of  opinion,  that  the  comets 
were  only  mcleors  raised  very  high  in  the  air,  which, 
hiaiing  for  u  «Mie.  .ir        :i  llie  matter  uf  which 

iliey  consi>(  is  i  nii^umi  d  m  lii-pei^eii,  Tlie  art  uf  ilialling 
^<JS  also  jiruclisiil  aiimiiij  ll.em  liiti;;  bif<jre  llio  Greeks 
■vere  acqiiaiiiti-<i  with  lhat  •.rienre.  llcroilulus  says,  that 
•he  (ircekswcre  nuule  urijiiainleil  with  the  use  of  the  Poie 
and  CtMomoa  (lirougli  the  medium  of  ibc  Babybmians; 
the  fauti  r  of  which  seems  to  have  been  iIm  Mataarieat 
instrumeal  mad}  MS^tfia  aatMMMk 

Tbe  ^fftiU»,llmfijlmtimiW^  circvmunm^ 
Voi.1,  ' 


laid  claim  to  nearly  tbe  same  critical  pretensions  in  the 
knowledge  of  astronomy  as  the  Chaidi-ans.  Herodotus 
ascriU-s  (heir  knowledge  in  the  science  to  Scsostris;  pro- 
b.ilily  not  the  same  wiiom  Kewion  makes  coiUcm|Kirjry 
with  Solomon,  ss  tluy  were  acc|UHinted  witii  astninomy 
at  least  many  huiidreil  years  before  that  a.-ni.  We  learn, 
from  the  testimony  of  some  ancient  au(hors,  many  parti- 
culars relative  to  the  stale  of  their  knowledge  in  this  scir 
ence ;  such  as,  that  they  believed  the  figure  of  tbe  earth 
%ras  spherical ;  that  the  moon  was  eclipsed  by  passing 
through  the  earth's  shadow,  thougk  it  doca  uot  cetiainly 
appear  that  they  bad  any  knowMfB  of  the-tmetyslem 
of  the  noivene;  thatthcy  MimpiM  tonNwraiethenaf* 
nitnde  of  the  oartk  and  raa,  tho^gk  thiar  mctkodt  of  ai- 
«efiainiiV  Ike  latter  weie  very  emneaui;  aad  that  tbey 
even  pretended  to  ferrtel  the  appeaiaooe  of  oomen. 

Diudorus  Siculus  also  informs  us  that  tbe  Kfyptians 
discovered  lhat  tbe  planets  had  sometimes  a  direct,  and 
sometimes  a  retrograde  motion,  and  at  others  wen-  sta- 
tionary: that  (hey  made  (he  sun  move  in  a  circle  inclinrct 
to  the  equator,  and  in  a  contrary  direction  to  the  diurnal 
ni(i|ioii.  The  idea  of  dedicating  the  seven  days  of  the 
week  lo  the  planets,  is  also  ascribed  to  the  i'lgypUans. 
We  are  also  further  informed  by  Mr.  E.  Barnard,  that 
the»(>  people  discovered  that  the  stars  had  an  annual  mo- 
tion of  iu"  Sf  '  45"  "  in  a  year  (Phil.  Trans.  No.  149):  and 
by  Macrobius  that  tbe  Egyptians  made  the  planets  fevelve 
about  the  sun  in  the  same  order  as  is  ascribed  to  them  by 
us :  but  it  does  not  appear  at  what  tiwe  the  planets  were 
first  discovered  to  be  of  a  different  nature  from  the  fixed 
Stan  nor  by  whom.  Tbey  were  also  acquaint^,  u  ia 
fmemlly  attpMsed,  with  teseral  other  kianckcs  of  this 
adence,  as  iadetJ  «ci«  the  ChaMaaw^wkidi  will  appear 
from  Ike  lint  notions  they  entertnlnnl  of  tka  sytlam  of 
tke  world,  and  the  agreement  wUdi  kas  beta  fboad  aato^g 
several  ancient  measures  of  the  dreuatlineoce  of  the  earth. 

Many  other  nations,  it  is  true,  have  claimed  the  honour 
of  (he  original  cultivation  of  thissciencr;  but  among  Oio 
various  observations  of  the  ancients  which  hnvc  been 
Iran'iniittcd  to  u.h,  nor|e  appear  of  greater  antiquity  thuii 
those  (if  the  Chinese.  Tiic  most  remarkable  of  these  is  a 
conjvinctiiiii  of  live  of  the  planets  winch,  according  to 
their  annals,  in  said  to  have  taken  pl.<ce  in  ihe  rrign  of 
their  emperor  Tcbeun-hiu,  about  2500  ye^^rs  before  Christ. 
Tbey  also  mention  an  eclipae  of  tbe  sun,  arfaich  happened 
ia  the  coiwiellatioo  Scorpio  about  the  year  SI 50  of  tke 


asra ;  and  which  is  said  to  have  proved  iatal  to  two 
Ckinne  astronomen,  of  the  name*  of  Ho  and  Hi,  who 
were  eondeoincd  to  death  by  lha  empmr  Tchoqg^aiy, 
on  acconal  ol4k«sriaiHiH^  Ikrongk  ncgligenee  and  in>> 
tonication,  ta  annotiBca  tke  picc)ie.tine  at  wkifk  k«r- 
rieed.  ftnif  frrin  thm  iliti  apuarinllj  aill  anialjMi 
veral  eatlacM  astrononan  have  endravemnd  to  dit^iai- 
wketker  ikdse  cvenH  eoald  have  possibly  kappened  iibout 
the  time  here  mentit«Kd ;  but  the  subject  is  Bttnidi  <l  with 
too  many  difficulties  to  afford  any  satisfactory  lesult.  ^ 

M<i5l  of  the  accouiils  which  we  have  of  the  Chinese 
astronomers  have  come  from  the  Ji-suit  missionaries.  'I'hry 
inl'orm  u.i,  that  the  Chinese  were  originally  taught  the  sci- 
ence ol  astronomy  by  their  first  emperor  Fo-hi,  who  is 
supposed  hy  Mime  to  be  the  same  with  NK.ih.  lie  also 
constructed  astronomical  uble>,anH  gave  the  figures  of  the 
heavenly  bodies.  In  the  reign  of  the  emperor  Hoang-ii, 
about  Sli97  years  before  Christ,  Yuchi  likewise  observed 
tke  pbl^ttar  aiid  tk%  conitellatioas  dfanaHCribing  it. 

Y» 


Digitized  by  Google 


AST 


A  S  T 


wis.,  r  ■ii->iriittcil  a>i<tiric  "ith  m  ural  Ijxt-.l  ari^i  niu\f.il.le 
tiu  U-- ;  aiiil  M i\^  (he  autliiir  111  i  i  )ii»miiiiOii  i  by  wu.t  li 
lu'  lould  lim)  the  fi  iir  oirdi  |n)mis,  «nh(iii(aiiv  rfirr- 
eiiri'  I"  ihs  hcaM-n*  ;  "Inch  was  ]ir<jbably  ilu  same  h>  b 
Coiii|ias^.  Niairiy  abiiut  liiii  tiim-  lliv  cyrle  oi  00  yrar» 
w:i»  iiUo  cilalili^liecl,  ami  it  is  ajiM-rlril  liy  F.  G«ubril, 
thai  I'of  u>i>T\-  li.an  n  ci'titury  A  C.  llip  CiiiiuM;  harf 
COvc'l«d  «>('  obliquity  ol  the  ecliptic,  with  the  theory  of 
Mlipirk:  and  that  they  ueri',  ]nt\2,  bdurt'  tliitt,  act^uitiiited 
widi  tba  UUc  Iriigih  uf  the  solur  yrar,  iho  m>  thml  of  ut>- 
«miii|t  atritlitm  ■Itiludn  of  the  aun  fajr  tha  almdow  of  • 
gnonoiii  ami  of  Muciaig  fram  tkcnce  kn  dcdioatiiM,  ind 
ttic  hei^l  of  llae  pole.  TIm  mm»  wmmmty  iho  uyt, 
itial  ik*  Cliinm  bave  yrt  mnaining  tone  hatAt  «r  mlio^ 
noiiiy,  whic  h  re  wiiitri)  abotit  COO  jpniA  brforv  Christ; 
from  wliich  ii  i)|>prark,  that  the  Chinn«  had  kiKiwn  the 
■lai!v  riiotiiiii  <il  thf  suti  atid  moon,  and  the  times  of  the 
revoluiions  of  tin  plaiirl-,  ra:iriy  years  bolf>r«-  dial  period. 

lUhle  likewise  iiiforiTi'  u<,  that  Tchfiu-cong,  the' 
mo-t  -ikilfii!  asimmnncr  that  over  Chltir.  proilucpd,  lived 
innri-  tlmn  h  th'-uvund  yi'ar»  lieforv  Cliri»t ;  tijat  lii-  in^n-d 
wli-  U'  iiiahl'>  111        rving  the  crlc»lial  bodies,  an.l  arrang- 
iiij;  thrill  into  cunsu  iJalioiu,  .At  prcM  :it,  howiviT, 

ihcDtale  of  astrouoiiiy  is  but  very  Ion  in  that  country,  ai- 
thonpbitteeiltivated  at  Pckinj;,  by  public  authority,  ia 
like  Buaner  as  in  moat  of  the  capital  ciiii-s  of  Eurup<>. 

The  inhabitants  of  Japon,  of  Siam,  and  of  the  Mogul's 
cn]piR»  han  alao  bten  acquainted  with  astronomy-  from 
ti«0  IttnciMNkl  r  Md  the  celrfafaied  obseryaCory  at  Be- 
ittiat,  ift  » iiioBWitnt  botli  of  Um  iopDuitj  of  tbo  poopio, 
■Bdof:%irakill  in  that  icirnc* 
^  Aotpmag  to  Porpfa^,  utmnrnj  MMI  haw  been  of 
Very  ancient  standing  in  tlie  cast.  He  inlbm»  us  that. 
» 111  n  Knbylori  wan  taicn  by  Alexander,  there  were  bruuisht 
Iroin  tticnc*  crlcitial  observulions  for  the  space  of  1^)03 
yeai^  ;  «  therefore  must  have  c hikix  nirrd  uiihtn  I  15 
\ear>  alter  tiie  ftood,  or  within  1 5  year^  alli  i  the  building 
<>l  Babel. — tpi^enra,  accortling  tn  Pliny,  Hlhniifd  lljat  tin- 
B  iln  loiiians  hntl  <ibser*'«l»)H»  of  7'2i)  yeani  engraven  nn 
liiirk*. — Apiiii,  Aciiillcs  Tatius  ascribe-^'  liic  invcmu-n  •.( 
asitimumy  to  litv  I' '^vptiant ;  and  adds,  Uiat  their  kno)v- 
lifrfflF  of  that  science  wa«  engraven  OH  pUlotat  ami  by  that 
mcam  inunmiin-d  !•>  poatenly. 

M.  Ifailly,  in  hii  daborate  hatoiy  of  ancient  and  mo- 
dem istraaoayi  endeavour*  to  trace  the  origin  of  this  sci- 
«*ncr  anxMR  til*  ClnUdicans,  Egjptians,  Persians,  Indians 
nud  Ckineir,<t6  a  very  early  period.  And  tJkeare  he  main* 
lain*,  that  it  was  coltirateci  in  Cgypt  and  ChaMaa  2M0 
yean  before-  Christ;  in  P«faia,9SQ9s  wMiai  SIOI; and 
in  China.  2>)62  yean  before  that  ara.  He  also  apf»re- 
hetids,  that  astronnmy  had  been  studied  even  Itin?  before 
ilieb£  diiitant  pcriodn,  and  that  wc  are  only  tu  date  its  re- 
Tival  Iriim  ilieiirr. 

In  iine»ii2atiiiil  th»  antiquity  and  propri'^is  nf  isMronomv 
among  thv  In  l  mus  M.  Uailly  examines  and  cnoipares  four 
dlflen-tit  ol  u.itr  in>iui.  al  tables  of  the  Indian  philoso- 
phers, namely  lliat  ol  ll'.i  Siiinii  sc,  1  xpl.-Miird  liy  M.  Cas- 
sini  in  l6"l*i»;  bruujjhl  from  India  by  M,  U  tJentit  of 
the  AriTleiny  «>f  Scieiice»;  and  two  other  roanutcript  ta- 
bles, I'l  ii.nd  iim  mg  the  papers  of  the  late  M.  de  Lisle}  all 

*iiii  b  lie  ti.uTui  In  auree  very  accurately,  nnd  refcrrfilf 
to  ibaioer!'''  >"  ei  H.-iiarea, above  mentioned.  It  app4*ars 
that  the  fui  il  "  ■  '  epneh  gf  the  Indian  astronomy,  is  a 
CMyjuwiiwn  of  ine  sun  aiul  moan,  svhich  took  place  at  the 
amialag  diltMica  of  Slot  yean  hafibaChKM:  and  U, 


Bhiliy  iiiicims  us  that,  by  our  most  Rci  u rale  asl  ri .n<in:ical 
taL.les.  »uih  a  conjunclioii  liiil  leuli  v  happen  at  tlmi  lime- 
lie  lurilier  nlj>eiscs  ihiil,  (it  i  reseni,  the  indiaiu  eulrulNti 
eclipse*  by  iiie  mean  rimtn  ii<  of  the  sun  and  moon  ob- 
served 50C0  yiar»  tince  ;  and  that  their  accuracy,  with  ir- 
goid  tn  the  solar  motion,  far  exceeds  that  of  the  beatCn^ 
cian  a^tronomenl.  I'hey  had  also  M-tiled  the  lunar  nio« 
tions  by  computing  the  space  through  which  tliiji  lumi- 
nary had  passed  in  I,ti00,9t4  days,  or  a  little  more  than 
43SS  year*.  M.  Baiily  aba  infcrmt  as,  thai  'ihi^.  make 
use  of  the  cycle  of  19  ycMis  thoMinea*  that  awnhid  by 
the  "Givahs  to  llclon»  that  their  theory  of  the  plancu  is 
maeh  hcttrr  ttan  Ploleayb)  ai'tbay  do  not  suppaee  th« 
earth  in  the  centre  of  ihe  ccWmIbI  motions,  ana  Micve 
that  Venus  and  Mercury  reove  round  the  sun ;  and  that 
their  a>tn>noniy  sgreea  with  the  most  modern  diicoreries 
as  to  thi  drcrca-e  (if  the  obliquity  of  the  rrliji::!  ,  ihcaC* 
celcraiiuii  of  the  motion  of  the  equitiociini  p<j|i,is,  \r. 

In  the  2d  vol.  of  the  traninctions  of  ihe  Koyal  Sneu  tv 
of  Fldinburgh,  is  aUo  a  leartnd  and  in^eniniis  (h-^-erlalu  ti 
on  the  astninoiny  of  ihe  Br.i:  iiiins  of  India,  by  .Mr.  Pro- 
fessor Plbyluif  ;  in  which  the  great  accuracy  and  high  an- 
tiquity of  the  science,  among  ihem,  is  ri-duced  to  the 
greatest  prohability.  It  hence  nppeam,  that  their  tablet 
and  rules  of  computation  have  p<'Ciiliiir  r<  ferencc  to  an 
epoch,  and  to  obsprvations,  3  or  4  thousand  year*  iH-fore 
Christ;  and  many  other  instances  arc  there  adduced,  of 
their  critical  knowlede:  in  the  other  aathematical  sci- 
ences, employed  in  thm  preorpu  and  calculatioiw. 

Anraaomy,  it  eceaM  tan,  was  aot  unknown  to  the  Ane-* 
ricaaa;  though  in  tiwir  .division  of  time,  they  made  use  - 
only  of  ike  solar,  and  not  of  the  lunar  motions.  And  that 
tiie  Itfesicaas,  in  particular,  had  a  strange  predilection 
for  the  number  13,  by  means  of  which  they  regulated  al- 
most every  thins; :  iheir  shortest  prriofis  consisted  of  13 
days;  iheir  c.  t  ie  i  l  1  i  tnonlhs, each  conlaininj;  30  days; 
and  their  centur;,  u\  4  |ieritids,  of  1,1  years  «ach:  and  thii 
excessive  vencnuii  :)  i  t  the  number  13,  aros-r,  mcci  irdjii;; 
to  SigaenS!*.  from  it*  being  the  number  of  their  greater 
god*.  .And  It  i>  very  reinarkalde,  that  the  Ablt^'  (?lnv!;;eii> 
asserts  it  ss  a  fact,  that,  having  discovered  the  excess  of  a 
fcw  hours  in  the  solar  above  the  lunar  year,  they  made  use 
of  intercalary  days,  lo  bring  thi-ra  to  «n  equality,  as  rata- 
blislicd  by  JuliutCiesar  in  lliv  Roman  Calendar;  but  with 
this  difierencp,  thai,  instend  of  one  day  evny  4  years,  they 
interposed  19  days  every  59  yean,  which  predncis  the 

This  science  however  fell  into  great  decay  with  the 
E^Qrptiam,  and  hi  the  time  of  the  empenir  A^gnMBi,  it 
sns  entiivly  extinct  amonR  ibna. 

From  Chaldea  and  I'gypt  the  science  of  astronomy 
passed  into  Phenicia,  Mhich  this  people  applied  lo  the 
pur|io>e<  ot  iiaviJ.itinii,  -m  rrini;  iheir  course  i)y  'he  north 
polar  sinr;  ami  hence  tliey  liecanie  nm^ler5  ut  the  sea, 
and  of  iilmii^t  all  the  Cdiniiieree  in  tlie  uorUI. 

Ihe  Greeks,  u  i«  prooatle,  dtrncd  thi  ir  astroneiiiicil 
kixiwleil^e  rhii!rt  .  from  the  I'.pyptittns  iind  Fhcrnician^,  by 
meant  ol  several  of  their  countrymen  who  visited  the"? 
nations,  for  the  purpose  of  learning  the  different  scicnco. 
Newton  supposM  that  most  of  the  constellations  were  in-' 
vented  about  the  tiino  of  the  ArgonaUtic  expedition;  but 
it  is  more  probable  that  they  were,  at  least  the  greater 
part  of  them,  of  a  much  older  date,  and  deiived  from 
Other  nations,  though  ckMhcd  in  fables  of  their  own  in- 
TCMian  Off  appUcatioa.  Scveialaf  ihecmilfQalioMata 
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mentioned  by  Hcuod  tnd  Homn,  thf.  two  rao«t  ancient 
writen  among  the  Grevki,  and  who  lived  about  870  yean 
belbn  Chriit.  Their  knowlcdj{0  in  tiiis  science,  however, 
mtf  gpeatly  improved  by  Thale*  the  Mite^iun,  and  ulher 
Onekti  who  irAwllcd  into  Eg;)pt,  and  brought  from 
ihnee  tka  chief  principlM  of  the  aciaaco.  Ihaln  mn 
boiA  about  640  «•«•  Mim  Cbiu»$  ud  lint  of  all 
among  the  Oicdn,  otwrved  the  itan,  the  loblieait  Ike 
eclipaet  of  Uw  nia  eiul  moon,  and  predictnd  the  mac. 
And  the  same  was  iarthcr  cultivated  and  oxlended  by  bi> 
laccessort  Anaxitnander,  Anaxiraanes,  and  Anaxagoras; 
but  niri^t  l^^p^■cia!!y  by  Py tiia^ora'^,  »  tn  wa.s  born  577  years 
bclore  Christ,  ami  haxing  resided  fur  s. jciirs  in 
Egypt,  fitc,  brouglit  from  thciico  ihi-  kariiink;  nl  tln-x.-  pcii- 
pk',  taught  the  same  iti  Grceci-  uml  Italy,  uii"  toumlrii  tlu- 
vet  of  the  Py  thagnii  aiis.  He  taugKt  that  the  sun  wius  in 
the  centre  of  the  univrrM*;  that  the  earth  »>i>i  round,  nnd 
people  hud' antipodes;  aJso  that  the-  moon  rt-tlcrtid  the 
ray»  of  llic  »uii,  und  was  inhabited  like  the  earth  ;  that 
ciiniiti  Wi  re  a  kind  of  wandering  stars,  disappearing  in 
the  further  parts  uf  their  orbits ;  that  the  white  colnur  of 
the  roilky-way  wa»  owing  to  the  unitfd  brightt)('^'<  "f  a 
great  niultitiide  of  amalittan;  and  he  suppawd  that  Ibe 
diitaacctof  the  mooa  and  plaiicii  turn  the  caith,  were  in 
ecrtain  haiaioiiie  proportions  to  one  another. 

PhilolaiiH  s  Pytiiagoreaflk  *lw  tevrithed  about  490 
jFoan  halbfe  Cbnstt  aiaartad  the  aamal  motion  of  the 
aarlh  about  the  ana.  He  was  penecntod  for  propagating 
this  opinion,  and  obliged  to  fly;  ai|d  it  b  a  circumistance 
worthy  of  n-tnark,  that  Galileo  lost  his  liberty  for  main- 
taiiiing  the  uiniv.  N /.  luiif^  iifi.  r,  t;:i-  dim  n.i!  niotion  of 
the  earth  on  h<  r  oivii  u.\is,  .ims  liiurht  hy  liuiia*,  a  Syra- 
cusan.  About  the  same  timi  ilu-ji ivhrd  at  Athens,  Meton 
and  Eucternoii,  whfrc  they  c  l:v  rvcd  tSu'  rtumroer  solstice 
432  yea--,  '^n  Idh-  Chiist,  ami  iil)srr'.i  <i  thf  risings  and  set- 
tings of  the  stars,  and  what  seasons  they  answered  to. 
Meton  also  inventad  tba  cydo  «f  19  yeua»  wUcb  atiU 
bears  his  name. 

Th(X  next  u^Ufnumcr  was  Eudoxus  theCntdian,  and 
•ebolar  <^Pbto,  who  lived  about  370  ycanhelbrc  Christ, 
and  was  accounted  one  of  the  most  skiUul  astronomtTs 
•od  geometricians  of  antiquity,  being  esteemed  the  in- 
wntor  of  many  of  the  propoailions  in  Euclid's  Element!^ 
and  haviitt  Inlrodtieed  ^matiy  into  the  icienca  of  astm* 
iwmy.  He  travelled  into  Aaa*  Africa*  Sicily,  and  Italy, ' 
for  improvements  in  astronomy;  and  we  are  Infonaed  by 
Pliny,  that  he  determined  the  annual  year  to  contain  365 
days  f)  hours,  and  also  the  periodical  times  of  the  planets, 
and  made  other  important  observations  and  discoveries. 

Calippus  (tonrishi  d  joijii  ntter  F.iiiluxus,  and  lus  ciIlmIkiI 
sphere  is  metifjoiR-il  by  Anslotli;;  but  lie  Is  betirr  known 
by  bis  iiivcniLd  pi  ii<JM  ot  76",  containitio  4  ri>ri(cted  Me- 
tonic  penitdii,  and  «bi»  h  tr'nimcnced  at  the  summer  sol- 
Slice  m  the  year  ;130  bel'cire  Christ.  About  his  '.iim-  the 
knowiedgK  of  the  Pythagorean  system  was  earned  into 
Italy,  Oaul,  and  Kgypl,  by  certain  colonies  of  Greeks. 

IfoweTer,  the  iutroducuon  of  astronomy  into  Greece  is 
t«vres«ited  by  Vitruvius  in  a  manner  somewhat  dilTerent.  ' 
He  maintains,  that  Derosus,  a  Babylonian,  brought  it  im* 
mediately  from  Babylon  itsidf,  and  opened  an  astronomi- 
cal school  i^Jjh*,  isle  of  Coa.  And  Pliny  says,  that  in  con- 
aidemuon'  itlflUp  wonderful  prodictioM,  ibe  i AtbeiMlM 
erected  bin  nttMnekitbegyninnmmiWilli  ngflwd  tongue. 
But  if  this  BeroMH  be  the  iBBe  «hb  the  nntbor  of  the 
Chatdaicbistorics,  ha  nsnMbave  livedbefoae  Aleiwider, 


After  the  death  of  this  conqueror,  the  science*  flourished 
chiefly  in  Egypt,  under  the  auspices  nf  Ptolemy  Phila- 
delphus  and  his  succeshors.  1  le  fiMudad  a  scbool  there, 
which  continued  to  be  the  grand  seminary  of  learning,  till 
the  invasion  of  the  Saracens  in  the  year  of  Christ  650, 
From  the  founding  of  tbat  scfaool,  the  science  of  aatio- 
nomy  adnmccd  considerahiy.  Aristarrhus,  about  ftO 
yrars  before  Christ,  itienuousW  asseru  d  the  Pytbignoan 
system,  and  gave  a  method  of  drienuining  the  sun's  di- 
stance by  the  dichototuy  of  the  moon^r— Eiatostbenn,  who 
was  born  at  Cyrene  in  ifce  year  271  Iwfore  Christ,  mea- 
sured the  circumference  of  the  eurth  'ly  means  of  a  giio- 
nion  ;  and  being  invited  In  AlcsaniJri.i,  fiom  Athens,  by 
Ptoli my  Kueri;<'trs,  and  wr.u'u  ki  r|n  :  m  :':,e  royal  library 
ihrrt,  he  set  up  t.^r  that  iirim  e  those  ai ini llaiy  t|;here», 
which  llippui  thus  and  I'tokii  y  the  ustfiinonier  afterwards 
Cliipliiyed  »i>  !succe»sliilly  ill  observing  the  heavens,  lie 
also  determined  the  distance  U-tween  the  tropics  to  be 
of  the  whole  ineridiaii  circle,  which  makes  the  obliquity 
of  the  ecliptic  in  Ins  time  to  be  23"  51  J'. — ^The  celebrated 
Archimedes  likewise  cultivated  astronomy,  as  well  as  geo- 
metry and  mechanics:  he  determined  tbediHtances  of  the 
ptaneu  from  one  another^and  constructed  a  kind  of  pla- 
netarium or  orrery,  to  irjpntent  the  phtnmMna  and  mo> 
lions  of  the  hmn-aly  bodies.. . 

The  next  ancient  astmnonm  that  immn  ow  nimt 
gnloAil  ackaovlc^maati,  for  Ae  number  of  bis  conect 
observations,  as  as  the  important  conclniiam  be  do> 
rived  from  them,  is  Hipper^us.  This  celebrated  astrono- 
mer was  the  first  who  cultivated  all  the  branches  uf  this 
science;  his  fint  labours  wen  I'in  rtui  to  the  obliquity 
of  the  ecliptic,  observed  by  FriitMitlii  nes.  which  he  fuuud 
to  he  perfectly  correct;  and  tlin  vv;is  ullcrwiinls  c nifirni- 
cd  by  Ptolemy.  He  next  nttcrnpteii  tn  (K  trnviinc  the 
length  of  the  tropical  year;  a  thing  which  l.ui  nut  been, 
done  by  his  predecessors,  as  he  conceived,  with  that  de- 
gree' of  accuracy  as  the  importance  of  it  deserved  :  this 
be  did  by  observing  the  interval  of  the  return  of  the  suti  . 
to  the  same  tropic  or  equinox  :  he  imafpned  that  if  he,' 
could  get  two  corresponding  observations,  sfier  a  great 
number  of  revolutions,  the  error  would  be  proportiooaHy 
diainiahed ;  which  was  the  meibod  employed  by  futnre 
Bstnnmnwii,  in  dtferminmg  the  uMan  motions  of  all  tbo 
planets;  a  discovery  of  wiy  bigji  imporiaaea  ia.this  sci-. 
ence.  H«  eompored  the  observation  of  a  aoltlice  by  Ari- 
siurchus,  with  one  made  by  himself,  at  the  interval' of  US' 
ycnv>,  and  found  that  this  happened  half  a  day  sooner  tban 
it  ought  to  have  dune,  if  the  year  consisted  id  365|  days, 
as  the  Greeks  beliived  before  liim.  Thus  then  he  detfi- 
luined  the  tropical  year  to  be  .'ittS'*  j''  jj"  12',  beiii'4 
lieaily  -t^  nimuns  too  great.  He  constructed  the  fir\t  so- 
lar tables,  of  uiiich  niiy  mention  is  made  in  :lio  history 
of  astronom;  ;  and  discovered  the  e.\centri(  ity  ol'  tbu 
sun'aoibit:  he  also  considered  the  motion  of  the  n/ooii, 
and  attempted  to  ettiinate  the  exact  time  of  her  revolu- 
tion, by  a  comparison  of  ancient  cclipi<es ;  he  likewm'  di»- 
<X>vered  the  cxccntricily  of  her  orbit,  as  indeed  he  did 
that  of  all  the  planets  :  he  found  that  the  moon's  motion 
was  not  uniform,  that  she  moved  slower  in  the  apogee  of 
her  orbit  than  in  the  perigre,  and  that  there  was  a  no* 
tion  of  anticipation  of  her  nodes:  he  collected  the  ao- 
connis  of  the  Egy  ptians  and  Cbnidcans  friaisve  to  eclip. 
SM  j  and  calculated  all  that  were  to  happen  for  000  y««ra 
to  cone.  It  is  alto  to  ibis  odobmtod  nstmnomer  that «« 
an  indebted  for  ibed^cmraiy  of  dss  principle  of  the  c><|nft. 
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lion  ill  tinti  aw)  Ibe  equally  important  one  of  the  prrce>-  iawgtt  and  improver  of  the  stienoet,  and  npedaliy  of 
•Um  of  the  MitiimMB:  h«  miud  tkat  the  iiais  chanfMi  astruaony.  Hatdng  conunictad  pni|ier  iMraiaettH,  he 
their  dedioaluMii  bnt  not  tbek  h^ikidtiy  and  on  which   made  many  obim|iti( 


Bceonnt  be  nknti  then  to  the  ecUMk.  He  aliy  tnrw 
that  an  rclipM  of  tiw  aun  varied  on  different  pan*  of  the 

earth  ;  and  ihos discovered  tbat  the  moon  bad  a  parallax; 
and  tiiii  suggested  to  him  a  inclhud  of  <lftrrmininn  the 
aun'$  di»l«iicc  from  th.  riirlh  iiKire  acciiratily  than  any 
of  bis  prpdcci-ssopi  had  iIohl  ;  hp  also  cnricht  il  ^I'liErapiiy 
wilh  iiiuny  divccviTies,  ami  !•;'■  Ir-'.  ivtiti-r  l^iat  \\c 
are  acquainlt'd  wrth  on  sphcnc^l  ln;;iiinif!;clry  ;  but  h:* 
chief  work  is  a  calalogiic  » liich  he  maJi  of  [[if  lived  v|ftr<, 
to  the  numbot  of  WZ'2,  wilh  ihcir  lo!igit<i-i< >,  latiludrs, 
and  appartiit  magnitudes;  which,  with  nn'st  ul  his  other 
observations,  arc  preserved  by  1'i;>l«-my  in  hn  Almngc^t. 
After  thia  period  it  may  be  r>  imirkt-il,  that  link-  pro- 
was  made  in  this  science  from  the  time  of  iho  last- 
■Wntioned  aslronomer  to  tha\  of  Ptolemyt  who  was  bom 
at  PtolcnaiaiA  Egypt,  in  the  first  cmtary  of  chrittianityt 
and  who  nmda  die  greatest  pan  of  hb  obimtallont  at  the 
celebrated  school  of  Alexandria  in  that  covntty.'  Profit* 
ing  by  those  of  Hipparchus  and  Other  andcM  aitraoo* 
mers,  he  formed  a  syatcni  of  his  own,  wbicb,  though  er- 
roneous,  was  followed  for  many  nnes  by  all  nations.  He 
compiled  a  great  wdiV,  r.illr  i  the  Ahnaprsl,  a  name  civ(  n 
it  by  tbf  Arab*:  but  wliicb  «a>  i>rigitiHlly  I'litltled  M*ya- 
^T)  Zyvrafij,  ur  Great  Construction.  From  it*  mniaiiung 
the  obsprvati<in*  and  collections  of  Hipparchus,  Timucliu- 
ris,  and  oiL  r-,  pruictcssuri  tn  astronomy,  it  nmU  ihi  r 
be  valuable  to  thr  profi^sors  of  that  science.  Thus  did 
the  Alexaniirian  school  continue  to  be  enriched,  hihI  t  i 
gain  celebrity  in  science,  for  rool'e  than  five  cenlurics  ; 
vrhoti  (as  has  bet-n  observed)  an  event  the  most  calami* 
tout,  and  the  most  disgraceful  to  its  prrpetraton.  laid  in 
•mim  its  valuable  libriLty,  and  consumed  in  OM  hour  the 
lahouii  of  all  the  cclebraied  aatrononm  of  that 
period.  Bat  It  dewnwt  to  he  rmnihcd,  that  the  very 
paopte  who  de9tro)-e4  thow  admiiaUe  ircamm  of  )rmm- 


lont;  deienBined  thaoUiqnity  wftlie 
eelipHc  to'faa  43*  SSfi  and  under  hii  autpicn  a  dcgive  of 
th*  circle  of  the  rarih  was  meaiur»d  a  aecond  tiaa  in  the 

plain  of  Singer,  on  the  border  of  Ute  Red  Sea.  About  il.c 
same  time  AKcrgnnas  wrote  elements  of  n«tronnmy  ;  and 
the  science  was  from  bcntc  grciUly  culiiiali  il  liy  the  Ara- 
l>i;!nN,  but  |)rintip;illv  liy  Albatcguiusuho  flourislied about 
tlic  year  HSO,  and  who  gtrally  reformed  astronomy,  by 
compariiij5  his  om  ii  observalions  with  those  of  Ptolemy: 
liiiice  hi'  computed  llic  iiiulioii  of  tfie  n  -  i^ee  from 
Ptolemy's  time  to  his  own  ;  settled  the  precrsMoii  of  the 
equinoxes  at  one  degree  in  "0  years;  and  fixed  the  obli- 
quity of  the  ecliptic  at  i-'a"  36'.  The  tables  which  be 
comprised,  for  the  meridian  of  Amcta,  were  lung  esteemed 
by  the  Arabians.  After  his  time,  thuugh  the  Suracensliad 
many  eminent  a«tnnomen,' several  centuries  elapsed  with- 
out producing  any  my  valuable  ofaaervationa,  fJUM^ng 
thote  of  some  eclipses  obMrnred  by  Ebn  Yonnia,  astrano- 
■ner  lu  the  caliph  of  Egyp^  hy  mean  of  which  the  i|n»> 
tliy  of  the  nHMn'kacceleraliaa  since  that  time  may  be  d»> 
terminrd. 

Other  rmincst  Arabian  aslnmomcrs,  were,  Arzachel  a 
M  oor  of  Spain,  who  obserwd  (he  ubiiouity  <it  tli  'tiip- 
iic;  he  also  improved  trigonometry  by  con*tni<  i;ng  tu- 
bk'5  of  sines,  insti  a<I  of  chords  .'f  ai  ttn  s,  cii\ kIiol;  the  dia- 
nn  ti  l  into  .IdO  i  qnal  parts.  And  Alhazen,  bi.s  coi  Tem- 
j)Mr:iry.  wri   i    upon  the  twilight,  the  height  i.f  llie 

ctouds,  the  iiheiiuraenon  of  the  horizontal  moon,  Hiid  who 
iii>.t  !.howed  tbc  inpormnce  of  the  theory  of  rvfnctioni  ia 
astronomy. 

Ulug  Beg,  grandson  of  the  celebrated  Tartar  prince  Ta* 
mcrlane,  *itn  a  great  proficient  in  pruciical  te-irunoiny  j 
he  had  vt-ry  large  instrument*,  pAriirulurly  a  quadrant  of 
about  ISO  fcrt  high,  with  which  he  made  ^;(Mid  ubsemp 
lions.  Prom  these  he  determined  the  latitude  of  Samief^' 
cnnd,  his  capital,  to  he  3j|0      33";  and  composed  aalio*' 


•inf  and  invention,  hecame  afkerwanls  the  prolccton  of  nnmicat  tables  Ibr  the  meridian  of  the  same  so  exact,  that 

thqp  digirr  very  littW  from  those  cominicted  afterwards 
by  Tycbo  BranC;  but  bis  principal  worh  was  his  Cata^ 

lo;;ue  r>f  the  fixed  stars,  made  ahw  firdm  hb  own  ohscmK 

tion*  in  the  year  1437. 

During  this  period,  almost  all  F.iin  pr  uas  iininersi  d  in 
gross  ianorance.  But  the  iietth'inent  o*  ihi-  Moor*  in  Spuin 
introduced  tl>c  sciences  into  I'.uropr  ;  from  which  time 
they  have  conlinui d  lo  iinprme,  and  to  be  communicated 
from  one  people  to  niiotln  r,  to  ilie  priscni  lime,  wlieii  as- 
tronomy, an«l  all  the  sciences,  have  ai  riv<-d  at  a  very  emi- 
nent degree  of  perfection.  Tiu'  emp<>ror  Fnderwh  It, 
about  1^?30,  Unt  began  to  enc->ur»gc  learning;  restoring 
some  decayed  universities,  and  founding  a  new  ouu  in 
Vienna :  he  also  caused  the  worlis  of  Aristotle,  and  Pto- 
lemy's Almagest,  to  be  Irarkslated  into  Latin;  and  from 
the  transluti'  r'  i  f  this  work  we  may  date  the  Mvisil  of 
astronomy  i>)  i:ui<>pe.  Two  years  after  this,  John deSn* 
cro  B«co,  that  is,  uf  Hitlifax,  likewise  compiled,  from 
Ptolemy,  Albategniiis,  Alfcrganus,  and  other  Arabic  as- 
tronomers, his  tvork  Dt  Spitera,  which  nus  luld  in  tl;e 
gri  Btesi  pstimRtion  for  300 years  after,  and  wus  honoured 
with  rdirinif  iiLirie^  l)\  (  l;iviu«  anil  oilier  li  arni  ii  men.  In 
1C40,  Alphoriso,  kiii^  of  (.'ajiile,  not  only  cuhiv.itcd  hn- 
tronomy  himself,  l)Ut  greatly  encoura^jed  othtrs;  and  by 
the  ossistSDCe  of  H-veral  leaiiicd  men  he  corrected  the  ta- 
bles  of  Plol«ii^i«nd  compooed  thoM  siUcli ' 


science  and  literatnre,  and  cultivated  attionomy  with  the 
greatest  ardour. 

Geography  likewise  is  much  indebted  to  Ptolemy  llir 
his  meritorious  M-rvices  in  collecting  all  the  determina- 
,l;iin-  ot  the  latitudes  and  loncHm'e*  ol  places  then  known, 
and  tor  his  tundaincntal  principle  of  the  methods  ol  pro- 
jections (ot  COiKtructin^  i;ei>i;ni[>hiciil  chaits;  wliicli  was 
scurcely  known  before  Ins  tinn  .  Tlic  Almagest  was  pre- 
served from  the  Ininentable  coiiflpgration  of  the  Alexnn- 
drine  lihrurv  by  the  Sanici  n-,  and  translati  d  out  ol  Greek 
into  Arabic  in  the  year  ,SI7.  and  from  thence  into  Latin 
in  1980.  >93m!  Greek  original  was  not  known  in  Kurope 
till  the  beginning  of  the  1  jth  century,  when  it  was  brought 
from  Constantinople,  then  taken  by  the  Turi(s»  by  George, 
a  monk  of  Tmbezond,  by  irhom  it  was  Inuiskted  tnto 
Latin  t  ami  various  other  editions  have  aince  appeared* 
-<  •Onrii^  the  long  period  from  the  year  800  till  the  be- 
ginning of  the  I49»  century,  the  wesleni  parts  of  Europe 
mm  mvolvvd  iil  die  utaioit  tgnomnro  and  barbarity, 
while  the  Arabiani*  profiting  by  the  books  they  had  pre- 
served from  the  wreck  of  the  Alexandrine  library,  culti- 
vated and  improved  all  tli.  -cm  ( i  ^,  und  particularly  that 
of  astronomy,  in  wliich  tliev  lud  many  .Tlile  profes^ois  and 
authors.  T\.r  fril!])li  Al  .^Ian^ur  tiisi  introduced  ii  tnste 
for  the  sciences  into  his  empire.  His  grandson  Al  Ma- 
•k^asecndod  ite  thune  in  8t4^  wua  n  (ireM  ca- 
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Hilled  from  huu  the  Alphuiiiiuc  IVibles.  About  the  »«mfe 
time  alsu,  Ri)gir  Bacon,  an  I'-n^liMh  munk,  wrote  sf^rral 
IrecU  relative  to  astronomy,  particularly  of  the  lunar  as- 
}>rcts,  the  solar  ray^,  and  llie  plucet  of  the  fixed  !.tar>. 
And,  about  tlie  yi-sr  1270,  Vitello,  a  Polander,  com|x»eJ 
a  treatise  on  optics),  in  whicK  be  showed  the  use  of  re- 
fractions in  aitrrmomy.  Also  our  poet  Chaucrr,  who  was 
born  in  1328,  wi<>tc  a  large  and  learned  work  on  the  Aa- 
irolabio,  ta  be  calta  it,  ai>d  indeed  ^  poetical  astrooomy . 
in  general,  dataUiof  «II  the  pmeptt  *«ry  partkularly ' 
and  orderly. 

Little  other  laptoveneiit  wM  mad»  in  wtHwwwy  till 
the  line  of  Orwell,  whe  was  li«m  in  IMS.  lie  com- 
peeod  new  teUet  of  linca  fur  every  10  lainntH,  malting 
the  nuKue  €0,  with  four  ciphers  annexed.   He  comtnict- 

.  cd  sphetrs  and  glubi-t,  and  wrote  several  aatrononiical 
tracts;  nt,  n  CiMniintitury  on  Ftoleiny*!!  Alniagett ;  »ome 
treatise*  un  Amlnin  tsc  and  Dialling,  with  table*  for  vari- 
ous cliinati'<k;  new  tables  uf  the  li\<  d  !.tttPi  rmluced  to  the 
middle  of  that  century  ;  'mid  he  cuirirttii  I  lie  tableu  of 
the  phiiict'-,  nmlvii!^  lu  a  c>|UHt)onb  to  ibi  rn  win  re  the  Al- 
Hbo;>biiie  la'jles  were  mniieou*.  Id  lii!>  iiibii  tii!ile>,  lie 
jil  ii  iii  tin  Mill's  npurcu  in  tlic  beginning  of  Cancer,  but 
retained  Ibe  obliquity  of  the  tillj)tic  23°  3J-i',  as  di  ter- 
iniiied  by  the  latest  ol>»cr»atiiins.  He  also  observed  Mime 
eclipses,  m»(b'  ni  w  tables  for  computing  thcRii  and  had 

'  ju&<  tinl^hell  H  tbtnry  uf  the  planels,  wiwn  Iw died,  in 
|4(>2>  being  only  39  years  of  age. 

Purbacb  was  succeeded  in  hi»  uslronomical  and  roatlte* 
matical  laboun  by  pupil  and  friend,  John  Mullcr,  com* 
roonly  railed  .R«fionMint«ani»  from  Monlmfin,  or  Ko* 
vng^berg, « town  of  Fntnewda,  where  he  was  bbni.  He 
coMplflMl  tbe  et4tome  of  Ptdemy's  A Imuge: t,  wbirh  Pur* 
bach  had  begun;  and  after  the  death  of  bis  frieml.'was  in- 
vited to  Rome,  w  here  he  also  made  many  asirnitomical  ob- 
siTvaliorii.  Heiii;;  rt  tiirned  to  NurriiilK-rg  in  147  I,  by  the 
encoiiraj;criieiit  o(  u  wiuUhy  ciiiz.'n  iiunied  Bernard  Wal- 
ther,  he  inatlc  m  ver.il  in\irinnints  t<ir  iiM rominiicnl  obser- 
vation!!, anion!;  »hi(  li  »  js  an  urniillaiy  :i\tr(ilabe,  like  that 
useil  in  Ah  N  itiili  1,1  Ijy  llippaicliu^  nml  PtiiU  my,  wiib 
which  he  made  many  ifb»er\utioii<,  u-<ing  also  a  good  clock, 
which  wut  then  but  a  late  invuitiun.  He  al»o  made  ephc- 
niei  lull's  f<r  30  years  to  come,  showing  the  lunations, 
eclij  -  -.  i\c  ;  and,  the  art  uf  printing  having  then  bein 
lately  javenled,  he  printed  the  works  uf  many  of  the  most 
celt*braled  ancient  astronomers.  He  wrote  the  Theory  of 
the  Planets  and  Comet*,  and  a  trealiw  on  triangles,  still  iti 
repute  for  several  good  tfaf.>urcnu  i  computing  the  table  of 
lines  for  even  tingle  mintale,  lo  di«  radins  lOOflOOO,  and 
intiwludnglaeueeof langpntaalioinlotneoiKnnctfy.  AU 
irr  his  deain,  which  hMpained  at  K«i«»e  i  n  1 476.  being  only 
40  yean  ofagr,  Wattaer  oolTecled  his  papers,  and  conti- 
nued the  astronomical  observational  till  his  own  death  also. 
Thr  objiTvations  of  both  were  collected  by  order  of  the  ve- 
nule of  Nun-ni Lieij;,  aiiil  p;.bli-tiid  thrre  in  I.i4-V  bv  '  n 
Sehoner:  they  were  aKu  ullfrwariU  published  in  161S  by 
Siu  llui<.,  lit  till'  end  III  llu-  fibscrvation*  marie  by  the  Lainl- 
grave  o(  llesse  ;  and  lastly  with  those  of  Tycho  Braht-  in 

\V,i'.ilii  r  was  succeeded,  as  astronomer  at  Nurrmbere, 
by  .bihn  Worm  r,  a  clerj^jman.  He  observed  the  motion 
01'  the  comet  in  l.iO0;  and  wrote  M-veral  tracts  on  geunie- 
liy,  aaironomy,  and  geography  in  a  masterly  manner;  the 
most  remarkable  of  which,  ate  thoi»coocefi^i«  the  no* 
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tion  of  the  Sih  sphere,  or  of  the  lixi  ii  '•Irit-  :  in  this  tract, 
by  cDinparins;  his  own  observaliotis,  made  in  1514,  with 
thii'ie  o)  Ptuliniy,  Alphmtsils,  iinii  other*,  lie  show»i(  that 
the  niolMii  I  :  11, e  'i.Mil  start,  since  called  iKe  jurccMion 
ol  the  e<jiiiiiuM<,  k  1"  lo'iii  lOU  yeurs.  lie  made  also 
the  first  star  of  Aries  'Jd^  distant  from  the  equinoctial 
point,  aii^  the  obliquity  af  the  ecliptic  only  US'*  28'.  Ha 
also  constructed  a  planetarium,  representing  the  celestial 
motions  according  to  the  Ptolemaic  hypothesis  ;  and  pub- 
iiahed  a  translation  of  Ptolemy's  Geography,  with  a  com- 
mentary, in  which  he  first  proposed  lie  method  of  linding 
the  longitude  at  sea  by  observing  the  bknni's  dislaiKc  from 
the  fixed  ttaisi  new  M  ■accHafully  pmetiatd  for  that 
purpose.  Werner  died  in  15V8,  at  60  wan  of  mgp. 

The  next  MtRMomtr  ef  eminMevaiKr  the  celebratrd 
characters  jnst  mentioned,  was  Wehobs  Copernicus,  who 
was  born  ni  Thorn,  in  Prussia,  January  I9lh,  1473.  He 
is  peculiarly  (h-strvine;  of  notice,  for  having  restore*}  the 
old  Pytliuiiorean  nslcni  of  the  wurld,  which  bad  dinli- 
niH'd  111  tu-  iiiiu ersally  nr^leeteil  fiuni  the  time  ol  Piulr. 
iiiv,  ai.d  w'hicli  is  nmv  >u  iii.jsersiillv  receiNcd  thioushfiiit 
Hil  ti.e  ciuiIm'.!  eounlnes  of  lUimiiC'.  Alter  imicli  liine 
sjieiit  in  imdit.iti'iii  i»n  tin'  Viirioii>  sv^telns,  ami  an  atten- 
ti'ii'  exuiii iiiHliiiii  of  all  the  bypiilheses  ot  his  predecessors, 
he  tdiind  that  a  circular  motion  of  the  planets  about  the 
earth  was  insunicien't  to  sidve  the  phenomena  ;  and  he 
Conid  not  admit  the  revolution  id  these  bodies  about  an 
imagjnary  centie,  which  the  doctrine  of  epicycles  incoU 
CatOd.  He  Iberelore  I'ou^ht  for  a  happier  expedient, and 
was  ioon  led  to  the  establishment  ot  his  own-sntem,  by 
the  opinions  which  be  found  had  been  suggested  by  othrt 
a««runooitcn.  tin  leami  that  Philulaus  had  placed  the 
sun  in  the  centre,  and  that  Nicetat  Itad  gieen  the  ranh  a 
rotation  almut  its  axis;  the  previous  knowledge  of  which 
was,  doubtless,  of  the  greatest  nlility  in  facilitating  his 
laudablf  enquiries.  The  notion  of  placiiii>  the  most  glo- 
rious Innunary  inThe  heavens  in  the  cantrr,  could  not  birt 
strike  hiin  willi  lUlijihl,  it  beins;  so  natural  an  idea;  bur, 
to  brini;  it  torward  as  the  basis  of  a  sy^leni,  supported  by 
siicb  new  ami  (ieiiionstralive  ariliinirnts  in  Us  laviinr,  vi.is 
a  cirtumstance  ul  niucli  ^renter  mrmienl.  Sp'akinq  ff 
its  nieiils,  In-  >a)«,  "  l'\  li  Nj.  I'bservalKjns,  I  iii-cuviTe<t 
that  if  the  motions  of  the  phtnels  be  compare  d  with  ti.at 
of  the  earth,  and  be  estimated  according  to  ilie  tMiii  s  in 
whu  h  thi'y  pt  rform  their  re^oliilK'iis,  tn.t  uuly  their  se.so- 
ral  apixarunees  will  fullow  fnun  tins  hy pnilKsin,  but  it 
will  so  ccmnect  the  order  of  the  planet*,  their  orbits,  saog> 
nitiides,  aiKl  distances,  and  ^ven  the  apparent  nintioncif 
the  fiited  stars,  that  it  will  be  impossiide  to  remove  one  of 
these  bodies  oat  of  il»  place  withoot  disarderiiui  the  rest, 
aiid  even  thewltola  fraow  of  the  universe."  UavMf  Ibnard 
tho  radimmti  of  his  system,  he  applied  himielf  with  the 
greatest  aniduity  to  ihe  improvement  of  it.'by  making ' 
numerous  observations,  and  comparing  them  with  thosui 
of  his  pu  dt  cessnts.  By  these  he  construeti-d  new  labh 
wliirii,  wirli  the  true  system  of  the  universe.  \m  t<-  (;iven 
is  hi«  tiriat  »ork  of  astronomv,  entitled  Aslrononiia  In-  ' 
stuiirala.  liu t,  In  const'qaence  of  (he  dread  m  persecu- 
tion from  rilij;Hjus  Irigols,  and  violent  oppoMtion  In  m 
othi  rs  under  the  denomination  of  aslronomers,  the  pub- 
licMlion  ol  tills  valuable  prrlorinHisri"  whs  prutrnctt'd.  and 
the  ininiins  of  ir  delayid  till  llie  \ear  li43.  when  Scboiier 
and  ()si,;iul  T  utulniook  the  careot  ir,  and  the  work  came 
oai  andci  the  utie  ol  Hevolutiones  Orbiow  C(elcsiiua)„ 
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•  cow  of  which  Coporiiicus  rrcrivrd  a  few  houri  bcfora 
hit  ailMilution,  which  bappcOMl  oo  the  S3d  ot  May, 
ID  lbe71fct  ycsr  of  hi^  ng^ 

After  lite  (tcHth  of  Copernicui,  the  scirncc  and  praf 
tic*  of  a5lront)niy  were  grratly  iiiipruvrd  by  many  uthcr 
K  bduHicr,  Noniui,  Appian,  Gcmnia  f  rUius, 
If  Byfgi<n»  the  lAndgrave  of  Hew,  Ace — Scbo- 
vwpuil  mplained  iha  calndw,  iupfoved  the 


kotlimi 


m«theda  of  luaktBg  erkttud  obtcrvntioat,  mil  puUiihtd  a 

treatise  on  cuamography  ;  but  be  died  four  WWW  «AcrC«- 

pcrnicu^.— Nonius, or  Nuncji,  wrote  aevwil  works  on  nap 
thematic?,  a^'.iunuiriy  and  navigutiun,  and  invpnttd  »ome 
u  .'  iiil  uii'l  mi<iv  uccui.ile  in<itrumeiit!i  than  formerly;  ont' 
<j|' tlicie  was  llii'  a^trdiiiiiiucal  quiidranl,  on  «l]ich  lie  <ii- 
vi'it'd  ihc  (jvgrei-:>  inlw  miiiutcs  by  a  nunibi-r  o)  cnDci  iitiu: 
llrcl•■^;  the  first  of  which  was  divided  into  po  (•(j-ial 
puits  or  <l<  cri'r5,  the  siT<ind  into  89i  'he  third  into  hS,  aivii 
'  on,  to  K)  ;  hu  lliat,  Ihc  ioiifx  ot  tin-  qUMdruit  aK»ll\s 
f-illing  upon  or  near  one  of  tlio  divjbionii,  the  minuii  i 
would  be  known  by  nn  nuy  coBiputation.  Nuni-z  wrote 
h1m>  a  tract  on  theTwilifblJ  Blul  u  neat  treatise  (<n  Alge- 
bra; bc»idrs  other  pirOM.— The  chiel  »(>rk  of  Appian, 
the  CMarean  Aitrooomy,  vn  publitbcd  ai  Ingoldstat  io 
IJtO'l  in  wbkh  hedwm,  ha«r  to  obiem  the  phM*  of 
the  tlMS  and  pianett  by  the  aetnbihe  t  to  rew'lve  Mtnno- 
inioBl  prohleiM  by  ccilaiii  iMtniMiiMi  to  mdictccUp- 
lO)  and  to  describe  the  figwrat  a(  then;  and  the  larthod 
of  dividing  and  using  an  utronooiical  qaadnBt:'«t  the 
end  arc  added  iib>er\'ations  of  5  comets,  one  of  which  hai 
been  supposed  the  same  with  that  observed  by  Hevelius, 
and  if  so,  it  oujiht  to  have  rLturued  agnin  in  thi'  ytar 
17S9; — but  it  was  not  observi'd  then.  Comma  i'risiiis 
wrote  a  commentiiry  on  Appian's  Co-.mojiraphy,  accom- 
paated  with  many  observations  of  eclipses:  lie  ulso  jti- 
vented  the  Hstroiiomical  ntip,  and  sevi  ral  other  instru- 
ments, uitrlul  in  taking  obser«'atioru  at  sea;  and  was  also 
the  first  who  recommended  a  tiroe-keepi-r  for  detemiiiting 
She  longitude  at  Ma. — Rhcticus  gave  bis  profeawnbip 
of  aiMMmatica  at  Wittetnb<-rg,  that  he  might  attend  the 
■itniHWiical  lectures  of  Copenucns;  and,  lbr'iinpfo«iif 
aitivaoflikal  calculations,  he  began  a  very  txtcoiiva  woik* 
being  a  table  of  Hnat,'taa(HU*,  and  secants,  to  a  eeiy 


chair  of  Cassiopeia  ;  which  induced  hitn,  like  Uipparchus 
on  a  similar  occusiou,  to  umke  a  new  catalogue  of  the 
stari;  which  he  did  to  the  number  of  777,  and  adapted 
their  places  to  the  year  iCoo.    In  the  year  1576,  by  fw 
rour  of  (he  king  oi  Denmark,  ha  built  bis  new  ubaerva- 
toiy,  caired  Uraniburg,aa  the  amall  island  lluenna,  op* 
posits  to  Copenhagen,  and  which  b«  very  amply  furnitbcd 
with  awa^  Lufgt  inatninMMs,  io«m  of  them  so  divided  a« 
tD.ahofi        mlnuta^  and  In  othen  the  arch  might  be 
IUhI  off  to  10  leWHldi.    One  quadrant  was  divided  nc- 
cording  to  the  method  invented  by  Nonius,  that  is,  by  47 
concentric  circles;  lut  niunt  of  them  wer<-' divi<led  by  dia- 
gunals,  a  method  of  division  invented  by  a  Mr.  RirhunI 
Cfiu;icfk'r,  i>n  r.nj;li^lini;in.    'I'vihiv  <  lujil  ■)  cil       lime  iit 
Uraiiiburj;  to  the  Le'it  uilvaiilHjjc,  nil  the  U,ulli  of  ih- 
kiii^;  wlien,  falling  into  discredit,  he  was  obiii;''d  to  n - 
II, 'At-  to  Hoi'ilein;  ami  he  afterwards  t'uund  nieanst  o(  iii- 
1 1  oil  iiciii^  himst  It  to  the  ICnipcror  Itodolph,  with  whom 
he  continued  at  I'rague  till  the  time  of  his  death  in  160 i 
It  is  well  known  that  Tycho  »1is  the  inventor  of  a  system 
ot  a»(ioiioni\,  a  kiml  ot  seini-Ptulemnic,  which  be  vainly 
endeavoured  to  i  staUlish  inste^id  of  the  Copetiilcaa  9t  trne 
sysiem.   His  works,  however,  which  are  wry  nonuroiSf, 
now  <hat  he  was  a  man  of  gn^t  abilities;  and  his  diico- 
mieiV4afsther.w9ih  thqpe  of  'Purbach  and  RcgtoqiontB* 
am,  urn*  colkiiled  ted  puliiisbcd  together  in  ifiSI,  by 
UmuoMiBlMniis  thftftwnirite  diwipio  of  Tycho. 

WiMIe  lyeho  iciMed  at  Prague  with  the  emperor,  he 
prevailed  on  Kcplc|^  who  had  formerly  b4'en  his  disciple 
and  u)>siitnnt  at  lloUlein,  and  from  hit  conduct  and  abi- 
Htii's  hud  roiulncil  i, imself  ilrar  to  him,  to  leave  the  uni- 
versity of  Gialz,  and  so  mme  to  hiin,  whicli  lie  du!  with 
his  family  and  lihraiv  in  lOUO.  but  r)eho  il>in<;iii  ifiOt, 
Kepler  enjoy«'d  during  his  liie  the  title  of  mathi  matician 
to  the  Emperor,  who  ordi  red  hiin  to  finish  ilje  lablcs  ol 
Tycho  Brahe,  which  iie  diJ  accordinjtly,  and  pnbhshtd 
tliein  in  I(i27  untii  r  the  title  of  Rodulpbin<'.  ilc  died 
about  the  year  l630  at  Ratisbon,  where  he  was  soliciting 
the  arrears  of  bis  pension.  From  bit  own  ubs<'rvaiions, 
and  those  of  Tycho,  Kepler  discovered  several  of  the  true 
laws  «f  nature,  by  which  the  meliom  of  the  celestial  bo- 
dice tn  fCfuhted.  Ua  diseewercd  that  all  the  phineto 


laii(c  radios,  and  to  mry  10  lecoHiA,  or  i  of  a  asinotat   Krals^^bont  the  aunt  not  io  circular,  but  rnrllipiical  of 
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which  was  completed  by  Us  pupil  Valeatina  Otho^  and 

published  in  1594. 

About  the  year  156l,  William  iv,  Landgrave  of  Hesse 
Ca^sel,  applied  himself  to  the  study  of  astronomy,  having 
furnished  hiiniclf  with  the  best  instruments  tnnt  could 
then  be  made:  with  these  he  made  a  great  number  of  ob- 
servations, which  were  published  by  Sncllius  in  I6l8,niid 
which  were  preferred  by  Heveliusto  tliose  of'l'ycbo  Bmhe. 
From  thes4>  observations  lif  tiiniKii  a  r.italoguc  of  +00 
itars,  with  their  iHtifiides  and  longitudes,  adapted  tu  the 
b^inninj;  of  ibe  jear  I  S^'.i. 

The  next  astronomer  of  note  was  Tydio  Bftint,  a 
noble  Dane,  who,  horn  his  aadduous  atMntioa  to  this 
science,  became  one  of  the  greatest  observers  that  ever 
existed :  he  began  his  observations  about  the  sane  time 
with  tlu!  Landgrave  of  Hosae,  above  mcotioned,  and  ob- 
amiad  the  g^t  cooiuBctimi  of  Jupker  and  Satarn  t  but 
finding  iIm  usobI  instramcots  vciy  inaoeonle^  ha  ood- 
■tniotad  nany  otheis,  mneh  larair  and  aecter,  with 
wUch  he  appued  Innmlf  dtlifinitlv  to  obeerve  the  celea- 
taal  pticnoaMna.  In  lari  hcdieeoscrBdaMw  atar  ii|  the 


Uts,  haiiag  the  sua  in  one  of  dm  fed  of  the  cilipip}  that 
their  noliona  were  not  equable,  hot  varying,  quicker  or 
slower,  as  they  were  near  to  the  sun  or  lai  iher  from  liim; 
but  that  this  motion  was  so  regnlated.  that  the  ar^  d^ 
scribed  by  the  variable  line  drawn  from  the  plaiifl  to  the 
sun,  are  equal  in  equal  timc«,  and  always  pni|)(/i  lumal  to 
the  iinu-5  ot  dcsrribing  them.  He  also  disco4eiei;,  by  tn- 
uls,  that  the  cubes  of  the  distanres  of  toe  platuis  Iroui 
the  sun,  were  in  the  same  proportion  as  the  squares  of 
their  periodical  limes  oi  revulutiuu.  Hy  obseivaiions  also 
on  comets,  he  concluded  that  they  moved  in  very  exren- 
trie  orbits,  and  crossing  thom:  of  the  planeu  in  all  dnec- 
tiona,  hot  which  he  could  not  then  deterininr.  These  dis- 
coveries, and  many  otfaei*  which  are  to  b*  found  in  bit 
writings,  but  of  which  no  traces  are  discoverable  in  the 
annals  of  antiquity,  will  tor  ever  inuacwtaliae  his  iiime,  and 
render  his  history  interesting  fb  the  most  dbunt  ages.  , 
fai  Kegel's  tiaw  thoe  were  oaity  other  good  praficienla 
in  aatrooony  I  as  Edwerd  Wright,  Banm  Nepivr,  Jsdia 
Bayer*  &c.  iVright  made  leseral  good  meridional  qb»er» 
vatfgiis  of  the  ana,  with  a  quadiaat  of  6  feet  ladiut,  ia,thc 
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I  '>*)i,  and  l$96;  from  nbich  he  greatly  im- 
ptoved  the  theory  nf  ibc  sun's  motiun,  and  comi-utccl  more 
Bccurately  bis  drclinatinn  than  any  p«non  bad  doin:  be- 
fore. Iq  15;>9  ^  published  al»»  an  cxcellrnt  work  en-  ■ 
titlrd  *'  Gerlaia  Krton  in  Mttvi|ation  ditcoveivd  and  dc- 
ffCtnlf^canMaiitiiigaiMtbod  which  baicaaimonly,  though 
tiTORronriy,  been  ucribed  to  Mcrcator.— T<i  Napier  we 
ww«  MOW  aatcf Uciit  tliMraiiM  and  improvroMiitt  in  vpftc- 
rlet,  bciulas  tlM  cver-niemonible  invention  of  logarithmr, 
one  of  the  iiiwt  uidul  ever  made  in  the  art  of  numbei  m^, 
»nd  of  the  grPBtrst  use  in  nil  ilio  nlhcr  mathcniatirLil  sci- 
ences.—  Huycr,  n  Cermuli,  pvil  li^lu-il  ^u^  Uran  :mcli  ui,  bf- 
coiiipk'te  c«-lfstiiil  ft[lu>.,  or  thr  ti^i'ires  ol  nil  tin'  coii- 
!.K'lluiiunh  visible  in  F.uropi>,wiih  the  stars  markt'don  thnn, 
aipl  the  biiir!)  also  ttccompanii'd  by  iiainn,  ur  tbclettcrs  of 
the  Gr«rk  alpbab«-t;  a  ciinirivancc  by  which  the  stars  mny 
oasily  be  ref<  rred  to  with  dittinctm  si^  and  presciiiion. 

'I'he  nrxt  astninomer,  whose  labours  deserve  to  be 
fiartictilarly  t«curdcd,  is  Gullleo,  who  was  bom  at 
Florence  in  the  year  1504.  He  discovered  the  laws  by 
which  bodies  fiilUn^  frcvly  am  accelerated,  and  meditated 
deeply  ontheir  inotiuns  in  groeral.  Pfom  the  Talunble  iti»- 
Coveries  be  made  in  this  branch  of  physico-mechanii  al 
tcirsccs,  Newton  and  lluygm  were  eftvfwanis  cnMblKl  10 
dcvlve  the  meat  cumpkic  aoA  ntiibeloiy  tlieoriet  of  the 
pfauHttaijr  fflotioni.  Beitif  informed  of  the  imeiitioo  of 
tbe  Ideicope,  an  em-mcmatable  imtrument,  and  to 
wllieh  we  ere  Indebted  for  the  moat  brilliant  discoveries, 
and  all  the  accuracy  to  whith  the  science  of  astroiiomy 

has  atlnlncd,  he,  by  duly  cmisiilerin;;  the  principles  of  if- 
friictiuii,  coii^tructt  il  one  himscli' ol  far  superior  jiovvcr,  by 
wliich  ho  diiciivcreil  0,c  iip  (I'.ialities  of  tbe  monn's  M.ir- 
fare,  tlip  !intellil('>  of  .'.ipitrr.  iinil  ihe  ring  of  Saturn-,  nUo 
spots  un  ihf  sun,  by  utnch  he  lifli-rniincd  the  riv.ilutiiin 
ot  that  luminary  abuut  its  axis:  he  aUo  found  that  .Wiius 
exhibited  the  »amc  phases  us  the  moon ;  niid  dincovcred 
that  ncbulge  attd  the  galaxy  were  full  of  small  stars.  He 
was  also  »  warm  defender  of  the  Cupemicwi  IJ^tem, 
for  whicb  he  was  cnwily persecuted  by  a  consreKation  of 
eafdhmla,  who  nedn  him  abjure,  upon  his  knees,  in  the 
most  sol  eon  manner,  a  trntb  which  natQr«;  and  his  oun 
CoAviCtiOll  had  ibown  tr>  be  itlftUlible.  Ho  was  aftrrwar^ls. 
impriMMMl  in  the  inquisition  at  Florrnce,  where  he  was 
bom;  md  died  in  Hk  >«er  I042,1ravin|;  behind  him  many 
work*  which tOtiQr  bit  great  skill  ilk  the  sciences. 

The  history  of  astrouomy,  about  this  period,  also  offers 
us  many  nnnu?  of  very  respcctMbte  obnervevs;  am4ing 
whom  may  be  noticoil  Mercator,  M.ir.rolycus,  Homilius, 
nnd  Stevin,  abroad  ;  and  in  Kngtan<i,  Thomas  and  L  n>- 
nard  Uiei^p?,  J  )hii  Robert  Floo<l,  Harriot,  tec  ;  the 

Iiittrr  111  whiJtii,  hIki  hml  ithprto  only  bi  rn  ilislingiuslircl 
as  an  iitgebrai»t,  ninue  nearly  the  aamc  iiiicovrms  hs 
Ciatiico,  and  tl  as  early  a  p«Tiud,  if  nul  more  «»,  a>i  1.  [ij^f  i  i  s 
l>y  [iripiTs  not  yet  piiiited,  in  the  p<is»»-ssion  of  tlie 
Eail  of  Kj;remont.  After  whom,  Mr.  Hormt,  a  young 
astrorir.m<  r  of  great  talents,  madecoiiaiilcrable  discuwries 
hhH  improvements  in  this  science.  In  be  discovered 
that  ib»  pjlenet  Venus  would  pass  over  the  ton's  disc  on  tbe 
!l4lh  6f  novirraber  1039,  >h  event  which  lie  amounecd 
only  to  bltrfiievd  Mr,  Crabttce;  and  these  two  were  the 
ealy  pendni'Qii  die  werld  th«t  observed  tbii  tnunit,  which 
was  «Im>  thd  IbM  liiwt  it  ked  e«er  been  m»  by  human 
tjn,  Mr.  Honox  made  ebo  many  other  meral  ebser- 
vatinny,  and  had  even  formed  a  new  theory  of  the  mocn, 
lakcu  itolict:  of  by  Newton ;  but  las  early  death,  in  the 


be;;innin^of  the  yvu  I64O,  put  a  slop  I  .  UMfvil  and 
valuable  labours. 

The  next  discovcrjeij  to  Kepler's  and  Galileo's,  were 
those  of  Huyi^ens.  This  celebrated  M|lt«SM«i  the  fiiel ' 
who  applied  pendulums  to  clocks,  a  discusery  as  btilliaiit 
and  advutngeouB  as  ever  was  presented  to  utramny; 
He  wea  elio  the  lint  who  ibund  that  the  singuler  nppcMo 
anrn  of  Saturn  eie  pfoducvd  by  a  ring  by  which  tbe  pla* 
nrt  i't  surrounded;  and  from  his  grcAt  assiduity  in  observ- 
ing It,  he  was  led  to  the  discovery  of  one  of  its  satellites. 
To  this  incinorablr  man,  also,  we  are  irulvbtfil  IVt 
of  the  most  useful  ihi-tsrems  on  ( cntriUiEnl  lorris;  ami, 
had  hr  iiad  ,.n  i.li  a  nf  r<inib.nin;4  ihuin  ";lb  his  i  ;.quiric's 
iiUo  tliL-  d<  vi  lopiT.iciit  ot  ciifu  s  and  thi  laws  ol  Kepli  i, 
New  1(111  liail  certainly  nut  bci'ii  the  first  tf>  annnsinLC  to  llic 
wuilii  the  utiivetMki  Uw  ol  gravitation;  but  tlivsc  are  tbe 
things  in  which  discoveries  generally  consist. 

NeNt  nourished  Hcvclius,  Burgomaster  of  I'*iinU-ic,  who 
furnished  an  excellent  observatury  in  hit  own  hnuse.wheic 
beofaaenrcd  the  spots  and  phases  of  the  inuon,  I'roro  which 
olnervations  becompiM  bisSUrMagfnpAia;  ami  published 
an  aeeouni  of  his  apparattis  in  bis  woric  entitled  Jfedi/ae 
CUMh,  a  bi>uk  now  very  scarce,  as  most  of  llin  tofin 
were  eccidenmlly  burnt,  Iritb  tlie  whole  houie  and  eppa^ 
tetec  in  t«f»-  He»e|i«*  died  ia        aged  76. 

About  Ibis  time  the  celebrated  Dr.  Huoke  iiltrented 
otherinstrunMlitswitb  telescopic  siglits.and  censured  those 
of  Hevelitis,  which  occasioned  a  sharp  dispute  between 
them  ;  to  settle  which,  the  celebrated  Vr.  Hallcy  was  sent 
over  to  111  v.,  liiis  to  c'Xniniiiu-  his  instrllnl^llT^.  '1  he  two  as- 
tronnmetis  made  sevLial  ubservbtions  iii;:ctli(  r,  very  much 
to  their  satisfirtKm,  and  anion^  Jhi-m  vi  as  (.nie  <if  an  occul- 
tation  of  JupttLT  by  (he  mowii,  wbi  ji  iluy  dciirmined  the 
di ar^.iMt  r  ui  (he  latter  to  be  30'  SJ". 

Ui  lofe  tiie  middle  of  ihp  ?7th  century  tbe  construction 
of  telescopes  had  been  greatly  improved,  particularly  by 
Hiiygens  and  Funtaua. '  llie  former  constructed  ot^  ut' 
1 33  feet,  with  which  he  long  observed  the  mooB  and  pla* 
Dels,  eitd  discovtircd  that  Saturn  was  encomytassi'd  with  a 
ring.  With  telescopes,  also,  of  200  and  3<)0  feet  focus, 
Cassini  mw  five  satellites  of  Saturn,  with  his  sones  or 
belts,  and  likewise  the  shadows  of  Itlpitei'i  sateilttn  pant- 
ing orcT  hia  body.  Its  1 666  Aaont  applied  a  mictometct 
m  lelcscopn,  to  meaauie  the  diameters  of  ibe  plauMi  and 
other  smalt  diamncfs  in  thehrevens ;  but  an  imtrumcntof 
this  kind  had  been  invented  faefitire,  by  Mr.  Gaseoigiie. 
thongb  it  was  but  liide  known  abroad. 

To  obviate  the  difficulties  of  the  great  lengths  of  re- 
frar rin:;  telescopes  and  ttii-  aberration  of  the  rays,  it  is 
said  tin.t  Merwnc  f\iii  st.^ried  the  idea  of  making  tt  h  scfiprii 
of  n  Ih  ctors,  instead  of  lenses,  it)  a  letter  to  IX'sL'iirti's;  uml 
tn  l(j(ij  James  Gregory  of  Aberdeen  showed  how  such  a 
irlc"r  i|ie  mijjht  be  Construe n-d.  After  some  time  spent 
also  by  Newton,  on  the  construction  of  both  sorts  of 
telescopes,  he  discovered  the' great  inconvenience  which 
arises  to  retractor*  liom  the  diRercnt  rcfrangibility  of  tbe 
rays  of  liplii,  and  for  v«hich  lie  could  not  then  find  a 
medy }  and  there6)tc,parsotng  the  other  kiitd,.in  tbej^ar 
167s  be  pnwenicd  to  tbe  R^l  Society  two  reflecturs, 
which  were  conttroctrd  with  spberkd  speculums,  as  he 
could  nut  prucuteother  &on».  Thelnoonveniences.  how- 
ever, nrisitiE  from  ^  diluent  relhomibiiily  of  the  rays  of 
light,  hdvesiBCe  baea  fwlly  obviated  by  dm  iogtnious  Mr. 
Dollond.  Toward*  tbe  fatter  pan  of  tbe  I7ih,  and  fae> 
ginuiug  of  tbe  l»ib  eentury^piactieai  astronomy,  it  acems. 
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nthrr  langanlin!.  But  at  the  mum  line  IIm  tpeculMive 

part  uas  cjtrrieJ  (o  the  hightist  perfection  by  tbe  immor- 
tal Krwton  in  bis  I'riiicipta,  and  by  the  A»rronom>*  of 
David  Gregwry. 

Soon  »ftcr  this,  howcviT,  grcul  improvrmcnls  o(  ustro- 
nomical  instruments  began  to  take  (ilact-,  piiuKuLuly  lo 
'  Britain.  Mr.  Graham,  a  celebrated  nu'thunir  ami  watch- 
maker, nul  only  improved  clucks  arnl  isati  h  svork,  but 
also  carricil  tbe  accuracy  of  astrouuniical  iii^irunu-iitt  to 
a  suiprijiiig  iJi'gri-i .  He  conslructud  the  old  8  feet  mural 
arcb  ul  the  Royul  Ubscrtaloryi  Greenwich,  and  a  (mall 
i  ijuaturiul  sector  fur  making (iiM«n a tioru  uutof  the  neri- 
dun;  but  he  is  chiefly  to  be  noticed  for  contriving  the 
zenith  sector  til  24  feet  nidius,  and  afterwards  one  of  12^ 
fbcl,  witb  wbtch  Dr.  Bradky  diacovoti-d  the  aberration  of 
the  fixed  MaiBt  Tim  rcdectug  tdcacope  of  Gveafxr/  and 
Mcwt«ili  «*t  ibo  greatly  inpfoved  bgr  Mr.  UMky*  «Im 

KfeMHtad  a  wry  powMhil  InMnineBt  of  that  kiad  A  the 
oyat  Soci^y  in  1719-  1'he  !>auc  gemleimn  bw  aSao 
iinmortalired  hit  ineinor)'  by  the  invention  uf  th«  rellcct* 
n  .arlraiil  or  «rc  tor,  now  called  by  his  natne,  which  he 
pn-bciiittl  lu  llie  sdcu  iv  111  1731 ,  uiid  which  is  now  used  so 
universally  at  m  m,  .  jji  cialiy  where  nice  observHtions  uio 
required.  It  ;i|i|n  ars,  Iiohiht,  that  iin  in^lruiiieiit  simi- 
lar to  thi!,  Ill  ]innLiples  had  been  invented  byNewt«n; 
and  a  description  with  a  drawing  of  it  given  by  him  to  Dr. 
Halley,  when  be  was  preparing  for  his  voyage  In  1701,  to 
diKowr  tbe  variation  of  the  tieedle.  It  has  also  b<xn  .u- 
■aned,  that  a  Mr.  Godfrey,  of  Philadelphia  in  America, 
made  the  same  di«coveiy»  imd  the  fint  itiatrumcnt  of  this 
kind.  About  the  middle  of  th>«  century,  the  coostrtiCt- 
ing  and  dividiitg  of  laife  atlniMNakal  imtnnaeM^  wef* 
carried  to  iraat  pnftciioa  by  Mr.  Jobii  Biid;  and  re- 
ficctiHt  tflMOepM  WW  net  Im  inncoved  by  Mr.  Short, 
who  iwo  Int  cnemted  d»  ditridM  object-glssa  nicio* 
■filer,  which  bad  been  propoied  and  deccribod  hp 
Louville  and  otbcn.  Mr.  Dollqnd  also  brought  remct- 
iri^  tr  le^ci'iie?  t'l  the  jireatest  perfection,  by  means  of  hi* 
iiciuiiiaric  j^la^-s;  and,  lately,  the  discoverie*  of  Herschid 

:irr:  dwjn^  tu  the  nDMlllg pOWCIl  «f  MillCiUM  Of  bkown 

(•(.iiutrucliuii. 

'Iliu5  ilic  iisiitjiioiuictl  miptovcments  in  tbr  isth  cen- 
tury have  been  chiefly  owing  to  the  foregoing  invt  nin .ns 
and  improvements  in  tbu  instruments,  and  to  tin  esta- 
blisbment  of  regular  observatories  in  bngland,  France, 
and  other  parts  of  turope.  Rocraer,  a  celebrated  Danish 
atlraooner,  firet  made  lue  of  a  meridituial  telescope;  and, 
by  obienriDg  the  fcUpas  of  Jupiter's  satellilps,  he  first 
iuMOfered  the  progreesive  motion  of  li|^t,  concerning 
whkh  he  icad  •  dissertation  befoi*  the  Academy  of  Sci- 
cooat  ia  Fuia  in  iSt^- — Mr.  FhuaHeed  waa  appointed  the 
fine  Aatronomer  Boyal  at  Greenwich  in  Me  ob« 

served,  for  4  iyeai7i,  all  the  ««ileitnU  phonoiBeoa,  of  the 
sun,  moon,  planets,  and  fixed  Man,  of  all  which  he  gave 
au  improved  theory  and  table>,  viz,  a  catalogue  of  3000 
Man  with  their  place*,  to  the  year  |6H9;  also  new  solar 
tables,  and  a  ;h'jijry  of  llic  rnooii  atc<iroini^  to  l|i>:ri'\; 
likcwis*',  III  bii  Jonas  Moore'*  System  of  Mathc  iiiaiu-<,  iie 
gave  a  eurinu'i  tract  On  the  doctrine  of  !.|)ljei.. ,  sliow- 
•  ing  how,  geometrically,  lo  construct  prli|is.  s  oi  the  sun 
and  moon,  as  well  as  occultation->  of  tlic  fiM.i  stars  by 
the  moon.  Aud  it  wai  on  hi>  tabi»  that  llulli  y'«  tables 
and  Newton'ii  theory  <•!  the  moon  were  «|mj  constructed. 
Caasini,  aUo,  the  fini  i'rencb  Astronomer  Royal,  veiy 


iBiirh  di>tin|Uished  himielf,  making  many  obser^tiont  on 
the  sun.  moon,  planets,  aud  comet*,  and  greatly  improwfi 
the  elements  of  their  motiona.  He  alio  erected  the  gno* 
mon.Hiul  In  w  tiu^  celebrated  nctidka-iine  in  the cbnreh 

of  I'eti  Miiia  Et  IJolagna. 

In  171.^)  Mr.  Fliinivter i!  ".is  si;rceeded  by  Dr.  Ua'.U  v. 
as  Astronomer  U oy.il  a;  (.fi'iiwich.  The  Doctor  had 
been  ••edl,  iit  [tic  early  Hi-e  ol  Jl.  to  the  island  ol  St.  He- 
lena, to  observe  the  southini  star^  Hn"!  make  a  catalogue 
of  liiem,  which  was  publis'i'  H  i:i  lf)79-  I"  170.5  he  pub- 
lished his  Synop$is  Attrowmicc  (■■umeina,  in  which  be  ven- 
tured to  predict  the  return  of  a  comet  in  1798  or  17-^9- 
He  was  the  first  who  discovered  the  acc«-lcration  uf  the 
moon,  and  be  gave  a  very  ingenious  method  for  finding 
Iter  parallax  by  three  obaerved  phaaea  of  a  lolar  oclipie. 
H«  olio  pubmhcd,  in  the  PbiloaoBhical  Tmninieiioni, 
nMay  learned  pepen,  nnd  anoing  thom  wwm  that  were 
eonfcming  the  melbntBigbt  be  nwde  of  thenext  tmoit 
oC>  Venn*  in  dcteminhv  tCe  diitmce  of  tbe  lun  from  the 
earth.  He  rompoeed  tahln  of  the  tun,  moon,  and  all  tbe 
planets,  which  are  still  in  great  repute;  with  which  he 
compared  the  observations  he  made  of  the  moon  at  Green- 
wich, amounting  to  mar  1  'OO,  ami  noted  the  dill';  r.  1 1  res. 
He  recommended  tli.  nu  lhod  ol  di  terminiiig  the  longi- 
tude by  the  mo Jihtancc-s  from  the  sun  and  certain 
li\ed  stars;  a  nu  tlio  i  which  Imd  before  been  noticed,  and 
»liu  li  l)a^  sinrr  bi  i  ii  r.u  rn  ii  into  execution,  more  parti- 
cularly at  the  instance  of  the  late  Astronomer  Royal,  Dr. 
Maskelyne. 

About  this  time  a  dispute  arose  concerning  the  figure 
of  the  earth.  Sir  Isaac  Newton  had  determined,  from  n 
consideration  of  the  laws  of  gravity,  and  tl|e  diurnal  mo- 
tion of  the  earth,  that  the  figure  of  it  was  an  oblate  sphe- 
inid,  or  fiatled  at  the jwlce}  b«t  C^oi  had  detemuned. 
from  the-mcawnceof  Fioait,thnttbefignnwn»«nobloqf 
•phef6id,  or  kngtbrnod  «l  dM  poke.  To  lettle  Ab'db- 
pute,  it  wti  tCMMved,  tinder  Liwia  svrtft  mnaare  C  de- 
grees of  the  meridian ;  one  near  the  eqnnlnr,nnd  tlteothEt 
as  near  the  pole  as  possible.  For  ihh  purpose,  the  Royel 
Acaiicrny  of  Scii  i ices  sent  to  I.AplBnrl  Mr-s.  M.ivip'  i  tuis, 
CUir.uili,  Camus,  and  Le  Mooter, &C-,  amJ,  <in  the  .louth- 
>Tii  expedition  were  sent  Men.  Godin,  Condaminc,  and 
I'loiiqin  r,  to  whom  the  king  of  Spain  joined  Don  Genrg« 
Jiinr.  iciiti  Dm  Anti  Jiiii  de  I'llna.  These  M-t  out  in  173.5, 
and  returned  at  difleieiit  times  in  174+,  1745,  and  1746; 
but  the  former  party,  who  set  out  only  in  1736",  returned 
the  year  following,  having  both  fulfilled  their  commissions. 
Picart's  measure  was  also  revited  byCetaini  and  De  la 
Caille,  which,  after  his  errors  were  corrected,  was  found 
to  agree  very  well  with  the  other  t»vo  ;  and  the  result  of 
'  the  whola  aerved  to  confirm  the  determinatian  of  the 
•^gnc  befbra  laiddkiwh  by  Newtioa.~On  tbcaontbemcs- 
prtitioM,  It  waa  finmd  that  tbe  nttnctiHiaor  the  grent 
monnteim  of  PMu  had  a  eeniible  cfiiict  on  Ae  plumMine 
of  one  of  their  laigest  in»tnitnent^  lidkcting  it  7  er  8  w> 
coiids  from  the  true  perpendicnlar. 

On  the  death  of  Dr.  Hallcy,  in  1742.  he  wa*  sticcixrd»'d 
by  Dr.  Unioley  a*  Astronomer  Royal  at  Greenwich.  The 
accuracy  of  bis  ol  i  rvations  enabled  him  to  detect , the 
smaller  inw|ualities  m  ilie  motions  of  the  planets  and  (i.xcd 
slam.  The  consequi  iin  ot  liiis  nccuracy  was,  the  disco- 
very of  the  aberration  of  b.^ht,  the  nutalinn  of  the  earth's 
axi>,  ii.'.d  a  n  iieh  greater  ilrpree  of  perfection  in  the  lunar 

tablc».    tic  al»o  uUscrvcd  the  place*,  and  computed  the 
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clement*  of  fhc  romHs  which  appeared  in  the  yean  1733, 
lT:)(j,  17*3,  unii  17^7.  H'-  made  now  and  accurate  table* 
of  ihe  niotidii*  i)f  Jupiter's  «.i!ollite* ;  and  from  a  multitude 

•  ■-  of  obscrvaticini  ■/!  \\,v  iMni.iiinr-T,  ip'  rim>tructfd  a  ni<i«t 
accurate  labii'  ul  retrn*  sidiij,  »ali  a  (jriwral  rule  for  cnm- 
pulint;  tlicni,  AUo,  willi  a  vrry  ljr_;L-  i:.r:vii  i.-LblruiiU'iil, 
and  a  ni«  mural  ijundrant  of  8  (W-t  railms,  constrnctdl 
by  Mr.  Bird  m  17^^f  he  made  an  imtnenif  number  of 
ob>rrvatiuu!>,  fur  M'ttling  the  place*  of  all  the  stars  in  the 
Qritiiik  catalogue,  t>igi'(her  with  near  1500  placet  of  the 
noon,  the  greater  part  of  which  bo  compared  with  M«y«r't 
tables.    Dr.  Hritdlcy  died  in  1762. 

In  the  year  176O  all  the  learned  Societies  ia  EnfOpa 
Mode  preparations  forobaerving  tbe  Uauitof  VeiHM«i«r 
lha  MD,  which  had  ham  pmHciad  fey  Or.  Hallqf  na«a 

*  than  BOfHiB  Man,  with  thawB  that  v||it  ha  nada  of 
it  in  datonainiag  tha  Mirii  Miallai^  and  Aa  diHaMei  of 
the  planets  from  the  laa.  ,Tha  mm*  awrfnnt  wen  alio 
repeated,  to  observe  the  transit  in  1709,  by  sending  ob- 
servers to  different  parts  of  ibe  world,  for  the  more  con- 
Veiih  rici-  111  observing.  From  the  wholi-,  Mr.  Short  com- 
puted that  the  tun's  parallax  was  nearly  s<.'coiids, 
and  consequently  the  dittancc  of  the  tun  tVom  thr  Mtitii 
•bout  34114  of  the  earth's  diameters,  or  ^  millions  ol 
•ilea. 

Dr.  Bradloy  wa*  suc-rrrdcd,  in  1762,  in  his  office  of  Astro- 
nomer RijyiLl,  bv  Mr,  Siiviliaii  proieiSor  of  uatrcjtui- 
■ly  ;  who  being  in  a  declining  state  of  health,  did  not  long 
enjoy  iu  But,  dying  in  1765,  was  succeeded  by  Or.  MaiJie- 
Ijrne,  the  late  Astronomer  Koyal,  who  discharged  thadutit* 
M  that  office  with  the  greatest  honour  to  himself^  and  b» 
nefit  to  tbe  science.  In  January  176i  this  gentleman  wa* 
■cnt  by  the  Rovml  Sodety,  at  •  very  early  agt,  t«  tha 
bland  of  St.  Hiiana,  to  obaena  tha  tiaieit  of  Viana  awr 
tha  m,  and  ifaa  parallai^  of  tha  ilar  Siiim.  Tha  fint 
of  tiiese  aliiacia  pwd{r  fciled,  1^  clovda  |Mimiitl«f.tha 
lighi  of  tta  td  latemal  contact;  end  dia  9d  abot  owing 
to  Mr.  Short  having  suspended  the  plumb-line  by  a  loop 
Iron  the  neck  of  the  central  pin.  However,  our  astrono- 
mer i:i<i.rniii  tic  d  liiiiisrif  by  mmiy  utiier  VHluuh'.c  oliM-rva- 
tioii!S ;  i  iiu>p,  ut  Si.  HuleiiH,  he  obsx'rved  tliL-  lii:>  <.;  the 
horary  parallaxes  of  the  moon;  and  ihi-  muni;  ni  a  rliick. 
tofiiid,  by  compariM^n  with  ito  previous  iiiuiiini  isincli  Had 
been  obKrved  in  Kngland,  the  difference  of  j;ni'.iry  .a  tin 
two  places  :  also,  in  going  oiu  and  returning,  he  pracliwd 
the  methixJ  of  finding  thu  longitude  by  the  lunar  distances 
taken  uith  a  Hadley's  quadrant,  making  out  rules  for  the 
use  ot  teamen,  and  taught  the  method  to  the  ofSceia  on 
board  the  ship  ;  which  he  afterwards  explained  in  a  letter 
to  the  secretary  yf  the  Kuyal  Society,  inserted  in  tha 
Phikw.  Traoa.  for  the  year  17fi3,  anil  still  more  fully  ai^ 
terwarda,  in  tha  Briiian  Matinei^s  Guide,  which  be  pub> 
fished  in  the  yew  17(>3.  H«  fetumed  from  Sl  Halann  in 
lha  apring  of  1769,  aftar  » tlay  than  cf  10  nantha  I  and 
io  Si^iiember  I7&l|  aailad  for  the  island  of  Bnthndoai,  to 
,setd|yitt  longitude  of  the  y\nce,  and  to  eom|ian  Hr. 
•  JUH^^  watch  with  the  time  ikerv,  when  this  grntlcroan 
ahauld  bring  it  out :  another  object  was  also  to  try  Mr. 
Irwin's  marine  chair,  which  he  did  in  his  uay  out.  Wiide 
at  Barbadoes,  he  also  made  many  oilier  observations;  and 
among  ll.ftn,  tevcrul  uliilini;  10  the  ini.Hni  s  borary  par.il- 
laxes,  noi  yi  i  publiiilicd  Ueturning  to  England  in  the 
latter  part  of  the  year  176*,  he  was  appointed  in  1763  to 
succeed  Mr  Uliss  as  Astronomer  Koyal,  and  immediately 
Kcominended  to  thaBoBiDd  a(  t<on||^tttd!>  tha  tanar  wthod 
Voul.          '.^  . 
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of  finding  the  longitude,  and  proposed  to  them  lh«  project 
of  u  Nautical  Almanac,  to  Le  eulculated  and  published  to 
fijcitimte  that  method:  itiii  lluy  agreed  to,  and  the  first 
voiuMie  was  publiihed  for  1707.  and  uliicli  Lontmued  till 
hit  dentil  under  hi-,  liirectuin,  to  the  ^reat  btuelit  of  navi- 
gation and  universal  coioim  rci. 

A  multitude  of  other  u^i  fijl  Hrilini;^  by  this  gentleman 
arc  inserted  in  the  mjIuiir-s  of  the  I'hilos.  I  ranj.;  and.par- 
ticularly,  in  consequence  of  n  propuial  made  by  him  to' 
the  Royal  Society,  the  iw>ble  project  waa  Connad  of  Vmra- 
•ttring  very  accurately  the  effect  of  tome  mountain  on  the 
^umb-line,  in  deflecting  it  from  tbe  perpendicular;  and  the- 
mountain  of  Schihallien,  in  Scotland,  having  been  found  ' 
tha  matt  conveoienl  in  this  island  for  the  purpoae,  at  ibe 
n<|Mit  of  th^  Socic^  ha  went  into  Scotland  to  condoct 
tha  haiMNn,  whkb  he  jpeilbrmed  ia  tha  most  neconite 
ananari  Aawing  Ant  the  m  of  tha  ddeetions  on  the 
two  appciite  mca  wb»  niMMit  111  seconds  a  degne  ; 
and  proving,  to  tbe  salis&ctlon  of  the  world,  the  universal 
attraction  of  all  matter:  from  the  data  resulting  from 
which  measures  I  have  ri  ni|uu<  d  the  mean  deuMt  v  uf  'ii.- 
whole  matter  in  the  earth,  and  have  found  it  to  1  •.  r.eariy 
5  tiiiK-i  (h.it  of  common  water.  Beside*  nu:  y  l.  nriied 
and  valuaide  papers  in  the  Philosophical  1  r;insaciions, 
tbe  most  assiduous  exertions  in  the  duties  of  the  ohs  isf 
tory,  as  al>undantly  appears  by  the  curiou>t  utid  noIuiiii- 
iiuuis  ubservations  which  he  has  given  to  the  publit ,  the 
world  IS  particularly  obliged  to  his  endeavouis  with  ihc 
Boord  of  Longitude,  for  the  publication  of  the  NaiiUcal 
Ephemcris,  and  tbe  method  of  ubiierving  the  loncitude,  by 
the  distances  of  the  moon  and  stars,  now  ailopied  by  all ' 
nations,  and  by  which  the  practice  of  navigation  has  been  ' 
brought  to  tha  gpnUtit  penection.  Dr.  Maskclync  died 
the  j&  of  FahroBiy  JSllraad  hat  haen  iacoefded  in  hi» 
aflica  liy  Mr>  John  PMhI. 

Tht  diiantiai  of  Dr.  Henchel  fbm  •  wnr  ant  ia 
aatronomy.  Ha  fnt,  in  l7Slt  b«gan with  ohsemtions  en 
the  periodical  star  ioColloCeti,  and  a  new  method  of 
measuring  the  lunar  mountains,  none  of  which  he  made*, 
more  than  hah  a  mile  in  height  :  and,'having  construciad 
lele^copti  vastly  more  powerful  than  any  former  ones,  he 
pri>ceeiied  to  other  obse  rvations,  conci  rnuig  w  hicli  he  has 
had  several  papers  printed  in  the  Philosophical  Trans- 
ac'Lii'iis  ;  tti.  Oil  tlie  rotation  of  thf  piiinet.s  round  i.'irir 
axen;  On  the  parallax  of  the  fixed  slam  ;  Catalogues  of 
double,  triple,  &c  stars  ;  Qp  the  proper  motion  of  the  sun 
and  solar  sysurm  ;  Oa  the  remarkable  appearances  of  tho 
solar  regions  of  the  planet  Man,  &c,  &c ;  and,  above  aiJ, 
his  diicovcry  of  a  new  primary  piaact,  on  the  I3tb  of 
March  1781,  which  be  called  the  Georgian  planet;  though 
at  fiist  named  the  planet  Herschel  by  the  French  and  io> 
reign  astronomers,  but  lately,  and  more  generally,  Unumti 
to  which,  and  ita  six  salellitcsb  he  has  gicativ  cnlnqrd 
IM  bannds  nf  Ika  lolar  i««Mm,  l)w  aaw  |lnct  bai«0  mora 
than  t«jea  aa  te  Unaa  wa  mum  tha  planat  Saturn. 

M.  Phiki,  aatRnomer  royal  at  MermOkOn  Am.  1 , 1 801, 
the  fint  day  of  tbe  I9th  century,  discovered  anoiher  pla* 
net,moving  in  an  intermediate  orbit  between  Mars  and  Jo- 
piri  r  It  had  loiij;  bu  ll  1: iiiii<.i  I ured  by  Macluurin,  liax- 
Ilt,  Ijiinbrrt,  Bode,  Zach,  and  othert,  that  there  wm  a 
|iiini.ir\  jiliiin-t  Hithin  this  space  ;  and  thr  liijcovery  has 
rtlisw.  u  .l  III  s  Miu-  of  the»e  conjecture*  iii  a  very  e.\- 
trnri-ilm.iry  iv,  iiim-r.  'I'his  planet  is  now  distinijul»h<  d 
by  the  name  Ceres;  though  il  would  perhaps  be  better- 

to  call  thiii  and  all  tha  aaw  ptaaeto.  by  the  muan  of  their 
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respective  dUcovcrtr*.   Another  naifaBlfllin  ptewtww 

d-covt  rcfi  by  Dr.  OIUts  of  Bremen,  o«  March  28, 1802; 
it  ts  calU^i  Pailas,  aiid  is  di»taDt  from  Mars  niairly  ihe 
Mine  w  Ceres,  their  orbits  imict  il  iub  i  -<  i  nn;:  <  i  rli  other. 
—Juno  is  alsfi  anollivr  very  <inaU  [iSiiiu  t,  in  liu  ^iuiir  in- 
terval, ilibc  n<n  <:  I  V  M.  Uardini;,  at  Liliriithal,  i)n  ""i  |)t.  I, 
1804;  and  is  a  lull  ■  lurtlier  distant  than  Cvteh  and  Dal- 
las. A  fourth  1)1  ihcb  >iii^ill  pl  inctary  l>wlirs  wa*  disco- 
vered by  Ur.  Ulbcrs  the  £yth  ol  March,  1807,  which  it 
denoted  by  the  name  of  Vesta.  And  indeed  it  is  liighly 
pmbablc  that,  as  astronomical  inttrumenirarc  impruved, 
1II.-W  discoveries  of  this  kind  wilt  be  made,  and  our  tjrstem 
'  beenlirgcd  by  the  discovery  of  planets  making  tbairtK* 
ClimoM  even  beyond  the  orbit  of  the  planet  Urunu,  or 
Huichclt  ■>  well  M  MMM  willuD  Uw  orbit  of  M«icwy. 

In  dw  hboan  ofickMilic  oho  oa  pt^ytietl  nmNnrngr, 
the  most  distinguished  iwww  afker  MmUMi,  a 

riu,  Clairaul,  Simpson,  Eiihr»WilMtlqr« 
•i,  Lagrange,  Landen,  and  Lapboa.  SimnOB,  in  bis  tiMta, 

directed  bis  attention  to  IM  theory  of  the  moon.  He 
thowed  that  the  eliccts  ol"  such  forces  as  nro  proiMuliniinl 
to  the  co-iiK:  of  an  arc  z,  are  itxplu  nbli  b\  meuns  t>l  thi; 
Cosincs  ol  thnt  ;irc  luiil  ..f  K-.  rn u  1 1 iplfs  ;  And  ihus  dctcr- 
tnincd  a  w  ty  iniportu;it  jKiir.t  ;  lor,  •iiiicc  it  lience  uppi  uri, 
thiit  1)0  ti-rms  i  nit  r  ir.'.o  tliC  eijuation  of  the  nioon'".  (.rbit, 
but  what  by  a  rt'^ular  increase  and  decrease  du,  alter  a 
ccrl^n  tjme,  rituin  to  their  former  vaUie>  ;  it  is  therefore 
eridcpt  that  thf  mean  molinn,  and  the  grcatr^t  quantities 
of  tmteveial  ctjuaiiuu^,  tucesvu  no  chanj^e  frum  gravity. 
Frisi,  in  hb  Coscoognipliia,  applie*!  a  similar  mode  of  iw 
soning  to  the  variaiiuns  in  the  obliquity  of  the  ecliptiOf 
wbidt  he  ikua  tkowed  to  be  cxxk^ncd  within  cartain  tiiaiM> 
Laplace  was  cooducted  brdwr :  imbegmnal  wowant 
ef  a  syitem  of  htMm,  mtk  «a  i*  aatvally  ex<  mplifiod  in 
natofe,  every  thing  is  in  motkm;  not  only  every  body, 
'  bat  the  plane  or  position  of  every  orbit.  The  mutual  ac- 
tions of  the  planets  change  the  positions  of  the  planes  in 
which  they  revolve;  being  perpetually  made  to  depart  by 
,  a  small  quantity,  from  side  to  side,  each  from  that  plane 
in  which  it  would  go  on  continually,  if  their  mutual  ac- 
tions were  to  cease.    I'he  calculus  of  Laplace,  in  the  first 
book  of  his  Mecanique(  'rK  ''tf.  kHow  s  that  the  inclinations 
of  these  oruiti,  in  ihc  plani  tary  systi  ni,  arc  stable,  or  tlmt 
the  plani  i      cHu  urbhs  oscillate  a  little,  tu  ami  Im,  mi  r«ch 
side  ol  a  li\ed  and  iniinoveable  plane    '11m  pUne  is  shown 
to  be  one,  on  which,  if  every  one  of  the  bodies  of  the  sy- 
siem  be  projected  by  a  perpendicular  let  fall  upon  it,  and 
'  if  the  mass  of  each  body  be  multiplied  Into  the  area  d«^ 
'  tcribed  in  a  given  time  by  its  pnijection  on  the  said  plane, 
the  sum  of  all  ihese.products  shall  be  a  maximum. 

Tha  ceiebfated  <pwiblMQ  vt  the  tluca  bodies,  engaged  hi 
'flneoiioB  tha  maaim  of  nanj  floaiMnt  philosupban. 
The  problem  ii  thill  Having  given  the  misses  of  three  bo- 
dies, projected  fram  three  points  given  in  po>inon,  with 
velocities  given  in  their  quantity  aivd  direction;  and  sup- 
posing the  bodies  to  gravitate  to  one  another,  with  forces 
that  are  ai  their  ma>se^  directly,  and  the  squares  of  their 
distances  inversely;  to  linH  the  lines  described  by  those 
bodies,  Riul  tii<'ir  pi/Mlmn  m  anv  -jiwr.  iri-;i'iii.  Or,  llio 
problem  muy  be  n  iii^<  ri  <(  univ(  r^al,  by  a^suniiiig  any  iiuni- 
ber  ol  iiorlid  aoDvi  threi".  To  rew>lvo  the  probiiin  iji'iip- 
lally,  according  ti>  l  itluT  ol  llic«<-  cnunciationi,  iMeeds 
the  p<nvPrB  even  of  the  most  rc  liiml  aniiiysis  but,  under 
the  Conditions  prcsMKed  by  nature,  much  has  been  dona 
by  Claimwt,  DalaiahMt,  Eulcry  aad  othcca.  Clainuit  mm 


the  (int'wbo  daduecd,  from  his  solution  of  the  problem,  a 
complete  set  of  lunar  tables,  far  more  accurate  than  any 
former  ones.  Their  accuracy,  however,  was  exceeded  by 
another  set  prutiurt'<i  liy  robias  Mayer  of  Gottingen,  and 
foun'it  d  on  a  cimipansoii  ol  Kuli-r's  solution  with  correct 
oltxn  :,tiniiv  The  problem  ot  finding  the  longitude  at 
wbit'b  H»s  now  understood  to  depend  so  much  on  the  ux- 
actm's^  with  which  the  moon's  place  could  be  Computed, 
gave  ntuch  additional  value  to  these  researches,  and  CStap 
blikhed  a  very  close  connexion  between  the  roncluaiawtf 
theory  and  the  art  of  navigation.  Mayer's  tables  were  re- 
warded by  the  Board  of  Luiigiiude  in  Engluttd;  and  Eu- 
Jer's,  ut  the  suggestion  of  Tuigpt,  by  the  Board  of  Longi- 
tude in  rntiice. 

I'hus  the  lunar  IhMcy  Vns  brought  Ut  a  high  dagna  «f 
MOaiaey  t  the  tabhacnntnctcd  by  means  of  it  ginng  the 
Mtmi's  place  tme  to  f  traiiirata.  Yet  thare  miMiMd  idtt 
one  inequality  in  the  ■looo'k  motion,  fer  wiricfc  the  prfn* 
ciples  of  gravitation  scteed  to  afford  no  account ;  this  was 
what  is  known  by  the  iMune  of  the  moon's  acceleration. 
\':iriou»  attempis  wi  ti'  tiiaile  to  cyjiUin  that  phenomenon 
by  Hall<  y,  arnl  oihvrs ;  u  was  at  last  satisfactorily  eluci- 
dated by  Laplace,  who  thus  gave  the  finishing  touch  lo  tic 
theory  ol  the  moon,  nearly  a  century  after  it  had  been  pro- 
puuu>i'.'<!  in  thr  tir.t  edition  of  dwPfineipio.  8a<Acci> 

DERATION  Oj  t'lr  Hlo'-m. 

That  branch  ot  the  thiory  eil  disturbing  torcei  which  re- 
lates to  the  action  of  the  primary  planet*  on  one  another, 
was  succeasfutly  cultivated  between  1740  and  1780.  In 
the  course  of  these  researches,  the  change  in  the  obliquity 
of  the  ecliptic  came  first  to  be  perfectly  recognised,  and 
•Ktibed  to  the  action  of  the  plaiMMi  on  liM  earth.  Eulei 
pnwdiindepaadentlyof  Fiin,  timi  diediMige  in  this  obli> 
VAtT'F"'^^^!  dMt  it  it  not  o eoBMUtt diMOMiaa, 
b«t  •  alow  «nd  anall  wciMotity,  aeTtr  wcwJIiiy  f  Blti»> 
gether  on  both  sides  ttf  •  wmm  qmttilft  kjf  which  it  al- 
ternately increases  and  dtminMwt  in  the  covim  of  periods, 
which  art  not  all  of  the  sane  length ,  but  by  which, in  tbo 
course  ol  il!;e^,  a  compensation  ultimately  lakes  place. 

Latoan^e,  ^;Tuck  veith  iln-  riTCiin.stimci-  that  the  calcu- 
lus haii  never  givru  any  inequalities  but  such  as  were  pe- 
riodieid,  applied  himself  to  the  investigation  of  a  general 
qiiebtmii,  Ironi  which  he  found,  by  a  inelhud  peculiar  to 
himsf  It,  and  independent  of  any  npprox.niaiinn,  that  the 
inequalities  produced  by  the  muiuui  action  ut  the  planets, 
must  in  efli-ct  be  all  periodical ;  that  such  changes  are  con- 
tned  within  narrow  limits ;  that  none  of  the  planets  ever 
hasHiean,  nor  ever  can  be  a  comet,  moving  in  a  very  'aa> 
^tric  eirbil ;  but  that  the  planetary  system  oscillates  U 
it  were  round  a  medium  state,  from  which  it  never  devtatc* 


far:  that  nnid  all  the  chwiOH  which  arise  iiroas  the  ma 
imI  •ctioM  of  liie  {rinneii,  two  driap  laMiB  pefpccually 
^MBW,  via,  the  length  of  the  grcotar ytb ^ the ellipae 
deacfibed  by  the  planet,  and  in  periodiGal  time  ivmid  ibo 

sun ;  or,  which  is  the  same  thing,  the  mean  distance  of 
each  planet  from  the  sun,  and  its  mean  motion,  both  re-,. 

main  con-ianl.  The  plane  of  the  orbit  varies,  the  S|Hcies 
of  the  ellipse  and  its  excentrlcily  change,  but  iie"er.  by  any 
mean--  whatever,  the  greater  axis  of  the  ellipse,  or  the  time 
of  llie  rntiii-  revolution  of  the  planet.  The  discovery  of 
this  great  (h  ok  ij.li  ,  which  limy  be  r. .ri-iib  red  as  the  hul- 
warli  thai  >-fCurps  tlie  ".lability  ol  our  bvstem,  and  ixcludes 
all  access  to  confusion  and  disorder,  must  render  the  name 
of  Lagrange  for  ever  memorable  in  science,  and  ever  re- 
1  by  those  who  delight  in  the  eouienphtlon  of  whot- 
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■  U  excellent  and  sublime  Afior  N'ewton'»  discovery 
of  the  elliptic  orbils  ol  Ihf  plLirT-l-.  (■.■•yu  jjravituiiuii,  La> 
p-ange's  ^^iscu^  ury  oi  their  periodical  ini'<jualitie»,  is  doubt- 
li-js  tt,e  ]iiibk--t  initii  in  phyiiol  uslronomy  ;  and,  in  re- 
«p«ct  of  the  doctrine  of  final  cau»es,  it  may  be  regarded 
MS  the  greatest  of  all. 

Nearly  allied  to  this  truth,  is  the  following  lhcoteni>  re- 
Milttng  from  one  of  Laptace't  intcsiigatioiu :  If  tbe  omm 
of  each  planet  be  multiplied  into  theaqvareof  tboexctn- 
tricity  of  its  orbit,  aiid  this  product  into  tbe  aquarc  root  of 
lh«  aicis  of  di9  Mne  orbit*  tba  aiua  of  nil  UMM4)(iuttli«^ 
wImd  added  tagathsr,  will  i«Min  for  e*«r  tha  WMt  Ikit 
•um  if  of  n  eonrtut  magnitude,  which  the  iwttBd  Mlioa 
of  tlM  planala  eaniot  change.  Hence,  no  oa*  «t  dtt  OX- 
Cfttzicities  can  ever  inct«a»'  to  a  greater  magnitude :  for, 
as  tbe  mass  of  each  planc-t  is  given,  as  well  a«  the  axil  of 
its  orbil,  the  square  of  the  cxcfiitrii  ity  in  i\^rh  i^  multi- 
plied into  a  given  coefficient,  anu  ti.i-  ^^um  vi'  all  liic  pm- 
ducts  .-.o  termed  is  iiicajiaLilt  of  cliiin^o-  II  'iirc,  tKiMi'l'iiri', 
we  have  uiuithur  ('I'liuiul  proiM  i  r  v ,  iinJicutiHi;  ilie  stability 
of  uui  ^)'^tl■^n  auiiiii  u.irruw  liii.r.a.  Yet  i'.  dues  imt  I'ol- 
luw  that  thib  pi  riniiiRiiCy  I5  1  ci^^tiry  and  unavoidable, 
under  eviay  ikj^siIiI..  cm-ii; .it v'.  the  plauetary  orbits: 
fur,  if  the  pluaitii  dui  not  all  move  the  tame  way;  il  their 
orbits  were  not  all  nearly  circular ;  if  thiir  excentri cities 
were  not  small ;  or  if  the  Uw  of  p!aii  tary  deflection 
terre  diSereiit;  the  permanency  of  the  pr<  ceding  quantity 
could  BOC  obtain.  Such  itermaneiKy  depinda  ou  con- 
dition* fAkk  «fa  aot  mcfisMirv  in  llwMMlfes,  and  la 
1  of  daii|A  la  the  eaaMnictioaaf  tbe 


Tha  wli^af  tba  tid«  had  ila  true  theory  (katahadkgr 
Nawtoo,  but  wat  aot  ounpleted  ti!l  long  after  bia  time. 
The^atate  of  neitber  mechanical  nor  matheinaiical  scirnce 
was  Mch  in  his  tineaawovld  enable  any  one  lo  determine 
the  motions  of  a  fluid,  acted  on  by  three  gravitations,  uiid 
havidj;  l»e>ides  a  rotatory  motion.  The  di\vcrtations  of 
1).  Ilrnii/ulh,  r.ult  r,  and  Macliiurin,  wlik-li  shared  the 
prine  » itli  [ii.ii  1)1  1'  Camlleri  on  tbe  pniicipk-  of  vortices, 
weie  cxv'i  lU  iit  :  but  tliL'  lir>t  man  uhn  frit  hiiii!>elf  in  poa> 
lestion  ol  all  the  |iniiri|>irs  re<)uiretl  in  tlii5  arduous  inves- 
tigation, wai  l,:i|jlac<'.  uhn,  111  llic  )c.<r^  '77  J,  l"?*/,  and 
179O1  communicated  lo  the  Academy  of  Scii  ncc*  a  scries 
of  ineiuiiirs  on  this  subject,  which  he  has  united  and  ex- 
tended in  the  4lh  book  of  the  .Mecaniquv  Celeale.  See 
TiDiataaalwEdinb.  Review,  S'22. — The  prccesaion  of 
the  equinoxes  is  another  interesting  subject*  to  wbicb  tha 
atientiunuf  Frisi,  Walmcsley,  Simpson,  U»te»btlt»Laadiai, 
Alilaer.  M.  Youni;,  and  RobartMM,  hava  boM  auMniiirely 
dtncted.ii-8ee  tbe  uM&t  CoMaTa.  Ecuma,  Gaavii* 
TATioVt  M«OM>  Pi,a»R«»  8anuknM,S««» 
Stbuw,  TtKM,  aad  tha  wwawi  yhnaii  Mne»aT».  Ta- 

0»  tkt  Sebr  Sjftlem. 

Tbe  most  conspicuous  nf  all  the  celestiul  bodies  is  the 
«un,  that  magnificent  luminary  ocrupvinn  the  centre  of  the 
sy-teni  '.slucli  Cuin  pri  I'lvirh  i.ur  ''.irlli,  willi  a  varictv  '>! 
other  |]i.mur_\  ;iiiJ  MCi'i.ilar)  |)huut»,  iiiid  a  still  gieuter 
luiiijh'  i  lA  ci  un  1^- — The  sun  is  a  body  nrarlv  spherical, 
«ln>>e  diameter  is  uboui  KH3,'J,it)  Knellsh  n>ilc-s,  nearly  4 
tiroes  the  distance  of  the  m  m  troni  tlie  i  ;,rth.  Situated 
nearly  at  tbe  centre  of  the  system  of  the  planets,  it  exerts 
oji  them  all  a  remarkable  influence:  it  heats  them,  it  cn> 
liVttrns  ibeui,  Mid  «acbaii«  them  iii  iheir  elliptical  orbits 


by  virtue  df  a  forco  varying  inversely  as  the  sqimrr^  of  the 
distances,  and  din-ttly  ns  tlu-  inasscs. 

The  sun  acriH  s  «iUi  the  lixed  stars  in  the  property  of 
uiniitiiij;  l]i;;it  cini;inu;illy,  and  in  retaining  corvstanily  ila 
relative  situation,  tvitb  very  little  variation  :  it  is  probable 
also  that  thi-sc  bodies  have  many  other  properties  in  com- 
mon. Tbe  sun  is  therefore  cooMdered  aa  a  fixed  star  com- 
paratively near  uat  and  from  tbe  same  analogy  it  is  in- 
ferred that  tbe  star*  are  posM^ed  of  gravitation,  and  of  the 
other  general  properties  of  roaiier;  they  are  supposed  to' 
heal  aa  well  as  light ;  and  it  hw  with  leaton  been  * 
iiad,  that  they  acne  lo  cbcriih  the  iababitanta  of  a 
lUMla  of  plaactaiy  boiKei  pevolriog  about  them. 
The  am,  Iwe  naay  otharatara,  haa  pmb»b1y  a  progres- 
sive motion,  which,  from  a  comp«ii»on  of  the  apparent  mo- 
tiotts  of  a  great  number  of  the  stars,  is  supposed  to  be  dl- 
ntli  iJ  towards  tbe  const'  lldlion  Hercules.  It  is  beyond 
all  queftiuii  that  many  i^l  the  stars  have  motions  peculiar 
to  themselves,  and  il  is  not  certain  that  any  of  them  arc 
without  such  notions :  it  is  therefore  highly  probable  that 
the  bun  may  Imvi  sui  11  iiiutionrand  indeed  U  llersfbel 
has  confirmed  tins  ciinjtctarc  by  arguments  tli..t  arc  al- 
most demonstrutivr. 

Besides  this  progressive  motion,  the  sun  is  subject  to  a 
stnall  change  of  place,  dependent  on  the  situations  of  the 
planetary  bodies;  which  was  long  inferred  from  theory 
only,  bat  wbicb  haa  ' 
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been  actually  demonstrated  by  mo- 
Supposing  all  the  planets  to  be  In  coo- 
rly  in  the  aame  direction  from  the  tun,  the 
eMlia  of  inertia  vS  ^tyMtmu  then  at  the  di- 
«f  abontadiaaiiliiaf  thamifrom  hia  centir,  or 
a  diatrter  wiAoimifcHiftca;  and  aiiiee  tbe  centre 
oTiaar^  «f  lha  yholeayawm  atait  ba  aadiitarbed  by  any 
reripracal  aetiana  of  the  bodies  composing  il,  the  sun  must 
deacribe  an  irr^lar  orbit  round  this  centre,  his  greatest 
dislEince  from  it  being  equal  to  his  ow  n  diameter. 

The  sun  itvolve*  on  liis  axis  in  '.'5  d.ays  10  hours,  with 
respect  to  the  fixed  stars;  this  axu  is  iirtited  '.awards  a 
point  about  hall  way  between  tin  ]i  ilij  v.ur  inni  Lyia, 
the  plane  of  the  rutatnjn  ln  um  incluu  a  ir.iU  inure  than 
7  di^fcrees  to  the  plane  ul  tho  i-cliptic,  I  hr  oiicctRin  of 
this  ni'iticMi  is  frrmi  »e«t  ii>  <'u>t  ;  «iul  iiil  tin-  ri:r,itions  of 
the  different  bodies  which  compose  the  solar  !>y  stem,  as  far 
as  they  have  been  aacerlaiiied,-are  in  tbe  same  direction. 

Tbe  time  and  dirrction  of  the  sun's  rotatioo  ia  aicri^ 
tained  by  the  change  in  Iba  litiiation  of  the  ipotl^  wUdi 
an  oAaa  viAMa  on  hiadiK}  and  which  eome  astronomen 
to  ha  ilaeadBafc  hit  olhen,  apparently  with  bal- 
tian  «r  deictendet  in  tha  lumi* 
Thme  points  an 
,  lo  appear  and  disappear,  and  they  are  in  the 
tiaw  liable  to  great  variations;  but  tbty  are  gene- 
rally found  about  the  middle  parts  of  the  sun's  surliace. 
Lalandf  imagined  that  they  were  parts  of  the  solid  body 
of  the  sgn,  which  by  some  agitations  of  the  luminous  ocean, 
ttith  »N  liirh  he  conceived  the  ^un  to  be  surrounded,  an  !«-i't 
lif.n'n  1,1  1  iiiiiely  bare.  Dr.  U  il^on  and  Dr.  Hersclul  arc 
t;i-;i'/s.  .1  [II  considi  r  this  ocean  as  consisiing  rather  «J  t 
tkiiiii  ,  tliHi;  ol  a  liquid  substance  ;  and  Dr.  Hei-^cliel  siiri. 
butes  the  spots  to  the  emission  of  an  aeiilo riii  Huid,  not 
yet  in  combustion,  which  displaces  the  general  lumm<>"i< 
atlttuaphcre,  and  which  is  afterward  to  serve  as  li;- 1  l,,r 
■Upportinf  the  process:  hence  he  supp<isc»  the  «|  ^i  ^  <'  r 
«f  OOfjoiM  mob  to  be  indicative  of  the  uppioach  ot  waiin 
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Mi^oiittctatiiceof  tlw<«rtfi,aBdUlM««tlmp(c4  iiitteeiii4nclUn>wtlwtof?«mudlilci«afjrbintlieir 

to  awimi^n  (bit  opinion  by  faistoriod vmkuer,  WluMwr  mnoriar  cm^nciions. 

be  the  canw  of  thm  apou,  by  their  oflvM  ca»liintiiig  do*  WMM  of  lb*  plaiic  t»,  at  ffce  Btrtb,  Jupiter,  Saturn,  and 

ring  iho  whole  time  ot  tbe  ntUiUoil,  tbcy  bavc  pvrn  uc-  Uranin,hmwuteliile»oi  moon*.,  whirb  revolve  round  thote 

CB»ion,  by  ob-cn-utions,     determine  the  duration  of  that  primaries,  as  thete  do  «t>out  the  sun.  Tbuii,  the  earth  has 

penoii,  u^  ul>  v<  n.cntiuiU'J.  1  moon  or -iatcllitr,  J  upitcr  4*  ttetHm7(Ula  UnSW  6.  8w 

Tbe  planclury  sysicm  conipri«-!  ut  Icust  30  bodic*,  Moon  and  Sat rLLiTUi. 

without  including  c-n  ■  ts.    Aiiumg  thes<.>  30  bodies,  tlie  With  respect  lo  ilieso  iWtcllitcN  dp  ^.i-criinlnrv  pl;iri,  tb.,  tlie 

5Un  i*  the  only  onrwhic  fi  is  really  phosphoric,  or  tluit  fdllowitijircmarkable  cirrum5tiiiice)ake-<pliice.  Uurmoori, 

iiliiiirs  Willi  J  I  US  In-  whicli  1' ,  piiiperly  spoaking,  its  ow  n.  w  ii  h  tin  i  s  ii'  lliic«  of  J  upiler,  and  I  of  Satum's,  arc  round 

All  the  othi  fs  are  opiike  ;  thut  is,  i Ivy  intercept  tlie  hinu-  by  obM  riaiioii  Id  turn  u bout  an  axit,  in  the  same  time  us 

liuus  fluid,  and  are  only  visible  by  liie  reflected  licht.  tbeyrc«[KCtivelyrevgl\eabouttheir  primaries.  And  though 

1 1  of  tbcM:  bear  the  nunic  of  primary  planct» ;  the  other  it  has  not  yet  been  atcertained  from  observations  whether 

]  8  are  known  under  that  of  satellites  or  secondary  planets,  the  tame  be  true  for  the  other  satellites  of  Saturn,  and 

Tbe  planets  perforin  their  revolution!!  about  lliesiuiia  tboBc  of  Uranus;  yet, from  Ilia unifonm^  wbicbobviovily 

elliptical  curves,  differing  but  little  from  cirdci^  waAtt  pervade*  tbe  system,  it  it  oaadwM  thtt  thaMUMatnw 

wbicb  tbe  centre  of  tbe  tun  (or  ratber  the  commw  centra  for  ail  the  wcoDdarie*. 

ofiocfftisaf  tbe  whole  miem)  occopietoMof  tfa«  tod.  The plMatSaiuroiieiiooiBpMMitwitkmaia  flat fia|^ 

ConiMncing  with  that  wbicb  is  aesreattbann^  they  ban  ofvitit  ii  aow  fenad)  with  two  riagp^lvimoaearitfaiB  dM 

the  following  disposition:  Mercury,  Venus,  Tana  ot  Ifaa  Olbar  atewiM  towanls  tbe  plaaett  aiid  deMelud  finMa  it; 

Safth,  Uaiak  Cam  ot  Pihzzi,  Pallu  or  Olben',  J«no  ot  bwriap  ttirir  l/kum  pairiai  lliMiM|b  the  centre  of  Satara. 

Harding,  Vesta  or  Others  \  J  upitcr,  Saturn,  and  Unums  or  If  a  orealar  aannlia  be  cut  ovt  of  acani,  and  divided  into 

'  Merschel.    See  plate  31,  two  parts  by  a  concentric  circle,  leaving  the  inner  breadth 

Each  of  the  planetary  orbits  is  in  a  plane  which  passes  about  3  times  that  of  the  outer;  and  a  ball  be  then  put 

lliriuuli  Illl•vull'^  iiii;':.      1  lie  larlh's  <irbil  1-.  named  the  widnn,  r;fsach;\  svo,  timt  the  space  betwii'ii  the  ball  and 

ecliptic;  rt'liuli  IS  C'lnceivrd  a-<  inilctiniti  ly  pnilriijgi-tl  on  lha  annuiui  may  be  a  little  larger  than  the  breadth  of  the 

all  sides;  and  a^tronnment  observe  thi'  ;>tuatiuns  of  the  annulas,  a  representation  will  thus  be  obtait>ed  of  Satara 

planes  of  the  other  orbits  by  referrint;  tiu  in  tn  tins.  and  his  two  rings.    That  sirlr  next  the  sun  is  bright,  like 

All  tlif  |ilai.f'ts  niiAe  in  their  orbits  Irom  west  to  rtisl,  the  biniv  ut  the  planet,     l  iic  nrigt  revolve  in  tiieir  own 

perform  Llieir  revolutions  each  in  equal  times,  and  in  an  plane;  and,  not  being  ut  a  regular  figure,  their  centre  of 

orbit  always  at  the  same  moan  distance  from  the  sun.  The  inertia  is  at  n  small  distance  from  the  centre  of  Saturn.  M> 

vdocitics  in  their  orbiu  arc  variable,  being  quicker  in  the  Laplace  computed  tbe  tine  of  their  rotatian  to  Iw  lO' 39^ 

parts  nearer  the  sun,  and  proportionally  siower  when  far-  36* ;  nearly  agreeing  with  the  tine  found  hf  Dr.  Heis- 

tber  off,  in  such  tort  that  equal  areas  are  daacrihad  by  tbe  cbei  from  observation. 

ladiaa  WtorrOT  llMOOanaetingtbataaaadtheplaaetiB  If  the  mean  distances,  either  of  the  planets  or  of  their 

its  laotioa.        «  satellites,  be  oomporBd  with  tbe  duration  of  their  lidonal 

ltot«7fMtdVenwai«neamlbaHiBthaniha«Mlbii;  tt*oliilionB»  it  win  be  easy  to  trace  the  besatifol  idation 

sir  wbich*aeeo«Bt  tbey  an  called  laforiOT  w  inlnfor  diwaiavad  bv  Kapler ;  namely,  that  wbiia  aawaial  bodica 

ybaati.  "nne  vbich  are  laithOT  from  the  nn  Ann  the  t«m  aboat  tta  iiaM  point,  the  squani  ef  lb«  periodical 

earth*  aia  called  tapeftor  w  ealerior  planets.  tete  aia  wycliwiy  aslht  «abei  «f  Ibclr  Mean  distances 

Tbe  inlniOT  planeii  caaaaserbe  in  apposition  to  die  fiaai  drntpwati  Bad.bycumbiBiBg  drillaw  with  tbe  theory 

sun  (st^  OfPuKiTinv)  ;  but  they  will  be  found  twice  in  of  Huygrns,  vii,  thst  when  the  squares  of  the  periodical 

conjunction  with  that  luminary  during  the  course  of  their  times,  of  several  bodies  circulating  about  tbe  same  point, 

sidereal  ri-v'i|iuir,n  :  l'lrsl,^»hen  they  come  between  the  sri-  rcsp-.  tiivcly  as  the  cub<'s  of  tlie  ilivinnces  from  that 

sun  ami  the  earth,  making  the  inferior  conjunction;  and  point,  the  ceninsl  f(ir<  es  which  animate  them,  aie  in  the 

»ii;ai!i,  when  the  sun  is  between  the  planet  and  the  earth,  inverse  ratio  of  tlir'  ^quures  uf  the  Siitne  distances;  it  bo 

makini;  the  superior  cotijuncti'm.    See  C'dVJUSCTtow.  easy  to  discover  the  law  of  gravitation  ;  and,  as  it  were,  to 

I'in'  I  nterior  plt^tiets  |iresi-;il  liill*  i  riit  jJ|li■^e,^,  is  h<  n  thev  unvcil  the  merhutiisiii  of  the  planetary  system, 

are  viewed  with  telescopes:  these  appearances  arc  more  I'he  following  tables  exhibit  a  brief  view  of  thcsolarsys* 

perceptible  for  \  enus  than  for  Mercury,  and  they  depend  tern,  according  to  the  latest  and  correct  account, 

on  the  proper  motion  of  those  planets.    If  this  motioo  be  ],  Xlwiarimi  ^tit  fUdtnat  iltootawM  ^tht  Planeii,  or  ^ 

combined  with  that  of  the  earth  in  its  orbit,  which  is  e^  fj^gjr  IMMyv^llaab 

fccted  more  slowly  by  reason  of  its  greater  distance  from  MeicaiJ      ......       87'9(>9355  dajft* 

the  sun,  new  appearances  will  arbe,  such  as  the  direct  mo-  VcBOa  934700817 

tioQof  those  planets  in  lbe°  inferior  ooitittiictioo,  and  their  TbeElttb  ■96&'9S69M 

TCtnvademotimintbeinpeiiOTooiiianetiaii.  SaaE**        Man  C86'979579 

nM%A9%.  Cna,OTPiaBsi     .  *  -  ■  l6SO-000000 

The  ofbiis  of  the  rapcriw  plaaett  ard  above  winchide  Tbilet,  or  Oibersi  ....   168I  oooooo 

that  of  the  earth}  at  the  aame  time  that  the  velocity  of  Juno,  or  Harding    -    .   .   -  2007-500000 

the  eaithiscmiM  than  tboae  of  Ibe  superior  planets.  '      Ditto,  by  Burck  bard  t  •   -   -  I58S-0O0OO0 

Hence  It  reimis  that  the  earth,  in  its  motion,  psuscs  be-  Vesta,  or  Olber^ 

twcen  these  pIMeM  and  the  sun;  which  cause*  Ibein  to  Jupiter         ......    4332>6O220S  * 

appear  in  opposition  to  that  luminary.   In  the  opposition  .S.iturn                                  I075q-0"7i' i  3 

tkty  have  a  motion  apparently  retrograde;  but  it  u  direct  Uranus,  or  Ucrschel    •   .    .  ^8j^0<H)OiH> 


Digitized  by  Google 


AST 


( 


II.  Greater  Semiaxa  qf  tie  Planetary  Orbits,  or  their  Mean 

Dittanca  from  the  Sun,  thai  of  the  Earth  {which  is  about 
95  miHions  of  miles)  being  denoted  by  unity. 

iMiTCury  0387 100* 

Venu*  ...  -   0723332 

The  Earth  l  OOOOOO 

Mars  1-523693 

Ceres   2-776755 

Pallas   8-776909 

Juno   2-8767SI 

Dino,  by  Burckhardt    -    -    .    -  2-6"570O0 

Jupiter   5.202778 

SaKirn  9-538/85 

Uranus  19-183-i75 

III.  Relationt  of  Ezcentricity  to  the  Greater  Semitixit  1. 


Mercury 
Venus 
The  Earth 
Mars 
Cere* 
Pallas 
Juno 
Jupiter 
Saturn 
Uranus 


(for  1750) 
ditto 
ditto 
ditto 

(for  1805) 
ditto 
ditto 

(for  1750) 
ditto 
ditto 


0-205513 
0-006885 
0-016814 
O-O93O88 
0-790000 
0-246300 
0-250000 
0048077 
0056'i93 
0-046683 


IV.  Iitdinmtiom  qf  Orbits  to  the  Ecliptic. 
Mercury      -    (lor  1750)    -    -    -  70004) 
Venus         -        ditto       -    -    -  33930 
The  Earth    -        ditto       -    -    -  00000 
Man  -        ditto       •    -    -  1-8501 

Ceres  -    (for  1805)    -    -    -  IO-6167 

Pallaa  -  ditto  -  -  -  33  7500 
Juno  -        ditto       -    -    •  21-0000 

Jupiter       -    (for  1750)    -   -   -  1-3172 
Saturn        •        ditto       -    -    -  •2-49S6 
Uranus        -        ditto        -    -    -  0-7706 
V.  Diameters  qf  the  Planets,  th/it  qf  the  Earth  (7914  Eng^ 
lish  miUs)  being  assumed  as  Unity. 


Mercury 
Venus  -  • 
The  Earth 
Man  • 
Ceres  - 
Pallas  - 
Juno 


J 

■  H 
•  1 

-  i 

- 


Jupiter 
Saturn  - 
His  Ring 
Uranus  - 
The  Moon 
The  Sun 


234 

^ 

H2Vr 


VI.  Rotations  qf  the  Planets. 

d     h  ID 

Mercury      .....  unknown 

Venus    0  23  20 

The  Earth   0  23  SS^ 

The  Moon  S7    7  43^V 


Mars 
Jupiter 
Saturn 

Uranus 
The  Sun 


0  24  40 

0  9  56 
0  10  17 

unknown 
25  10  0 


The  mastes  of  the  planets  have  been  found  from  princi- 
pies  at  follow  :  The  forces  that  urge  two  bodies,  moving 
circularly,  are  in  a  ratio  composed  of  the  masses,  the  dis- 
tances from  the  centre,  and  the  inverse  square  of  the  pe- 
riodic times  (see  Cbktral  Forccs):  whence  it  results, 
that  the  gravity  of  one  of  the  satellites  towards  its  planet, 
is  to  that  of  the  earth  towards  the  sun,  as  the  mean  dis- 
tance of  the  satellite  from  the  centre  of  its  planet,  divided 
by  the  square  of  its  periodic  time,  is  to  the  mean  distance 
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of  the  earth  from  the  son,  divided  by  &e' square  of  its  pe- 
riodic timr  :  or.  expressing  these  gravitating  Iciidincirj  by 
o,g,  the  mean  distances  by  »,  r,  thepi-riodic  limes  by  t,<, 

it  is  o  :  ^  :  :  p  ;  -.    But,  drnolipg  by  m  the  mass  of  the 

sun,  and  by  m,  that  of  the  planet  about  which  the  satellite 

revolves,  by  the  nature  of  gravitation  it  is  a    g  '•  •  ~,  ip; 

,       «     r        Mm  ,    »'  r* 

therefore  -  ■  p  ■ '•  ^  •  ;i<  consequently^  :  -,  :  :  m  :  m. 

I\y  applying  this  result  to  the  planets  which  havp  satel- 
lites, it  is  easy  to  find  the  \-alue  of  their  masses  ;  for,  we 
know  the  radii  of  the  orbits  of  the  satellites,  as  wril  an  the 
length  of  their  sidereal  revolutions,  or  their  periiMlic  time*. 
Therefore,  taking  the  cubes  of  the  radii  of  these  crbits, 
and  dividing  them  successively  by  the  squares  of  the  perio- 
dic times,  the  quotients  will  give  the  values  of  the  masses 
of  the  bodies,  about  which  the  satellites  revolve. 

As  to  the  planets  which  have  not  satelliirs,  Liiplace  has 
deduced  the  values  of  the  masses  of  Venus  and  Alai-*,  from 
the  secular  diminution  of  the  obliquity  of  the  echplic,  and 
the  acceleration  of  the  moon's  mean  motion.  The  mass  of 
Mercury  was  inferred  from  its  volume,  supposing  the  den- 
sities of  that  planet  and  the  earth  reciprocally  as  their 
mean  distances  from  the  sun.  Meraniquc Celeste,  tom.3, 
p.  64.  Exposition  du  Systime  du  Monde,  cd.  2,  p.  193, 
Thus  was  deduced  the  following  table. 
VII.  Masses  of  the  PlaneU,  that  qf  the  Sun  being  taken  for 
Unity. 

Mercury  — - — 

-'  loassio 

Venus  — - — 

asaiao 

The  Earth  — I— 

.    Mars   ' 

114608S 

Jupiter  -  -i. 

1067 

Saturn  ' 
Uranus  — !_ 

>9iO* 

The  Moon  — 1 — 

The  densities  of  bodies  being  in  the  direct  ratio  of  their 
majses,  and  the  inverse  ratio  of  the  volumes  ;  and  in  bodica 
nearly  spherical,  the  volumes  being  as  the  cubes  of  their  " 
radii;  it  results  that  the  densities  nre  then  as  the  masses 
divided  by  the  cubes  of  the  radii.  By  this  process  the  fol- 
lowing numbers  are  found  for  the  mean  densities  of  the 
planets,  that  of  the  sun  being  assumed  as  unity;  vi«, 

10  the  ran  I.  to  wain  I. 

Mercury    ....    10-1743     •    -    -  12-912 

Venus   5-0446     -    -    -  6-402 

The  Earth-    -    -    .     3'9393     -    -    -  5()0O 

Mars  2-6734     -    -    -  3393 

Jupiter  .  -  -  -  0-8601  -  -  -  1092 
Saturn  ....  0-4951  -  -  -  0-6S8 
Uranus  -  .  -  .  0-1376  -  -  •  0-174 
The  Moon  -  -  -  2-4656  -  -  -  3-129  •. 
The  San  -  -  -  -  l  oooo  -  -  -  1-269 
Where  the  first  column  of  numbers  denotes  thcpropor' 
lion  of  the  densities  of  the  planets  to  the  sun  considered  as 

unity.    ITien  multiplying  these  by  1-2692  =  jrjjjj}  we 
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obtain  the  last  column  of  uunnbers,  denoting  the  densities 
of  the  planets  in  rwpectof  that  of  water  I.  See  myTnicts, 
»ol.  2,  p.  6*,  66. 

Besides  the  bodies  which  revolve  completely  round  the 
tun,  wilbin  the  limit!)  uf  our  ubHTvation,  there  are  others, 
of  which  we  only  ccincludo  from  analogy  that  they  perform 
such  revululions.  These  arc  tlie  comets  ;  tbey  generally 
appear  attendc<i  by  a  ncbuluu»  light,  either  surrounding 
them  as  a  coma,  or  stretched  out  to  a  considerable  length 
ni  a  tail ;  and  tbey  sometimes  seem  to  consist  of  such  light 
only.  Their  orbits  arc  so  exceniric,  that  in  their  remoter 
•ituatiuns  the  comets  are  no  lunger  visible  to  us,  though  at 
other  times  they  approach  much  nearer  to  the  sun  than 
any  6{  the  planets  ;  for  the  comet  of  l680,  when  at  its 
perihelion,  was  at  the  distance  of  only  ^  of  the  sun's  dia- 
meter from  hi)  surface.  Their  tails  are  often  of  great  ex- 
tent, appearing  as  a  faint  light, directed  always  nearly  op- 
posite t<i  the  sun.  It  is  quite  uncertain  of  what  substance 
they  consist ;  and  it  is  difTicult  to  determine  which  of  the 
conjectures  cuncerning  tUem  is  the  least  improbable.  For 
further  particulars,  see  Co  MET. 

Lists  and  historical  accounts  of  the  principal  writingi 
and  authors  on  astronomy  arc  contained  in  Weidler's  His- 
tory of  Astronomy,  wiiich  is  brought  down  to  the  year 
1737-  There  is  also  Builly's  excellent  History  of  astro- 
nomy,  ancient  and  modem.  For  this  purpose,  consult 
also  the  following  authors,  vit,  Adam,  Vossius,  Baylc, 
Chauffepie,  Costard,  Perraut,  the  chronological  table  of 
Riccioli,  and  that  of  Sberbum,  at  the  end  of  his  edition  of 
Manilius  ;  also  the  first  volume  of  Lalandc's  astronomy. 
The  more  modem,  and  popular  books  on  elementary  astro- 
nomy, are  very  numerous,  and  well  known :  as  those  of 
Ferguson,  Long,  Emerson,  Vince,  Lcadbetter,  Bfent,  Keil, 
Whiston,  Wing,  Street,  Gregory,  &c,  &c 

ASTROSCOPE,  a  kind  of  astronomical  instrument, 
composed  of  two  cones,  on  the  surface  of  which  are  de- 
lineated the  constellations,  with  their  stars,  by  means  of 
which  these  may  easily  be  known  in  the  heavens.  The 
astroscope  was  invented  by  William  Shukhard,  professor 
of  mathematics  at  Tubingen,  on  which  he  published  a 
tr«-atise  in  1698. 

ASTROSCOPIA,  the  art  of  observing  and  examining 
the  stars,  by  moans  of  u-tcscopet.  artd  other  iiutTumcnts,to 
discover  their  nature  and  properties. 

ASTROTHEMATA.theplactsorpositionsofthestars, 
in  an  astrological  scheme  of  tlie  hcHveiis- 

ASTRO  I'H  b>il A,  is  u>ed  by  some  for  a  constellation  or 
collection  of  stars  in  the  heavi-iis. 

.\STRUM,  or  AsTiioM,  a  constellation,  or  assemblage 
of  stars;  in  which  suisc  it  is  distinguished  from  Aster, 
which  denotes  a  single  star.  Some  apply  the  term,  in  a 
nore  particular  sense,  to  Sirius  the  Great  Dog,  or  rather 
\o  the  large  bright  star  in  his  mouth". 

ASYMMKTRY,th<'  want  of  proportion,  otherwise  call-  ' 
cd  Incommensurability,  or  the  rt'lhticm  of  two  quantities 
which  have  no  common  measuie;  as  between  I  and  ^2, 
or  the  siile  and  diagonal  of  a  square 


finitely  to  a  coincidence:  thus,  two  parabolas,  placed  with 
their  axes  in  the  tame  right  line,  are  asymptotes  to  each 
other. 

Of'line*  of  the  second  kind,  or  curves  of  the  first  bind, 
viz.  the  conic  sections,  only  the  hyperbola  has  asymptotes, 
which  arc  two  in  number.  All  curves  of  the  second  kind 
have  at  least  one  asymptote;  but  they  may  have  three. 
Those  of  the  third  kind  may  have  4  asymptotes,  those  of 
the  fourth  kind  5  ;  and  ki  on  for  every  order  of  curves 
whatever;  viz,  that  they  have  as  many  asymptotes  as  the 
equations  expressing  them  have  dimensions,  and  no  more. 
The  conchoid,  cissoid,  and  logarithmic  curve,  though  not 
reputed  geometrical  curves,  have  each  one  asymptote. 
And  the  branch  or  leg  of  a  curve  that  has  an  asymptote, 
is  said  to  be  of  the  hyjx-rbolic  kind. 

The  nature  of  asymptotes  will  be  easily  conceived  from 
the  instance  of  that  of  the  conchoid.  Thus,  if  abc  &c 
be  part  of  a  conchoid,  and 
the  line  mn  be  so  drawn, 
that  the  parts  r  B,  c  c,  r  o, 
IE,  Stc,  of  right  lines, 
drawn  from  the  pole  P, 
to  the  curve  BCD,  be  equal  to  each  other;  (hen  will  the 
line  MK  be  the  aymptote  of  the  curve:  because  the  per- 
pendicular cc  is  shorter  than  rs,  and  od  than  cc,  he;  so 
that  the  two  lines  continually  approach ;  yet  the  points  ce 
&c  can  never  coincide. 

Asr  M  PTOTEs  0/  the  Hyperbola  are  thus  descril>ed. 
Suppose  a  right  line  oe  drawn  to  touch  the  curve  in  any 
point  A,  and  equal  to  the  conjugate  de  of  the  diameter 
ACn  drawn  to  that  point  a,  viz,  ao  or  ak  equal  to  the 
scmiconjugate  cif  or  cc ;  then  the  two  lines  cor,  cbr, 
drawn  from  the  centre  c,  through  the  points  d  and  b,'  arc 
the  two  asymptotes  of  the  curve. 

.N 


The  parts  of  any  right  line,  lying  between  the  curve  of 
the  common  hyperbola  and  itsasymptotea,  are  equal  loone 
another  on  both  sides,  that  is,  =:Ah.  In  like  nwnnvr. 
in  hyperbolas  of  the  second  kind,  if  tben^'  be  dran  n  anv 
right  line  cutting  both  the  curve  and  iu  three  asymptotes 
in  three  points,  the  sum  of  the  (wo  parts  of  that  light  line 
extended  in  the  same  direction  from  any  two  of  the  asymp- 
totes to  two  points  of  the  curve,  is  equal  to  the  third  part 
which  extends  in  the  contrary  direction  from  the  third 
asymptote  to  the  third  point  uf  the  curve. 

If  AGE  b«  an  hyperbola  of  any  kind, whose  nature,  with 
regard  to  the  curve  and  asymptote,  is  expressed  by  this 
general  equation  r'"y*  =  «x  o"*"*"",  whore  r  is  =s  cf,  and 
ASYMl>TOTl''..l^tpruperlyarightliiie,whichapproachei    y  =  *o  drawn  any  where  parallel  to  the  other  asymptote 
continually  nearer  and  nennr  to  some  curve,  whose  asyro-         ;  and  the  parallelogram  cpoi  be  completed:  Then 


ptoteit  IS  sHid  ui  be,  in  such  a  manner,  that  when  they  are 
both  indeiinitely  produced,  they  are  nearer  togetlier  than 
by  any  auignitble  finite  distance ;  or  it  may  b<'  considered 
•s  a  tangent  to  the  curve,  when  conceived  to  be  prf>duced 
to  an  uWiuitc  distance.  Two  curves  are  also  said  to  be 
•syinptotical,  when  they  thus  continually  approach  indc- 


m  —  n  is  to  n,  as  this  parallelogram  ctci  is  to  the  hyper- 
bolic space  roK,  contained  under  the  determinate  line  r»i, 
with  the  asymptote  rx  and  the  curve  ox,  both  indelinitel> 
continued  towards  k.  So  that,  if  in  be  greater  than  n,  the 
said  asymptotic  space  is  finite  and  quadrable  :  but  when 
=    as  in  the  comoiou  or  conic  hyperbola,  then  m  —  h 
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=  0,  the  ratio  of  tfaut  space  to  the  laid  paralletogram,  is 
as  •  to  0 :  that  Is,  the  hyperbolic  space  is  infinitely  great, 
in  respect  of  the  finite  parullelugrKm :  aticl  wbeo  as  is  \ma 
than  n,  then,  m  -  n  being  negntin-r  the  $ajmp/le^  ipace 
is  to  the  dstaniiMte  pmllologiaait  w  •  pMitivc  aiiBbcr 
.is  to  a  myMivB  am^  mm!  »  wiat  Dr.  Walli*  alb  aore 
tku  iofinili).  -  ' 

ASTMnoTB  4f  At  LoOABtTBHIC  CVKVB.    If  tjl» 

be  dw  lopurillHaic  curve,  qow  m  a^/mfMkt  ui  and  at 
mdiMM,  MO  m  langent,  and  vo  the  Mibiugent,  wbMk.  in 
this  curve  is  a  constant  quantity.  Tlicn  the  indrterminate 
spac«  LMNQ  is  equal  to  lq  x  po,  the  rectanj^lc  under  the 
urdioate  LQ  and  the  cointant  subtangent  Po ;  and  the 
solid  geoerateil  by  thr  rouiion  of  ih«t  curve  space  about 
the  asymptoli  vg,  is  i  (;uh1  tn  halt  the  cylindrr,  whoae  al- 
titude is  the  said  connlaiii  subiangcut  ro,  and  the  imdius 
cf  its  base  is  L4. 

AsTMPToTts,  by  some  mathematiridm, are  distinj^ui^h- 
I'd  iiilo  ".iiniju".  urdefl.  The  asymplntf  siiid  to  be  ul  [hr 
first  order,  when  it  coincides  with  the  base  of  the  curvili- 
near figure :  of  the  Id  order,  when  it  is  a  right  line  pa- 
nlM  to  the  base  :  uf  the  3d  ordeTi  when  it  is  a  right  line 
|IW  to  the  base :  of  the  4lh  onkr,  when  it  is  the  com- 
kpanbola,  having  its  axii  perpemiicular  to  the  base: 
J  IB  general,  of  the  n  2  order,  when  it  is  a  {larabola 
whose  ordinate  is  always  as  the  n  power  of  ibe  base.  The 
•qrmptota  is  oblique  to  the  base,  nhen  the  ratw  of  the 
im  Msiea  «f  the  ofdiiwle  to  the  indoB  oflfae  bM(^  if- 
lvea.eM%|MUenlie»aBililaiCj  hatililpa> 
■nOd  tolhehMe,ercalacideiwillkft,whca  ihiiliBteh 
MtaaigaeUc. 

The  doctrine  and  determiruition  of  the  asymptotes  of 
turvri,  isacuriouspartof  the  hi<;hergpomctr)'.  Fontewllc 
has  <;in.-n  several  Ilnviretns  r<'l.iiiNir  in  ilii-  sui  j<  ct,  in  liis 
(itoHutrie  de  I' Infini.    See  alsu  Stii  l.snt-j  Tritii  Or- 

dtnu,  prop.vi,  whiTC  the  subjct  t  i>l  js\ nijitolci  is  It  arnrdly 
treated  ;  iiii((  Cramer'*  Introduction  a  i'  oiutigK  des  lu^net 
courbei,  art.  147  se^.  for  an  excellent  throry  of  asym- 
ptotes (if  gi-omctrical  curvp*  anil  ihiir  limnchen.  Likewise 
Mucltturin's AlgL-(:r;t  and  lu»  Muxioiis,  book  i,  chap.  10, 
where  he  has  carefully  avoiUi  d  the  modem  paradoxes  con- 
cerning infinites  and  infinitesimals.  But  the  easiest  way  of 
determining  asymptotes,  itsecmf,is  bjconsidering  tlirm  as 
tangents  to  the  curves  at  an  infinite  distance  from  the  he- 
■bmingof  the  absciss;  that  is, when  the abeasajtitiaiaiteiii 
9w  equation  of  the  curve,  and  in  the  pfoportiaaef  ^to^ 
win  that  of  the  uibtB^ent  to  the  oidinaie. 

tb*  anae'  bounded  \f  cnrm  and  their  asymptotes, 
Ihm^  indefinitely  extaMfld)  ha«n  MnetinMa  Uaws  to 
which  they  may  approach  indefidtelyMnr:  and  Ais  hap- 
yetn  in  hyperbolas  of  all  kinds,  except  the  firtt  or  Apollo- 
nian, and  in  the  lo^rilhmic  curve ;  a«  was  o(iservc4 above. 
But  m  the  common  h\ tirrl'ilii,  uml  m my  other  curvi-s, 
liic  asymptotical  arra  hai  no  such  iimit,  but  is  intiniti-ly 
pivat. — Solids,  loo,  generated  by  hyperbolic  ur<  is,  re- 
voivmg  about  their  nsymptotes,  have  somt  tinii's  their  li- 
mits; aii'i  5(im[tinirs  thLv  may  be  produced  till  the^  ex- 
ceed any  given  solid. — Also  the  *urfuce  of  such  solid,  when 
supposed  to  be  infinitely  produced,  is  cither  finite  or  inri- 
Dite,  according  ns  the  area  of  the  generating  figuru  is  finite 
or  iiiiiiiit< . 

ATLANTlD&S,a  name  given  to  the  Pleiades,  or  seven 
stiirs,  sometimai  alw  called  Vcrgilic  They  were  thus 
called,  as  beim  tuffomi  by  the  poctt  to  have  been  the 


daughters  either  of  Atlas  or  his  brother  Hesperus,  who 
were  irantlated  to  heaven. 

ATMObPHl'.Rl':,  is  that  invisible  elastic  fluid  which 
surrounds  the  earth  to  an  unknown  height,  and  partakes 
of  all  its  moitoin,*~U  received  ia  uam^  frqm  tiie  Greeks, 
in  consequence  of  the  vapowa  wUch  are  contnraillf 


iiu  witb  it. 
nehher  the  pi»ertiaB 
»  hnveot 


the 


ipherei 


•or  the  eonvodtiaB  of  Oe  ^ 
to  hnve  oecnpied  isneh  of  die  atteMfeaflf 
Afutotte  eoftiidcred  h  aa  one  of  the  fMir 
•ttaaled  bcttniifl  the  regions  nf  water  and  fire,- 
and  mingled  witb  iweexhalationi,  the  dr^  and  the  moist; 
the  former  of  which  he  considered  the  cause  of  thunder, 
lightning,  and  wind;  while  the  second  produced  rnin,  hail, 
and  snow.  'I'hc  uni  h  hts  m  K'  U'  rui  seemed  11,  ":.  im  con- 
iid<>red  the  blue  c<!lL-'.ir  t  sky  as  is^msui  u  iiie  at- 
iniispi.rn.'  ;  ^mI  -c-vcral  ul  iIm  ir  jih 1 1  ji i ipln  rs  belii'\t  d  that 
an  »iib  the  tonilitui-iit  pi  mr  ijji-  r,i  olhi  r  bodies,  or  ut  least 
thut  air  iind  othi'i  b'  ilicv  uif  nuituallv  convertible  into 
each  other.  Hut  thc^e  opinions  floated  unn  '.y  iii  tx  state 
of  vague  Conjecture,  till  the  matter  was  expbiined  by  the 
sagacity  of  Hales,  and  of  tho9«  philosophers  who  followed 
the  career  that  he  had  opened  to  thetn. 

It  was  not  till  the  time  of  Lord  Bacon,  who  first  taught 
mankind  to  investigate  natural  frhenoroena  correctly,  that 
the  nature  oi  the  atmoapbere  began  to  be  elucidated  with 
precision.  OaUleo  Introduced  the  stu^,  fay  showing  that 
the  air  had  heaviness,  a  point  wfaieh  wae  soon  afttf  io> 


completely  by  his  pupil  Toiricelli,  Pascal,  fte. 
other  ot  i:s  mechanical  propcrtir*  were  afterwards 
disCOtered  by  ikiyle,  Mariotte,  Hooke,  Newlun,  Derhara, 
&c  ;  but  as  the^e  belong  to  the  subject  of  Pneumatics,  a 
more  particular  mention  of  them  shall  be  made  in  the  ar- 
ticle* which  they  ^^-^pecti^ely  cotislitUH'. 

I  he  opinions  of  the  ancient  chemists,  concerning  the 
Cr)rr;]ionrnt  parlsdt  thr  iiui. I 'sphere,  arc  I(>o  \Hf;ue  to  merit 
aiiv  panicular  iititite.  iiuyle  hnwe\rr,  iii'.d  his  foiiteni- 
poraries,  put  it  beyond  liuiibt,  that  tin  iilnin^phrrc  con- 
tained two  distinct  substances,  viz,  an  elastic  lluid  distin- 
guished by  the  name  of  air;  and  water  in  the  state  of  va- 
pour. Besides  these  two  btnlies,  it  was  supposed  also  that 
the  atmosphera  contained  a  great  variety  of  other  sub- 
stances, which  were  continually  mixing  with  it,  from  the 
earth,  and  which  often  altered  its  propenirs,  aitd  rendered 
it  noxious  or  fataL  Since  the  discovery  however  of  caN 
honk  ecid  gas,  by  DtkBlaek,  it  hnebemaaceitaiaed  that 
this  elmtic  flnid  dintya  eemlttMei  a  part  of  the  atmo- 
sphere. Tha  CQMdtiMat  |Nitt  of  the  atmosphere,  tlur^ 
fore,  are, — 1.  air;  S.  water}  S.  carbonic  acid  gnsi  4.  iai> 
Unown  bodies. 

That  part  of  the  composition  of  the  Htmo^phere  called 
air,  has  not  till  very  lately  been  pcrleoiy  rerornisid  :  It 
seems  to  have  t>een  used  iit  lir--t  to  kicnnti  thi'  >is[:hiTe 
in  general,  and  «:is  consi  'err. I  lur  inuny  a<c>  nn  si  ly  as  a 
simple,  horaoj>eneous,  and  i  Irm.  i.turv  riuid;  but  pliilo>i>- 
phcrs  Bfterwards  restricted  it  lo  the  elastic  tiuid  «liu  h  con- 
slilulcs  the  greatest  and  most  iinportiint  part  of  the  atmo- 
sphere, excluding  water  and  other  Ion-ion  bodies,  which 
are  occasionally  found  mixed  willi  it.  l  or  many  ycsrs, 
all  permanently  elastic  fluids  were  considered  asiiir,  trom 
whatever  combinations  they  were  e.\tricated,  .ind  suppost-tl 
to  possess  exactly  the  same  properties  as  ,  I,,  uir  ol  the  at- 
mosphctv;  and  it  was  not  till  the  di'cnvciu  s  of  Cavendisli 
md  Priestley  had  dctaimiued  the  ptxutmr  properties  ut  u 


A  r  M 


t   »76  3 


ATM 


variety  of  elastic  AuuU,  tliui  ptllI'>^"|•lu'rl  bccMM  MMiUt 
thai  Uktc  cMisti'd  vuiiiius  s|>i'c'ii.-s  oi  ilieiii.  lnconaei|ttenee 
of  ihii  disC'jvery,  the  word  an  Itcciime  geniTic,  and  wa* 
applied  by  Priiilli  >,  anil  t!ir  i'.i  li-li  and  S<vcdi>Ii  (ihilo- 
!U>pl)cr<i  ill  K<'iii  ral,  tu  all  pcriiiaia  all)  t  liulic  (lut(l^:  vvlilk' 
Ihi'  air  lit  the  alm(/»pliere  was  (.liiliiijiUi^lu  d  iiy  tin-  cpitlirts 
of  cuniiuuii  i>i  almosphpric  air;  but  MacHjucr  tbought  pru- 
pcr  to  apply  the  term  gu  to  all  permaliciill)  clustic  ftuiils 
except  common  or  atctio»pht.-ric  air,  nnd  to  confine  the 
term  air  to  thi»  ia^t  fluid,  tin  acceptation  of  the  word  wliich 
it  now  unitenally  adopted  by  all  philu«upher>:  the  word 
air  tbtrofaw  oom  dcnattt  conunon  >>>  atni<i<>pheric  air,  and 
alt  oth^r  permanently  clutic  fluids  arc  dcnnminatcd  g^-s. 

For  the  knowledge  of  the  component  parts  of  air,  we  are 
indflbted  U>>  Um  litbottn  of  lliaae  pkilotopben  io  whoM 
iNUidt  ciMiniiiliy  ■dnnccd  tritii  tuch  nBtiiii^t  doring  the 
Ittt  40  yttn  of  die  IStb  centurv*  'Hm  ant  step  watt  maile 
hv  Dr.  Pyiatlcy  in  177*,  by  ue  diioo«ery  of  oxygen  gat. 
^is  gis,  iccprding  to  the  prevailing  notiont  of  iho  Amn^ 
he  considered  a-t  air  totally  deprived  of  phlogiston.  HcBOe 
be  consiJun'd  common  air  as  oxygen  gat  combined  with  an 
indi-tiiiili'  porlioii  of  plitooibton,  varying  in  purity  accord- 
ing to  th:»t  |>-  :t        ;   Ix-irig  nU  i  the  purer  itn'  MiiiilliT  ihf 

quaiilUv  ni  jihlogislun  it  coiilaiiii'd.  Scheeie  ai«i  aiialyheii 
the  ail ,  .ui<i  k>und,  from  a  procett  distinct  from  Prieadey, 
that  it  was  composed  of  two  ditTcrrnt  elattic  fluidg,  similar 
10  lbo«e  diicovcred  In  I'riLslli  y  ;  the  oxygen  gas  of  Priest- 
ley he  called  empyri  >il  nn  ,  and  azotic  gat  he  denominated 
foiU  sir.  LavoiaitT  was  aUo  conducted  to  the  same  con- 
dnitoB  fay  uiotber  difierent  proceH;  and  thtu  wu  atiao- 
•phorie  Mr  coii6raMd  to  bo  •  componad  of  oi^fNi  aad 
azotic  gas. 

This  point  being  wHMiibtd.  it  next  becima  a  qucation 
of  conaulerablc  ctofltoqWMe  to  deicrmioA  Ibo  pnipoclioo 
of  IhcM  two  ingfo^oila  m  any  giren  b«1k  of  m,  mui  to 
iqocctaiB  wbMb^  that  propoftioD  n  in  every  cate  the  tamo: 
accordingly  tho  matt  anineat  pbiloMipbert  engaged  theio- 
ielvra  in  this  dea-rminaticn.  Mr.Cavendish,  by  improving 
Ihc  eudiometer  employed  by  Priestley  and  Fontana,  was 
enahlrd  lo  ascertain  rorn  rtly  the  constjtucnti  of  air  (Sec 
EuriioMETER):  he  foiuiil  ihai,  by  mixing  together  oxygen 
gas  and  mote  in  vtri'iuk  [ji i:t>iiriKuis.,  he  should  ut  la^l  be 
able  to  dettTmiiK  the  aosuhite  (quantity  of  oxygen  in  ajr: 
for  ^ince  azotic  gas,  one  of  the  component  parts  of  that 
fluid,  cannot  be  sepanited  by  nny  substance  with  which 
chemists  are  acquainted;  the  aiialysii  of  air  can  only  be 
attempted  by  exposing  il  to  the  action  of  tho»e  bodies 
v>  {licit  have  the  property  of  ahwrbing  its  oxygen.  By  these 
bodies,  the  oxygen  gas  is  teparated,  and  the  aiole  left  be- 
hind, and  the  proporiioii  of  oxygen  may  be  aiOerUiacd  liy 
tbc  diminution  of  bulk ;  wbtch  being  once  knoira»  it  h  easy 
to  aacertain  tbe  proportion  of  aiatle  gat,  aid  lim  to  deter* 
'  mine  the  relative 
Tberefore,  to  I 

ho  a^xcd  together  oxygra  gaa  and  anile  in  vwrioiM  pr»-  ,  abo«t^^  of  lie 
poftKNH,  and  at  litl  feand  that  a  mixture  of  5  fluaiaies  of '  * 
the  pumt  oxygen  which  he  could  procure,  with  19  me«- 
•Uiexif  aaotet  was  just  as  much  diminished  by  nitrons  gas, 
■atbentBe  bulk  of  atmospheric  air.  IKnce  lie  <.'i>ncluUed 
that  air  i»  compoii-d  of  5  part*  ot  nxy^t-n  anil  1 .0  ot  iizote, 
of  awry  2+  measures  of  ainii.sphrnc  air;  wliiili  ^iv.s  t..r 
ila composition  perceni.  7y  10  aiOle,  and  20  (>4  of  'jxyij.  ii ; 
ortiory  nearly  SI  per  cent,  of  oxygen  gas.  The  trials  made 
by  olhen,  to  diKover  the  true  quantity  of  oxygen  in  air, 


h«tw  alknided  in  tha  loma  result  as  that  obtained  by  Mr. 
CavMldltbt  whenever  the  experiment  was  made  with  pre- 
cision. ITiey  all  indicate  that  common  air  consists  very 
m  arly  of  21  parts  oi  oxygen,  and  79  of  a*otc;  and  prove 
thai  111  » lialever  place  or  altitude,  above  the  surface  of  the 
earth,  the  expi  riimiit  is  r.;,fic,  the  same  pr()(>ortujii  of  its 
coustautnts  IS  always  niuniKsted,  let  the  slate  of  the  al- 
niosphere  be  »hai  u  iii:i\.  Gay  Lussac  examined  air 
brought  from  an  altitude  of  6000  feet  in  a  ballooo,  and 
found  Its  constituenli  pndMly  tha  wit  ti  |lia  air  at  tba 
earih't  surfapc.  *  . 

The  next  ingredient  in  the  compotilioo  of  the  atjiio> 
sphere,  which  claims  nur  particular  notice,  it  water;  ibr 
since  it  it  bow  folly  cunhrmcd  that  the  atmosphere  always' 
con  taint  toaw  portion  of  this  fluid,  it  doenes  to  be  cxplais- 
ed  ia  what  ttete  this  coapaFBtivdj  Imanar  faid  aiuti  ia 
the  air,  aad  tba  quaatiiy  which  a  given  bidk  of  Iha  itmo« 
sphaw  (Boataiaa  piedMly,  if  pouiUe,  amda  Icaowa.  Willi 
mpoct  to  tkaaiato  in  which  wator  exists  in  air,  two  opi- 
iriorn  haw  been  forraod,  each  of  which  has  been  supported 
by  the  most  eminent  philoaopheit.  1.  Water  may  U.-  dis- 
solved in  air  in  the  same  manner  as  a  salt  u  held  m  solution 
liy  water.  3.  It  may  t;<  mixed  with  air  in  the  stale  of  steam 
or  vapour,  alter  hinin^:  l.t-.-n  converted  into  vapour.  The 
first  of  tlii  sc  o[iiriioi]>  wjh  hintf  J  Hi  by  Dr.  Hooke,  in  his 
Micograpiiitt,  and  aUt  rwards  propoM-d  by  Dr.  HallfT;  but 
it  was  much  nmri-  lievelopcd  by  M,  Huy,  i jI  M(iMt|jclier, 
in  1761.  Dr.  Hamilton  of  Dublin  also  made  known  the 
tame  discoveries  about  the  same  time.  The  phenomena 
in  general  coincide  remadubly  well  with  this  theoiy.  Tl|a 
quantity  of  water  which  air  tt  Capable  of  holdii^  m  nl^ 
is  increased  by  ettgf  ai^gpMBtaljoB  of  I 


live  quantity  of  the  cooponent  parts  of  air. 
find  the  abaolute  quantity  of  oxygra  ia  air, 


lion, 

and  diminished^  by  cold,  whIcE  u  foduAf  analogwn  to 
alasost  all  other  solvenu.  Tbaaa  aaalogioi^  and  Mvanl 
othan  which  will  easily  suggmt  thaaikdvea  to  lha  laadnr, 
kave  induced  by  hit  the  greater  aaaber  of  pUlaaepbcfs  to 

adopt  this  opinioii. 

The  second  theory,  uaioely  that  water  exists  in  a  state  of 
vapour,  is  strongly  confirmed  by  the  experiments  of  Saut- 
ture,  and  the  reasoning  of  Dr.  Black:  but  it  is  to  Mr.  DaU 
ton  that  Me  are  indebted  lor  the  most  precise  inlnfinatuin 
on  this  subji'Ct,  and  the  perlcrl  esiablishnient  ol  ils  rea- 
lity. He  demonstrated  thai  the  wHler  iMitiiij;  in  air  |in»- 
se«n's  |iieti!.<-ly  the  s.uue  dei>iee  tit  i  luitKiiy  that  it  do«a 
when  in  tbc  slate  of  vapour,  in  a  vacuum,  at  tiie  same  lem- 
p<'rature;  from  which  it  lolIo»s  irresistibly  that  it  exists 
in  air  not  in  the  state  of  water,  but  of  an  elastic  fluid  or 
vapour. 

The  first  who  attained  any  thing  like  precisitm,  in  aU 
traiptiag  to  measure  the  quantity  of  water  in  the  atmo> 
tpbrrr,  was  Sautture.   This  ing^ious  philotofihrr  Ina 
thuwn  in  bis  Hygroroetrical  Emays,  that  aa  Bagwb  CuWc 
'  eith  tmter,  at  tha  toapatatoto 


loot  ot  tiff  when  aatmatcd  with  < 
af6i!», 


anl^  ahoat  •  grains  tray  of  that  lioaid,  or 
wciglbl*  But  t  he  experiments  of  Mr,  Dal* 


too  irrre  snseeptibia  of  far  greater  precision,  and  reflect 
mu^h  credit  on  bis  talents  at  a phiteaopbcf.  His  results  are 
these :— 1.  Tlint  the  quantity  of  vapour  in  the  atmosphere  is  ' 

variable.  2.  That  in  the  torrid  zone  its  force  of  elaslicily 
varies  from  0  6  to  one  inch  of  mercury-  .".  'I  hiil  in  Bnlain 
It  seldom  amounts  to  0  (i,  but  is  often  n-  .i>  O  i  lu- 

ring siininx  r.  ■i.  That  in  \nnter  it  is  li-e ijtitnlly  as  low  as 
0  J  >'t  1111  inch  rii  jii, Tciii\-    l''roni  tl-.csc  facts,  the  absolute 

quantt^ol  water  cot^iK-d  in  theatmo«pherc,ataoy  givaa 
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ttme,  mii^l  be  coimrtly  wcMlrfawl,  pioviMI  «•  titft  o*iw 

Utn  thtil  the  den!iity  and  eltMicit/of  vapours  felloW  tlw 
Mme  law  »n  tbiit  of  rum  s,  u  ii  wttremrly  likely  to  be  tho 
criiic.  If  s(>,  the  vapuur  uill  vary  from  -g'^xh  lu  -j^th  part 
«>f  ihe  atmuipherc.  Dnlton  supposes  Chat  (he  mt-dium 
quantity  of  vapour  hulJ  m  ■-■■luiiMti  »t  once  in  the  atino- 
spluTr,  may  amount  tn  ;lI)xmi;  .'.  rli  i,!  iis  bulk.  See  Man- 
eb<-.ur  Mi'iiioirs,  v(il.3, 

W  rtli  rrjard  to  the  next  coiibtilurnt  part  r>f  the  atmo- 
sphcn  ,  c;iii)otiic  iicitl  <;iiv.  It  will  l>c  fir^t  prort  r  to  niuark, 
that  i(3  existence  was  tir>t  ilotermirMtl  by  Dr.  Black,  iro- 
nwdiately  after  he  had  a<.rertained  the  nature  of  that  pe> 
caiiar  fluid.  The  pxpu»ure  of  a  pure  alkali,  or  alkaline 
tluA,  to  the  a(mu<.phere^  having  oeeo  ofaaerrad  to  be  the 
wm  of  «  ysdual  convenioo  «f  H  into  ■  cwfaoMte,  ty 
lh«  abaofpuf  K  9t  carbonic  acM  (tnJacd  nmvoMablo 
the  infefence  (as  non  u  th«  dimmico  between  a  pure  al- 
kali MHlilscBrlMmilsliad  htm  wMeitained  to  depend  upon 
thai  Mid)  that  carbonic  aciil  gas  exlMad  la  the  atmosphere. 
Thit  &et  ha«  aot  only  been  prove<l  for  the  atmospht-re  near 
the  lurbce  of  the  earth,  but  established  for  the  grratettt 
heif^hts  Hcce)>sihle  to  nmn.  8nu»urc  found  it  at  the  top  of 
Mnunt  llliiiir,  the  llllJ|lc-^t  point  ot  tlio  nld  cnntuu'.U  ;  which 
is  cuverid  ctcrua!  in<j» ,  and  n(it  cNprn  d  to  tiic  in- 

tlufhcf  (if  VI  (;i-tat)lr\ or  iiiiiniuis.  Hiiiiibolt  h;iv  n:-Tr  lutcly 
ascrrtaineil  the  i  xistcnrc  of  thi<  gas  in  air  brouglit  by  M. 
Garncrin,  from  an  m  riai  cxturMon  into  the  atmosphere  not 
le«  than  4-w'80  ftft  above  Ihi^  ••urfHce  of  the  earth;  which 
is  a  fact  sufficient  to  proic  tli.'il  the  presence  of  carbonic 
acid  in  air  does  nut  depend  on  its  vicinity  to  the  earth. 

The  diflkulty  of  aeparatiog  thisfei  fram  air,  haii  render- 
ed it  bo  easy  matter  to  detcriaine,  with  aeeaiaigrt  the  rela- 
tive 4|aantity  of  it  in  a  gWen  hulk of  lir.  Vnm  the  cxpcri- 
laeBttofHumboltiiappearitovaiyfraiii'OOSto'Ol.  Mr. 
Dai  ton's  cxperiinentt  gpve  the  qvaaiity  mnch  aoMller  i  he 
coodadeatnet  airconteiaeealr^^^^arit  lnlk«f  carbo- 
akt  acid  fgu.  Hence,  and  from  the  rtonltt  of  other  ex- 
pcrimcntt,  it  ia  inferred,  that  the  bulk  of  carbonic  ncid  in 
air,  doea  not  vtbeed  ranch  tho  ,f  sgib  part  of  the  atmo- 
spbere. 

From  nil  which  wp  conclude,  thnt  tlu^  average  propor- 
tion of  cacli  <:f  ilii-M'  d.^tiiict  L'Ia5.tlc  fluida,  MmilK 
cbielly  the  whole  body  >it  she  atiuo«pbere,  ia,— 
os  y  Air. 
10  Vapour 
01  CarlwiiicacM. 

100  0 

It  is  indeed  true  that  other  bodice,  Imidei  the  three  ela^ 
tic  fluidi  jiH^t  nontioMd,  have  been  mpccted  in  tha  «t« 
moephei*;  ai^brimtaaoc,  hydrogen  gea,  awlearbMetled 
hydragfm*,  tnt  as  n«  Mtfahctofy  accoante  concerning 
thair  qaaBthica  have  jH  been  aieetlainrd,  or  that  would 
JiMiAr  any  particular  notice  of  them  in  this  place,  we  will 
thrmofe  content  ontselve*  by  barely  meniionini»  them, 
and  refer  our  readers  for  the  little  information  we  have 
bi-en  able  to  collect  ri>>pecting  them,  to  their  proper  af- 
ticli-8.  Tlir  elect:  n'  i;i:i::!r,  and  other  subHtance^  raised 
from  hollies  on  ihi'  mah's  stiTliire,  by  illiuvia,  evliala- 
tions,  tiC.  are  nlivavs  distinsni^habli  ;  and,  litin^  ex- 
posed to  the  cniitiiiual  nciioii  of  the  sun,  give  riie  to  in- 
numerable operations,  sublimations,  M'parations,  composi- 
tions, diEe«tions,  fermentations,  putrefflcliun*,  &c.  Thom- 
eon'j  Chem.  vnl.  4. 

Electriciiji  the  ,ATMosrHiBb  The  wlyect  of  at- 
noipbcrical  dcctriet^  haa  eagagMl  the  attailko  «f  mUff 
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vary  «Minent  philotopbaiei  nnee  it  ii  well  kaoirn  that,  be- 
aidee  thoae  Iwge  ^pHMtitiai  of  the  electlted  initter,  with 
which  ttaelMidt  are  geitenlly  charged  inadiiinderttonn, 
the  atraoapbere  la  never  ^rUolly  de>tituic  of  the  electric 
fluid.  A  person  electrified  negatively  may  sati»f)-  him- 
8<'lf  of  this  by  extending  his  arm  in  the  open  air,  and  pre- 
senliiiij  a  loiio  sharp  needle  with  it»  pjiiil  upwards;  for 
the  eleeti  ic  la  liter  Collected  from  the  remoter  air  svill 
pear  iunii.".  )us  as  it  con»er:Te»  to  the  point  of  the  nefdlw. 
.Mr.  C'a!it.iii'  hull",  are  l.ki  wise  excellent  contrivance 
fur  the  same  purpose,  and  may  be  made  ose  of,  not  only 
for  detervaining  the  electricity  of  the  atmosphere  in  gene- 
ral, hut  the  poMtive  or'ne»«tin!  quality  of  it.  According 
tu  this  ingenious  phildKapf-cr,  deticcated  atmotpheric  air, 
when  healed,  bccomee  negatively  riectrio  and  when 
cooled,  the  electricity  ia  of  lha  pacitive  kind,  even  when 
the  air  i>  aoc  permitted  to  expand  or  contract;  and  the 
expantlon  or  oontractioa  af  ainospbcrie  air  oecaiioni 
changm  in  it*  electrical  state. 

Baecaria  inform!  »«,thatthe  electridlyof  the  atmoophere 
ia  always  positive  duriii°  ihedny,  and  in  dry  weather;  but 
always  negative  when  a  bright  or  sprr nc  atmosplwre  suc- 
ceeds dark  and  moist  wejtln  r-  that  th  ■  lantity  of  it  in- 
creases after  the  ri'in;;  of  tlie  sLin.  arui  iJurme  hi-  progress; 
and  that  it^  au'4nii  nt.i!ii.)ii  j*  itie  more  coe.fiilerable  as  tho 
moisture  of  liie  air  dimiuishk-;  but  it  decn  asi  >i  in  the 
cveniMi;.  In  days  equally  dry,  the  degree  of  electricity  at 
noon  was  proportional  to  the  de-jree  of  hoat :  ami  in  a 
serene  atmosphere  with  little  wind,  a  consnlerable  rju^n- 
tity  of  the  electrical  maticr  commonly  arose  after  >un-cet 
during  the  precipitation  of  the  dew.  Tbiek  fogiweraob* 
served,  during  their aeeent into  dry  air,  to  carry  with  them  s 
considerable  qwHIti^of  iheelectric  matter.  And  the elcc- 
tiicity  wai  alwns  Mionger  when  hia  rods  were  higher,  and 
the  atiiaa  whion  wera  axtandad  and  iomlaled  ia  tha  fl|ieii 
air  were  toagrr.  8ca  bis  Bn^  «tt  Atmoenhetic  Blai^ 
city  annexed  to  the  Engllili  tfaMlatioii  ^  hk  MMcM 
Electricity. 

Mr.  Cavallo,  from  numerous  experiments  and  olMtisa 
tions,  infers,  that  there  is  in  the  atmosphere  at  all  times  a 
quantity  of  electric  matter :— that  the  eloctricity  of  the  at- 
muspiiere  ami  uf  tn  j^  is  nlwav*  pn-iji-e  _  —  tliut  in  ^tcncrai 
the  strongest  cli'r'rn  ity  is  observaole  in  thick  fons,  and 
alio  i!i  tiristv  "c.it'  i  r  ;  and  the  weakest  when  it  is  cloudy 
and  warm,  and  rain  approaches  ;— ;bat  it  do<>5  not  5<  cm  to 
be  less  by  ni^lit  than  by  day;  and  that  it  is  stronger  in 

£ laces  more  elevated,  than  in  those  which  are  lower.  Sec 
is  complete  Treatise  on  Electricity,  vol.  2.  p.  49.  edit.  4. 
Among  the  celebrated  men  who  have  enniged  in  the 
cultivation  of  this  science,  few.  have  cnj«>yca  the  advan- 
lagM  of  observing  tha  phcaoawna  atteAdlM  atRMtpberioal 
oieclHcHy  of  U.  Mntrara,  or  indeed  vriiolwv^  ywaeseed  > 
aBoioaKteMN«juq«aiiil«Ma  «lth  m«laH«lc0i"  s^nml. 
for  enaUIng  Uia;  f»  illostfataiheae  phenomena  by  appo- 
site observaUonsT  Ha  eoallms  the  foct,  noticed  by  otbeni 
ahd  previously  kno«n,  that  aerial  electricity  varies  accord- 
ing to  the  situation,  beini;  oenrrally  strongest  in  elevated 
and  insulated  places,  and  not  observable  under  trees,  in 
streets,  Imvises,  f<c.  But  it  i>  not  so  much  the  lipii;(il  as 
tho  situation  of  the  plures  which  dctermiiH-s  the  decree  of 
eleclricilv:  ti:r  'lii- pmierimo  angle  of  a  hi^h  lull,  he  says, 
will  ofkn  exhibit  a  slroniier  electricity  than  the  plain  at 
the  top  of  the  hill,  us  then  are  fewer  points 'of  the  former 
10  derive  the  air  of  its  electricity.  The  ineciisity  of  the 
ameaphMkal  aktmidiy  h  alsomblaft  t«  agteat  vancty 


ATM 


C    '78  ] 


ATM 


«r  dtufcit  br  wbick  womo  itpmd  on  obviont  ciicuii- 
■  ttK^m,  t/tilh  othm  are  •Itogetbcr  inexplicMUe;  they  «ra 
MNBctimca  10  rapid,  «ayi  Ssutsurv,  u  lo  jmdvde  ftll  pmri- 

bility  of  noting  thi-m  down.  When  lAin  falU,  without  a 
itorm,  tht-M- change*  arc  not  »o  auddon;  but  with  rvspvct 

"to  the  intensity  (it  ibu  dtctric  t'orct',  ihcy  arr  cscosivi  ly 
^  irregular;  while  tlir  quality  ut  il  li  luorL- c(-ii>.tar\t.  Rain 
.or  snow  almost  alwn\>  gives  positive  i-lvcn  it  iiy.  In  cloudy 
weathiT,  without  raim  or  sturini,  tlic  clectruitv  iiriu'f.nly 
follows  the  same  laus  as  in  serene  li'  r,  I  -  mlciiiily 
i;  most  commoniy  diinini:>hc(l  by  strung  w  ind';,  whulj  blciid 
the  diflcront  strata  of  the  ■otmospherp,  cause  them  to  sub- 
side towardii  the  ground,  and  thusdi^tributc  the  electricity 
uniformly  between  the  earth  and  the  air.  The  various 
modifications  of  electricity  in  the  atmosphere,  are  observed 
wifh  thr  greatest  advantage  in  serene  weather.  M.  Saui- 
•ure  found  in  winter,  and  in  Audi  wcntber,  ibal  tha  elec- 
tricity was  geirinMy  weakctt  ta  tin  «*Miii^  whea  the 
dew  and  fallen,  and  »o  continued  tiUaoii-iiM}  aftcnwds 
ita  iMenaity  augmented  by  degrees,  somttintea  aoonar  and  : 
Mmetimei  later;  hut  tuually  before  noon  it  attained  a 
certain  maximum,  from  which  it  again  declined  till  the 
fall  of  the  dew,  whin  it  would  be  sometimes  stronger  than 
^  it  had  been  duri;);;  the  uhole  dny  ;  after  which,  it  would 

again  gradually  decrease  duriiii;  the  whole  night;  but  it 
was  never  f|uUc  d«*troyed  in  weather  perfectly  sfrcnc. 
lleiico  u  may  be  inferred,  that  litruoNjiherical  electricity, 
like  tlie  waters  nf  the  ocean,  issut>ject  to  a  Ilux  and  re- 
flux; which  produce  an  increase  and  diminution  twice  in 
24 flours.  Tlie  same  author  al>u  remarks,  after  numeroui 
experiments  made  on  evaporation,  that  this  which  a{K 
poi)^  to  bo  the  vehicle  that  conveys  electric  matter  into 
thffrSlMalphere,  from  silver  and  china  always  produced 
acgalive  electricity ;  and  from  iron  and  copper  generally 
positive  electricity :  and  hence  it  may  be  infrrrtd,  that 
clertriciiy  is  positive  with  tbo»e  bodiea  that  ere  caitthle 
«f  decomposing  water,  or  of  being  decom^oaed  themwHea 
by  their  contact  with  the  water;  and  negative  with  all  thoae 
that  are  not  at  all  decomposed  or  altered. 

As  to  llic  pruducini;  causes  k.  ^  uiri  s  iif  aliTio*phcrical 
electricity,  we  rauy  observe  in  jieneiai,  thul  they  iimy  be 
reduced  lu  luur,  mi,  fiiction,  evapoiatiori,  hrat  :ind  culd, 
and  condeiisiitioii  and  expansitui :  and  with  respect  Ut  the 
changes  and  modifiCBtii>iis  to  w  in.  i,  'lie  itni<is|>ln'rlcal  elec- 
•  Iricity  is  continually  subject,  they  iiuiy  lie  ;ittriiiiitod  to  the 
operation  of  the  various  causes  that  prinJuce  them,  and  to 
the  chemical  processes  that  are  cuustanlly  carried  on  by 
iiK-uns  <jf  the  various  ingredients  that  compose  the  atmo- 
sphere. Fur  further  observations  on  this  subject,  consult 
the  authors  from  whence  these  particulars  were  chiefly 
taken ;  also  Mr.  Read's  veiy  ingcnioos  work,eniitledn  Sum- 
mary View  of  the  Spontueom  Electridtj  of  the  Earth 

•  aadAtaoapheicw  SeeabotheMtiehaHAiL»lUiKtSwow» 
Lmnnrivo,  and  those  of  ^hcrnaleoia.      .        ^  : 

Figurt  <ff  ihe  ATxosFHEaa.— As  the  atmosphere  en- 
velops all  parts  of  the  surface  of  our  globe,  it  is  evident, 
if  they  both  continued  at  re^t,and  were  not  endowed  with 
H  diurnal  motion  about  (l^rir  rommon  axis,  that  the  iitnui- 
Spherc  wouhl  he  exactly  glohiilar,  areordin^  to  the  laws 
of  gravity;  tor  all  the  parts  "1  llie  surface  of  a  lluid  in  a 
si.tte  of  rrst,  must  U'  eijUiiUy  removed  fri)iii  its  centre.  But 

•  an  the  earth  isnd  the  ambient  parts  of  the  atino»phere  re- 
volve iinif  rnily  ti  llu>  about  thoiraxii,  the  dilTerent  parts 
of  both  have  a  centrifugal  force,  the  tendency  of  which  is 
lavn  fiwpidmliJe^  aad  MwH  «f  t|M  ceaiiipaiai  leii,  ai  the 


paftaaie  moitmnotefrum  the  axis;  aad  hence  Ihe4gi9i« 

of  tha  ataioaphere  must  become  an  obUte  aphenids  idnw 
the  parts  that  correspond  to  the  equator  are  farther  re- 
moved from  the  axis,  than  tha  parts  which  correspond  lo 
the  poles.  Betides,  the  ilgure  of  the  atmosphere  must,  on 
unuther  arciiuiil,  rrpri  st  nt  u  flatteiirci  jjihertid,  namely 
because  the  sun  slnkci  mure  direcllv  the  air  which  cn- 
compa^se5  the  i  <;uutor,  and  is  comprehended  between  the 
two  tropica,  than  (hat  which  pi  rtams  to  tlie  polar  regions; 
whence  it  luik-ws,  liiat  the  muss  of  air,  or  part  of  the  at- 
iiiospliere,  udjuiiiin<>  to  the  poles,  being  less  heated,  can- 
not e.\pand  so  much,  nor  reach  so  high.  Yet,  notwith- 
standing, as  the  same  force  which  contributes  lo  elevate 
the  nir,  diminishes  its  pressure  on  the  surface  of  the  earil|« 
higher  columns  of  it  about  llie  equaXorial  ports,  all  other 
circumstanct^  being  tiie  laine^  may  aot  be  heavier  than 
those  about  the  poles. 

la  the  Transactions  of  the  Royal  Iridt  Ai^demy  for 
17M,  Mr.  Kirwan  has  an  iapenioua  disiertalk*  «n  the  &• 
gure,  height*  weight,  &c,  df  the  atmoaphere.  He  ohservec 
that,  in  the  natural  stale  of  the  atmoaphere,  that  is,  when 
the  barometer  would  every  where,  at  the  level  of  the  sea, 
stand  at  30  inches,  the  weight  'if  the  .itinovphcrc,  nt  the 
surface  of  the  wa,  must  be  equal  all  over  ir.c  globe  ;  and 
in  order  to  produce  this  equality,  us  the  weight  proceeds 
from  Its  density  and  beijjht,  it  must  be  lowest  where  the 
density  i^v  qieatest,  and  higiiesl  »hi-i.'  the  density  is  least; 
that  is,  highest  at  tlie  equator  and  lowest  al  (he  pules, 
with  several  intermediate  gradations. 

I'huugh  the  equatorial  air  however  be  Icsadeiktc  to  a 
certain  height  than  the  polar,  yet  al  somegmMr  heights 
it  must  evidently  be  mure  dense:  for  since  all  fl|liatortal 
and  polar  column  are  equal  in  total  wcij^t  or  mass,  the 
lower  port  of  the  equatorial  column,  bciagjaon  cxpaiMled 
by  heat  kc  than  that  of  the  polar,  mutt  hasv  lesa  imm, 
Md  thcrefete  a  proportionably  gfieater  part  of  iia  maia 
miist  be  iband  in  itt  superior  section;  ao  that  the  hmer 
extrcmi^of  the  superior  section  of  the  equatorial  column 
is  more  Compiesscd,  and  consequently  deru.rr,  than  the 
Corresponding  part  of  the  polar  column.  The  same  thing 
is  to  be  understood  also  of  the  e^lra-tropical  columns  v»ilh 
respect  lo  r.itli  ut:..  r,  wiu  re  dilTereiicus  of  heat  prevail. 

Hence,  in  the  iiighes.t  reeions  i>l  the  ntinosphere,  the 
denser  equatorial  air,  imt  luii  ^i  xi  ppnrti  il  I:  ,  the  c^ihite- 
ral  extra-tropical  coluiuiis,  grudualiy  li.ajs  over,  and  e^- 
paiuis  Itself  towards  the  nortli  and  south. 

'1  hese  superior  tides  consist  chiclly  of  inflammable  air, 
as  it  is  much  lighter  than  any  other,  and  is  generated  in 
great  plenty  between  lbe.tn>pics ;  it  furuishes  the  mallet 
of  the  aurora  borcalisand  avstralis,  by  whose  corahustioa 
it  is  destroyed,  otherwise  its  quantity  would  in  tiaM  bc» 
come  too  great,  and  the  weight  of  the  atmosphere ananally 
increased ;  but  ita  comhuition  is  the  primary  source  of 
the  ficatcit  perturbatioos  of  the  atneipbere.  8m  an  in* 
penioua  wotk  on  the  Ati|i04ihei«  i>y  n.  RohertioB,  M. 
m  C  vols.  8vo,  1808. 

H'eif;hl  or  Prenure  of  ihe  Atmo&pukm.— That  the' 
mass  of  the  atin^jsphcre  has  weijht,  and  consequently 
['('.■,>e$  upon  boiK''^  1  :l  'i:  ii-  action,  is  a  l.u^i  \',(iicli 

tia>  been  asserleil  h\  ■A,v.^i>X  .ill  philustiphers,  h'j'..'i  p.iu unl 
mill  MKidern.  But  it  was  only  by  i;.'  i  i-  *il  iKi  e.\|i.  ri- 
nients  niiide  w ilh  ]ium|;5  and  the  ijintiuieliR.il  tut  e,  by 
Galileo  and  Torrieelli,  tli;it  ..i  Im fn  coiniiici'd  of  it.\ 

reality,  atul  eiuibled  to  ascertain  the  precise  measure  and 
tjuanti^ofthatptoauie.  Thuiy  it  is  found  thatlhc  pns. 
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lUM"  of  tfac  »iin04plierp  MT^iiiins  a  column  of  quicksiWer, 
in  iho  tube  of  the  ban:imuti--r,  of  abuiit  30  lnctu-s  in  lii  inht ; 
it  therefore ibilows,  ihtt  the  whole  pre^sire  uf  thi-  atrao- 
tplMiela  MtMi*  to  the  weight  of  a  column  of  qiiickiiilver, 
of  till  equal  base,  and  30  inchns  height :  and  because  a 
cubical  inch  of  quicksilver  is  found  to  weigh  nearly  half  a 
pumd  •voirdapois,  tbeiefore  the  whole  30  inches,  or  the 
weight  oftteaM»n|lh€rftoji  every  square  inch  of  suHkcw, 
k  ahmt  «(|M«I  to  19  ponnds.  Apin,  it  hai  hem  CmiHl , 
thai  lbs  pcewiin  of  the  utmoiphere  balimcefi  in  tlw  oh 
of  pumpifte,  ■.colaaiti  «r  nwer  <>f  about  344  f*t 
Mtd,  thectthini  foot  of  wtter  weighing  Jutt  1400  ovneea, 
or  6'24  pounds,  34}  times  ti^i,  or  21581b,  will  be  the 
weight  of  the  column  of  water,  or  of  the  atmosphere  on  a 
base  of  otK  square  foot ;  and  convqui  rtt  Iv  iIil-  144th  pari 
of  this,  or  15lb  nearly,  is  the  weight  ol  iUo  iitni(j»|>h(  i  i'  on 
a  s<|ua7o  iiicli  ;  thr  tame  a»  before.  Hrnrc  Mr.  Oiiins 
computed  that  the  prp«iurc  of  thi*  ambient  fluid  uti  tbc 
whuic  iurlace  of  the  <-arth,  is  riiuualcn:  to  liitit  of  :\  globe 
of  lead  of  60  miles  in  diameter.  Aiul  licnc  also  it  ap- 
pears, that  the  pressure  upon  thr  hunum  brrdy  must  be 
very  cunsiderable;  for  as  every  squiire  iiicii  of  <>urfacc 
sustains  a  pressure  of  15  pouixis,  i  very  si{i:^ite  fout  will 
rastain  14i  times  as  much,  or  3l6o  pounds;  then,  if  the 
whpio  surface  of  a  roan's  body  bo  tuppoaed  to  CMmtain  15 
aquMo  feet,  which  it  pretty  near  the  truth,  he  imM  m** 
laia  1^  timaa  ilSo,  or  39400  pounds,  that  is  Mkrljr  14| 
lofttwcighl^lbr  his  erdinaty  load.  By  this^cnormouB  pnar 
anie  we  ihonld  mdoublcdlj  be  tnnbed'is  «  nomcat,  if 
aH  parti  «C  ear  bodies  were  not  tilled  either  with  air  or 
socM  other  elastic  Ibid,  the  spring  of  tslueh  it  jutt  sufll- 
Cienl  to  counterbalance  the  weight  of  the  atmosphere. 
But  whatever  this  fluid  may  be,  it  is  certain  that  it  is  just 
able  to  euunteract  the  weight  of  tlie  almo«[>here,  and  no 
more:  lor,  if  any  considerable  prc»*u re  Im  supi  radile<l  to 
that  of  the  sir,  hs  I>v  going  into  deep  water,  or  tlie  like,  it 
it  always  severely  ftit,  nt  leilst  wh«Ti  the  t:h:ini;e  is  made 
suddenly;  and  if,  on  thi-  other  haiui,  the  prevsure  of  the 
atmosphere  be  taken  oH  from  any  part  of  tbe  human  body, 
as  the  hand  for  instance,  when  put  over  an  open  receiver, 
from  which  the  air  is  afterwards  extracted,  the  weight  of 
the  external  atmosphere  then  prevails,  andwviHagilietho 
hnnd  strongly  sucked  dowA  into  the  glass. 

The  difference  in  tb«  welgbt  ct  the  «tr  which  our  bo* 
dies  sustain  at  one  tine  men  than  aaolher,  it  also  veiy 
coniideiable;  this  difleranee  in  the  same  ntnatioa  i  ' 
from  changes  in  the  state  «f  tlie  ethioapbeiei  and  it  i 
frequently  takes  place  in  eeuntrirs  alsome  dbbuwe  i 
the  eqtiator;  and  at  the  barometer  wtrirs  at  timet  from 
28  to  3 1  inches,  or  aboot  oi>c  tenth  of  the  whole  quantity, 
it  follows  that  this  difference  amounts  to  about  a.  ton  and  a 
half  on  tbe  whole  body  of  a  innti,  which  lie  iturcfore  may 
sustain  at  our  time  more  than  at  another.  On  the  increase 
of  this  natural  weight,  tbe  weather  is  cotnraonly  line,  and 
we  feel  ourselves  in  belter  spirits  and  more  alert  and  ac- 
tive ;  but,  oil  the  contrary,  when  the  «  eight  ol  tlie  air  di- 
niini«tHs,  llie  weather  is  generiillv  moist  and  foggy,  and 
ju  oplc  feel  u  l)<itles»m-ss  and  iiiaciivity  about  them.  And 
hence  it  i%  no  wonricr  that  penont  suffer  very  much  in 
ihrir  in^lth  froin  such  change*  in  ihe  atm««pbrre,  espe- 
ually  vvheu  they  take  place  very  suddenly,  for  il  is  to  this 
circtniistiiiice  cl»w(iy  that  a  sensation  of  nneasiness  and  in- 
dis|>o«ition  it  to  be  attributed ;  tbvsy  when  the  Tariotiont 
of  the  barometer  and  alneaphere  en  sadden  andgmt, 
we  fiicl  tlwalteMtien  ami  iueflrci  on  o«r  bodies  and  spi- 


rits very  much;  but  when  a  change  of  this  kind  is  grarfual, 
wc  arc  scarcely  sensible  of  it,  owing,  undoubtedly,  to  the 
power  witif  which  the  body  is  naturally  endowed,  ot  ac- 
commodating itself  to  this  alteratinn  in  the  slate  of  the 
air,  as  well  as  to  the  change  of-man^  other  circumstances 
of  life,  the  body  requiring  a eertaininlerval  of  time  to  ef- 
feet  the  alteration  in  its  stale,  proper  to  that  of  the  air  &c. 
Tbtti^  in  going  np  to  the  tups  n{  mountains,  where  ihr  ' 
pMSsaitt  of 'uv  atmoifkliere  is  diminished  two  or  three 
times  more  tbao  on  the  plain  IkIow,  little  or  no  ineonvf* 
nience  is  felt  from  dt^taiity  of  the  air,  if  it  be  not  mixed 
with  other  noxious  vaponn  &c ;  became  ttiat,  in  the  ts* 
cent  the  body  ha*  had  sufficient  time  to  accommodate  it- 
self gradually  to  the  slow  variation  in  the  stale  of  the  at- 
nio>idu-rc  :  but,  when  a  person  nsccnds  with  a  balloon 
very  rupidly  to  a  eu-at  height  in  ihe  atmosphere,  he  feels 
a  ihfhi  uitv  ill  hteatliiiif;  and  t\n  um  :isl:n>5  of  body  ;  and 
tbe  same  li  al«o  true  ot  lui  uiiiinal  when  imc1o-'%i  tl  in  a  re- 
ceiver, ari<l  the  ui:  suildmlv  iliav\(i  or  piiieped  out  of  it.i 
So  likewi^,  on  the  condensation  of  the  t»/r,  we  feel  little  ' 
or  no  change  in  ourselves,  except  when  the  alteration  oc- 
curs suddenly,  as  in  very  rapid  cb«n!;es  in  the  weather, 
and  ill  descending  to  great  depths  in  a  diviny-bell,  Srr.  I 
have  often  tward  tlic  late  unfortunate  Mr.  .Spalding  (.peak 
of  his  enpeiiehCe  00  this  ppint :  he  always  found  it  abso- 
lutely aeccMary  to  detceivd  with  the  bell  vtury  slowly,  and 
that  only  from  one  depth  to  another,  resting  a  wMA  ot 
each  depth  before  be  began  to  dctccod  lluther:  be  intdc 
soandoa  slowly  for  about  5  or  6  frtkom,  and  then  stopped 
n  while}  he  fcH  an  mensinem  inUs  bead  nd  CNn^tHUCb 
increased  more  and  more  m  he  doeended,  fill  he  was  ob- 
liged to  stop  at  the  depth  above  mentioned,  where  the 
density  of  the  air  was  nearly  doubled ;  having  remained 
theie  a  while,  lie  felt  his  ears  give  n  sudden  crack,  and 
after  that  he  wa«  msoii  relieved  from  any  •inea.siiK-w  in  thaf 
part,  and  it  svcmp<i  as  if  thr  dens'tv  of  thr  air  was  not  al-  ' 
tercd.  lie  ihen  de^ceiided  .'iO  let  iiiori-,  «jlh  (became 
precaution  and  Minilar  srii«atlons,  hriri^  a'^aili  relieved. in 

the  same  manner,  after  remaining  awhile  stationary  at  the 
next  stage  of  his  descent,  where  the  dcttsity  of  the  air  wat 
tripled.  And  thus  he  continued  proceeding  to  a  gerot' 
depth,  always  with  the  same  circumstances,  repeated  at 
every  ft  or  6  fiitboms,and  adding  the  pressure  of  one  more 
ntmospbcMi  at  every  period  of  the  pn^ress. 
«  It  is  noteaqr  to  assign  the  true  reason  for  the  trariations 
that  bOppen  in  the  gravity  of  (he  atmotpbere'  in  tbe  soms 
place.  In  pleodt  within  the  tropica,  trhero  these  vaii*-' 
tions  are  not  vnyconriderable,  the  chief  cause  teenss  to 
he  the  heat  of  the  sun,  at  the  baromeier  constantly  sink* 
about  half  an  inch  every  day,  and  rises  to  tla  loimer  sta- 
tion again  in  the  nij;lit.  b;it  in  ihc'  temperate  Konrs.tho 
barometer  rani;e5  I'miu  ;IS  to  near  31  inches,  showing,  by 
its  various  aititmlrs,  tlir  chaiitjes  that  arc  aliont  to  take 
place  111  the  wctither.  If  we  could  know,  thtiilnfe,  the 
causes  l,y  which  the  WCath^  is  itsflucncrvi  ;  uc  ^Lonhl  uUo 
know  tb(Ktc  by  which  the  gravity  of  ihc  Blmotpiterc  is  af- 
fecte<l.  These  may  perhaps  be  reduced  to  immediate  unt, 
viz,  an  rmittioii  of  latent  beat  from  the  vapour  contained 
in  the  atmosphere,  or  of  electric  fluid  from  the  same,  or' 
from  the  earth  ;  as  it  is  observed  that  they'boih  priMliice 
the  same  effect  with  the  solar  heat  in  the  tropical  climalct, 
vis^to  rarefy  the  sir,  by  mixing  with  it,  or  setting  Ioom)  n 
lighter  fluid,  which'tid  not  bcRm  aet  in.MUsh  latge  |«ra- 
portion  in niypnrtietttar place.  „  "^'"^  " 
Thi^ntarr  qftl*  ATNOwanna — *<>  ne^mof  satbmlr 
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and  t  xpcrimciital  philfwophy,  lias  the  attention  of  learned 
men  Uuij  (Jiri'ClcU  with  grtiitt-r  assiduity,  than  that  whicli 
respects  tbc  wiout  states  of  the  atiuotphi-re  ia  Kgfud  to 
tcmpcnturc:  many  KflKKii  ksve  beva  adduced,  at  well  as 


theoriw  jpwpq»wl>  to  UCOOIU  for  time  phenomena,  aod 
nvpMnuaf  pqwriiMiita  mti^  to  neertwn  tbc  preciw  de- 
grees «f  vuiation«  mt  diiisNBt  •cmubi,  end  la  diflcrent  «• 
tuitioDi,  both  at  sea  and  lend.   Among  the  wnvm  who 

bate  rendered  theroselwn  roIr^picuous  in  ihvM  inmt%»> 
tioM,  an*  Dr.  Males,  M.  Ii^.u^;lK  r,  Munotit,  Hatlcy,  Ue 
Luc,  ijauss  jit  ,  r.ir..  H.iMiiund,  l'liijf;i:r,  Kirwan,  and 
Darwin.  J  ;.v;>  alluijiLi.-,  iliui  iIil- principal  uiu  riituiniin  tht- 
itati:  of  tlif  iiliiinsplu'ri'  ai\'  <  rkrliii  liy  mcaii!.  ol  tlie  san's 
heat,  an<l  that  arii-m^  iVuiii  ihr  t  iiiidi']i>..iii'.jii  <it  \a)i')ur  :  it 

■  was  from  .  tarnu-r  tiict  tli:U  ihi.-  iincii.-ljl  |ilnln^ii[,iii  is  i>l 
Greece  and  llumu  conciudcd  ((hough  too  ubrupti))  ihut 
tlie  torrid  zone  under  a  vertical  sun,  and  the  frigid  sioiu' 
irbeie  its  rays  iuJl  very  oliliqudy,  were  uninhabitubk' : 
tim  corrected  this  mistakt-,  and  presented  new  phenomc- 

•  na,  which  it  b«*  btea  found  difikuU  lo  ^loio* 
hottest  dajn  are  frequently  felt  in  the  coMot  cum«te*;  and 
Uyt  graalait  eold,  as  well  u  perpetual  tnow,  ana  fonod  in 


CAlMittMa  bordering  on,  or  even'  imtnudrntcly  mdert  tb* 
equator.  Dr.  Hallcy  bas  indeed  proved,  that  aba^rMlinft 

from  the  intervention  of  fogo,  roists,  and  gaountainc  of  ic^, 

t!,i  !;  iitibi  wi  iilln  r  iiii^ht  in  summer  taiic  place  even  «t>- 
dcr  the  piiK  ^,  tht  ilurution  of  the  sun's  light  more  than 
coinpcn&aiiii^  f'>r  the  otiliquit)  ol  it>dirtcti<in,  (sec  Heat)  ; 
but  as  many  piis^ical  ciuii"-  obstruct  the  activity  of  the 
solar  rays  in  thi'>c  aiul  ollu  r  regions,  it  wa»  still  ntccisary 
to  recur  to  some  other  cause.  At  length  M.  <lc  Muiinii 
(Mm.  Acad.  Paris,  1719  and  17()7)  discovered,  ihiit  ihc 
rigour  of  intensity  of  the  cold  in  winter,  is  tempered  by 
the  heat  imparted  to  the  atmosphere  by  the  ear^  itai-H ; 
^hjAh<hwt>  probably  poMened  from  its  orig^i,  is  preserved 
ai|4  iMMHed  by  tbc  incessant  infliienoei  af  the  avii*  10 
whigbopp  halCof  itaturface  u  constantly  exposed :  hence 
it  iqtwK  Mlotf  ( tMt  Ibe  temperature  of  tha  atmosphere  de- 
peada  «•  tiwcapodiv  of  the  earth  to  rocoiwaiid  rolaiB 
heat,  and  for  oomronnicating  it  to  ih^  snrroonding  ma* 
(hum.  But  a$  the  carih  i!>  composed  of  lai^d  and  waiter,  it 
should  be  coi^sidt  red  that  the  capacitice  of  these  consti- 
tuent parLs,  1  ;r  n.ti  IM,;T  'iii'.'ii  111  it  and  rtil.l,  nre  very  tlil- 
lerciit.  Liind,  paiUeuliiily  when  dry,  rLCeivc^v  he.it  Iruui 
the  sun's  rays  very  readily,  but  tra.i  inU'-  li  tliriiut;h  irs 
own  substance  to  "jual  <iepllis  verj  sUiMiy;  unci  un  the 
•tber  hand  watri ,  by  :  ,t-i:ii  >  i  i  >  ^raIl^^-laIl  lu-y,  ri  Liives 
ItgfA  vary  al^ly,  but  ililVuses  what  It  icceivi's  uiorc  lea- 
^iV*  AW^WpOT'loeDls  of  Ur.  Hales,  and  thoM;  of  other 
s,  to  ascertain  the  degrees  of  heat  of  the  earth 
_  depths,  and  at  various  times  of  the  year,  ap- 
>to  confirm  the  idea  that  the  surface  of  the  eanh  is 
Imtod  during  the  summer,  but  that  the  brat  dc- 
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mer;  also  that  wet  anmmen  matt  be  succeeded  by  cold 
winteia.  Murintic,  also  obtained  nearly  the  same  results: 
he  found  ihai  the  laith  !«  gradually  healed  during  the 
aummcr,  liml  ,s  :;ru'.Ii.iiliv  cii'i-:!  (iuima  the  sillier 
snonths -,  and  dial  at  the  distance  i>l  a  d  w  Ki  t  under  the 
fturfacc,  It  IS  cijiihtanily  v\ariiier  tiian  the  c.Mernal  air;  pud 
the  cxc■e•^^  was  lniiiul  lo  ti-iuain  tid  April,  «lieri  the  iur- 
fiicc  iH  lai.iL'!  i'V  r.(  -.uiii  rays,  and  slmvly  trait.- 

Uiits  Hi  bea4  downwards,    iiutce  it  appears,  that  at  the 


distance  of  about  80  or  90  feet  below  the  surface,  provided  ■ 
there  be  a  communication  with  the  eMenial  air,  or  at  a 
|<^<^  depth  if  there  be  no  such  comoiunicaiioni  the  temper» 
utrire  ui  the  carib admits  of  wry  aliubt  vaiiatiwn,  aud  ge- 
uerally  apiuii^chea  to  the  mean  anaual  beat.  From  wbicb 
it  has  been  iaHrriad*  that  the.  tempetBtaie  of  tpriiig  ii 
■early  the  mia  a*  tha  wimmI  lempvtaMve,  and  vanca 
iFCiy.Iittl«k  Tbeae  Ctcis  tend  to  prove  very  aatiillMUnilyr 
that  tho  heat  of  the  canh  doei  not  increase  at  we  iWacrad 
below  Ht  surface,  bat  at  the  greatest  depths  it  n  nearty 
the  same  as  the  mean  annual  teropemture  of  the  iatilude. 
\Ve  have  observed,  that  land  is  Capable  of  receiving  heat 
and  cold  iiiiirli  ninii  Mi.;iil\  ;  ..m  uater.  'I'o  v»hich  pur- 
pose llr.  R.ivD.unil  liJiir4d,  in  iln  ru  iohbourhood  of  .Nlar- 
seiiKh,  land  Irequcnlly  heated  I  i  11  u  '.  but  he  never  ob- 
served that  the  si'tt  was  hotter  linn  T/";  and  tn  winter  be 
treq»i'ntly  observed  the  i.;,i  ;i  ii.i  ied  dowu  lo  14' or  15', 
but  the  sea  never  lower  than  H  or  4^";  Mem.de  la  So- 
ciet.  de  Med.  de  Paris,  an.  1778,  p.  70.  From  these  facta 
therefore,  it  must  follow,  that  the  atmosphere  wbicb  licf 
over  the  sea  should  maintain  a  more  uniform  tenipcratitfe^ 
than  that  over  tho  land :  and  tbiti  ia  found  to  be  the  Cut  i 
•or  ia  it  diliicult  to  pv»  a  latufiictory  eapUcation  of  it. 
(htri^iuiaqwr,  the  temperature  of  the  tea  on  iu  iat&c« 
ii  GODilandy  diminished  by  the  prdoem  of  cvaporalioo ; 
and  in  the  winter,  svhen  the  aupvricial  water  it  cooM,  it 
descends  by  its  uugmented  gravity  to  the  bottom,  and  its 
place  is  oteu|iird  by  water  of  a  bijiher  Icmperatuix'.  Thus 
iihoriiate  changes  iit  lieuvier  and  lifjliler  air  proceed,  and 
the  winter  i  lajise^  bi-lini-  the  atni(i>|d:ei  i'  has  dlininUheil  V.ic 
teni|K  laluic  ul  the  vtaler  Uhiw  a  lerlani  degree,  betwn  ii 
the  iiitaii  annual  teinpoiatuie  ol  (he  atmosphere  over  ihe 
ocean,  and  liiat  of  countries  situated  at  a  cimsiderabie  di- 
stance frour  II,  there  is  ii  very  perceptible  diHerenre.  As 
the  sea  is  never  heated  10  the  &auie  degree  as  the  iaiul,  the 
n.ean  Ecmpeiutuic  of  summer  over  the  sea  may  be  cotisi* 
dexed  as  luwer  than  tb^t  over  the  land.  lo  winter,  when 
the  force  of  the  aun't  rays  it  weakened,  thehea  imparts  lis 
heat  to  the  ataMMphtre  much  more  leadily  than  iltc  canh  ^ 
tbcrafeio  tbe  loeaii  tenqmrnturo  on  wa,  at  tbia  ceawa,  it 
higher  than  on  huid;  and  in  cold  cuuotriee,  this  dilfer* 
ence  in  the  evolution  of  heal  i»  to  very  conHderabl%  that 
It  more  than  counterbalances  the  difference  uhich  lakes 
pliice  insiusiuer;  iusoreuch  that,  in  high  latitudes,  tbc 
mean  annual  terapentoio  at  u»  ooght  lo  exceed  that  on 
land. 

In  lat  I  tildes  ilii.iuiU  from  llie  ecuator,  islands  are  w  am  i  r 
(ban  colilineiils,  U cause  they  |:arlic:ipale  more  oflhelrni- 
perature  ol  ihe  s*-a.  Coi/i.iin*  tiial  lie  southward  of  any 
sea,  are  warmer  than  those  that  have  the  sea  lo  the  south 
of  thtm,  at  least  in  our  henii5|)here,  liecnuse  tbe  winds 
that  should  cool  them  in  winter  are  tempered  by  pa-ssing 
to  them  from  tliat  sea ;  and  those  that  arc  norlhwaril  of  the 
tea,  are  tooled  in  summer  by  the  breezes  tliat  issue  from 
it;  but  a  aorlbcni  or  snuihem  bearing  of  the  tea  imdcn 
a  country  wanner  thaa  if  it  layctiber  lo  the  ea»t  or  wcat. 
Trarts  of  land  wbicb  ate  covorcd  with  Irectaod  luxuriant  i 
vegetifbkfc  arc  much  colder  than  ihoee  which  have  kta  ' 
sur£ace  of  wgelable  nattet:  for  tbeogh  living  vegetable* 
alter  their  temperature  slowly  aiMl  with  difficulty,  yet  the 
evnfHiralion  frimi  their  numerous  surfaces  is  much  greater 
lhaii  tnan  the  same  ^pace  ol  land  ODCOven  li  uitis  vegeta- 
hii  - ;  and  U-side^,  when  they  arc  tall  and  elo»e,  as  forests, 
ihe\  >  Nchide  the  sun's  rays,  and  shelter  tbe  winter  mows 
from  the  wind  and  sun.  From  aomc  expehmeuts  o£  Mr. 
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Williams  (I'hilad.  TratK.  w  I.  p  i.",o),  ii  H[>i<ruiA  ihut  l  i- 
rwU  dibchuf^f  n,,.- 1 iii7,J  iiiMi..  iu[  iiiid  iIk-  iiiuii.-jTlii-if, 
ihun  tlicsai;.!'  -piuc  q/I  grouiul  wiiulil  ili<  il  anualiy  cia<:io<I 
with  water.  I  rorii  this  reu»<iliilis,  ll  Mi  ma  lliui  uoodj 
Couiilricn  uru  much  colder  than  thost-  that  an  o|h'U  ufid 
cultivated.  With  rrgurd  to  tlir  hint  uflurditl  mm  ihc 
I  of  vapour,  HI'  nctd  ii»t  e.xpaiiuie  very  con- 
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laCf  CittiiiUt  uurni  it  to  any  c<iii^!  •.  !<•  ilii;ur,  as  ihty 
r«cw»o  till-  suii'i  rays  mori'  ulilnjm  i_v,  ...tl  cdimiuiri  Jimg 

  r     •  .  ,  common  fnaim  of  thi  i  utt",  aif  U  •>»  hea^ 

•ilieiaUy,  aince  il  is  wi-U  knuwu  that  vupi>ur  cuiitaiiM  a  than  plains.  Hence  it  hit|ipfnk  that  tin.-  strc(M<!it  mona> 
gMHt  qimtky  «f  nick  mailer.  This  beat  produces  no  tHiit#  ore  alwajrs  thi:  culdi-bt.  Before  Buugucr  dcawu- 
olhv  cAM  Mt  ibrt  of  BNikiiiK  it  auume  an  acria)  ex-  slntetl  and  laid  open  iliv  true  Minn  of  tba  iliminutioD  of 


IMMdeii  totm,  imlU  the  vopottr  u  condensed  jolo  a  liqoid ;  Wl  on  tbo  tops  of  miiUittsinat  many  bypotlii^iit  wen  as* 
and  duriiig  Hui  condemation,  a  quantity  of  wmibk  heal  tuttcd  to  account  for  ihit  plienomenon ;  bat  ibis  crle- 
k  let  know,  wbich  warint  th«  surrounding  atmonjpiwn.  bnlcdpbilo<M>phcrh«$*bowRy<iMitlb«wiiaonec«Mtyfor 


This  condci»Btinn  ik  fn-qut-nily  occasioned  by  ibaattiac- 
tiun  of  an  i  lcctnc  il  cloud;  and  hi-nc«r  proC(.'v<Js  tba  ailltri- 
lics*  which  we  olli-ii  cxp<'riencc  bcluri'  laiii. 

'1  he  lulUiwinij  IS  u  Mi-.v  («r  the  annual  (('iiii'i'raturc  i>f 
dtff«reni  pl>uv»  according  lu  ilie  order  of  ih«  if  hiniudc*. 

'  '  "  I  .Mr.,..  I 
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recorring  to  any  dubious  sappothions  for  an  cxplication- 
of  tbe  fact,  will  (.-NideHlly  iippi-ur  Irurn  his  nriuuut  wf 
what  was  uxpcrit  nci'd  on  fh>'  nl<Iuntaln^  of  I'crii.  lkMit|>, 
"  Il  was  proper,  in  ordi-r  to  cxpluin  tlii%  Mil  ]•  <  1,  in  ronM- 
dcr  till'  ihoil  dlirrifion  ol  thi'  sun's  iisy,  Mturh  i  aiuiot 
Btr.ki-  ihr  oitii  II  III  s:ili-s  ol'  iii< i lilit.i I II s  lull  lor  a  Irn  hours, 
ami  cvi.li  tills  not  alu.iy.H.  A  hoiiitootal  plaiii,  when  iho 
sun  ll  clmr,  is  Lxpo^cd  at  mid-day  to  tht-  pi  rpt  ndicular 
ami  ui'.inmiuuhcd  action  ol  thnc  ruy»,  while. tbcy  fail  but. 
oLIiqucly  on  u  plain  not  much  incliiud^or  OB  tM  lldaoif 
a  high  pile  of  stei-p  rucka.  But  let  us  conceive  for  a  mo- 
ment an  iasulait'd  point,  ball  the  lieight  of  tbe  atmospbeie, 
»t  u  distance  ftont  all  muunlains,  as  wel)  as  from  the  ctouda 
which  IliMt  in  the  air.  Tbe  more  a  medium  ia  transparent,^ 
I  hi'  lcs5  beat  it  oag|»t  to  receive  by  th«  imawdiaui  action 
ol  tiic  sua.  Tlifftee  pa»sage  whicb  a  very  Irunuanat 
bo«ly  allowa  to  tbe  lays  of  li|^t,  sbows  that  iu  imaU  par^ 
ticles  are  hardly  touched  by  tbem.  Indred,  what  impres- 
sion could  the)  make  on  it  when  they  pasi  through  almust 
without  ohntruction?  l.iaht,  when  it  consists  01  parullul 
r.iys.diii  J  liut.liy  pa>!.ing  through  a  foot  of  free  n[iiiiis|)heric 
nil  lieur  tiie  cutth,  lose  un  huiulicii-lhoii^Hiuhli  part  ot  its 
force,    from  liii^  w>'  UJiluc  1;  "   1      iii.-  arc  \M'ali- 

ened,  or  can  act  iiii-iii  tlr.-.  llmd,  111  lJi<-ir  piissngr  tlii'ough  a 
struiuin  of  the  diuim  u  r,  not  of  an  inch  or  lino,  hut  of  a 
piiriicle  yet  the  subtilly  or  transparency  are  lliUgrcatCt 
uc  greater  boiglits,  as  was  obvious  in  the  ConfiUenawbttt 
we  looked  ut  distant  objecii.  l^tJy,  the  grosser  air  is 
heated  below  by  the  contact  of  neighbourhood  of  bodies  of 
0ieaiier  density  iban.itsclf,  whicb  itsarnMindaaudonwIiici^ 
It  tesU ;  and  ihe  halt  may  be  communicated  by  tmall  do« 
grers  to  a  certain  diltanoa.  Tlie  inJt  rior  part  of  tbe  at* 
Rtosphctc  by  this  mnw  OOVUacls  daily  a  very  eomidcTo 
able  degree  ol*  lieat,  and  may  receive  it  in  proportion  to  its 
density  or  bulk ;  but  it  i»  evident  that  (bn  same  thing  can- 
not hupj.>eii  ut  till  liisiaiici-  of  a  h  iLi  ii  ,  iid  a  half  or  two 
Icaguis  aljnv.'  iIk-  siirtaCe  of  tlie  tar;ii,  ihouph  the  lipbt 
may  tlurc  s<iiii<  1  Inri^  iixuc  uclivc.  'I'he  air  aiul  uimi, 
ibercJore,  lU  ilii-.  hcigln,  mu^t  be  iMieini  1\  cold,  and  colder 
in  proporiKiii  to  Its  eU'Viijion."' 

A'SU'-sute  adopts  this  theory,  and-adils  the  f.illowin<;  I'act, 
to  prove  that  Ihe  force  of  the  sun's  rays,  coii^iden  d  ubs- 
tructcdly  and  independently  of  any  extriuMC  source  of 
cold,  is  no  less  powerful  on  inountaiii»  than  on  plaiasi  vi%  , 
that  the  power  of  burning  lenses  and  mirrors  is  the  same 
at  all  heigbtt.  For  awertaimng  this  fact,  h**  procured 
a  burning  glam  to  weak  in  its  efleci,  (hat  at  Geneva  it 
would  jnst  set  fire  to  tinder.  This  glass  was  carried  to 
the  summit  of  Mount  Saleve.  MOO  feet  high,  and  it  thate 
produced  the  same  effect,  and  with  greater  cm*.  Henoa 
be  coiK  ludeii  that  the  principal  source  of  cold  OB  thetOfM 
of  mouuiams  ir  ti»«ir  being  p«n)etuBUy  nnnHnded  by  an. 
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•Imosphcrc  uliich  cmniiot  be  much  hmtcd  by  the  rays  of 
till'  sun,  (in  account  of  its  lniii»|Miri'ncy,  or  by  llu-ir  n'floc- 
luni  from  the  tarih,  by  roiMiii  of  its  dislaiic<';  but  he 
wished  also  to  know  whether  the  direct  sohir  rays  had  the 
kaniP  power  on  the  lop  o(  u  hi;;h  inuuniuiii  as  on  the  plain 
below,  while  the  bmly  on  whiili  they  uctid  \\a>  pliiceil 
in  such  a  manner  «$  to  be  unaffoctid  by  the  surroundinj; 
nir.  With  this  view  he  innlituicd  a  set  uf  experiraenis, 
from  which  hu  deduced  the  tollouiiig  concliuiofl*,  vi;, 
th»t  a  differrncr  of  777  toises  in  height,  dininihc*  the 
bekt  which  the  inys  of  the  iiun  are  able  in  cnmmanical* 
tOft  body  expovd  to  the  external  uir,  14"  of  the  thcrmw* 
metrr ;  that  it  diminiikn  the  brat  of  a  body  ]nr|ialljr  ex- 
posed onyr  6*;  aiid  that  It  sagmentB  by  1*  the  hwt  of » 
third  body  conplftely  defended  from  tbe^r.  Hence  it 
'np|i«>ur>,  that  the  aitmnphere  conntencla  tfa«  opcratioM 
of  the  iolar  raya  in  producing  heat,  by  a  power  which  is 
exerted  at  all  dislnnccs,  from  the  surface  to  the  higher 
rej>ii>n«. 

Or,  UriMMii.  truin  lii^  c  .\p<  rirnent<  and  obionalioiis,  in- 
f  rs,  tS.it  llif  ti'  r>  <;in.i.l  iciiM!t\  tin  n  rHlniim:;  lli.it  in  all 
circunivtanLc>  uticrc  air  is  nice  iiaiucallv  ox)iiinsi('U,  it  be- 
cOMiis  Ciip.diK  I't  ultrnclin;;  the  flulil  ni.ilirr  of  heat  from 
other  bodies  in  contact  uilli  it.  Now,  at  the  vast  region 
of  air  which  surrounds  our  globe  is  perpetually  moving 
■long  its  surface,  ri^ng  up  the  »ide&  of  mountains,  and 
dacending  itito  the  valleys ;  as  it  passes  al'iiig,  it  must  be 
|Mfpetually  varying  the  degree  of  heal,  according  to  the 
'elevKfion  of  the  country  it  travencs:  for,  in  rising  to  the 
•uninit*  pf  mounUint«  it  become*  exgandcd,  bsviiw  ao 
nn^  of  the  pressure  of  the  mperiiMtinibeBt  atneipEere 
taken  amy »  and  wktn  thin  miianded,  it  attracts  or  ab- 
Mrbs bent  from  the  maQitaina  in  continuity  with  it;  and, 
when  it  descends  into  the  valleys,  end  is  compressed  into 
)c!M  compass,  it  again  gives  out  the  beat  it  has  acquired  to 
tlie  biiduv  it  cnmfj  in  coniiict  »uli.  Tlie  snn)e  tiling  must 
buppiii  to  tiie  siipi  rior  regions  of  tbf  atmospliere,  which 
are  r<"gions  of  per|»etual  IroM,  as  has  lately  been  evinrei!  by 
the  aerial  navijHiors.  When  Inrrr  districts  of  a'r,  from 
the  lower  parts,  of  the  atnii'splii  ii.,  aio  raiM-d  two  or  thiw 
miles  high,  they  become  so  much  expanded  by  the  great 
diminution  of  the  pressure  over  them,  and  thence  become 
to  cold,  that  hail  or  snow  is  produced  by  the  precipitation 
af  the  vfcponr:  and  as  there  is,  in  these  high  regions  of  the 
■tmoapheire,  nothing  else  for  the  expaittled  air  to  acquire 
heat  frpm'after  it  ha*  parted  with  its  vapour,  the  Htme  de- 
gnc  of  coM  contintiei,  till  the  air,  on  dcsccndiiig  to  the 
r«Rb,  acqniiea  ill  former  Male  of  amdmalion  and  oP 
warmth.  Tbe  Andca,  almeat  under  the  line,  rests  iu  baae 
on  bumin;;  sands:  about  itt  laiddle  height  is  a  most  plei^ 
sant  and  tein|K"riite  climute  covering  an  extensive  plain,  on 
uhicb  IS  built  the  city  i>f  Quito;  while  its  forehead  is  en- 
circled with  eteiiitil  snow,  perhaps  ci>e\al  «iih  llie  im  un- 
tain.  Yet,  according  to  the  acronnix  u(  Don  I  Una,  ihes.' 
tbn  e  (lisrurihint  clinnti-s  seldom  cncrnat  h  naich  <in  each 
Other's  lirnldn' s.  Tlo'  ii.il  winds  I  elim,  il  tiiey  ascend, 
bi'Come  ciiidi  d  by  their  expansion;  ami  luiiri'  they  cannot 
aifcct  tbv  snuvv  upon  the  summit;  and  the  cold  winds  that 
sweep  the  summi(  Uronic  condensed  as  they  descend,  and 
of  a  moderate  temperature  before  they  reach  the  fertile 
plains  of  tjnito. 

Many  oiher  expi-nmrnts  to  this  puqiosc  were  also  mHde 
t>y  M.  Piciet  <>(  liMK'iH,  Dr.  Wilson  of  GU*gow,4ind  Mr. 
Jam«a  Six;  but  as  our  limits  will  not  permit  us  to  give  ob- 
•ervntioM  «( tUa  liind  in  dfUitl, ««  b^  to  ider  oar  i«aden 
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to  the  works  containing  them ;  viz,  the  76th  vol.  of  the 
Phil.  Trans,  lor  Mr.  James  Six's,  and  the  same  Tian^.  for 
1780 and  1781,  f.  r  Dr.  Wilson's:  also  see  Itces's  new  edit, 
of  his  rvrj.i|ii  tlirt,  i-,rl,  .^tm<l^pli^l^•. 

Heii;lil  and  iJcnsily  of  tfic  AtMokpiilRE.  ^'arious  «t- 
leii)|>ts  lii.M  breii  nmile  to  ii>,certain  the  hei;;lil  Iu  which 
the  utnuisiphere  extends  above  the  earth.  Tlicsc  com- 
menced soon  alter  it  was  lliseonTed,  by  inear.s  of  tin- 'l  or- 
ricellian  tube  that  air  is  endued  with  weight  nnd  pressure. 
And  had  not  the  uir  an  elastic  power,  but  were  every  wfarre 
of  the  saa>e  density,  from  the  surhicc  of  tbe  earth  to  the 
extreme  ilknit  of  ihe  atmosphere,  like  muor,  vrfaiob  ia 
eqvally  draw  at  all  deptfaf,  it  woiUd  be  a  wry  tuy  mat* 
ter  to  delernloe  its  height  hvm  ita  demiiy  and  the  column 
of  BMienry  which  it  wunid  iconnlarbalanoe  inlfco  barome- 
trical tube :  for,  it  having  been  observed  that  ihe  weight 
of  llM  atmmpbeio  is  e<|uiv)i1ent  to  a  column  of  abont  30 
inches  or  S|  feet  of  quicksilver,  and  the  density  of  the  for* 
nier  to  thiit  of  the  latter,  nearly  as  I  to  11040  ,  tliorefoie 
the  hein'u  ot  the  iinifoi  III  ulmitvplicre  would  be  1  IIJ  IO  times 
•24  1(1 I  lull  I-  ?7i'N)  I.  ( r,  i>i  liiilr  iiii)i<  than  -j  miles  and 
a  ipiai  il  1 .  lint  die  .iii ,  li\  iL-  i  laslic  ipinlitv ,  I's: pauds  and 
CHiiir.icr^;  and  il  bi'iiiL;  l"ijnri  b)  repealed  i  xpei  inients  in 
nTost  nations  of  l.iirnpc,  thai  t!u'  ^pact■^  it  (Ktupiis,  when 
coniprcsed  by  dilTrrcM  Hiii:liis,  air  riciprocallv  propor- 
tional to  ihuse  weights;  or,  that  the  more  air  is  preiisod, 
so  much  thif  lem space  it  takes  up;  it  /bllows  that  the  m 
in  the  upper  regions  of  the  aifflo^dwre  must  become  con* 
tinually  mure  and  more  rare,  as  tlw  licight  of  it  increases, 
and  Umui»  according  to  that  law,  moit  nccnaarily  be  ex- 
tended to  an  IndeAiile  height.  Mow,  if  we  stippose  tho 
height  of  the  whole  to  be  divided  into  ihnnaieraUe equal 
parts,  the  quantity  of  each  part  will  be  as  its  tirnsi^i  and 
the  weight  of  the  whole  incumbent  aimosphere  being  also ' 
as  its  density;  it  follows,  that  the  weight  of  the  incum- 
bent air  is  en  rv  »lu  r<  as  the  quantity  cimtainod  in  itie 
subjHC(nt  pari;  «hic!i  causes  a  diffi-rence  b»t«ri'ii  the 
\vei|;lii>  Pt  each  H»o  colli ii;unus  siralu  dl  air.  Hut,  by  n 
tlii'iirein  in  I  lie  dortnni'  nf  jn  npnti  ion,  »lu-n  n  niu;;intude  is 
contiiiiiallv  diniiiiislicd  by  tlie  liki-  part  (if  ilsrif,  and  tbc 
remainders  the  same,  they  willexpressaseries  of  continued 
quantities  decreasing  in  geunietrical  progression  :  therefore 
if,  according  to  the  supposition,  the  altitude  of  the  air,  by 
the  addition  of  new  paria  into  which  it  is  divided,  do  con- 
tinually incrcnse  in  nrithmetical  progression,  its  density  w  ill 
be  diminished,  or,  w  liicli  is  the  same  thing,  its  gravity  will 
bc.dccmased,  in  continued  geometrical  pmgretiioo.  And 
hcooc,  sgfun,  it  nppcnis  that,  according  to  tbe  hypothesis 
of  the  density  being  always  proportional  to  the  comprrssii^ 
fofw,  the  bci^t  of  theatmospherc  most  necessarily  be  ex- 
tetided  indefinitely.  And,  farther,  as  an  arithmetical  series 
adapted  to  a  gecjiiietrieal  one,  is  analogous  to  the  logarithms 
111'  I'v.f  >jnd  :;iH>ini't I H  ,1 1  hmc;  ?i  Irllu'.s^  iln  -i'tnrr  (iuit  tlie 
akifiiiii'sari  prriportniiial  i.i  im-  lo,;;ai  nliins  of  the  densities 
(ir  \M  ;;;lits  nt  air ;  and  that  any  l.eiijht  taken  from  the  earth's 
surface,  uhicli  !be  dillerencc  tif  t«o  altitudes  to  the  lop 
of  ih<-  iitinosplii  ii ,  Is  pidpcictioiial  ID  till'  dirTerence  of  the 
logarithms  ol  the  two  dei.silies  theie,  or  to  the  logarithm 
of  the  ralio  of  those  densities,  or  their  rorr«-spoiiding  com- 
pressing forci's.  as  measured  by  the  two  heights  ol  the  ba- 
rometer t!j<ii'.  'Ibis  law  was  first  observe«l  and  demnn- 
straieil  by  Dr.  Ilalley,  from  the  r>ature  of  the  hyperbola; 
and  afterwords  by  Dr  JampsCrrgory,  by  idaansof  ibclo- 
gtuithmic  eurwe.  See  Phil«s.Tcan*.  N*  1 81,  orny  Abridg. 
vd.  3»  p.  aO(^  and  Gnf.  Aition.  lib.  V,  prop.  3, 
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II  is  nuw  <:u*)  ,  lioin  the  lurcgoiiig  property,  atul  two  or 
three  exp<  rimt  iiL<,  or  baroiiictrical  ubM-Tvuliuns/maUc  at 
known  allUiuli:>,  lo  dfdiici'  n  general  ruke  to  dc(crmin<.-  itic 
absolute  hcij;ht  iiiswenng  to  utiy  <if  n5ity,  or  the  i.i<.'ii~it)'  lui- 
»w«iiitg  tu  any  given  aliitiulc  above  the  rartb.  And  ac- 
cordingly, calculations  have  been  made  upon  tbi«  plun  by 
auay  pfailtMopbcn,  particularly  by  tbe  French;  but  it  hur 
wngMcn  found  that  the  baruinetri'cal  oUer^ations  did  tlot 
conapoad  witb  Um  aiiiivd^  «■  ineuurcd  gronictrically, 
it  MU  Mispeciid  that  the  tipper  pern  of  the  atnitepiicrical 
ii^lfeii*  w«c  Ml  talyact  to  tbe  imm  lam  with  the  lower 
Mn,  Id  tegui  lo  the  itmHj  end  cbf  licily*  And  indeed, 
when  it  is  conudeied  thA  tM  ataiaspiicttt  is  a  heicroge- 
nifotif  nw»  of  perlidct  of  all  torts  of  mettcr,  sonic  vlsstic, 
and  others  not,  it  is  not  improbable  but  this  may  be  the 
case,  at  li-fliit  in  the  n-gims  very  high  in  the  atmoI.plu  rr>, 
vvhicli  It  15  lik<-lv  may  mon- copiously  <iboun<i  vMlh  ;  .  :■  i- 
tucal  tiuiii.  lie  llii->  huwe^iT  as  it  iiiny,  U  h«»  l;i(<  ly  been 
discovt  reil  that  tbv  l.isv  :il>c.\i'  given,  holds  very  well  lor  all 
such  iiltiluiles  at  uic  svilliin  uur  roach,  or  as  tut  sn  lo  the 
lops  ol  the  lllghest  niou;ilwiii'.  mi  llu'  l  artl),  svhni  acornc- 
liun  is  maile  lur  the  diliereiicc  ol'  ihc  heat  or  temperature 
of  the  air  oiMy ;  as  van  tully  evinced  by  M.  d«  Luc,  in  a 
kMU scnc*  <>f  ubtervatjons,  in  which  he  dcterinined  theaU 
tjttllln  of  hilh,  both  by  the  barometer  and  by  KeonietriCal 
atBilllviliei)!,  from  uhich  he  deduced  a  practical  rule,  for 
deteriHjaillig  tbe  allowance  to  be  made  for  the  difference  of 
iempetature.  Sea  his  Treatise  on  the  Modifications  of  the 
AUDOspbife.  Similar  nln  hatre  also  hnea  dedttcad  bim 
accuiata  cxpeiUBcals,  by  Sir  Geonte Shuckbonh  and Ge- 


by  Sir  George Shuckbaigh 
Mral  Roy,  both  aaiwurring  to  show,  that  such  a  rale  ibr 
tbe  altitudes  and  densities  holds  true  for  all  heights  that 
arc  accessible  to  us,  when  the  elasticity  of  the  air  is  cor- 
riTteil  on  account  i>f  i^^  ili  iiNity :  iimi  iho  resiiil  cil'  iheir  ex- 
perinu  nt»  showed  liiat  Itie  liilli  ti  ncc  ul  ii>i'  l  j>;arilbmj  of 
tbi:  hei^fili,  of  the  mercury  in  the  b«ri..-mcter,  at  two  »ta-> 
tioim,  wlu'ii  multiplied  by  U)Ot)(l.  it  eijtuil  to  the  altitude 
in  EngliNh  Inthoins,  ol  tin  m.i'  pjjKC  nbovi  the  other;  that 
is,  when  the  leiupcrature  of  the  uir  I't  about  31  or  3i  de- 
grees of  Fidirenheit'i  thermometer;  and  a  cerium  quuntily 
more  or  k-»^  according  as  thi,'  uctuul  temperature  a  diAe- 
rrat  from  that  degree. 

But  it  may  here  be  shown  that  the  ^ume  rule  can  be  de- 
duced  iudepondent  of  such  a  train  of  e.vperiiaenu  a.s  those 
abo*C|  and  that  from  a  siagie  obterwtion  of  tbe  density  of 
the  air  at  the,surfiwe  of  lha  earth  alone.  Thus,  let' d  d«- 
iwto  the  demily  of  dw  afar  at  one  plan*  aiki  <l  the  density 
at  tbe  other;  hodi  measured  by  the  column  of  mercury 
in  the  barometrical  tube:  then  ibc  difference  of  altitude 
beiireen  the  two  places,  will  b<i  pruportiooal  to  the  log.  of 

D  — thelog.^d,artoth«tog.or^.  Hntastlilsbfnala 

expri  SM  •<  ini'y  r!u  r,  Im  Ivvc  n  ililVvrcnt  altitudes,  and 

Dot  the  abboluii-  (juuiility  »l  iheni,  asbume  tome  indetermi- 
nate but  constant  qnantily  k,  which  multiplied  into  the 

eapntmiuo  log.  ^,  amy  be  equal  to  the  real  difference  of 

altitude  a,  that  is  n  =  /<  %  !<.;;.  of  -.  Then,  to  deterroine 

the  value  of  iho  gotu  ral  (juurit.ty  A,  U  t  us  lake  a  case  in 
\fhirh  «r  know  (he  altitudi'  a  which  c<irn  sj,(,mls  lo  a  known 
density  J;  for  iiislaiice,  a  ~  \  f,.ut,  or  1  inch,  or  some 
iuch  small  iiltmulc:  t  .11  (m  l;. use  the  density  I)  may  be 
measured  bv  the  pressure  of  the  whole  atmosphere,  or  the 
vnibrm  coliimii  of  97tf0»  fcel,  when  the  teBtpcfatnie  fei 
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55";  therefore  ^76tO  (Vet  will  <lfiii.ir  the  d«n»ity  n  at  the* 
lower  places  and         ibc  le»  <i.  umiv  d  at  I  toot  abota 

it;  consequently  I  =  A  x  loc;.  of  ^r^.  which  is  neariy 

,        •l.-HJOtlS  I       ,       ,  ,  J      '  . 

—  A  X  or          bv  the  nature  ol  loaariftunx :  and 

j:(.<;o        '..mi    '  " 

hence  wc  iu\A  h  =z  6355 1  feet;  ubicb  give.s  us  ibis  fi  rinula 
for  any  alliluda  a  la  gfoeial,  £9551  k  log.  of  ^, 

or  sadSMl  «  log.ttf  "(cet,  or  10592  x  log.  of  •*  fa. 

thorns;  »1.(  n-  v  drnoUs  itn"  culuiiiii  i.f  inrr(  ui\  :ii  ifi<? 
lube  at  the  lower  place,  ujhI  m  iIksI  at  tin  upper.  This 
formula  is  adapted  tothemcmi  U  ir.peruiurc  of  the  air  55°: 
but  It  has  been  found,  by  the  c>|^H.rini<  iits  of  Sir  Geo. 
Shuckbiiri;h  and  General  Roy,  that  for  every  (le<;ree  of  the 
thermometer,  diflt-renl  from  S.")",  the  altitude  a  will  »8fy 
by  its  43Slh  part;  hence,  if  we  would  chang"  the  factor  A 
from  10592  to  10000,  because  the  difference  592  isnnirly 
the  ISIh  part  of  tbe  whole  factor  1059S«  or  mffchatly  so 
for  all  ptaetical  purposes,  and  11  the  94th  ^rt  of  435 ; 
therefore  the  rhan|;e  of  trmperalure,  aBiirerinfi  to  the 
ch.ingc  of  the  fiictor  A,  is  'Jt*',  whirh  rfihicrs  tbe  55"  to 

310.       tj,at^  a  =■  XQWM  K  log.  of  ^  lathonu,  is  the  «a> 

liest  expressimi  fat  the  altitude,  "uA  answers  l»  the  temper  • 

rature  of  31",  or  very  nearly  the  fieesing  point:  and  for 
every  degree  alxive  that,  the  n-5iilt  must  be  incrra^cd  by  »o 

many  times  il-  4:l.ilh  p.iit.  umi  ili:vii:-.|ii-.:  u  hm  I M  ■;  .',>,•  it. 

From  this  iliri  r,  i!i  u  inilows,  tliar,  ;if  ilir  liiMi;lit  of  .1} 
mill?,  tlio  ill  n-^i;v  <il  I  lie  atmosphere  is  nearly  2  times  rarer 
than  It  is  at  the  surface  of  the  earth ;  at  the  height  of  7 


mill-!,  4  timaiarert  aildio'on^accoidiiigtothenUowIng 

table : 

Hctajht  ia  miUa.         Number  of  timei  laver. 
Si    -     -   '  -     -    '  8 
•    7      ...     .  4 

'  14      -      -      -      -       »«     .  . 
«1      -      -      -      -  d* 
M      •      •      •      •     «5ff  . 
35      ...      .  10C4 
4«      •      .      -      -  4090 
49      •      -      -      -  IfiSM 
•  58      ...      .  £5556 
63       -      •      .  262144 
70       -       -       -  lOtS.iTfi 
And,  by  pursuing  the  calcul.nions  in  this  table,  it  might 
be  easily  shown,  that  »  cubic  inch  of  the  air  ue  breathe 
weuld  be  so  much  rarefied  at  the  height  of  500  miles,  that , 
it  would  fill  aspjieie  equal  in  diameter  lo  tbe  orbit  oif  . 
turn. 

Hence  we  may  perceive  how  very  soon  the  air  I 
so  exlrrmel;^  rare  and  lighti  as  to  he  utierly  iBii 
to  all  espenence ;  ana  that  hence,  if  alt  the  planeu  have 

stich  atmospheres  as  our  earth,  they  will,  at  the  distances 

of  the  planets  from  onennother,  be  socxtremHy  nttennated, 
as  to  give  no  seniiblc  riM  tance  to  the  planets  in  their  mo- 
tion round  the  suti,  lor  many,  perhiips  hundrerU  or  thou- 
sands (if  .aj;cs  10  conu  .  Even  :it  tin  bcipbt  <•(  mili'>,  it 
is'so  rare  astohavi  tio-pii-ihle  iftfclon  iIm'  rays  oi  lijlil: 
for  it  was  found  by  Kr[  Ii  r,  iUul  Lihirc  after  bim,  who 
Computed  the  height  of  liic  <itiMble  almosplnvc  frmn  the 
duration  of  twilight,  and  from  lb-  ningiiitu-'''  "f  'h<'  ter- 
restrial shadow  in  lunar  eclipses,  that  the  effect  of  the  at- 
noiij^  to  temet  and  inteicepl  the  Kghi  o«  *e  •«»• » 
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'only  jciniible  lo  tlic  cillituiic  ut  bcmmi  4(1  and  50  mili's: 
■nd  at  ihtti  attituHo  wn  may  collect,  from  what  has  b»in 
already  said,  that  the  .lir  is  above  UMJOO  times  rarer  than 
at  the»urfiMre  of  the  earth.  It  is  well  known  that  the  Iwi- 
lij(ht  bt-gtn^  and  endt  whi-n  the  centre  of  Iho  ittD  is  about 
ISdegreoi  below  the  horixon,  or  only  by  subtract- 

ing Sd'  forrefnction*  which  raises  the  son  to  much  higher 
than  he  would  be>  And  «  my  coming  from  the  mo  in  that 
paddMh  uul  enteriBf  the  tank's  atmospheroi  is  icfmcted 
■nd  bent  into  ■  carve  line  in  passing  through  k  to  the  e/k 
M.Lahirctook  great  pains  to  demonstrate,  that,  aappoaing 
the  density  of  the  atmosphere  proportional  to  its  wci^l, 
thi>  curve  is  a  cycloid  ;  he  also  siiys,  that  if  the  ray  be  a 
tangent  to  the  atii)o»phere,  at  the  point  of  impact,  tjie  d>- 
nmi  tcr  of  its  i;riii  r.itni^  circle  will  In-  the  height  of  the  at- 
mosphere; and  tli.it  l;ns  diamrtei  increases,  till  at  la?t, 
when  the  rays  are  pt  rpeiidiculHr,  i;  be  t  'iuu  s  inliiiUc,  ur  tin- 
circle  dei;cnrrates  into  a  right  line,  Hits  rcatoiiuig  sup- 
pos<!s  ihiit  the  refractin;.r  surface  of  the  sitmosphcre  is, a 
plaiK- ;  but  since  it  is  in  reality  a  curve,  hi'  observes  that 
these  cjciuids  become  in  fact  epicycloi<K.  Ileriiiaii  how- 
ever detected  the  error  of  I^iiiiri',  and  showed  that  this 
Curve  ii  inlinitely  extended,  nnd  has  an  asymptote.  And. 
it  is  observed  by  J>r.  Bnwk  Tay  lor,  in  iii»  Method.  Ineram. 
>  pa.  1$B»  StCf  timt  this  c«m  m  ono  of  the  most  nmicmin 
■nd  pciplexed  that  can  well  be  ptopoeed.  The 


geniow  author  aho  eoa>pttias»  that  the  refractive  Mwer  of 
the  air  i«  tf>  the  forceof  gravity  at  the  swlwaoftlieetrtfa, 

as  320  millions  to  1.  ' 

The  extreme  rarity  i>(  the  atmn-plii  rc  at  eonsiilornbir 
distances  from  the  eartli's  surfati  ,  >ucli  ns  llunr  of  Vu  or 
iO  miles,  bounding  the  production  of  uvilight,  has  much 
*  pei'pleNfd  philosopi;<rs  iii  accouiUiiii;  li>i  iiieteurs  which, 
whatever  be  their  origin,  vvhetheT  c  li-.rtrical  or  otherwise, 
■le  oiMerved  at  a  much  greater  elevation  than  that  to 
which  the  refractive  power  of  the  atmosphere  extends.  A 
WIT  icnArkabte  one  of  this  kind  was  observed  by  Ur. 
H^ey  io  the  month  of  March  1719,  the  altitude  of  which 
■  be  computed  at  between  6'9  and  731  £iuliih  milei ;  i(sdi« 
ameter  3800  yafdi»  or  more  thin  a  mile  and  a  half and 
its  velocity  about  (UO  miles  iti  a  minHte.  Othcn^  ap- 
parently of  the  same  kind,  but  whose  altitude  and  vdodty 
were  stdl  greater,  have  been  observed ;  particolariy  that 
ver)-  retnarkable  one,  of  Aui;u«t  ISth  I7S3,  whose  distance 
fjfcm  the  earl h  rmit  ]  imt  be  less  than  90  miles,  and  its  di- 
ametei  at  (east  as  Imso  as  the  former,  while  iti  velocity 
wo«  certainly  nut  le>*  than  I  OOi)  m.lrs  in  a  minute.  Now, 
from  analogy  ol  rvasoning,  it  sieras  very  probable,  that 
the  meteois  whic  h  appear  at  such  great  heights  in  the  air, 
aie  nut  essentially  different  from  thuse  which  arc  seen  on 
or  near  the  surface  of  the  earth.  The  difficulty  with  re- 
gard to  the  former  is,  that  at  the  great  heights  above-men- 
tioned, the  atmosphere  oui;ht  not,  According  tncoroputa" 
tion,  to  have  any  density  sufficient  to  support  flame,  or  to 
propagate  touud ;  ami  yet  such  meteors  are  commonly 
•ttCOecded  by  one  explown  or^moR.  and  it  is  said  nte 
even  vomctiines  accomniaiod  with  a  hissing  noise  as  they 
pass  over  our  heads.  Iha  aelei^  of  171^  was  oat  ooiy 
very  bright,  seeming  kr  a  Amt  time  to  turn  night  into^ 
day,  but  was  attended  with  an  ex|>1()sion  th.it  was  heard 

•  over  the  whole  idaadof  Britain,  causing  a  violent  con- 
atmUm  in  the  auaosplicre,  and  seeming  toshake  the  earth 
itMlf:  and  ycti  in  llio  tr^iunslfi  which  this  meteor  moved, 
thaair  ougbt  to  lia\c  bem  ar^u  ili..u-,.i!,l  -1:1.,  ^  rarer  than 

•  the  air  wo  breathe,  or  tOOO  time*  rarer  Oiaa  the  vacuum 


commonly  mft'ie  b)  a  good  air-pvimp.  Dr.  Hallcy  offer* 
a  corijei  lure,  iridn  d,  that  llie  va^t  magnitude  of  such  bo- 
dies mi^^ht  ccinipen-iiio  for  the  thinness  of  the  medium  in 
°  which  they  mou  d.  But  apjiearances  of  this  kind  are,  by 
othei%autibuted  to  electricity;  though  the  circnmstaocca 
afAeni  cannot  well  be  a'concikd  to  tbst  cause;  for  the 
BHteofinove^ith  various  degrees  of  vdoei^}  and  thotmb 
the  electrical  tm  wWy  pervades  the  vacoum  of 
pomp,  yet  it  does  not  in  that  6we  appear  in  bi^ewll- 
defiaed  spaiks,  as  in  the  open  air,  but  rather  in  long 
streams  resembling  the  aurora  bomlts;  and  from  some 
late  experiments  il  has  been  concluded  that  the  electric 
fluid  ciinoot  even  penetrate,  or  be  appaient  in  a  perfect 
vacuum. 

I}/  the  Rffraclire  and  Reffrciite  Pmi-er  0/  the  Atho- 
snifKE.  Il  luis  b<in  <ili5erve<l  above,  that  lli<'  Htiiiosphere 
has  a  ri  tVai  Iivi-  p.un  r,  bv  vvliich  the  rays  of  lii;ht  are  bent 
from  ila'  riylit-limd  direction,  as  in  the  caw-  of  the  twi* 
lijjlit;  and  many  other  experimiMit^  iininifest  the  same  vif^ 
tue,  which  is  the  cause  of  various  phenomena.  Alhaxen, 
the  Arabiaa,  who  lived  aboat  the  year  1 100,  seems  to  have 
been  hkir inquisitive  into  the  nature  of  refractioo  tlwn  for> 
merwrilers.  But  neither  Alhasen,  nor  bis  follower  Vitcllid 
vera  aequainled  with  its  just  quanti^,  nor  was  it  Itwwn 
to  any  tMciable  degree  of  exactness,  before  Tydto  DrabCi, 
with  bis  accustomed  diligence,  settled  this  point.  This 
celebrated  philosopher  however  did  notdiacov«T.  nor  in- 
deed did  Kepler,  in  what  manner  the  rays  of  lit;ht  were 
refracted  by  the  atmosphere.  'I'ycho  thought  the  rcfrac- 
t:'.n  was  chiefly  caused  by  dense  Mipom*.  very  near  the 
earth's  surface:  while  Kepler  plnceil  tli«;  cause  wholly  at 
the  topof  the  atmo<ph(  re,  which  he  thoiight  wi^  iiniturmly 
dense;  and  thenc  In-  tirlerinliied  its  altitii<le  to  l)e  little 
more  than  that  i>f  the  Ijichi-st  innuniaitis.  Ilut  liie  true 
constitution  of  the  density  of  the  atmosphere,  de«luccd  af- 
terwards from  theTorricellian  experiment,  aSbrded  ajuster 
idea  of  these  refractions,  especially  after  it  appeared,  by 
a  repetitiou  of  Mr.  I..owihorps  experiment,  that  the  re- 
fractive>power  of  the  air  is  propoitional  toita  density, 
Ibis  variation  in  the  density  and  refractive  power  cftfaeWp 
*  ray  of  liriit^  in  pasting  thraugh  the  atmoipb^  n  con> 
tinually  temclcd  at  every  point,  and  ttteieby  nad«  to  db> 
scribe  a  Curvp,and  not  a  straight  Ikw,  as  it  would  have  done 
w«Te  there  no  atmosphere,  or  were  its  density  uniform. 

'ilic  atmosphere  has  also  a  reflective  power  ;  and  this 
power  is  the  means  by  which  objects  are  enlightened  so 
uniformly  on  all  sides.  The  wiint  of  iiii<  power  uoitld 
occasion  a  ••traiip'  alteration  in  (he  af.pearaiice  of  tlitiis^; 
the  Mi.ni  i'-.^  of  winch  Would  ^'i  \  >  ry  d^irk,  un<l  tiirir 
Sld<-s  rnlif;liti  ried  by  the  sun  so  very  bright,  tliat  probably 
wc  coubi  see  no  more  of  them  than  their  bright  halves  ; 
SO  that  for  a  \iew  of  the  other  halves,  wc  must  turn  them 
bllfionnd;  or  if  immoveable,  m\ist  wait  till  the  sun  could 
1  sound  upon  them.  Such  a  pellucid  unrcflective  at-  , 
'  ere  would  indeed  have  been  very  commodious  for 
astronomical  ohsorvitimii  on  the  course  of  the  sua  aad 
planets  among  dm  Ixed  tinn,  visible  b^  day  as  well  as  by 
night;  bttt  tbia  such  asoMan  tnsisiuon  from  darkness 
to  light,  and  from  light  to  darkneia,  immedistcly  on  the 
rising  and  setting  of  the  sup,  without  any  twilight,  ai^d 
even  on  turning  to  or  from  the  sun  at  noon  day,  would 
liiiM-  bi-en  very  inconvet;  >  1'  im!  dti.  i;  o  to  our  eyes. 
II uis ever,  though  the  atiiio'|itu  re  be  gn  ally  assistant  in 
till'  illuniltiat:oii  <il"  obji  cli,  yet  it  mutt  nlho  be  observi  il 

that  it  stops  a  great  <leal  of  light.    By  M.  Bouguci's  cx- 
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poiiMili,  it  McHw  tUt  tlM  lUht  of  dM  mooD  ia  oftca  2000 
timM  trnriMrin  <Im  horuim,  9>*a  at  the  diitudeof  de- 
gren ;  and  that  tlM*  propurdoiTaf  Irar  light  aUbakltiliMlcs 

uf  66  ntid  19  dcgren,  ii^abont  3  to  9 ;  »ni  the  lighlf  of 
th'-'  N'.iii  must  bear  the  y  uni  pr..|ini(lan  to  each  other  at 
ht-yhts;  which  bfuguui  iiiiuli  choice  of,  as  being 
io>  in  ridiitn  heights  of  tbt'iiun,  ut  ilu  summer  and  winter 
.»'j|siiL  1-!,  in  the  laliliiile  of  Croisic  in  Fijiicv.  biiuith's 
(jptii's.  ilem.  <jj — i  01  the  :u:n'>:-|jlicreof  ihewDrdraADf 
and  |jluitet3,  s«»  tin,  (r^]letlae  articles. 

ATMosPiieiiti  ^.f  Soiiii  or  Ccmsiititu'liifli  is  a  kind  uf 
sphere  formed  by  the  effluvia,  ur  minute  corpu»cle»,  eniit- 
ted  flora  them.  Mr.  Bojie  endeavours  to  show,  titat  all 
bodi(^,  evea  the  faardnt  and  must  coherent,  us  gvms,  &c, 
have  their  MniMpbHCS. 

ATif<nraBKB,  ia  Electricity,  denotes  that  nediiim 
which  i»  conceived  In  be  difTuted'ot-er  tiic  (tirlace,  aa  is 
fewrail;  rappuwd,  df  cteeiriltMl  bodiei,  aad  to  aome  di- 
«uux  aroyild  theia»and  coini«thig  of  «flvinaia*uiiigfrom 

than  }  by  w]uCil<  other  faudirs  imuu-rg^  in  itbecoitie  en- 
dtted  with  an,  etectricily  contrary  to  that  of  \he.  Uxly  to 
wUicli  itte  aiinosphrre  belongs.    This  was  fint  nolioed  at 

«  very  curly  period  in  the  history  of  this  kcic>nce  by  Otto 

(Juencke,  and  ulUTwards  by  the  »caili  j,,ifians  de!  Cimatlo, 
\»h:j  c-.iiitt  ivril  to  render  (he  elccirif  atnMs[/hi:ie  m->i!iK  ,  Uy 
inciiii'  <il  imi'ke  utlrncted  by  and  uiiiliiis  Kseli  « irli  u  pu  ce 
of  amber,  and  gently  rijini;  tii'in  it,  but  \iuii'.liiii^  .ls  the 
•inbi-r  cooled.  Dr.  rraiiklm  i-\t-il.-i'eil  tin-  iI'  lIhc  aai-.o- 
tpheiT*  with  gieftter  advaiuu};«t,  by  droppinj;  roiin  on  hot 
iron  plates  held  umlrr  rleciiilied  bodies,  fiittn  which  the 
,ainoko  arow  and  rncorapas^ed  the  bitdies,  giving  them  a 
Ittf  bcauliM  apticarjiice.  Hut  the  theory  of  electric  al- 
imMplmct  wttl  not  well  e.\pluined  atirl  understood  for  ii 
CMisidcfablc  time;  and  the  investigation  led  to  many  cu- 
riiMH  rapciiiiKMt  and  ubwf vaiions.  The  cxpcripKiits  of 
Mr.  Canton  and  Dr.  Beanklin  prepared  tbc  Way  A»  the 
conelutlon  that  nu-.  aftertvurds  drawD  (ram  them  ity  Mc**.' 
SWclwand  t^pinus,  though  they  retained  d)cccanm«ina|H- 
nion  <jf  I'Uctiic  atmospheres,  anil  etideavoored  to  exjiluin 
the  pheti<iiiieii;i  (>y  that  means.  I'lie  conclusion  \va«,  that 
the  1  i  flue  fluid,  when  there  is  a  redundancy  of  it  in  any 
li<Ki\.  v  yrU  the  electric  fluiilinany  other  body,  when  they 
are  lirdu^h;  within  the  sphere  of  each  other's  intiiit  :ic<-, 
Mui  liritei  It  intothe  remote  partii  of  the  body, urquitv  out 
of  it,  if  there  be  any  outlet  for  that  puq>o«e. 

r>y  atmosphere,  Kpinus  says,  no  more  is  to  be  under- 
»tiH>il  tliuii  the  sphere  of  action  belonging  to  any  body,  or 
t'le  V.  ij.l(bourin';  air  clectrili«d  by  iu  Sig.  Beccaria  unites 
in  ilic  >ame  opinion,  that  electrified  boilies  have  n;>  other 
atmosphere  than  thctleciricity  Communicated  totlienei<;h. 
Lt>urin^  air,  and  which  go<s  with  the  air,  and  not  with  the 
dvctrified  bodies.  Mr.  Caolon  alao,  having  relinqubbt^ 
opinioo  tlwt  ekclrical  atmoapher^  were  compMvd  of 
effluvia  from  cxdtetl  or  dortriiied  bodiea,  maisiaiiwd  that 
Ihey  otily  re»uU  from  an  alteraticm  iia  thtuiate  of  the  elec- 
tric fluid  contained  in  it,  or  belonging  to  the  air  surround- 
ing ihtV'  bodies  to  a  certain  distance  ;  for  instance,  that 
•'.xcilcii  glass  repels  (lie  electric  fluid  from  it,  and  cons<- 
ijueiitly  bcyon<l  iliat  ili-lance  makes  it  more  dense;  wheri-- 
;l^exi  llP(l  wax  uttracts  the  eK  clrjC  llu;d  existing  ill  tlu  air 
nearer  to  it,  making  it  rarer  than  a  was  Ix'forr.  ]ii  thi' 
course  of  experiments  ihat  were  perforincd  on  tlii>  occh- 
sion.  Mesa.  Wilcke  and  Lpinua  Succeeded  in  cliiirj;ing  :i 
plate  of  air,  by  suspending  large  boards  oi  wr>ijd  cnvered 
with  tin,  Willi  the  flat  lidaa  paiaUel  to  odc  aovllter, and  at 


'  iome  incbM  mtiMier:  ibr  they  feiwd,  od  electrify  tog 
M*  of  the  hoorda  positiTi-ly,  that  the  other  aa«  a>H.i}  ^  1 
fatlvo}  and  a  shock  was  pcoduti  d  by  funoing  a  conimur:i- 
cation  heiwtrn  the  upper  and  lower  plate*.  Betriiru  h  .s 
liiigily  rt>:isidi  red  the  snhj,  rt  t<\  eleciiii  utniospiieri  'i,  iu 
his  Aitificial  Klectricily,  p.  i/ij  ckc,  Kiig.  edit.  See  uUo 
Dr.  rr,L-il>,\'s  llisi.i.i  2'.lvctriciiy,  vql.ii. «cct.A;  mdCa' 

VaiJt»'s  I'Je*  I  I  K  ir  1,  ,  p.'.?H.  , 

ATMO!ii'iif  HI.,  .'iJ'i^-.a.c.  tfe,  is  understood  of  theipheiB 
within  wl.icli  ilie  virtui  at  the  mM;;nct,  Sec,  acts. 

AtNom'II  r  iiu-  -*sii)\its.    See  AtROLiTH*. 

Atsiom'hf.ric  I'iuks,  certain  periodical  changes  of 
the  ;iIiuo>phere,  «imilar,  in  some  mpecll,  to  those  uf  tbo  ' 
ocean,  and  produced,  in  a  great  toeiisure,  by  ttn>  %cme  . 
causes. 

Hiere  are  tw<i  kinds  of  oiotiun  iu  the  atmospkcic  which 
come  under  this  denomtnatiun ;  the  fiist,  is  OCCHsiooed  by 
■  the  joiut  inlluenccjtf  the  aim  and  aiooo  «a  tlie  body  of  air 
with  which  we  aieswrouaded*  ia  tbeaamo  tBaaner  ai  Aey 
acl.upon  (he  maaf  uf  water,  and  cause  the  (lux  aad^lvAlk 
of  tho  ocean ;  the  second  ia  produced  by  the  heat  of'  the 
sun  alonct  which  exerting  upon  the  air  its  uell  known 
power  of  rart faction  and  expansion,  givc-s  hne  ('■  those 
peipi  tual  cli;ing<s  i'l  tlic  nrittosphere,  which  follow  him  in 
Ills  c  jurs<-,  thouf;li  such  c  hanges  are  not  altogether  ob> 
lervable  <ir  appn  ciaLile  by  Ui.  The  fornier  ol  these  are 
termed  l)y  the  Aldie  M.i:'.n  iittract'MO  !idi-s,  and  the  latter 
lieut  licii  s.  The  tides  (if  nttraclK/11,  1:V  i',  i  i  'n  ii  t  .iii. 
and  fnnD  llie  like  grounds,  have  at  the  same  time,  at  two 
opposite  ends  of  the  globe,  projecting  parts,  and  these  lie 
nhnost  in  that  line  which  might  be  drawn  i'runi  the  centre 
ui  the  earth  to  that  of  the  moon.  The  heat  tides,  on  the 
other  hand,  can  ttike  place  only  on  otve  point  of  the  glolM^  > 
that  is,  in  the  point  to  which  the  sun  is  vertical.  Tbcir 
pnuectiiqi  patta  will  be  directed  towards  that  tunuiiary* 
MM  ncmily  lonow  iu  movesanitiL 


BacoQf  and  tlie  malt  cmincDt  philosophers  who  ham 
lince  writtnt  on  the  wind,  oRaniinou^ly  ob^rve,  thai  the 
perii'di  of  the  yeitr  must  exposed  to  it  are  the  two  equi*  . 

noxt  s ;  Ihat  storms  are  most  frcqlient  at  the  times  of  new 
and  lull  moon,  aixl  p.a!:ru!ai'\  tli<jse  uhirli  happen  Dear 
the  e<|uilM)Xes;  ihul  al  periods  i>il;<  rwLse  talmj  a  small 
brce>'i-  iilu,i\-  l  i.sis  |ilaieiil  \\..xf\  u.iii  i  ;  uliil  that  a  small 
itKjM- nit'iit  HI  ti;e  Li;i!i<i'plieie  is  each  time  pi  rci  ived  n  little 
.liter  Di'un  ami  nii'imgh:. 

For  the  invc9tii;iitK«n  ul  this  subject,  (he  abbe  lays  down 
the  following  principles.  I.  The  elasticity  of  fluids  is  in 
the  inverse  latyi  of  their  density.  2.  The  force  or  elasti- 
city of  the  air  expands  and  contracts  iiM'lf  in  thcdirect  ratio 
of  the  weight  with  whicli  it  is  loiuled,  and  ditl'uses  itself  in 
the  inverse  ratio  of  the  force  with  which  it  is  cotnpR-s»ed. 
3.  Thcairis  rarefied,  or  diffuses  itself,  in  Uiedirectntio  of 
the 'quantity  of  Jieat  which  acta  upon  it.  4.  Tbe|llr«  4i 
ttella«allfluidsin0MU!htl,hataiffndeiH»|Dpiilmrifia  ' 
cqoilibrium,  and  does  sot  fcat  till  it  has  oUain«I  it. 

Our  limits  preclude  the  possibility  of  following  the 
abb£  in  the  application  of  these  principles  to  the  various 
phenomena  of  ihc  snlj|oct  in  t|H(  sti  .n  ;  wc  therefcne  i<:-  ' 
comnien'l  to  ;lu  atli  ntion  ul  our  reiuJcrs  the  whole  of  his 
ol)M  r».uioris  oil  tli<-  fl<i,s  iind  reflux  of  the  atnio-phere,  in- 
serted t'rom  the  Unissels  Trans,  in  Tilloch's  I'tnl.  AUji. 
vol.  5.  In  the  7lh  vol.  of  that  wurk  is  a  paper  On  a  pe- 
riodical V  ariatiijii  ol  tlie  IJaroinctcr,  &c,  by  Liikellowjifd, 
esq.  to  which  ue.  also  refer;  and  Conclude  by  noticing  th«  . 
obKrvati^Bs  made  by  UumboU  near  the  equator :  "  I  ha«u  ^ 
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tmd"  tm  be, "  io  tbv Transaction!)  of  ibv  Bengal  Socie^» 
th*t  the  Mioneler  riws  and  falls  there  ftgalulymtjii 
faonn.  Htn,  in  Smth  AmerjCRi  ia  roglMn  to  aion  isttt' 
owhing:  there anJiwratwoipliBriailtiiloiewfyMhoini* 
whkfa  depeiHlonly  CM  the  atlnctioa  of  the  nn;  Acimp- 
cury  fiills  from  9  o'ekek  in  the  mennngtin  4  in  the  after* 
noon  ;  it  risr^  frura  i  till  1 1  oVIock  ;  it  falls  from  11  till 
hiiif  past  4- in  the  morning;  and  rc-H!>ci-nd<i  from  that  time 
till  ;t  oVIixk  ;  iii-iihor  wiiiiU,  5lijriM>,  nnr  i-nrtlujuaki-!)  have 
any  llilliiriici'  on  tills  inatioii."  S f  l.irtljcr  Lapiiicr,  Rx- 
potiiioii  till  S\ >ionic  ilii  Miiiiili',  liv.  +,  ch.ri. 

ATOM,  u  particle  ol  riiatliT  iuiiiviMbIc  on  accuunt  of 
its  soli'lity,  hardm  ss,  aiul  Inipenetrabilitv  ;  wliicit  precri<dc 
all  divitiun,  and  leave  no  vacancy  for  the  adroi^iion  of  any 
ibreign  force  lo  separate  it  into  part).  A»  atumis  arc  the 
fits!  matter,  it  is  ivcceuary  they  should  be  iiidiuolvablc, 
flut  they  may  b«  incorropcible.  Newton  adds,  I|  iialio 
nquired  that  they  be  imaotable,  ibat  ibe  woild  m*f 
Italic  In  the  aame  Hate,  and  bodiw  he  of  the  no 
■mr  aa  ftMnerly. 

ATOMICAL  PHtu»orBT»  or  th«  doctiine  of  •toMW* 
« lystctn  which  accounted  for  the  origin  and  fimnationof 
thing*,  from  the  hypothetl*  that  atoms  are  endued  with 
weight  and  motion.  This  philosophy  wa*  first  inught  i>y 
Mo»chus,  some  time  before  the  Trojan  war;  but  it  was 
most  cultivated  by  Fpicunit}  whence  it  it  called  tlw  Epi- 
curean  philosophy. 

AlTRACl  ION,  or  Attractivk  Puwi  u,  a  general 
term  UJnd  to  <J(-iiot«-  the  cause,  pn»i'r,  .>r  principle,  by 
which  all  buiJ)i->  mutuHlly  tfiiii  towiinis  tnch  other,  and 
Cohen.',  till  separated  by  ikomc  other  |>owrer.  The  laws, 
phenomeoB,  &c,  of  attraction,  form  (be  chief  subject  of 
Newum's  philosophy,  being  the  principal  agent  uf  nature, 
in  almmt  all  her  wonderful  nperations. 

The  principla  of  attraction,  in  the  Newtonian  ipnseof 
it»  appean  to  hafe  heen  fint  surmised  by  Copertticus. 

At  nr  gnvi^i*  my*  he, "  I  coasder  it  as  nothing  mora 
than  a  certain  natural  qipctnice  (appelMUfa)  whteh  the 
&cator  tuB  impnitd  npoii  all  the  parts  of  liuttter,  in  or- 
der to  th«r  uniting  or  Cnalcscing  into  a  globular  form,  for 
thrir  better  pivsc  rvation ;  and  it  i»  probable  that  the  same 
po»'>T  i^  nb-o  inherrnt  in  the  sun  and  iiio->n.  ar.d  planeI^, 
that  thi'sc  ImiiIks  niav  cinst^inlly  retain  Ihiit  nxiiul  lorin 
inwiiieb  vn' •.cc  tin  in  "  Dc  ReTol.  Oib.  C^tle'r.  lili.  I,  c.ip.9. 
Kiplrr  rails  i;ruvi:\  a  corporeal  and  imit'.ial  iiilrciinii  Im-- 
t«teii  similar  hodie*.  in  ord«  r  to  their  iinniri.  .hi.  Xnx'  in 
Inlmil.  And  he  pr<ini)uncfi|  imm-  |Misilivi  ly,  tliiu  nu  lio- 
dics  whntrvcr  wi-re  ab>olulely  light,  but  only  telaltvely  »» ; 
and  coi>'<'<|iH'i>(ly  that  all  mtiiter  wat  tubfeelad  to  the 
p«iirerand  law  of  <;mvitati(m.  Ihid. 

The  first  in  thi%  cmintry  «ho  udopti-d  the  mition  of  at- 
traction was  Dr. Gilbert,  in  hi'>  bi>(>k  De  iMa^nrle  :  and 
the  next  was' the  Celebrated  Lord  Buon,  in  l<i»  Nov.  Or- 
mm.  Mk  ii,  aphor.  SO,  45, 48.  I^v.  cdml  exp.  SS;  also 
n  his'  treatise  DeMotu,  particularly  under  the  articks  of 
dte  9th  abd  the  13th  kinds  of  MotMn.  In  France  it  was 
jecehrcd  by  Fimnat  and  Robeirval ;  and  in  Italy  by  Galileo 
and  BorelU. 

But  beibi*  NOwton  none  apncftr^to  have  had  clearer 
ideas  of  the  doctrine  of  univi  i«ul  pravitniion,  or  to  have 
approached  so^ncartUe  applieaii.jn  ol  it  to  llu'  laws  of  na- 
ture, as  I'r.  II<"ike.  Thn  Uliratcd  mjr.,  in  iii^  \v(irk 
<  ntitli  d  "  An  Atl<  mpt  to  pri"<  lie  Motion' ul  iIk  l  .arili," 
^  iMi-  tti  hfoe  iTnliiac<<l  ii  i  i  nrnly  tbc  wlioh-  c>l  it^  ge- 
ucraliiy.  The  by  puihcsis  un  wbicli  luc  »ysiein  uf  tbc  world 


;  (iriis  it  cel. lies  could  allruct."  Lib. 
r  ill!  r-  I  i--(iii)ii  [al  powers  a»  nttrac- 
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is  there  explained,  is  grounded  oti  the  three  following  pria> 
«iplei:  l.That  all  the  celestial  bodies  have  not  onljf  an 
attraction  os  gravitation  tonaids  their  psoperCcativithM 
that  they  mutually  attract  each  other  within  their  ^ere 
of  activity,  2.  That  all  bodies  which  have  a  wafk  and 
difteV  motioo,  eoniinue  to  move  In  a  dirt-ct  line,  if  some 
force  which  operates  without  ceasing  diM.'<i  not  constiam 
tlirm  to  describe  a  circle,  an  elli[>^r,  or  si^iuie  other  mure 
complicated  curve.  3.  Tli  it  aiir  i.tioii  Is  io  much  ihu 
niiire  powerful,  a.s  the  attracting  biKlir*  luv  nearer  to  each 

itJn  (.  N'l  wi  Mi  iiiiiki  s  use  of  the  word  allraclion,  in  Com- 
mon with  the  ^c^lt)ul  pliilosopbefs,  but  ut  the  same  time 
very  studiously  distingui^^lii-i  UtHei'ii  thi'  iilra>.  'i  tie  an- 
cient atsraclioil  was  conceived  to  be  a  kind  of  quality  in- 
herent m  certain  bodies  theniselvi^,  and  arising  iroin  ibeir 
particular  or  H|iccific  forms.  But  the  Newtonian  attrac- 
tion is  a  more  indefinite  principle  ;  denotini;  not  any  par- 
ticular kind  or  mode  of  action  -,  nor  the  phy  sical  cause  of 
iuch  action;  bat  only  n general  tendency,  a  <;ouatus  ac- 
eedcndi,  to  whalcwer  caote»physical  or  metaphysical,  snch 
be  owing;  whether  to  a  power  iohwent  in  the  ho> 
din  themselves,  or  to  the  impulse  of  an  external  agant. 
Accordingly,  that  author  ranarka,  io  his  Philot.  Nat.  Prin. 
Math.  "  that  be  uses  the  words  attraction,  impulse,  an<l 
prop,  nsion  to  the  rentre,  indillisreetly ;  and  cautions  the 
re.uiiT  nut  id  imagine  tluit  by  atinclion  beexprt^^i  b  the 
inoilus  nl  llu  action,  or  Us  (fficient  CaUtK*,  as  il  llieK  were 
any  [m  pci  powi  14  m  iln-  ti  iitris,  which  in  realily  are  only 
iiiatUi  inatu'.  l  \r. 

1,  p.  5.    So,  t.c 

tions;  lhou;;h,  pby>ii(  ally  S|i<  aliin^.  11  nin  prrliaps  more 
just  to  c;ill  llieiii  iiiipul-rs.  II..  p.  117.  He  adih,  "that 
what  he  cai''  atiractjun  inay  potsibly  be  etii-cied  by 
impultr,  tlum^h  not  a  common  or  corporeal  impulse, 
or  after  sonic  other  manner  unknown  to  us."  (>ptics, 
p.  323. 

Attraction,  if  considered  as  a  quality  arising  from  the 
specific  fornis  of  bodies,  ought,  tugether  with  sympailiy, 
aatipathy,  and  the  whole  tvilw  of  occult  qualities,  to  be 
exprnlrd.  But  when  ihesenre  set  aside,  there  will  remain 
inmimcrable  phenotnei»  of  nature,  and  pariiculnily  the 
yravity  or  wetehl  of  bodies,  or  their  tendency  to  a  rentre, 
that  lutjac  ;i  piiiiripl  ■  of  arli  sii  nniij'.v  clisiincl  Irom 
impulse;  ulnn'.  :it  Itiist,  t(,eie  is  iiu  siii.'ililc  iiii|iulsi<iu 
Ci>:,ci  1  ihmI.  Nii\,  uhat  Is  ini  rr,  this  arlum,  in  Sdim  ic- 
s|nrt^,  iliti'i  Ts  timn  ait  inipul^inn  «e  l^iiow  oi;  mipiiKe 
in  uif;  alw  :iy>  1^  '.nid  to  act  in  proportion  to  the  surlaiesof 
iKidtes ;  whereas  grwvity  acts  according  to  ibeir  »ii|f«^ con- 
tent, and  coiist'tiuenily  it  must  arise  from  some  cause  that 
peni  tratesor  pervades  the  whole  substance  of  them.  This 
unknown  principle,  (we  mean  in  respect  of  it»  cause,  for 
its  phenoenenn  and  effects  are  most  obvious,  with  all  its 
«pecies  and  nodificalions,)  is  called  attraction;  being  a 
asneiul  namek  under  which  m.iy  be  ranged  all  mutual  ten> 
deodet,  where  no  physical  impulse  appears^  and  which 
consequently  cannot  be  accounted  for  on  any  known 
laws  of  nature. 

And  hence  arise  fivers  particular  kinds  nf  attrr.ction  ; 
as  Gravity,  Magnetism,  l  lectricity,  Ate,  which  arc  m>  many 
diffi-mit  princijiles,  actm.;  hy  dittiTont  Iums;  and  only 
atireeinj!  in  thin,  that  \ii  (id  not  p«rciive  liiiy  pli\-u.il 
caMS<  %  df  iln  iii  :  but  llial,  n*  lo  our  sen-cs,  ilu'vu.  is  uaily 
an.i'  (rom  sfiiiic  ji  lucr  .ir  elhcuey  in  vurh  (>"iii(  s,  I  y  uhicli 
liiey  arc  t  naliltil  ttiact  <  veii  iipi':i  liiMuiil  Ijdiiies  ;  ihoug^ 

our  reason  absolutely  disallows  uf  any  such  actioo. 
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Attncfim  mtf  be  dindcd,  with  iMpwt  to  tfwbw  it 
■obaera^  iaio  tm  Uadb 

1.  Thtt  whtdi  extend  to  »  Mmtblo  AiMaer.  At  the 

•  attractioa  of  gravity,  which  Is  found  in  all  bodies;  and  the 
nttractions  of  maf;nftism  and  electricity,  fuund  only  in 
partioul.ii  f  i.iH  The  srvt-ral  laws  and  phcoMBOIft  of 
each,  5c<  uiuJti  thor  rcspoctivc  articles. 

The  atiraclii)n  of  jjravity,  calli-d  als.0  ainon;;  raathema- 
ticiaii*  tli<>  n  ntript'tal  I'orco,  is  one  r>f  the  nroatcit  and  m<i»t 
Unln  rs.il  ]innci]ili-s  in  iKiturr.  W'c  mv  .inilfo.1  it  n|M'niIc 
on  binlii-5  lu  ai  tlii'  larlii,  iuul  tliul  by  ub«irvuliiin  tlint  ihf 
siinu'  piiwiT  (i.  !■.  a  power  which  acts  in  the  same  m.-nncr, 
"aod  by  the  tame  nilcs,  viz,  always  pmportionully  to  the 
4|IMIlibtiCS  of  imiter,  and  in\<-r!iely  as  the  squares  of  tiie  di- 
ttanci-n)  does  also  olituin  in  the  moon, and  tlientlKT(diiiiit», 
both  primary  and  iiocundary,  ai  well  a?  in  the  citniels ;  and 
even  th»l  ibis  ii  the  vety  power  by  wbicb  they  are  all  rc- 
tainrd  in  thdr  orhitt,  tte,  AnA  hence,  at  gravity  is  fuuiid 
fai  all  the  bodies  which  come  under  our  ooacrvation,  it  it 
eesity  infrrrrd,  by  one  of  the  estsbliibed  mWi  of  phibMo* 
phiNini;,  timi  it  obtiuns  in  all  others.  And  since  it  is  fbutkd 
to  be  proportional  to  the  (|uantity  of  matter  in  any  body,  it 
must  exiit  in  every  p;uliel('  <il  it  :  and  bonce  it  is  proved 
that  every  particle  in  n.i'iju-  aUr.ietN  every  other  particle. 

From  ttiis  atlracliim  ari>es  all  the  motion,  nut',  run 
quently  all  tlie  iiiulaliun,  la  llif  univorfcf.  By  llils  lieavy 
bo<lics  cl<-*ri'nil,  ami  lji;ht  ones  ni  f  rr.aile  to  :is<  ( ml  :  iiy  tlii* 
alsii  prnjetlik-!i  are  directi-d,  vapours  and  e\halaliot«  rii.e, 
iiuii  r.tin,  i<:c,  fall :  also  from  the  same  cuum;  rivers  gliJe, 
the  ocean  suelU,  the  air  presses,  &c.  In  short,  the  motions 
and  forces  arisingfrom  thuprinciplc.con&titulethe  subject  of 
that  extensive  branch  of  tnathemetictrGaUod  meciiMiics  or 
•tatks,  with  the  parts  ot  appendigsof  itp  at  hydnitatic^ 
pneumatics,  hydraulics,  &c. 

i.  That  which  doc*  not  extend  to  acniible  diitancci.. 
Such  it  found  to  obtain  in  the  mintile  particles  of  which 
*'~'*ict  are  compMcd,  attracting  each  other  at  or  extremely 
'  the  point  of  rontact,  wim  ibrcet  often  much  supc- 
rto  that  of  gravity,  but  whIch  at  any  distance  dccmne 
IDWCb  faster  than  the  po»ver  iif  gravity.  Thii  priwer  i>  ge- 
nerally Called  the  attraction  of  ciihn<>''n,  a*  bein»  that  by, 
which  the  aiomsorinscMiblepaiticlcaoffaodietannntlod 
into  ie.i-ibiemasM-s. 

'I'iiib  lal'.iT  kuiil  <if  iidraction  claims  Sir  i-.;!;'.!  N-«ton 
for  its  iJi^eo\(  r,  r  ;  (he  mer  does  for  it5  iinjsi i .  'I'lie 
laws  of  n.otii  ii,  pt  rcuv>ioii,  \c,  in  M'tisille  bmlirj,  uinler 
various  rirnimstances,  as  failin!;,  projected, \c,  a'«certiiiii- 
ed  by  lh(  later  philosophers,  do  not  n-ach  those  more  r< - 
ciusc,  iiilesdne  motions  in  the  component  particles  of  the 
tame  bodies,  on  which  the  changen  of  the  texture,  culoor^ 
pra|x>rttes,  &c,  depend.  So  that  our  pbilosopby,if  it  were 
only  ibonUed  on  the  principle  of  gravitation,  and  even  Car- 
ried a«  far  at  thit  would  lead  at,  would  Mill  he  deficient 

But  betldei  the  romBMMi  iawt  of  temiblc  maiiet,  the  mi- 
nute perl*  they  ai«  Mmpatol  of  are  tomi  tol^feet  to  mnm  ' 
others,  which  have  but  tatdy  been  noticed,  and  are  even 
yet  imperftctly  known.  Newton  himself,  to  whose  happy 
[penrlration  wc  owe  the  hint,  is  !»ati^fied  with  establishing 
that  there  arc  such  motions  in  the  nuninia  i.aiura',  iiiul  iliat 
they  flow  from  certain  powers  or  lorces,  not  nducible  to 
any  of  tlios<'  in  the  j;n  ;:i  «  liil.  He  shows  that,  by  virtue 
of  llii  se  powers,  "  tlic  -in  ill  particle*  act  on  one  another 
ei(  ii  :it  u  distance;  and  that  many  of  the  phenomena  of 
nature  result  from  this  action.  Sensible  bodies,  we  have 
already  obtervcd,  act  OA  me  aaolbirimntinyt}  ladaa 


we  tbaa  pproeiwe  tbe  tenor  and  eenne  «f  intuie,  it  appcart 
highly  pfofaaUe  that  there  may  he  other  poweie  of  the  like 
kind;  nature  being  alwlys  anffbrm  and  condilcat  with 

herself  Those  just  mentioned,  reach  to  sentiUedialaiiien, 
and  by  that  means  hove  been  oUservcd  by  vulgar  eyes ;  but 
there  may  be  others  wliieh  rmch  to  such  small  distiiMcrs 
as  have  hitherto  escaped  observation ;  and  it  is  probable 
deetricity  may  reacli  to  ttMdi  ditlanoct,  even  witiMMtt  be- 
ing excited  by  fricli<'n." 

Tbe  iireat  aulhoi  )u<t  irn  nliorK-d  procei'ils  to  confirm 
the  reality  ul'  liiese  suspicions  liv  a  jireat  number  el"  phe- 
nomena and  eNpi  riments,  v«hich  pi:iinly  argue  sueh  powers 
and  act  >.ns  beiweeu  the  particles,  for  eKaiiipli-  of  suits  and 
water,  oil  of  vitriol  and  water,  ttc|U;ifoiti»  and  iron,  spirit 
of  vitriol  and  saltpetre,  and  mo>t  <itber  chemical  open- 
lions,  lie  alio  shows,  that  these  powen,  &c,  are  unequally 
ttron^  between  difierenl  bodies;  ttmtigrr,  for  initaricc, be- 
tween the  partietoi  of  lult  ef  tartar  and  those  of  aqua- 
fortit  than  those  of  tilvcr,  between  aquafertia  and  lapis 
calaminaris  than  iron,  between  iron  and  copper 
than  silver  or  mercury.  Thus  spirit  of  vitriol  actt  on 
water,  but  more  on  iron  or  copper,  &c.  And  the  Other 
exp<'rinients  a  >  ' on  inn  r  '•  m  ;:ich  Couiilenanco  the  ex- 
istence of  sucli  jinnLipii-  oi  uicractiun  in  the  particles  of 
matter. 

'I  hi'se  at[h>ns.  bv  virtue  of  which  :he  pnrlielc>  of  the 
bodil  y  above-nieiiliiin:  d  lend  towauls  each  other,  the  au- 
thor calls  by  a  i;<  ni  ral  indefinite  name,  altractmn  ;  a  name 
equally  applicable  to  nil  iiclions  bv  \\lilcli  ilisl.int  bodirt 
lend  towards  each  other,  whether  tiy  impulse,  or  by  any 
other  more  latent  power:  and  bincc  he  accounts  tor  an 
inRiiitv  of  phenomena  which  would  be  otherwise  inexpli- 
Cab'.r  U  unj  iiie  principle  of  gravity. 

"  Thus,"  adds  Newton,  "  will  nature  be  found  very  con- 
IbmHkble  to  benel(  and  veiy  timpie;  peribmiing  all  the 
great  moliont'of  the  heavenly  bodies  hy  the  attraction  of 
gravity,  wbicb  interoedcf  those  bodies,  and  almbet  all  the 
tmall  onct  and'  thdr  eonrtituent  paru,  by  some  otiier  at- 
tractive power  dillbtcd  tbn*ugh  their  particlet.*  Wtheot 
tuch  prindph  s,  there  could  have  been  no  tuch  thing  at 
motion ;  and  without  the  continuance  of  it,  motion  would 
Kion  piTish,  ilirri'  lM:iiu;  oliierwise  a  threat  decrease  or  di- 
ninmtior,  ot  it,  ^^  liicli  is  only  supplied  by  these  active  prin- 
ciples." 

It  ne*d  uol  be  Mild  how  unjust  it  w.is,  in  the  pcnrrnlity 
offorri^^n  philosophers,  to  declare  ajainst  a  piiiici|ih'  wtiich 
furnishes  so  U-aiitiful  a  view,  tor  no  i  tiier  reason  but  bfr 
cause  they  could  not  conceive  how  one  boi'.y  should  act 
on  another  at  a  distance.  It  is  indeed  true,  that  philoso- 
phy allows  of  no  action  but  what  it  by  immediate  contact 
and  impulsion;  fur  howcaa  a  body  exert  any  active  power 
where  it  doet  not  exist  N  Yet  we  see  effiscts,  without  per- 
ceiving any  tuch  tmpube ;  and  wheie  eficctt  are  obsened, 
Ibete  mmt  ckIbi  cauteii  whether  «e  perceive  ifacm  or  not. 
But  we  iiHyeoiMemBleteMcbclitcttyititbeat  entering  lute 
the  colnidcration  of  the  cantei,  at  indeed  it  t^mi  the  bu- 
siness of  a  philosopher  to  do :  for  to  exclude  a  number  of 
phenomena  which  we  sec,  would  be  to  leave  a  great  chatm 
in  the  history  of  nature;  and  to  argue  about  actions  vthich 
v>e  do  IK>1  see,  would  lie  to  raise  castle*  in  the  air.  It  fol-, 
lows  thi  refore,  that  the  phenomena  of  attraction  are  mat- 
ter of  physical  couMderHtion.  and  as  such  entitled  10  a 
share  in  tli.'  sy^Ielll  <,i  phvsics;  but  tliiil  their  causes  will 
only  became  so  when  ihiy  become  sensible,  that  is  when 
ther  aniear  to  be  tbe  efliwt  ef  tome  other  lu|^  cammt 
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•    for  B  c»u><"  is  tvo  otlii'twiM'  Mf  11  than  as  il«i'lf  i%  an  efffct, 
M)  timl  ilii  fiiM  cause  must  ni-v  «  i  ^l^;UI^  ;  w«* 

arc  thcrt'lorc  at  liberty  to  »ii|i|)iisc  ttu  ciiu^n  i^i  rtiiiiu  Uuiis 
what  wi"  pli-aise,  wuln'Ut  any  in|ury  l'>  tin-  cttrc  l-.  I  he  il- 
lustrious author  hitiiH'ltM'f  iii>  In  be  .i  lillli'  >mlfleimiu«4 
a»  to  the  CNllM^  ;  iik  [iiii  m  -.mihi  luiii^  to  attribute  gfavily 
Id  tli<'  uctiun  of  ail  iiiininirriHt  cause  (Oplio,  p.  ;H3,  AlC.) 
and  viMirliiiieii  lu  that  <it  a  tn.itt-nal  our,  lb.  p.  3°i3> 
In  bis  pbllotupby,  tbt-  rexarch  iiilu  CMUit-*  i»  the  lest 
I  ,  tliirii;,  nod  atnrcr  cumi  %  under  coiiMdurslinii  till  the  lilwt 

■ud  phrnomeiw  of  the  rdrci  Lw  twtitMl;  it  brini;  to  these 
ptmwmem  that  thp  cauae  b  to  be  aeeonffioiiatt^.    I  be 

•  CHiue  wen  ot  any,  the  gm«M  ud  nott  souibte  action,  is 
"  MM  ailrquatfly  knowN.  Huw  impulse  or  pciconioii  itipif 

praducct  iu  dliecfa,  that  i>,  bow  aotkin  is  cvrnmunicatiNi 
Ihwt  OM  body  to  anothtr,  or  by  what  agriicy  it  is  ContU 
nveil  after  it  b>  communicated,  confounds  the  deepest  phi- 
s    .  Imophen.    Yet  impulse  is  receiveil  not  only  iiitu  philoso- 

phy, but  into  inallu  iiiuilis  ;  and  urn  :  ii  :;jly  the  Uwi  and 
phenomena  ut  its  dVictsmake  the  ctiicr  part  ol'comniim 
Biechaiiics. 

The  other  -lii'cies  ot  attmction,  thcrpforr,  in  which  no 
im]iulie  1^  1. ;i-t  I  viibie,  when  llie;r  pheiiou  eim  are  sulii- 
cieiitly  usccrlaiiud,  have  the  »uiiie  title  to  be  promoted 
from  physical  to  inalhematiral  corvsideration ;  and  this 
utihout  any  previous  in<|uity  into  their  causes,  to  which 
lyijr  ci'iiceplioris  may  nut  be  proporiionnte. 

Our  Ki^-at  philo^wpher,  then,  fur  fruiu  adulterHtiog  ici« 
CflCc  \sith  any  thing  ixrcii^n  or  metaphysical,  us  many  biva 
nproachcd  lum  with  <tvidg,  haa  ibr  glory  of  hawing  IhrawB 
vweiy  thing  of  thii  Mnd  out  of  Iris  *yMeB»  nad  «  inving 
opootd  ft  naw  tuiirov  of  moie  wbltme  mecbuic*.  whkb, 
duly  cuUivMnl,  augbt  be  of  ftir  gmicr  eaient  than  alt  ibe 
mrchanicayet  known:  it  i«  hence  tb«rrrare  that  we  mu»t 
exptxt  to  leaTn  the  nmnnrr  of  the  chaiiRes,  production'-, 
generations,  corruptions,  <.\-c,  nf  natural  thinnii;  with  all 
that  scene  ol  wonders  npeiied  to  us  iiy  liii'  uperatiuii^  of 
cheniislr\ , 

,  ^  line  ol  our  own  countrymen  havi  jirus.  i  uii  (i  tin-  dw- 

.  cou  rv  with  iauiial-h'  ^eal.  Dr.  Kell  pHrliculurly  has  eti- 
deasourid  to  dexlute  sonu'  of  the  laws  of  liiis  new  action, 
and  applied  them  in  resulvin:;  several  (d  the  more  i;i  iierul 
phenomena  of  tuatter,  as  cohesion,  fluidity,  elasticity,  solt- 
nrai,  leniientation,  cusgulaiioD,  &c:  and  Dr.  ['reiinl,  m- 
'  eondiiif;  bis  cndravoun,  has  made  a  laTilirr  uppliciitiun  of 
the  »4iue  principle*,  to  acoouui  for  almou  all  Ihe  plu  nu- 
mcna  that  chcmikiry  pnienN.  So  that  imik  pbiluwpheii 
arc  iiicliiird  to  think  that  th^  new  mechmics  kbowld  teem 
alnady  laiicd  lo  a  cumplaic  acieoce,wd  that  bothitiig  now 
MR  occur  bnt  what  we  haw  an  immediate,  toluilon 
from  tha  ]priiici|riet  of  attractive  forces. 

But  thit  Menl  a  little  too  precipitate:  a  pi.i  if  le  so 
fertile  abould-liave  bern  further  e.Npluiiied  ;  its  puniculur 
'Inwt,  limits,  fire,  more  indu-ttiously  detected  ui;>i  iai<r 
down,  belore  we  hnd  proceeded  to  the  applicatiun.  ,At- 
Iraciion  in'  the  gros>  is  w  complex  a  thine,  thai  it  may 
kotve  a  thousand  diHt  rent  phenomena  iilike.  I  I.e  injtnxi 
is  but  one  dttin/e  more  simple  and  precise  liian  sciion  it- 

•  •     s4-h  ;  and,  Lill  its  |irii|i(Tlie>  be  more  lully  ascertained,  it 

were  b«  tltr  l<i  a|«|ilv  U  i' and  •.tiidy  it  more.  Ii  may 
be  added,  thut  N.imo  <'i  Ni  Himi  s  h.ih.vieT!,  t.iive  been 
cbtir(;<Hl  with  falling  into  that  error  which  he  industriouk- 
l\  .ivdided,  viz,  of  considering  attraction  a»  n  cause  or 
active  properly  in  bodiq,  nut  merely  a>  a  pheoomcuuaor 
•feci. 


»V   •  t' 

■ 
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Ortuin  attempts  have  lately  been  made  to  aMIgn  the 

proiLihir  nr  |M-Mi>ir  r.iuM'.ji  i^raviuoioo,  bvt loo  abiunl 

to  merit  more  paititu.ar  n-Mire. 

For  the  lawi,  properlii>.  i  f  ihr  .htlerent  kinds  of 
attraction,  see  tlx'ir  parliculiir  iiilicli-*,  C  oiitsios,  (in*- 
viTV,  Maun  i;  1  i  ^: .  i\  c. 

ArTkAcriosi,  Cenire  of.  HrvLtnTHS.  of  Aitractton. 
Attraction^  iVoumaitu.  This  is  but  a  late  disco- 
very,aiwl  roust  be  esteemed  acomplciecontimiation  oi  the 
Mewioaian  theory  of  nnivamd  i^naviiation.  Acconm^  u) 
that  systrra,  an  altmclive  power  i*  exerted,  not  only  be- 
tween those  large  masnes  of  matter  the  »un  and  planets, 
but  likawiaa  between  all  coniyof«ti*ely  smaller  badiei» 
aad  erca  betweca  tha  smallcityarticla  tnat  compote  ibmn. 
Agraeabfy  to  thk  bnodMNi^**  heavy  body,  which  gravi- 
tates or  tandstowaru  tha  contra  of  the  earth,  ought  like- 
wise, though  in  a  le»  degree,  to  be  attracted  and  lu  tend 
laterally  toward*  a  nei^bouring  mountain  on  the  earth's 
>uri.i(  ( .  So  that,  a  plumb-line,  for  instance,  of  a  quad* 
lant,  hun^^iEiii  near  such  a  luoQntain,  ought  to  be  drawn  a 
little  aside,  fidiu  pi  ■  in  nilicnlnr  direction,  in  t<mse- 
quence  of  ihc  atlruclivc  power  of  the  (|kiantity  u!  inatler, 
ol  which  it  is  composed,  actiii<i;  in  a  din^ctioiuiilh  rent  fKmi 
that  exerted  by  the  whole  mass  of  mutter  in  the  earth,  and 
Vrilh  a  proporlKinally  inferior  di^rec  of  forre. 

Though  tsir  Isaac  Newton  had  long  ngti  hinted  a(  an  ex- 
perinient  of  this  kind,  and  had  remarked,  that  "a  moun-  * 
tain  of  an  bemitpbericai' figure,  3  miles  high,  and  6'broad, 
«o«b|  i|oi  by  It*  attraction  dimw  the  piwnb*line  2  mip 
notes  out  of  tha  pcrpcadicular  jfci  no  aoempt  to  ascer* 
Mn  Cm  qatto-  by  actual  experimral  waa  mada,  till  about 
the  year  ttS9 1  when  tha  Fmwh  academkian*,  particN^ 
larly  Mcmn.  Bougurr  and  Cuodamine,  who  were  sent  to 
Peru  to  measure  a  degree  of  the  meridian  at  the  equator, 
ailempled  to  discover  the  attractive  power  of  Chiniborayo, ' 
a  mountain  in  tin  pr  ivinre  nrt^uito.  According  to  their 
obs*Tvalioiis,  iiiade  iimjer  unhuuuriible  cil■c•nm?la^Ce^. 
that  nniUDlnin  e.serteil  an  altiac  tioii  eijini  I  .n  s  1  ii<iiij;ii 
tills  e\|ierinu  iit  «as  not  perhaps  suflicieiit  to  pr<ne  salis- 
fattiifiU  i  \(  n  the  realily  «■!  iin  attraction,  much  li-s»  tha 
pietiio  (piantily  ol  it ;  yet  it  does  nut  appear  that  any 
!.|epv  li.nu  iHeii  since  taken  to  repeat  it. 

in  they«>ar  l?7i,  the  a»tRinonier  royal.  Dr.  .Ma»kelym>, 
made  a  proposal  for  this  purpose  to  the  Koyal  Society : 
niul  in  i77*t  be  was. deputed  lo  make  the  trial,  accoin- 
paniad  with  proper  assiktants,  and  provided  with  accurate 
insirtiments,  Thb  mouniain  ScbebaUieu,  situated  nearly 
in  the  centre  of  Scottaadi  was  cboiea  as  the  moat  proper 
then  found  in  thItislaiKl.  Itie  observations  were  made  by 
•ubservinj^thc  meridian  aenith  dniaiiccs  of  smne  fixed itan 
near  the  xcniib,  by  means  of  a  aenith  wcior  of  in  feci  ra- 
il ins  ;  first  on  the  south,  and  then  on  the  north  side  of  the 
hill,  ihi'  nrraicst  length  nf  \\liirli  was  Considerably  extend* 

e<l  ill  l!ie  east  and  west  diri  clii-ii. 

It  IS  plain,  that  if  the  mass  of  iri  itler  in  the  hill  should 
e.\erl  any  si  liable  jittriioii'n.  it  wouKi  cause  iiir  plumij- 
linc  of  liK' scftnr,  ihroueh  which  the  otisei* er  Mi  ned  a'  , 
star  in  the  meridiun,  lo  deuati  iV  ni  its  iwrpeiidicuiar  si- 
tuation, and  would  allruc!  it  cciilraryw ise  at  the  two  op- 
posite stations,  thus  doubiiiij!  ibe  etieci.  On  the  south  side 
the  plummet  would  be  drawn  to  the  norlliwHrd,  by  the 
attractive  power  of  the  hill  placed  on  the  north  side  uf  il  ; 
aitJon'tbaaotlh  side,  a  contrary  and  cijual  deflection  of  the 

Elomnet  would  take  place,  by  the  like  attractipn  uf  iLe 
ill,  now  to  the  souibwaid  of  it.  The  apparent  scsilli  dt- 
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ttance>  of  ('ii'  «tars  must  be  alfrrlol  confi-ar)  wist- ;  those 
In  iiij;  iiicf  .1^'  i  at  1  hi- oin' -lulJun,  whu  li  wi'rr  iliinini'-lii-cl 
Bl  ihr  Dtli'.  r  ;  llic  corri's()»jriili.iil  cjuantiliis  <it'  llif  d<- 

flcCJloii  of  1)^1  jiliirnti-lirio  mast  give  the  obbi  rvi  i  the  •i.Jii 
of  the  contrary  altrttclmns  of  thf  hill,  ucliiig  un  ibc  plum- 
met at  tin  t^vll  !.lHliotiv  ^  and  th<-  half  uf  wliich  will  uf 
cuur^c  indicutc  the  aCractivr  power  of  tbt-  hill. 

The  various  opcratioiu  re<iui<>ite  fur  (bis  cxperimrnt 
litttcd  .aliotti  4  monibs ;  and  from  them  it  appeuni,  that 
tltemiliof  theCwo contrary  attraciiom  «f  ibe bill,  in  the 
two  tcmporarr  obwrtaioriei,  which  weKsueeanvrly  fiM«l 
bair  way  up  the  hill  (where  however  tlie.«lect«f  Ihe  at- 
tfactioD  would  Dot  be  the  grcatMt),  wm  found  to  bt  1 1'-tf | 
the  balf  ol  wbkli  Af  ivfera,  or  sT-t,  i»  ifce  m««ii  attiactloa 
of  0*  nonataiii,  at  that  bcight. 

The  inferencri  drawn  Ihim  th<»e  cxpcrimrnts  may  be 
reduced  to  the  fuUnwing: 

1.  It  appears  thai  the' mountain  Schehullii  n  iMrtt  a 
serisililc  uttraction;  lhcrcr:)rc,  b_v  tlir  ruk-s  ol 'pliil<j.sojihi- 
sitig,  we  ttr>'  to  ronrluilf,  tijftt  i-wty  iiiounutii,  and  iudeed 
every  particli  '-1  ilii  i  arilj,  is  indued  with  tbenowpriH 
perty,  in  propuniuii  lo  ii-.  .|U;(iii!ty  ofinottcr. 

2.  The  law  ol  tlu'  varmiinn  r.t  this  force,  ill  the  in- 
verse ratio  of  (he  Mjuurcs  ot  the  distances,  as  laid  down 
by  Sir  Isaac  Newton,  is  iilso  conlirnied  by  this  experiment. 
For,  it'  ihc  force  of  attraction  of  the  hill,  bad  been  ooly 
M  that  of  the  earth,  a»  the  matter  in  the  hill  U  to  tint  in 
tha'carth,  und  had  not  been  greatly  increased  by  th« 
approach  to  its  centre,  tbe  attraction  of  it  mu^t  hove 
««olly  inaeniible.  But  now,  by  only  tuppoiniig  tbe 
danatty  of  the  mnh  to  be  donue  of  that  in  tlie  bilU  whkh 
•ecnia  very  probable  from  other  comidmlioia,  d«  atttao 
tion  of  the  hill  will  be'ieeoncikd  to  tbegmerai  law  of  the 
variation  of  attraction,  in  tfaeiavciae  duplicate  ratio  of  the 
distances,  w  deduced  by  Sir  Isaac  Newton  from  the  coni- 
p  iriscrii  1,'f  ihc  iiiuiiiiii  i,f  till-  hi-a\.'iilv  Ij'hIii  -.,  "  iili  ;Iir  I'  ni-./ 
of  jira\ity  at  the  lUrluCi-  i/f  tlu:  lanli  ;  and  liir  ana|i:i;y  nl 

«  nature  will  be  pii-M  r\ed. 

3.  We  may  now  thrn-forc  be  allowed  to  admit  this 
law,  iiiid  t'l  iif  kiiuM  U-iIl'i',  tliiit  the  mean  deriiity  of  tlie 
earth  is  a'»  ut  double  of  that  at  tlie  suilitce;  und  cimM-- 
qu<-iu',\  tliiii  tlie  density  of  iheiiiteinul  pans  of  the  earth. 
i»  niurh  gieuli  T  tluin  near  the  nur^re.  ilencc  bIm),  the 
whole  <ii<iiiility  of  mutter  in  t lie  earth,  will  .be  at  lea»t  us 
peat  again,  as  if  it  had  been  all  composed  of  mailer  of  the 
■ame  ihniity  with  that  at  the  turfkce ;  'or  will  be  about  4 
or  5  times  as  great  as  if  it  were  all  composed  of  wakrr*  Thk 
Candosion  u  totally  contrary  lf>  the  hypothesis  of  laine 
natyralisti,  who  suppose  tlie  earth  to  beon(y  a  large  lud- 
low  ibelt  of  natter;  .lupporiing  ittclf  from  the  property 
of  MiM«li»«dA  an  inmense  vacuity  in  the  midst  of  it. 
But,  wen^tbat  the  case,  the  attraction  of  mountain*,  and 
even  smaller  ineqiialitie»  in  the  earth's  surface,  woulii  I 
very  preat,  contrary  to  expcriroenl,  and  would  affi  c  t  ibi- 
ini'asurf^  ol  liie  di-j;recs  iif  lln  itu  ruiMii  iiiur-li  muri-  than 
>*e  tind  ihry  ilt.;  and  the  viiuuii'  ii  ol  j;ni\uy,  in  ditierent 
latitiid(  >,  in  p>ni!;  tn.ui  the  <  ijualor  to  the  poll  5,  ;is  found 
by  fii'v,<i'.iUi:ns,  \s.>uKl  iml  he  mar  so  legular  as  e.s jh t;iih  nts 
havi'  -in    '\  It  ii)  bi-. 

i.  A*  iniiuiUains  ai-e,  liy  thoe  c.xprrimcnts,  found  capa- 
bk-  of  prcducing  ^(  n-ib'.i  di  rli  ctions  in  the  plumMiiMs  of 
a-lronomital  in-strunu-nts ;  it  brcomi  s  a  matter  of  great 
importaiice,  in  tbe  mensurulion  of  meridional  di-gnrs,  er- 


ibey  niay  coni|Mii>Jiti'  <ir  Cdiiiiriiact  tach  otliir>  ilTecls. 
N-t-  I'hi'os.  Trans,  vol.  I>.V ;  -.i  inv  Abnc;.  vol.  1.5,  p  70,'. 

I'k-.iIis  »hal  IS  at)i-vi  ii,i,ilid  ol  Ihu  ^lalid  i  .\',iei  iim  lit, 
ar,J  II.-,  ie»uits,  as  il  »;i-  imfs^ary.  sm  a  gnat  deal  Jiiiue 
was  dniu',  than  what  \it  .ippears  by  that  accDiiiii.  l-'in', 
liintigli  the  e\pi  luiii  lit  slioited  thu  <)iiuiitily  of  di  s  lultuii 
ilk  the  pliiinU-iiiii ,  tVoni  it^  ilue  position,  to  b*:  6"'H,  aud 
thereby  pio\eil  the  luci  nl  the  uiiiver>al  attraction  or  gn^ 
vitHiion  of  matter,  )ei  this  wfe*  all  that  il  proved  ;  for  ai 
to  ihe  HHan  demity  of  the  whole  matter  iu  the  earth,  aa 
aiwve  notiifcdj  much  mure  remained  to  b«  done,  what  ii 
thenrsaid  luivinit  been  partly  firom  anticipatiMi  by  •  mar 
gdea,  or  rylher  from  tbe  leaults  of  accurate  calculaiiwif 
which  I  jvac  at  that  wry  ttme  employed,  in  mafciog,  and 
which  r»ults  I  waa  in  the  habit  of  commiuiicatiM  to  Of. 
Maskelync,  while  he  was  comp'ising  his  account  of  the  ex* 
pt'rimeiit.  In  fact,  to  deduce  from  the  experiment  the 
real  mean  daisily  of  the  earth,  wau,  from  the  first  project- 
in;;  ol  the  e.ypenmeiu,  considered  ha  a  %ei-\  important  part 
of  the  !lu■^ln•.'>s ;  and  in  order  to  this,  it  «as  nices»ary  to 
pritLLii  ,1  ry  rnjiiute  anJ  correct  survey  and  measure- 
m<iil  III  tiie  mountain,  from  which  to  Calculati  theoreti- 
cally the  eliVct  of  the  attraction  of  every  particle  of  luaiier 
coiuaitH-d  III  Its  composition.  Accordingly,  Dr.  Maske- 
Jyi)e,  with  his  assisiaiilt,  made  accurate  measviremenls  of 
the  hill,  uith  numerous  sections,  both  burisontal  and  ver- 
tical ;  by  mcjiis  of  which,  an  exact  model  uf  it  could  he 
made,  and  t.he  distance  and  positiun  of  every  point  in  it 
could  bcatcertniiud.  This  survey  Dr.  M.  bivught  to  (be 
eomnlttei!  of  the  ii.  Soc.  nloi^  with  iba  ubtervntiona  of 
the  pluub*liiie  bdurc  nwhtiaiiBd ;  but  be  declined  under* 
tahiag  the  laboriout  culcninlioni  of  the  atttactiont  of  th* 
lUtter  in  the  hill,  which  wei*  necemary  to  show  the  nnl 
mean  density  of  the  earth  ;  Calculations  which  would  pn»> 
bably  occupy  four  tin)e^  as  much  labour  und  time  as  nad 
l;ii,i  L'ni|)i(i_.i  li  111  Iniikm.;  ihi- e.\|ierimi  )ii  .^ml  mu  •  r\ - 

^Vc'ciprdi  I'liU  ,  at  tne  ivijuist  ol  Ihe  llo\ul  5  jtui,,  I  ,.ii- 
dertiiiik  t)ii>  aiduous  tiu>k,  and,  niter  uboutayi  ar's  laLiinir, 
delivered  to  that  body  an  account  of  my  computations  and 
results,  which  ga«  e  Unix  ei  sal  satist'acliuu  j  which  account  was 
printed  in  the  (18th  volume  ol  the  i'htlus.  Tr]iii<i.  It  has 
also  lieen  piinlrd  at  large  in  the  '.^d  volume  of  my  Tracts, 
uhi  re  It  is  proved  that  tbe  mean  density  of  the  wiwlecatlh 
)t  near  i  times  tbe  density  of  water,  or-almokt  double  tho 
deoaity  of  the  rucks  near  the  earth's  surface. 

ATTRlTlONt  tlw  striking  »*  rubbing  of  bodies  against 
one  anotbeTi  so  aa  to  throw  off  some  of  their  supetiiciai 
partidct:  audi  aa  the  giindiiy  ami  puhshing  of  bodio. 
Or  simply  the  net  uf  rubbing:  nt  when  nmbor  and  other 
electiic  Uidtes  are  robbed,  to  make  therti  aitractr  or  emit 
their  electric  force. 

ATWOOD  (GEoaOEl  F.  R.  S.  a  celebrated  mathemati- 

Ci.iii  .11,-1  I  Ijihisupher,  u  .i,  1  il  m  .ui.-  l  ;,t  W  ,;,|nnn»terschool; 
alter  wiiicli  iu-  sliidiii;  a;  li.uitj,  (i  Ui-.:;e,  Cambridge, 
where  he  was  alti-i«at<ls  fur  siiine  tiiu,.-  a  luli'i,  and  many 
years  fello*  of  Uiat  c^wli  .  I  U-  «as  very  Lclehiattd  also 
for  Ids  ciiin-.i-s  (il  l<eti;ri>,  iti  several  braiirln-s  '  ^peii- 
iileiital  jii.ilosophy,  whuh  he  lead  in  the  uiiHerMt),  »ilh 
n.  at  illustrHtioiis  by  means  of  a  larije  and  e.\ccllent  col- 
lection of  iuktrum«DtS ;  »«. Viral  of  «hich  were  of  his  own 
contrivance;  paiticnUi  ly  «  >ery  ingenious  one,  exlnt/innf; 
liie  llu-orici  reapecting  the  rectilinear  m.  liini  •  '  biiiu, 
which  an  acted  On  by  c.mswnt  forces.    Ol  iiie--<  1  t  um-s, 


ihcr  to  cbvuse  places  where  the  irreguhtr  attractioos  of  the  he  published  •  *ery  neat  byllabus;  also,  iu  ><  ^'  P"''* 
clnratcd  puna  may  be  small ;  or  wbeiv,  by  their  situation,   liibod,  in  one  large  volume  in  8f  o,  A  Treatise  «■  um  Ka» 


Digiiiztia  by  LiOOgle 


titimwr  Jtfotion  and  Rot&lion  of  Bodies ;  a  learned  and  in- 
i;eniou»  work,  bnt  not  (RStcd  in  the  ino^t  simple  and  per*, 
tpicuous  roaiuMTc flfr.  A.  coipmunirated  »(>ine  learned 
ud  innniou*  pnpeiv  to  the  Rojf&l  SMciety,  which  were 
luintcdin their Tranwctiont :  vis,  1. On  the Menturation 
efacaflnb  Ai«le.  S.On  the  Times  <rfVibmtionafWstcfa 
Bthincce.  3.  The  Theory  of  Flouting  Bod».  4.  Tho 
Stability  of  Ships:  all  of  them  in  some  dtfiw  IfnMotO 
the  like  imputation  with  (he  forepmi;: ;  as  well  as  the  two 
Tracts  on  the  subject  df  Arches  and  ISridge*.,  in' 1801  and 
]8(H;  to  bini  apparently  a  iiesv  >!U(ly  ;  iw  most  of  tiie  pri>- 
perties  wliich  ri<  lurreil  t<i  him,  thuurjh  ctinimon  and  ui  ll 
known  to  other  writt  rs,  he  iintihrlunutcly  lancied  lo  be 
new  discoscries.  The  whule  CluiiiiumIIuii  bviii:;  iinlieil 
Strotigly  indicative  of  the  feeble  »tale  <il  body  ami  mind,  in 
which  Mr.  A.  bad  lingered  during  wmie  year*  U-furc  b» 

death;  which  happened  in  1807,  at  6'2  yenr»  of  !ij;e.  

late  minister,  Mr.  I'itt,  huNing  been  one  ol  .Mr.  As 
tors  at  CHmbridi;e,  gu^e  bini,  in  1784,  it  i»  said,  asi- 
■Btore  place  of  600/.  a-ycar,  which  he  enjoyed  during  the 
tMMinder  of  his  liJb  It  is  nlw  aaitt  thnt  the  aanc  nini- 
•tor  employed  hfai  m  iiWMnl  odadadoot  fcr  the  poUic 
twvke,  m  thelntier  yem  of  hia  life,  till  audi  tine  u  the 
declinins  stale  of  hii  health  rendered  him  incapable  of  se- 
vere application. 

AvANT-Koss,  or  Ditch  of  the  Counterscarp,  in  Fortifi- 
cntioii,  is' a  »rt  ditch  surruUiiiHiii;  :1  c  r<iunter>carp,  on 
the  outer  !.iiJe,  next  to  the  country,  al  the  luot  ol  the  i;la- 
cu.  It  would  not  be  projKT  to  ha^c  -ucli  a  dilch  il  it 
COtUd  be  laid  dry,  as  it  would  then  ier\e  a>  a  Sndnment 
fur  the  eiK my. 

AVKNPACE,  a  philosopher  nmong  the  Saracens  that 
invaded  Spain,  who  flourished  in  the  ll2th  century,  and 
was  a  foliower  of  Aristotle.  He  wrote  a  cnmn.eniary  on 
B«cUd|  as  well  as  philosopUeal  and  theological  episilet. 
Bd  VM  also  intiroately  conversant  with  the  Peripatetic  ., 
philoaopby,  and  applied  it  to  the  illustration  of  the  Isia*, 
arie  qnlea  of  theoi^gy,  and  to  the  explanation  of  the  Ko- 
ftn;  and  on  thiiaocoaitbo  wBtMipeclvd  of  hmsy,  and 
thnnro  Mt»  PfiM"  Qordnhl.'  It  Is  said  that  he  was 
poiMned  at  Fee,  in  the  year  of  the  Hegira  5^3,  A.  D. 
1138;  or  according  lo  others,  525,  .A.  D.  1 130. 

'AvERROKs,  or  .\ben-Roes,  n  very  subtile  Arabian 
philosopher,  who  flourinhed  about  the  end  ol  the  llili 
century,  when  the  .Moors  had  possv»ioii  ol  purt  ol  hpaiii. 
Ilew.asihe  son  of  the  hi;;li  [)rii>t  and  chief  jiidi;c  of  Cor- 
duba  or  Cordova  in  S^HUli  ;  but  ednralt  d  in  the  university 
of  Morocco,  where  be  was  professor,  and  w  in  re  he  died  in 
12o6,  having  there  hludied  natural  philosophy,  medicine, 
malheniatics,  law,  and  diviniiy.  After  the  death  of  hi*  fa- 
ther, he  enjoyed  his  posts  in  Spain,  to  which  v»a.s  after- 
ward added  that  of  judge  of  Morocco  and  Mauritania* 
.  when  having  settled  deputies,  be  mumed  to  bit  duty  in ' 
Spnfai.  Notwithatanding  he  was  very  rich,  and  had  m 
mgi  ineoBe,  his  Ubenliqr  to  bob  of  letters  in  neeMily» 
.whether  th^  were  hu  fiiends  or  hit  cnrmirs^  kept  Mm  m- 
wmys  in  debt.-  He  was  afterwards  deprived  of  the»e  means 
of  emolument,  and  thrown  into  priann  for  heresy,  by  the 
vile  instigations  of  his  enemies;  but  the  oppressions  of  the 
judge  who  succeedt  d  hi  in,  caused  him  to  be  restored  to 
his  former  cmploymriiis. 

This  philosopher  has  been  highly  celebrated  for  his  per- 
sonal virtues.  Such  was  his  temperance,  that  he  partook 
only  once  a  day  of  the  plainest  food.  In  bis  applicattou, 
4m  WW  MgiMBiitii^  Mid  iiideftlipMe;  alfaimiig  himielf 
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no  other  recreation  itt  the  course  of  the  day  than  the 
diaiige  of  several  liteimiy  occupation<i,  for  thdse  of  poetry 
or  hUtoiy,  and  spending  whole  nights  in  study.  In  the 
exercise  of  forbearance,  meeknoa^  and  lelf-command,  he 
was  signally  exemplary.  When  a  lervanbemploycd  by  as 
enpmy  intruded  upon  htm  in  one  of  his  public  lectures* 
aod  whispered  mme  abuiiee  knguagc,  Avcrrues,  uiib  per- 
fcetattf-poMtwio^ turned  round  to  him,  and  said,  "Well, 
well;"  and  proceeded^  with  his  business.  This  servant 
wailed  oh  him  lie.\t  day  toinipli>re  hl^  panloii  lur  the  in- 
sult he  had  oftered  him.  "Gnil  lor^iu  ihc  ."  s.ml  Aver- 
rocs,  "  thou  hiis.t  juic.luly  ^hll«n  nie  to  be  u  [Ki;ii!it  man; 
and  us  fur  thine  injury,  il  i>  imt  worthy  ol  iii>lici'."  He 
till  n  gave  him  njoney,  and  disinis'n  d  hini  w  ith  tins  adnionl- 
lioii ;  "  What  thou  hast  iloiie  lo  luc,  do  not  to  anoiiier." 
He  was  extrtiuely  fi'iid  ol  the  works  of  Arisitiiie,  niid 
wrote  commentaries  upon  them ;  whence  he  styled 
the  ComiMtnlattfTf  by  way  of  entincncc.  He  aUo  unite 
many  other  pieces;  among  wkich  is  a  work  on  the  Whole 
Art  of  Physic ;  an  Kpiiomc  of  Ptolemy's  Almagest,  which 
Vossius  dates  about  the  year  1 149;  also  a  Treatise  of 
Astrology,  which  was  tramlated  into  Hebrew  by  R.  JocoB 
Ben  Sam  ion,  and  iMd  to  be  extant  in  the  I'reiu  h  icgal  li- 
brary. He  likewise  wrote  several  poems,  and  innny  ama- 
tory verses,  but  these  last  he  destroyed  whi  n  he  greu  old. 
His  other  poems  are  lost,  except  a  small  piece,  in  which 
he  says,  "  tiiai  vvIkd  he  «;is  y<nio/,,  he  acted  a!;ain>t  his 
reason;  but  Ui;il  u  lien  lie  «:vs  in  \iaf»,  he  lolhiHed  lis 
dictates;"  upon  whicli  lie  uitir>  this  vvish,  "Would  to 
God  I  had  been  born  ohl,  mid  that  in  my  youtli  I  bad 
b<  en  111  a  stale  of  pi  rlcctnni !"  As  to  n-liuion,  his  opi- 
iiiyns  ueie,  that  Clirisliaiiity  is  alLSurd;  Judaism,  the  re- 
ligion of  children  ;  Mnhuroetanism,  the  religion  of  swine. 

A\'1CKN.\,  AvicENur,,  or  Aviceses,  an  eminent 
writer,  who  has  been  accounted  the  piince  of  Ar.tbianphi« 
losophers  ami  physicians.  He  was  born  at  Ateem*  near 
Bokhara,  in97B;  and  diedatHamadanin  1081^  being  5S 
yean  of  age. 

The  iiist  yean  of  Avieena  were  emphiyod  on  the  stndy 
of  the  Be!Ies  Lcttm  mi  lha  Koran,  and  at  ton  years  of 
age  he  was  perftct  matter  of  the  hidden  senses  of  that 

book.  'I'hen  apply  iujj  to  those  of  logic,  philosopin  ,  and 
inathcni-alics,  he  made  a  rapid  progress.  After  slutlyiiig 
Ulidi'i  Li  iiiasler  the  hti.t  iirnuiiilc.  nt  h:s:ic,  uiui  llie  firs!  5 
or  (i  pr«j|Mi>ilniii*  :it  llnc^nl's  cleimnls,  he  b« came  disgust- 
ed with  the  slow  manin  1  <i|  the  schools,  applied  himself 
alone,  ami  soon  ucromplished  all  ihc  rc-t  by  the  help  of 
the  cumiiieiitiirors  only. 

Possessed  uiih  Oil  extreme  avidity  to  be  acquainted 
with  all  ihi-  sciences,  he  studied  medicine  als<i.  Persuaded 
that  this  art  con^-ts  as  mucb  io  practice  as  in  theory,  he 
sought  all  op|>ortunitiesof  lewigthc  sick;  and  aftcrivarda 
contcssed  (hat  he  had  Icarut  more  from  such  expcrienc* 
than  from  all  the  books  he  had  read.  Being  now  in  hia 
]6th  year,  and  already  cebbratod  for  being  the  light  of 
hit  age.  he  detrtmined  lo  mnme  hb  itudua  of  philodb- 
phy,  which  medicine^  Im»  had  made  him  for  some  time 
iteglcct :  he  spent  a  year  and  a  half  in  this  painful  indus- 
try, without  ever  sleeping  a  whole  night  ^|^;e^ller.  At  the 
age  of  !J|,  he  conceived  ihe  bold  design  ol  iticurporating, 
in  otH-  work,  :ill  thi-  niiicts  ol  human  kii'.'wk  lige ;  v\hich 
ho  carried  into  exi  ciitKin  in  an  r.ncycl"|ieJia  of  CO  vo- 
lumes, to  uhicli  hr  gu\e  ihi' tub-  of  tin-  Utility  ol  Utilities, 

Many  wuikderful  stories  are  related  of  his  skill  in  mcdi- 
cwck  and  thacttict  which  hctperliwaMMi.  5ew«al  princif 
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Imd  Sega  takrn  6mgamAy  iSi,  and  Aricenct  «u  the  only 
am  (but  cottM  diWRvor  Uiff  eiidw«r  tbtir  dimidcn  mna 
the  mode  of  cuiiqg  thwa.  Hh  wjkiiaitim  incrwwi  dinly. 
and  all  thfe  prinen  uf  the  EaM  dnired  to  retain  him  in 

tlipir  fuiniliej,  ami  in  fart  he  p«s5c<l  llirougfl  si'verul  of 
tlictn.  But  the  irrci;ularilir>i  of  hi!>  conduct  somolimes 
lo»t  Ilim  ihcir  favour,  and  llirrvir  him  into  <tr»'ut  (lisiri>Ms. 
Hi»  exc«'sws  in  plcasun^'!.  iiiul  Ill's  intirniilici,  inudi:  a  pix  t 
say,  who  wrote  his  t]iii;ii)li,  tluit  the  prnfuuriil  study  of 
pliilos<.>phy  hud  not  iHUghl  liini  good  morals,  nor  that  of 
nii  Jirini'  the  art  of  prcsi-rvinij  his  own  hralth. 

After  Ins  drath  ho»vevcr,  he  cnjoyi-d  «o  grput  a  rcputn- 
tion,  that  till  the  I2th  cvniury  liisi  works  oT  philosophy 
-  and  medicine  were  pn-fcrred  to  UiOBe  of  all  faitt  predccc*- 
•on.  Even  in  Kurupt^  bit  wnfct  wn«  tho  only  writingi  in 
vagoe  in  the  schools.  Tiicy  warn  veiy  muneiaat^  and  va. 
lions,  the  tilin  of  which  an  as  fblhw :  1,  Of  tba  Utility 
and  Advantuw  of  Ute  Sdences,  in  SO  books.— S.  Of  In- 
nocaace  and  Citniinalitv,  t  booka.'^.  Of  Health  and  B«> 
iMdiei,  It  |iooha^.»«.  On  the  Means  of  imiereinK  Health, 
3  boota^— 5.  Canons  of  Physic,  t4  booKt. — 6.  Oa  Astro* 
Uumical  ( Jbsrrvatiom,  I  hook. — 7.()ii  Mathnnaiical  Sci- 
ence*.— S.  Of  Theorems,  or  Malhemiiiicnl  ami  Theoloj;!- 
Cal  i 'f  "1  i  iiMrations,  I  book. — 9  O"  iln' Aiuijic  Language, 
and  it>  I'lopcrtics,  10  hooks. — 10.  On  ilu'  l.;ist  .luil>;inent, 
—  11.  On  tbr  Orijjin  »>f  the  S<iiil,  uiul  tin-  lU  ■.nrn  i  tiKti  uf 
Bodi*-*. — 1'2.  On  tlu'  end  we  <.tioulil  |irL]i..sc  to  lair-x  lvts 
ill  iluru.i;;u<s  and  Flij|<iv>phical  .\ uurni  iiliilr<iii5  —  J3. 
Deiimastrution  ofth<'  ('(ill,itcrnl  I.incMii  ilu  .Spiu  rt. — 14. 
Abridsjment  of  Luclitl. — 15.  l)n  Kinity  and  Infinity. — 16'. 
On  Physics  and  M<  taphy&ic*. — 17.  On  Animals  and  Ve« 
geiabUii,  \c. —  IH.  Kncyrlopedia,  aOvoinmes. 

At'CiUS  r,  tbi'  8th  month  nf  the  year,  containing  31 
days.  In  the  ancient  Koman  calendar  it  was  called  trt^ 
iit,  a&  bcij^  the  6'th  month  from  March,  with  which  their 
year  began;  hot  changed  to  Its  prnent  name  by  the  em- 
peror Angwtns,  who  gave  it  own  nnnie  on  accovnt  of 
his  liaviqg  wblained  many  vletorica  and  honours  In  that 
nionih. 

AVOIR DUPO IS -Wfi^fAi,  a  weight  used  in  England  for 
weigliiiig  all  the  larger  and  coarM'r  kind;i  of  goods ;  as 
groceiies,  chie>e,  butter,  Ursb,  wool,  swlt,  hoj>»,  6cc,  and 
nil  mctaU  except  gold  and  silwf.  Avoiidnpoit  weight  is 

thus  liividt  (I,  viz. 

10  'ti.  ur  (Iruins  make      1  ounce,  marked  m, 
10  u'i.    -    -    -    -    •     J  pound,    -    -  lb, 
H  i  lb.  -  -  .  -  -    1  hundred  weigbti'cifir. 
20  cwt.    .  -    -   .     1  ton    -    -   •  loa. 
The  Avoirdupeia  ounce  h  less  than  t!u  Iroy  ounce,  in  the 
ptopoftioB  of  700  to  768,  but  the  Att>irdupois  pound  is 
gtvater  than  the  Troy  pound  in  the  propoition  of  700  to 

for  1  lb  Ayoird.  it  sm  7000  grains  Trdy,  • 
but  1  lb  Trajr  k    m  Bl&>  grains  Troy, 
also  I  OS  Avoird.  U  a  4S7{  grains  Troy, 
and  1 01  Troy  is    =  4S0  grains  Troy. 
AUKIGA,  the  nageoner,  a  constellation  in  the  nor- 
thern h-  niisplirri',  ciiiiMsl.ni;  of  14  slal^  in  Ptolemy's  ca- 
talogue; bill  in  Tyclui's,  i"/ ;  in  IK'mIius'j,  40;,and  in  the 
Britannic  catuliM^ue,  66. 

Tliti  '>'■  o'H-  of  tln'  48  old  aslerisms,  mentioned  by  nil  the 
moM  niicu  nt  nslnjtmnu  r».    h  is  repn  seiiti  d  by  tlir  figure 
.t»f  an  <'UI  man,  in  piniure  ".omewhat  like  sitting,  with  a 
goat  and  b<  r  kuN  in  hii  b  it  hand,  and  a  bridle  in  hii  right. 
AUUORA,  lite  menuHg  iiei/^;  or  that  faint  l^t 


which  ^qwaia  in  the  OMtming  whim  the  inn  is  within  IS 
degreca  of  iha  horison. 
AURORA  BOReAUS,NoaTiiHW  U«iiT,cr  Atmm- 

<rt:  a  kind  of  meteor  appearing  in- the  northern  part  of 
(he  heavens,  mostly  in  the  winter  seaiion,  and  in  fro«ty 
weather.  It  is  usually  of  a  loddish  colour,  inclining  to 
yi  Ibiw,  iind  >(  ii,ls  out  frcqui  iit  l^lnl^La!l<ln^  of  pale  light, 
wtiitb  Mini  to  riw  from  the  hnri/ .ii  in  a  py i aniulical  un- 
•Juluiiii^  form,  and  shuotiiig  «ilb  !;ii  ul  velonty  up  to  the 
ienitli.  It  appears  often  in  form  of  an  arrli,  which  is 
"partly  brij;li;,  mluI  paitly  dark,  but  s;c  iKiali)  transparent. 
Aiul  the  mutter  ot  it  is  not  found  to  have  any  ctfect  on  the 
iii_\s  of  light,  which  pass  freely  through  it.  Dr.  iiarail- 
loii  observes,  that  he  could  plainly  discern  the  umallcst 
Speck  in  the  Pleiades  thmugh  the  density  of  those  clonda 
w  hich  formed  part  of  the  Aurora  borealis  in  1763)  with- 
out  the  least  diminution  of  its  splendour,  or  iiwtaaia  of 
twinkling.  Philos.  Ensays,  p.  I0& 

Scinwtunes  it  produces  an  Iris.  Hence  M.Godm  judges, 
that  moat  of  the  e.xtraordimiry  nieteon  and  phenomena  in 
(be  skin,  related  as  prcnligies  by  historians,  as  battles  and 
the  like  may  probably  enough  b*-  rt  duc<  <1  to  the  claNS  of 
Aurtine  Iloreabs-  Ili^t.  Acad.  K.  Stmic.  for  17O'-',  p.  405. 

This  kiiiil  of  rni'ti'or  newr  apprar>  m  ar  the  ei|uator ;  but 
it  ieeoLS  is  lu(|Uenl  (  nnuijli  towards  tlie  south  pole,  like  as 
towards  the  north,  huMiii;  bivn  1  ib^  tu'd  there  by  voyagers. 
•Sv  Philos.  'I  ran*.  No.  4(1 1,  and  %ol.  54;  also  Korster"*  ac- 
count of  his  vova'.'e  round  the  world  with  Captain  Cook, 
wlieie  be  di-scni>es  their  appearance  as  obwrxiil  tor  MH  ial 
nights  tivjether.  in  sharp  frosty  weather,  v^bich  wa*  much 
the  same  as  tliose  observed  in  the  iiorlfa,  excepting  that  they 
were  of  a  ligUter  colour. 

In  the  Shetland  Isles  these  phcoometia  are  the  constant 
atteudanu  of  char  evenings  and  aflbrd  great  relief  to  the 
'inhabitants  among  the  gkmm  of  the  lo^  winter  nighia: 
thqr  aivcalM  there  tfacaienjp  dnscer*.  Tbesamefcfnd  of  ap» 
pnfaaces  atealab  seen  in  the  nurlhern  hititudcs  of  Sweden 
and  Lapland,  where  they  arc  particularly  beautiful,  and  ' 
afford  light  to  traveliera  during  the  whole  night.  In  Hud- 
sim's  Bay  the  aurora  borealis  diffuses  a  variipated  splei*. 
dour,  wliich  is  snid  toe<)ual  H'C.  "i  :  ■  UiH  im.i  n.  the 
north-eastern  parts  of  SiIm  i  la,  .ui  orn'mr;  to  tin  lu  st  1  ipiion 
ut  CJim  lia  ( lii  isi- (inrch  Si^r  run, \ol.  ;i,  p.  cilcd  and 

tranilaled  by  Dr.  Hlagdin  (Phd.  I  raiis,  vol.  74,  p.i. 
ihcrse  northern  lights  are  observed  to  be^in  wiili  sin;il«j 
brigiit  pillai^,  rising  in  the  north,  and  almost  at  the  sarov 
time  ill  the  north-cast,  which,  gradually  increasing,  cotn- 
pif  henil  a  1ni'::i  <^piicc  of  the  beavens,  ruth  about  from  place 
Ui  placr  i  iIj  .:irredib]c  velocity,  and  liiially  almost  cover 
the  whole  sky  up  to  (he  senith,  producing  an  appcanuMX, 
as  if  a  vast  tent  were  expanded  in  die  hcavcnib  ttUieiiag 
with  gold,  lubica,  and  sapphiiC  A  BMira  beuitiflil  spec- 
lade  cannot  Iw  paintad ;  but  whoever  ahonld  lee  tueb  ». 
Borthcn  light  for  the  first  tune^  could  not  behold  it  witb- 
out  terror.  For,  however  grand  the  illununation  may  ap- 
pear, it  is  attende<l,  us  I  have  leaint  from  the  relation  of 
many  itersonit,  with  as  much  hissing,  cracking,  and  tumult, 
as  if  the  largest  fire-work*  were  playing  off.  To  describe 
what  they  then  hear,  they  make  uv  uf  ihe  expression 
"  spob.ichi,  chodjal,"  tlial  i",  tin'  i-lf^ing  lieat  is  passing. 
The  hunters  who  piirsur  tin'  whilf  ami  blue  lo.tes  m  tlie 
CoiihiHS  of  the  icy  sea.  are  ul'nn  om  rtakcn  in  iheir  cours<-s 
by  thi-se  northern  liglit*  ;  their  do-s  ar.-  tin  n  so  muth 
frightenetl,  that  they  »ill  not  move,  but  lie  ob-tiiiately  on 
the  ground  till  the  noise  haspasK-d.  Cooimonly  ckai  aitd  . 
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t.ilir.  v\;  ;itlii  r  follows  ihis  kmd  of  mrtcor.  I  Ii.im-  tii'.irrl 
(111-  :irfi/uni,  iml  from  mil-  penoii  only,  I'Ul  cniilirmt  il  liv 
tlii- iinili'i m  lr-.tiimiriy  of  many,  wlio  li:i\<'  s]u';ir  ]i:iTt  <if 
jcirr.il  vt;ir-  in  tlux'  vcrv  ii'iruicni  rr^ii  iis,  nnd  inli;iliitc(l 
dilUirtit  (  uiiiiiiH  Iriiin  ilic  \  iiiiH  I  to  till-  lA-nik;  mj  ttiut  no 
diiubl  of  its  Crutli  can  remain.  Tlil«  M-vmit,  indeed,  tO  be 
thr  rral  birth-placr  of  ihi-  :i'jrora  iMiirults. 

Iticenu  ihM  mrtc'is  ni  kind  liin-cappcarftl  aonne- 
times  mow  frequently  tliair  otht  n.  They  ucrc  no  rare  in 
England,  or  rbc  10  little  rrgnnlvd,  thttt  none  ore  ivoordrd 
in  earmnitU  since  that  Kmaritable  one  of  Nov.  14, 1574( 
tin  the flarpri«ing aurora  huteelituf  Merehtf,  17ifii which 
appeared  for  three  nigfati  racccwifcly,  bat  by  far  morp 
strongly  on  the  Afst;  except  tint  live  small  ones  «ere 
observed  in  the  year  1707  and  170K.  Ijcnce  it  would 
seem,  that  the  nir,  or  earth,  or  bolji,  are  not  at  all  titiK-^  dis- 
posed to  pr  irlr.n  ihh  jiiu-iioinrniin. 

Theexlen;  ■  1  lln  bc  appia^anrc^  is  also  very  sinat  :  that 
in  Miiicii  I'Ki  ».iv  u~iblr  from  llu'  wi^t  ot  In  i.ilul  li.  tli<- 

i:onfine-*  of  IIu'-m.i  nrnl  thr  va^l  i>f  I'olum),  <>vtciiilini;  .it 
iWt  near  30  d<  i;ri  i  s  of  Imi^itude,  and  from  about  t hi-  .iOtL 
dt-grci"  in  latitude,  over  alnio>l  all  the  north  of  Kun>pe; 
and  in  all  placi'*,  at  the  same  lime,  it  exhibited  the  like 
Mondroiis  appi'ariinres.  Father  lk)*covich  has  determined 
the  hcirht  (ii  an  .iiirora  borcalis,  which  was  observed  by 
the  Marquis  of  Polini  the  l6ih  of  December  1737,  to  have 
beea  835  milo«  high  ;  and  Ih  rgman,  from  a  mean  of  30 
computetions,  makes  the  aventge  beidkt  of  the  aurom  bo* 
icalis  aimwmt  to  70  8«wdi«b»  or  Bngliili  miles.  But 
EnfertapiKncstlie  height  to  be  teveral  thousands  of  mili-«; 
and  Mairan  aJao  assigns  lo  them  a  very  rlevated  region. 

Many  attempts  have  been  made  to  determine  the  cause 
of  this  phenomenon.-  Or.  Halley  imagino*  (hat  tliewalery 
vapouis,  or  ufnuvlu,  <-.\C(  i  diiifjlv  ran  lii  il  by  suhlerraneoui 
firi',  4111I  liiic'ii  "  I'll  sulphim-oub  stn-'aiii",  whirh  manv  iiii- 
t  .ir.il  •■r-.  hjivi'  ^iippoM'd  to  !»•  the  en  Vie  of  im  1 1  r;.  ju.jkc--.  'iiav 
bIvo  i"'  ill!  raiiM' of  (his  appt-nnmce;  orlliiu  u  i~  priHiuii'.! 

u  kir  '  >;  -ulitilf  mnlter,  freely  pervading  the  pi.'i^  of 
tlie  e.iith,  and  which,  cnlerinj;  into  it  nearer  the  seiuthern 
Jkile,  pa.ss<"i  out  Kgain  with  a  iimilur  force  into  the  xther, 
at  the  same  distance  from  thr  northern.  This  subtile  mat- 
ter, by  becoming  more  dense,  or  having  its  velocity  in- 
CRSMed,  may  |KThap«  be  capable  of  producin;:  a  small  dtv 

Bof  light,  after  the  manner  of  effluvia  from  electric 
cs,  which,  by  a  strong  and  quidt  frictiaiit  emit  light  b 
the  daiit,  to  whKh  sort  of  li^t  this  aoe'ini  to  h«»a  »  peat 
•IliNi^.  Philos.Tram.  N0.347.  See  alio  Mr.  Coles'*  dcv 
scri^tion  of  this  phenomencm,  Wid  his  method  of  explain- 
iny  It,  by  Ktnams  emitted  from  the  heterogeneous  ,<nil  fi  r- 
inentinj;  vapours  of  the  atm'jspherc,  in  Smith's,  Optics, 
ji.  ftp;  or  my  Pliilo''.  'rniiis.  Alir.  vol.  .5,  p.  177. 

The  relehnitfl  M.  di-  Miiiriui,  m  nii  rspic?-.  treatise  on 
thi'  A'jrora  Hnn.ili'-,  pnfi'istuiJ  ml7'3l,  ^opposes  iIn  caux' 
to  be  111,:  7"i\i  ti  )iL:tit,  \vliicl),  aceoriiir^  to  him,  is  no 
other  than  ihr  ■lui'-.  iitnn>v)ilM  tr :  ihis  li^hl  hiip[>ri;mp.  on 
some  ocea.<'iuiis,  lo  meet  ilie  uppiT  parts  f>t  our  alnio- 
sphen'  about  the  limits  where  universal  pravily  begins  to 
act  more  forcibly  towards  the  earth  than  tovvar<is  th>'  snn, 
Uls  into  our  air  to  a  gieater  or  depth,  it»  ^pi  cMir 
gravi^  b  grnatcr  or 'leas,  compared  with  the  air  through 
Which  it  passes.  See  Tract.  Phys.  et  1  list,  de  I'Aurorc  Bo- 
mle.  Suite  dcs  Mvmoires  de  TAcad.  R.  dc»  Scion.  1731. 
Alto  VUloa.  Tiun.  Mo.4S3. 

However,  Eutor  is  of  •  diifercnt  opinion:  ho  doca  iMt 
tUak  that  the  cuiib  «r  the  awora  boicaiji  it  owing  lo 


the  zodiacal  lit;ht,  a?  M.  ih  Maimn  supp'jv.  hut  to  parli- 
cli  s  of  our  atnioNphi  ri-,  ill  ill  n  beyi  ii  I  Us  liinil<i  by  the 
inip'.ils,  <jf  the  solar  llyht.  Ami  on  tlii^  supposition  he  en- 
i!(  .■  I  •  I  s  ■  1  account  for  the  pht  iiom<'na  oh^  iu'd  concern- 
lu'z  tills  lij;hl.  lie  Mipposei  the  zodiacal  iiglii  and  the  tuilj 
of  coineli  to  be  owin^  to  a  similar  cause. 

But  from  the  p«nod  that  the  identity  of  lightning  and 
the  electric  matter  was  (letemiined,  philofonhers  have  been 
naturally  led  lo  seek  for  the  explication  of  aerial  metcora 
in  the  principles  of  electricity ;  and  there  is  ni>w  no  doubt 
but  moat  of  them,  and  esflvoaUy  the  aurora  borealis,  are 
electrical  pheaomena.  Besidn  the  mora  obviout  and 
known  a|ipearaaces  which  constltHie  ■  mcnUaace  be- 
tween this  meteor  and  the  deeitic  matter  by  which  li^t- 
iiins:  is  produced,  it  has  been  observed  that  the  aurora  oc- 
casion* a  very  sonMblo  fluctuation  in  the  m«nnetic4H«edle; 
and  that  w  hen  it  hns  iM'udi  d  lower  than  iiMial  in  tbe  at- 
moiphere,  the  li.islii-s  have  been  att'  iuiid  wuh  various 
sonivls  <'t  ni'hiTi'4  ami  hisvnii;,  '  sprcuiily  in  Russia  and  (he 
(ilhei  inor,-  iinrlhei'ii  parts  id  I'.nropr-,  as  r,i)ri<  i  rl  by  Sig. 
ni  i  tiir  a  iind  M.  Messier.  Mr.  Caiilini,  soon  atler  he  had 
obtained  electricity  from  the  clouds,  olTered  a  conjecture, 
that  till'  aurora  is  occasioned  by  the  (lashing  of  electric 
fire  from  positivi;  towardi  negative  clouds  at  a  great  dis- 
tance, through  the  upper  part  of  dm  atmosphere,  where 
the  resistance  is  1(%st:  nnti  he  supposes  that  the  aurora 
which  happens  at  the  time  when  tbe  mocmHic  needle  it 
disturbed  by  tbe  beat  of  tbe  earth,  is  the  clectrici^  of  the 
heated  air  above  it;  and  this  iqmean  chieNy  in  the  imra- 
em  regions,  as  the  altentioa  in  me  heat  of  me  air  in  tboae 
parts  is  the  greatest.  Nor  is  this  hypothesis  impMbable, 
when  it  i^  considri  r.!  th  at  electricity  is  the  cause  of  thun- 
der ami  lixhinini;;  li.  i  it  has  been  extracted  fmm  the  air 
ar  the  tiiiir  id  ihi'  anr  ira  brircalis;  th.it  the  iiiliahitants  of 
ihe  iiorllicrn  rouiitne^  observe  it  rcmarkiibiv  slroni;  wln'ii 
,1  siii|,ii/n  tf'aw  snotenls  very  Cold  sj-vi  re  wtalher;  and 
lh.it  the  touinialin  Is  known  to  emit  and  i»<>sorb  the  elec- 
tiic  rtiiid  only  by  the  mcnasi'  or  diiiiiiiuiioii  of  lis  hint. 
I'ositive  and  negative  eloclricity  til  the  «ir,  with  a  pro|>cr 
quantity  of  raoistun-  to  serve  as  a  conductor,  will  account 
for  this  and  other  meteors,  sometimes  seen  in  a  serene  sky. 
Mr.  Canion  has  since  contrived  to  exhibit  this  meteor  by 
means  of  the  Torricellian  vacuum,  in  a  "lass  tube  about  3 
fit  t  long,  and  scaled  hermetically.  Wli«  n  one  end  of  tho 
tube  is  held  in  the  hand,  and  tbe  other  applied  to  the  con- 
ductor, the  whole  tube  is  tllomiiMted  from  end  m  end,  and 
contiroiea  'IwriBow  witlraut  intciTuption  Ihr  a  coasider- 
ahte  time  after  It  hu  been  removed  from  the  eottdoctor. 
If,  after  this  >'  be  drawn  through  tbe  hand  either  way, 
the  light  will  be  rem.nrknbly  intense  through  the  whole 
li  nuth  id'thr  tiibr;  a:id  iloni^li  a  ■^^f.-^  pioi  i  f  the  idi  rtri- 
citv  be  <:i>rhar:;id  Ij>  this  oprratinn,  it  siill  dashes  at  in- 
tervnls,  when  held  only  at  oiu-  extriiinlv.  and  kept  i|iiile 
still;  but  if  at  the  same  lime  it  he  pixsprd  by  the  other 
hand  in  a  dilleniit  place,  strong  rt.islirs  "!  li;;ht  dart  from 
one  end  to  the  other;  and  those  continue  24  hours  or  morej 
without  a  fri'sh  evcilalion.  Sig.  Becraria  conjeclures  that 
there  is  »  constant  niid  regular  circulation  of  ihe  electric 
fluid  from  north  to  south;  and  be  thinks  that  the  rumra 
borealia  may  be  tfiis  electric  matter  performing  its  circu- 
lation Ikl  such  a  siutc  uf  the  iUmosphere  as  renders  it  vi- 
sible, or  approaching  iicarer  than  mual  to  the  earth : 
thoqglh  probably  this  m  not  the  mode  of  its  Ojjieratum.  la 
the  meteor  is  olperved  in  the  southern  hemitpbeie  witk 
tbe  Mite  appeareBcaa  aa  im  this  northern.   Dr.  Franklin 
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luppoMj,  that  ihe  rU-ctric  (ire  tlucliArgcd  into  the  polnr 
rrgions,  from  mmiy  Icagai  i  of  ^  a^oriM-d  air  rai-i  il  1 1  mii  ttic 
oCfnn  b^'tween  tlx-  tr<ipic9,  accounts  for  tlic-  aumra  Lu- 
roalis;  and  that  it  appears  first,  w  hcri'  it  is  first  in  motiiin, 
namely,  in  the  iiicwl  noriht-rn  part;  and  the  appciirancc 
proceeds  si  ui  :'v,'iii!,  tin^u^h  tlic  tin-  really  moves  in  llie 
opposite  direction,  i-'rantliu's  l^xper.  und  Ob&.  170'^,  pa. 
49.  Paiios.  '1  rails,  vol.  4S.  pa.  3j8,  7S4;  lb.  vol.  51,  pa. 
403. 1.etleredrll'£ilellrici»iiiu,  pa  :o<):  or  Priestley '&  Hist. 
«f  EleClftCltyi  See  «lloafl  ingmiuus  s^duciim  of  pb«:- 
aoannon,  on  the  nmenrinctplet, Dr.  Htunillon, io  h» 
nUoi.  Essays.  Mr.  Kinmn  (in  im  TVoitMCtiona  of  th« 
Hoyal  Irish  AcudeiBy*  ana*  17U}»  hu  foae  imenoua  ic 
anib'  on  ihe  aanm  faonMlk  «t  ■Mralii.  H«  ^wt  hit 
msoos  for  su  pposi  the  iwehe^  of  tU  $mmpkm  im 
the  polar  regions  to  proceed  frrtn  thav,  and  theae  rrom  a 
combuaiiOQ  of  inda^mablr  air  caused  by  i-lectricity.  He 
observe*,  that  after  an  aurora  botvalis  the  .barometer 
commoiUy  iiftai,  ind  high  wiwi*  fmn  tho  •hutli  geimalijr 

follow. 

To  the  same  purpose  it  is  obaencd  by  ^Ir  Wynti  f  Phil. 
Trans,  >ol.  73),  that  tlic  appearance  ot  iui  aurusa  borcnlis 
i»  a  sure  indication  1  (  ^1  liunl  -ale  of  wind  Ironi  the  south 
or  south-west.  This  occurred  vuthout  fail  111  '2'3  inst.inces; 
and  he  thinks  that  the  apleudot  uf  tlicse  phenomena  will 
enable  the  observer  tr>  form  some  judg^meiii  concerning 
the  ensuing  tempest.  If  the-aurura  is  bright,  the  gale  will 
conte  oi)  within  24  hour*,  but  will  be  of  no  long  duration: 
if  the  U^t  be  faint  and  dull,  the  gale  will  be  less  violent, 
•nd  lon^r  in  gatfaerii^  hot  will  contiiiiiB  koMr.  Uii 
observations  wtere.  nade  m  iho  Biyliih  ChuM^  whan 
•tich  winds  are  very  dutgnous;  and,  by  attondliig  Ui,tbe 
aurons,  be  says,  tut  he  often  escaped,  whoa  othm  tnn 
.nearly  ahiBwrFcked .  Observations  of  thkhindsPoaM  aosya 

toleiienihe  dangen  of  t'.uvigaiton. 

M.  Libes  has  suggested  a  itew  theory,  in  liis  Nouv.  Diet, 
dc  Physique,  vvhicli,  it  seems,  is  adopted  by  most  of  the 
northern  philoiophi  r*.  Jii  his  opinion,  electric  li^^ht  i> 
not  the  cause  of  the  MUirii:i  bori  iilis  ;  nor  hus  eleclncitv 
itselr  any  further  influeiic.  on  thi  jr  (vi'.i.  rin,  iliaii  as  it 
tixes  the  aeriform  substances,  m hose  combnintion  occasions 
the  meteor.  This  pi iilusopbor'a  theory  to  founded  on  the 
following  principles:— 

1.  If  we  excite  the  electric  spark  in  a  mixture  of  azotic 
and  oxygen  gas,  there  will  result  nitric  acid,  or  otlrons 
acid,  or  nitrous  gaa,  according  to  the  relaiioa  tlwtaablilts 
between  the  gases  which  compose  the  mixture. 

3.  Nitric  acid,  when  exposed  to  the  sun,  assuam  more 
eotour  nod  voUltli^.  M.  libea  pfatced  a  necaim  over  • 
nlvor  contniuiig  nitric  wmI,  «mI  otpHod  to  tha  actioo  of 
the  aolar  tagv.  Sou  lalBBte  ater*  tha  add  anwaiad 
cohMMod,  and  the  rteeiver  filled  «ilh  ted  and  ndaok  wp 
pom,  which  were  sustained  in  it  a  long  while,  attddiChwd 
a  light  similar  to  that  of  the  aurora  borealis. 

3.  In  flasks  whi£:h  runrain  r-.itioii-.  ucid,  a  rmldy  and 
volatile  vapour  is  al'vaj  s  [icitciveU  auove  the  vapour. 

4.  Nitrous  gas  Ml  coiuact  with  atmospheric  air.cxhalcs 
ruddy  rapoiirs,  w  hirh  fly  ott  into  the  utroospherc. 

5.  The  hy<lriij;i  n,  ^^  Inch  is  disengaged  fnsin  tin'  railKi 
surfacr,  rinses,  till  it  occupies,  in  the  higher  regions  oi  the 
ntmosphere,  a  place  dciei  ;innod  hy  its  specific  gravity. 

6'.  The  soUx  heat  has  very  little  activity  in  the  pohu: 
legions. 

These  sev^erridKinciiklet  rest  on  oliMfn«tfani  and  expe- 
riments mad^lhlB  mM  aacioM  apf  flMt  af  thM  too 
Vol.  I.  -  .,  »-.-T- 
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well  known  to  need  being  here  described.  Nn«-  it  is  p!«in. 
Iiotu  a  simple  coinbitialioii  ol  these  facts,  Isl.  lhat  tin-  pro- 
duction  of  hydrogen  must  be  iii  \l  to  aotbiii};  lu  llit  poiai 
regions;  2diy,  llmt  llie  lii^lier  regions  «('  the  polar  atmo- 
sphere coiu.iiii  ■. eiy  liiile  il  any  hydrogen;  3dly,  that  «heii- 
eser  I(;iTe  !••  a  u  -est  itdi^liriMil  i.l  equilibrium  of  the  elec- 
tric liiinl  Ml  itii  I  iiliir  aiini  -phere,  tins  llui«l  eaii  only  IiihI 
ill  .1"  pass.ijji'  :i  n.iMui.  oi  ttz'it  and  oxygen;  -Uhly,  ihot 
the  electric  spark  ought  tu  lix  and  combine  t!u m-  ^^umous 
•utMtiMCet;  jtbly,  iMtlirom  this  combination  must  reault 
a  p«Oi!ucli«n  ol  nitrous  add,  or  of  nitric  acid,  i>r  of  ni- 
troaa  gpu>  according  to  the  relation  subsisting  between  the 
oxyfinand  ami,  tlwtcoMtjiate  the  mtxtHte;  6tbly,  (hat 
the  production  «  cither  of  thoie  aeidi*  or  of  the  gat,  wilT 
ri«e  birth  to  nd  and  eobtile  vaponn^  whoie  dewtkNi  ig 
the  atnupherD  sviU  form  the  meteor  known  by  the  iNttae 
of  the  aurora  borealiii*  AAer  removing  some  general  ol»> 
jectiotis  to  these  pndiaiiniiy  uotions,  M.  Libes  then  ap- 
plies then  Io  the  phenomena  aa  gnieraily  nhwwed  of  that 
meteor. 

AURUM  FuLMiN.^KS,  H  preparation  from  gold,  which 
Ixinj;  liirown  iiito  the  rire,  it  explodes  with  it  \ii;lent  noi>e 
like  thunder,  'l  lie  mutter  11  produced  by  d;5>oUiiii;  i;i»ld 
in  aquu  rei;ia,  and  pn cipilutinj;  Ihe  solution  by  oil  ot  tar- 
tar p<>r  deliquiuiti,  or  volatile  spirit  of  iai  ammoniac  The 
powder  being  washed  in  warm  water,  and  dried  to  the  coiv 
sistence  of  a  paste,  is  afterwaidi  fenaed  into  small  gniaa 
of  the  si  jc  of  faempaaad. 

It  is  inflammable,  not  only  by  fire,  but  also  by  a  gentle- 
warmth;  andgjima  report  much  lotider  than  that  of  gun- 
nowdcr.  A  ahigla  grain  hud  on  the  pofait  of  a  hufe^  nnd 
lighted  at  •cadie,  csplodm  with  a  greater  report  than  « 
■uaqiHti  and  •  acrnpb  of  thb  powder,  it  iaaaidi  acta 
atoie  loudly  ^im  half  apeaad  of  jfunpowderi  aiid|«this 
•aid  that,  1>y  mixture,  it  doea  not  increase  the  elistie  force 
of  fired  gunpowder.  Dr.  Black  attributes  the  increase  of 
weight,  and  also  the  explosive  property  of  this  powder,  to 
ailfu'iih;;  fiv.iblr  ull.  -Tni^  is  a  very  dangCVOUa  ppcpair 
ration,  ;ir.'l  slii>ulil  l.e  used  with  great  Caution. 

AL.'S  rilA  L,  tlie  same:  with  Snuthrrn.  Ii.l.s,  Aus;ial 
signs,  arc  the  lust  *>  signs  v\  the  /ijdiac;  and  .in.-  40  cuUeU 
because  ;iiey  an:  <]n  the  soiKli  slijr  ol  the  tquniDCtittl. 

AU^TK.-iLlS  Corona.    Sie  CoROKA  Aiatraiii. 

Al'^tkalis  Piacis,  the  Southern  Fish,  is  a  constella* 
lion  of  the  southern  hemispheK.   See  Puoia  Aiatralu. 

AUbTRlACASTDxn  A,  in  Astronomy,  a  haatcaeciihed 
by  Maupertuis  to  the  spoU  in  the  sun,  as  auppoiiqg  then 
Io  be  small  stars  between  the  snn  and  us. 

AUTOLYCUSt  a  Ofceh  mathematician  and  hitnao* 
■er,  of  PiMM^  la  JBoiia,  who  fleuridwd  abont  SVO  years 
balbA  Chiiit.  Ha  wai  nracenior  in  mathematics  in  Ar«- 
CMilatn,  who  was  also  a  Awiple  oTThcophraalus,  the  aoc 
cessor  of  Aristotle.  That  he  was  eminent  in  mathematical 
learning,  appeal^  from  two  of  his  works  th.nf  arecxiani; 

viz,  a  trf.i;isi  O:-.  t:.i'  Mineable  Sphure,  jniblished  by 
Dasy(>otlius,  ui  C>rt^;k  »nn  l^tili,  8vo,  ul  htriisbutJ,  m 
157'J;  and  in  a  Latin  translation  in  the  Synop-is  .M^- 
ihcmatica  of  Mersennus,  published  in  4to,  at  i'ari!,,  la 
\6\2.  and  uUo  a  tioariM'  On  the  Rising  n:vl  Si  tting  of 
the  &Uir<s,  edited  with  the  former  work  by  Dasypodlus. 
Diog.  l-aert.  Vit.  Arcesil.  Fabr.  Bib.  Grsec.  tom>  t»  p.W» 
Montucla  Hist.  Mathem.  l  torn.  p<  \9'l- 
.  .AUTOMATON,  a  steojingly  sclf-moMn-  marhine,  .u 
one  ID  constructed,  by  meaos  of  weights,  levers,  pulleys, 
iptiipiAc^tistonova  to  a  canidenfela  tbne  aa  if  it 
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were  endued  with  animal  life.  And  according  to  this  dc- 
•cription,  clocks,  waicbcs,  und  all  machines  of  that  kind 
are  automatons. 

It  is  said,  tliat  Archytas  of  Tarentum,  400  years  before 
Christ,  made  a  wooden  pigeon  that  could  fly  ;  that  Archi- 
medes also  made sucb-liki!  automaton;);  that  Rpgiomonta- 
Dus  made  a  wooden  eagle  that  flew  forth  from  the  city,  met 
the  emperor,  >aluted  hire,  and  returned;  also,  that  he 
made  an  iron  fly,  which  flew  out  of  bb  band  at  a  frnst, 
and  returned  again  after  flying  about  the  room;  that  Dr. 
Hooko  made  the  model  of  a  Hying  chariot,  capable  of  sup- 
porQng  itoelf  in  the  air.  Many  other  surprising  automa- 
tons we  have  been  eye-witnesses  of,  in  the  pre!>cnt  age: 
thus,  we  have  8e«n  figures  that  could  writi',  and  perform 
many  other  actidns  in  imitation  of  animals:  M.  V'aucan- 
son  made  a  figure  that  played  on  the  flute;  the  same  cen- 
tleman  also  made  a  duck,  which  Vas  capable  of  eating, 
drinking,  and  imitating  exactly  the  voice  of  a  natural  one; 
•nd,  what  is  still  more  surprising,  the  food  it  swallowed 
was  evacuatt'tl  in  a  digested  state,  or  considerably  altered 
on  the  principles  of  solution;  also  the  wing«,  viscera,  and 
bonci,  were  formed  so  as  strongly  to  resemble  those  of  a 
living  duck;  and  the  actions  of  eating  and  drinking  showed 
the  slroiiiii'st  re^emblanco,  even  to  the  muddling  tne  water 
with  its  bill.  M.  Le  Druz  uf  la  Chaux  de  Ponds,  in  the 
province  "I  Neufchatel,  has  also  executed  some  very  cu- 
rious pieces  of  mechanism ;  one  was  a  clock,  presented  to 
the  king  of  Spain,  which  h.id,  among  other  curiosities,  a 
sheep  that  imitated  the  bleating  of  a  natural  one;  and  a 
dog  watching  a  basket  of  fruit,  that  burked  and  snarled 
when  any  one  offered  to  take  it  au-ay;  besides  a  variety  of 
human  figures,  exhibiting  motions  truly  surprising.  Rut 
■II  these  seem  to  be  inferior  to  M.  Kcmpell's  chess-player, 
which  may  truly  be  considered  as  the  greatest  master- 
piece in  mrchanics  that  ever  appeared  in  the  world.  "  So 
it  certainly  would  have  been,'  said  my  esteemed  friend, 
Thoa.  Collinson,  esq.  (nephew  of  the  late  ingenious  Peter 
Collinson,  esq,  F.  K.  S.)  had  its  scientific  movements  de- 
pendod  merely  on  mechanism.  "  Being  slightly  acquaint- 
ed with  SI.  Kempell  when  ho  exhibited  his  chess-playing 
figure  in  London,  i  called  on  hira  about  five  years  since 
at  bis  house  at  Vienna  (another  gentleman  apd  myself  be- 
ing then  on  a  tour  on  the  cuniincnt).  The  baron  (for  I 
think  he  is  such)  showed  me  somir  working  models  which 
hi'  had  lately  made — uinong  them  an  improvement  on 
Arkwright's  cotton-mill,  and  also  one  which  he  thought  an 
impnivemenl  on  Boulton  and  Watt's  last  steam-engine. 
I  asked  him  after  n  piece  of  speaking  mechanism  which 
he  had  shown  roe  when  in  Ixjndon.  It  spoke  as  before, 
and  I  gave  the  same  word  as  I  gave  when  I  first  saw 
it,  Exploitation,  which  it  distinctly  pronounced  witL  the 
French  accent.  But  1  particularly  noticed,  that  not 
a  word  passed  about  the  chess-player;  and  of  course  I 
did  not  ask  to  sec  it.  In  the  progress  of  the  tour  I 
came  to  Dresden,  where,  becoming  acquainted  with  Mr. 
F/des,  our  envoy  there,  by  means  of  a  letter  given  me 
by  his  brother,  lord  Auckland,  who  was  ambassador 
when  I  wus  at  Madrid,  he  obligingly  accompanied  me  in 
seeing  several  things  worthy  of  attention.  And  he  intro- 
duced my  companion  and  myself  to  n  gentleman  of  rank 
and  talents,  named  Joseph  Freidrirk  Frryherr,  who  seems 
completely  to  have  discovered  the  vitality  and  soul  of  the 
cbc&s-playing  figure.  This  gentleman  courteously  pre- 
sented me  with  a  treatise  he  had  published,  dated  ot  Dres- 
den, Sept.  30^  1789,  cxplaioingits  principles,  accumpanicd 


with  curious  plates  i>eaily  coloured.  This  treatise  is  in  the 
German  language ;  and  1  hope  soon  to  get  a  translation  of 
it.  A  well-taught  boy,  very  tbin  and  small  of  his  a<;e  (suffi- 
ciently so  that  he  could  be  concealed  in  a  drawer  almost 
immediately  under  the  chess-board,)  agitated  the  whole. 
Even  after  this  abatement  of  its  being  strictly  an  automa- 
ton, much  ingenuity  remains  to  the  contriver. — This  dis- 
covery at  Dresden  accounts  for  the  silence  about  it  at 
Vienna;  for  I  understand,  by  Mr.  Eden,  that  Mr.  Freyhere. 
bad  sent  a  copy  to  Baron  Kempell :  though  be  seems  un- 
willing to  acknowledge  that  Mr.  F.  has  completely  ana- 
lysed the  whole. 

"  I  know  that  long  and  uninteresting  letters  are  formi- 
dable things  to  men  who  know  the  value  of  time  and  sci- 
ence ;  but  as  this  happens  to  be  upon  the  subject,  forgive  me 
for  adding  one  very  admirable  piece  of  mechanism  to  (hose 
you  have  touched  upon.  When  at  Geneva,  I  called  upon 
Dros,  son  of  the  original  Droi  of  la  Chaux  dc  Fonds^ 
where  I  also  was.  lie  showed  me  an  oval  gold  snuff- box, 
about  (if  I  recollect  right)  4  inches  and  a  half  long,  by  3 
inches  broad,  and  about  an  itich  and  a  half  thick.  It  was 
double,  having  an  horizontal  partition ;  so  that  it  may  be 
considered  as  one  box  placed  un  another,  with  fi  lid,  of 
course,  to  each  box  :  one  contained  snuff — in  the  other,  as 
snon  as  the  lid  was  opened,  there  rose  up  a  very  small 
bird,  of  green  enamelled  gold,  sitting  on  a  gold  stand.  Im- 
mediately this  minute  curiosity  wagged  its  tail,  shook  its 
wings,  opeiu-d  its  bill  of  white  enamelled  gold,  and  poured 
forth,  minute  as  it  was  (being  only  three  quarters  of  an 
inch  from  the  beak  to  the  extremity  of  the  tail)  such  a 
clear  melodious  song,  as  would  have  filled  a  room  of  SO 
or  30  feet  square  with  its  harmony.  Dros  agreed  to  meet 
me  at  Florence ;  and  wc  visited  the  Abbt  Funtuna  toge- 
ther. He  afterwards  joined  me  at  Home,  and  exhibited 
his  bird  to  the  pope  and  the  cardinals  in  the  Vatican  pa- 
luce,  to  the  admiration,  I  may  say,  to  the  astonishment,  of 
all  who  saw  and  heuid  it." 

Another  extract  from  a  second  letter  on  the  same  sub- 
ject, by  Mr.  Collinson,  is  as  follows:  "  Permit  me  to  speak 
of  another  automaton  of  Drot's,  which  several  years  since 
he  exhibited  in  England ;  and  which,  from  my  personal 
acquaintance,  I  had  a  commodious  opportunity  "f  parti- 
cularly examining.  It  was  a  figure  of  a  man,  I  think,  the 
site  of  life.  It  held  in  its  hand  a  metal  style  ;  a  card  of 
Dutch  vellum  being  loid  under  it.  A  spring  was  touched, 
which  released  the  internal  clock-work  from  Its  stop, 
when  the  figure  immediately  b«-gan  to  draw,  Mr.  Drot, 
happening  once  to  bo  sent  for  in  a  groat  hurry  to  wait 
upon  some  considerable  personage  at  the  west  end  of  the 
town,  left  me  in  possession  of  the  keys,  which  opened  the 
recesses  of  all  his  mnchinrry.  He  o])ened  the  drawing- 
master  himself,  wound  it  up,  explained  its  leading  parts, 
and  taught  me  how  to  make  it  ob«>y  my  n-quirings,  as  it 
had  obeyed  his  own:  Dnw  then  went  away.  -After  the 
first  card  was  finished,  the  figure  nsted.  I  put  a  second; 
and  so  on,  to  five  separate  cards,  all  different  subjects;  but 
five  or  six  w  as  the  extent  of  its  delineating  pow  ers.  The  first 
card  cuntnined,  I  may  truly  say,  elegant  portraits  and  like- 
nesses of  the  king  and  queen,  facing  each  other;  ami  it  was 
curious  to  observe  with  what  precision  the  figure  lilted  up 
his  pencil,  to  the  transition  of  it  from  one  point  of  the 
draft  to  another,  without  making  the  least  slur  whatever  : 
for  instance,  in  passing  from  the  forehead  to  the  eye,  nose, 
and  chin;  or  from  the  waving  curls  of  the  hair  to  the  ear, 
Stc.  1  have  the  cards  now  by  me,&c,  &c." 
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To  tlip  preci'tiing  account  of  such  surprising  accounts 
of  automata,  may  ^  midcd,  ibot  wc  liuvc  1  iii  h,  ,  -n  I'x- 
faibiteci  mi  iipnng-Oardeti»,  in  London,  by  a  Mr.  Maliar- 
del,  Miuilar  and  uthcr  »uch  nu'chanical  contriv.mcci;  vi<, 
the  singing-bird,  and  tbc  figure  at' a  young  man  tital  wrote 
many  words  niid  htien,  and  drew  very  neatly  several  figures 
a;,  abovf  described.  There  were  also  several  (ithers,  e<|iiaUy 
^curious,;  as  a  turaliling  ligurc,  which  performed  surpriiing 
e*i9lqdiki^ilh0(lwlM>riMnlal  wire;  alto  a  api^r  mtHi^ 
Uiaf  a  aik^oiie,  had  wlikh  crept  all  over  the  Oiblti  and 
tkoupHBlady,  hdk^  0119  that  jnucb  mcaibled  life, 
by  iKi|tl|o4  and  retpimtioiii,  &c  and  naturally  per- 
ibnnife  ifim^  fiii«piaMi  on  the  piano-forte,  &c. 

AOTUMN,  th«  tfaiid  tcaMo  of  the  year,  when  the  bar- 
ve<>t  DuU  fruits  art:  gathered  in.  This  bL'f;inii  at  tlie  dc- 
icenJing  equinox,  which,  in  the  northcrii  l]emi5|)liere,  15 
itiicn  thr  »un  ent>  i  s  th<.-  sign  Libia,  or  about  the  '^'2d  dny 
uf  St  ptcnibcr;  luid  it  ends,  when  winter  commencrs,  about 
lb*:  %(iine  day  in  December. 

Al  rirjMNAL,  something  belonging  to  autumn.  Thus, 

Autumnal  F.'/uinox,  the  time  whi-ii  the  sun  cnten.  the 
dLsccuding  putntot  ibe  ecliptic,  where  it  crosses  the  equi* 
U'x:tia! ;  and  is  so  Called,  faecatiM  thq  nl|^ti  aad  day<  are 
then  equal. 

AvTUMHAi.  Bfmt,  tL«  point  of  thtt  odiptie  aanreriiv 
lo  the  antunnal  eqalmn. 

AVTgMKAL  Signt,  am  the  signs  Libra,  Scoqilo»  Si^t> 
tary,  dmnuh  twhicjt  the  mn  poaMt  during  tho 

AUZOvT*  or  AxovTf  (Amiaa),  a  ~ 
tian  of  the  I7ih  ccatny*  and  one  of  i 
of  th«  Academy  of  Scienmat  Parii^  wa*  bom  «t  Itoaea, 
and  died  in  1693.  Some  have  aicribed  to  him  the  honour 
of  having  invented  the  micrometer;  but  he  is  more  justly 
fntillud  to  the  praise  of  having  contributed  to  the  inipiovi'- 
incnt  of  jt,  in  pursuance  of  tlie  ideas  sus^^csteil  by  M. 
Iliiy;^ens,  and  the  Marquis  of  Malsuiia.  He  published  u 
trt>ati»c  on  this  subject  in  lliti",  which  was  afttrwiirds  in- 
serted ill  the  Memuirs  of  the  Academy  for  U>93,  torn,  (t, 
Auzout  was  also  concerned  with  M.  I'icard  in  ibe  impor- 
tant discovery  of  the  method  of  applying  the  teleacope  to. 
the  quadrant,  which  has  been  hi^ly  useful  to  astrono- 
mers. He  published  An  Ephemera  of  the  Coatat  of  I665 ; 
also,  A  Letter  to  the  Abbe  Charles  on  the  Ofaaervations  of 
Campaai,  in  I6b'j;  and  some  Remarks  on  the  Machine 
of  Hookey  neotiooad  in  the  article  AtttoHMlon.  Th«M 
two  lut  pieect  ere  «lw  coattiMd  in  the  #ft  volun^of 
the  Memoirs  of  the  AcadMqr*  Montuchi  Hilt,  liathai. 
lorn.  2,  p.  569—572. 

AXIOM,  a  self-evident  truth,  or  a  proposition  immedi- 
ately a-'^seiHitf  to,  when  the  teross  of  it  are  properly  un- 
derstood. .Such  M,  that  the  whole  is  greater  than  its  part; 
tliai  n  thing  cannot  be  and  not  beat  the  sAme  time;  and 
titai  liny  whole  IS  eejual  to  all  its  psirls  taken  together. 

l><iMn'  a\i[inis  are  in  effect,  slnctly  spoiiking,  no  other 
thuu  idcnUcal  p ropositioua.  Ihos,  to  s.iy  that  all  light 
angles  are  equal  to  each  other,  is  as  much  as  to  say,  all 
right  at^gles  are  right  angles ;  such  equality  being  implied 
■in  the  very  definition,  or  tbc  very  lume  or  taria  ine^ 

AxiUM  i(  alao  an  e»tobli:>hcd  principle  in  fanw  artOT 
acienec.  Thoi,  it  is  an  aiuom  in  physics,  that  wtora  doet 
jMduag  in  >niio ;  tbaMftct*  are  pioporiional  to  their 
qaoaet}  dec  '  li^Mtfr&ioai  in  geomcHj,  thet  tan  thiay 
equal  to  ite  liikt"j»|tBg,  are  also  equal  to  each  «thcr;  thSt 
if  lo  taro  a^ual  thiaffi  equals  be  added,  the  tarn  will  bo 
OfyiaL  Aoditiaaoaitioai  lu  optics,  thattbefi^ofUH 


cidence  is  eciunl  to  the  angle,  of  retler tion.  In  this  sense 
also  the  general  laws  of  motion  are  cuHed  axioms;  as,  that 
all  motion  i^  rcctilinem,  liiai  uctiua  and  reaction  are 
equal,  &c. 

These  particular  axioms,  it  may  be  obaerved,  do  not 
however  immediately  arise  from  any  first  notions  or  iilea*, 
but  ace  deduced  fnm  eertaiu  hypotheses ;  this  is  particu- 
laily  obwreod  in  pb^ical  waiten,  wherein,  as  several  ex- 
periments  contribute  to  make  one  bypotWic,  so  aeveiai 
liypotheaes  contribute  to  one  axiom. 

ThoaxioMof  Euclid  ere  fcneralpio|ioaitienai  eadio  . 
ere  the  axionii  of  the  Newtonian  pnitotopby;  but  tiMM 
taro  kinda  of  axioms  have  very  mStmtt  ori^ns.  The 
former  appear  trtie  upon  a  bare  cootratplatioii  of  onr 
ideas  ;  whereas  ttic  latter  are  the  t>->olt  nf  thu  mo»t  labo- 
rioui  iiuluctjon  ;  and  tbcrel to  "  ought  not,"  as  Lord  11a- 
con  says,  "  te  lie  admitted  upon  conjecture  or  even  upon  • 
the  authority  ot  the  learned  ;  but  as  they  are  the  general 
principles  utid  grounds  of  all  h  arning,  they  ihould  be  can- 
vassed and  cMimfned  wjih  the  mo*t  scrupti}(»us attention," 

AXt  or  A.XIS,  in  (leomelry,  the  straight  line  111  a 
plane  bgur«>  abuut  which  it  revolves,  to  produce  or  gene- 
rate aMilid.  Thus,  if  a  semicircle  W  moved  louod  it*  dia- 
meter at  rest,  it  will  generate  a  sphere,  who»e  uj^ta  n  that 
'daaiaeter.  And  if  a  right-angled  triangle  be  turned  about 
it!  perpendicular  et  rest,  at  will  describe  a  cone,  wli^ 
•sis  is  that  perpendiCnlnr. 

Axia  it  yet  aioie fEnnally  naed  fiar  a  right  line 
ocived  10  bedimnrBfiomtheTeitaoraflgumotheBild* 
dle«flh*bMe.  iothe 

Axti  ^mtMe  or  ^pAcrc.  is  an^ 
the  centre,  and  tannianted  at  the  CM 
sides. 

Axis  o/d  eiaiei  itthelhiU Cnn ^vertex IcrtfcuoantM 

of  the  ba*i'.  * 

Axil  of  a  cyUnder,  is  the  liflO  fnm  tbo  CtMN  oC  the 
one  end  lo  that  of  the  other. 

Axis  of  a  conic  teclion,  is  the  line  from  the  principal 
vertex,  or  vertKes,  perpendicular  to  the  lasgeat  at  ihat 
point.  The  ellipsis  and  hyperbola  have  each  two  axea, 
which  are  finite  aud  perpendicular  lo  each  otbar;  but  the 
parabola  has  only  one,  and  that  infinite  in  length. 

Tramvene  Axis,  in  the  EUipie  and  Hyperbola,  is  the 
diameter  passing  through  the  two  Ski,  and  the  two  princi- 
pal mtioea  of  the^  fignm  In  the  hypcrhob  it  ia  the 
ahoftait  diameter,  Imt  in  th*  dU|it»  it  is  theloafM; 

Cottjugate  AxH,  or  Second  Axis,  in  the  EUiipae  and  By* 
perbola,  is  the  diameter  passing  through  the  centre,  and 
pcrpcndicuJer  to  the  ttaaaverse  axis ;  and  is  the  shortest 
of  all  the  diameters,  as  tbc  transverse  axis  is  the  longest. 

Axis,  of  a  cur%e  line,  is  sliM  nioH'  geiuTally  used  tor 
that  diameter  w  hich  has  its  ordinal)  s  at  riijht  angles  [o  11, 
when  that  is  possible.  For,  l.ke  as  in  thi'  duiic  sections, 
any  dinineter  Insects  nil  Us  parallel  ordiniiies,  n).<king  the 
two  parts  of  ihi  m  on  Ijoth  sides  of  it  equal  ;  and  lhal  dia- 
meter which  has  such  oldinates  perpendicular  to  n,  is  an 
Axis :  So,  in  curves  of  the  second  order,  if  there  be  any 
two  parallel  lines  each  meeting  the  curve  in  three  points  : 
the  right  line  which  cuts  these  two  parallels  so,  that.  th« 
aum  of  the  two  parts  on  one  side  of  the  ciitting  line,  be- 
tareen  it  and  the  ciuw,  is  equal  to  the  third  part  lermi- 
aalad  by  thecuvenn  the  other  side,  then  the  said  line 
mill  in  like  manner  cntalt  other  parallels  to  the  formes 
tvo  lioM,  Tin,  so  thet,  of  eiery  one  of  then,  the  sum  of 
the lv»pnns,of  Ofdlnelei, «« ew<aido^ »itl  he «q««l  «oihe 
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Ihh^  pttTt  or  or*»mtc  on  ihe  olher  sirfi'.  Such  ciil!in<; 
ItM  tncn  in  a  (iianictrr  ;  «nil  llial  diiiinclcr  wlm-.o  purulkl 
oi4iDitc«  are  at  rij;iit  an^l«s  iw  i(,  mhvn  po«<tib!e,  n  an 
AxiiL  Ami  the  Nairn-  fur  olhrr  curves  of  still  higher  ur- 
dmi^NewtMifEnumerBtio  IJncaruin  Ti-rtii  Ordiniit,  sect. 
3p  wt  I. 

•Aatn,  in  Attrunomy.  As  the  Axis  <^  ihe  world,  is  an 
iniMlWiij  liglit  linr  concrived  to  putt  through  Ihe  crnlrc 
«faw  «*rtb,  «nd  tttmiitMliv  n  Mch  end  in  th«  of 
tJt»  mwiduM  i^n.  About  tbii  line,  na  wcia,  the 
,  io  Ihe  Ptokanie  tynem,  i*  Hippoaa#dnily  to  n- 


[   igfi  ]  A  X  T 

Axis  i*  Ptritrockio,  or  WktH  md  axle,  \m  one  of  t}tf 
five  rarchaiiical  powers,  ur  simple  machiricb;  contnvp«( 
chiefly  for  the  raising  of  weigbt*  to  a  consi<ieraUe  h^ght, 

lis  \val«-r  fn)m  a  well, 


Axis  ^  Ale  Axl,  i!  the  line  coonrctiQ|itt  two  jpdhi, 
and  about  which  the  earth  |>erforiii>  Its  diannl  ratniioB, 

from  «  est  to  c  iisi    'rhi«  is  ;i  part  of  tlii-  iixU  of  the  world, 
Hiid  alwii)'-.  rumiuiib  pamUcl  lo  ilarif  during  ihc  motion  of 
-ihc  e.tnli  11)  its  orbit  about  the  aus,  md  perpMldicular  to 
iJic  pliiiif  of  flif  p«^Uator. 

A\IH  qf  II  I'lanct,  is  iho  liiu-  [lassing  tliroiinh  itscentrp, 
and  about  wiitcti  (lit:  pliuiet  revolve*,— Tlif  Sun,  Karih, 
Moon,  Jupiter,  Mara,  and  Venus,  it  is  knov*  n  {unn  ob-scfw 
ration,  move  about  their  several  »s«a ;  and  the  like  roo- 
*.i<m  is  easily  iiiftrrred  of  the  other  three,  Meiewy,  Sor 
turn,  and. the  Georgian  planet. 

Axis  of  the  Horium,  BifuatiO-,  EdipUc,  Zodiac,  Stc,  arc 
right  linee  iHHMng  through  the  cenncs  of  those  dicla, 
INMrtwiHitenlar  to  their  plaoca. 

Axis  a  Magttt,  or  Magmllmi  AxMt  it  allBe  piif 
ing  through  the  miMb  of*  miffiitt  IniMhwbe;.  i»  eveli 
manner,  that  h««M«er  the  magnet  be  divided,  pffO«fM 
the  division  bo  made  iccording  to  a  plane  passing  thmOgh 
that  linr,  the  mnf;net  will  then  be  cut  into  two  loadstones. 
And  the  cMrcniitics  of  such  lilies  are  called  the  pole*  of 
the  stone.  ' 

Axis,  in  Mechanics. — The  axis  of  a  balancf,  is  the  line 
upon  which  It  inoves  or  turns. 

Axis  tjf  Iteliilion,  of  any  ?i(lid,  is  the  line  about  which 
the  body  really  rcvulvcs,  when  it  is  put  in  mutioii.  The 
imufllie  given  to  u  homn^eneons  sphere,  in  a  direction 
vriuchdoes  not  pass  through  itn  centre,  will  cause  it  to  re- 
volve constantly  round  the  diameter,  which  is  pcrpondicu* 
lar  to  a  plane  passing  through  its  ceuire,  and  the  Him:  of 
ditectioit  of  the  tupraiaed  force.   New  forces  acting  on 


nearly  parallel  to  itself,  in  its  revolution  round  the  sen, 
without  iu  being  necessary  to  suppose,  with  Copemiciu, 

an  annual  motion  of  the  pokn  ol  the  earth  rouiul  those  of 
the  ecliptic.  It  the  body  jkisscss  a  certain  tigure,  its  axis 
of  rotation  may  change  every  instant.  The  determination 
of  those  chaiipo,  whatever  raay  be  the  forcesactilig  On  the 
tiritiifN,  IK  (III:  i\\  the  nio?t  interesting^  ))roblcms  of  mecha- 
nics, respecting  hard  lK)Hies,  on  acruunt  nf  its  connexion 
with  the  procession  of  the  equincxcs,  and  the  Itbration  ol 

the  noon.  The  solution  of  this  problem  has  led  to  a  cu- 
rious and  very  lueftil  result,  namely,  that  in  all  bodies 
there  exist  three  axes  perpendicular  to  etch  othar^  round 
"which  the  body  may  turn  uniformly  wbenMtMiUciled  by 
external  forces.  On  this  account  these  axes  are  properly 
celled  tht:  three  principal  axes  of  rotation. 

AxiH  qf  OtcUlaiiun,  ia  A  Uoe  paimilel  to  the  boriton, 
paasing  through  the  caatrt^  aiiBiil  which  e  pendulum  vi> 
hntCB,  ud  perpendicular  to  Ihe  pleae  in  whkh  it  oictl- 


&V.  1  bis  machine  con- 
sists of  a  circle  AH, 
concentric  wnli  tin; 
base  of  a  cylinder,  eukI 
moveable  together  with 
it  aboat  il«  nxi.<i  (  n. 
Thia  cyljiidvr  i»  colk-d 
the  exis ;  and  the  cir- 
ck«  the  perittociiium; 
■M  the  mdii,  or  >|>i>kc!i, 
which  are  ^umrtinies 
lilted  inii»t'diiii>^y  into 

the  cylniiJei,  wiiiioiil  »oy  circic,  tbescyteiK.  Aoout  the 
«Mi  wii;(:5  B  tiipe,  or  chain,  by  means  of  which  gr«&t 
weights  ail'  lui^ed  liv  turning  the  wheel.— The  axis  in  pe- 
ritrucliio  takes  pluce  in  the.  motion  of  every  machine,  in 
which  a  circle  may  be  Conceived  as  described  about  a 
fixed  HMt,  concentric  with  the  plane  of  a  cylinder  about 
^hieh  It  li  pl;iciH);  as  in  Crane-wheels,  Mill-wheels, Cap- 
sians,&c. — The  chief  properties  of  the  Axis-in-petitrochio^ 
arc  as  follow; 

i.  If  the  power  r  applied  in  the  direction  af  a  tangent 
lOthecireOlllfcrence,  or  perpendicular  to  the  spoke,  be  to 
a  wellriit  If  at  the  radius  of  the  axis  c  c  is  to  the  radios  of 
the  wbcil  ad,  «r  the  length  of  the  spoke ;  the  power  will 
jut  MBtaia  the  weight;  that  is,  the  jpower  and  the  weig|ht 
wHl  be  in  cquilibrio,  when  they  ere  in  the  reciprocal  pni* 
portion  of  their  distance  from  the  centre. 

8.  When  the  wheel  moves,  with  the  power  and  weight; 
the  velocities  of  their  motion,  and  the  spaces  passed  over 
by  them,  will  be  both  in  the  same  proportion  as  above, 
namely,  directly  proportional  to  their  distances  from  the 
centre,  and  reciprocally  proportional  to  their  own  weights 
when  they  are  in  equilibrio. 

3.  A  power  ttnU  a  weight  being  given,  to  constnict  an 
axis-in-peritrochio,  by  which  it  shall  be  sustained  and 
raised.  Let  the  axis  be  taken  large  rnotigh  to  support  the 
weight  and  pewer  without  breaking;  then,  as  the  weight 
it  to  the  power,  to  make  the  radius  of  tlic  wheel  to  the  r»> 

e  poe 

respect  of  the  we^ht.  the  mdiiia  cf  the  wheel  will  he  mtly 
great  Fbf  ekimple^  luiipoie  the  weight  4050,  and  lim 
power  50;  then  toe  radnts  of  the  wheel  will  he  81  timet 
that  of  the  axis;  which  wootd  be  a  very  inconvenient 

iiKe.  But  lhi«  inconvenience  is  obviaud  by  increasing 
the  number  of  the  wheels  and  axes;  makinj,'  one  to  turn 
another,  by  means  of  teeih  and  pinions.  And  to  find  the 
eflect  of  a  number  of  wheels  and  axes,  thus  turning  one 
another,  multiply  together,  all  the  rndii  >;  ihi  >1  m  -,  and 
ail  the  radii  of  the  wheels,  and  then  it  wiil  Ix-,  :ui  pro- 
duct of  the  former  is  to  the  product  of  the  latter,  so  is  the 
power  to  the  weight.  So,  if  there  be  4  wheels  and  axes, 
the  radius  of  each  axis  being  1  foot,  and  the  radius  of  each 
wheel  .3  feet;  then  the  contiuual  product  of  all  the  wheel* 
is3»SK3xSor81  foet,  and  that  of  the  axis  only  1 1 
therefore  the  eflect  is  as  SI  to  I,  or  the  weight  is  81  UBiee 
the  power.  And,  on  the  contrary,  if  it  be  rcqni  red  lo  iwl 
the  diameter  of  each  of  four  equal  wheels,  by  which  > 
weight  of  40«Mb  ihatt  bt  bdlaoeod  by  a  power  of  50lb^  th* 
diaowier  of  each  axia  bdag  I  foot:  dividing  4050  by  50^ 
the  ^ticut  la  Si,  cstnct  the  4ih  root  of  81,  or  twic* 


aH  ita  paitt^  and  of  which  the  result  passes  thrott^  ito   di«a  «f  the  axia.   Hcdoc,  if  the  power  be  eeiv  tnall  io 
caatrei  wiU  Mt  chMfaihe  ^awdleliam  of  itt  exit  of  rota-   respect  of  the  weight,  Ihe  nuUm  cf the  wheel  will 
tion.  Ttnithia  that  the  axB  of  die  earth- TCMainawlways 
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t|i«  Minm  mi,  'M  lt«iU  give  9,  Air  thaditnaier  of  the 
firarvUibaoMght. 

Axis  mvimd,  »  tliat* quiNCGOt  rigbt  Hue  |Nusinf> 
through  tht  mMille  of  it,  peiprndienlat  |i>  Itf  bMe,snd 
equally  distant  from  its  i'uli:*. 

Ax^*,  in  Optic».— 0;mu-  axis,  or  aAwl  b  *ny 
puuing  through  the  ceMiv  «f  tlw  ej|»,  OT  Ailing pffpcndA 
cularl)'  (HI  the  eye. 

Axis  <ifa  lent,  or  qlrar,  ii  theaxit  oftlit  lolid  of  which 
the  h-ns  i)  u  Mgniont.  Or  the  axis  of  i  data,  h  the  line 
joi^nnu  t''Vr>  r I icei  oT  ■iMIepoiiito Off  tte  tiKi Oppo- 
site suriact-s  ni  the  g\a». 

Axis  r^f  IncideTicc,  in  Dioptrics,  is  tt  t-  line  patting 
through  the  point  of  incidence,  pcrpcmiicularly  tr»  the  re- 
fr»cting  surfacr. 

Axitt  qf  Ri^fruciion,  is  the  line  continucil  from  tlie point 
of  incidence  or  refraction,  perpemiicukriy  Oi  tin  femci- 
tng  mufuCKt  along  tke  farther  medium. 

AZIMOTU,  of  l|ie  wn,  or  »tar,  &c,  is  an  arch  of  the 
koriMn,  failmcpied  betwrn  the  meridian  of  tlie  jplnea, 
aad  tb«  Mtimidi-or  verdad  circle  passing  dwoQi ' 
oTirtnr;  u4  it  mjnat  to  A^mAt  at  thc.aenitii  i 
tin  wid  OMMinn  «nd  «ert«c«reirclfr  Or  it  ii  the  < 
pWment  to  the  eastcm  nr  western  amplitBd<K  Tho  ail> . 
■utli  it  thus  found  by  trigonometry: 

•  •    As  radius  iv  to  the  iHtiijcnt  of  the  latitude. 

So  is  the  tangent  of  tJie  iiltitude.  of  the  sun  or  star. 
To  the  cosine  of  the  nzimuth  frOB  tkesiMtth,  ml 
'the  time  of  the  c[|uinox. 

AxmoTB,  mftriiimt,  u  nrch  «f  tb*  boiiion  conlaiiied 


t&v;: 


iieiwccn  tbe  mngnetical  meridian,  and  tlie  aximulh  or  «er> 
tkal  cirelo  of  Uie  object ;  or  tti  appateot  distance  from 
the  north  or  south  point  of  the  common.  This  ia  feund 
by  obaerving  the  ana,  or  itar,  dec*  widi  an  asnulh  can* 
pass,  wh«n  it  is  10  or  15  d«gf«es  high,  eithtr  bcfiue  or 
afkernoon. 

A^^iMUTH  Compass,  nn  imtrumrnt  for  finding  ehhc* 
the  ma^rneiical  azimuth  or  amplitude  of  a  celestial  object. 
The  description  and  usc  of  thw  tBitliimeBt» 
article  Compass. 

Azimuth  I'iai.,  .1  'Jiiil  wh'is''  stile  or 
pcndicular  to  the  nlaii''  "'  Uir  ln.inz'in. 

AziMUTll,  or  Verliciil  ( irr  'f-f,  ail'  groat  circles  of  the 
sphere  interecctine  each  other  in  the  zenith  and  nndir,  and 
cutting  the  horizon  AX  right  angles. — These  azimuths  are 
represented  by  the  rhumbs  on  Common  sea  charts;  and  on 
the  globe  by  the  quadrant  of  altitude,  wbon  screwed  in  the 
senith.  On  these  azimuths  is  counted  the  height  of  the 
ran,  or  stars,  &c,  when  out  of  tha  meridian. 

AZOTIC  OAS,  tba  mff  as  the  phiogistkated  air  of 

air  of  lAvoifiier,  or 
other  Piench  che> 
1779.  by  Dii  Ralha^ 
Ibrd  of  Ediobui]^ ;  and  many  of  its  properties  «ai«  near* 
lamed  by  Cavendish,  Kirwan. and  Priestley.  It  ii  Bfailjrof 
the  siuvK-  ^jM-rific  ;;r.u  i!y  35  Common  air,  or  perhaps  ave^ 
little  heavier,  being  iiul'i  d  only  atmospheric  air  deprived 
of  its  oxyp-n ;  and  hei  re  it',  n-  \h  i;  iality  of  presently 
cxtingutsbing  Aame  and  animal  life ;  us  in  unused  arcUs 
•C  cdUH%«nd  cloaa  ptasat  of  iiagnaot  air. 


AXMim  UAB)  laa  mv  as  toe  pi 
Sdiatk  and  Priaadfjr*  «rika  aanUtie  I 
lhanltraim  gas  orCbMM  »■  •<»« 
■iaia.  This  gu  waa  diAoMMd  im  W 


B. 
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TlACK'STArr,  an  instrument  formerly  uwd  for  tnkiiig 
the  sun's  altitude  at  sea ;  being  so  called  because  ibo 
bacic  of  the  observer  was  turned  towards  the  sun  when  he 
mada  the  observation.  It  was  sometimes  called  Davit's 
quadrant,  from  its  inventor  Capiaia  John  Davis,  a  Weldi* 
man,  and  a  celebrated  nBvi|ator»  who  prodteed  it  ahoot 
Iheyear  1590. 

Ilus  instrument  consists  of  two  coeeantric  •rdbaa  lof 
hoi»WMd,ud  thtee  vanca:  thaaich«fllwlomeriidini 


B  A  C 

is  of  30  degrees,  and  the  other  of  60  degrees,  making  be- 
tween them  5)0  dcgrcca,  or  a  qaadnat:  also  the  vane  a 
at  the  centre  is  cuied.tha  hariMihvaM,  that  on  the  arch 
of  60°  at  B  tb»  dMdB*«anck  aad  Ihht  o»ifca  othar  ardi  at 
C  tlw  sigbt-vane. 

3I>  aae  (Ae  Back-SU^,—The  shade-vane  is  to  be  set 
npm  tha  CO  arch*  at  as  cran  dcnee  with  soma  latitude, 
kai  hf'lO  «r  M  dcgma  tbuk  9w  wplant  of  tha 
mA  allittda  it  Judnd  l»  has  abo  Iha  horiaon-vana^^ 
iag  pot  oa  at  a,  and  tte  sight-vaae  on  the  90  arch  ro* 
the  observer  then  turns  his  back  to  the  son,  lifts  up  the 
instrument,  and  looks  through  the  sight-vane,  raisin;;  or 


fulling  tt 


till  llie-hrtdow  of  the  upper  edge  of 
the  i>ba<it>vBt»e  iali  tui  the  upper  edge  of  the  slit  in  liie 
horizon-vane  ;  and  then  if  he  can  m  o  the  hnri/on  through 
the  said  slit,  the  ohservaiiDU  is  exact,  and  the  vanes  are 
nghlly  ailjubt>  ii  :  Rut  if  the  sea  appear  instead  of  the  ho- 
rizon, the  iight-^Tine  must  be  moved  downward  towards 
7;  or  if  the  sW  appear,  it  must  be  moved  upward  to- 
wards o ;  thus  trying  till  it  comes  right :  the  observer  next 
examines  how  many  d^greea  aad  nHDom  ate  cut  by  that 
edge  of  the  sight-vane  that  answers  to  the  sightrhofe,  and 
to  them  he  adds  the  degrees  cut  by  the  upper  edge  of  tlw 
ahada  vana)  the  lam  at  .which  is  the  sun's  distance  from 


Ua 


«r  the  compienMnt  of  his  altitude ;  that  is,  of 
■nh  wbcB  tha  saparior  aad  af  I 


«Md  iB-tha  ohservatia^  or  of  Uh 

lower  part  of  that  vaaa  ii  aaad}  ti 
I  add  iti  nuouies, 


B  A  0- 

l(i  minatet  in  the  Utter  CRsr,  to  give  the  nnith 
ur  co-tt'ititu.le  cif  till'  sun's  ci'utic. 

Mr.  I  laiiMtpeti  toiiuiveil  a  glasi  lcn»,  Or  double  Convex, 
U'  Ih  |)i3ccd  in  the  middle  of  the  ^hilde-viln^,  \sliicli 
tlin-n  -,  a  iinuli  bright  spot  on  tbc^lil  of  tin:  liorizoii-vanc, 
1(1  'if  the  »hiid(-;  which  is  a  great  itnprovrnicnt,  il'  the 
glass  bv  truly  made ;  for  by  thit  mcau,  the  inttruoient 
limy  be  usrd  in  hiizy  u  i  Liibui,  and  •  Buch  iiflra  sCCmtM 
ofaMrrvalioo  miide  at  all  tiineit. 

BACON  (Riiobr),  acelrbiuti'd  EllKh^h  monk  of  the 
Franciscan  order,  was  born  near  llcbe&ter  in  Soinenet- 
»hire,  lu  the  year  l'2i*.  He  commenced  hit  studiea  at 
OKtonli  wheaca  he  re  moved  to  the  universitv  of  Paris, 
which  It  that  tine  wa*  eaieemed  the  centre  ut  learning ; 
mti  whew  it  appeals  ha  mAe  utch  progiat  ii^  ihaad- 
$aim,  that  ha  otecaiad  the  glory  of  that  uuivaiutjrt 
and  INK  dwae  Bcaily  carened  by  aeaeal  of  U|  eouatiyw 
men*  particQtariy  by  Robert  Grootkead  or  Oivntheadf  i£- 
lerwards  lii  h  'p  of  Lincoln,  his  gn-at  friend  and  patrOB. 
Havir;g  takta  lUv  ii<  i;ri-e  nf  doctor  of  divinity,  he  relumed 
to  England  m  IC+d,  and  took  tlic  habit  of  the  f'raiiciicnn 
order,  bcin»  then  Hbuui  '.''i  years  of  ago;  but  nccordint;  ici 
sviiiic  liL  bccajno  a  monk  btloie  he  left  France.  He  now 
puraueu  his  fuvourite  study  of  experimental  phiioM>ptiy 
uith  unri'inittni<<  ardour  and  assiduity.  In  this  pursuit, 
in  cxperimcnu,  he  informs  u«  be  ikpcDt,  in  tbe^ course  of 
SO  yean,  no  U-a  than  2000/.  in  the  purchase  uf  instru- 
meats  and  scarce  b«oks,  an  amasinK  sum  19  those  dayi, 
bnt  which  wu  gcacrously  fumisbcU  him  by  sorae  of  tha 
bead*  «f  the  iuuversijy,  to  enable  him  the  better  to  par* 
iiiia.hto  BoUa  researches.  By  such  extrBordinaiT  lamila 
tmi^tfU  pngrsMia  tha  iriaww,  which  ia  that  iHpaiaiit 
aga  mra  so  iitda  known  to  the  rest  of  mankind,  wnia  ihcjr 
fsised  the  admiration  of  the  more  intelligent  few,  oo«la 
not  fail  to  excite  the  envy  of  his  illiterate  fraternity,  whose 
malice  apainst  him  was  llie  inonr  inflamt'3  by  the  fn-edom 
with  which  be  treated  the  clergy  in  his  ttritings,  in  which 
.  In-  bparcd  neither  their  igiioriitite  imr  tSuir  immorality: 
these  therefore  found  no  difhcuky  in  pohst  ssing  the  vulgar 
with  the  notion  of  HaCon's  eomraunicaiion  vnth  evil  spi- 
rits. Under  this  pretence  ho  was  restrained  from  reading 
lectures  to  tbe  youug  students  in  the  university,  and  at 
length  so  closely  confined  as  to  be  debarred  from  ail  in- 
tevcourse  with  bis  frienda,  and  from  receiving  a  necessary 
supply  of  £ood.  These  efforts  ol  malevolence  and  cruelty, 
whatever  might  have  been  the  real  or  pretended  causes 
from  which  thw  oripnated*  could  not  faowam  dapitw 
this  great  na»  of  tiiaailaMiaiMl  mpaetao  wkteli  hv^i- 
•liaeuisbed  ial«MiHMlcWfaelirantt(Mhi».  Sndkwas 
the  high  opitnoiiaaMMiued  by  tbe  conKnil  bishop  efSa* 
bina,  who  was  the  pope's  legate  in  England,  of  his  genius 
and  merit,  that  be  requested  from  him  a  complcrle  copy  of 
all  his  worlis.  As  he  was  re^tr:unciJ,  by  the  prohibition  ot 
linowii  fraternity,  from  coiumubii  nm^'  any  of  his  woik!i 
to  any  person  whatever,  he  at  iiis!  liiriiiied  complying 
vfith  the  cardinal's  ret^uest ;  but  a;,  soon  as  he  heard  that 
the  cardiiuil-k-|',:ili  «in  raised  to  the  pontifical  dignity, 
under  the  name  of  Clement  iv,  he  signified  to  him  by  let- 
ter his  readiness  to  perform  what  his  holiness  bad  desired ; 
•nd  the  pope  assured  him  of  protection  against  any  intcr- 
ifemtee  of  hi*  own  order.  Bacon  immediately  began  to 
jkWTan§t(  and  improve  the  pieces  be  had  already 
;  aiKl  hawnc  digntcd  tiwm  iato  one  volume,  under 
ike  dde  of  Oymfrnttttf  (thaiiiatai  .#ork,)  ha  sent  itto 
^thapapanlb  THT  lSti7r  hy  K^VWit  "HMniir^ 
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name  wa*  Jofaa  of 'Pant,  and  who  iHm  kb  om  ftTOaiila 

disciple.  This  John  of  Paris  u  as  a  poor  boy,  %i  promi- 
sing talenta,  taken  by  Bacon  under  his  tuition,  in  order  to 
try  by  e.>,p<?rii-iici-  thi-  el^cacv  'il  Ins  [M-Luliar  mode  of  in- 
sLrurtiiin;  ami  as  the  if^iil;  r.j  it  hculiMrve*,  "that  there 
was  no  room  toturn-ciM  ;i:;y  rmrii'i.sof  t!;c  |H'nVnion 
of  human  wisdom,  »bei.  u  wiis  j»ussible  in  a  year's  tjiur  to 
teach  a  young  man  all  that,  with  liie  utmost  industry  and 
application,  a  sealoos  inquirer  after  knowledge  was  able 
either  to  attain  or  discover  in  the  space  of  20  or  even  40 
year*.  The  pope  waato  gratified  with  tbe  present  of  this 
learned  work,  ihat  it  pncwad  lor  Bacon  axtnofdinaiy 
favour  and  encontMnnin^iiHs  studies. 

SVith  the  life  of  fftMii^fSmoi  aod  liberal  Clement  it, 
terminated  the  tiuMlnU^ttf  am  pbilosopbar ;  for,  under 
iba  pootiicata  onwcMts  ni.'-aiMi  wiik  the  mnctiOR  of 
his  anlbaii^  Jbrom  de  Esculo,  or  de  Ascoli,  general  of 
the  Franciscan  order,  prohibited  the  reading  of  his  works, 
and  sentetM»!d  him  to  imprisonment.  The  pretended  cul.m 
of  this  severity  has  been  sought  by  some  wrilcn  in  ci nam 
tiact-.  of  Bacon  on  necroinanry,  fistr<ilogy,  and  alclu  ni\  , 
JJUJ  tile  true  reason  was  nnisl  probably  that  driad  of  inno- 
vation, which  Bacon's  improvements  in  science  cauM:d  111 
the  minds  of  bigoted  or  intereisted  persons.  Bacon  con- 
tinued in  privm  10  years;  but  on  the  accession  of  Jerom 
de  Esculo  to  the  papal  see,  under  the  name  of  Nicholas 
iv,  he  attempted  to  concilia  tbe  favour  of  the  pope^ 
bjrpreeentingt4,him  a  treatise  "  On  the  means  of  avoidii^ ' 
tha  hfinniiia  ti  old  age."  What  effect  this  had  on'tfco 
papa  4oas  not  appear;  it  did  not  at  least  pfoditee  an  im> 
inediataJfeMiiaiB^llw^^ 

timed%s  liber^MMl^erwai^  speM^ilieremafaider  of 

his  life  in  tbe  college  of  his  order,  where  he  died  in  the 
year  1294,  at  80  yean  of  age,  and  was  buried  in  the 
Franciscan  church.    Surh  an  the  few  particulars  which 
the  most  diligent  researches  have  been  able  to  discover 
concerning  the       <it  rhi')  \ery  e.xtraordit  urv  n  an. 

Bacon's  printeii  unrk^  are,  I.  Bpislola  Kratris  P.o^eri 
Baconisde  Secreiin  Oprribus  Artis  et  Naturv,  et  rf<  Nul- 
litate  Magijc:  Paris,  1542,  in  4to.  Basil,  1.593,  in  Rvn. 
2.  Opus  .Mnjiu;  London,  1733,  in  fol.  publish,  il  by  Dr. 
Jcbb.  3.  Thesaurus  Cbemicus ;  Francf.  1603  and  iG'iO. 
These  printed  works  of  Bacon  ronlain  a  number  of  essays, 
which  have  been  considered  aa  distinct  books  in  the  cati^ 
logue  of  bis  writings  by  Bale,  Pitts,  &c }  but  than  reanin 
wo  in  diferent  Ubtaiico  seteisl  maaaieriptt  not  jrat  ^ 


By  an  ateasttive  wmal  of  hit  works,  the  reader  is  asto- 
nished to  find  that  this  great  luraiitary  0^  the  13th  century 

was  deeply  skilled  in  all  the  arts  and  sciences,  and  in  many 
of  them  had  made  the  most  important  inventior»  and  dis- 
coveries. nV  Mb^.  -iiy  Dr.  I'cler  Sliaw,  beyond  all  com- 
parison the  fiieatesi  man  of  his  time,  and  he  might  per- 
haps staiul  in  competition  with  the  greatest  that  have  ap- 
peared since.  It  is  wonderful,  considering  the  ignorant 
age  in  which  he  lived,  how  he  cnrae  by  such  a  it'  |;:n  of 
knowledge  on  all  subjects.  His  writing^  arc  composed 
with  that  elegaace,  conciseness,  and  strei^,  and  adorned 
with  such  just  and  exquisite  observations  on  nature,  that, 
ainong  all  the  chemists,  wv  do  not  know  his  equal.  In 
his  chemical  writingi,  he  attempts  to  show  bow  imperfect 
metals  nwy  be  npciwd  into  perliKtoiies}  making,  with 
Gaber,  laaieitfy  tta  eaanan  Ma  of  all  netaKwd  nd* 
phnrthe 
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Hisolher  phytical  wniinpi  show  no  le»s  genius  and  iWci: 
of  mind.  Ii>  his  treatiic  Of  tk«  Secret  Work>  of  Art  and 
Nature,  he  shows  (hat  a  |>crson  perfectly  acquainird  with 
the  mantwr  observed  by  nature  in  htr  upcrations,  would 
be  able  to  rival,  and  eve^  to  surpaM  htr.  In  anollier  piece. 
Of  Aa  Nullity  uf  Magic,  he  »ho«n  with  great  Mgadty  and 
pcnetratioot  whence  the  notion  of  it  vmg,  and  bow  weak 


nP  ftemett  lo  it  an-.  From  •  perinM  of  bi»  wofki,  adda 
tba  tame  author,  we  fiad  fipeaa  Waa  ao  tlUutgtt  t»iBBny 
af  tba  principal  ditGOwrifa  of  the  pnanit  and  pait  am. 
Tha  i«gradiant»  and  cTrct*  of  g^po«der  he  wu  doubtkM 
aequamted  with ;  and  ibtrnder  and  lightning,  ha  telli  aa, 
may  be  produced  by  art ;  for  though  ralphur,  nitre,  and 
charcoal,  whi-ti  separate  have  no  sensible  efiecl,  yet  when 
mixed  lugi'thcr  in  duo  proporlion,  and  closely  confined, 
and  fired,  tl»y  yii'ld  a  loud  report.  A  n»orc  precise  de- 
scription i  i  i^uiii  iii*<i<  r  cunuot  be  given  in  words.  He  also 
mentions  a  it  oi  u ii('xtini;uishable  firr  pr^pan-d  by  art; 
which  shows  lir  V  .l^  I.  >i  unacquainted  with  phri^f>horus : 
aad  that  h«  had  some  notion  of  tb<'  rari  faction  of  the  air, 
and  tbe  structure  lif  an  air-pump,  \»  pi»t  cuiitriulictii)!). 
He  waa  the  miracle,  says  Dr.  Kriond,  of  the  age  he  lived 
in,  and  the  gmalnt  genius,  perhaps,  for  miYhaniral  know- 
ledge, that  aver  appeared  in  the  world  sinca  Archimcdca. 
He  appears  also  to  have  been  roaster  of  the  vtela  iBieiicc 
«f  optics:  be  bM  MOirately  dcwnibcd  tbe  aawaf  laadlm' 
iJawM.  aad  aboini  ^  way  of  maUag  thcoi.  Or.  FMaod 
•dd^  diat  he  aba  deicribcs  the  camim  abactira,  aad  all 
■ortt  of  glawea,  which  magnify  or  dinlallb  any  object,  or 
bring  it  neaicr  to  the  eye,  «r  remove  it  forther  off.  Bami 
MVS  himwlf,  that  he  had  great  nomban  of  bnndng-glaalM; 
anil  tliut  tliPTf  were  none  ever  in  u!>c  among  the  Latin*,  till 
Ills  ii  j'  nd  IVicr  de  Mabara  Curia  applied  himself  to  the 
iimkiui;  of  them.  That  tbe  telescope  was  not  unknown  lo 
liim,  appears  from  a  pa-^isane  where  he  says,  thai  he  was 
able  to  form  gla^sej  in  such  a  manner,  with  respect  to  our 
Sight  and  the  objects,  that  the  rays  shall  be  refractpd  and 
reflected  wherever  we  please,  so  that  we  may  icc  a  thin^ 
under  what  angle  wo  think  proper,  either  near  or  at  a  di- 
stance, and  be  able  to  read  the  smallest  letters  at  an  incre- 
dible distance,  and  to  count  tbe  dust  aad  sand  from  ibe 
greatnoa  of  the  angle  nnder  which  we  lae  the  etjaclil 


alfo  that  we  shall  scarce  ice  the  grcatcat  bodies  nnur.os, 
on  accantaf  the  MaaUiMa,^af  tb*  angla  uadar  which  w» 
vkwthcoi.  Hi*  skillln  attraiKm*  waaabomy  fnat: 


Hi*  skill  In  astrawmj  waa  also  wry  gnat: 
he  dbeofeped  that  arm  which  ooeariaiwd  the  lafonaatian 

of  the  calendar;  one  of  tbe  greatest  efttrli,  aooatditig  to 

Dr.  Jebb,  of  human  industry:  and  his  plan  for catrecling 
it  WB*  fiilliv.M-il  l;y  |H.pc  CJri'Bory  xill,  with  this  varia- 
tion, tiiat  lUcon  would  have  had  the  correction  to  begin 
from  the  birth  of  our  Saviour,  whereas  Gregory's  anjcnd- 
menl  n-aches  ixi  highrr  than  the  Niccnc  council. 

J!.\CON  ["ham  is),  baron  of  Venilara,  viscount  of  St. 
Albans,  and  lord  high  cbanaellor  of  England  under  king 
Janes  l.  He  was  born  in  156o,  being  son  of  Six  .Nicholas 
Bacon,  lord  keeper  of  the  great  seal  in  the  reign  of  Queen 
Elisabeth,  by  Anne  daaghtcr  of  Sir  Anthony  Ooahf  cni- 
nant  fa»,b|)r.sltiil  io'tbe  Latin  and  Creek  langnaoca.  He 
g^ia  Wlp^  his  infancy  tokens  of  what  be  would  one  day 
beooniat.  jted  Queen  Clinbeth  bai~ 


aniH  I'ven  licL'n  d  tn  pi-iceivt-  thoM-  iin[>iTfi  C!iuns  in  the  reign- 
inp  (iljil'isoiiliv  »i;  II  ii  hr  ;i-t>'t  vi.ii iN  M_i  <:iii  ctLally  vxposed, 
an<i  ilienci-  not  only  overcame  that  tyranny  which  checked 
the  progress  of  true  knowledge,  but  laid  the  ftnindation  uf 
that  free  and  useful  pbiloeopby  which  bav  since  opened  a 
way  to  so  many  glonona  discoveries.  On  bis  leaving  the 
uuiveisily,  his  father  tent  him  to  France;  wb(re»^Miwa 
he  was  19  years  of  age,  be  wrote  a  general  view  of  thb^HIb 
af  £«f«pa«  but  bis  Cstbcr  dyiag,  be  was  obUgcd  auddaaly 
lo  i«titnirf»  Eaghadi-  whow  ha  applied  bimielf  to  tba 
stady  of  the  eonnion  hw,  at  Cray'»4Bia.  Hi*  marit  at 
I  the  bkbcst  din 


length  raised  bin  to  the  b^ctt  difaitici  in  his  praCnsron^ 
naawly,  tboee  of  attonwy-geactol,  and  lord-higb-cbaooa^ 
lor.  But  being  of  an  eaiy  and  liberal  disposition,  his  ser- 

v.niits  took  advantage  of  thai  temper,  and  of  their  situation 
under  him,  by  accepting  presents  in  tbe  line  of  hrs  profes- 
sion. Being  sbandorM-d  by  the  king,  he  wm;  Irii'd  by  the 
fii>u«'  of  lord*,  for  bribery  and  corruption,  nml  bv  them  . 
h'  lit  need  to  pay  a  fine  of  iO.OOO/,  and  to  remain  prisoner 
in  the, Tower  duiiog  tbe  king's  pleasure.  Tbe  king  how- 
ever soon  after  remitted  tho  line  and  punishment :  but  his 
misfortunes  had  given  him  a  distaste  for  p«blic  affaira,  and 
lie  afterwards  mostly  lived  a  retired  life,  CMaaly  puntiing 
his  philosophical  studies  and  amusements,  durii^  which 
time  be  composed  the  greatest  part  of  hit  En^rik  and  La- 
tin woiba*  Thoiwb  even  in  the  midst  of  his  bonewwaaA 
eaiploynenta  he  mgot  not  his  pbiloeopby,  but  in  l&M 
published  his  great  work  Nomat  OfgMMim.  After 


bad  many  times  occasiqp 
ta  adialiir  iii,.wit  aad  taienia,  and  osed  to  call  him  her 
yotti^  ^tAjmjm^f^t^miliiii  lAa  philosophy  of  Aris- 
totle at  C*ttblMhef>«dlcia  he  made  such  progrvss  in  ge- 
neral literature,  that  at  1$  years  of  age  he  had  run  through 
tbe  whole  circlcof  the  liberal  art*  as  they  were  th«o  taught,    neral,  prevented 


Cirs  spent  in  hit  philosophicalictiiiiMlil,liadiBdiB  1616^ 
Bg  66  years  at  age.  . 

The  chancellor  Bacon  is  one  of  thoae  extraordinary 

geniuses  who  have  contributed  most  to  the  advancement 
of  tbe  sciences.  lie  clearly  perceived  the  imperfection  of 
the  school  philosophy,  and  pointed  iuii  ilic  unly  n;cans  of 
reforming  it,  by  proceeding  in  the  oppoiite  way,  In'm  e.x- 
lieriments  to  the  discovery  of  the  laws  of  nature.  .V Mis-  n 
lifts  said  of  him.  That  he  had  the  sound,  distinct,  i;  <im|>rc- 
hensive  knowledge  of  Arinlotle,  » ith  all  the  beautiful  li^ht 
graces  and  eabelli^bQients  of  Cici  ro.  Mr.  Walpole  calls 
him  the  Prophet  of  Arts,  w  hich  Newton  was  aflervrards 
to  develope  ;  and  adds,  that  hit  genius  and  his  works  will  , 
bafmiwmlly  admired  as  lon^  as  science  exists.  He  did 
not  jat,  eaid  another  greaf  man,  understand  nature,  but 
ha  1inew^%nd  poiDtod  out  all  tbe  yt»yt  that  lead  to  her. 
ll»TCTy  early  deqNMd  «U  that  the  unitanitlei  called  phl- 
Msapbys  and  need  every  eacition  Ift  bib  power  that  ih^ 
ibonid  not 
of  a  vacovm, 
pertinencies. 

He  composed  two  works  for^  perfecting  the  sciences. 
The  former  On  the  Dignity  and  Augmentation  of  the  Sci- 
rncrs.  In  this  he  shows  the  slate  in  which  they  then  were, 
and  pi. lilts  out  what  remains  to  be  discovered  for  perfect- 
ing them;  condemning  the  method  employed  by  Aristotle, 
of  reversing  the  natural  order  of  thini^.  He  ben  iho 
propoaes  ius  celebrated  division  of  the  sciences. 

To  nnwdy  the  faults  of  the  common  logic,  Uacon  com"  • 
posed  his  second  worit,  the  New  Organ  of  Sciences,  above 
mentioned.  He  here  teaches  a  new  logic,  the  chief  end 
of  wbieh  is  to  show  bow  tn  make  n  good  inference,  as  that 
af  Arialotie^fl  is  to  mahe  a  syllogism.  Bacon  w|s  1 9  yean 
la  oonposing  this  walk,  aad  be  always  esteemed  it  as  tba 
chief  af  his  oottMNitioak  A 


dttgrMO  ber  by  their  quiddfda,  (hH»  hamett 
m,  dieir  aabatHMial  fbrnw,  aad  aach-lifaa  im< 


The  imins  which  Bacon  hastawed  oa  dm  adenoM  in 

ad  him  km  mftkmtmm  laiaiiiiiiabto apptt.^ 
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ctttions  to  sny  one  in  partirahr :  ami  at  he  Icimw  ^liM  Ha-' 

luntl  pli)l.>»i|)1iy  i^diL' ruurtilation  of  all  tbcoilier<eiaiicei» 
lie.  elm  (ly  eiideMvuiiri'd  tu  giw  perftxtion  to  it.  Hetbere- 
fori'  pri>|i<i>i.il  ti  .  ,::  I  1  -.li  »  n<  «  ^ystcjii  of  physics,  reject- 
ing the  doubttul  jji  iiii.i(ili'j>  of  ibf  aiicii  ii'i.  l-'or  this  pur- 
poK  he  (ouk  au'  r('>uluii'jn  uf  composing  every  month  a 
troatiw  on  %i^mi-  lir.iiicii  of  phy>ic» ;  and  acconiin^ly  bc- 
HAu  "itli  that  (if  tlir  \sinil\;  after  which  he  ii.ivc  tluit  of 
heal;  next  that  of  motion;  and  lastly  that  ut  life  and 
death.  But  a«  it  was  inipMsiblc  that  one  roan  alone  could 
M>  compow;  the  whole  circlo  of  sciences  with  (he  same  pre- 
cision, after  having  given  these  patterns,  to  WIveH  a  aw- 
del  for  those  who  might  choose  to  labour  on  hi*  priaciples, 
he  conteated  hiiutelf  with  tracing  in  a  few  words  the  dt:- 
«gn  of  fiwr  other  trains,  and  with  farniihia(liia  laatniali, 
m  hitSilva  WlnOTiiw»  where  hp  lipi  mmnri  a  wat  wm*' 
brr  of  experiaMnti*  l»  atrwa  M.^-liHNiiaiiion  lir  his  new 
phyiics.  hfiiet.iK>oiiebelineBaMii»iitoaMilaay  thing 
of  the  cxpehnirnial  philosophy;  and  of  all  ihephyiical 
esperiments  which  have  been  made  since  his  time,  there 
is  scarcely  one  that  is  nut  |ii.iiit<Mj  out  in  his  works. 

This  great  precurvor  oi  philrisciphy  was  also  an  elegant 
writer,  an  IhvImi.iu,  aiui  a  wit.  His  inoml  ervjvs  an-  va- 
luable, but  art  lortiu-d  more  lo  instruct  ihiin  to  please, 
r-  I  re  iirc  ulsu  many  excellent  things  in  his  w  irk  On  the 
Wisdom  of  the  Ancientii,  in  which  he  has  inoraliicd  the 
fables  which  formed  the  theology  <>f  the  Greeks  and  Ro- 
mans. He  wrote  alsd  The  History  of  lienry  the  7th 
king  of  Eoglaiid,  by  whkh  it  appears  that  he  was  no  ksa 
St  politician  than  a  great  philcwopber. 
aeon  had  alio  some  other  writingm  published  at  diflc- 
MBt  tiiMt;  the  whole  of  which  wort  collected  tcgMhert 
and  puhililMd  at  Fianhlbct.  la  Urn  yaw  |685^  b  alaiBs 
fiiUo  volume,  wiA  «« ittraAwthm  coMenbtgHb  Ofc  and 
wrttingi.  AnoiheradiliMorUaworiniwaaaibopiiBlUi* 
«d  M^Mlw  in  1740;  the  cfMnMnumi  of  wUctt  it  ai 
bdow! 

1.  Di  I)i^ni:.ili'  i  t  Ai.:;iiif':il Is  Sclrr.Uauini. 

2.  Novum  Organuni  Snciuiarum,  sivc  Judlcia  vera  de 
Intcrpretatione  NatuiiL-  ,  cum  Pamotse  mi  HalOliMt 
Naturnkm  et  Experimeiitalem. 

.;.  riixiiniiii  na  Universi,  sive  llistoria  Naturulis  et  Ex- 
perimcntaiis  de  Vcntis;  Historia  Deosi  et  Rari ;  Histnria 
Gravis  et  Levis ;  Ilistoria  Sympathise  et  Antipathi.x-  Uc- 
nim;  Historia  .Sulphuris,  Mercurii,  et  Salis;  Historia 
Vita:  et  Mortis ;  Historia  Naturalis  et  Experiiwntalh  do 
Forma  C&lidi ;  Da  MotiM,  n*e  ViitMia  •Ctmi  nrib  aM> 
ctebus;  Ratio  lawiawdi  caoaaa Fltatnt at  lUimti  Ma- 

S.l«bniAtlai.  -      =  . 
.  6.  HblDtta  S«i  flawici  Ttt  Angliz  Regis. 

7.  ScnMiiet  Rllaka,  Ethid,  Miuci,  OeconomicL  ^■ 

8.  De  Sapientia  Veterum. 

CACULF^  in  Fortification,  a  kind  >>f  (Kjrtcuilis,  nr  gate, 
made  like  a  pil-falt,  with  a  rounterpuiM!,  and  liupported 
.  by  two  great  sluiirv  It  i>  usually  made  bcfoia  the ooipi 
de  garde,  near  the  gaU'  <jl  a  |>lacc. 

BACULQMRl'in',  tin-  art  of  measuring  either  acces- 
sihle  or  inacc<>»'%ible  lines,  by  the  help  dI  buculi,  st«ve^,  or 
rl>ti^.  ^cliwfiiii-i  has  explained  this  art  in  hisGeoinetria 
Practica;  and  tb<-  rules  of  ii  are  delivered  by  Wolfius*  ia 
his  Elements:  U^mmm  also  gives  an  '^^^ff^jffn  of  the 
principlce of  baculoiDatiy,MMl^^  ...  m 


•hia  HiitaiiR  Natumlb. 


I  hitt(irio|!rapher,  and  politician,  was  horn  at  Vans 
the  lAtb  «f  September  1~J(>,  and  hus  ligtj  red  a*  one  of  the 
grealaat  men  of  the  age,  being  a  member  of  several  acade- 
inies,  and  nn  e.\cr-Ileni  scholar  and  writer.  He  t  nji>ved 
for  several  )  cai>  ilie  ollice  of  keeper  of  tlie  king'*  picture' 
at  I'aiU.  .M.  iui  ilir  \\-.\\  I  'O'O,  ihi'  iljrory  i.i\1iipiter\ 
silti'lliles  became  a  pdrlu  uiar  lilgiTt  mI'  in;,  iiujun  ies;  and, 
in  the  coni|>etition  lor  c.l-  jirizi  .|  ;j('-,tion,  he  had  a  lor- 
inidaUc  rival  in  La  Grange,  nr  nerally  considered  as  one 
of  the  jjreatesi  matbeinaiiciaii.i  in  Europe.  The  result* 
of  bis  investigations  were  afterwards  collected  into  a  trea- 
tise, and  published  in  1  vol.  4to;  also  in  1766,  when  it  was 
preceded  by  a  History  of  the  Astronomy  of  these  SatdlitCSi 
IiL  !be  Journal  Encyclopedirjue  for  >Iay  and  July  i773| 
be  addmaed  a  letter  to  M.  Bernoulli,  aKiaMNacr  itiyal 
at  Berlin,  oo  aqmc  diMovap**  lalMive  to  thaaa  aatolUtci, 
whkhhohaddHiiHited:  fal7ffBhe|nibliihedtbaaulo|y 
of  Laibaita,  ^ikh  obtained  the  priae  at  the  Academy  of 
Berlin,  wheitit  was  printed.  In  1770  he  printed  at  Pa- 
ris, in  8vo,  the  eukmes  of  Charles  the  5iK,  also  of  Lctaille, 
of  Leibnitr,  and  of  Comcille.  This  lahi  had  the  smtuJ 
prize  at  the  Academy  of  Rouen,  whiii  tiiat  of  Moliere  had 
the  iiimc  h[)nour  at  the  Firncli  AcRiiimy. 

M.  liaiily  was  udmitti  d  miu  ihc  Academy  as  Adjunct 
the  59th  of  January  17'>:;,  ar.ii  as  Associate  the  14th  of 
July  1770.  In  1771  he  was  a  candidate,  under  the  pap 
tronage  of  Buffon,  for  the  oflBee  of  Secretary:  but  the  in- 
teiest  of  Condorcet,  and  the  influence  of  Dalenibert,  pre- 
*ailed  in  &vour  of  Condorcet.  Of  the  Academic  Fraii- 
foise,  he  was  chosen  Secretary  in  17M}  and  he  waa  ad- 
mitted in  the  following  year  i nto  the  Academy  ofinactiB* 
tioos  and  Ballet  Lettra^  the  only  Inataaee  tine*  FaMauAa 
«f  thaanmapanMhautgMoncaaBemher  of  aO  the  (hue 
Academiaa.  In  1775  cane  out  at  IMt,  ia  4ta,  bis  His- 
loty  of  the  Ancient  Aatronooy,  In  1  vol :  in  1779  the 
MlMOfy  of  Madam  Actronomy,  in  2  vols:  and  in  1787  the 
History  of  the  Indian  and  Oriental  Astronomy,  hv\\\o  ihe 
Cd  vol.  of  the  Ancient  Astronomy. 

-  M.  Bailly's  memoirs,  published  in  the  volumes  of  the 
Academy,  arc  as  follow  :  , . 

Memoir  upon  the  Theory  of  the  Comet  of  1759.    ^  ^ 
Memoir  upon  the  Epoques  of  tho  Moon'a  ■HMioHl  m 
the  end  of  the  17ib  century.  »? 

First,  second,  and  third  Mctooin  oa  the  Theory  of  in- 
pibrr's  Satellites;  1763. 

Hamoir  on  the  Comet  of  n6t ;  vol.  for  1763. 
Attronooiical  Observations,  made  at  Naalon;  1704. 

1764. 


On  the  Sun's  Eclipse  of  the  1st  of  April, 
On  tho  Lmtiltwio  of  Polling  i  17<»4k 
Obiarntiwii  Mida  «t  tho  Lonm  fimn  1 
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On  tho  CattM  of  the  Variation  of  the  Inclination  nf  the 

Orbit  of  Jupiter's  second  Satelliti' ;  \7Gs. 

On  the  Motion  of  the  Nodes,  and  on  the  \  ai;.iliun  of 
the  Inclinaison  of  Jupiter's  Satellites;  17<)(i. 

On  the  Theory  of  Jupiter's  Satellitw,  published  by  M. 
Hailly,  also  acmrLiinc;  lo  the  Tallies  of  llirir  Motions  and 

of  thosi- of  Jupiter,  published  by  M.  Jeaurat;  1/66'. 
ObservatMuaon  ite  Oppoiitiea  of  the  Snn  and  JnpHar ; 

irfis. 

On  the  Equation  of  Jupiter's  Centre,  and  uu  sumO Other 
Elements  of  the  Theory  of  that  Plattct ;  l/tiS. 

On  the  Tr&n>it  of  Venus  over  the  Sun,  tlic  3d  of  Jane 
1769  }■  and  on  the  Solar  Edipsa  the  4th  of  June  the  same 
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In  the  beginning  of  the  revolution  in  France,  in  1789, 
"M,  Bailiy  took  an  active  pan  in  that  butineu,  aud  was  k> 
popular  and  j^-nenilly  esteemed,  that  he  was  chosen  the 
iint  president  of  the  States  General,  and  uf  the  National 
Assembly,  and  was  afterwards  for  two  years  together  the 
Mayor  of  Piiris  ;  in  both  which  offices  he  conducted  him- 
self with  great  spirit,  and  gave  general  satisfaction. 

Ilo  soon  afterward  however  experienced  a  sad  reverse 
of  fortune;  being  accused  by  the  ruling  party  of  favour-' 
ing  the  king,  he  was  condemned  for  incivism  and  for  want- 
iag  to  nverturn  the  Republic ;  in  consequence  he  died  by 
the  guillotine  at  Paris,  November  12,  1793,  at  57  years 
of  age. 

BAINBRIDGR  (John),  an  eminent  physician,  as- 
trooumer,  and  mathematician,  was  born  in  15S2,  at 
Ashby-de-la-Zouch,  Lciccstenhire.  He  studied  at  Cam- 
bridge, and  having  taken  his  degrees  of  Bachelor  and 
Master  of  Arts,  be  returned  to  Leicestershire,  where  for 
ftoffiu  years  he  kept  a  grammar-school,  and  at  the  tame 
lime  practised  physic  ;  employing  bis  leisure  hours  in  stu- 
dying mathematics,  especially  astronomy,  which  had  been 
his  favourite  science  from  bis  earliest  years.  By  the  ad- 
vice of  bis  friends,  be  removed  to  London,  where  he  was 
admitted  a  fellow  of  the  College  of  Physicians.  His  de- 
scription of  the  comet  which  appeared  in  l6l8,  greatly 
raised  his  character,  and  procured  him  the  acquaintance 
of  Sir  Henry  Savile,  who,  in  l6l9i  appointed  him  his  first 
professor  of  astronomy  at  Oxford.  On  his  removal  to  this 
university,  he  entered  a  master-commoner  of  Merton  col- 
lege; the  roaster  and  fellows  of  which  appointed  him  ju- 
nior reader  of  Linacer's  lecture  in  l63l,  and  superior 
reader  in  l635.  At  the  age  of  40  he  began  the  study  of 
Arabic,  with  an  intention  of  publishing  correct  editions  of 
the  ancient  astronomers.  Before  completing  that  work 
hoWever  he  died,  in  the  year  l643,  at  61  years  of  age. 

Dr.  Bainbridg^e  wrote  many  works,  but  most  of  them 
have  never  been  published ;  those  that  were  published, 
were  the  three  following,  vis  : 

1 .  An  Aatronomical  De>cription  of  the  late  Comet,  from 
the  18th  of  November  l6l8,  to  the  l6th  of  December  fol- 
lowing; 4to,  London,  ifilp. — This  piece  was  only  a  spc- 
citnen  of  a  larger  work,  which  the  author  intended  to  pub- 
lish in  liatin,  under  the  title  of  Cometugraphia. 

2.  Procli  Spbsra,  Ptolcmci  de  Hypothesibus  Planeta- 
rum  liber  singularis.  To  which  he  added  Ptolemy's  Ca- 
non Rcgnoruro.  He  collated  these  pieces  with  ancient 
manuscripts,  and  gave  a  Latin  version  of  them,  illustrated 
with  figures:  printed  in  4to,  ]620. 

3.  Canicularia.  A  treatise  concerning  the  Dog-star, 
and  the  Canicular  Days:  published  at  Oxford  in  l648, 
by  Mr.  Greaves,  together  with  a  demonstration  of  the  he- 
liacal rising  of  Sirius,  the  dog-star,  for  the  parallel  of  Lower 
Egypt.  Dr.  Dainbridge  also  undertook  this  work  at  th« 
request  of  Archbishop  Usher,  but  he  left  it  imperfect; 
being  prevented  by  the  breaking  out  of  the  civil  war,  or 
by  death. 

Thcrt  were  also  several  dissertations  of  bis  prepared 
and  committed  to  the  press  the  year  after  his  death,  but 
the  edition  of  thcra  was  never  completed.  The  titles  of 
them  arc  as  follow : 

1st,  AntiprognosticoD,  in  quo  Mai^ix'^;  Astrologicx, 
CoBlrsiium  Dpmorum,  et  Triplicitatum  Comraentis,  mag- 
nivquc  Satumi  et  Jovis  (cujusmodi  anno  i623,  et  l643, 
contigerunt,  et  vicesimo  fere  quoquc  dcinceps  anno,  ratis 
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naturae  legibus  recurrent)  Conjunctionibus  innixc,  Vanita* 
breviter  detegitur. 

Sod,  De  Mendionorum  sive  Longitndiaum  Difierentiis 
inveniendit  Dissertatio. 

3d,  De  Stella  Veneris  Diatriba. 

Besides  the  foregoing,  there  were  several  other  tracts, 
never  printed,  but  left  by  his  will  to  Archbishop  Usher; 
among  who!>e  manuscripts  they  arc  preserved  in  the  library 
of  the  College  of  Dublin.  Amonf;  which  are  the  following : 
1.  A  Theory  of  the  Sun.  2.  A  Theory  <  (  the  Moon.  3.  A 
Discourse  concerning  the  Quantity  of  the  Year.  4.  Two 
volumes  of  Astronomical  Ubscrvauons.  S.  Niite  or  ten 
volumes  of  Miscellaneous  Papers  relating  to  Mathematical 
Subjects. 

BAKLU  (Thomas),  a  inatlieinulician  of  some  enii- 
ttencc,  was  born  at  Ilton  in  .Somersetshire,  in  16'25.  He 
entered  on  hib  studu'n  ut  Oxford  in  1040,  where  he  rcmaiii- 
rd  seven  years.  He  «va)  afterwards  appointed  vicar  of 
Bishop's-Nymmet  in  Devonshire,  viueie  be  lived  a  studious 
and  retired  life  for  many  years,  chiefly  pursuing  the  ma- 
thematical sciences,  of  which  he  gave  «  proof  of  his  criti- 
cal knowledge,  in  the  book  be  published,  concerning  the 
general  construction  of  biquadratic  equaliuu>,  liy  a  para- 
bola and  a  circle  ;  the  title  of  which  book  at  full  length 
is,  "  The  Geometrical  Key;  or  the  Gate  of  Lquutiona  un- 
locked :  or  a  new  Discovery  of  the  Conntruction  of  all 
Equations,  howsoever  affected,  not  exceeding  the  4lh  de- 
gree, vii,  of  Linears,  Quadratics,  Cubic!-,  Biquadrstic*, 
and  the  tinding  of  all  their  Roots,  as  well  Falsa  u  Tnie, 
without  the  use  of  Mcsolabe,  I'riscction  of  Angles,  with- 
out Reduction,  Depression,  or  any  other  previous  prepa- 
rations, of  equations  by  a  circle,  ami  any  (and  that  oim 
only)  Parabule,  6ic:"  l684,  4to,  in  English  and  Laun. 

There  is  some  account  of  this  work  in  the  Philos.  Trans, 
an.  l684.  And  a  little  before  his  death,  the  Royal  Society 
sent  him  some  mathematical  queries  ;  to  which  he  re- 
turned such  satisfactory  answers,  as  procured  the  preaent 
of  a  medal,  with  an  inscription  honourable  and  respectful. 
Mr.  Baker  died  at  Bishop's-Nymmet,  I69O,  in  the  65th 
year  of  his  age. 

BAKER  (Hbmrt),  an  ingenioiu  aad  diligent  natura- 
list, was  bom  in  London  about  the  beginning  of  the  1 8th 
century.  He  was  brought  up  under  an  eminent  bookseller, 
but  being  of  a  philosophical  turn  of  mind,  he  quitted  that 
line  uf  busiitess  soon  after  the  expiration  of  bis  apprentice- 
ship, and  engaged  himself  in  teaching  deaf  and  dumb 
persons  to  speak  and  write  &c,  in  which  occupation,  in 
the  course  of  his  life,  he  acquired  a  handsome  fortune. 
For  his  amusement  be  cultivated  various  natural  and  phi- 
losophical sciences,  particularly  botany,  natural  history, 
and  microscopical  subjects,  in  which  he  especially  excelled, 
having,  in  the  year  1744,  obtained  the  Royal  Society's 
gold  medal,  for  his  miscroscopical  experiments  on  tho 
crystallizations  and  configurations  of  saline  particles.  He 
had  also  various  papers  published  in  the  Philos.  Trans,  uf 
the  Royal  Society,  of  which  he  wju  a  worthy  member,  as 
well  as  of  the  Societies  of  Antiquaries,  and  of  Arts,  lie 
was  author  of  many  pieces,  on  various  subjects,  the  princi- 
pal of  which  were,  bis  Treatise  on  the  Water  Polype,  and 
two  Treatises  on  the  Microscope,  viz,  TSe  MieroKope  nutd* 
easy,  aud  Employment  for  the  MtcroKopt,  which  have  gouo 
through  several  editions. 

Mr.  Baker  married  Sophia,  youngest  daughter  of  tlic 
celebrated  Daniel  Defoe,  by  whom  he  had  two  sous,  omj 
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»it  *hom,  Henry  Ernkine  Baker,  wa«  tlie  author  of  ihc 
finil  of  tlic  little  work  called,  'I  lii'  C<ini|iaiiit>ii  to  llio 
FiMy-huuM.  He  terminated  nil  boiiMurabIc  mui  useful  life, 
at  his  upartrociKs  m  the  Strand,  on  (lir  25ih  '>f  No««nWr 
1774,  being  llien  upwards  of  70  yt'Hi>  of  a^c. 

l)AK£ll'a  Cbhtral  RtTLe,  for  the  Comtnction  <if 
E:junlivr''  ii  a  method  of  constructint:  ull  <'quationf,  not 
vxctttling  Uie  4th  degree,  by  means  of  a  given  parabola 
and  •  circle,  witbQM  aay  pnvimn  rednriion  of  them,  or 
Am  lakinB-wray  iMr  Neoad  term.  See  Crnthai.  Rule. 

BALAMAC,  one  of  the  lixrimple  powers  m  mtclmiiics, 
ciii«-fly  utecin  Uetcrraining  the  equality  or  difierenoe  of 

■  fdUi  111  heavy  bodica,  md  ceimqiieiiily  their  OMHMt  or 
i|  :u  .iiiie>  iif  matter. 

;  :,<•  balance  n  of  two  kindii,  tlie  ancient  ud  modem. 
Tb''  ancient  or  Konian  balance,  called  also  Stalen  Ro« 
ni<um,or  SteelyartI,  i'<iii~i'ts  <if  a  K  vi-r  or  lH  ;un,  mmeablc 
uii  a  Cfntrt',  ami  '>ii^)H  iul(  d  m  ar  one  oi  il>  cxtrtinitiin. 
The  bydii's  to  bi  isLiiibcil  au  siib]M-tiiJij(l  lioi..  llie  shorter 
end,  nnii  their  ncii^lil  lisbouii  by  liie  division  inariird  on 
the  bi  ain,  where  the  jKiuer  or  constant  weight,  which  i« 
moveable  alone  tte  lever,  kecpa  the  steelyard  in  equili« 
brio.   This  baMhM  it  etUI  ia  4 


if  the  itiMances  be  unequal,  then  tlie  wrigjjl*  will  a1«0  bo 

ii!i<  i[Ui.l,  ■-r.A  in  tlie  viTy  t'fii:K-  priii'Di  ;i m,  altiTinilrly,  tho 
lew  vri'igbl  baMiij;  iiu  much  ibe  git.iU  r  dislunce,  an  in  ihc 

■tnriyani. 

The  Common  Balance  or  Se^ei, 

The  twobnichia  ah,  bc, 
should  be  exactly  ei|iial  in 
Icriglh,  uiid  in  weij;ht  alio 
wiieii  tlioir  scaleti  D  aud  E 
are  fixed  on  their  end»;  the 
bcuiu  should  hang  exactly 
level  or  boriiontiu  in  the 
caee  of  ns  cqoipoiiei  for 
wbicU  purpOK  the  centre  of 
gravity  of  the  whole  iJiould 
tail  a  little  below  the  centre 
of  notion,  nod  butn  Kide,  Ibst  the  hnlnnre  be  iiiftcicntly 
icnnble  to  the  leMimUtion  of  weight :  the  friction  on  tbn 
centre  ibonld  niw  be  as  tmall  a*  puNuble. 


use  fbrweighinf 

henry  bodies.  ) 

Themodi^rn  bniance,  now  cuiiiinunly  u*ed,  consists  ofn 
lever  or  beam  suspended  exactly  at  the  middle,  and  having 
soalee  buqg  from  the  two  extremities  lo  leonve  the , 

wdghts  ufbc  weighed.    "jI^mmiH^  ^  i^i 

-  In  cither  case  the  lever  tiricalled  m  jiigam  or  the  beam, 
and  its  hvo  halves  on  each  tide  the  axis,  the  brachia  or 
amis;  aUu  the  litR- on  which  the  beam  turns,  or  which 

ilividcs  II  111  !>vo,  is  called  tln^uvlv;  wliicll  vvhrli  CDIlsi- 
dercd  ir::ard  to  the  length  of  llie  liracliia,is  etteeiiied 

only  a  poiii:.  uiid  called  the  centre  of  the  balance,  or 
Centre  ol  inotnui :  the  estreniitifs  where  the  weinhls  arc 
applied,  arc  the  jxunts  ni  application  or  suspensiiin  ;  ihe 
haindi^  -by  which  the  balance  is  held,  or  by  which  the 
wbifc'appiMlUs  sub|>ciidcd,  is  callr<l  trulina;  and  the 
slender  part  perp<  ndicular  to  the  beam,  by  which  it  deter- 
mined either  the  eqailibriom  or  pfepoodenocy  of  boditib- 
itcaUed  tbMdl«|;a»'0^>be  balance. 

From  thattMaMipltaM  we  easily  gather  tha  chwic 
tcmlia-dittinciMfcaetween  the  Roman  haiaim  imt  Ihe 
com  pea  one,  tia«  Am  us  the  Reman  balaace,  there  is  OM 
eonttaat  weigbt  utediai  a  counterpoise,  the  point  wbeic 
it  tt  suspended  being taried ;  but,  on  the  contrary,  In  the 
common  balance  or  scales,  the  point  of  »ut[H-ii!iiuii  rt-maint 
the  same,  aitd  the  counterpoise  is  vMried.  I  he  principle 
of  both  of  them  may  be  osily  undrrstood  troin  tlie  geiie- 
lal  properties  of  the  lever,  and  the  following  obwrvation*. 
^  Sec  Lrvra. 

The  beam  abc,  the  |>rincipal  part  of  the  balance,  is  a 
lever  of  the  (ir^t  kind;  but  instead  of  resting  on  a  fulcrHm, 
it  it  tutpen<ied  by  a  handle^  &c,  fastened  to  its  centre  of 
motion  a :  and  hence  the  mcchoiusm  of  the  balance  de- 
pends on  the  same  theorems  as  that  of  the  lever.  Conse* 
aucntly  as  the  distance  between  the  centre  of  motion  and 
•  tlM  place  of  the  unknown  weight,  is  to  the  distance  be* 
.  twoan  ibe  tame  centre  and  the  place  of  the  known  weig|it, 
so isthe  latter_  weight  to  the  former. '  So  that  tbe  on- 
kMiwo  w^J^t  i*  diaeovcKd  by  means  of  the  known  one, 
and  their  dislB»GM  from  Ihe  common  centre  of  motion  ; 
^  if  the  distances  frosa,  tbe  tentiw  be  eqaal,  dMttOo  two 
wei^vill  b«  oqwl  allodia  hi  the  oiMimMibdaiMat  but 
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Having  taken  a  proper  bar  of  ^trcl  a  a,  tapering  nt  tho 
longer  end,  and  very  strong  at  the  other,  suspend  it  by  a 
centre  c  near  the  snorter  or  lliicker  end,  so  that  it  may 
exactly  balance  itsdf  in  rquillbrio,  and prepan^a  constant 
wtl^t  I  to  weigh  wit'>  ■  then  hant <■■  ony  weight,  as  one 
poud  for  iflstanco,  at     shorter  am,  and  slide  the  cnn* 
BliBt  wcigbt  badiawids  and  foiwaids  upon  &e  longer  arm* 
till  it  bejMtiaecpdlibiiovitbtbefbnMr;  and  them  mako 
a  not^h  and  number  l,  for  the  placeof  I  jpoiud;  take  dIF 
the  lib,  and  hang  a  two  pound  w^b*  in      stead  at  tb« 
shorter  arm  -,  the  n  slide  the  constant  weight  back  on  the 
longer  arm.  lill  the  whole  come  again  into  a  i<tnte  of  equi- 
librium, making  a  notch  nt  the  place  of  the  constant 
weight  and  the  niunlur  0,  U  r  the  place  of  3lh.  Pro- 
ceed in  theiftnie  manner  lor  all  f  ther  wt  iphfs,  .'5,  4,  5,  iVr; 
as  alio  for  the  inlcrn;<  diate  halves  and  (|uarti  r^,  \t,  if  it 
bc  necessary;  always  suspending  the  variable  wtil;!!!'!  at 
the  end  of  the  shorter  arm.  nhifting  the  constant  weight  so 
as  to  balance  them,  and  marking  and  numbering  the  places 
on  tbe  longnrarm  where  the  constant  weight  always  mdica 
a  couiltefnoiae.  The  use  of  the  steelyard  it  hence  very 
evident :  wa  thing  whose  weight  it  required  being  siupend- 
ed  by  a  book  at  the  short  «id,  move  tbe  oomtaBt  weight 
badEwards  aad  ferwanli  on  the  longer  arm.  till  the  beam 
it  balanced  borisontally:  ihea  look  what  notch  tha  con- 
stant weight  it  placed  at,  and  ils  number  will  shew  tbe 
weight  of  the  body  that  was  required,    dc  is  the  handle 
and  tongue;  r  the  centre  of  motion ;  so  a  scale  sometimes 
hmf  on  at  tha  end  by  the  hook  B. 
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This  iiutrunu'nt  oiiiTntes  by  a  h.Ncd  weight,  r,  increas- 
ing in  power  It  a'icrnd>  :ilof,^  tlii'  arc  rr.  ula  circle,  and 
pointing  by  an  inde-x  to  the  numln  r  <ir  diMMnii  uj  the  arc, 
which  denotes  the  weight  of  any  body  put  into  the  scale  at 
X.  And  thus  one  constant  weight  ter^ea  lu  weigh  all 
othen,  by  oniy  varying  th<  poaidou  of  the  arms  of  the 
balance,  instoid  of  vary  ing  tM  pkcM  or  poub  of  nupea* 
lioo  in  the  una  themtelvcs. 

'  Tb  Dtedtfuit  or  Faim  BaUnee.  This  opentts  in  the 
.■BUM  maiuMrn* die nodyajd»  andchceta  or  deceives  by 
having  one  arm  n  little  longer  then  the  other;  though  the 
deception  i»  not  percciyed,  because  theihorler  arm  is  made 
somewhat  heavier,  so  as  to  compensate  for  its  shortness,  by 
which  means  the  beam  of  the  balance,  when  no  weights 
arc  in  the  »calo,  hangs  horizontal  in  equilibrm.  The  con- 
sequence of  till-)  construction  is.  that  any  comnuidity  put 
in  the  scale  of  tlm  longer  arm,  requiri^  a  greater  wcitht  in 
tiie  olhei  ~cule  t.i  baianci  it;  nnil  so  the  b<idy  i»  fallacious- 
ly iiceoiMited  heavit  r  than  it  really  is.  Ilut  the  trick  will 
I  a^L.v  be  detected  hy  making  the  body  and  the  weifiht 
cliaiigc  places,  removing  them  to  the  oppoMte  sculek,  when 
the  weight  will  imtuediuiely  be  seen  to  preponderate. 

The-  true  weight  of  tuiy  thing  may  however  be  found 
out  by  nieunt  of  the  fiilse  balance,  in  this  manner:  vis. 
Weigh  the  tMidy  fint  in  the  noe  scale,  next  in  the  other; 
'  then  take  a  mean  pruporiional  beiweea  the  two  dii&rent 
weights  thus  indicated,  and  thai KiU  be  the  true  weight  1^ 
quiied.  1'hu!>,  suppose  the  tin  Mte  wrists  be  7  ud 
6y ;  the  prodact  of  these  two  is  35,  the  square  root  of 
which,  6,  is  the  true  weight.  Or,  half  the  sum  of  the  two 
false  wei;;h(s,  7  and  5y,  which  in  this  case  Is  6'^^  will 
camtiiO!''ly  be  #ry  near  the  true  weight,  though  always  a 
ytty  Utile  ir>o  much. 

AHoy-Bdlam c.  This  is  a  vi  r\  nici'  balance,  used  in  de- 
trrmining  the  c'xact .  wi  i^ihts  nl  vi  ry  small  bi"liis.  Its 
structure  is  but  little  dilTm-iit  fium  the  ( i>:nnion  sort ;  ex- 
cept that  it  is  made  of  ihe  best  and  harilest  steel,  and  made 
to  turn  with  the  smalhst  weight,  Fnr  an  account  of  se- 
veral balances,  which  have^lnen  CoiHiructed  by  dillerent 
persons  ^r  delicate  cxpcriitlcnls,  consult  the  OO'th  vol.  of 
Ihe  PhiL'Trans.,  sIm}  the  same  work  for  I7<)9,  part  2.  See 
■ho  Kicholsoa^^CLkustry,  chap.  £»  and  Farkinson'i 


0  ]  B  A  L 

Hydrottaticai  Balmet.  Hiis  ia  M  i«lra»ent  for  de- 
termining the  spociric  gravity  of  bodki.  See  Htdmwta- 

TICAL,  and         iric  (iravity. 

Balance,  m  Astronomy,  the  same  as  Libra. 

Ualanck  of  a  Qock  or  IVaicli,  is  that  part  which,  by  \'% 
motion,  regulates  and  determines  thr  beats.  I'iic  circulur 
part  of  it  is  called  the  Rim,  and  its  spiudlc  the  Verge; 
there  beloi^  to  it  also  two  pallets  or  nuts,  that  play  in  tbo 
CngS  of  the  crown-wheel :  in  pocket-watcbes,  that  strong 
•tud  in  which  the  lower  pivot  of  the  verge  plays,  and  in  tbo 
aiiddle  of  w  hicfa  one  pivot  of  the  crown-wheel  runs,  i  s  cul  U  d 
the  Potence;  the  wroagbt  piece  which  covers  the  balance, 
•nd  in  which  the  noper  jpiv ot  of  the  balance  pUy*,  is  the 
cockt  «ad  Ihe  MBMl  q^ng  in  the  new  podutHmtchea  b 
called  the  Rcgelatar. 

Balaxob  iif  BmUt  in  llecheuea.  See  Cohvouvd 

JWtftM.* 

BALCONY,  a  projecture  in  the  hoat  of  a  hooMi,  or 
other  buihUng,  commonly  support^  by  pillen  or  cousoici, 

•nd  encompassed  by  a  iMillustrade. 

B.\LL,  any  spherical,  globular,  or  round  body. 

Ball,  in  the  military  art,  signifies  all  sorts  of  bullelii 
for  tire-arms,  from  the  pistol  up  to  the  lai^est  c,Tiirii>n. 
('annon  balls  are  made  of  ca.st-iron;  but  the  musket  ami 
pistol-bulls  of  lead,  as  the&e  are  both  heavier  under  liiciaine 
bulk,  and  do  not  furrow  the  barrels  of  the  .pieces. 

Ball  qfa  Peadiu^MM,  is  (be  wdght  at  the  bottom  of  it ; 
and  is  sometimes,  especially  in  shorter  pendulums,  called 
thoBoh. 

Baus  4f  Kre,  in  Meteorology.   See  Ft  r  b  Balk. 

Balu,  in  Electricity,  invented  by  Mr.  Canton,  arc  two 
deote  of  Corlt»  or  pith  of  eldcftree,  nicely  turned  in .» 
lathe  to  die  itat  of  •  email  pea,  and  suspended  by  very  deli- 
cate thraadi.  They  are  used  as  electrometers,  and  an  of 
excellent  use  to  discover  small  degrees  of  electricity ;  and 
to  observe  its  changes  from  positive  to  negative,  or  the 
■  verse;  as  also  to  estimate  the  force  of  a  shock  before  the 
discharge,  so  that  the  operator  shall  always  be  able  to  l<  11 
very  nearly  beforehand  what  the  expl'isioD  wiil  be,  by 
ktii'unij;  imw  li!<;h  he  has  charged  his  jars. 

U.Al.l.lST.A,  a  military  en<^ine  much  used  by  the  an- 
cients for  throwing  stones,  darls,  ajid  |aveliii> ,  it  suinewhut 
resembled  our  cross-bows,  but  inLicli  larger  ai>d  stronger. 
The  word  is  Latin,  signifying  a  cmss-boM, ;  but  is  derived 
from  the  Greek  /SoAXa*,  to  shoot,  or  throw. 

Vegetius  informs  us,  that  the  bullista  discharged  dart* 
with  such  violence  and  rapidity,  that  nothing  CDttld,miet 
their  force:  and  Athanens  adds,  that  Agistraius  made  one 
of  little  eiore  then  S  fcet  in  length,  that  shot  daitt  MO 
paces.  Ambon  have  oAen  confounded  die  bellirti  witk 
the  calapnlta,  attributing  to  the  one  what  bdomi  to  the 
other.  According  to  Vitruvius,  the  ballista  was  made  efler 
divers  maom-r^.  though  all  were  used  for  the  same  porpoie: 
one  sort  was  Iranuni  with  levers  and  bars;  another  with 
pulleys;  some  wilh  a  crKiii'-,  arui  ii'h^is  a^iain  with  a 
toothed  wlii  el.  .Marcellinii,  describes  the  ballista  thus: 
A  round  iron  cvliiuleris  fastened  between  twoplanks,  from 
which  reaches  a  hollow  square  beam  placed  cross-wise,  fas- 
tened with  cords,  to  which  an-  added  screws.  At  one  end 
of  this.slaods  the  engineer,  who  puis  a  vuH.den  shaft,  or 
arrow,  with  a  large  head,  into  the  r^ivity  df  ihf  beam  ;  tins 
done,  two  men  bend  the  engine,  by  drawmi;  -cmc  «bi-«ls; 
when  the  top  of  the  head  is  drawn  to  the  uimosi  end  of 
dw  cenls,  die  shaft  it  driven  out  of  tbe  ballisu.  &c, 

ThehnlUrtnianwhedbydieaacients  ame^gth^fUNf 
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kind,  and  its  suucUire  and  t-lTccl  reduced  to  the  principles 
%>(  that  iiutrumeni;  whence  it  is  rallrd  by  Men>AnJ  others, 
Funda,  and  Fundibtilus.  Gunihrr  calls  it  Uulrarica  ma- 
cbtna,  05  asling  peculiar  to  the  Balearic  islands. — Perrauli, 
in  bis  notes  on  Vitruvius,  gives  a  new  cuntrivutce  of  a  like 
engine  for  throwing  bombs  without  powder. 

Fig.  1,  Plate  V,  represents  the  ballista  UM^d  in  sieges,  ac- 
cording to  Folard:  where  'i,  2,  denote  the  base  of  the  bal-  • 
lists;  3,  4,  upright  beitniti;  5,  6",  transvenc  beams;  7,  7, 
the  two  capitals  in  the  upp<-r  traitsvenc  beam,  (the  lower 
transverse  beam  has  also  two  similar  capiinU,  which  can- 
not be  seen  in  this  traiuverse  figure) ;  9i  9<  posts  or 
supports  for  strengthening  the  transverse  beams;  10,  10, 
two  skains  of  cord:  fastened  to  the  capitals;  II,  II,  two 
arms  inserted  betsvceu  the  two  strands,  or  parts  of  the 
akains ;  12,  a  cord  fastened  to  the  two  arms;  I3>  darts 
which  are  shot  by  the  ballista;  14,  14,  curves  in  the  up- 
right beams,  end  in  the  concavity  of  which  cushions  arc 
fastened,  in  order  to  break  the  force  of  the  arms,  which 
stiike  agoimt  them  with^rent  force  when  the  dart  is  dis- 
fCilUged:  l6,  the  arbor  of  llic  machine,  in  which  a  straight 
groove  or  canal  is  formed  i<'  receive  the  darts,  in  order  to 
their  being  shot  by  the  b«illi>lu;  17.  the  nut  of  the  trigger, 
lb,  the  roil  or  windlass,  about  which  the  cord  is  wound; 
19,  a  hook,  by  which  the  curd  is  drawn  towards  the  cen- 
tre, and  the  ballista  cocked ;  20,  a  stage  or  table  on  which 
the  arbor  is  in  part  sustained. 

Ballista,  in  Practical  Geometry,  the  same  as  the  geo- 
metrical cross,  called  also  Jacob's  Staff.    Sec  Caosv^o/f. 

BALLISTIC  PaxuuLuu,  an  ingenious  machine  invent- 
ed by  Uenjnmin  Uobins,  for  ascertaining  the  velocity  of 
military  projectiles,  and  consequently  the  force  of  fired  gun- 
powder.  It  consists  of  a  large  block  of  wood,  annexird  to 
the  end  of  a  strong  iron  stem,  having  a  cross  steel  axis  at 
the  other  end,  placed  horicontally,  about  which  the  whole 
vibrates  logi'thcr  like  the  pendulum  of  a  clock.  This  ma- 
■  chine  being  at  rest,  a  pi<-ce  of  ordnance  is  pointed  straight ' 
towards  the  wooden  block,  or  ball  of  this  pendulum,  and 
.  then  discharged :  the  conseijuence  is  this ;  the  ball  dis- 
''charged  from  the  gun  strikes  and  enters  the  block,  and 
causes  the  pendulum  to  vibrate  more  or  less  according  to 
tnc  velocity  of  the  projectile,  or  the  force  of  the  blow;  and 
by  observing  the  extent  of  the  vibration,  the  force  of  that 
blow  becomes  known,  or  the  greatest  velocity  with  which 
the  block  is  moved  'lut  of  its  place,  and  consequently  the 
velocity  of  the  projectile  itself  which  struck  the  blow  and 
urged  the  pendulum. 

A  more  minute  and  particular  description  may  be  teen 
in  my  Tracts,  vob.  2  &  3,  where  are  given  the  various  rules 
for  unng  it,  and  for  computing  the  velocities,  with  a  mul- 
flitade  of  accurate  expc-riments  performed  ,with  cannon 
balls,  by  means  of  which  the  must  useful  and  important 
conclusions  have  been  deduced  in  military  projectiles  and 
the  nature  of  physics.  In  those  Tracts  are  detailed  at 
gl«at  length  many  experiments  of  the  same  kind,  by  dis- 
charging cannon  balls  at  various  distances  from  the  block  ; 
,  from  which  have  resulted  the  discovery  of  a  complete  se- 
ries of  the  resistances  of  the  air  to  balls  passing  through  it 
with  all  degrees  of  velocity,  from  0  up  to  2000  feet  in  a 
second  of  time. 

Other  writers  on  this  subject  arc  Eulcr,  Anloni,  Lc  Roy, 
Darcy,  &c.    See  also  Robins's  Mathematical  Tracts. 

BALLISTICS,  is  used  by  sonic  for  pruj«  cules,  or  the  art 
of  throwing  heavy  bodies.  Mersennc  has  published  a  Irca- 
tiK  on  the  projection  of  bodies,  uodci  thts  title. 


BALLOUN,  or  Ballon,  in  a  general  sense  signifies  any 
spherical  hollow  body.  Thus,  with  chemists,  it  denotes 
a  round  short-ivccked  vessel,  used  to  receive  what  is  dis- 
tilled by  means  of  fire:  in  architecture,  a  ball  or  globe  on 
the  top  of  a  pillar,  &cc :  and  among  engineers,  a  kind  ot 
bomb  made  of  pasteboard,  and  played  off  in  fireworks,  in 
imitation  of  a  real  iron  bomb-shell. 

i4ir-BALL0UM.     See  AtHO&TATIOH. 

B.\LLUST11R,  a  small  kind  of  column  or  pillar,  used 
for  ballustrades. 

BALLUSTRADE,  a  series  or  row  of  ballusters,  juim-d 
by  a  rail ;  serving  fur  a  rest  to  th<T  arms,  or  as  a  Cence  or 
inclosure  to  balconies,  altars,  staircases.  Sec. 

BAND,  in  Architecture,  denotes  any  flat  low  inembt-r, 
or  moulding,  that  is  broad,  but  not  very  deep.  The  word 
/occ  sometimes  means  the  same  thing. 

BANQUtn',  or  BANutTETTK,  in  Fortification,  a  litile 
foot-bank,  or  elevation  of  earth,  forming  a  path  along  the 
inside  of  a  parapet,  for  the  soldiers  to  stand  upon  to  dis- 
cover the  counterscarp,  or  to  fire  on  the  enemy  in  the 
moat,  or  in  the  covert  way.  It  is  commonly  about  3  feet 
wide,  and  a  foot  and  a  half  high. 

BARITONO,  in  Music,  a  voice  of  low  pitch  between  a 
tenor  and  buss.  ^ 

BARLOWE  (William),  an  eminent  mathematician 
and  divine,  of  the  Ib'th  century.  He  was  bom  in  Pem- 
brokeshire, his  father  (William  Barlowc}  being  then  bishop 
of  St.  David's.  In  1500  he  was  entered  commoner  of  Ba- 
liol  college,  Oxford;  and  in  1364,  having  taken  a  degree 
in  arts,  he  left  the  university,  and  went  to  sea;  but  in  what 
capacity  is  uncertain :  however  he  thence  acquired  consi- 
derable  knowledge  in  the  art  of  navigation,  as  his  writings 
afterwardi  showed.  About  the  year  1573,  he  entered  into, 
orders,  and  became  prebendarj'  of  Winchester,  and  rectoi 
of  Easton,  near  that  city.  In  1588  he  was  made  preben- 
dary of  Litchfield,  which  he  exchanged  for  the  office  of 
trx-asurer  of  that  church.  He  afterwards  was  appointed 
chaplain  to  prince  Henry,  eldest  snn  of  king  James  the 
First;  and,  in  l6l4,  archdeacon  of  Salisbury.  Barlowe 
was  especially  remarkable  for  having  been  the  fir^t  writer 
on  the  imlure  and  properties  of  the  loadstone,  20  years  he- 
fore  Gilbert  published  his  book  on  that  subject.  He  wus 
the  first  who  made  the  inclinatory  instrument  rransparent, 
and  to  be  used  with  a  glais  on  bijth  sides.  It  was  Barlowe 
alio  who  suspended  it  in  a  coinpass-bux,  where,  with  2 
ounces  weight,  it  was  made  fit  for  use  at  sea.  He  also 
found  out  the  difference  between  iron  and  steel,  and  their 
tempers  for  magnetiral  uses.  He  likewise  discovered  the 
proper  way  of  touching  magnetical  needles;  and  of  piecing 
and  cementing  of  loadstones;  and  also  why  a  loadstone, 
being  double-capped,  must  take  up  so  preat  a  weight. 

Barlowe  died  in  the  year  l625. — His  works  arc  as 
follow : 

1.  The  Navigator's  Supply,  containing  many  thinzs  of 
principal  importance  belonging  to  Navigation,  and  use  oC 
diverse  Instruments  frumod  chiefly  for  thaipurposc.  Lond. 
1597,  4to  ;  dedicated  to  Robert  earl  of  Essex. 

2.  Magnetical  Advertisement,  or  Diverse  pertinent  Ob- 
servations and  improved  Experiments  concerning  the  na- 
ture and  properties  of  the  I/iadslonc.   Lond.  l6l6",  +to. 

3.  A  Brief  Discovery  of  the  idle  Animadversions  of 
Mark  Ridley,  M.  D.  upon  a  treatise  entitled  Magnetical 
Advertisements.    Lond.  l6 18,  4-10. 

In  the  first  of  these  pieces,  Bariowc  gave  a  demonstra- 
tion of  Wright's  or  Mercalor'a  division  of  the  jaendiaa 


f 


Ititr,  M  cwnmuniuitcii  by  ■  friend  :  ubservitig  thai  "  i'hia 
mannet  of  carde  lia*  beea  pubhquc-ly  extant  in  print  these 
tkirtie  yeam  at  trast  [he  should  have  said  2S  only],  but 
a  ebniae  (as  it  were)  and  thicke  miste  of  ignorance  doA 
kecpe  it  httheito  oonccaM:  And  ao  nncli  A»  man,  ha> 
cwiK  NOW  iito  wan  raekcHicd  for  mm  of  good  knowladge, 
lii«a  by  gbnciag  <peecbeB  (bat  never  by  any  one  renon 
atmommy-ffim  aboat  wbM  they  could  to  dii^rKo  it."  . 

This  work  of  Batlowc^  coMaina  deieriptiou  <if  Mvaral 
UMirumenU  for  the  ose  of  Navigation,  the  principal  of 

v*!iich  is  an  Aiimulh  Cfim^iaK'.,  uith  twn  upright  ■.IliIiI-  ; 
ami  as  the  author  was  vin  tunou*  in  making  c\[K-nini  nti 
on  the  lna(i:>lune,  he  tr<-ala  uiOi  and  fully  upun  the  Soa- 
Compass.  lie  i\l.so  treateii  sttll  farther  on  the  same  inttru- 
Went  lu  lits  sceiitid  work,  the  Ma>:nrtical  Adv.  rtiM ment. 

RAROML  TKK,  un  instrument  ii>r  measuring  the  weight 
ur  pressure  oi  the  atmosphere;  aad  by  that  meatus  the  va- 
riations in  the  slate  uf  the  air,  foretelling  the  changes  in 
tbe  weather,  atid  measuring  heights  or  depths,  &c. 

This  instrument  is  fnunded  on  what  ia  called  the  Torri- 
cellian experiment,  related  balow,  and  oommonly  cnnsi!>t» 
«f  a  cyUodrical  |^a»  tube,  open  at  one  end;  which  being 
iiiitwM«ilb^ekiil««r»aiid  then  invert  with  theopei\ 
end  dowwMudt  into  a  baMS  of  the  same,  tbe  mercurv  de- 
aondt  in  tl|e  tafae  till  it  itmainB  at  afaovt  tbe  beiglit  uf  29 
or  iO  inclM*,  aceoiidiiv  to  tbe  irogbt  «r  preuun;  of  the 
ntnuNfihcre  at  tb«  lime,  whicb  it  just  equal  to  the  weight 
of  that  column  of  tbe  quicksilver.  Hence  it  follows  that, 
if  by  any  means  tbe  pressure  of  the  air  be  altered,  it  w  ill 
be  indicHted  by  the  rising  or  fallinwof  the  nn  rcmv  in  the 
tube;  or  it  tiie  barometer  be  curried  tu  a  higher  ^(atinn, 
till-  (^-jK  ksilsiT  uili  descend  in  ilie  cjiinder,  hut  when  ear- 
ned tn  i(  I'jvsi  r  place,  it  will  rise  higher  in  tlic  tube,  ac- 
COnliii:;  1.1  the  dith  rence  of  elevation  between  the  two  places. 

History  of'  the  Bttrometer. — About  the  beginning  of  the 
17th  century,  when  the  doctrine  of  a  plenum  was  in  vogue, 
it  was  a  common  opinion  aiaong  philosophers,  that  the 
ascent  of  water  In  pumpt  WM  owing  to  what  they  cnllad 
Mtnre's  abhorrence  of  a  vacuom;  and  that  in  coniequence 
tnldi  might  be  nused  by  suction  to  any  iwigbt  wlmi«rar. 
But  aa  aceideat  having  diieo«eied,  that  water  eould  not 
be  reiwd  ia  a  pump  wulcn  the  tucker  naebed  to  within 
58  feet  of  tbe  water  ia  the  watt,  it  was  conjectured  by  Ga- 
lileo, who  flottriibed  about  that  time,  that  there  might  he 
some  other  cause  of  the  ascent  of  water  in  pumps,  er  at 
least  that  the  efit-ct  uf  this  abhorrence  was  limited  to  the 
finite  height  of  33  feet.  Being  unable  to  satisfy  hiiiis<'lf 
on  this  bead,  he  recnmn^ended  the  consideration  ol  the  dif- 
ficulty toToiriCelli,  ii.ul  lieer\hls  di-cjilr.  A:ier  -nnie 
time  Toiricelli  tell  upoii  the  suspicion  tluit  the  pressure  of 
the  atmobpherc  was  the  eaMse  of  the  ascent  uf  wiiter  in 
pumps;  that  a  column  of  water  33  Ceet  high  was  a  Just 
counterpoise  tu  a  column  of  air,  of  the  sunie  base,  and 
which  extended  up  to  the  top  of  the  atnuMohere)  and 
diat  Ibis  was  the  true  reason  why  the  water  did  not  fbUow 
the  tucker  any  farther.  Arid  ibia  coi|)eennM  wat  Moa 
after  confirmed  by  various  expeiimenii.  Itafjcalli  COtt* 
sidofe^ithat  if  acolnmaor  water  as  fettUA  vnea  couQ- 
terpaiaa4v,a  whole  coiuna  of  die  atmeapMrp.  then  a  ca- 
lana  afl^arcury  of  about  2  fc«t  and  a  half  high  would 
abo  be  ajwuntcipoise  to  it,  since  quicksilver  is  nearly  14 
tiasetbcavfec  than  water,  and  sotheUth  part  ..f  the  height, 
«r  t  feet  and  a  half,  very  nearly,  would  be  aa  lu  any  as  the 
tutumn  of  water.    This  rra»nnuig  v>aj  »oon  verified  ;  for 

b««iDg  tilled  a  glass  lube  wiiii  quicksilver,  and  inverted  U 
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into  a  bason  of  the  same,  tbe  mercury  prevcntly  descended 
till  its  heiuht,  above  that  in  the  bason,  wi»»  ahout  two  fi*t 
and  a  hylf,  ju"!  m*  he  had  estimated.  Ai»d  this  is  what  has, 
from  him,  been  culled  the  Toriiceliian  Mperintent. 

Tfa<;  new  opinion,  with  this  coufirnaation  of  it,  was 
laadily  acqnieaced  in  fay  most  of  ilie  philasopbets^  who 
Kjpeatedtbeexperinientinnnouiways.  OttNnh«Lwever 
still  adhered  to  the  old  doctrine,  and  raised  ke^eiat  pre- 
tended objections  iiL;ainst  l' e  new  one}  such  as  llHiil|iare 
Was  a  film  or  irapcrceptiiile  rope  of  racrcory,  eattt^ad 
thr<jiij;h  the  upper  part  of  the  tulie,  which  retained  (lieoil* 
lumn  cl  mercury,  nud  kept  it  from  falUniK  into  that  in  Ae 
ba»on.  This  and  i  :hi  r  ohj.  clnu.s  vsere  tkersoon  over- 
come by  addition.nl  cunlirmatiun*  of  the  true  di>ctrine,  par- 
ticularly by  varying  the  el<-valioii  of  lln'  place.  It  was 
hiiite.l  hy  Descartes  and  Pascal,  that  if  the  mercury  be 
sustained  ill  the  tube  by  tbepre»4ure  uf  the  atraos]]here,  by 
carrying  It  to  a  higher  situation,  it  would  descend  lower 
in  the  tube,  having  a  ihartcr  column  of  the  iitmosphrre 
to  susuin  it,  and  vice  vena.  li>  09nsequence  of  which, 
Pascal  engagcil  his  bruthct«4il-law,  M.  Perier,  to  try  tliai 
capaimaat  Mr  him,  tteing  more  convcnieadjt^Htuateil  for 
that  puipaae  thaa  be  was  at  Paris.  This  he  accordingly 
ntady  by  obaawiiif  tbe  licigbt  «f qtiicksihcr  in 


tbe  tube,  iGtt  at  tbe  bottom  of  tbe  Puy  <^^f>«>.*^ 
mountain  in  Auveigne,  and  then  atieveiaitlafli^rprdi^ 

ferent  altitudes,  in  asceiKling,  by  which  it  was  foona  that 

lln  inercji\  iVl:  lower  and  lower  all  the  way  to  the  top  of 
tlie  inouiiiam  ;  by  this  means  confirming  the  truth  of  the 
dortrino  relating  to  the  universal  pressure  of  the  atmo- 
»f)heie,  and  the  consequent  suspcasiun  of  the  iiu  iciiry  in  the 
tube  of  the  biiromeier.  Thus,  by  the  united  endeavours  of 
Torricelli,  I>t>cartr>,  Pascal,  .Mersenne,  Iluygcns,  attd 
others,  the  cause  of  ;iie  suspension  nf  the  ijuicksilver  in  the 
tube  of  the  baroraeti  r  became  pretty  generally  established. 

It  was  some  time  however  after  this  jjeneral  cons4  nt,  he- 
fon  it  was  known  that  the  pressure  uf  the  sir  was  various 
at  dHBtMnt  times,  in  the  same  place,  litis  could  not  bow- 
ever  remaia  long  jiaknown,  as  the  frequent  raeasuriog  of 
tbe  coluam  af  nereaiy,  must  soon  show  ill  nuiationt  ia 
altitttdlfi;  and  ud  nbwnmtion  would  pteaeatiy 

sbow  that  iboae  variatioBB  in  lb*  ataicarial  colnnm« 
were  always  succeeded  by  oertwn  dtanges  ia  the  waMlMr» 
as  rain,  wind,  fruai^,  &c.  Hence  this  itislrameal*aooB 
came  into  use  as  the  meaJis  uf  foretelling  the  changes  of 
the  Weather;  and  on  this  account  it  obtained  the  name  of 
the  weather-glass,  as  it  ilid  tiiat  of  huruiiietrr  from  its  bc- 
iiij  llse  measure  of  the  weight  or  pressure  ol  tbe  air.  We 
1!  >w  jibBiied  to  lake  a  view  of  iu  various  forma  aad 

USl"s.  !^ 

7'/ie  Common  Baiun.cter.  This  is  teptesenled  at  li^.  1, 
plate  iv,  in  tbe  same  form  as  it  wa.s  invented  by  Torricelli. 
AB  is  a  ^lius  tube,  of  },or  |,  or  i  inch  wide,  the  more  the 
better,  and  about  34  inches  lung,  being  hermetically  «eal> 
ed  ul  the  tup  a,  and  the  open  end  b  Imnier'.t'd  in  a  basun 
of  quiduilvcr  cd,  which  is  aiio  the  bettec  the  w idei  It  is. 
1h  fill  Ibis,  or  any  other  baromeler;  take  a  clean  new 
(lata  tube,  of  the  dimemiona  above  aamed»aivl  pour  into 
It  well  pariiied  qnicksilwr,  with  a  small  fttnnel,  either  ef 
glass  or  paper,  in  a  fine  cstrtluaed  stMam*  till  ic  anala . 
•bout  half  an  inch  or  aa  Inch  of  benig  full ;  liM«  stop* 
ping  i!  eu  se  with  the  finger,  invert  it  slowly,  and  the  air 
in  iht.-  ciiipiy  part  will  ascend  graduidly  J^i>t|jhiir  end, 
collfctinn  ill  its  assent  such  other  ^ 
unavoidably  get  into  the  tube  among  tlSBPmy,  vb 
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iilling  it  nith  the  funnel :  and  thus  rontinae  to  imreit  it  Ae  tabe  nmy  be  «Aenninl«  emptie<],  and  fillrii  even  uith 

cold  mercury,  and  will  be  found  nearly  u  free  from  ihc' 
air  as  before  :  llw  mercurv  in  the  tube  thu»  |>repar«d,  will 
risf  liiLiticr  than  in  tho«  "f  llie  aniiimiii  sort,  iiud  tlie 
riiiiietir-s  will  more  nrarlv  folrl■^poncl  witli  e;ich  other, 
vihori'js  liii-ic  will  be  a  di Li  ri  nt  i-  of  (>  or  S  liiu  i  in  thr 
Bstriu  ol  tiie  mercury  111  the  common  barometer*.  When 
this  operation  is  roni|ileted,  the  imriurj  penerallv  re- 
mains kuspentk-d  at  the  Inp,  ami  uill  not  (lei.ccnd  to  itt 
proper  loel  uiihuut  shaking;  the  tube  to  bring  it  dowH. 
The  lubn,  which  should  notba  ehaaenlewthMiSfteikMiis, 
may  now  be-  tilled  tu  ihdrpra|Mr  length.  Thia  fa«roiiict«r 
is  comiBonly  lilted  up  in  n  nent  mahogany  caar,  togeilwr 
with  « IhetnHMUter  and  hygrometer,  as  rrpreienteil  in 

Aa  the  scale  of  vanaHon  it  but  snail,  beinc  included 
within  2  inches  in  the  common  bHrotneter,  veveral  contri- 
vances ha»e  been  dc^isetl  lo  enlariie  the  scale,  or  lo  reiidt  r 
ihc  iQotion  of  the  quicksilver  mon'  -i.-i]^il)lr, 

1  arti''-  fii^t  suagestec!  li  mcthnil  tpt'  iiicreasiiii;  ilu  .-t  ii- 
■  '  il  I'.,  ■'.null  Wili  extcu.i  i|  l\  Hu\i;i;,s.  'I  Iih  was  ef- 
1.  Llc  tl  by  making  the  baromi  Incal  lube  t  iid  in  ii  preltv 
large  cylindrical  vessel  at  top,  into  which  wa^  iiiserttd  nl- 
8o  the  lower  or  open  end  of  a  much  finer  tube  than  ibc 
former,  which  was  partly  filli-d  with  water,  to  give  littlft 
obstruction  by  its  weight  to  the  motioo  of  the  mercury, 
while  it  moved  through  a  considerable  iptce  of  the  very 
fine  tube  by  a  small  variation  of  the  merciiryfaelow  it,  and 
to  rendered  the  small  chat^^  in  the  state  of  the  air  very 
MOaible.  But  the  inconvenience  was  this,  that  the  air  con- 
taitwd  in  thewaler  gradually  di&eii<;aged  itself,  and  escaped 
duiN^  Into  tht  vacuum  in  the  top  of  the  small  tube,  till 
it  was  collected  in  a  body  there,  and  by  its  elasticity  pre- 
ventins  the  free  uv:  u'i  the  fluids  in  the  tubes,  spoilc  il  i.'ii 
instrument  as  n  true  baiuiuf  ter.  And  this,  it  may  be  oti- 
^i  r.i  l  Ijv -I li(»-hy e,  i>  the  reason  why  a  water  barometer 
cuiinol  succeed.  Thi^  barometer  isherc  represented  intig.3, 
wlii  re  CD  is  the  vessel,  iti  which  are  united  thr  upper  or 
small  water  luU-  ac,  with  the  lower  or  mercurial  one  cb. 

To  reniedy  this  inconvenieric  1-,  lluy:;ens  thouglit  of  pla- 
cing the  mercury  at  lop,  and  the  water  at  bottom,  which 
he  thus  contrived,  adg  (fig-  3)  is  a  bent  tube  hermeti- 
cally scaled  at  a,  but  open  at  (i,  of  about  one  line  in  di- 
ameter, and  passing  tbrouuh  the  two  equalt^J^ttncnl  ves- 


wvi  r.c  i  nii turniii:;  the  two  end?  ulternately  upwards, 
till  iill  iliu  ulr  lMililjlis  are  C'dleried,  and  brought  up  to 
V.::_  ri  eiul  «l  tlie  lubi ,  i>i  lit!  lIu'  part  filled  iliall  ap- 
piai,  without  s|if<:k,  !ikr  ii  tine  p<di>hecl  steel  rod.  This 
dotir'.  )>i>ur  ill  mure  iimck-ilver,  to  fill  the  empty  piirt 
entirely,  and  so  exclude  all  air  from  the  tuLw- ;  llu-n,  stop- 
ping the  orifice  again  with  the  liiiser,  in\eit  the  tube,  and 
immerse  the  tingerand  cad,  thus  stopped,  into  a  banou  of 
like  puriiied  quickrilver;  in  this  position  withdraw  the 
finger,  so  shall  the  mercury  dirscend  in  tbe  tube  to  v>me 
place,  as  e,  between  28  and  31  inches  above  that  in  the 
bason  at  r,  these  heii^  the  limits  between  which  it  always 
stjpds  in  this  fioiinli7on>th«coiunan  surface  of  tbe  earth. 
HBti  measure,  from  the  suiftee  of  tbe  qakksilwr  in  tbe 
final  at  f,  28  inches  to  o,  and  SI  inches  to  m,  dividing 
tlie  space  between  them  into  inches  and  tenths,  which  are 
marked  on  a  scale  pUccd  against  the  side  of  the  tulK-; 
Qi;(l  the  tenths  are  mj  li  ii  v  1 1^  d  lulo  liuml  n-dlh  l)art^  nt  ,iii 
incii  by  a  slidiiip  imie.x  ciinyiiis  a  vernier  or  nonius.  (Sie 
art.  Vernier.)  These  3  inclu'*,  between  28  and  31,  so 
divided,  will  answer  for  all  the  t.r<iiiiarv  purpo»«ii  of  a  sta- 
tionary or  chamU  r  bar  i meter  ;  but  lor  tN]ieriim  nts  on 
altitudes  and  depths,  it  is  proper  to  have  the  divisions  car- 
ried on  somewhat  higher,  and  a  great  deal  lower  down. 
In  the  proper  filling  and  otherwise  fitting  up  of  the  baro- 
ncter,  several  circumstances  arc  lo  be  carefully  noted  ; 
as,  that  tluLbore  of  the  tube  be  pretty  wide,  to  allow  the 
li«er  notti'of  the  qaiehsilver,  witbout  being  impeded 
by  an  adMMoo  to  tbe  sides  s  that  thA'teon  fadow  It  ha 
ano  tdMiibly  large,  at  least  lO  tinei  higer  in  dianietor 
jdiaa  That  of  the  tube,  in  order  flwt  the  surftce  of  the  mer- 
cury at  r  may  not  sensibly  rice  or  fall  with  that  in  tbe  tabe; 
for  ihc  number!,  m.irked  in  tbe  scale  annexed  to  the  tube, 
denote  tln  ir  dbtunce  from  a  certain  fixed  point, and  thea- 
fore  cannot  truly  indicate  the  height  of  tlu'  ccduinn  above 
the  Inercurv  in  the  vi  ssi  I,  unless  its  surface  coincides  with 
this  p(jinl,  and  be  ,i]i:rn  i  iible  ;  al^o,  that  the  boltum  of 
the  tube  be  cut  oU  rullier  obliquely,  that  when  it  rests  on 
the  bottom  of  the  ba.soii  there  may  be  a  free  passaj^e  (or 
Uie  quicksilver; 'and  that,  to  have  the  quicksilver  veiy 
pure,  it  is  best  to  boil  it  in  the  tube,  in  ortler  to  expel  the 
air  from  it,  which  may  be  done  by  the  following  simple 
Having  procured  u  tulio  of  o|  line^or  3  lines  in 


bote,  and  about  mlf  « line  in  thickness^  fill  it  with  mer.'  eeb  BC,,B||;^«iiicb  are  abuul  20  inches  apart,  aitd  of  1 5 


cury  within  two  inches  of  the  top,  and  hold  it  with  tlia 
sealed  cad  lowcM,  ni  aa  inclined  position,  over  a  chafiag- 
dish  of  bnniiiK  cbarcoot,  presenting  fini  the  sealed  end 

to  the  fire,  atuT moving  i^  obliquely  ovrr  the  chafing-dish. 
As  the  mefcury  Is  heated,  the  air-bubbles  will  assume  nn 
appt-arance  like  so  m  iny  ^tuds  on  the  iiuier  surlace  of  the 
tube,  and  };radiially  m-lji.i:;  into  one  .inoli  er,  ascend  to- 
wards the  biglier  |>;uls  ol  :i;e  tube,  which  are  not  heated; 
here  they  are  roiiii.  n-  il  ^^nil  aliiiost  dlsappeui,  and  after 
repeated  i  niii;riitloiis  i!ic_\  a(  i|:iiH  a  Kulk  by  their  uni<ui, 
which  mubli  s  llieni  at  U  ii^th  !o  escape.  When  the  mer- 
cury boils,  its  parts  strike  against  each  odicr,  and 
against  the  sides  of  the  tube,  with  such  violence,  that  u 
pcnon  unaccustotned  lo  this  operation  is  ready  to  upi^re- 
bcnd  their  force  to  be  sufficieni  lo  break  the  tube.  The 
luefiuTy^  thos'^ced  from  ail  belerogfncous  particles 
cootaiiwd  ill  it,  together  with  their  surrounding  atmo- 
iphetiis,  and- tte %>  which  lines  the  insida  of  the  tube, 


Kncs  diboMMI'i  their  length  being  tO.  The  awrmry  being 
put  into  m  tttbp,  will  stand  between  the  middle  of  ihie 
vessels  ir  and  nc,  the  remaining  space  to  a  bring  void 
both  of  air  and  mercury.  Lastly,  common  water,  tinged 
with  a  f»ih  part  of  aquu  regin,  to  prevent  its  freejtine,  is 
pouretl  into  the  tube  rc,  till  i!  risis  a  loot  above  tl.  i  .:  r 
cury  in  Ul.  lu  jirevent  the  walrr  iiuin  e»!ip('i;i  ;;i2.  ;>. 
drop  ;il  I'll  I'l  sweet  ii1moii(i«  tlmits  r.n  uw  ti  |>  ni  it.  lJut 
the  Ciiliimn  ot  water  w.ll  be  sensibly  Hltsclid  In'  hint  tiiid 
cold,  ;ind  consequently  the  accuracy  of  the  iii»t.  ument  wdl 
be  spoiled.  For  which  reason  other  contri\Hnces  havi 
been  made,  as  below. 

The  HoritoiUnt  or  Hntimsui'tr  H.iromflcr,  fig.  4,  was  in- 
vi  nted  by  J,  Ikrnoulli  and  Cassini ;  where  .\i>  is  a  pretty 
wide  cylindrical  part  at  the  tup  of  the  lube,  whicli  tube 
li  bent  at  right  angles  at  c,  the  lower  part  of  it  CD  being 
turned  into  the  borisontal  directioo,  and  closed  abow  at 
A,  but  open  at  tlic  lower  end  t»r  where  the  siMrcnry  i 


>|HMHBfiiyiM|)dled  in  any  other  wajf,  is  diielM^pd^;  not  n>n'«>ti  bciny  opposed  by  the  psMttR  of  the  atmo- 


ncd  stratun  of  air  ■  thus  ajcpaUed,  sphne.  This  and  tie  forcgoiog  coMitmce«f  Mvyfeos 
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utv  (ouixled  on  a  thcoivm  iti  h\ drosUitict, 
of  thi'  saini'  liHhL',  press  occortlitig  ti>  ih«-ir 
ultitudf,  iiol  according  toflie  (juaiiiify  "f  tlirir  tnniu  r;  *n 
thai  ihi'  name  pirssuri"  ot  tiic  ainiMspluro  ^u\;uins  tlic 
cuick^ilver  that  dlli  tlir  lube  .\cu,  uii'i  tlir  ci»ti-rn  B,  a» 
\'.  uii  1  support  the  im-rcury  in  the  tube  alone.  Hence, 
lisving  fixed  upon  the  size  <>l  ihc  .iciile,  ;ii  Hupptue  the  ex- 
tent  of  ISinches,  instead  of  the  3,  in  the  rmnmon  baro- 
jncter  from  28  to  31,  that  is  4  tlnrn  m  lung;  thin  tlic 
arc*  of  a  icctioo  of  the  cylinder  ab  inu«t  be  4  timi's  that 
of  tke  tttfac^  alid  cumequcMly  ilt  dnneler  ilunble,  aiooe 
ihr  Mvn  of  citdm  tie  w  tlw  «)OHn!«  of  Acir  diBineten : 

then  for  ««wy  aitaral  MnrMMl«»«f  ait  ioA  b  tin  cylinder  of  An  faMfwnrter  i«,  dMt  M  ilw  Immw  mw  be  mai*  my 


tuns  in  ItjgS.  If  consists  of  a  single  comtj)  tube  ab, 
hiint:  up  liy  a  iliMU'i,  lliu  larger  or  open  end  ddWhwardi, 
hikI  iiaviii2  iioviNM-i  ur  cislt-iii,  because  thf  coijit;il  Tinure 
sU|iplKN  tdui,  ami  thi'  ruUjmn  ot  niercurj  susluiiitd  ii  al- 
wayi  (  ijual  to  lliut  in  the  coniintm  barometer  luU';  which 
is  eflbcted  thu«:  when  the  prc»ua'  of  the  uir  is  less,  the 
mtrcury  siuks  down  to  a  lower  and  wider  part  of  ihctvbrt 
and  consequently  the  altiiade  of  ill  ootuma  will  lie  leta ; 
and  on  the  cuntrary,  by  a  greater  pressure  of  the  atmo- 
sphere, the  mercury  ii  lorccd  up  to  a  higher  and  nar rower 
part,'  till  the  Isiigtit  of  the  colomn  cb  be  equil  to  that  in 
the  tuba  of  the  oonttna  liatoimMr.— TIm  ineomeBiciieu 


An,  there  will  be  a  variation  of  4  inches  in  the  ttibe  CD.— 

But  on  account  of  the  attrition  of  the  mercury  asjiiinst  the 
»id(S  of  the  glass, and  lh<'  srf-at  niomentuiu  from  iljftiuu  k 
motion  in  ca,  the  (luicliiilvcr  is  apt  to  break,  and  tin'  i  l*<- 
uiid  f.iH  is  no  tun<;i  r  e<iuabli- ;  and  besides,  ttc  mercury  is 

ii.  >j.'  v'.ronn  out  of  the  oiificoBt  t>  by  ludden  aao- 

Iion>  of  the  machine. 

The  DiagonnI Bar'-rtifirt  of  Sir  Samurl  ^tclrl•Und, 
is  another  method  of  enlarging  the  natural  !icalc  of  5  ilicheit 
pcrpendicttlar,  or  cd,  by  extending  it  lo  any  length  dc  in 
an  oblique  direction.  Tliit  is  liable  in  Mm*  degree  to  the 
iMitB  incoiivniience^  from  friction  and  breaking,  as  the 
boriaonial  'One:  and  hence  it  is  found  that  the  diagonal 
port  BC  cannot  properly  be  bent  from  the  perpendicular 
more  than  in  an  aof  ie  of  4^*,  which  only  increases  the 
«cab  nnrl*  in  tlie  pimmnion  .of  7  to  S.  , 

Dr,iloahrtWhaBmiomiUr,^6,  TUi  wib  invented 
about  1S69,  mi  if  meant  tu  render  the  alterations  in  the 
air  more  a0uibtc>  Here  the  bnrometf  r-lube  has  a  lar^e 
ball  AU  at  top,  and  is  bent  up  at  the  lower  or  op4-n  end, 
wliere  an  iron  bull  o  flo:i:s  Mn  i'h  i  of  the  nirrc  ury  in 
the  tube,  lo  which  is  riHiiicciecl  huoiIht  bull  It  by  a  cord, 
hanging  fnely  over  a  pulley,  turning  an  index  kl  !ibi>ut 
its  centre.  When  the  mercury  riiej  in  the  psirt  vo,  11  raiscii 
th<'  bi>ll,  and  ih''  other  ball  defends  und  turns  the  pulley 
with  the  index  round  a  graduated  circle  from  N  towards 
M  and  V ;  and  the  contrary  way  when  the  quicksilver  and 
tile  ball  sink  in  the  bent  part  of  the  tube.  Ilcnre  the  scale 
is  eodly  enlarged  10  or  IS  fold,  being  increased  in  pro- 
pottion  of  the  axis  of  the  pulley  to  the  length  of  the  index 
kIm  But  then  the  friction  of  the  pulley  and  axisiaioma 
obatroction  to  the  free  motion  of  the  qntckailvor,  Coo- 
trivnncot  t«  kmni  the  fricdon  &c,  may  alio  be  Men  in  the 
FbikM.IVBM.  vol.  M,  ■rt.<9i  tnd  vd.  60,  an.  10. 

Tke  Sle^^ard  Bnvmeler,  tor  so  that  may  be  called 
which  is  repnsontrd  by  fig.  7,  which  enlarsis  the  scale  in 
the  proportion  of  the  vhorter  to  the  longer  arm  l<\  the«.te4>l- 
yard.  .\  y.  1^  l','.'  li:>r uni  ;rr  tube,  rloscd  at  A  and  open  at 
>i,  iiiinieritJ  in  a  c_\  lindricnl  j!la>s  ristc-rn  en,  which  is  but 
very  little  wider  than  the  tube  ab  i>.  Tlic  tja;oin<  lir 
tube  is  suvprndpil  to  (he  >^horter  arm  of  an  index  like  a 
^tQl•lyard,  inovpi^on  the  fulcrum  E,  and  the  extremity  of 
Its  longest  arm  pointing  to  the  divisions  of  a  graduated 
arch,  widS  t*hich  index  the  tube  is  nearly  in  equilibrid^  cbcck  t 
When  the  pressure  of  the  atmosphere  it  lessened,  the  mer- 


eraall,  to  |irevent  the  merctny  from  falling  out  by  aa 

cidentltl  shake,  the  friction  and  adhesion  to  the  sides  of  tbc 
tube  prevent  the  free  motion  of  the  mercury. 

ilfr.  fitfiCTiin^' <  ( -','i,^„,i,'j;m'      •  'Ihis  gentleman 

has  several  conUiv;an  i'>  fui  enlarging  ilic  ^ca1e,  and  that 
i.i  aiiv  -III  .1  rtion  uhativer.  One  of  Ou^c  is  described 
in  tilt  i'iihos.  'I'rans.  No.  and  also  in  his  Nat.  I'hilns. 
part '2;  a. id  aiintlu  r  in  t':c  y,\.i:r  pait,  which  is  here  re- 
presi-iiii'd  at  (in.  <).  arc  is  a  compound  tube,  boriueti- 
cally  sealeil  at  a,  and  opm  at  c;  empty  from  a  ton,  lill- 
j'd  with  mercnrv  from  thi  iice  to  n,  and  Irom  hence  to  t 
with  Hater,  llciiii-  iiy  varying  the  proportions  of  the  two 
tubis  AY  and  it,  llie  scale  of  \aiiatio;i  may  be  changed  in 
any  degri  e. 

Ttt  MariMBanmOer.  Thit  was  £rst  invented  by  Dr. 
Hoohe,  to  benscd  nt  sea,  being  coMihcd  so  a«  not  to  bo 
•Ibctod  or  ii^nred  by  ilia  aotion  of  the  ship.  His  con- 
irivaaee  comtsted  of  a  double  thermoeaeter,  or  n  couple 
of  tubes  half  filled  with  spirit  of  wine ;  tbc  one  sealed  at 
both  ends,  with  a  tjunniity  of  airincltjrtcd  ;  tlie  other  seal- 
f  il  at  one  end  only.  The  lornier  of  the-c  iN  ail'i  i  r,  ,1  only 
by  the  w..ini!ii  of  the  air;  but  the  oilier  is  .aucuu  both 
by  the  external  wsirintli  and  by  the  \ariable  pressure  of 
the  atmosphere.  Ilenre,  eonsulennii  the  spirit  lliermo- 
meter  as  a  standard,  ilic  cxcrss  of  the  rise  or  fall  nf  the 
other  above  it  will  show  the  increase  or  decrease  of  the 
pressure  of  the  utinuspliere.  This  instrument  is  described 
by  Dr.  lialtey,  in  the  Philos.  IVans.  No.  269,  where  he 
says  of  it,  "  I  had  ooe  of  these  barumetrrs  with  me  in  my 
late  southern  voyage,  and  it  tMver  failed  to  prognoalicaia 
aad  give  early  notice  of  all  the  bad  weather  we  had,  10 

a I  depended  tfaereoit,  and  made  pnivisioa  icrofdinglyj 
fiMdi  1^  own  enpariinei  I  coMlnde,  that  •  nor*  ta^ 
tA^ttmnrntf  Imli  «<t»  fcrdbis  loQg  tiaie  been  oAnd  tot 
the  baRflt'of  navljl^tMi.''— Dr.Hookealso  oontrived  an* 
other  barometer,  similar  to  that  of  Mr.  Rownin;;  above 
described.  The  Ilcv.  J.  Wilstm  has  also  described  a  me- 
thod of  insuring  the  NensiLnlity  ot  the  barometer  ad  libi- 
tuin.    .See  Nich.  Journai,  No.  y,  new  series.  , 

.Mr.  Nairne,  an  ingenious  artist  in  T/indon,  has  lately 
invented  a  new  kind  of  Marine  IVaroincter ;  which  differs 
from  the  r  uiuiioii  bnrometc  r  by  having  the  lower  part  of 
tbc  tube,  (orubuut  '.2  feel  in  length,  made  very  small,  to 
c  vibrtitions  of  the  mercury,  which  would  other- 
wise arise  from  the  motions  of  the  ship.  This  U  also  aasist* 


cury  descends  out  of  the  tube  into  the  cistern,  which  raises  cd  by  bcin^  lixcd  in  gimbals,  by  a  part  wliich  subjects  it 

the  tube  and  the  shorter  arm  of  the  index,  niid  cooae-  ti^Jk*. the  least  afiaciod  by  such  motion*.  ■ 

qucntly  the  utiwHyrf  the  longer  mom  downwanb,  Spiolfaer  sort  of  liarnie  Barometer  has  also  been  in- 

and  paswaovdpjtpartofthepadiwledareh.  And  on  the  vented  by  KL  PswameWei  an  ingenious  artist  at  Paris, 

cuutiwy  this  move*  upwards  when  the  pmsute  of  the  This  contrisnHce  coniisis  only  in  twitting  the  middle  of 

aimo^jAtt*  faneraiaei.  thctubointoaspiiBloftworavolttttonaibyu^dehna^ 

"   ■             "  V  llg-BtVBB  invented  by  M.AjDon-  vaacc  tho^impulies  which  the                      '  " 


Digitized  by  Google 


BAR 


BAR 


asainst  iIjp  tvp  the  instruintrnl  is  removed  I'romtnfe 

Maljci!  t;j  :iip.iliiir.  It  si'iTiT.  Mr.  Piitntk  firsr  idac,,  a 
colitrivanci-  ol  liii--  mil.;  :  r.,ut  ttu- iinrt.ibk-  barometer  iias 
received  Tario us  i[u|i:.jm  im"iiIv  shilc;  and  the  most  com* 
plele  of  this  kind  lias  tx  cti  (ies^ribed  by  M,  Dc  Luc,  hi 
hi>  Rechcrchis,  vol.  2,  pa.  5  A;c,  tiii;i'tiier  with  the  app^ 
ratu»  belonging  tu  it,  th«  method  of  comtruction  aAd  vat, 
and  the«dvanln^e«  atunding  it.  improvem«nti  have  alao 


bMOatiggestc  il  hy  Sir  George  Shucl(bui]gh,  uul  CoL  Bay, 
■wMiti  have  been  carried  into  e.\ccation,  with  fcithw  im- 


Il«niy  Eogfefield  lia«  likewise  much  siroplified  the 
portabk  barometer,  reducin<;  its  weight  to  leu  than  • 
pound  and  t  half  Sec  Nicholvm's  Journal,  No.  55 ;  Phi- 
W  Mag.  No.  117}  or  Retrospect  of  Discoveries,  No.  I3. 

Fu.  11  repreM-nls  this  instrument,  as  inclosed  in  its 
mahii£;iny  case  b\  meuns  of  three  metallic  rings  aaa.  This 
<  ;!-!■  i»  J  i;<ill  ivv  com-,  x,j  shaped  within  as  to  contain 
i.tea<ii!y  thi  body  of  the  barometer,  and  is  divided  into 
three  branches  from  b  lo  c,  forming  three  li-;;^  or  support* 


motions  of  the  ship  arc  destroyed,  by  being  transmitted 
ia  contrary  dircttioii>. 

Mc«ri.  W.  nn'l  S  .tones  of  London,  have  also  con- 
stmcted  two  excx  l  <  ut  M.inne  Uaroineters,  which  seeiA  to 
be  well  adapted  to  the  purposes  intended. 

ntSMkal  Barotcope,  or  Barometer,  of  Mr.  Boyle, &c. 
This  consijiBof  ft  large  glass  bubble,  blown  very  tliiu,  and 
then  balanced  hy  a  small  brass  weight.  II.  nee  these  two 
bodica  being  of  uneqtwi  bulk,  the  larger  will  U-  %ery  much 
iflbcled  by  s  change  of  the  density  of  the  nx-diuro,  but  thb 

IcM  not  at  all  ibatispaiceptible:  to  that,  when  the  atmo-   ptotemenb  also,  by  Mr.  lUumden,  ind  olhct 
•phere  bccomci  donaer,  the  ball  ioaia  more  of  its  weight,   artiatt  in  Lmiida.' 
md  the  brass  weight  pfrpondcialM)  and  conuariwiso      — ^—  < 
when  the  air  grow*  lighter. 

Mr.  Ciineetl'i  Iliiroicope,  or  BaranKler.  Thi*  is  described 
in  the  I'hilos.  Tiaiis.  vol.  34,  and  areins  to  be  the  mfi»l 
senMble  and  cNuct  ol  .iny.  It  is  thus  described  :  Suppijoc 
ABCi>  U'li-  I")  liuckct  of  water,  wherein  is  |iliired  the 
baroscope  ircz/nim,  wliliii  cun'ists  ot  a  b"Ov  .n  .i  n 

tube  etyo,  wincU  .iri-  l.nih  riv-.r^ivc  cylindrrs,  iimde  ol  tin, 
or  rather  glass,  and  riiniiii u:iiratii witli  e;tch  other.  The 

bottom  of  the  t-.iliL-  :y  Inn  u  it adiii  weight  to  sink  it,  so    for  the  inMrumi-nt  wLen  observations  are  milking,'  and 

that  the  top  of  the  h^-  'y  niiiyjust  swim  even  with  the  sur-   ■  '  •   '■•  

ftccof  the  water  by  tile  addition  of  some  gntin  weights  on 
Uie  tofK.  When  the  inctnunent  is  forced  with  its  mouth 
dowBPardii  the  wati>r  aacendt  into  the  tube  tu  the  height 
jp.  To  tba  top  it  added  a  small  concave  cylinder,  or  pipe, 
tDhstptba  iMtnacdt  from  sinking  down  to  the  bottom : 
fid  b  a  wire:  and  m5,  de  are  two  ihieadt  oblique  to  the 
surface  of  tba  Mtofi  which  peffom  the  oIKoe  of  diago- 
nals :  far  while  th«  iottniment  Hnkt  mora  or  leas  by  aa 
alu  ration  in  the  gravity  of  the  air,  there  where  the  surface 
of  the  water  cuts  the  thread  is  formed  a  amall  bubble, 
which  UM:ends  up  the  thread  while  the  raeiCUIJ  of  tho 
common  baroscope  astetuh,  and  vice  versa. 

happens  Iriir:;  ;t  calculation  which  the  author  makes, 
that  this  instrumriil  shows  the  nlter.itions  in  the  air  1200 
timt-s  more  accurat'  U' iliiiii  ihi- >;ij;i.iML'ii  biiroiiieter.  He 
observes,  tluil  the  bubWe  is  (.eldom  known  to  stand  still 
even  toy  is  minute  ;  that  a  small  blast  of  wind,  which  can- 
not be  heard  in  a  chamber,  will  seosiUymaJtc  it  sink;  and 
that  a  cloud  passing  over  il  atmy*  nakca  it  descend,  &  c . 

WbUe  MNoe  have  been  increasing  the  sensibility  of  the 
hnmowtw  by  enlaighlS  the  variations,  others  have  cndea- 
trovved  to  nako  it  nore  oonenieot  by  reducing  the  length 


sustauiiii!;  it  ut  the  part  d  of  the  case,  as  it  appears  in  Fig, 
12,  by  an  improved  kind  of  gimbals,  in  which  ittom 
weight  renders  it  suffi  ienlly  steady  at  any  time. 

.'V  thermometer  is  always  attached  to  tM  inslHiment,  aa 
u  iiece&sary  apjK  ndage  to  it,  being  fastened  to  the  body  «t 
A,  and  sunk  into  the  surface  of  the  fraine>  to  ptminu  it 
from  iiyuiy;  the  d^iees  of  ibia  tbamoioctor  are  nmrlced 
oii  two  icnlMt  OM  on  each  aide  of  it,  via,  the  scale  of 
Fnhrtnheit,  aiod  that  of  Renumiii';  the  freezing  point  of 
the  former  faeingat  SS,  and  of  the  latter  at  0.  Al^o  >.:i 
the  right-hand  side  of  these  two  scales  there  is  a  thud, 
calli  ii  ;i  scale  i  f  corrtclion,  placed  opj:'f,jt.  I\  lo  tlut  of 
l  al;  n  r-.liLii,  with  the  word  add  anil  subli  t  ttiiirkod,  which 
eli'.jws  ^!ie  necetsary  correction  of  til :  i  t  scrMii  .iliitudeof 
the  niri  rury  at  any  givrii  icmpiTnlure  ol  uk-  air,  indicated 
by  the  I  In  .Tin  iim  "rr. 

Tlie  CvmrntMi  Ckamlxr  If  cathet glass,  is  also  usually  fitted 
up  in  a  m  at  mahogany  t'rame,  and  other  rmhrlliihmcmla, 
to  make  it  an  ornamental  piece  of  furniture.  It  consists 
of  the  common  tube  barometer,  with  a  theraiometcr  by 
the  side  of  it,  and  an  hygrometer  at  the  top,  as  exhibiiod 
in  fig.  13. 

To  the  foregoing  may  be  added  a  new  aoit  of 


alteratiua  in  tbo  atraetate  of  bamneien,  by^lnliv  am* 

ral  tabes  to  one  another,  aHematdy  Ailed  with  mcfcwy 

and  with  air,  or  some  other  fluid  ;  and  tho  number  M 
these  tubf^  may  be  increased  at  pleasure  :  but  the  Con- 

tnvanrc     jn-rliaps  more  ingenious  llian  useful. 

,  J\f.  M'iiruAn  reduced  Barometer,  whirli  is  only  3  inches 
long,  si  rvis  tlic  purpose  of  a  maiionieti  r,  in  showing  the 
dilutuiiosis  of  ihc  air  in  the  receiver  of  an  air-pump:  and 

Wtruments  of  this  kind  are  MOW  conunooiy  qipUcd  to  thia 


in  KfM,  fiwtpwfBMd  ttii  ftr,  or  Wtather  ItuinmmmimAtSaieai^m,  Win.  Thia  Is 


7Ar  }'or:Me  Barometer,  ii  so  contrived  that  it  may  be 
earned  from  one  place  to  another  without  being  disor- 
dered. The  end  ol  the  lube  is  tied  up  in  a  leathern  bag 
not  qu't*^  full  of  raircury;  which  being  pressed  by  the  air, 
forces  the  mrreury  into'  the  tube,  and  keeps  it  suspended 
at  its  proji.  r  height.   This  bog  is  usually  inclosed  in  a 

box,  tliiough  the  bottom  of  which  pamt  a  screw,  by  

BSMio  of>wbich  the  mcrewy  ai^  be  forced  up  to  the  top  Favia,  to  bring  this  method  to . 
of  tM  tob^tU  imtontad  A«b  breaking  it  by  daiJiiag   cenata  have  yet  appeared  of  tho 


by  M.Uiowtkiin  his  tour  through  Switier^ 
Ind  i  it  ia  aa  jcc  bat  in  aa  inperliect  state,  and  was  lately 
discovered  theieby  accident.  It  seems  that  a  clergyman, 
thongh  near-righted,  often  amused  himself  with  firing  at 
r\  mark,  and  contrived  to  s!ri  •.(  h  a  »  iie  so  as  to  draw  riic 
mark  to  him  to  *ee  how  he  had  ainu  d.  He  observed  that 
the  w  iiL  sometimes  sounded  as  if  it  vibrated  like  a  musical 
chord  ;  and  that  after  such  soundings,  a  chnngr  always  en- 
sued in  the  stall  of  tlie  atmosphere  ;  (lum  wlienre  became 
to  predict  rain  or  fine  weather.  On  mnkiiij;  farther  ex> 
periinenis,  it  was  found  that  the  sounds  w  i  re  nuist  distinct 
when  extended  in  the  plana  of  the  meridian.  And  ac- 
cording to  the  weather  whkh  was  to  follow,  it  was  finiad 
that  the  aouada  wcfg  more  or  less  soft,  or  mote  or  leia  coa- 
tinued ;  also  fine  weather,  it  is  said,  was  announced  by  the 
tonca  of  counter-tenor,  and  rain  by  those  of  bass.  It  has 
faaaasaid  that  M.  Volta  moualed  16  chotdi  id  this  way  at 
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liuiiiboi!,  llic  c«itbrati-iJ  Uuvoller,  contrived  a  portable 
Imrometer,  compovil  i>l  seTcral  purtv  ■.'.;.k  Ii  couid  Li  iii- 
sily  I  ut  tosether,  nnd  «liiL'h  should  curixct  Usell  nl  euch 
ob^erviiuoii,  lit,  •  1:1  iistronoinical  iiistruinent.  In  thi^  ba- 
ruineti  rthe  (ube  i-.  distinct  from  the  tcale;  and  wb«n  thh 
breaks,  it&  placv  can  be  iiipplieil  k^MWtber,  ettB  OB  the 
top  ol  a  ntouiitain. 

'ftie  Phenomaui  nnd  OinenxUion  qf  the  Barometer. — The 
Ithcflonena  of  the  iMroroet«T  an;  varioui;  but  author*  are 
IMtyet  ^Med  upon  the  causes  of  them  ;  idor  ie  the  use  of 
et  a  weatber<glass,  yet  perfectly  ascertained,  though 
daily  obaervationa  and  expciiencc  lead  us  still  nearer  to 
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3.  In  winter,  the  rising  forvbudes  frcmt :  and  in  frosty 
uesuJier,  if  the  mercury  tall  3  ui  ;  Jr-jviui.',,  iht  u  v*il[ 
certainly  h»llow  a  thaw.  Hul  ui  a  nuKiiiutd  Irost,  if  idu 
mercury  risus,  it  will  certainly  snow. 

4.  Wlieii  [(■III  wi  utlu  r  happens  soon  after  the  falling  of 
the  mercury,  .  xprcl  but  little  of  it;  aud  on  the  contrary, 
expect  but  little  lair  weather  when  it  prores  fair  shortly 
after  tlic  mercury  has  risen.       '  •  . ,     ^  . 

5.  In  foul  weather,  when  the  mepttajr  wci  much  a^dl 
highi  and  so  continue*  (or  s'w  S  diqpt  before  the  (buL 
weather  is  quite  over,  then  expect  a  coutiatmnce  of  fair 
weather  to  follow.  ,. 

Mr,  Boyle,  obaervo^  that  the  phewnmM  of  &  la  iitir  weather,  when  the  mercuiy  laUa.niich  aad« 
thetewMler  era  Mpdeeemw^  dnt  U  k  omfdiiq^r  low,  ud  thw  c«MiRii«sfi)rA:«r  S.d^  befim  the^^ 
diScuIt  to  liifn  any  certain  geneiil  ralei  conconihg  ihie  onmM ;  then  c^cpeet  (pwt  dael  of-  Wt,  and  piobtlily, 
riae  md  &I1  of  the  mercury..  Evao  that  nile  6iil»  wiuch  faighwiadi.  . 
■eemi  to  hold  the  mmi  MMcally,'  vis,  that  the  mercury  ia  7>  The  unsettled  motion  of  the  awwilty,  dcMtte  «n>. 
low  in  high  wind*.  The  best  ram  however  that  heve  been   certain  and  cbani^able  weather. 

deduced  by  several  iiuthors  are  as  I  illmv  :.  8.  Vou  arc  imt  -n  -irii  '.^y  t  i  .jI.im  i  w        words  engraved 

Di.  Hu-'Uy'f  Riilcsji/r  judging  (tf  thc  WttUhgr,  on  the  plale*,  its  tac  iiiLrci>rv  s  ribiiig  atul  falling  ;  thou§h 

in  general  it  will  sioiei'  with  them.  I'or  il  it  stands  at 
imicA  rji/i,  •.uid  then  ri^cs  up  to  cAoa^fni/c,  it  prcsA^es  Inn 
vtealhtM-;  tlioufjh  imi  tu  continue  so  long  as  if  the  nv  itui  y 
L,m  iiNfii  hi^hei.  And  lo,  on  the  coutrrtry,  if  the  mer- 
cury stood  Aijutv,  iiinl  liilU  to  ihuu'jcii.ii,  K  pres.iges  bml 
wcuther;  though  not  «>  much  of  it  as  if  iihad  sunk  lower. 

Upon  these  rules  uf  .Mr.  Patrick,  the  following  Ttmtrk$ 
aro  made  by  Mr.  Rowmug;  who  also  obsarm,  that  it  Mj 
not  so  much  the  absolute  height  ef  the  meijeufy  ia  the, 
tube  that  indicates  the  weather,  as  its  motion  up  and 
down  :  uliereforc,  to  poM  a  right  judgment  of  what 
weather  ii  to  be  ei^oclmit,  we  o*wbt  to  know  whether  th* 
mercuiy  ie.actuallj  nStg  or  ftl1ui| ;  ||0  «hidk  end  the 
fsUowing  luin  are  of  nee. 

1.  -  If  the  nrlaca  of  the  mereaij  fa«  convM,  tnadiag 
higher  in  the  middle  of  the  tube  than  it  the  tk^ttf  U  W  ft 
sign  that  the  mercury  is  tbeo  rising,  -  - 

2.  But  if  the -iirfac'.-  h(  roncave,Or  holVnrfaithemU- 
die,  it  is  iLiij  sinking.     -\  iid, 

3.  If  It  be  |.laiii,  '  '  ZA-.  'ut  f  ,1  Kill,  rijnvov,  the  nu  rcury 
is  stiitionarv  :  fur  mercury  U  put  miu  a  gia.ss  tube,  es- 
pecially .1  --iiiii],  iiiie,  naturiilly  bus  its  suifuci-  h  lilllu  con- 
vex, becJiUse  tlie  panicles  of  mercury  attract  one  anotlur 
more  forcibly  than  they  arc  attracted  by  glavs.  farther, 

4.  If  the  glass  be  small,  shake  the  tube  ;  then  if  the  air 
be  grown  heavier,  the  mercury  will  rise  about  half  a  lOlh 
of  an  Inch  higher  than  it  vtood  before  i  but  if  it  be^gnraru 

And,  it  may  be  added,  in 


1.  In  calm  weather,  when  ibe  air  ii  inclined  to  laini' 

the  ni'  i cury  ii  commonly  low.        .  ,  . 

I  >  M  rene.  good,  aiM  Settled  ifatdMr,  the  ■Mvcniy  is 

generally  lii^;li. 

3.  L'poti  v<  ry  pri-at  winds,  ihouih  tlii-\  l;r  not  accom- 
.panied  with  ram,  the  mercury  Mni»s  lowejt  ol  ali,  accord* 
ing  to  the  point  of  ilie  couipAss  the  uind  blows  from. 

4<  The  greatest  heights  of  the  mercury  are  found  upon 
easterly  or  north-easterly  winds,  ot.'icr  eircumstancc-s  alike. 
— The  above  four  observations  made  by  Dr.  Haliey  in 
England  appear  to  be  most  universal,  as  they  were  found 
^  Mr.  Alelaader  to  bit  as'',  and  by  M.  deLuc  to  let.  46*. 
S.  In  calm  froaly  weather,  toe  marcnry  commonly 


6.  After  very  great  storms  of  wind,  when  the  mareniy 

Aas  been  very  low,  it  generally  rises  again  very  fiut. 

7<  The  more  northerly  places  ha«e  greater  alteratiofi 
of  the  barontter  Umn  m  mora  soatheiljr,  aenr  the 

equator. 

8.  \\  ir.hin  the  tropics,  and  near  tbcra,  there  is  little  or 
no  variutiim  of  the  barometer,  in  all  weathers.  For  in- 
stance, at  St.  Helena,  it  is  little  or  nothiri-,  :it  Jdmaica 
but  ^-lUthsofan  inch,  and  ut  Naples  the  vanauon  sel- 
dom fxcecii'*  an  inch  :  whereas  in  England  it  amounts  to 
1  inches  and  a  half,  and  at  Peteisburgh  to  3^  nearly. 

Dr.  Bcal,  who  followed  the  opinion  of  M.  Pascal^  ob- 
serve* that,  caeteria  paribus,  the  mercury  m  higher  in  cold 
weather  than  in  warm:,  end  in  the  mornin<T  and  evening 
nsnally  higher  than  at  mid-day.— That  in  settic-d  and  £air 
weather,  the  nMcewjr  ie  Ugher  than  either  a  little  before 
or  nftcr^  or  fai  the  laia;  and  that  it  commonly  deeccads 
lownr  dker  mb  thmi  it  ma  bafare  it  Jkai  ha  awrihce 


lighter,  it  wul  sink  as  much. 

ins^ttiaens  lently 
start  ftuwanu 
aeeordiig  to  the  tendoM^.of  the  flnid  Iq 
riio  or  fall  at  fiat  time.  Thb  proceeds  from  tha. 


the  wheel  or  ctrcnlar  barometer,  tap  the  insl 
with  the  fiupr,  and  the  index  will  visibly 
or'backwnMi  aeeordiiig  to  tha  tendency. 


to  the «aponn.widi  wfakh  the  air  is  ebar^  Cory's  adherii^(  to  dm  thki  of  the  tube,  which  prevents 


ia  the  (bmer  case,  au  which  are  dispened  by  th»  blling 
rain  in  tlie  latter.  If  it  chance  to  rise  higher  after  rain, 
it  is  usually  followed  by  a  settled  serenity.  And  that  there 
areofu'n  rreui  i  Iiihil:'/:,  \:.  the  air,nrit]ioutanjrpaieipiihle 

ulteriUi,'.'!  ;ii  tin:  Ijaromeier. 

Mr.  fiiti  ici:'f  Rides  for  judging  qf  tUe  Weather. — The^c 
are  esteemed  ilie  be^t  of  any  general  rules  hitherto  made. 

1.  Tiie  i  isiiig  of  the  mercury  presages,  in  ;ioneral,  fair 
weather  j  and  its  falling,  foul  weather,  as  rain,  snow,  high 
winds,  and  storms. 

2.  In  very  hot  weather,  the  falling  of  the.  mercury  ia> 
dicate*  thuodnr^ .      :  :  . . 

\'ht.I. 


the  free  motiou  of  it  tifl  it  be  diseii<;uged  by  the  shock : 

and  therefore  when  an  observation  is  l»  be  tuade  with  such 
a  tube,  it  ought  to  be  lirst  khnken;  for  sonu-tiines  the  roer« 
cury  will  mil  vary  of  \Xs  own  accord,  till  th^  WOathar' ia 
present  winch  11  ought  to  luive  indicated. 

To  tile  (oiegoin^  rules  may  I"'  .i'-..lL'd  tlu'  tallowing  ad- 
diliuual  ones,  di  duced  from  lalcr  aud  mure  close  observa- 
tion of  tiie  motions  of  the  ba m meter,  and  the  consetpMnt 
changes  in  the  uir  in  tbo  couutry. 

1.  In  winter,  spring,  and  auiuuin,  the  sudden  facing  of 
the  mercury,  and  that  for  a  Ui]ge  space,,  denotes  bigU 
winds  nnd  stoima;  but  in,  efmrnar  it  piesagna  henvy 
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m4  it  allMyi  tlaku  lMM  «f  «ll 
fbr  rai  Mad»,tlHMi#i  MtM(iMB|iMiinl  irilh  nint  Am^^ 
it  Mia  in«ii«  Vat  wiMi  awl  twHt  tqptW  Am  fbr  lHAltt  «f 

tbfm  n]i>ne.  -AN",  if.  after  rain,  the  wind <hlllg»'i»t»  tmy 
part  r>f  ihi-  trortl.,  witk  a  ckNir  and  dry  skj,  mid  tbe  Mer- 
cury riMv,  it  r.  B  crftain  imhoilimi  o(  tair  wvather. 

\fi<-r  vcrygwat  sforms  or  wiml,  when  the  mfrciirv 
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8. 

Itac  tKH'n  low,  it  coranionly  tisc^  Heuin  \i  ry  l.isr.  Ir,  s»  rtli  d 
Alir  ami  dn'  "catlH-r,  <.\crpt  the  bamrnrtcr  sink  mutli, 
cxpft  r  'ml  linl"  THip. ;  fitr      >mall  linking  then,  i»  uhly 
foralittU;  wimt,  nr  »  Ifw  dnipt  ui' raiii;  and  the  mercury 
toun  rises  attain  to  its  fonm-r  ilalion.    In  a  vrrt  season, 
oupfKMo  in  bay-tiiiH-  and  harvest,  the  smalint  tinkirif;  of 
the  mercury  must  be  rcgiirdrd ;  for  when  tb«  conitlitutkNI 
of  tiw Hr  is  much  inclined  lu  »bo»cn,  «  little linJum  i* 
the  btrometer  then  (liDotrs  more  nill,  U  it 
•tMidi  very  high.   And,  if  in  swdi  •  mum  it 
dcniy,  very  f-ist.  and  high,  expect  not 
ihiili  •  day  or  two,  tat  ruber  tbit  the  tncfeurf  will  M 
iHMh  very  soun,  and  Ml  h«IBt<irtB  MhiMlow: 
ighulml  rising,  and  kcepbig  on  todo  solur  8  or  3  ia.yt,v 
rami  tn  be  depended  on  for  h  week'*  fair  woMther.  And 
the  unsettled  stale  of  the  iiiiirk-ilver  always  clenotM  un- 
certain and  changeable  weuibcr,  especially  when  the  taer- 
I  my  wlwra  nboat  tkn  void  chiMinWt  on  tbn 


•tuidi  way 


S.  TTi«  greatest  heights  of  the  mercury,  in  this  ronntry, 
are  fmind  «pon  eitsteriy  nnd  no^th•ea^ltrly  winds ;  and  it 
may  olien  rain  or  snow,  the  wind  being  in  llit»e  points, 
and  the  barometer  sinks  little  or  rtone,  or  it  may  even  bo 
in  a  rising  stale,  tbe  eflect  of  those  wind*  coMieracting. 
Bat  tbe  mercury  sinks  for  wind,  as  well  as  T«Jn,  in  all  iIm 
odilr^lMints  of  the  compass;  but  risca  as  the  wind dMto 
•IkMt  to  the  north  or  the  tmtt,  or  between  than  two 
gHltt  bat  if  the  btnHMar  tbould  link  with  the  wind  in 
Ant  tunrtcr,  nxpaet  it  Mo»  to  chni|ga  Hmt  thence;  or 
.'•1Mb  ilMittld  ihenU  of  Ae  MMttiT  boBvdk,  nitcnvy  rain 
i|  Ihn  llkdjr  toeoiae,  ••  itMnumnet ' 
CSww  if^ike  PlflMMaM  i2f  libr 

To  account  ftir  the  foregoim»  phenomena  of  the  baro- 
meter, many  hypfltlifse*  have  been  frannnl,  which  may  be 
re<luri'd  to  two  p'finul  lurnis,  viz,  mechaniral  ciirmi- 
The  chief  l,vrllL^^  <.;t  \lif<i>  rniiMA,  iivr'  In^iil, 
\V:illi<,  Garcm,  Ciru  -n,  I  i^i.  i,  Halli-s  .  (T  ir-ii  n,  l.ihirr, 
Msrifirtr,  la-C.it,  VVumlwfird.  Ix-ibnil/,  IX-  MmrMti,  llHm- 
brr-'-r,  I).  Urrnoulli,  Muschinbroek,  Chambers,  IK-  l.uc. 
Black,  iVc  :  and  an  account  of  most  of  their  hyjMitheses 
may  be  seen  at  large  in  M.  Dc  Luc's  R^cherch™  sur  lus 
Modificatinns  dc  1' Atmosphere,  rol.  ],  chnp.  3;  see  also 
the  Philos.  1'nins.  .md  various  other  works  on  this  subject. 
Ik  majr  suffice  loaoiice  berc  slightly  a  few  of  tbe  prineipnl 
dfthMOB. 

Dr.  limr  nenMnls  tar  the  ehanoM  of  the  bimmrier 
AaM  the  dferatioM  bf  hcot  and  cold  ih  the  nie«cury  it- 
silft  conttaMlng  Iwcold.  and  expanding  by  Iteat.  Bat 
tfeli,  it  l»  now  well  nnown,  is  quite  intofflcietit  to  heenuiit 
fbr  the  whole  of  tbe  efli^ct. 

Tbe  changes  in  the  weight  or  pressitrc  of  the  alinnspbme 
must  therefon-  Kc  rvunrtlol  «s  ilie  |iniici[)al  rause  ol  those 
in  the  barometer.    lUit  thru,  tin-  Hiirieiiltv  will  be  to  a»- 
llu'  Cdr.'.r  ,,\  (|,„t  ,^au«.e,  or  \»  m  ih'.-  ;lrl^.'  liiiise  alter- 
alion\  ihiit  :;.k:  pi  icc  in  the  (tliivwpticre,  which  ;irr  si.tne- 
lirno  ■-n  :;rr.il  :i-  I',)  alter  it*  prev>ure  by  the  I'vh  jiuii  u[ 
vhote  <|Uiintiiy.    U  is  probable  that  tile  winds,  as 
;lBdiiisnatdb«ciipntthaM  Kgmt  ~ 


nwng  fimm  tkeeMth,*ia5 
t  and  some  perhaps  tbe  Oax  nnd  re- 
in the  air  by  tlie  moon ;  as  well  as  sonM 
oases  nuimiiiii  hatneeittho  diCmnt  pnitielca 

of  raatter. 

Hr.  H«lley  thinks  tho  winds  and  exbalatiotis  MiiriiK  nl; 
and  oil  this  principle  givi-s  a  Ibixiry,  the  substaim'  jI  \»liich 
may  be  comprised  in  what  follows : 

1st,  Th»t  the  winds  must  alter  the  weialit  .it  tbe  air  ia 
any  piir:icular  country;  find  tins,  cither  ljy  l>rini'ing  toge- 
ther a  greater  quantity  of  air,  and  so  loudin^  liie  atmo- 
sphere  of  any  place ;  which  will  be  lb*  case  hs  oflrn  as 
two  winds  blow  fiwn  opposite  parts,  at  the  same  lime,  to- 
wnids  the  same  point :  or  by  sweeping  away  soasc  part  of 
the  air,  and  givini  nom  i»r  ihe  atsgosjibers  tn  expand  it- 
tltli  ndf  (  which  w9i  happen  when  two  winds  hlow'opBoiiin 
and-  «a3f»ftoAthesnanpniMattheinMtint:«rla^y,lM 
cntdng  «r  the  perptalievlMr  mwmi«  «f  iknnir |  which 
k  the  case  whea  a  sio^c  wind  ninwa  fatiihb  any  wny ;  it 
being  fomd  by  experience^  that  •  straqg  Usat  of  wind, 
•tmi  oMMln hj wn,  will  sender  thn  ntmotphere  lighter ;  and 
hence  the  nscfcury  in  •  tube  behnr  it,  ea  well  as  in  others 
more  di$iaat»wiileeaiida»nh^«iheide.  See  PMIoei. Time. 
No.  292. 

idly,  That  thr-  cold  nitnnis  partirlei),  »nd  .  irii  ilu-  air 
itself  condensed  lo  the  northern  regions,  and  driven  eUe-, 


(be 


where,  must  UiaU  the  )iiiii<>\{Wii  ri'.  nnd  increase  its  pressure. 

3dly,  That  henTy  dry  i  Ntt.ilntMiiiN  Iroln  the  eailh  must 
itscrt'iiM'  w<ight  of  tbe  utnios|iherr,  HI  well  as  Its  eliistic 
force;  as  i*c  fimi  the  sfxcibc  gravity  of  mcDsltuuras  in- 
creased by  dissolved  salts  and  SH^laK. 

4(hly,  'i'bat  tbe  air  being  rendereil  Imtiri  by  (hese  and 
rim  like  cause*,  is  thence  better  aldn  to  snpfmrt  ibe  va- 
pours ;  which  tNing  also  intimately  mixed  with  il,  < 
the  weather  sttvne  Mid  Mr.  Again,  Ihf  air  hela|  i 
lighter  from  the eantmry  CM 
l^rt  tbe  vaponn  with  which  k  is  ivpfarte  {  ihcae  thnefcie 
piecmtetiug,  are  coUeetad  inM  <io«ida»-ike  pwticl^of 
whidi  in  tbnr  pn>srcss  unite  into  drops  of  rain. 

Ilentc,  he  infcrs,  it  is  evident  that  tbe  same  causes  wbicb 
tncrMSe  tbe  weight  of  the  air,  and  render  it  more  able  to 
support  the  mest  upy  in  tfie  liaroiiifler,  (l  )  I.I.  •.use  pro» 
doce  a  wrrnr  >ky,  nnd  a  dry  seawn ;  umi  (li.ic  tbe  same 
cauveft  wim  h  render  the  air  lighter,  and  less  able  Ineup* 
port  llie  mercury,  do  also  genefali  cidudsand  rain. 

But  these  piuicjph-s,  thoueli         ^ninjicn  tu  ni.mv  l1 
the  particular  cases  of  the  barometer,  »4em  huwevcr  lo 
fall  short  of  some  of  the  principal  aad  most  ohskwa  anc^' 
besides  being  liuble  lo  sercml  obiecDoas. 

For  tint,  It  the  wind  were  the  sofe  agent  in  eating 
tiMse  alterations  w»  should  ham  no  sansiWa  alteffliow 
without  a  sensible  telnd,  nor  nny  wind  withmtt  aaMpalieff> 
ation  of  thn  hninnMPter;  both  which  mt  •nMmy  l»  ea> 
perimofc 

!!dly.  If  two  winds  be  sii|iposad  hlnwiaf  from  the  tame 
place,  vis,  Lnndun,  opposite  ways,  sis*  V.  K.  and  w» 
there  will  be  two  others  blowing  from  opposite  poiMs,  vis, 

«.  w.  and  %■  K.  lo  the  same  place;  which  two  last  will 
balance  the  first,  ami  h  ;h  marh  air  towards  the  point 
as  the  others  swept  Irom  it.  I  liis  follow!!  from  the  laws 
of  fluidity. 

.■Mly,  If  the  wind  were  the  soic  ag,  ni.  ihe  alterations 
in  llie  height  ol'  the  mere,  ry  would  only  i  e  :i  Ui;>k',  or 

R^icai  i  there  wuold  b«  slill  the  itune  qusotity  supported 
Wie«nialplafl«»  tabaa  onllaetiitly  »  thns^whntt  Mba  A 
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London  lott,  another  at  Pari*,  or  at  Pita,  or  at  Zuitcb, 

vrould  gain.     But  we  find  the  »ery  rrjiurriry  trm-  in  fart  ; 
for,  from  all  the  observations  hitlicr'.u  niudc,  ihr  baromc- 
tfltain  aeveral  purts  of  the  globe  dm-  uml  iull  toi^i^'thLT ; 
that  it  must  be  tome  aJicration  in  tiie  absolute  weight  of 
niUtteeoaittlMrtiMfMaad  All  of  iIm 


the  titnio8|ib' 
rilcrcury. 

La>tl> .  iitting  aside  those  popular  pbfnomcna.  the  mer- 
cury'* fall  balbie,  aad  ciia  after  nim,  mm  to  be  incxpli- 
caM*  «a  the  pemmA  ot  tkia  kypstlwm:  for  suppose  two 
contrary  wioHs  sweeping  the  air  from  over  London}  we 
know  that  few  if  any  of  the  winds  reach  nbove  m  wMn 
liigbi  ail  tkefeCDiy  that  they  can  do^  will  ha  tv  cat  off  a 
«irtain  pan  ot  tha  calam  af  ak  omt  Loadon :  if  the 
consequ.  nee  of  thb  be  the  fUl  of  the  ■ufCiu^*  jet  them 
k  ho  apparent  nasoo  for  the  tM»  fcHwiat  it.  The  aa» 
pours  indeed  may  be  let  towar,  but  it  will  only  b«  till  they 
Come  into  an  air  of  thr  same  specific  granty  with  tbem- 
ttlwcs;  and  there  they  u  lll  he  susprndrd  as  before. 

Lfibtiilf  !iccouut».'<l  lor  the  t'ull  of  the  mcrcuty  before 
ram  on  jii  ithcr  )irinciple,  vir,  Th.it  as  a  body  spccificail  v 
ligli;i  i  ••..111  ;i  (luui,  vsliile  it  is  iustained  by  it,  add>  moro 
weialK  t  I  tlKit  lluid  tlian  when,  by  being  rciiuoeii  in  biilk, 
it  beconit->  5|ieCilitaily  heavier,  and  descends;  sn  »hn 
pour,  at'liT  it  is  reduced  inli>  ih<  li  rm  of  clouds,  de- 
scends, adds  less  weight  to  the  air  thaa  it  did  before;  and 
hence  the  met cury  sinks  in  the  tube. — But  heae^  gMnting 
that  the  dro^  of  rain  fonned  from  the  vapours  alwi^-s  in- 
creasing in  MM  as  thay  fitll  lower,  were  continually  acce- 
lerated aUo  in  thdr  motion,  and  lo  the  air  auier  •  conti- 
nued \oii  of  their  weight  at  they  doacand}  H  laajli  ho«nnc« 
,  he  oktioeied,  that  by  tha  dawnt  of  the  aMicaiy  the  noa 


ii  ftntold  a  ■•GfcTleagir  tiBM  hdbie  H 
tapear caa  he auppwcd  to  take  up  uMwg:  that  maiiy 
MW«,  and  in  diftrent  places,  there  fhlb  a  gmtt  deal  ot 
nia,  wMioat  any  unking  of  the  mercury  at  all ;  m*  aUo 
that  Aeie  oAen  happens  a  fall  of  the  mercury,  without  any 
rain  ensuing:  and  that  .soini  tiiiieu  the  mercury  will  suii^ 
denly  sink,  in  a  short  spate  of  time,  hall  an  inch  or  more, 
which  all^ul>l^  :ii  7  uii  tje^  i>f  iibout  000  thinl  of 

the  whiili-  fiUHii'.ily  tiiliiisy,  ni  llii  whulr  year. 

M.  I>t  I. lie  siippr>H-s  thsir  tdr  c;Nir,!'rb  olj5<  rvi-d  in  llie 
pressure  oi  tlic  Hlmosphere,  ure  f  liietly  prii<iuced  by  the 
ereater  or  le^^  (juaiuily  of  vapours  flcmtinff  in  it:  others 
nave  attributed  tbeni  t*  the  same  cause,  but  have  given  a 
different  cxplanatioB  of  it.  His  opinion  iii  that  vapours 
dimiiriih  the  ipedfic  gravity,  and  consequently  the  atmo- 
letewajghtof  ihoaicolumm  of  the  atmospherr  into  which 
<hay  an  received,  and  which,  notwithstanding  thisadnu»> 
tm.  Mill  teniain  of  the  araie  height  with  adjoiaiiig  ea- 
ImuH  that  oaiBM  of  pure  or  dty  air.  He  afirrwardh  ifai* 
diealte  and  mm  fully  CKptains  thk  theory,  and  applM*  tt 
to  the  lolutioa  of  the  pitncipel  phenomena  uf  the  herom*- 
Icr,  as  depending  on  tne  varying  density  and  weight  of  the 
ainosphere. 

Dr.  James  Hutton,  in  hi»  'I'heory  of  Rain,  printed  in 
the  Transactions  ot'  ihc  R<.val  ^.•nictv  <i|  l-^dniliun:!).  v<,|.  i , 
gives  ingenioiM  and  plausible  reasons  lor  tlimkinr:  that  iht- 
diminution  of  the  weight  of  the  atmosphere  by  lull  r  f 
rain,  is  not  llie  cause  of  the  descent  of  the  mi*rcury  in  the 
barometer  tu lie ;  Imt  that  the  principal,  if  not  the  only 
cause,  arise*  from  ihe  commotions  in  the  atmosphere,  which 
arc  chiefly  produced  by  sudden  changes  of  beat  and 
cold  ia  the  air.  *•  The  tMronetec"  he  ahaervei,  •*  is  en 
■t  aini— lUy  cuwaeBted  wttlk  eMtioM  ia  the  ae> 


mosphere;  but  it  ia  not  eqiulfy  afiiKted  with  every  motion 
in  tiMt  fluid  body.  The  barometer  is  chiefly  aflt><^t<  d  \>y 
ibose  motions  by  which  there  are  produced  accuniulalion^ 
Olid  abstraction-,  of  till  -  rt.iid,  m  iilruc-jui  ru^iijiiii  sufli- 
cifot  extent  toufti-ci  llie  pres^un  the  atn;  .i^piiiTf  on  lJi<i 
suiiiiLL-  ot  the  earth.  Uui,  ass  <.ii.  i\  cummotiou  in  il.e  at- 
mosphere may,  under  proper  conditions,  be  a  causcitt'iain, 
and  U.S  the  want  of  coromutioo  in  the  atmosphere  is  laiiu- 
rally  a  cause  of  fair  weather,  this  iustrument  may  b«  medn 
of  great  importance  fur  the  purpose  of  meteorological  oET 
aervalions,  tbov.gb  not  in  the  certain  and  RK>re  simple  man- 
ner in  whkb  it  ha«  been,  with  tfa^  inerease  of  science,  ki 
incerMAilly  applied  to  the  measuring  of  heighla."  See 
ftaiv. 

In  th«  Eneydepadin  Britanaice  there  is  anotWci  theory 
oTthe  cfaaagn  in  the  benNaeier,  as  depending  on  the  head 
in  theatnotphcn',  not  asproducinv  commotioos  there, hnt 
a»  altering  thr  specitic  gravity  of  the  air  by  the  cfaaijgni  of 
heal  and  cold.  The  principles  of  tliis  theory  are,  —  1st, 
'J  hat  vapour  is  formed  by  an  intimate  tiniou  belvveeo  tbu 
elements  'il  Kre  ini:!  wuivr,  iii  ti>ii.s('<jui'nrr  cji  wliicli  tlie 
fire  or  beat  is  so  totally  enveloj>eii,  Hiid  Il^  iic:tii>t;  so  per- 
fectly suspended  by  ihc  aqueous  partn  li"<,  ilmi  it  natonly 
loses  its  properties  of  burning  aiid  ot  Jivm:;  i'ght,  but  bc- 
c  iiin-i  111!  ,ip.ible  of  aliectiiig  the  mv^l  sens. bio  thcrmome- 
ler;  in  winch  cau-  it  is  said  by  Dr.  Black  to  be  i»a  latent 
State:  and  ^d,  That  if  the  atmosphere  be  affected  by  any 
nnaouald«enieo£h«at,it  tbcacebecoBMtinciqpableoffnp- 
portiBB  so  rnif  n  column  of  Micnty  «■  brfbae}  fitr  wlilch 
leasoo  the  hafometer  sinks. 

From  these  axiosns  it  would  follow,  that  ae  snpaor  ia 
iesMd  hy  the  anson  of  fire  with  water,  whether  hy  aatrae* 
tion  er  n  solnlion  tf  Am  water  in  the  tng^  tlie  snngar  caiif 
no*  he  condensed  till  this  union,  attractie%  or  eaMlimit  ha 
at  an  cod.  Hence  the  beginning  of  the  coadensetion  of 
the  vapour,  or  the  first  signs  of  approaching  rain,  must  be 
the  snpantiiun  of  the  fire  which  i*  latent  in  the  vapour. 
Ill  the  iM-ginniji^,  ll  IS  riiitv  lie  <  :lhi  r  slow  atid  partial,  or 
it  mny  be  sudu  ii  ana  vMlrn!  :  in  llit  first  case,  the  rain 
will  Loiiic  i_,i:  -.iowlj,  .iiiil  tiill  i;t[i:r  a  Ctwsiderable  time  ; 
but  m  the  ..iilii  I,  ;i  tvtli  fitcumulate  very  (|uickly,  and  in 
a  lU  tjujrilii\.  Hut  l)r  Black  haii  provni.  ihist  wheu 
(ire  quits  its  latent  state,  however  Iftng  it  may  have  laih 
dormant  and  insetnihle,  it  alwiiys  resssuuws  its  pro|)er 
qualities,  and  atfecu  the  thermometer  jiut  the  same  as  if 
it  bad  never  bean abaor bed.  The  consequence  of  thi:>  mnsi 
be,  that  in  proportion  as  the  latent  heat  is  discharged  fsosn 
the  vapour,  those  parts  of  the  atmosphere  into  which  iCie 
dischajged  mast  he  amsibly  aAxted  by  it}  and  ia  propel^ 
tioB  to  the  heat  onnuaaaicatod  to  thoae  parts,  they  i»iU 
»ipocifi««lly  lqM«r>  m4  tie  aNMHi|!  wiU  sMk^ 


In  Ihe  Mcaoirs  of  tlie  Litersry  Society  of  Manchester, 
vol.  4,  is  also  a  curiam  peper  on  this  subject,  via.  M«. 
teorological  Observations  made  on  different  Parts  of  the 
Westrrn  Coast  ol  Great  Britain  :  arranged  by  T.  Garnett, 
M.  D.  This  paper  is  composed  of  mutt  rials  lumished  by 
several  obsiervers  ;  those  of  Mr.  Copland,  surgeon  at  Dum> 
fsn-5,  ,ire  of  special  ir.'.]Kirtaiin'.  1  his  penllenian  is  of  opi- 
nion that  the  ch.iiiges  ut  the  liarometer  indicate  approach- 
ing hot  and  cold  «e;itlier,  with  much  more  certainly  ifcan 
dry  and  wvt<  "  Every  retoarkabie  elevation  of  the  tiaru- 
mder/*  ho  says,  **  where  it  is  of  any  duratiun,  i>  kHuwcil 
hj-eon  ema  oc  dry  wreihsr,  and  moderate  as  to  wind, 
Of  h*  all  of  them :  hat  htat  fotais  to  h<ive  meat  iiiu 
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eoMMKkni;  Mnd  wkm  it  It  daliciiiiC  tke 

of  tlwothn'  two  will  to  ]mignmad  marercmaflmUe; 
fore  the  calculaiion  mult  to  m  ft  compound  ruin  of  iha 

excess  aiu<  tlcficiciicy  of  ito  bcsl,  MM  of  the  dryneu  of 
the  wrathtT  in  comparison  of  tho  raodiam  of  the  teiuioii ; 
and  with  n  i;^ird  to  ibo  want  of  strong  wimi,  it  apjiears  to 
be  intiomtciy  connected  with  the  Ifut,  a»  ihey  »how  thttt 
no  prcc  ipiiftitoii  is  gdag  a»  in  toy  of-  the  iicijhiMWRiig 
regions."'' 

Ill  his  ami  l,5lh  rrmark^.  In     ni  »aiii, 

'  1+th,  'l  iial  thi  baroractvr  being  iuwcr,  unil  ronlinuing 
»o  longer  than  what  can  be  accounu  d  lur  by  inmiediaie 
falls,  or  stormy  weather,  indicntps  the  approach  of  very 
cold  WC«ther for  tbe  season ;  and  also,  cold  weather,  though 
dry,  is  always  MCMUpapird  by  a  low  bit.rometer,  till  near 
'  its  terminution.' 

'  15tb,  Tbat  warm  weather  is  always  preceded  and 
'  Ittntly  ftCCOmpanied  by  a  high  baromrier;  and  tiie  rising 
of  the  tarameter  in  the  time  of  broken  or  cold  weather,  it 
•  ilgn  of  the  approoch  of  iMrmvweatiMr ;  md  also  if  the 
wind  it  in«ny  of  the  cold  pdai%««iddcii  fiat  of  the  bar 
•  rometer  indkatet  the  approach  of  « tonthoiy  wilid«  wUch 
in  winter  generally  brin^  rain  with  it.' 

In  the  tu'o  following  remarks,  Mr.  Copland  bad  ex- 
•  plained  en  i  iin  pt  i  t  i.im  iia  Irrim  a  principle  wmihir  to  ihiit 
on  which  Ih.  Danuii  Iiils  so  much  insiMeii  :  Botanic 
Oftrtirn,  I.  notes  p  79i  '■'^■<-" 

'  That  llie  Idllin:;  of  the  baromUir  nmy  proceed  from 
a  dfConipositioM  of  the  atmosphere  occuiriii!;  uround  or 
near  that  part  of  the  globe  wliere  we  are  placed,  which 
will  occasion  the  electricity  of  tbe  atmosphere  to  he  re- 
pelled upwards  in  fine  lambent  portions;  or  driven  down* 
wards  or  upwards  in  more  compacted  balls  of  fire;  or 
lastly,  to  be  carried  along  with  the  nin,  ttc,  in  an  impeib 
ceptibic  manner  lo  tba  aarliice  of  die  oaslh :  the  prccipi- 
tatioo  of  the  w^laiy  paitt  getterally  very  aooa  takca  plaea, 
which  dininiibot  Iho  leal  gravity  of  the  atnotpbctt^  aad 
«bo  by  tha  deeonipawtioa  of  aoinw  of  thMnora  activt  pnti^ 
tha  air  kaet  part  of  that  aliitie  and  npaliite  power  which 
it  to  eminently  poHcnedt  and  will  therefore  press  with  le^s 
Ibtoe  on  the  mercory  of  the  barometer  than  before,  by 
wllich  means  t\  fall  eiibUe^. 

■  •  That  the  cause  of  the  currents  of  air,  or  winds,  may 
n'ln  I  r  tin-  aay  acrounted  for :  and  in  very  severe  storms, 
whi  le  !!itat  dteoinpositiolis  of  the  iitmospbere  tiike  place, 
this  15  paiticubirly  ei  hh'ii:,  s'.r  li  .t^  31  nerally  occur  m  one 
or  more  of  the  Wcst-liulia  islamic  at  one  time,  a  great  loss 
of  real  i;nivily,  together  with  x  cousiiler.ible  iJiininution  of 
the  spring  of  the  air  itnmedintely  ensues;  hence  a  curreru 
Oamniences,  first  in  tbat  direction  whence  the  air  has  mo^^t 
ff$xity,  or  is  most  di^osed  to  undergo  such  ti  change; 
but  it  being  »oon  rt;lieved  of  its  superior  weight  or  spring 
on  that  tide,  by  the  decomposition  going  on  aa  faat  at  the 
«h(d  arrivei  on  tlic  island,  it  immediately  veeii  to  another 
poliil,  which  then  raihet  in  moatly  widi  an  inenata  of 
Kwea;  jhot  H  goat  on  till  it  hat  lilotrn  mora  tiwi  half  way 
round  tha  Bcmilt  of  the  compam  dniiu|  the  continuatida 
of  the  kampm.  For  in  tbit  manner  the  West- 1  ndia  pho> 
4lfMBCHai  at  well  as  the  alteration  of  the  wind  during  heavy 
raintinlhis  country,  can  only  be  properly  accounted  for.' 
See  remark  No.  4. 

Mr.  C.'s  ith  aphorism  is,  '  That  the  bea\i<'st  rains,  when 
c.t  lon^  conlinuarirc,  gcru  i  i  ^in  with  the  wind  blow- 
ing easterly,  when  it  gruduHily  vc«-rs  round  to  ihti  soath; 
Mid  dnt  the  famdoct  not  jihen  brgpa  to  ctate  till  the  wind 


hBtnttetb*wail,or 

it,irtMn,itm^rhaadded,  it 
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Many  other  oimrvalioiis  on  the  bar<m>eter,  the  weather, 
kc,  may  be  seen  in  various  parts  of  the  Plnlos.  Trans. 
And  for  some  curious  papers  on  the  samt  ,  .m  i  :ihcr  fub- 
jpcis  ConiUCtcil  i»ith  the  barnliKtei,  see  the  C>entbm»l1% 
Magiuiiu- for  1*89,  p.  317;  also  Greu's  Journal  of  Nat. 
Philos.  prinlcU  at  Ixipzii:  179',  for  the  inlhience  of  tlte 
sun  and  moon  on  the  buronieler.  See  also  a  very  ela- 
borate paper  on  this  subiect  in  vol.  '2,  p.  4.9,  ice,  of  tike 
Koyal  Irish  Trans,  hv  .Mr.  Kirwan. 

'Die  BtiTometer  uppiied  to  Ute  featuring  <tf  Alutudct. 
The  secondary  cliaraclcr  uf  the  barometer,  namely,  aa 
an  instrument  for  ineBturing  accessible  heights  or  depths, 
was  first  proposed  by  Pascal  and  Descartes,  as  has  oem 
before  obsenred{  and  succeeding  philoaophen  have  been 
at  great  paint, to  atcertain  the  proportion  iietweon  the  fall 
of  the  horoineter  and  the  heiclit  to  wliicb  it  li  carried}  a» 
Halliy,  Hariotlr,  MamW,  Schenehiar,  J.CMniiii»  D.  Beiw 
noulli,  ilorrebow,  Boi%uer,  Shucfcbwght  Rny*  aad  moee 
especially  by  De  Lnc^  whn  has  given  a  critical  and  hialft- 
rical  detail  of  most  of  tlie  attempts  that  have  at  different 
times  been  made  fur  applyinj;  the  motion  of  the  mercury 
ill  tlic  barometer  to  the  measi.reinent  of  acressiljle  Ik  it;bt». 
And  for  this  purpose  scrvis  ine  |i<ji  iiible  haronii  li  r,  before 
described,  (fig.  1 1  and  12,  plate  4.)  mIik!.  ■:.  in  .  oe  made 
with  all  possible  accuracy.  V  annus  rules  ii^ve  U  en  "iveii 
by  the  ^vrlt'■r5  on  lliis  subject,  for  loniputintj  thi'  heij;ht 
fusceiuled  Iroin  the  given  fall  of  the  mercury  in  the  tube  of 
the  barometer,  the  most  accurate  ol  wiiich  v»as  that  of  Dr. 
Ualley,  till  it  was  rendered  much  more  so  by  tlie  indefati*  , 
gaUe  researches  of  Ue  Luc,  by  introducing  IsId  It  the  cor- 
laciioni*  of  the  colnmns  of  mercury  and  air,  onacconnof 
heat.  Other  ruriertions  and  inoditications  of  the  tame 
may  be  aeen  inaeticd  under  iiie  article  AtMomuvtLtt 
WMte  the  mott  iomct  mk  it  dednead  fiMa  mm  iiri^ 
perinHotonly. 

Tit  Bait  for  aamfmting  AUUnda^  n  diii> 

Vii,  lOOOO  «  ki^af  ^iitbealtitsdriillklhoni,  in  tbe 

temi^eiatttte  of  31*:  and  tot  every  degree  of  the  thermo- 
meter above  that,  the  ictalt  mutt  be  increased  by  so  many 
times  its  43dth  part,  and  diminished  when  below  it:  m 
which  theorem  M  denotes  the  length  of  the  column  of  mer- 
cury in  tbe  ban  laeler  Hiln  i  i  ihr  bottom,  and  m  tlnii  at 
the  ;op  of  the  lull,  or  otiiei  •  imi.i.iu  e;  which  leui;ths  may 
be  exi'.resscci  in  any  tun  iiiul  the  s;inie  sort  ol  measitri-s, 
whether  leet,  or  inciies,  or  tinths,  ice,  and  eiti/er  iuiglisb, 
or  Flench,  or  ol  any  other  nation;  but  liie  result  iadut 
ca.se  is  always  in  falhuliis,  of  0  English  feet  each. 

And  the  Precepts,  in  words,  fur  the  practice  of  a^rawrinil 
altitudes  hy  the  barometer,  are  these  following: 

1st,  Observe  the  height  of  the  barometer  at  the  hotlont 
of  any  height  or  depth,  proposed  to  be  measured;  togethn 
with  the  temperature  uf  the  mercury  by  means  of  the  ilicr^ 


■  auacbed  to  the  faoroineter»  and  alio  liw  tdipent* 
lute  of  the  air  ia  thp  ihade  hy  another  thermoomicr  wUek 
it  delacttd  beoi  Ae  beiMnetcr. 
idly,  let  tbe  Maie  thing  be  done  alio  at  the  top  6{  the 

said  height  or  depth,  and  at  near  the  time  of  the  former  as 
possible.  And  let  those  altitudes  of  mercury  be  mluced 
to  the  same  temperature,  it  it  be  thoupbt  m  r i  jsary.  by  cor- 
recting either  the  one  or  liie  otiier,  viz,  augnicniing  liie 
h^jgbt.of  ihemmniy  Ml  tbe  cofakr  tempentitie,  «tainu« 
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thtt  in  1]m  inirn«r,  hf  ii>  SfiOOih  mtl  tu  vmf 
dcgav  of  difrmice  between  tne  (wo ;  and  tnt  ilthwlei  of 
mercunr  <o  corm-ce(l,  are  th«MS  which  M*  drooled  bj  n 

Sc'K  ,  T  i'  !■  out  I  (  r  fnmmnn  loaarilhni»(if  tlic  two  bcighls 
of  iiu  ixui),  so  cut  ti  <.  fiMl,  and  subtruct  the  Ipss  from  the 
grcatiT,  cuttini;  otf  fnnii  iIk-  riybt  luilirl  Mile  of  the  remain- 
diT  thrrf  plac-o  f.ir  ticciin.il- ■,  mj  '-l.-iil  ilmsi'  on  the  k'fl  bv 
fath<ini*  in  «!;<il>-  iiuiuU  r^,  tliu  tnlil'-.  of  ftj^iiritlinis  being 
unilci'?ln?Ml  (i)  l;c  Mich  u-.  hiivr  7  jiliiccs  ol  decimals. 

4thlv,  (.'ortcct  till'  luniiljvr  l.xsl  fonml,  f  jr  l\ir  ciitlcri-nco 
of  the  tonijH-'i-tttUR'.of  ilio  air,  as  falhiws;  viz,  'l  aki>  tutif 
Ihe  sum  of  the  two  trmptTatures  of  tlic  iiir,  »hown  by  tlic 
detached  Uicrmometen,  for  the  mean  one ;  and  f.>r  every 
dri;rec  wfaicb  this  differ*  from  the  standard  temperature  of 
Sl^ytakcMnmny  times  the  VMth  part  of  the  fnihoms  nbovc 
finind«  and  add  tlicn  if  the  mean  tem|ieruture  be  more 
dian  9f*,  but  nibtract  then  If  ll  be  below  310;  iv-^ball 
the  inm  or  diibrroce  be  the  true  altitude  in  iatiymM,  or 
bciu;  mtiltiplied  by  6,  it  vnll  gi**  the  true  altitude  in 
Snriith  fceu  ' 

Snmfk  I.  Let  tfa<e  state  of  the  bafomttcn  and  themo- 
Bieten  be  u  follows,  to  find  the  eltitnda:  via. 


fit*.  See  a  Irariiad  paperia  vol.  1  of  Ae  Tram,  uf  the 
R.  Soc  of  ISdhAviybt  '*  on  the  Ctems-wbifb  affect  the 
Accuracy  of  Dammetrical  M««sgmn«in;  by  John  Plai" 
fair,  A.  M.  F*.  R.  S.  Eitin.  and  Trofi-swr  of  Mathematics  in 

the  University  of  I  d. nlmri^li  ;"  also,  an.  iIkt  bv  l)r.  I)a- 
mcn,  Into  Pff.f<t(»or  ol  Maliifnuuics  :inil  l'hil'iM.].liy  nt  the 
L'iiiwi>.ily  of  I.evdrii,  iiaitliil  "  I >)^m  i l.ilio  Plissica  ct 
M-ilKciiiiitita  lie  Moiitium  Altituiiim  ISnruOM  ;ro  Mi'tiitidii. 
Arcodit  Holf.icdollib  A^lronoii  ica- '1  hi  os  i:  ,  '  ii;  S  o,  u(  the 
Haf:(ii/,  Alji.  oihvr  foiiicriDtis  mid  iixHlilications 

tfiat  h.tsr  hci-n  pivcD  bv  m  u-ial  |il)iUiL-i.|ihi  rs,  a>  KobllOnt 
Tff'hI.y,  |>.i;leWeld,  I'rony,  Lapluce,  \;c. 

\Vi-  vliiill  now  ronclude  this  »ul>ject  by  an  account  of 
the  hri;rii,i  of  >omr' of  the  mo>t  n  mariiabte  mouiittUMl» 
on  the  f.ntli,  ubovi  t'lc  surface  of  the  OCean,  in  feet,  ■ 
Mount  Pay  de  Dunft,.  ia  Anvergne,  the  first) 


mountain  aiebined  -bjf  the  baniwttr. 
Mount  BlaaC'r  ' 
Monte  Row    -    '      -     .  ., 
d'Ai^eallDe    -    f  ^'P' 


Tlicrraonictrrs. 

j  Bamnwtars. 

detaclied. 

iitlachcd. 

57 

67 

I      29-C8  lower 

48 

43 

'      'J3"JS  upper 

dif.  14 

Asm 

14  :  : 

99-69  :  -04 

\ 

Pile  de  los  Rem .  '  'f*J?,^  /.  /  - 
Pic  d'o..ur...     r   rpmum  <  _ 

C'iini-;^.iil  -J  - 


ry  of     Scraard  ^ 


HouiftC 

Pile  de  los  Revei 


COT.  '04 


log*. 


mean  49i 
tUnd.3J_ 
dif. 


■I  SB  -  40C777  1 

Ai43j  :  18i: 
'  cor.  add 

the  altitude  7 

vougtit  Is    f  Ml  4 

Exumjik  2.  To  firid  thcallr.ud.-  ;i 

o(  tlie  barometer  anJ  ihcrmoiiii  tei ,  i 


()<)1  Oil  :  <I9-98S 
7'JO-5p9  fathoms. 

'<IV  ffit. 


torn  and  summit  of  the  saini.'  urc  la  folkuw» 
Thermometers. 


when  the  state 
.ed  ai  the  hot' 
vii. 


5088 
156fi« 

19409. 
7944 

<>'il3 

76so 

9300 
11700 

8544 
1232 
10954 

4887 
3555 
3723 
3858 
3472 
3461 
St80 
t34C 


detaclMda 
S3 

mean  85 

As  9600 


attached. 
41 
38 

dif.  3 


3Sr45 
S6'8S 


as 
di&  S 


2<)'45  :  01 
•01  logs. 

M  9  29'44  -  4(>89S7S 

m  =  C(;-82  -  4284588 

As  435  ;  2  :  :  .4O4-7!>0 
car,  add  rsb 

the  altitude) 


1-86' 


406-65  fathoms. 
Bou^t  i*  for«439-SOfcet. 
See  this  rwk  inTctti^ttod'  under  the  artitio  P»vif*> 

TICS,  at  Ihe  end.  ' 
N.  li.  The  mean  height  of  the  barometer  in  London, 

oil  an  averngr  of  two  observations  in  every  day  of  the 
year,kcpt  at  the  hoxise  of  the  Royal  Society,  for  many  yen rs 
past,  is  2;)  SS  ;  tlu-  invdium  temperature,  or  bright  of  the 
(herrnomi  tvr.  Hccnrdinf;  to  th.?  vnmc,  being  58**.  fiiit  the 
niL<iium  h<  i^-ht  at  tl!<-  »urfaci>  of  the  sea,  according  to  Sir 
Geo.  Shucl^burgh  :  Ptnlc,.  Tr;.ns.  1777.  p.  5S6)  i¥  30  0V 
inchcSt  the  htat  of  the  baionvctcr  being  55°<  aiid  of  the  air 


Lake  ui  (; 
Mount  A':::ri  - 

Mount  Vesuvius  •       '  • 

Mount  flecitt,  in  leelaMl  - 
Snowden 
Ben  Moir  7 
Ben  Laura '     •       '  • 
BcnGloe         -  - 
SbihalHen  - 
Ben  Lomond         ■  - 
Tinto  .        -        •  - 
TaUe^HiH,  Oqie  of  Good  Hope^ 
Gondnr  dty,  in  AbiyainMi, 
Source  of  tte  Nil*  '  - 
Pic  of  TcncrHfe  -  -  - 

Chinbora^ou  -         -  • 

(",iV;;lii:".ii:  lU  •  -  " 

A:il-s.iii:i  -  . 

Picfiiidi.t  -  -  . 

rify  ot  n,iiri,  - 

('...p-ar:  Sea  Mnit  tlie  Ocean  - 

UAKOSCtJPl;^,  a  tnaciiine  for  showmg  the  altciauotw  in 
the  «e^  or  ptKMWi'of  the  ntaoiphert.  See  Baeovs^ 

TKB.  ' 

BAKREL,  an'  Enoli  h  vessel  or  cask,  containing  36 
palt  iiis  of  boT-roea-iO  1 1 .  or  32  gallons  of  ail^nmlsu^e,  The 
biirn  1  i  f  beer,  vin'.' :.;.ir ,  or  of  liquor  preparillg  for  rinrgar, 
eufht  to  contain  34  gallons,  according  to  the  standaril  of 
Iho  ale  quart. 

Barrsl,  in  dock-worlc,  i*  the  cylioder  about  wUds 
tlie  spring  is  wrapped. 

BARRICADE,  or  BaRaicsDOk  n  aulMatjr  term  lor  • 
fence,  or  retrenchment,  hastily  mado  with  ^asaali^  «r  boa> 

Vcu  <.r  c.ir[h,  I'.iirs  rrecs,  stakes.  Of  ibo  lilw,  to pfcaenw 
ati  army  ironi  tln'  ;.lint  or  assault  of  a»  enemy,        .  ^' 

B.VRltiLlIl,  a  kind  o  f  fence  made  at  a  pasiaM  i«*w>«n-- 
ment,  t-ate.  or  such  like,  io  stop  it  up  a|;aii>it  an  Many. 

BARUow  (Iv  vac),  :<  w^ry  <niuient  mathaaiaticiananA 
di»inc  of  the  17ih  century,  »•«  ^rn  at  Loqdon  ntiOctta* 


80ll» 

I40?f» 

i9.iy* 
19391 

19290 

i:.07o 

*>977 

.■506' 
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brr,  ifijO,  bi  itig  tiif  son  of  Tlmnu^  Harrow,  then  a  linen- 
draper  of  ihat  city,  but  descendi  il  ;>  ni  nn  ancirat  bmily 
in  SuH'ulk.  He  wa*  firtt  placed  at  the  Charter-house  school 
for  two  or  three  years;  where  bis  behaviour  Affordod  but 
htilu  hope*  of  auccess  in  the  profeMion  of  a  scholar,  being 
much  addicted  to  fighting,  and  promoting  it  among  his 
•(iiovl- fellows;  but  on  removal  to  Foisted  in  Essex,  his 
diijiosition  took  a  diilerent  turn,  and  he  applied  himself 
with  great  assiduity  to  his  studies,  in  whid  b»  nwila  very 
rapid  advancement.  He  was  lirst  admilled  A  pcarioner  of 
Frter-huuse  in  C«|itbri«iie  i  but  wben  h»  caaie  to  join  tbo 
nnivenily  in  Fek  li64S|  Mvuenlaml  ■tTrinity-coil«geh 
to  l6V  hs  VM  dHMMB  a  tchoUir  of  tbo  house,  and  tub^ 
■eribfd  tho  •ngagemut;  but  afterwards  repenting  what 
Iia  ha4  iun,  he  went  back  and  struck  out  his  naae  frofi 
.  the  Ust.  At  this  period  he  began  to  apply  himartfwith 
great  ii'i^i  nrc  to'thg study  of  all  parts  of  literature,  espe- 
cially iialurai  philosophy.  He  at'trrwatrls  turned  his  al- 
tcutioa  til  till-  pr<)tr>'.i(in  (;rpli\>ii  ,  a:...!  iii.idi' roiisidcrable 
progress  in  anatomy,  botar;y,  urnl  cJit  iii.iUy  :  lif  next  SIU- 
.  died  divinity;  then  chiu  , 'li j^y,  astioinnny,  i^conii try,  atiii 
the  Other  branches  of  the  naihi  niattcs;  with  w^  succe»>i 
his  i^ritii\gs  afterwards  most  eitiincntly  showed*  Ip  tj^tft 
lie       choteo  fellow  of  his  college.  % 

Wmb  Or.  Duport  resigned  (he  chair  of  Gntik  ftohuon 
'terqcorocnendecl  his  pupil  Mr.  IWrrow  for  his  succcuor, 
!||UH  in  bi:>  probationary  exercisi-,  showed  himself  equl| 
tOi  (|m  character  that  had  been  given  of  tiim  by  tkit  giQ> 
tlnnin}  bat  beingptuspected  of  favouring  AmininitRi,  hm 
Hfm  Bot  fmferred.  This  disappointment,,  it  ■Meaii». 
liiwniid  lum  to  quit  the  college,  uid  visit  foraan  Conn- 
bdKfS  b«t,«idi  «nehjt£nuioc%tli«tli««w«Qn«4to 
iinrnt  oChit  books,  to  eanbk  him  toexccatetkatoMkli. 

He  left  England  in  June  I GS5,  and  visited  France,  ItaqTt 
Turkey,  dec.  At  several  places,  in  the  course  of  tfat»  tour, 

ka  met  wi'.'i  hhkIi  kmiir.rbs  a:i.l  li!j'_'r;i'.  a-*|vt;iilCC  from  the 
English  ajubiiisadors,  itc,  whicli  (ttabkil  him  to  bcritfit 
the  more  Irom  it,  by  protracting  liis  stay,  anil  proloiigiiig 
his  journey.  He  spent  raon:  ibaii  a  year  in  'I'uikey,  iintl 
reluriiril  id  i'.nj;liind  by  way  of  Venice,  Gi  riiiany,  and  Hol- 
land, in  16^9.  At  Constantinople  he  read  over  ibe  worJta 
of  St  Chrysostom,  once  bishop  of  that  tm,  llhci||  k*-fffl^r 
£erred  (o  all  the  other  fathers. 

On  his  reram  home  Barrow  was  epiMopelly  ordaitted 
by.  biakop  Brownrig ;  and  in  166O,  he  was  chosen  to  lh<t 
Cieek  profeiaonbip  at  Cambridge.  In  1662  he  was  elected 
prafanr  of  geometry  in  Gmfaiun-ccdlcgB}  in  which  tta- 
tion  ha  not  only  diicbaned  hii  Own  duQrt  biit  supplied 
alio  lha  absence  oC  Dr.  Pope  the  istnnoaikal  pnfcisor. 
Among  bis  ^iiics,  torn*  ««te  on  th«  projecdon  of  tbei 
sphere  and  petspective,  which  arc  lost;  but  hts  Latin  ora- 
tion, previous  to  hit  lectures,  is  still  extant.    About  this 

iimv  Mr.  Harrow  mv.  'iff-.T'  (i  a  j^iKid  living;  lint  :!:<•  r^^n- 
cKio.i  iiancxcij,  of  leathmt  iht;  patn^n's  son,  niiiJt  lum 
refuse  il,  as  thinkiii;^  it  too  lik.f  a  siinuniaLal  contract.  On 
the  20tli  uf  M«y  Itiil)  hp  wa<  cU  f  uil  a  lolinw  of  thi'  Royal 
SjL'itry,  in  t!:t-  ^.r^^  ch  jiLc  iii^.Ji  '!<v  !!i<  council  alter  ihoir 
thartiT.  The  same  year  thi'  executors  of  Mr.  Lucas  hav- 
ing, according  to  bis  appointment,  founded  a  nutthemati- 
CU  lecture  at  Cambridge,  ibey  selected  Mr.  Barrow  fur 
tbeiint  profipaaor;  and  though  his  two  prolinworships  were 
not  inoamp^itibhl.  with  each  other,  be  chose  to  resign  that 

.ofOnibaiiMallsir,  wludi  he.  did  May  the  20ib,  iCfii  ; 

,«nd  at  tho  saato  tiano  Us  QtMk  jmfniori^p  sIkv  In 
lMi^b»ni%nad  Iho  agthfisfilieA  cknt  10  UshtOMi 


friend  Mr.  Isaac  Newton,  haviag  determined  to  ijuit  the 
study  of  niuihematics  altogether  for  that  of  disinity.  On 
leaving  Ins  professorship,  he  liud  only  his  fellow»Uip  of 
Trinity-colU'ge,  till  his  uncK  hi«'a  small  sinecure  in 
Wales;  und  Dr.  Si  th  Ward,  bishop  of '^liiibury,  conferred 
on  him  a  prebendary  ill  ills  church.  In  the  year  l670he 
was  created  dortor  iji  divinity  by  mandate;  and,  on  the 
promotion  of  Dr.  PevrsOQ,  master  of  Trinity-college,  to 
the  see  of  Chester,  be  was  appointed  lo  succeed  him  by 
the  king's  patent,  facarii^  date  the  I3tb  of  Feb;  l67S;  on 
which  occasian  the  king  was  pleased  to  say,"  he  bad  gjrcn 
it  to  tha  best  scholar  in  England."  In  ihn  bit  majesty  did 
not  spcnk  fm  tenort,  but  from  bit  own  knowledge;  the 
inclor  bchig  llwn  us  chaplain,  he  UMd  often  to  converse 
with  him,  and,  iu  his  homoroui  way,  would  call  him  an 
"unhlr  preacher,"  because  he  exhausted  evny  <iiibjecf, 
and  left  no  room  for  others  to  romi-  after  bini.  in  ifi?.* 
he  was  chosen  vice-chancellor  of  liie  university;  and  he 
omitted  no  endeavours  for  tb«'  -loixJ  of  that  society,  nor  in 
the  line  of  his  profession  as  a  diwur,  for  the  promotion  of 
piity  and  \irtut  :  but  liib  useful  labours  were  atjruptly 
teriainatid  by  a  l'<  \cr  on  tht-  4tli  of  May,  l(i77,  in  the 
47th  year  li;s  a,;i .  He  was  interred  in  Wrstminster 
Abbey,  where  a  monument,  adorned  with  bis  bast,  wss 
soon  after  erected  by  the  contribution  of  bis  friends. 

Dr.  Barrow's  works  arc  very  numeroos,  and  indeed  va- 
rious— mathematical,  theological,  poetical,  Sec,  and  such 
as  do  honour  to  the  English  nation.  They  an  prindpnlly 
•a  follow: 

1.  Euclidis  Elemenia.  Cantab.  iStS,  IftSsoi, 
S.  Endidis  Data.  Gaotab.  §657,  in  Bvo. 
S.Lsed«MiO|itfaaxviiL  Load.  1669.  ^lo. 

4.  LectionesOoonMtrica  xtiL  Lond.  16'70,  4to. 

5.  Archimedis Opera,  ApoMooiiConicorum  l||^ri  iv,'nie- 
odosii  Sphericortun  lib.iii;nova  methndo illustrBta,etsttC« 
cinctc  demonstrala.    Lond.  l6/5,  m  4t<i. 

The  followini;  wrrr  publislicH  »uer  hs.s  litn  ;>sc,  viz: 

6.  Licti  III  i_|U.i  liji  nrinii  jta  Archimi'Hi!,  Co  splr.Pra  ei 
cylinilro  prr  im'thoduiii  inHuisiliilium  invpstipntji,  ac  brc- 
vitcr  investi[;ata,  i-\hib<-nt(ir.     l.und.  |678,  I^hjo. 

7.  Mathcmalicte  Ivectionrs  habita:  in  schuli!  publicis 
ac«demiKCautai>rigieflsi!,  an.  1664,  5,  6,  &c.  Lond.l6'83. 

8.  All  his  English  works,  in  j|  volamei»  Land. 
folio.— These  arc  all  ikeolo^ca),  and  wan  pnUlshsd  fey 
Dr.  John  Tillotsou. 

9.  Isaaci  Barrow  Opuscule ;  viz,  Detsrmiliatieaas,  Oon- 
ciones  ad  Clerun,  Orationes,  Poemata,  he,  vohman  quar- 
tum. '  Lond.  l687>  fblioi.  ' 

Dr.  Barrow  left  also  saveni  curioM  papeia  on  natlte* 
matical  subjects,  written  in  his  own  hand,  whicb  were 
commnnicated  by  Mr.  Jones  to  the  author  of  **  The  Lives 
of  the  Grcsham  Proft<$sors,"  a  particular  account  of  which 
may  be  seen  in  that  book,  in  the  Life  of  Barrow. 

Several  of  liis  works  have  been  translated  into  English, 
I  111!  [  ulili-hrd  :  as  the  F.li'ments  and  Data  of  Kuclid ;  the 
Gcou.iincal  Lectures;  the  Mi^tiicnUSticai  L^CtUa-S;  and 
accounts  of  mhiil'  of  ihetn  were  niA  gllllt  ill  StVHal  «0> 
lumes  of  (he  Philos.  Traits. 

It  is  remarkable,  that  Dr.  Barrow's  Bieilii>i!  of  (Iraning 
tangeoU  to  curves  is  exactly  similar  to  that  by  the  nicibod 
of  noxioni,  tbe  difference  being  only  in  the  nutation:  vis, 
be  contidored  the  elemental  triangjloi  fomed  by  the  dis- 
tance and  tbe  difference  of  MO  indcf  nwy  nsor  oidinatcs, 
witli  thcoteownt  of  the  cum,  a*  aimOar  to  the  iriaqglo 
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whir!)  thrncc  In*  found  bjrthitptaponion:  As  tbe  diftnooe 
ul  the  ortJinatcs  is  to  thdr  distUM,  to  b  tht  onllMte  to 
tbr  sabtangriit. 

pr.  Barrow  mustavw  l«  Mceroed,  in  all  thoMt^cCtt 
whid)  exf^cisod  his  pen,  •  p«raDn  of  the  cleanat  neroep^ 
tion,  thi-  finest  fancy,  the  soundnt  jadgMOl*  Of  pto- 
fonndcst  thought,  and  tbe  cloaertuid  noM  uetfdu  fCMtM- 
ing.  Tht  nanw  of  Dr.  fittmr  (mji  the  Ituvii  Mr. 
Gtweer)  will  ever  ba  illustriooi  feraiMngih  of  mind  and 
ft  eampii  of  tnowledgc  that  did  hooimr  to  his  country, 
lie  WM  anritaled  in  mathematical  Iraming,  and  «ppcially 
in  the  n^Eoc  geometry ;  in  which  he  has  been  excelled 
Ojlhr  l>y  hi«  successor  Nc«rto>i.  Tlic  same  genius  that 
NHMdte  bcborn  only  to  bring  hidden  truthi  to  light,  and 
to  rise  to  the  heights  or  de»ccnd  to  the  riepihs  "f  5cicnci\ 
*oald  sometimes  amu^r  itwif  in.  the  flowrry  paths  of  po- 
etry, and  compi.H-  vcr^-  buth  m  Gnvk  and  Latin.  He 
at  length  gave  himself  up  entirely  to  divinity ;  and  parti- 
cularly to  the  most  useful  pnit  nt  u,  that  wUdi baa « talk* 

dency  to  mHk«'  men  wiser  and  bcKer." 

S<-veral  good  anecdotes  are  tolil  of  Rarrow,  as  well  of 
his  great  integrity,  as  of  his  wit,  and  bold  intrepid  apjrit 
and  strength  of  body.  His  early  anadiinent  to  l^tiag 
when  a  boy  ia  t^me  indicatioa  of  the  latter;  to  wUcli  OMy 
he  added  the  two  following  anecttotts:  In  Jili  voyage  be- 
tween  Leghorn  ajMl  Smyrna,  tbe  ship  was  attacked  by  an 
A^wiise  piiwl^  whieb*  after  «  stoat  resistiince,  ih«7  com- 
pelled tttsbctf  ol^  know  keeping  his  post  at  the  jitm  to 
*•  h*-  And  when  Dr.  Pope  in  their  conversation  aslird 
bin,  **  Why  b*  dkl  not  go  down  into  the  h.ild,  .md  leave 
the  defmce  of  the  ship  to  those  to  w  h'lm  It  did  belong  i" 
He  replied,  "  It  concerned  no  man  imm-  i.'ian  myself:  I 
would  rather  have  lost  my  life,  than  to  have  t^Hdi  into  the 
bands'of  those  merciless  infidels." 

Then;  is  another  anecdote  told  of  him,  uhich  ihowed 
not  only  his  intiepiduv.but  no  uncommon  fjoodnrss  of  dis- 
position, in  circumstances  where  an  ordinary  shiin-  of  it 
would  have  been  probably  extinsuisbed.  Bein;;  on<  .•  on  a 
M5II  lit  a  scnileman'a  house  in  the  country,  wlii-re  a  large 
inasiit*  »a>  kept,  as  he  was  going  out  one  morning  before 
<lay  (fur  he  was  A  very  early  riser)  the  fierce  animal  that 
used  to  be  chained  op  daring  the  day,  and  let  looae  at 
Right  for^he  sfcwity  of  tbe  bovse,  p«Cd*ing  a  stniUB 
person  in  the  garden  ai  that  nnnanal  liMe^  set  upon  wSt 
with  great  Aira*  The  dactor<anght  him  by  the  thivat, 
wilfrlite|«ad  ibiowhig  Urn  down,  lay  upon  him : 
oMBbetiwilthtof  kiUingMiAj  bat  be  altered  his  rr5o. 
Intion,  on  ■seolleeting  that  this  would  be  unjust,  vncr  the 
^  y  Only  his  duty,  and  he  himself  ivas  in  fault  for 
IMuUk^  not  of  his  riMHii  li.  tore  it  \Ta<i  light.  At  length 
he  calltvl  out  Ml  loud.  lh;ii  hf  »  hcird  bv  some  of  the 
lamily,  whip  (nine  pirniitly  r  i.t,  iit„i  released  the  doctor 
and  thi-  doy  from  their  dn.icrecalile  "(itonlion. 

BAIt^i,  in  ,Mu»ic.  an  the  »piic<!!  rjiiite  through  any  com- 
puMtmn,  M-piitH(f>(  by  uprinht  lii»-s  draSm  across  the  fire 
borironinl  liix  v  carh  -il  »hirli  i-ilher  Contains  the  same 
numU  r  ivt  iiiiti  -  1,1  the  Siim.  kind,  nr  so  many  other  notes 
as  wilt  make  up  a  like  interval  of  time  i  Atr  all  the  ban^ 
w  any  f  i.-c*.  most  be  of  Uke  seme  Inq^A,  and  pla)«4  in 
the  sane  time^ 

BABS,  in  Architpctuts»,are  long  slender  pieceaof  Wood, 
or  iMMW  (MaAtMubM  tUngk  secdNii  w*  *»  tbtlrploper 


the  other  which  will  be  bdeqoate  to  the  i  

fnaapfe,  IlowmucbftlntatroiperpipemMtbegptsn 

in  barter  for  300  loads  ofliaikbar  at «  As  per  load  r 
First  find  the  valve  of  tin  cooftnodity  wktse  qnaadty 

is  given;  thus,  * 


500  loads  MSI  Si  per  bad. 

2 


nodi^  Itac  niMther}  and 


'Mcbani^iiK  of  one  coitk- 
vMle  in  necommctdnl 


1000 

m 

im  Ae  vdise  of  tte  tiasber:  bence, 
to  fioo  what  quantity  of  wine  at  70f  per  pipe  will  amount 
to  thiBauabew,as70/:  l  pipe  :  :  1125f :  10"  pipes  9  gal- 
lons ttBjwiaitnty  sought. 

^BARnlOLlNE  (EKASMUs),a  mathematician  and  phi- 
laaopber.  In  the  latter  part  ot  ihe  17tii  century,  wilo  died 
in  1^8,  at  73  years  ol  ac<-.  llv  wu>  suttrssntly  pro- 
lessor  of  mathematics  and  phdoiiiphy  at  CojKiihu^eii  ;  and 
attained  the  rank  of  counsellor  ol  ktalr.  He  published 
I>c  C(iriicti5,  un.  Ifi(i4  i-t  (j)iuscuium  ex  ubserva-. 

tii>tiibu!>  Hallux-  liubitii.  itdornuium.  i-iafnix,  4to.  Also, 
ilxperiint'nla  CrybtitUi  Ulandici,  iSfO,  Ml  4l0}  tnd  D* 
Acre  llal'nieiiM,  16/ y,  in  Jivo. 

KASI'.,  or  Basis,  in  Chemistry,  is  a  term  applied  by  the 
old  ck-iiiists  to  designate  those  substances  of  a  fixed,  inert, 
passive  nature,  which  combined  with,  and  were  acted  on, 
by  more  volatile  or  active  nenatma.  Thus,  tbe  alhaltth 
earths  and  metallic  oxyds,  which  torn  Compound  •alt%  fagr 
aniliiw  with  acids,  were  called  the  bases  of  IMldMiNe.  Mo> 
deiB  CMmiHs,  tbotigh  they  maintain^  that  in  cveiy  eombi' 
natiaatbaittsus  or  force  of  affinity  between  two  ingredieais 
isnotual  and  etjual,  h«v«  yet  retained  the  term  for  the  salce 
of  paecUo^  to  express  either  species  or  fmnilies  of  talis 
which  diftr  with  regard  to  the  MCiil,  but  ;igi  if  as  to  the 
alk«li,  Mrih,  or  iiu'ti.lhc  u.xyd  wlntb  th.y  o.ritain.  Thus, 
salts  with  a  base  of  potasli,  intlude  all  ilioie  s|«  cics  which 
.ire  formed  by  the  combination  of  the  various  acids  with 
the  partJCDiar  alkali,  potash.    Again,  salts  with  an  alka- 
liws  bSSO  co^iipiehend  the  thri-e  families  of  salts  with  bases 
of  potash,  soda,  or  uiiwiionia,  as  distinguished  from  the  other  . 
sail*  with  earthy  or  metallic  bases. 

1'he  utility,  ihcreibre,  of  this  mode  of  exprvnioa  is  evi« 
dentt  for  though  the  compound  aalu  are  usually  divid^ 
into  genera  accordiiig  to  tbcir  acida,  as  sulphatss  nitnn^ 
muriats,  &c,  yet  it  is  often  desiimbie  to  wiaaM  tben 
cording  to  their  otlmr  eleaicnt  or  base,  for  which  tbe  U> 
%oiiier»n  nomwdniuw  bas  net  paftfmlarly  provided. 

The  tern  base  b  aba  need  en  other  occasions  as  a  me- 
thod of  denoting  apecin;  as  wben  we  say  sulphuric  acid 
IS  corapoMid  of  oxygen  onitcd  with  the  base  of  sulphur ;  . 
the  vegeuble  acids,  of  oxygen  and  a  coinptniiul  baM>  of  hy- 
drogen and  carbon.  Soiiietiirua  aUi)  ilic  word  base  is  ap- 
plied in  a  more  inilelinite  manner, as  in  the  e.\pres»ion?,pho»- 
phat  oi  liim  is  th<'  base  of  animal  h->!\;  nini  i^  the  bmv  of 
muscular  libie,  where  it  incanj  mor»  ly  the  characteristic 
or  principal  part. 

DASb,  Bams,  in  Architecture,  denotes  the  lower  part 
of  a  column  or  pedestal.  The  b«!te  of  columns  is  didi?- 
NOtly  formed  in  different  orders :  Thus  the  Tuscan  boso 
coniisis  only  of  a  si«gte  lore,  besides  the  plinth  t  the 
Doric  baa  an  asttagal  man  than  the  Tasean:  tbe  lesna 
htt«  kiia  ton  over  wo  diDdiracatia^aspaiBiad  b|  C|N» 
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aiii«g;al»;  ihe  Cuuntliian  has  two  tor**,'  two  scotia»,  and 
t»ii  a^tnigals:  lUr  C  'iiiposit--  liii>  an  iivtnj;;!!!  li-vs  than  the 
{'oTimliiaii:  tlir  Aim  \i.\>c  lia*  tu.i  toro  :\:.<}  a  '■coliii,  anil 
i»  jir.i)itr  fi.r  i       ;"  tr.i:  Idmc  <ir  runiii.'M'.i'  ci/lunms. 

B  A  sr..  Ill  Citoiiu'li  \ ,  du' InMist  M.U- of  tirij  lii;uri-.  Any 
side  of  a  li^ui'o  iii.l^  Iju  ciiii-uii'ml  a*  i:*  b.iT.  nCLordiiig  to 
thtf  poiitiun  in  which  it  nmy  b>  conceived  as  ilaudm^;  but 
coininunly  it  is  unilersiloiwl  ui  tliu  loueit  tide:  as  tilt  baw 
ui  a  iriangli-,  of  a  cone,  cyiimler,  Stc. 

BasR  Line,  in  Perspective-,  denolL-s  tbseomiBMlMCtioa 
of  the  picture  and  the  geometrical  plant. 

Bau  R»o,  of  a  cannon,  n  llw  gpnt  ring  next  behind 
Ibe  vent  or  lottck'hofo. 

BAtt,  AHtnale.  SoeAmitwan. 

BASBMENT,  In  ArcTiiteciuir,  a  continued  faaip.cx* 
l«ttd«^  a  eon»iderable  kiij;th,  as.  about  a  hooie,  a  lonm, 
oi  iitlicr  (liecp  of  builJiiij;. 

HASILIC,  in  the  ancient  A(chilecturc,wa» a  Ui^c  hall, 
or  court  of  jinlicatoiv,  when  the  mriflttntn  Mt  toad- 
tnini-siiT  i'j^tice. 

BASIIJCA.  nr  Bash.icI'^,  ;iie  sanic  asKei^utut,  orCor 
I^'irti.',  Ih-ius  a  ti.vi  li  stnr  of  t!ic  lirsi  niugtntuilo  in  the  con- 
sli  ll'Hioii  m(  1  e.i. 

IJA.SILI.SK,  III  llie  oUi. T  iirlillcTV,  was  a  larcc  pii-ce  of 
ordnnnce  so  called  from  its  ri --i  lublatice  to  tin-  >u|i|)os,  (l 
lerpent  of  itnit  name.  It  threw  an  iron  ball  of  C<M>  iHtunds 
weight;  and  was  in  great  repute  in  the  time  of  Solyman 
empworof  the  Turks,  in  the  wuri  of  Hunjptry;  but  it  h 
XH>w  grown  out  of  u»e  in  most  parts  of  K.uropc.  Paulus 
Jovius  rclaitM  the  terrible  slaughter  made  in  a  Spanish 
ship  by  a  single  ball  from  one  of  these  basilisks;  after  pass- 
inx  through  rba  beams  and  phuik*  in  the  lUp'a  head,  it 
kUWU  upwards  of  SO  men.  And  Uaflout  apaahs  of  faari- 
liiks  made  of  bms,  each  of  which  nquiied  100  yoke  of 
oxen  to  dfaw  thero^More  modern  writm  abo  give  the 
name  basilisk  to  a  much  smaller  and  sizeable  piece  of  ord- 
nance,  made  of  15  feet  long  by  the  Dutch,  but  of  only  10 
by  the  French,  and  carrying  a  ball  oi  ]<  mnh.  The 
lari;e<t  size  of  cannon  now  used  by  the  l  .:i,;jish,  arc  the  32- 
piMiniJcr^. 

BASIS,  in  (Tcometry,  the  iatne  as  Bask. 
B.\SS,  in  .Muiic,  thill  part  of  n  conrnt  »hicli  is  the 
.most  heard,  wtuch  consists  of  the  gravest,  deepest,  and 
lOBflK founds:  it  is  played  on  the  large'it  pipes  or  strings 
of  common  instruments;  or  on  instrument*  lar«r 
ordinary  for  the  purpose ;  by  some  it  is  esteemed  UW 
and  principol  part  in  music,  and  by  othen  as  scarcely  ne- 
ceesary  in  some  tuocs. 

BASSANTIN  (Jambs),  a  Scotdt  astronomer  of  the. 
l6tb  century,  bom  in  the  raigpi  of  James  the  4lh  of  Scot- 
land. He  was  a  son  of  the  Laifd  of  BaiaaBtin  in  the 
Meise.  After  finishing  his  education  at  the'university  of 
■  Gla^ow,  he  tnnrelled  through  Germany  and  Italy,  and 
then  settled  in  the  university  of  Paris,  where  he  rnupht 
roalhematics  with  great  applause.  Havin<;  arquir'  i  - mn 
property  in  this  employment,  he  returned  to  Scotlaiju  u; 
1662,  where  he  died  6  year*  al;i  r. 

From  his  writings  it  appears  hi'  was  nn  incmiMderable 
nslrifii'intiT,  for  the  agi'  iri  «hich  he  iiM  cl  ;  hkil,  nrcordins; 
to  the  fashion  of  the  times,  he  ttni  ;^n  al!y  nii<iicleil  to  ju- 
dicial astr<>hi;3v.  li  was  doubtli'ss  I'l  our  author  tliat  Sir 
J^me^  Melvii  alludes  in  his  McnKur*.  «hen  he  snys  that 
hb  brother  5Sir  Robert,  when  he  w.is  usiu^  U\s  cmiravours 
to  fcconcilc  the  two  tnicen*  l-Uiiabeth  and  Mary,  met  with 
,  a  maakaraed  in'the  h'g^b  sdenBsi,  whetaM 


him,  **  tbit  all  hn  traeda  would  be  in  vain ;  for,"  said  be, 

"  they.will  never  meei  together;  and  next,  the  re  never 
be  any  thing  but  dissembling  and  tetr<  l  haii<  il  lir  a  uhilr, 
utiil  ut  It  Uijlli  captivity  and  utter  wreck  to  our  ijueeii  from 
tiighuiil."  Ill  uiUlfd,  "that  Ihe  kingdom  of  Knjilaiid  at 
Itii^ili  biiull  lull,  i  t  richt,  to  the  crown  of  ScullaiKl  :  Lut 
It  ibaW  cost  jiiaiiy  bloi  .i\  battles;  and  the  Spaniurdii  shall 
bo  Im  Ip'.  rs,  ami  take  a  part  to  tbemsdves  for  their  labour." 
Apiediciiiin  inwbicb  Uasaatttin partly gut^d  tight, which 
it  is  likely  he  was  enaliled  to  do  from  a  judicious  conside- 
ration of  probable  circumstances  and  appearances. 
Bessantin's  works  are, 

1.  Astronoinia  Jacobi  Oassantini  Scoli,  opus  absulu- 
tiisimum,  Ace;  tcr.  edit.  Latine  et  Gallice.  Gcnev.  1599. 
fok  This  is  the  title  gpTcn  it  byToRKnins,  who  traoslalcd 
it  into  Latin  from  the  Fiendi,  in  which  language  it  «(^ 
lint  published. 

t.  Panphnue  de  VAttrolabe,  avee  vne  ampUficatiaB  de 
rnM^d'Asirqlabe.  Lyons  1555.  Paris  1017,  SvoL 

3.  Matheinatica  Geticthliaca. 

4.  .^rilhmelica. 

5.  M  usica  si  cuiul'ini  I'latuiieni. 
'i.  I)i'  Mathesi  ui  tiiniTi. 

BAM'K>N,  III  the  nioUcrn  furtilicalmn,  a  laif;c  iii.i's  oi 
<  atlh  at  tlie  uiiglc-s  of  a  work,  conri.  ctiiig  thi-  c.iilaiiis  to 
each  other;  and  answers  to  the  bulwark  of  the  aiicielit>. 
It  is  formed  by  two  faces,  two  flanks,  and  two  <lemigorj;es. 
The  two  laces  fbrm  the  salianl  angle,  or  angle  of  the  bas- 
tion ;  the  luo  Hanks  form  with  the  faces,  the  epaulet  ur 
shoulders;  and  the  union  of  the  other  twoends  of  ihellanits 
with  the  curtains  femn  die  two        of  the  flanks. 


The  first  introduction  of  bastions  into  forii%alinn,  is 
not  precisely  defined.  However,  they  WCR  wwl  known 
soon  after  the  year  13U0;  for  Tarialea  gives  a  plan  of 
Turin,  which  had  been  completely  fortilied  for  some  time 
with  four  bastions,  in  his  Qucsiti  et  loventiooi  ditrcise, 
published  in  1546. 

If  the  angle  of  tlw  bastiou  be  Icis  than  fiO",  it  will  be 
toosmaii  to  give  tooas  (or  g»ns;  and  besides  so  acute  es 
tu  be  easily  beaten  dewB  by  the  enceoy's  guns :  to  which 
may  be  added,  that  it  will  either  render  the  line  of  de- 
fence too  long,  or  the  flanks  too  short ;  it  must  therefore 
bo  more  th&n  HvP  ;  but  whether  or  no  it  should  be  a  riglit 
nnjle,  some  inn  t mediate  angle  between  6o  and  90"»  or 
even  wlii  tlier  or  im  il  should  exreetl  pO",  is  still  disputed, 
thuugli  those  are  geiieraliv  prelirnd  wiuch  are  not  much 
h-sv  than  yo",  ami  imi  exctidinn  l.'Oni  Hence  it 

fuihuvs  thai  a  trian^U-  can  tievi  r  he  Inrtitl'd  ;  because 
I  ithrr  some  or  all  of  the  angli »  will  be  either  60",  or  less 
tliari  6o. 

Bastions  are  of  various  kind«:  solid,  void,  regular,  &c. 

Solid  Bastions,  are  those  that  are  entirely  tilled  up 
with  earth  to  the  be^bt  of  the  rampai^  without  aogr  void 
space  l«n»ards>the  ceotie 
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Void  at  }{:AIo:j  Ras  i  kix  ,  Im?  the  nimpart  anil  pHrajiit 
raii^iii"  nnly  rounil  the  llHiik^  uad  spactt,  w  lliut  a  void 
•]>4icp  U  Iflt  witliiii  iMwards  llic  ceiiire,  wluTC  the  gniuiid 
ii  to  low  that  tbo  rampart  be  taken,  no  retreocbmcut 
can  be  ^nade  iu  the  c«mf«,  bitt  whfet  wiU  lie  under  the  lire 
of  the  bfsit-ged. 

Regular  Bastiok.  is  tbit  which  his  ito  doe  proportioQ 
af  ben,  flankt,  and  gnrm. 

D^^atediiTlfngm^au/tioUt  iswfaen  the  irngDlarity 
ef  the  lineseail  tui||ettbiom  the  butionout  of  shepei  at 
when  it  wants  one  of  the  dnni|>if(fl|  one  side  of  ibe  itf 
leridr  polygon  being  too  short,  fee. 

Demi  Uastiok,  or  Half  Baniim,  alto  othorwite  called 

an  fL/'iiulment,  h:is  but  cm-  iafi  jiiil  flank. 

/ja'('ii'f  liA<>TtuN,  is  v\hin  one  ba-ition  l^  raised  within, 
and  ttjion  tlie  plane  of  unulher  ba»liou. 

FIfit  Ii  A  s  T 1  o  N ,  i»  one  built  in  tbe  middle  of  tlic  curtain, 
when  ii  is  too  lung  lobe  defended     theusunl  bMtio«aat 

the  eitieinitics. 

CbmpOKd  Baht  ION ,  i«  when  the  two  sides  <it  iheintiilor 
polygun  arc  very  unequal,  wbicli  makes  the  gorges  aim 
Un«iiual. 

Cut  Bastion,  i»  that  which  baa  a  re^terin^ angle  at  the 
point.  Mini  is  !iuraeiim»  called  a  BAerion  mlh  aTemaUk, 
whose  pmqt  is  cut  off,  maiung  an  angle  inwards,  and  tjito 
points  outwards.  This  is  used  wh«n  tite  salient  angle  would 
be  too  shar|i,  or  when  wMar  or  mme  other  inqwdiaent 
pretcMs  it  from  bring  carried  oat  to  its  ft^lontint. 

BASTON,  or  Batoow,  in  Arcbitccturr,  •  moMhig  fai 
the  base  of  a  column,  called  also  a  Tore,  or  Ibrnt. 

BATrAllDKAU,  or  CorreROAM,  in  hridge-biiilding, 
is  a  rase  of  pilin<>,  ice,  without  a  bottom,  fiM-d  in  the  bed 
of  tlie  river,  by  which  to  lay  the  bfitloni  iliy  tor  ii  ^|mre 
larj^e  riioii);h  to  build  the  pier  on.  When  it  is  tixed,  its 
side-,  leiichiiig  iibuvc  the  sui'lacc  of  the  river,  tbe  water  is 
draun  «iut  by  pumps.  &c,  aiid  it  i»  in  like  manner  kept 
dry  till  the  pier  is  built  up ;  and  then  the  materiaU  *j(  Uik 
cofierdam  an-  drawn  up.   Sea  my  Tracts,  vol.  i,  p.  100. 

BATTKN,  a  name  given  by  wiBrkmeit  to  a  scantling  or 
piece  of  wooden  -itiifl',  about  an  inch  thick,  and  from  '2  to 
4 inches  brnnil:  'A  u  coiSHiderabIc  but  iiidelerminatelength, 

BATTERING,  the  attacking  a  place,  work,  or  tbe  like, 
with  heavy  artillery. 

BjtTnMHO'IUK,  a  nililafy  engine  used  lor  facntiqg 
down  waHs  before  tha  invention  of  gunpowder  and  the  bm»> 
dem  artillery.  It  was  no  other  than  a  long  heavy  beam  of 
timber,  armed  with  an  iron  head>  sonvetbing  like  the  head 
of  a  rara.  This  being  pushed  vioI<  ntly  with  constant  suc- 
cessive blows  against  a  wull,  cnuluully  shakes  it  with  a 
vibratory  motion,  till  the  stones  are  disjointed  and  the  \rall 
falls  «lf»«n.  There  were  sevi  ral  kinds  of  battering-riinis  : 
IIm"  first  wnv  rude  niid  plain,  "hith  the  sijlaii  rs  curnul  in 
their  arniii  iiy  inaiii  force,  and  so  struck  the  head  of  it 
against  tbe  wall.  'I  he  second  w.is  tlung  by  a  rope  about 
the  middle  to  another  beam  lying  acrow  upon  a  couple  of 
posts;  which  was  the  kind  described  by  Joscphus  ea  used 
at  the  siege  of  Jerusalem.  A  third  sort  ^as  covered  with 
•  shell  or  screen  of  boards,  to  defend  the  men  from  the 
sHnesand  dhrtsof  tbe  besieged  upon  the  walls,  and  thenco 
called  Iteudo  Aiietaiia.  4nd  Filtbien  dcscrihat  •  fbnrth 
•ort^  bntlering*rani,  whidi  nn  upon  wheefa;  aad  was 
the  most  perfect  and  eflectual  of  them 'all. 

Vitruvius  affirms,  that  tbe  battering-ram  was  first  in- 
VfUKtl  by  the  Carthaginians,  while  they  l^id  sie^  toCadiic ; 
jfct  Pliny  ossnies  UH  that  th»rsn  w«a  inveMed-or  used  «t 
Vol.  I. 
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tha  .siege  of^Truy;  and  that  it  was  this  that  j:.iv«  L.cc;nion 
to  tbe  table  of  tlie  wouden-hor>o.  'I'hc  rain  so  usetl  by  ihi- 
Carlhaginiuns  uas  of  the  iinrst  Minple  construction,  bving 
the  one  tirst  mentioned.  I'cpha&iivcnos,  a  Tyriati,  afiei- 
wnrds  contrived  to  suspend  it  with  ropes;  and  lastly,  I'u- 
lydus,  the  Thi  ssalian,  mounted  it  on  wheels,  at  the  siege  of 
Bysantium,  under  Philip  of  Macedon.    It  has  been  sus- 

Gled  that  the  walls  uf  Jencho,  mentioned  in  the  Book  of 
buA,  wcie  beaten  dotsB  with  this  intltuoMnt;  the  mm's 
horns  there  mentioned,  and  by  mearn  of  which  they  wen 
'  overthrown,  tx-ing  no  other  than  tfaeJM>ms  of  the  battering- 
ram. 

Plutarch  relates,  that  Marc  Anthony,  in  the  Parthian 
war,  iiuidi-  use  of  a  rain  SOfi  et  Iciii;;;  and  V'itruvius  af- 
firms tliHt  they  Were  sonietinu-s  lOO',  and  even  ICO  feet 
\ono  ;  which  must  h:i\c  givi  n  an  immens<'  fiircc  to  this  en- 
gine. The  ram  required  IW)  Mildiers  to  work  and  ma- 
nage it  atuiH-  time;  who  Ijeiii:;  i-xhaus(ed,  another  century 
relieved  them  ;  by  which  iiu'aii*>il  was  kept  playing  con- 
tinually, Svv  fig.  2,  plate  v,  which  repre«eiil$  the  batter- 
ing-raiu  suspended  in  iti.  open  frame;  in  which  S  denotes 
tbe  form  of  the  bead,  fastened  to  the  enormous  beam 
by  three  or  four  bands  (4)  of  iron,  of  about  four  fret  in 
breadth.  At  the  extremity  of  each  of  these  bands  w  as  an 
iron  chain  (5),  oiw  end  of  which  was  fastened  to  a  hook 
(6),  and  to  the  last  link  u  theodiet  cxtremiqr  tsaa  fiimly 
bound  a  cable,  whipb  ran  aloag  the  whole  length  Of  tlic 
hcnm  to  tho  end  of  the  ram  7,  where  thne  cables  worn 
hOttud  tonther  as  fast  as  possible  with  small  ropes.  To 
the  end  oif  these  cables  was  likeu  isc  fastened  aiiolfavr,  that 
consisted  of  several  strong  cfird^  plMtlni  togeiiier  to  a  cer- 
tain leiiitlh,  and  then  luniiiii};  sini'lf  (s),  iil  each  of  which 
wereidinfd  si  vi  i.il  nu  n,  to  IiuI.iik  ■  ;it.d  wi-iHt  the  machine, 
10  Is  tlu  chain  or  cubic  ty  tvhich  lliu  ram  was  bung  lo  tbe 

cro  ^  I:  ,11  ill),  lived  on  the  top  of  tho  frame;  and  IS  it 

the  1       lit  the  machine. 

1  Ij.  uiisuspended  ram  dilfered  from  tliis  only.in  tbe 
manner  of  wprkiqg  it;  as  it  moved  an  small  wheels  upou' 
another  Ifige  henn,  iuMcud  of  being  slung  bym  chain  or 

Cable. 

Mr.  Aiiwoud,  in  bb  Mechanics,  p.  2()j,  bat  compared 
the  cflects  of  a  batterin^zam  to  that  of  a  34-paundcr ; 
the  metal  extmnity  of  tlw  ram,,  or  the  head  of  It,  he  sup- 
poecs  to  be  of  the  tanlc  maenitudc  as  Ihesshot:  ** In  or- 
der," says  he,  "  tbat  the  ball  may  have  the  tame  effect  in 
making  a  breach  in  a  well,  iIm-  »  irhi  of  the  ram  must 
exceed  that  of  tbe  ball  in  the  |,n.(».irT'>ii  of  about  l/iKl", 
to  the  square  of  ihc  velocity  with  which  thi?  engine  could 
he  made  to  impinge  against  a  wall,  e.\prcssed  m  leel ;  if 
this  may  6e  estmiale d  at  iilnnit  I  (i  lee t  in  u  second,  tlic  p;<i- 
portion  ft  the  «riahts  s«ill  U-  that  of  aljciut  iiSyOOOO.  lo 
100,  or  2S0I10  til  1  :  the  weight  of  the  battering-ram  must 
tlierelure  Le  etjuul  lo  tun.  In  this  case  the  battering- 
ram  and  the  cannon-ball,  moving  with  the  velocities  of 
lOfeet  and  1700 feet  respectively  inasecoud,  would  have 
tbe  same  elTcct  in  penetrating  the  substance  uf  an  opposed 
obstacle;  but  it  is  proliablc  that  the  weight  of  the  ram 
never  amounted  to  so  much  at  is  above  described,  and  roiw 
tequeotly  tbe  eflecta  of  the  cannon-ball  to  cut  down  walls 
hy  mahiitg  «  breach  in  them,  mutt  excceJ  those  of  the 
andctit  battering- rams:  but  the  nomentum  of  tb(ae,or 
the  impetus  whereby  they  cofflmunicalcd  n  shock  to  thus 
wbojc  bailing,  wdl  far  greater  than  the  iilmakt  Ibrca  of 
cannon-balls;  for  if  tbe  weight  uf  the  halteiiiiMmm  wctu 
ao  mora  than  170  timet  greater  than  that  of  a  cannon- 
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b»ll,'eacb  mcMrii^  witb  il*  n»|M«iiw  vclocitj^;  the  roo- 
ncmtK  of  both  mroM  bo  cqutl :  but  U  it  ii  oettaii»»  thot 
iIm  weiglht  of  tttaie  oocintt  macbina  wm  fur  mow  than 
170  limn  our  hmvint  cvnnqn-faolki  it  fotlowt  tbM  thdr 
nomcnttim  or  impetiH,  to  ahoko  or  ovrrium  walls,  tte, 
wa*  hr  •upcrior  to  ihot  wbirb  ii  cxortnl  by  modem  ar> 
tilU'iy.  And  ^incc  the  sircnsth  of  fortifications  will  ingc- 
m-ral  U'  ]»rr>!>orlioiicil  to  the  mran«  which  enn  be  usrd  tor 
thi  ir  llic  iiiililarv  «hI1«      ihr  nioiliTiis  Ihinp 

bu'W  r<.nvtrucli  il  with  li->s  ntlrntlon  «(lh  ngwrd  to  ihur 
»oliility  ami  D.iiN'-y  «ei!;lit.  than  the  nnriint->  thought  a 
lirLcssaiy  dfli-nri'  agniniit  ihi'  powrr  of  ihc  r»m ;  thai  M>rt 
tif  cuh'  -ivf  lirinni'»  of  Icxturi  w  liich  rr^lsis  thi-  ju  i.i  Ir.ilion 
of  bodifs  U'lnu  now  mori-  iifai'ssary  than  in  ancifnt  tiroes: 
but  it  is  mntiifc<it  tliat  ot-n  now,  solidity  or  weight  in  for- 
tifications iiKo  is  of  inat<-riul  ronvqiicnte,  to  the  etTcctual 
construction  cf  a  wiill  or  buttery. " 

BATTEKY,  in  the  Military  An,  a  place  raiwd  to  plant 
COMioii  upon,  to  pl«y  with  mora  aittrinlafa  on  tho  «n^ 
nw.  Ii  consikta  of  ko  eptglmentar  a  bteatt^work,  of  about 
alwl  hinh.  and  18  or  SO  feet  tbiek. 

In  all  b  ittrric-s,  the  up^ti  spaces  through  which  the  maa^ 
ries  of  the  ciiiHiun  an*  pointed,  are  called  ^.mbramm,  and 
the disUif.c I  I'lui  i  n  ibcembraiuip"',  Mi  rlonj.  The  guns 
are  phin  ii  nn  a  [il.iiforni  composed  of  phmkii  (cc,  nscend- 
int;  a  hltli  Ir-  ni  the  parapet,  ti>  i  lieri»  tlic  reci^il,  and  that 
the  gun  may  be  the  easii.  r  hmuiiht  back  aiiaiii  to  li.e  pa- 
rapet:  they  are  placed  from  \  2  to  Ih  t>  et  liistant  linnwiiie 
another,  that  the  parapet  may  be  stroii;;,  and  the  jjunnr  ri 
have  room  to  work. 

Itvrtv  BAtterii'-s  differ  from,  the  olhcn,  in,  that  the 
alope  of  the  parapet  is  inwardi,  and  it  without' nnbra* 
tunt)  Ibe  thclia  hieing  fired  quite  over  the  parapet,  com- 
monljr  at  an  anf^e  of  45  degrees  elevation. 

C^Battzrt,  nothing  more  than  •  numhcr  of  caa* 
noB.  commonly  hcld-pieces,  ranged  in  a  lowabMaat  <f 
one  another,  perhaps  on  aoma  amail  aalunl  devatMii  ef 
the  ground,  or  an  artificial  bank  a  little  laiied  for  Ae 
purpose. 

Covered  or  Masked  Battkrt,  is  wh*n  the  cannon  and 

gunners  nrerncred  by  a  bank  or  brea*t-work,  con  im  l  iv 
hiadc  of  brusli-wuud,  faggot:-,  and  earth,  called  a  l:i-Line 

1  ,,;'r.-r\. 

Sunk  or  Buried  Battery,  is  when  its  platiorrn  li  sunk, 
or  let  down  into  the  ground,  so  that  trenchi  »  must  be  cut 
into  the  earth  opposite  the  nnuslea  of  the  guus,  to  serve 
as  embrasures  to  liFe  through..  Thia  ia  mostly  uhm]  on 
the  first  making  of  approachea  in  besieging  and  battering 
a  place, 

Sieotktt  BansKT,  ao  called  by  it>  inventor  M.  Vau- 
htat  *ad  first  uaed  at  the  liege  of  Aeth  in  l$g7.  It  i*  a 
method  of  firing  with  a  very  amaU  tjuntity  of  powder, 
and  a  little  elevation,  so  as  just  to  fif«  over  the  parapet ; 
and  ttwB  the  shot  will  roll  along  the  opposite  rampart, 
diamnunlin^  the  cannon,  and  driving  or  de<>troyin<;  the 
troi.p-?.  In  a  sie^e,  they  are  generally  p|ju  i  i'  -a:  about  300 
I  fe>  t  1.'  Irsre  the  first  parallel,  peqw  ndir  uliif  Ui  the  faces 
prodiiCi'ii  \>  liieh  ihey  air  to  rnlii.ide.  llirorhi  t  pnu  tiee 
i>.  not  Ctiiiliiii  d  ii)  c.itu.ciii  ahMic  ;  small  inorlafi  ami  h"W- 
it«T5  niiiy  '  tlcctimllv  lie  UM-d  for  the  same  purpoM'.  I  hey 
are  ot  M:iL;',daT  usi- ui  nclion  to  enfilade  tiTe  enentvV  rank's; 
tr>r  wlieu  thi'  nu  n  prrr>  ne  the  sh.  ll'.  r<dliii:;  about  with 
their  fll^es  borniiii;,  expecting  them  to  burst  every  <n'>- 
inent,thi:  bravest  amtiiij;  them  will  not  havccouragc  to  wait 
their  apprwch,  aad  face  the  havoc  of  their  explosion. 


Ooar  BArrniBB,  are  two  batteriea  playing  athwart 
each  other  upon  the  tme  object,  farming  an  angle  there* 
and  battrttuf  to  moic  eflcct,  because  what  one  battery 
ahakea,  the  other  bcwtt  down.      *  , 

BATTRar  trEitJUu^e,  is  ona  that  seouta  or  sweepa  ihe 
whole  length  of  a  straight  line, 

BaTtrry  en  Echarpe,  is  one  that  plays  obliquely. 

Ba  ITI.RY  de  Htverte,  or  Murdrrim;  liullery,  u  one  that 
plav-  upon  tlic  enemy's  back. 

Cifnernde  or  Joint  Uatteiiv,  i>  "Inn  si  ve.-al  mins  play 
uiiiin  DiK'  place  at  lliesHme  tiin". 

1!att»«v,  III  i.hciric-ily,  is  a  combinalion  of  coated 
surfuci-s  of  cliss,  coiniiioiily  jain,  so  coma  eted  together 
that  they  may  l>e  charged  at  once,  uiid  discharged  l>y  a 
coininnn  con<iuctor.    .Mr.  Graluth,  a  (lennan  electrician* 
tirsi  contrived  to  incixMse  t^.e  shock  by  charging  several 
phials  at  the  same  time. — Dr.  I'lanklin,  baviiy  analyard 
ifac  Leyden  phtoi,  and  found  that  it  lost  at  one  •□Haoe  the 
electric  fire  ivccivrd  at  the  other,  constructed  a  battery 
of  eleven  large  panca  of  sash  window  glass,  coated  on  both 
sides,  and  so  connected  that  the  whole  might  be  charged 
together,  and  with  the  same  labour  us  one  single  pafw; 
then  by  brinj;ttie  all  the  ^ivmi;  siiies  intoxontact  with  one 
wire,  and  all  the  receiring  sides  with  anotlier,  he  contrived 
to  gnite  the  force  of  all  the  plates,  and  by  that  means  to 
discharge  them  at  once. — Dr.  Pries'h  y  de>erib<'-  a  still 
more  complete  battery.    This  consisis  i.f  (>+  |ars,  each  10 
iiu  liis  Ion:;,  and  <\  inehfs  in  diami  ler,  all  4  (juted  within 
an  incii  and  a  half  of  the  top,  toriuing  in  the  whole  about 
31  square  feet  of  coated  surface.    A  piece  of  very  fine 
wire  is  also  twisted  about  the  tower  end  of  the  wire  of 
each  jar,  to  touch  the  inside  coating  in  several  places;  and 
it  is  put  through  a  pretty  large  piece  of  cork,  within  the 
jar,  to  prevent  aity  part  of  k  from  touching  the  side^  by 
which  a  •pontattaom  discharge  midit  be  made.  Each  wire 
b  tunad  nnmd  m  as  to  malMa loop  at  the  nppcx  end ; 
mid  thiongh  these  loopa  passes  a  coosideiaUy  larp  brass 
lod  with  knoks»  each  lod  serving  for  one  raw  of  the  jar* ; 
and  these  rods  are  made  to  communicate  together  by  a 
thick  chain  laid  over  them,  or  as  many  of  them  as  may  be 
waiileil.    'Die  jar*  siaiul  in  a  Ir'i.x,  the  l-oiiom  of  which  is 
covered  wall  ,1  tin  plaK- ;  and  .1  bint  «ire  tiniehin!;  tiie  ' 
plate  passes  throueh  liu'  l)o\,  and  a[  vr,  r-   m  v  i  <iu:side. 
To  this  wire  is  fastcmd  any  conductoi  (iiMi;ned  to  com- 
munirat.  »irli  the  outside  of  the  battery;  and  the  dis- 
charge is  made  by  bringing  the  bniss  knob  into  contact 
with  any  of  the  knobs  of  the  battery .    When  a  very  gmnt 
force  is  require*!,  the  siie  or  number  of  the  jars -must  be 
increased,  or  two  or  more  batteries  may  be  us<-d. — But  the 
lor^-st  and  most  powerful  battery  of  all,  is  that  employed 
by  Dr.  Vrn  Marum,  to  the  gjteat  decttkal  macMiiF,  con- 
structed for  Teykf's  museum  at  Haarlem.  This  fraad 
battery  consists  of  a  great  number  of  jars  coated  as  above, 
tn  the  amount  of  about  130  square  ibet ;  and  the  effects 
of  it,  w  hich  are  truly  istonishing,  are  n>lated  by  Dr.  Van 
Marum  in  his  ilocriptin".  nl  tli'  :,;achint  ,  ui.d  of  the  e.\- 
perinx  nts  made  with  it,  at  liaarleni  l78o,  jlcc.    See  also 

Fiankiiii's  Expcff.  and  Obaetv.  and  Piicatley'a  Histoiy  of 

I'leelririty. 

H.MTFRV  or  Pile,  in  Galvanism,  is  an  ajip.ir  <tu»  em- 
ploy ed  lor  accumulatinc  the  electricity  of  galvanism,  which 
i>  prodnc>-<i  by  iheiruitual  a,"!  iicies  ut  certain  metallic  and 
carbonaceous  substances,  and  m  "uli  ir  t^oids  It  was  in- 
vented by  the  celebrated  \  o1:j,  tr  .m  '■.iiii-^  labours  the 
new  scieoca  of  galvanism  has  derived  many  adsanta^ 
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•n()  much  imprmrcroent.   Mr.  Henry,  in  hit  «a)|^b 

Epitome  of  Chemistry,  givft  tbe  iblIo\rin»  ca->y  diiectioM 
for  ifie  ronstructii  ii  of  pile:  "  Procure  m  n  Lni/iiT's 
or  cuppiTimithS,  30,  40,  or  50  pieces  of  t'mc,  or  »p<'ltre, 
cast  111  b  ir;ii,  I'l  ihf  Mz..'  at  haif-cro»ni  or  sliiil.nus, 
but  ratlii  r  tiiu  kir.  A  Ci  in^ponding  numb(#  of  halt- 
crtiivns  nr  shilling?  will  ;i1m>  Iwj  rn|Uiri  'i,  actonlinij  U>  the 
•i2c»of  the  pieces  of  2inc  that  may  bv  ciuployed.  1a  t  an 
fqual  number  of  pieces  of  woollen  cloth  b«  cut,  of  a  cir- 
cular sh»|x;  to  correspond  with  the  pieces  of  zinc,  ai>d 
steep  thL-ii:  in  a  Strong  solution  of  common  lalt  in  wttlcr, 
'ilicii  dispose  the  threi;  substances  nliemaiely,  in  tfac  fol- 
lowing order ;  silver,  line,  iimistened  cloth  i  tihrer,  zior, 
Jrc;  till  a  niAcicnt  nmber  of  ilwic  triplicates,  not  IcM 
than  tOrm  90,  liavt  bren  thw*  ttmufffdt  ^  nilm  lermi> 
■atiiv  tba  fSh  at  top.  In  order  to  faetUMic  tha  lotwUiig 
of  the  bottom  piece  of  silver,  it  miy  be  well  to  pat  under 
it  a  slip  of  tinfoil,  or  Dutch  leaf,  which  may  project  a  fi  w 
inches.  Next  let  the  hands  be  niol'.tcni  il  with  s»lt  and 
water ;  hiuI  on  Imicliiii;;  tii<-  pi>  i  nl  iinii-  I  «  irli  uiic  liand, 
the  upprrinost  pine  ol  >il\ii  wilh  the  i  ilu  r,  .1  s)juck  "ill 
pass  throuvh  the  arms,  w  liich  »»ill  be  strnn  ^  1  (  i  >  iiortion 
to  the  nUMilM-r  ui  pieces  i>f  T.\nv  i\r  i-iiipl  v  il.  ()/  late, 
Coppi-T  1.1-  11  .11  used  iii-r:  A'l  (it  silw  r,  "11  .Ki.iiiiit  of  ll< 
being  cheap<T  ;  and  suiutitiru  of  muriate  of  Hnininnin  (^ul- 
anUDoniuc),  of  nitrous  ncid  ami  of  muriatic  acid,  have 
been  lubstituted  for  the  solution  of  coniinon  salt  with  in- 
cicated  ciect.  Any  two  mrt.-illic  substances  which  an 
perfect  eonducton  uf  electricity  will  answer  the  purfMie, 
uu  cotuUtion  that  the^nterpowd  fluid  l»  capable  of  oxy* 
dating  at  Icaft  one  af  litem. 

Varioot  fonw  of  this  halleiy  have  been  adopted  by 
different  philoiophen ;  bnt  none  hhve  brtrn  brought  into 
inch  general  use  <«  the  galvanic  trough  invented  by  Mr. 
Cruicshank.  of  Wdolwich.  "  It  ciumdIs  of  a  box  (.f  bukrd 
wood,  in  which  pl.ius  of  copper  and  /iiu',  or  of  silu  r  and 
zinc,  soldered  together  at  their  iilL-es  are  ciiiiented  in 
such  a  manner  as  to  leave  a  n<inili<  r  oi  \v3ler-tiL;!it  cells 
cornspiiniling  to  the  number  of  llie  si  rits."  TIm-  toinnion 
voltuic  pile,  on  account  of  ibe  Ui»*  ot  moisture,  f;i  n.-riilly 
loses  lis  electrical  action  in  a  few  dii)s,  iind  tins  r;iim(/t 
be  renewed  without  the  trouble  of  recoiutrnction  ;  but  by 
Mr.  Cruicshanks  contrivance,  which  becomes  active  on 
merely  filling  the  cell*  with  the  proper  tuline  fluids,  and 
freeing  it  when  nerrimy  from  oxvd  by  mutiatic  acid, 
(realcr  permanent  is  Mgiied,  much  trouble  it  pvoveiited, 
and  mach  time  Hvedt 

A  «ery  powerfbl  |al«anic  pile  ii4hat  of  SI.  Pepyi,  ju- 
nior: for  a  dcicriplion  of  which  the  reader  may  comoit 
tbe  Phil.  Mu^.  No.  ST.   Sec  alio  Omtanism.' 

BATi  r.KMKNTS,  in  Architecture,  are  notches  or  in- 
•loiitiir  s  III  the  top  of  a  wall  orothcT  building,  like  cm- 

br.i^UK-,  Id  look  tiirou:;!). 

n  ^,  111  t  leo^r.qiliN ,  di-notcs  u  small  i»ulf,  or  an  arm 
of  ihe  M  il  sirelcliiii);  up  into  the  land  ;  being  lar^jer  in  the 
middle  witbiui  ihm  at  its  mtnuice»  called  themoutii  of 

the  Uiy. 

BA\  IIR  (Joiiti),  K  German  lawyer  nnd  aslronoMier, 
flourished  ihe  l.itn  r  p;irl  of  the  l6'lb  and  bi^imiog  of- tbe 
I7th  century,  but  in  what  paiticolar  yearor  placr  he  wa» 
bora,  is  not  known-,  his  rntroe  however  will  be  r\-er  me- 
■aiable  in  the  annaU  of  akimnomy,  on  account  of  that 
ficat  and  cxcelirm  waik  which  be>fint  publishiHl  in  the 
year  idOS,  under  the  title  of  Unonmctiia,  being  a  com- 
pbto  cdtNU  atlas  «r  hu|>  iblioclHirtt  (if  aU  ibacoa. 
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rfitMitiom,  tilA  anamcnclatare  collected  from  the  different 
taUei  of  BStmnotty,  ancient  and  modern,  together  with 
the  useful  invention  of  denoting  the  stars  in  everv  ct  i  Mi'I- 
lalion  by  the  letter's  of  the  Greek  alphabf  f,  in  their  ofoVr, 
iii^'l  ill  ti  r,li'i:M.  [hi- .  nlcr  of  tlKiriiiaj:nitin!cin  each  con- 
stelli.lii  ri.  IJy  lui  aus  of  llj<"-e  mark-,  the  stars  of  the  hea- 
vens may,  ^*ilh  liS  Rr<-at  I.icility  ,  U-  di.(ini.njijl  i/ J  ,i!id  re- 
ferred to,  as  the  M  vi  ral  places  of  the  carili  are  l<y  means 
of  geographical  talks ;  and  as  a  proof  of  the  tisefulnes* 
of  this  method,  our  celestial  globe*  and  atlasics  have  eve* 
since  retained  it ;  and  hence  its  general  lue  through  all 
tbe  literary  world.  A>tronoBicrs»  in  epcakiag  of  any  jilar 
ia  tbe  comtcUationt  denote  it  by  eayiag  it  it  aiatkcd  hj 
Baver , «,  ar  A  «r  &e. 

Bayer  Uwd  BaRgp  ytm  ater  tho  6nt  pablicatioii  «f  this 
worit,  wbkfa  be  greatly  improved  and  aufment'd  by  hit 
oonstoBt  attentioo  to  theitudy  of  tbe  ttara.  At  lengt  h,  in 
the  year  l627,  it  was  republished  under  a  new  title,  vir, 
Coelum  Stellatum  Chrislianura,  or  the  Chvistmu  Stellated 
Hcavi  n,  or  flu'  Slurry  Heavens  Cliri^itianizeii  ;  lor  in  tKi< 
work,  the  heathen  iiuiiies  mid  chariicf'-rs,  or  tif;UH-5  of  the 
CoTistellai  11)115  art'  rejerled,  and  ottiiTs,  taken  from  the 
Scripturi  ^,  itisiMed  iti  tlicir  stead,  In  circumscribe  the  re- 
spective r<iiisie',lHtions.  'I'lii')  «as  the  project  of  one  Ju- 
lius Schiller,  a  civilian  of  tlie  same  place.  Uut  this  at* 
tempt  was  too  great  an  innovation,  to  find  success,  or  a 
general  reception,  which  might  occaaion  great  confusioil. 
And,  we  e*«n  Iind  ia  iIm  latter  cditioas  of  this  work,  thai 
the  ancient  figures  and  names  were  restored  again*  >t 
least  so  I  find  them  in  two  edidom,  of  tbe  years  loM^aad 
l6£l,  which  are  now  before  oie. 

BAYLY  (Wm.),  a  mpcctable  astranomer  an<  math*, 
natidao,  was  bom  at  Rishop-Carions  in  Wiltshire,  17S7, 
where  the  early  part  uf  his  youth  was  employed  in  the  line 
of  his  father,  on  a  small  farm  in  that  parish  ;  till  accident 
threw  in  hi>  way  books  and  assistance,  by  which  ineani 
he  became  qualilied  for  an  usher  in  a  school.  He  after- 
wards pnss<'d  a  few  years  as  assist.iiit  with  Dr.  Mnskelyne, 
the  astronomer  rrtyal  at  GreenuiiJi;  ov  «iiose  recora- 
meftdftlion  Mr.  li.  in  I7(>9.  "as  sent  out  by  tlx  Koval  So- 
ciety to  the  North  Cape,  to  observe  the  transit  of  Venus 
of  that  year;  of  which  his  nccoimt  was  published  in  the 
Pliilos.  Trans.  In  1772  Mr.  U.  as  one  of  the  astro noraett, 
saib^  with  Capt.  Cook,  on  his  second  voyage  of  discovery 
in  the  loutbcrn  kciaisphere ;  and  again,  in  I77<>,  in  the 
third  and  last  voyifp,  which  unfortunately  lara}inatcd  the 
useful  life  of  that  bra««  and  excellent  commaadir.  On 
the  ilecoasa  of  Mr.  Witcbdt,  tbe  liist  muter  in  the  Rflygl 
Naval  Academy  at  Portsmouth,  in  I7ft5,  Mr.  B.  was  ap- 
pointed hi*  succetiur,  which  situation  he  held,  with  much 
credit  to  himself,  and  bem^t  lo  the  instiltition,  until  the 
new  establishment  of  the  Uoy  al  Naval  folli;:!-,  in  ISO?; 
when  Mr.  B.  wa*  allou(d  lo  r<  lire  on  a  liaiiiUoiiu-  prn- 
sion,  which  heenjoyni  till  r.  liii-.e  of  bis  ueall;,  which 
happened  at  Fortsea  the  latiei  p.irt  of  IMO,  ot  73  years 
of  nee. 

Bl'lAD,  ill  Architecture,  is  a  round  niouidine,  carved 
in  short  eiiibossnients,  like  beads  in  necklaces ;  and  some- 
times an  astragal  is  thus  carved.  Then-  is  nUn  a  sort  uf 
pGun  bead  often  set  on  the  edjre  of  each  fisscia  of  an  a  rchi> 
travc ;  as  also  sometimes  on  the  lining  boaid  of  a  door> 
case,  the  upper  «dge  of  skirting  b<iurds,  ttc. 

BnAOt  in  Assaying,  the  small  ball  or  mass  of  pun  me. 
tal  aepaiated  (som  the  jcort'a,  and  seen  distinct  aad  pwie 
in  the  ndddle  ef  the  eoppel  wbila  in  the  file. 
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HKAM,  ill  Archit^ctun:,  liie  largest  pun  ni  wuud  in  a 
building;  being  laid  across  the  walls,  and  serYin^  lu  vup- 
pori  (be  principal  nAen  of  ll>e  r»of.  .Sou-ral  iii;>eni<>us 
Utlkon  have  comidend  tbc  l<>rrr  ur  stivuKtli  i>l  bi-ams, 
W  lopportiiig  fticir  own  wri^ht  and  any  other  additiond 
w«igbt;  particukrljr  N'nri^non,  and  I'arrnt  in  tift  M«> 
^oir.  Aoui.  R>  Sicieii.  an.  1708,  aod  Mr.  ILmaiaa,  on  th« 
Stniigtfa  «pa  SCini  of  T^bntin  hk  Mecfaaoics.  Mr.  P*" 
MMnikes  tiM  prooorlioo  vf  the  iAOk  to  the  breadth  of 
a  icctaagultr  betni  to  he  u  7  to  5  When  it  ia  itrongett. 

The  prpportiom  of  beams  tvcar  !.<  'n.  are  fixpd  by 
(tatute,  as  follows:  a  beam  15  feet  !■  i  nu't  U-,  at  least, 
7  inches  on  one  vhIi-  its  square  :>r  i  nil,  :ir.ii  j  tin  (he  othef ; 
if  16  leet  long,  ilicmiis  musl  Ue  b  iiitlu-  l>\  d  ;  il  17  feet 
)i>ng,  III  inches  by  6  :  in  country  places  ilir_\  luc  usually 
made stroii(>er.  Sir  H.  Wollon  advises  thesi-  to  be  ol  the 
strongest  and  raost  liiiralilf  timber.  Some  of  the  be>t  au- 
thors have  examined  the  force  or  strength  of  beams,  and 
brouglii  ilieii  resistance  to  n  precise  calculation  ;  and  the 
chief  results  of  iheir  iinvk(ip.>iir»ns  are  the  follouina: 

I.  The  ttrengths  of  tm  bcums,  of  the  same  wuodf  end 
of  difStrent  dirocmioDi,  are  to  each  otheri  m  ibc  products 
of  their  MCtions  muliiplied  by  the  diitnnces  or  heigbti  of 
thnr  centres  of  grtvi^  from  the  hMe,  or  nadeiaide,  and 
divided  by  the  K  ngthi. 

t.  When  the  lengths  are  equalt  the  stfcnglhs  ue  at  the 
iCCtions  multiplied  by  the  distancM  of  the  centres  of  gr»- 
vity  above  the  base. 

3-  When  the  seelion^  arc  eijual,  the  strengths  are  as  the 
heights  of  their  (  iiilrcs  <■!  ;;r.in:y  dividi  d  I'v  tin  it  l<  iii;li)s. 

+.  When  ihr  hei  ghts  ol  the  centres  ul  ^nuilv  utc  i  ipial, 
the  strengths  uit  ..s  i  In  ,  r    i  noiis  divide<i  hy  tin  u  h  n;:lis. 

5.  A  rectangular  beam  »itii  its  Itarrower  lace  upwards, 
is  stronger  than  with  its  bro^uler  faCOi  !■  proportion the 
liroader  face  is  to  the  narrower. 

ii.  A  rrciangular  beam  vtill  bear  a  greater  wei|iht  when 
it  is  Hxcd  so,  that  its  diagonal  is  in  a  vertical  position,  than 
v»hen  it  is  placed  flat  on  unc  of  its  sides. 
.  7-  Tbc  strei^h  of  f  cyUndric  bean,  is  to  that  of  the 
circaniecribed  iquK  one,  aa  their  leclioni,  or  as  the  irca 
of*  ctrcJe  is  toils  dreanuciihed  iqaare,  that  is,  «a  78i4* 
to  1,  or  as  11  to  14. 

The  stron(>cst  rectangular  beam  which  can  be  cut 
out  of  a  cylindrical  tret',  is  that  whose  breadth  is  to  its 
deplli,  as  1  III         or  very  nearly  as  j  to  7. 

p.  '1  he  !.(r<  iipiii  of  a  triangular  beam  when  laid  flat  on 
it*  base,,  is  ivmLile  the  stKengili  of  it  wlicn  liid  the  reveiw 
way,  or  with  the  base  uppermt.st. 

'  10.  The  stress  upon  a  beam,  m  I  rcak  ii,  Ijy  a  »ei;;iii 
laid  upon  the  middle,  is  to  the  stress  when  laid  nearer  oite 
end  ihaii  the  other,  as  the  square  of  half  the  length,  is  to 
the  pi  iiduct  of  the  distances  of  the  weight  from  each  end. 
Therefore  a  beam  will  sustain  the  least  weight  iu  the  mid- 
dle, but  gradually  more  and  more  towards  one  end. 

I I.  When  a  beam  is  laid  in  as  oblique  position,  Itt 
•trrngtb  it  to  the  streiwib  in  a  horiaootal  posiiioo,  an  r» 
dim  if  u>  tha  cosine  of  the  incliaatioo. 

12.  A  Bkam  eMpporlad  near  hath  eadt  cm  two  props, 
vill  itistaia  tirioe  aa  qaneh  when  Ac  endi  beyond  the  props 
are  kept  from  rising,  at  wlien  it  MM  looeely  on  the  prop. 
See  CaaranT&v. 

13.  When  a  bar  or  beam  is  sustaining  any  very  ;rea/ 
compression  endways,  it  is  much  eaiier  broken  by  any 
tiansvrrsi  slrrii;i.  sir.il  e\(ierimint»  have  been  made 
on  ihts  kmd  ol  sttaJu.  a  piece  ot  wiute  luarbie,  lor  iii- 


stiinre,  of  ^  an  inch  square,  and  .'i  imcIm^  bclwmi  the 
priipn,  bore  J.slbsi  but  when  Compressed  endways  witll 

jnoios,  il  hroke  with  14^.  The  ditleieiicc  is  much  more 
r<  iiuuhu)jlc  in  timber  oad  soft  bodies,  but  it  it<co«sidei- 

able  III  all. 

14.  Astfie  strength  of  tha  HIM  hisd  of  toood  varies  veiy 
much,  it  IS  impossible  ever  to  come  to  an  eaaet  knbwlcd|e 
of  the  Just  proportion  between  the  itrengtba  of  dillpmtt 
kinds.  Thus  much  however  may  be  said,  with  regard  t^ 
the  two  kinds  conmonly  used  for  beams,  ite,  naiueiy  oA 
and  tir,  ilnu  the  former  18  itTonfer  than  the  latter,  nearly 
in  the  prupuriion  of  y  to  8, 

UcvMs  qf  a  sJtip,  are  the  large,  nmin,  cross  timbers, 
stietched  from  side  to  side,  to  support  the  dt  eks,  and  ke«  p 
ti>e  sides  ul  ihe  sl,ip  from  fulling  together. 

UcAti  of  a  iMilinice,  is  the  horizontal  pieie  ol  wood  or 
ircii  supp<jrle<l  on  a  pisut  in  the  iliiddli  ,  hihI  at  th(  e\lu  - 
lrlllle^  ul  Hliich  the  sciiies  .ire  suspeiideil,  lor  Weighing 
any  ihiiii; 

iitxiil-Compatt,  on  instruinent  coosisiing  of  a  wooden 
or  brass  square  beam,  ha\  ing  sluliiii;  M.ckels  ratiying  steel 
or  pencil  points ;  and  are  used  for  describing  lai]ge  ciiclcs, 
the  radii  of  which  are  beyond  tha  esient  <rf  the  coMimmi 
Compasses. 

UKAR,  in  Astronomy,  a  name  given  to  two  Comtelbi* 
lions,  called  the  gmatr  ^ud  the  /esser  Amr,  or  Uma  ma- 
jor  and  mter.  The  pole  star  is  in  tha  (ail  of  the  Uttia 
bear,  and  is  within  less  than  2  degree*  of  the  north  palp.< 

See  UusA,  major  and  Minor.  * 

l!l'Al'I>,  <if  a  Coinrt,  the  riiys  "hiih  itemslS  tli  ihe  di- 
rt rtiuii  in  \\ljirh  it  mo\e)  ;  iis  jiiisiiiii^uishEd  fiom  the  tail, 
or  llie  rays  (  niuii'ii  or  lelt  brhinJ  It  as  it  moves  alw^  be* 
itigHlwuv!!  Ill  a  uiit-LlKiii  Iriiin  llie  sun. 

UCAlll'^U,  in  Arehiti  cluie,  any  subsiili.u  v  or  interme- 
diate support  in  aid  ol  the  principal  support^,  as  the  small 
joists  or  brackets  which  h«ar  a  gniiei  or  the  covering 
board  of  a  cornice;  the  piers  and  blockini.'s  under  the 
J"inis  of  a  ground- Itoor;  or  the  joists,  &c,  which  bear  Mxj 
thing  iiulejiendent  of  or  unconnected  with  the  buildings 
as  the  bearers  of  a  cistern,  ol  a  vat,  of  a  platform. 

B£ARING,  in  Geography  and  Navigation,  the  litoation 
of  one  place  from  anMhcr,  with  r«gpud  to  the  painttof 
the  eompast;  or  an  arch  of  the  boriion  between  the  me* 
ridian  of  a  place  and  a  line  drawn  through  tbts^and  ana> 
thcr  place,  or  the  angle  formed  by  a  line  drawn  ihrnngh 
the  two  placesand  their  meridians. — 'llie  beatings  of  places 
on  the  ground  are  uanally  dctiermincd  by  the  magaetic 

needle. 

liKA  TS,  in  U  Clock  or  Waleh,  are  the  strokes  made  hv 
the  langs  or  pallets  gl  the  spmdle  i>l  the  halance ;  or  of 
the  pads  in  a  royal  pendi.liiia  I'l.v  ili,'  miinber  and  uso 
of  the  beats,  see  Dcrbam's  Artiiicial  Clock  Maker,  pa.  14 
anil  >4-(|.  • 

BlilAT,  in  Music,  is  a  grace  marked  thus  or  ihusy. 
Its  cdect  is  just  the  eontnuy  of  a  transient  shake  in  rapid 
nwvemenia,  where  it  can  nathcr  be  ptvpansd  nor  turned. 

BEAUNE  (FioniMOHK),  counsellor  or  presidial  of 
fUoiSyMsborain  l60i,  and  died  in  1651.  He  illustrated 
with  nom  the  tnost  difficult  passages  in  the  geometry  of 
DescarKSiaM  the  mysteries  ol  uhieh  he  undr)siiHi,l.  '  Tn- 
.  deed  that  great  man  had  such  a  respect  for  Il.  anne,  that 
in  several  of  his  letters  he  declates,  that  hr  k  Imi  nioM  on 
!ii«  learning  and  appiobiilion,  ll^n  on  tliuse  ol  all  the 
either  inathcniulicians  then  in  1-raiice. — Reaune  projKised  a 
l^roblcm  which  gpivc  nse  to  the  inverse  method  ol  '«"g"nH. 
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BECCARIA  (James  Bartiiolumew),  a  celebrated 
mutliemuticioii  and  piiil(>iuph«r  of  the  17tb  rcniiiry,  was 
twrn  at  Bononitl,  in  iG^i,  and  n  rcivL-d  the  early  part  of 

'  hiM  education  amonft  the  Je^uit^.  Tuniitii;  hi^  Htti  niiun 
to  the  study  of  natural  pbilusnpliy,  tx- tunn  bccaini- diilin* 
guiiilicd  for  tbe  variety  Hn<l  depth  oi'  liis  knowledge  in  phy- 
liA  and  ip  iMtheniatics,  of  vbicb  h«  wu  made  public 

t  prolbaor,  and  ih  conjuoction  with  Mugi^^pi,  and  otiier 

,  cvtebnted.clMniciAn  at  Uononia,  aaisted  ia  ibmiog  an 
academy  there  lur  teaching  nxathetnatict,  natural  bi*iury, 
fhamittry,  anatomy,  and  medicine.    He  vita  a  froqi\ei)t 

■  forr«:>|H)tuli-!it  with  the  Royal  Society  of  London,  iil  « iiich 
In  V,  ..■x  111  Ki.'  Mil  honorary  meinlH-r.  .\mi>i'.^  oilu  r  cum- 
mu!Ui,u;i. i.is  from  Beccariii,  «IikIi  appiMi  m  ihr  I'liil. 
'rrmiv.  iirr  his  "  Obscrvalioiis  on  tin'  Wi  iillii  r, '  "  On  die 
Igiiii  !  uiuus."  and  "  On  the  power  »onie  pei-ions  ^j'f'e 
enjoy.  <l  nl  ^up|Hlrtillg  life  for  a  great  Icnglli  of  lime  with- 
out loud."  This  UH»  utlei\vard»  pullll^lled  at  I'kiIuu,  un- 
der the  title  of"  I)e  jijuniis  lonsris  Ui»!>irtutio,"  fiilui  1/48. 
He  died  Jan.  17(j>*-  h'.-'wx  84  years  of  mge.  Among  his 
puhUcntkmi  are  tlu'  lullou.ng: 

1.  DiMettaiio  Mcicurologica  Medicai  in  quaacris  tem- 
oeriet  et  laorhi  Bononia  fmuaateaannif  1789et«aqnenti 
dcaefibuoinr.  ., 

9.  De  quamplttiimis  phoiphofi*  nunc  prinram  detect 
iil  Cbauncalaiinf»  in  4to,  1744  at  Bonan. 

3>  Seriptura  Mcdioc»>kfEalit,  1749. 
Besides  numerous  other  compositions,  the  titles 'of  which 
may  he  ^c4-n  in  Gen.  Bioi;.  and  llal.  Bib.  Amai. 

Ur.('C.MUA  (( ilA  M  ii  \  I  1  I  ST  A ;,  ill!  1  iiiinenl  philtno- 
pher,  and  a  monk  of  1  i  oli w.i-  a  native  uf  Men- 
•iipM,  III  I'll  ilininil,  ami  Ik  (.-jM-.r  a  |irii!'.  ^-^r  ol  loatliiiiia- 
tir<>  jiiiil  |ilnlnvi)|,|i\ ,  iir^t  ut  I'ali  rinu,  ami  nr\t  at  liume. 
He  aftimariK  oCiJupicd  the  chair  of  expt  rimi  ntul  philo- 
lophy  at  Turin,  arul  wa-,  appoiniiil  preceptor  to  the 
pnucc«  of  Sardinia.     Hi*  chief  works  uir; 

1.  Deir  iUvltricismu  Arttticialc  e  Natarale,  in  4to, 
174S,  and  of  which  no  En^ith  ttamlaluni  waa  publiahcd 
alio  in  4tu,  \776. 

2.  Leitere  dell'  Elettricisnio,  folio  17  58.  ' 

9,  Ontdui  Ti^noemist  1774.  in  4(o,  being  an  ac- 
CMMt  of  Ilia  aMwautenent  of  a  dcgiee  of  th«  neridiaa 
near  Tnrin,  which  hccarafullycxeculed  between  thcycaia 
176*0  and  1764. 

He  aUu  published  Essays  on  the  Cause  f)f  Storms  and 
TenipL'tit!)  oil  the  meridian  ofTurin,  tec.  "Vlws  philunopbcr, 
no  U'ti>  rt's|ii-ci( i!  i"i  liis  viruii--  il.aii  knowledgi^ditd 
HI  Turin  I:  i;Kaoced  ai;t',  .May  -JJ,  17  SI. 

ISl'.l),  '/a  Great  Gun,  a  plank  laiil  bituicn  tlie  cbcvks 
of  liie  I  arnaiji  ,  oil  llic  middle  Iransdin,  lur  tiie  breech  of 
the  gu:i  ;o  rrsi  upon. 

Bkd,  or  Stool,  (if  a  mortar,  alliicli  and  strong  planltiiig 
on  which  a  mortar  is  placadi  hollowed  n  link  to  neeivc 
.the  breech  and  lruni('ir«i. 

BpU-RIOL  LDING,  in  Architecture,  a  term  used  by 
workmen  for  tJioae  mcmbcRt  in  a  cornice,  which  are  placed 
below  tbe  eoromti  or  crown.  It  inually  cootlMs  of  iheao 
feut  nmnbenii  an  og««,  a  lite,  a  laiga  bonltine.  and  ^n-  • 
other  lilt  under  the  curooeL 

BEES,  in  Maval  Architecture,  denote  picoci  of  dm 
plnnk  bolted  to  the  outward  ends  of  bowsprits. 

BEIOHTON  (irr-NRY),  I  vva^  a  n-pcclabl.'  rna- 

tbematlcian  and  niechaiii^t,  bi  in;;  \vi  il  skilled  ui  iiKiclii- 
■'It  ;  \ ,  anil  iir.i;i-i  oji  of  a  ciMl-i  n^iin'iT, 

inj  aulevd  ibc  oioiil  eniineul  one  of  hi»  Uiuc.    llv  v,^  ihu 


intimate  friend  of  Dr.  Desaguliirs,  who  r»cei>cn  liuiii  hiin 
many  valuable  communications  in  mechanics,  rncinej.,  &c, 
some  of  w  hich  may  be  »ecn  in  srvt-ral  purt-,  «f  the  2d  \ol^ 
of  the  Doctor's  Course  of  i  um  nial  I'mlosophy,  parti- 
cularly at  pi».  43  f,  437, 4*9.  4<>l.  47-»,  W7,  5J4,  63«),\c. 
H«  communicaled  to  the  Royal  Society  nlxi  a  curious  let- 
ter, containing  a  Deacriplion  uf  the  \Vater-WorJu  at  Lon> 
don  BriiiKe:  printed  in  the  Phika.  ttw-  vol.  Sft  p>4; 
or  my  Abrid^  vul.  7,  j>.  449. 

It  is  probable  that  Nr.  B.  died  in  I74S  nr  1744,  as  it 
appears  be  condifcied  the  Ladies'  Diary  for  the  Siaiiutu  r!>' 
^Company,  from  1714  to  1744  tncliuively;  di»chari;nig 
thul  irust  with  such  sati^-laction  to  the  company,  that  they 
perniilU-d  his  widow  to  liijoy  it  lor  many  years  afterward*, 
liy  ( ;iip|i III.',  a  H<  [inly  lo  r.;iiniiili  ;u.ii  n-<  iul  nnnuul  lit- 
tle bi»ok.  Ill  tii.^  aliiniiiar,  Kn  tin  star  1721,  iMr.  B.  in- 
Si-rted  a  curious  tabli  of  (  alc  nlaliuus  on  tiii^ti  ain-t  npiiie. 

iSLl.IDUll  (Hlus  ahd  f  oRF.sT  dk),  an  eiijiimvr  in 
the  siTvice  of  France,  but  born  in  Catalonia  in  l6y8.  He 
was  profissor  in  the  lu  w  schfiol  of  artillery  at  la  Fere» 
where  lie  published  his  course  of  mathematics  for  tbe  use 
of  tbe  artillery  ami  engineers,  lie  wa<>  the  drst  who  seri- 
endy  considered  the  quantity  nf> gunpowder  proper. fiw 
chaifBi,  and  Kdua<d  it  to  S>9da  the  quantity.  He  wm 
named  Anodata  in  the  Academy  of  Scknics  in  1741 ;  and 
died  Sept.  I,  171^1,  at  63  yean  of  t^ 

His  works  that  have  been  publiihad,  an : 

1.  Somiiiaire  d'liii  ('ours  d'Architcctufemilltiif^  civik, 

et  hydriiuli<|c:i ,  in  12ino,  17'20. 

2.  Ni  nu  an  Com <ii  Matlic.Tia'.n  i;' i- .  i n 410^  l78fc 
'■i.  Iji  Sen  iKi' (Irs  li'._enn  urs,  in4tu,  i7 

i-  I A  Br/inbanlii  r  i  rancois,  111  4to,  t7>34. 

.1.  AirliUecture  1  lydiuulique,  *  yols.  in  4to,  1/37. 

(i.  Diclionnaire  purlittif  de  ring^iiieur,  in  8*0. 

7.  Traite  des  Korlilicatiiins,  4  vols,  ill  4to.  • 

Besides  several  pieces  insetted  III  the  volumes  of  the 
Memoir,  ol  the  Acaileiny  uf  S^ifOCes,  tor  the  years  1737, 
1750,  17  >■'.,  an. I  I7j(i. 

BI^LL.V  TUI.X,  in  Astronomy,  a  ruddy,  glittering  star 
of  the  2(1  magnitude,  in  the  h  it  shoulder  of  Orion.  lis 
name  » tima  tbe  Latin  bcUumf  as  bi-ing  anciently  sup-^ 
>  posed  to  have  great  inlluenoe  in  kindling  wan,  and  form- 
liwwnRion. 

BELLOWS,  a  machine  m  cnntrittd  as  lo  cxspire  and 

inspire  the  air  by  turns,  by  enlarging  aiul  contracting  its 
capacity.  This  machine  is  used  in  cliiinibers  and  kitchens, 
in  io|L;(-s,  furnaces,  and  fouiuliTir*,  to  lAi.w  np  the  lirS: 
it  ^iTvis  also  lur  organs  and  uthir  ptu  umatu  msiruinenis, 
to  j;ivc  till  in  a  proper  supply  of  air.  .'Ml  llicsi  .m  ot 
rious  toiivlruclions  accordiiia  I"  llieir  ilslK  n nt  |  nipns(s; 
but  III  20111-1  al  they  are  coiii[.osi-<l  oi  tn c.  ilm  li.  i.iriK,  sojik  - 
times  III  an  oVul,  soinetintts  of  a  truui^ular  'i^ure :  luo 
or  more  h(>ops,  bent  according  to  the  iiijurt  ol  llie  boards, 
are  placed  between  them ;  a  piece  of  leather,  bruad  in 
the  middle,  and  narrow  at  both  ends,  is  nailed  on  the 
edges  of  the  boards,  which  it  Ibus  unitrsi  toother ;  as  also 
in  the  hoops  which  separate  the  bwirds  that  the  Icnthec 
may  the  easier  ope«  and  Ibid  jsgain  t  a  tuba  of  iron,  brass, 
or  copper,  is  fiMtene^  to  the  undermost  board,  and  then 
is  a  valve  within  that  covers  the  hok  in  the  nnderboard, 
to  keep  the  air  from  escaping. 

BELTS,  FasciiF,  in  Astronomy,  two  lones  or  gttdks 
surrouixliiij;  ihe  planet  .lupilcr,  brighter  than  any 
lest  ol  his  body^  and  terniiiiated  by  p.irallel  lines,  'ffhey 
arc  observed  however  to  be  bonniiimus  broader  and  soma> 


B  F,  R 


tinm  nnrrowrr,  utd  not  always  occupying  fxactly  tbe 
f»ae  part  of  the  disc.  Jupiter's  belts  were  <irat  ob!ierv«<l 
and  docribed  by  Hmieni,  in  Ua  Syit.  Saturn.  Dark 
apota  hwr*  often  |ivca  obt^vfd  on  l£».  bdu  of  Jupiter; 
ond  11,  Caailtii  otefffdn  paranaant  oaaon  tho  noitliom 
aide  of  tbe  nuMt  aoutheni  bek,  by  which  he  delennined 
thcl<^ngtb  of  Jupiter's  day*,  or  tbe  time  in  which  the  pl»> 
nef  revolver  upon  iti  axis,  which  n  ph.  oim.  Some  astro* 
nitnii  rs  siippiist-  thai  these  belts  arc  seas,  which  ultcmutcly 
ii/ver  uini  Uine  b.ire  liirp.-  tiiictsot'  the  plmirl's  surface; 
ami  that  tin-  ?pi)i>  are  i;ulls  in  thuse  seas,  winch  :i;e 
»omuliiiies  liiy  aiui  si. m.  nines  lull.  Unt  Aiout  rtinrnw  il 
that  ihi'  spis;s  lire  priimbeninii  s  iit  the  helts  :  iiinl  miIh  t- 
aj^in  are  of  opinion  that  the  ir.uisjiarent  and  moveable 
apota  are  the  tbadows  of  Jupiter's  suieUites. 

Caaiini  aUo  spoaka  of  the  belt*  ol  baturn ;  being  thm' 
dwk,  alraigbt,  pnralhd  baida,  nxfoKut,  on  the  disc  of  that 
phnet,  But  ii  duca  not  appnir  that  Saiurn'a  bclla  adhere 
to  his  body,  as  tfaow  of  Jupiur  do }  but  t»tber  that  they 
an  large  dark  rinp  awniuiiding  the  plaitet  at  a  diataace. 
Soma  imagme  that  ibcy  aee  dovda  in  the  itawapbere  of 
Satora,  tnoagb  it  wovJd  aeem  that  the  niddkniait  ia  tbe 
shadow  of  his  tinf;.  • 

IlENDINCs  the  ri  ducinj;  a  body  tn  a  curved  or  crook- 
ed t'urui.  The  tieiiiliiii;  of  boards,  plunks,  i.vc,  i*  effected 
by  mefliisof  heat,  whether  by  Ixiilingor  orln  i  a  -i  ,  by  hirh 
their  fibres  are  so  rela\i  ii  that  tlii  v  may  be  !)•  nl  into  any 

figure.    litninuUi  li.i-- i;  ci.-i  nt'.i  s  i  n  e  i  einliii  ;  of  ^prin•;s, 

or  clastic  bodies.  And  AniKiituiii  gufs  sever-l  experiments 
toncerning  the  bending  of  rupcs.  The  fricti<)n  of  a  rope 
bent  or  wound  about  an  iinmoveable  cyliodcTi  i*,»ufficinit| 
with  a  very  small  power,  to  sustain  very  great  wcight*< 

BEREMC;iV»  Hair;  we  Coma  R.vrm>«. 


wbicii  pieces  ii,  to  prove  Uiat  the  cooinuialy  received  no- 
tion of  the  existence  of  maUcr,  is  fabej  that  temibic  m«- 
terial  objects,  as  they  are  called,  are  ncit  external  to  the 
mind,  bat  exist  in  it,  and  ate  nothing  aaorc  dnn  impfea-  ^ 
aiona  made  upon  it  by  the  iamediaie  act  of  Owl«  aceoivU 
iag  to  cotaia  mlea  called  bwa  of  aatnra,  . 

For  actttcacM  «f  pam  and  beau^  of  inaginalion,  hn- 
authora  can  vie  wtlh  Berkeley :  his  wriiTnip  es  cited  uni-  • 
veisal  admiration,  and  bis  company  was.  Cdurii  <  .<  i;  I  f 
men  of  opposite  parties,  who  also  conrurri<l  in  ri  c  .mnii  nd- 
iiiL'  hini.  l  or  Steele  he  wrute  s.a,  ml  p.ip,  r>  in  the  Guar; 
iiiiiii,  and  at  his  h<iusc  heranie  aequainted  w  ith  F<.|  ,  (vilb 
urn  111  h.'  ;i]h;i\s  ined  in  Ineildship.  SiMll  rerih:  ih  tided 
bun  to  thi'  celebrated  eail  ol  l'elerborou£h,  who  bi  iiig ap- 
pointed ambr.ssador  to  the  king  of  Sicily  and  the  Italian 
Staj^^s,  took  Berkeley  with  him  as  chaplain  aad  lecreiarr 
in  I7l9i  wiUi  whom  ha  imnied  to  Eagfamd -the  year  fol- 
lowing. 

His  hopes  of  piefermeot  expiring  with  the  iall  of  queen 
Amie't  minialnr,  ha  some  time  after  embraced  an  ofler  ' 
aade  him  by  Aahe^  Uahop  of  Clogber,  of  accompanying  . 
his  aoa  in  a  toar  through  Europe.  At  ^iria  he  vibtcd  the 
illualrious  Malebranchr,  whom  he  found  in  his  cell  cook* 
ing  in  a  small  pipkin  a  medicine  for  nii  inlluinnialion  of 
the  lunjjs,  with  which  he  was  aftheled  ;  and  as  ibev  en- 
;;aped  in  a  Coin  ers.it;.  .11  i.n  Berkeley's  system,  .Muleliranrhp 
■  n  tbe  heal  ot  iLs|iuiaiiiiii,  raised  his  voice  so  hi;;li,  aiul  m. 
dulged  the  natur.il  iiii|h  tuosity  of  his  temper  i  -ui  !i  .1  de- 
gree, that  he  brou!;bt  un  an  increase  of  his  disorder,  which 
carrii-d  him  otT  a  tew  day<  allrr.  During  four  years'  ab- 
sence frgm  Lnjjland,  he  not  only  visited  those  places  which 
iell  within  the  grand  tour,  but  some  that  are  less  frequent* 
eil,  8n<l  with  great  industry  collected  utateriaU  for  a  iialu- 
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sho^  of  Cloyne  in  Ireland,  waa  bora  in  thai;  kii^dtim,  at 
KilcrilH  tbe  ISth  of  March  iSlM.  After  reoeiniqt  the  <nt 
partcf  hbcdacatinn  at  Kilkenny  school,  he.  was  admitted 
a  pesaioner  of  Trinity  College,  Dublin,  at  15  years  old  ; 

and  chosen  fellow  of  that  college  in  1707. 

The  first  public  proof  he  guve  of  his  literarv  abilities 

was  in  his  Ai  lli;-,.  iir:i  .i' s  jiir  Alcehia u'.t  K.m  I  le  drmoii- 
strata:  winch  Ir'nii  thi'  (iri  ture  it  ;ip|iears  hi  v.  I'.te  lirhire 
he  WHS  'JO  years  old,  thiiuiih  he  did  im.!  publi>  i  i'-  ill  1707- 
It  Is  followed  by  a  Matticmatical  Miscellany,  containit>a 
observatioi 
•  Molineux. 

In  l7o<)cameouttlieThcoryof  Vision;  whicbofallhi) 
works  appears  to  do  the  grralesl  honour  lo  his  sagacity ; 
bring  the  tirst  attempt  that  evvr  was  made  to  distiiijjuish 
the  imme^iiate  and  natural  objects  of  sight,  from  tbe  coo- 
elusions  uc  have  been  accustomed  fmrn  in&ncy  tn  diaw 
from  them.  Tbe  boundary  is  here  traced  out  b^ween  th( 
idea*  of  sifsbt  and  touch ;  and  it  is  showa,  that  thouiih  ha- 
bit haa  so  canneciod  thcae  two  claisca  of  id«-aB  in  the  mind, 
that  I  hey  are  not  without  a  strong  effort  to  be  aeparaied 
from  cadi  olhert  Jl*t  originally  they  have  no  s>  i  n  c,  n- 
nntlOQt  insomuch,  thkt  a  person  boin  blind,  and  smlilenly 
made  tu  see,  wi.ulcl  ,,t  f,r>i  (>■•  .uterlv  unable  to  tell  how 
nay  €»bjcct  thn  „rti.cied  bis  siiihl  ^v.iuld  atlect  his  tench  ; 
apd  parllcuUrly  «,,„|,|  r,o\  liuni  sejiit  recei.e  :iiiy  id,  ,i  .  i 
diatance,  or  external  space,  but  weid.l  iinatHK  all  i.h 
to  b«  in  his  eye,  .,r  raib.  r  in  his  mind. 

-.L         '"  ''!' ^ of  \  ision.  III  the  ><  ar  1710  npi  ued 

.-llic  Principles  ol  Human  Knowl.  lli;.- ;■  nud  in  17  i  i  Dia- 
loguca  between  Hyle,  ^oA  Pbilooous;  the  object  of  both 
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lost  In  his  pamags  to  Naples.  He  arrived  at  London  in 
17S1 ;  and  being  mnch  coneeiard  for  the  miseries  of  the 
nation,  brought  on  by  the  diwstiottB  South-tea  scheme  of 
1730,  he  published  the  latpie  year  An  Emay  towards  piv 
venting  the  ruin  of  Ciiaat  BtitaiB :  repiiatcd  in  hit  MuceU 
laneous  Tracts. 

The  piUii  h  iidiiii  III  the  liichrst  tdninnny  being  now 
open,  I'lijn  mtroouced  liim  to  Lurd  liurlii  i^lon,  by  whom 
he  was  reciiiuiiii  .-.ded  tolheDuk>  ul  (_!  riiltnii,  then  ap^mint- 
c-d  lord-lieulcnaiit  of  In'hiiid,  uho  tu.ik  Hrikeley  onrai 
one  of  his  chaplains  in  17.M.  1  he  latter  j. ait  i.t  ilnsyi'ar 
be  obtained  the  degat's  of  b.K'heior  and  doctor  in  div  inity': 
aad  the  year  following  he  had  a  very  unexpected  increa.se 
of  fortune  from  tbe  dead)  of  Mrs.  V'aiihonirigb,  the  cele- 
brated Vanessa,  to  whom  he  had  been  introduced  by  Swift: 
this  kuiy  had  intended  Swilt  fur  her  heir  ;  but  perceiting 
herself  to  be  alighled  fay  him,  she  left  her  fortune,  of 8000/, 
hotweea  her  two  executors,  of  whom  He  rkeiey  was  one.  In 
17t»  he  was  promoted  to  the  dcauerj^-  of  Derry,  worth 
1100/ a  year. 

In  1725  he  published  A  Proposal  for  converting  thpaa* 

vaite  Americans  lo  Christinniiy,  by  a  College  to  lie CTrclcd 
111  the  .Summer  lsU»,  otherwise  called  the  Isles  of  R«Tmuda, 
which  has  nUo  been  reprinlefl  in  his  ^listellillll  llll^  Tracts. 
The  pn-pi.sil  was  well  receivid,  at  least  h\  the  i.iiu,  and 
I  e  <il.tanir(l  it  ehnrl(  i  fir  !<iundingthe  College,  with  a  par- 
li.'inentary  grant  ol  <2u,')<>t)/  towards  carixii  i;  it  iiiiu  rxe- 
ci.iioii:  but  he  could  never  act  the  money,  u  I  en  g  other- 
wise .iiiployd  by  the  ministry:  so  that  iifter  two  years' 
stay  in  Aiiiericu  on  this  business,  be  was  obl^gal  to  la- 
tum, and  the  scheme  consoqueody  opiied. 
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In  1792  ke  pttblillmi  The  Hiauta  Pbilotophcr,  hi  2 
volamct  8«o.  m^mt  FnelMnhrs.  In  1793  lie  wu  made 

.biihopuf  rioync;  and  mi^ht  havebccnttnwnd  hi  1741^ 

by  I'i>rd  ClusterfWd.  tu  Cioi-licr ;  hut  Alined  it.  Heiv 
silled  cdiislaiitly  at  Cloyrn?,  where  li'-  tiiiliiru'ly  <lischiir;;i  d 
rII  Ju-  tiliif«-*  <il  a  •4<hmI  |ji>liop,  yet  ci)ii;uuiL<l  Ins  sludic* 
with  iin.U  .il'  :l  :;i  leiilioii. 

About  Mils  nine  lie  i  ii^a^ed  in  a  coiuroversy  with  the 
matin  main  lans,  li  ■  \uted  tlie  hi'^hi  st  interest  id  the 
Ilterarv  world  ;  lii<-  oti  iMdU  cif  ti  wa*  this;  Mr,  .Addivon 
huLi  ^usen  the  l>i^h.')i  m  ;trci)unt  <if  the  behnviourof  their 
common  iVii-nil,  |)i .  (l.i.ih,  in  his  last  iilnc<<'<,  which  was 
ei|l»Hy  lll>i'li':i^in;j  t  .  I'olli  these  advocates  uf  revealed  rc- 
Kgioiu  For  tthrn  Ai.Mi~on  ncnt  to  vc  the  doctor,  and 
bqpin  lo  dncounr  with  liim  K'rll>u^ly  about  anotbcr 
worhl,  ■*9HKly,  Ad<li>nn,'  rv)>l««ii  be,  "  I  bavr  gpod  rea- 
son not  to  bt'lnnfo  thwr  Itiiirs,  mnco  my  fricml  Dr.  Halley, 
who  bu  dealt  m>  mfieii  io  drpi'm*rtraiion,  has  a><<ui\-<i  mt, 
'dtat  the  dnctrinm  of  ChriMiunity  are  inconiprehi-nMblr, 
and  the  reii^ioii  itself  nit  impovture."  The  bishop  ihens 
"fore  biftlc  up  nrm*  ii<:ain<t  lliilley,  and  ad>lrp>^'d  to  bim, 
!Ls  t  I  Mil  liilitlel  Al.itheiiintieiaii,  a  <lisei>iirve  c.ill<  il  The 
Aiial\-:  ;  wiih  a  view;  «jt  otiowini;  ti;at  nl^^li■rR■^  m  I'aith 
weie  iiiijiihlly  <ilij>'iteil  In  bN  mathelnillit'l:tn^,  "lio  lie 
thouiiht  ailiiiilte:!  .iilier>  rimcli  fjreater,  anil  even  tukchuods 
in  5(  n  ine,  i!(  i>  liu  li  111' eniiciwiiuri  il  id  prove  that  the  doc- 
trine of  Fluxions  Uirnishcd  h  clear  example.  This  attack 
ffaVc  occu>ion  to  Kobiit«'!i  Discourse  concerning;  the  Me- 
thod of  J-luxions,  to  Maclaurin'*  FluxioDS,  and  to  other 
intaUer  works  oo  tha.Hune  rabjeet;  but  the  direct  answera 
to  the  Analyst  were  made  by  a  person  under  the  name  of 
Philakthca  Cantabrigieusis,  but  commonly  supposed  to  be 
Dr.  Juris,  whose  first  piece  was,  Geotnetry  no  Friend  to 
Infidelity,  1734.  Td  thi*  the  hishop  replied  in  A  Defence 
of  Frrcthinking  in  Mathematics ;  with  an  Appendin  com* 
ceminj  ^Jr.  Walton's  Vindication,  1735 :  whicn  drew  a  se- 
cond an- nei  the  ^r.irn  year  from  I'liilalelhc^,  undei*  the 
title  of  Till'  Minute  Matliemasitian,  or  The  Freethinker  no 
jusi  'I  hinker,  17.^^.  Other  writing!)  in  tiM  C0lltlO*eil|y, 
besiiU»  tliiise  bilure  nuiitioni  il,  were, 

1.  ,\  Vindication  of  Newton's  Principles  nf  Fluxions 
ilgaiiist  the  iibjectiiins  conlaineil  in  the  Aiinlvil,  by. 1.  Wal- 
ton, Dublin.  1735. 

2.  The  Ciiti  cliism  of  the  Auihor  of  tin  Miir.ne  Philoso- 
pher fully  aiisiiriecl,  by.l.Wullon,  Unliliri,  1735. 

3.  Reasim^  for  not  replying  to_>]r.\Vai(«n'sFullAn*«ef, 
in  a  letter  to  P.  T.  P.  by  the  author  of  the  Slinuta  Philo- 
■apber,  Dublin,  1735. 

4.  Aa  latmductieii  to  the  Doetflnc  of  Fluxions,  and 
Defence  of  the  Mathematicians  agidmt  the  obicctiqM.of 
the  atithor  of  the  Analyst,  it  c:  Lond.  173& 

5.  A  newTreatiw  of  FluNions;  with  answers  to  the  prin- 
cipal objectKJtis  in  the  Analyst,  by  James  Smith,  A.  M. 
lond.  )737- 

6  Mr.  Uobins's  Di-ioum'  of  Newton's  Methixi-,  of  I'lux- 
ions,  and  of  Prime  imhI  I'liiiiiate  Ralios,  1/35. 

7.  Mr.  Rolling's  AcKiiint  of  tin  prrceding  Discoiirje,  in 
the  Hepul/  of  1-1  tins,  lur  (.)f loi'iT  l/.'i.'i. 

8.  Piiituletlie.t'a  Cunsicleranon<t  upon  some  passages  cun- 
taineii  in  two  letters  to  the  author  of  llie  Aaaiyit  fcCy  in 
Repub.  of  Lelti-fn,  Noveinb.  1/35. 

Mr.  Rohini's  Review  of  tome  of  the  principal  objec- 
tions tbat  have  been  made  to  th«  doctrine  of  Fluawm  &c, 
ltepttb.«f  Letten  tu  Oeecaw  1733. 
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10.  Fliilalethara  Scpljrlo  dittos  ki'the  llcpnb.or  LeUei% 
Jan.  1736.  •« 

11.  Mr.  Robins's  DisseTUtion,tb««in^  that  the  account 
of  the  doctrines  of  Fluxions  ia  epccablc.  to  ibe  real 
soiist-  and  iiieaiiiiii;  of  ihcirgnat  Imcator^  &c,  Kqpvlb  of 
Letter*,  Apiil  17j"- 

1-.'.  Philalethe^'s  CnnsidcratNUB  Upon  ditto^lii  Repttk 
of  Letters,  .lulv  1736. 

1 3  Mr.  Uobiiii's  RamBfU  on  ditto,  io  Repub. of  Let- 
ters, Aug.  1 7 JO".  • 

14.  .^l^.  Hiibins's  Retnainderofditto« lain  Appendix  to 
the  Repub.  of  I.i  ttrr»,  Sept.  1736. 

13. 1'hilulethes'sObM'tvations  up<jndittO,llianAp|llndix 
to  the  Repub.  of  Letters,  Not.  1736. 
*  16.  Mr.  Bol>ins's  Advertiieiaent  in  Repub.  of  liettm, 
Decemh.  179& 

17.  Fhikdet|ieir«  Rroly  to  ditto,  in  an  Appendix  to  the 
Repuh.of  Letters  fur  Decern.  IJSS. 

18.  Some  Obifrvations  on  tho  App^ix  to  the  Repub. , 
of  Letters  for  Dvcem.  1736,  by  Dr.  Pcmberton,  in  ibe 
Works  ot  the  Ijeamed  for  Feb.  17S7.    With  w>me  smaller 
piece-'  ill  tlie  -anie. 

Ill  1  73(i  n:sliop  Uerkeley  published  "  The  Querint,  a  dis- 
course adilri'-i  cl  to  nmuis-lrate'.,  orcasioited  by  the  enor- 
mous licence  ami  irrelijion  of  the  limes;"  and  many  other 
thinn^  ufterwar  :  1  1  '.nalUr  kiiul.  In  17++ nppeiirtd  his 
celebrated  and  curious  book,  ".Sins;  a  CliHin  ul  Philoso- 
phical Reflections  and  Iiniiiuies  concerning  the  virtues  of 
Tar-water."  It  recciveil  a  second  impression,  with  addi- 
tk>nsand  emendations,  in  17*7;  and  was  followed  by  Far* 
ther  Thoughts  on  Tar-water,  in  175*2.  In  July  the  same 
year  he  removed,  with  his  lady  and  family,  to  Oxford, 
panly  to  superintend  tba  cdttcatioa  of  a  mh,  hnt  chiefly  . 
to  mdulge  the  passion  for  learned  leflRMn^  wWdi  Jail 
alsrays  stron^y  possessed  him.  He  worid  haw  firipMSil 
his  bishopric  for  a  cat^onry  or  headship  at  OxtMi  but  U 
was  not  perniittud  liiin-  Here  he  lived  highly  respected, 
and  collected  and  printed  the  sajnc  year  all  his  snaaller 
pieces  in  ,Svo.  lint  this  happini'ss  did  not  Icm^'  rmuinue, 
buiiin  suddenly  cut  olf  by  a  palsy  of  tho  heart,  Jan.  14, 
17^3,  in  the  6':>)th  year  of  his  n^e,  while  UHCOing  tOAM^ 
inon  that  Ins  lady  was  readins  to  him.  < 

The  I'Neellence  of  Rerkelej, iip  cliararlir  i*  fuPy 
attested  by  his  writings:  he  was  certainly  a  very  amiable 
as  well  as  a  very  learned  miin;  and  it  is  thought  that  Fope 
scarcely  said  too  much,  when  he  ascribed 

"  To  Berkeley  every  virtue  under  hcaTen." 

B£RM  E,  in  Fortification,  a  imall  space  of  ground,  4  or 
5  fitec  wide,  left  without  the  lamport,  between  it  and'tbe 
■Ide  of  the  mont,  to4«ceiw  the  earth  that  rolU  down  fiom 
the  rampart,  and  peevent  ita  fiiUing  into  Md  filfiq^ap  the 
dilehd — SmnetiniM,  fur  gicaler  tecnrity,  the  heme  is  pal- 
lisadoed. 

IIKHNAHD  Mir  Vhward),  a  learned  Koglish  astro- 
iiois  i  r,  eiiu*.  .1  'i  linguist,  was  born  at  Perry  St.  Paul, 
mar  Towcestei .  :  ■  (  1  of  May  lb3S,  and  educated  al  Mcr- 
ciuuil- lav  Kir's  stliooi,  w  hence  he  w  iiv  lemoveil  in  ifijj  to 
Si.  John'','  colktji  ,  Oxt'ird.  Having  I. mi  in  a  giKid  fund  of 
cla.s»ical  learning  at  school,  in  the  tiieek  and  Latin  lan- 
gurtoes,  he  applied  biiiisell  very  iliJi!;i  iill>  at  ihe  university 
to  thestudy  of  btstorv,  the  Eastern  Imqua^es,  and  mathe- 
matics under  the  celebrated  Dr.  Walhs.  In  1668  be  went 
to  Leyden.  tooonralt  some  Oriental  manuscripis  kfi  to  that 
Win^ty  by  Jovpli  Scali8«r  and  Levin  Wandr,  and  eiiie-. 
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cially  ittp  ^ili,  Ctli,  ftiid  7ih  books  of  Apollonius  I'ergatu's 
(Cnicv,  bmught^rom  the  E»st  by  the  cclcbratnl  Oolius. 
I'btKc  hr  transcribcii  Knd  braagbt  to  OM'nnl,  with  ■  view 
of  publbhing  tbvm,  but  «u  obUgnl  to  rrlinquivh  that  de> 
1^  for  want  of  pioprr  «iicaiin|eneiit.  TIii»  butMsmt  «w 
iift<«wanlii  allied  into  r&ct  by  Dr.  fUley  in  1710|  with 
I  Ik'  uddition  of  the  Btb  hqpit,  wbicli  be  suppKed  ky  fan  own 
iiiocnuiiy  and  indmtry. 

,0n  his  rvlum  to  ONford.  he  examiricd  and  col  hi  ted  the 
most  valuiiM*  mMiiu^riipts  in  tho  Bodlriun  library.  In 

l6(i<),  thi-  ci  li  f.r;iti  d  Chri>lnphcr  Wivn,  Saviliaii  |iri)i<  ^sor 
uf  Uilronniiiv  iit  (>\tiir(l,  linviii^  bcTli  «p|>oirik  <l  »urv(  vi'r-<;c- 
lier»r<il'  tu^  jcsu 's  »i.rl.<,  ar-.a  lumi^  riiiicli  dclaiiud  at 
Ijijiii It'll  I",  till  - 1  in|ili  'yiiicni,(pht.iiiu  il  Icim-  !<■  iiariH'iniejnitv 
at  (>\l.jnl.  Ill  iici  uf' liu^lv  lixrti  i  Mr.  lii-mard,  whiiH 
rii.;H<;i'ri  ilu-  latter  in  a  mure  particular  upplicmion  to  ihr 
study  ot  ustroii'Hiiy.  But  in  1673  be  uas  ii|ipoinlcd  lu  the 
profcswrvliip  bimsolf,  which  Wren  was  obliged  to  re$i^, 

^m^by  tbeatUutc^  nf  the  fuunder.  Sir  Hrnry  Saville,  tbepro* 
fiEUOn  ato  Dot  allowed  to  hr>ld  any  other  uflice  cither  ec- 
deiiailkal  or  civil.  Abuut  this  time  a  tcheme  wat  set  on 

.  loot  Rt  Oxford  for  collecting  nnd  paUiiUng  the  worka  of 
the  incimt  mntbemntidaiia.  Mr.  fiamard,  wbo  bad  lint 
Armed  the  jnojeei,  collected  all  the  old  b^xiks  published 
on  that  subject  since  the  invention  or  prir  tinc,  lucetbcr 
Miflh  all  the  maiiuitcript<i  b«'  could  get  Irmn  the  lk>dleian 
Mild  Savilian  lilnarie-*,  which  he  Hfr:in:;ri!  in  order  of  time, 
and  acf<irdinp  to  the  niiitli  r  ihi  y  i  >iii;,i  iiii  .J  :  ul  ihcM  tie 
drew  up  a  ^yiiop'O'';  uriii  u<  n  -.jHrnni  !,-,  publi^iieti  a  lew 
>lui't>  lit'  I'.urliil.  rontiiiiilii-^  llie  (Ir.  ik  tiAl.  iiinl  a  Ijitin 
version,  with  l'r<jtlu4'»  cnmiiu-iiiary  :ii  (inek  and  l.^tin, 
and  Itanu'd  >cholia  ulid  ( uri  Unr  :> -.  The  *vnopMs  itwll 
wa5  published  liy  L)r.Smith,und<  r  the  title  of  Veterum  Ma- 
th einn  I  icorum(iraxorum,Latii>orum,et  Arahuni,  Synopsis. 

Mr.  Ik-rnard  undertook  also  an  edition  of  the  Par^a 
SyntiiMs  AluNandiina;  in  which,  lM'>ide!(  Euclid, arc con- 
taiiird  the  small  treatises  of  llieodMius,  Meticlaut,  Ari- 
Starcfaus.  and  Hip>icics  ;  but  it  never  wn<i  publishedj 

In  1676  be  waa  sent  to  France,  as  tutor  to  the  dukca  of 
GiaAon  ind  Mortbumberlnnd,  soot  to  kinK  Cbniln  the  Sd 
by  the  ducbcM  of  Clevclaitd,  who  then  lived  wilb. their 
.  miiihcrnt  Parts:  but  the  simplicity  of  his  niattners  not 

suiliiit;  the  p;tietv  of  tlie  Juclie>b'5  laniilv,  bn  returned 
about  a  year  alter  l  i  0.\l<ird,  and  puf-uid  his  stuilies  with 
In-.  \iN<ial  nrddiii  ami  jn'ut  success.  In  Kt'M,  'leiiiL;  pre- 
M  Tiii.il  t'l  ilie  rrcliiry  oi  lirightwcll  in  R<  rksliui',  lu-quilted 
liis  jirntV  s-ur'tiiji  at  Ostiiril,  in  which  he  was  - n  cr,  <  ..  i|  hv 
David  Orfgory,  prole-sor  of  mathematics  at  i.ilinbiirnh. 

In  the  year  l6[)ti,  he  undertwk  a  voya!:!'  t-i  llnlland, 
to  attend  the  m\c  of  Gnlius's  manuM-'tipi>,  u»  be  bad  once 
before  done  at  the  sale  of  ileinsius's  library;  and  ioon 
after  his  return  to  England,  he  fell  into  ar>lanAuisbiiig«oo- 
suini>iiun,  which  put  an  end  lobit  We  tb«  I2ut  ofJntiunry 
itijKi.  in  the  Mth  year  of  Ua  age. 

Besides  bia  works  already  memionod,  be  was  author  of 
nuMijf  otbur  compoait'iom.  He  composed  ubies  of 
longltttdcl^  latitudes,  rigbi-asceiaioas,  &c,  of  the  fixed 
•tarst  and  wrote  Observations  on  the  Oblinuiiy  of  the 
Ecliptic;  and  other  pieces  inserted  in  the  Philosophical 
-  TkmnsactioaB.   He  wrote  aUo, 

1.  A  TreatiK-  of  the  Ancient  Weijhts  and  Me.isures. 

2.  Chrolu>loi;ia>  Samaritniue  S\nopsis,  in  two  tnhles. 

3.  IVstimoiiie*  ol  the  Ancients  concerning  the  Greek 
Vcniun  of  the  Old  Tettaneftt  by  the  Sc^vn^. 


Ami  Silvers!  other  learned  works.  Besides  a  great  num- 
ber of  valuable  manuscripts  left  at  bis  death.  « 
«  BEllNAKD  (Dr.JA»E»),  pryfeiMor  uf  philusopby  and 
4mthc9Mtics,  and  minister  of  the  Walloon  church  at  Ley- 
den,  was  bom  S<>plember  the  1st  l6S8,  at.NionainDau- 
pbiai.  Having  studied  ol  Geneva,  he  retunwd  to  France 
in  lfi79,  aod  was  cboaan  minister  of  Venterol,  a  villajb  in 
DanpUnt;  but  sone  time  after  he  was  leaiovad  ta4be 
chorrb  of  Vinsobres  yi  the  saiT>c.|Srovince.  To  awitd  the 
persecutions  af^imt  tlie  protcstania  in  Franoe,  he  went 
ir.l  I  H  illand,  ssben-  he  was  appointed  one  of  the  j.i  n«- 
un.iiy  iiiiiiivters  of  Ganda.  He  here  published  sevi  ial  |m»- 
Imral  uml  historical  works.  And  in  Kijlt)  he  bejan  u,v 
Niiuvi  lle%  <!('  la  Republique  des  Letlre^,  «lticii  continued 
till  DeccmUr  1710.  In  I'Uj  he  was  cho«cn  ministir  ot 
llie  Walloon  church  nt  Ley  den  ;  and  uboul  the  same  linie, 
Mr.  de  Wilder,  professor  of  pliilosophy  and  niathrniaties 
at  Leyden,* having  n^ie'iid,  Mr.  Bernard  was  appointed 
bis  successor;  upon  »  h:<  h  occasion  the  univcniity  also 
presented  him  with  the  degrees  of  ddctor  of  philosophy 
and  master, of  arts.  In  171G  he  published  a  suppkawnt- 
to  Moreri's  dictionaiy  in  2  volumes  foticy  Tba  same  year 
he  resumed  bis  Nouvdlci  da  la  Republiqoe  d«t  latim; 
which  he  continued  till  his  death,  which  happened  tbe 
27th  of  April  17I8.  in  the  (kHb  yCar  of  bis  mo. 

BFRNOl'LLI  (Jambs),  a  celebrated  phifoaopber  and 
mnthematician,  burn  at  Basil  the^th  of  December  4654. 
llaM:r'  :;iki  ii  bis  degrci-s  in  that  uniier-.ity,  lie  applied 
hiin-i  It  tu  (inniitv  aoTei-ably  to  ilie  er.ln  alii  N  ol  In-  lather, 
but  against  his  on n  inclination,  wbicl.  led  hini  to  astiu- 
nomy  and  mHthemiitio.  He  t;u\e  m  ry  raily  |ir<i<iN  1  {  hit 
genius  for  these  science*,  and  soon  bec  ame  a  ^.  (inu  li  ir ian, 
without  a  preceptor,  and  almost  without  books;  lor  if 
one  by-chance  fell  ii;to  his  bands,  he  tvti;  obliged  lu  con- 
ceal it,  to  avoid  the  displeasuie  of  his  father.  This  silua- 
tion  ittduced  him  to  choose  for  his  device,  Phaeton  dti' 
Ting  tbe  chariot  of  the  sun,  with  thfae  wordii,  liit  iio  [nitre 
tUamvtiw,  *'  I  traverse  tbeatarsapinst my  father's  will :" 
alluding  particttlarly  to  auraoamy,  l»  which  bo  then 
chiefly  ap[|)Iied  himself. 

Ii\  l6'7t>  be  began  his  travels.  When  be  wssat  Geneva, 
he  fell  upon  a  tnethod  to  teach  a  young  <;irl  to  Write  «rho 
had  been  blind  from  her  infancy.  .At  Bourdeaux  hecmn* 
ptued  unnersal  gnomonic  tables  ;  but  they  wi  re  never  pub- 
lished, lie  M  tiiriKcl  liiiin  I  raiice  to  his  o\ui  luuntry  ill 
l()8l>.  AI'Kiit  this  time  there  a  ji|i(  nred  a  chiih  I,  the  re- 
turn ot'wbicb  K<  ton'lold  ;  be  \Mi»le  also  a  >;iiall  trealiie 
upoti  II.  .Siioii  after  this  he  went  into  Holland,  where  he 
applii  il  l.inis-'lf  to  the  study  of  the  new  philosophy.  Hav- 
ing visited  Flanders  and  Brabant,  he  pavsed  over  to  En<!- 
Isnd;  whctw  he  formed  nn  uc(|uuintiiiice  with  the  mi>st 
eaiinciit  men  in  science,  and  attended  their  philosophical 
mcietingi.  lie  returned  to  Jiis  native  country  again  in 
l<782{.and  exhibited  at  Basil  «  course  of  eitperimruls  in 
Batoral  philosophy  and  mecbaiucs,  which  consisted  of  a 
vageiy  of  new  discoveries.  Tbe  same  year  be  puUiahad  his 
Essay  on  a  new  System  ofComeU;  and  Ifae  year  fcllow*. 
in^.  'lis  Oissertation  cm  the  Weight  of  the  .Air.  Abont  this 
lime  Ix-ibnilz  liavinp  published,  in  the  Acta  Erudilnrum 
at  Lej|>sic.  sDi;  (  1  >»ay& on  his  new  C'alcuU  s  DiiTeri  iitialis, 
but  C'liiri  alini;  till' art  and  method  ol  it,  1^  rmuilli  and  his 
Ijrntl.ir  .lobii  '.•■i.ri  ilj>>covcred,  Iruni  what  tiny  saw,  its 
beauty  and  extent:  tiii*  indutynl  them  to  endeavour  to  un- 
nvel  tba  socict  j  wbicb  Ibey  did  witl^  sach  sMCOCss,  that 
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XMbniti  dicknd  thu  the  inveathm  toloi^  to  thca  «. 
Bucfa-n  to  hiwirff- 

In  l&f  Jsmt  BemmAKMlccMM  to  the  praftMowhip 
of  mthMwlici  M  Built  •  tnwt  which  he  diichwfcd  win 

gK»t  applause ;  and  hb  KputttioQ  dfcn  May  hnigfmn 

ftom  all  parts  to  attend  hn  lectares.  In  t6$9  was  ad- 
niitiwl  a  ton  ign  mcniiKT  of  llu;  Academy  of  Scienrcs  of 
Vumi  "id  ill  1701  the  jumc  honour  was  also  cnnlcrred 
on  him  by  the  Acaiipniy  of  Berlin:  in  both  of  which  he 
publiihcd  scriTiii  iBKciuuut  compositiom,  nhnut  the  yrar$ 
l7U'2,-3,  and>4.  He  wrote  likc«tisi-  M.-vtT:il  f>iece>  in  the 
Arta  Kniiiitoniin  r>f  Lcipsic,  and  in  liic  Journal  des  Sfa- 
vans,  liis  intense  application  to  Study  brought  on  him 
iJie  gout,  and  by  degrees  a  slow  fever,  which  terminated 
hi*  life  the  Ib'ib  of  August  1705,  in  tlie  5  ist  year  of  his 
l§t,'^Acchiined«»  henog  found  out  the  proportion  of  a 
iphu  end  it*  eimmtcfibing  cylinder,  ordered  them  to  be 
CBgnwenonlusmonament:  in  imiieiioiiiliercaf  BemoitUi 
Appoimed  that  a  lopriibniic  »pinil  cunc  alwuM  be  In- 
MfihoA  «•  hie  tBBb,  with  ibeae  yeedi,  EMicm  mtitato  f»< 
•■»(  in  alivikiB  in  tho  faopn  of  the  mocnclioB,  which 
•I*  w  MM  Mtaoie  npnianiMl  bjr  «he  ptopertiee  of  Mm* 
corve^  which  be  had  the  hoooar  to  discover. 

James  Bernoulli  had  an  excellent  genius  for  invention 
and  clcfant  simplicity,  as  well  as  a  clow  application.  He 
ivRs  rinincfitly  skilled  in  all  the  branchei  ol  the  nwitheinu- 
tics,  tttid  culilriuuted  much  to  the  promotion  of  the  new 
analysis,  infinite  series,  &c.  }Ic  curried  to  a  emit  t  xtrnt 
tbe  theory  of  the  quiidretuie  of  the  parabol«  ;  the  geo- 
leetry  of  curve  lines,  of  ^pl^dls,of  cyclouis,  and  epicycloids. 

His  wurl<s,  that  hiid  btrn  published,  wcru  collected, and 
printed  in  1  volumes  4io,  at  Genevain  1744.  At  the  time 
of  bis  death  he  was  occupied  on  a  great  work  entitled 
De  Arte  Conjectandi,  which  was  published  in  4to  in  1713. 
It  contains  an  elegant  and  roost  excellent  iniraducijoo  to 
Infinite  Series,  &c.  This  posibumouf  pieceif  oaitlcd  in 
tbe  oollectloB  of  bia  teorks  above  menlioocd.  * 

BERNOULLI  (JoAo),  thebrothef  of  jMMi.lMtMa* 
iioiird,  aadooelebMled  imtheawiticiaiH  Wit  bomosDoail 
Ibe  7lh  of  Ai^Mit  1607.  Hie  fether  iMnded  bin  ibr 
trade;  b«t  Ua  owit  inclinatiaii  me  «A  tint  for  the  belles- 
lettres,  which  however,  like  his  brother,  he  fotsook  for 
that  of  roalbemalics.  He  laboured  with  his  Lroilu  r  to 
discover  the  rociho<l  used  by  Leibnitz  in  his  essays  on  tlie 
DifTerentlitl  Calculus,  iiiiti  gave  the  first  pnnciples  of  the 
Iniefrral  CalcuhH.  Our  author,  »Hh  Messieurs  Huygi  ns 
and  Leibnitz,  was  thn  first  who  gave  the  solution  of  the 
problem  prupoaed  by  Jamea BcroouUi,  cottcerning  the  ca- 
lenniy,  or  cum  feiMd bjr'A chiiB  iupoiidcdly  its  two 

extremitift. 

John  Ik-rnoulli  liiid  the  degree  of  doctor  of  physic  at 
Biuil,iknd  two  yeani  afterward  was  named  professor  of  ma- 
thematics in  the  university  olGroningen.  It  was  here  that 
be  discovered  the  mercurial  phosphorus  or  luminous  baro- 
aielMV'OOCiMti'inrd  by  friction  of  rnercury  against  glass  in 
«  vac^iam ;  and  where  be  eho  resolved  the  problem  pKK 
.  poae«t  bt-^  bMber  cooeemiog  laoperimetmili. 

C^MMPidtiof  4BMi»  iKe  profiator  at  Baell,  our  «ti- 
.  thor  i»f>|pidiuU|aiili>ii  cowotry,  against  tbe  preating  in- 
vitatiodMfi^MHtfptMieeof  Utrecht  to  come  to  that  city, 
nr»d  of  tlRf'liWNi0t7-#f ®toninge  d,  who  also  wished  to  re- 
tiiui  him.  The  Academic  Senate  f  Basil  soon  appointed 
hiRi  to  <iucceed  his  brother,  with -:it  u^seabling  cumpei>- 
ivrs,  and  contrary  i>  thu  i^iaijiKl..  ii  practice*  fllOppoiltt- 
jHsaiwhtcb  he hvla  aunngbis  whole  Ufe« 

V9Ut. 
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In  ir J4  wot  published  hi*  trcotiae  on  tbe  nunncencot 
ofth^l  Mdia  ]7aO»kiiBniioiraa  tfceelliplicof  flgtire 


of  the  phuMla  which jitiiiod  the  prise  of  the  Academy  of 
Saeotci  at  Ptrii.  Hm  same  academy  also  divided  the 
prito,  for  their  question  concerning  the  incliimticn  of  the 
planetary  orbits,  between  our  author  and  hisMin  Diiiiiel. 

John  Bernoulli  wp.s  a  hiuiiiUt  of  iiKi.vt  of  the  arndi  mie» 
of  Europe,  iind  rcceivijd  as  a  lujeigii  a-tsociale  ol  thai  of 
Pun*  111  I6;j;».  .Afii  r  a  long  life  spent  in  constant  study, 
and  thr  improvement  of  all  the  branches  of  the  mRthema- 
tics,  he  died  full  of  honours  the  of  Januiirv  17  +  S,  in 
the  8  ist  year  ut  his  age.  Ul  live  sons  which  be  bad,  three 
pursued  tbe  same  study  with  himself.  One  died  befom. 
him ;  the  two  others,  NichoUa  aod  Daniel,  be  lived  to  see 
become  emint  nt  and  ri«pected  in  UOtbcnaticol  Kience. 

Tbe  writings  of  this  great  man  were  diipened  tbron^b 
thepeiiodicri  nomoirs  of  »c\-eral  academies,  as  well  at  in 
nufieMKMa  ImitieM.  And  tbe  wholo  of  thea  were  core* 
Aillj  oollortad  aad  pobBihod  at  Lautanne  and  Genrvt. 
174«,iR#«olaMa,4to.  ^ 

BBR9QDLLI  (Jonit),  too  of  the  preceding,  wjf  born 
•tBuii,  Jan.  17, 1695,  and  died  at  PeUfibnigih,  lviy96, 
ITtfi.  He  was  licentiate  of  law,  prolii^sor  oflaw  U  Berne; 
and  afterwards  professor  of  mHihcmutics  at  Fettfabttlg, 
and  member  of  the  Iiutitute  of  Bolo^nu. 

BERNOULLI  (NicuoLA  L  1  < ;  ew  of  the  two  fira 
named,  was  professor  of  tiiaUuii>iiucs  at  Padua,  alter- 
wards  of  logic,  and  tlun  of  law  at  Bnsil.  He  wiis  number 
of  the  Academy  of  bcirnces  and  Belles- le  tters  at  Berlin, 
and  also  of  the  Royal  Society  ol  London,  and  of  the  Insti- 
tute of  Bologna ;  was  bom  at  Uasil,  Oct.  10,  l687,  where 
he  also  died  the  ?9th  of  Nov.  in  the  year  1759. 

BERNOULLI  (Da  s-i el),  a  celebrated  physician  and 
philosopher,  son  of  Jt>hii,  and  nephew  of  Jami-s,  was 
born  at  Groningcn  Fob.  the  pth,  1700,  where  his  fa- 
ther was  then  professor  of  mathematics.  He  was  first  de- 
aigDed  for  imdi,  but  bia  feniw  led  him  to  other  pnnuiis. 
Ueptinad  watt  lino  in  Halvi  andatft  waraof  agtho 
dccnnrd  tbo  hooonr  oibnd  Mm  t/t  hKmafag  fi  " 


academy  intended  to  have  bom  calobliilMd  at  1 

He  spent  several  ycen  with  great  credit  at  PMonbtng} 

end  ill  1733  returned  to  BesiT,  where  his  fittfaer  was  then 

profesvor  iif  malhcnriiics  ;  and  lierc  our  aiit!ior  suctressively 
Hlk-d  the  chair  uf  piiy  bii:,uf  uutuiul  and  Ot  speculative  phi- 
losophy. 

Ill  his  work  Exercitationes  Mathemntica*,  t7S4,  he  took 
the  only  title  he  then  had,  viz,  •'  Sun  of  John  Bernoulli," 
and  never  would  suflii^r  any  other  to  be  addetl  |(>  it.  This 
work  was  published  in  Italy,  while  be  was  there  on  his 
travels;  and  it  classed  him  in  the  rank  of  inventors,  iits 
work  entitled  llydrodynamica,  was  publiilwd  in  4to  at 
Argcntoratum  or  Strasbourg,  in  1738. 

Daniel  Bernoulli  wrote  a  multitude  of  other  pieces, 
which  have  all  been  pubtisited  either  in  the  Men.  of  the 
Acad,  of  Sciences  at  Paris,  or  in  iboae  of  other  Acadrmiei. 
He  gained  and  divided  ten  ptiiaa  fnai  the  Academy  of 
Seienccaat  Puif,  which  wire  contended  for  by  the  Boit 
iltuatriooa  walhematirinirt  in  Europe.  The  only  petaon 
who  has  had  rfmilar  anoceas  is  Eukr,  bia  countryman,  din 
ciple,  rival,  and  fiiend.  His  first  prise  h*  gaiard  at  S* 
years  of  age.  In  1734  he  divided  that  with  hn  fkthtt  re> 
specting  the  iiicliiiaiionof  the  orbits  of  the  plaoeta;  which 
hurt  the  family  union  ;  for  the  father  considered  tbe  coiv- 
ti  'l  itself  as  a  want  ol  respect  -,  and  the  son  did  not  su^ 
ficiently  Cttjvceolthai  bethought  (what  was  really  the  case) 
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li»  own  piece  beturldan  bit  father's.  And  besides,  he  de- 
clared for  Newton,  a^iiist  whom  his  father  bad  conlrnd- 
•d  »U  bi»  iiA.  In  1740  our  «vUior  divided  the  prise,  "  Oa 
Ih*  TidM  of  IIm  ScMf*  «itk  Eulcr  and  Uaclaurin.  The 
Acsdenqr  at  thu  naw  tina  wwardad  a  fiHirth  pieoc^  tha 
chiar  marit  of  wkicb  «» that  of  MmCartHitti  but  tliia 
was  tha  hat  public  aet  of  adoiuiiaa  paid  bytba  Academy 
to  tlie  authority  of  the  author  of  the  Vortices,  which  it 
had  nlrendy  obeyed  too  long.  In  1748  Dnnici  Dentuulli 
succeeded  bis  father  John  in  the  Academy  uf  Siit  ncev,  who 
had  succeeded  his  brother  James ;  ibis  place,  ^n  x  i  iiv  h^it 
erection  in  J6"W,  having  newr  been  without  <i  livi  miulli  tv 
(ill  it. 

Our  author  extremely  respected  at  liiisil ;  atid  lo 
bN\«  I.I  Duuiei  hiTDuulli,  when  they  met  him  in  the  Atnets, 
was  une  of  the  tirst  le^tns  which  every  father  gave  (o  his 
child.  He  was  a  man  of  great  aimplicily  and  modesty  of 
aaoBcrs.  He  UM.-d  to  tell  two  little  adventurea,  which  he 
laid  had  given  him  more  pleasure  tbaa  all  the  other  ho- 
aOttnJia  had  received.  Travelling  with  a  learned  stran- 
flTf  tnO|  being  pleased  with  bis  caQverMtioii,  asked  his 
naaet  **  I  am  Daniel  BctnouUi,"  annrerad  he  with  gieat 
■Mdcttjri**a«d  I,"  uU  Ihn  ■tiau^(who  thou|ht  h«  HMunt 
to  Umfik  at  hte^  *•  «•  hm€  fiowioii."  Another  thM* 
having  to  dine  with  him  tha  cdehnlad  Koeoi^  the  malbo' 
matician,  who  boasted,  with  idmo  degree  of  wlf-conplai- 
cency,  of  a  difficult  problem  he  had  retolved  with  much 
imulilr,  Bcriiuulli  went  on  doin|;  the  liohnnr-,  nf  hi-.  :«S<le, 
and  when  Ihey  «tat  to  drink  coffee  he  preser.tni  Kikuhj 
with  BsolulioD  of  the  problem  raun-  degHiit  tlian  ins  own. 

After  a  loi^  usclul,  aud  honourable  life,  Oauiel  Ber- 
noulli died  the  17th  of  Match,  l7U»la  the  83d  year  of 
hts  age. 

BERNOULLI  (James),  another  mathematical  branch 
of  die  foregoing  celebrated  family.  He  was  bom  at  Basil 
in  October  1759;  being  the  son  of  John  Bernoulli,  and 
grandson  of  the  first  John  Bernoulli,  before  mentioned,  and 
the  nephew  of  Daniel  Bernoulli  last  noticed.  Our  author's 
elder  brother  John,  who  still  lives  at  Berlin,  is  alto  wcU 
hnoem  in  the  republic  qf  icicBcet  pmticularij  inr  hit  ae> 


The  gcntteoaD  (o  wham  Ihii  ailicle  rshUi,«as  educated, 
as  most  of      ri'liitionshad  hern,  for  the  profession  of  the 

law:  but  lii:>  g<  ihus  led  him  very  early  into  the  study  of 
mathematics;  and  at  30  years  of  age  he  read  public  lef- 
turwon  cJtperinicntal  philosophy  in  the  university  •  1  lias..!, 
for  his  uncle  Daniel  llcrnoulli,  wlnun  l,r  In  \  m  lo  Ii;i\e 
SUCCCedtii  ius  prc,te4»or.  lietiij*  di»ap(Kiirjti;  ..i  i!i  ilns  vu  w, 
he  re^ijl>til  I.I)  U-Hve  his  tvative  place,  uini  in  k  hi>  f<ir- 
turi«>  t  lx-wliere;  hence  he  accepted  the  ulfiee  nl  vccn-tary 
to  Ccuiu  Ilrt  uncr,  the  emperor's  envoy  to  the  republic  of 
Vcoic«i  ■^"d  t'li*  city  he  remaiiK-d  till  the  year  1786', 
w1mB|OB  the  recommendation  of  his  countryman,  M  .  i'uss, 
hewas  invited  to  I'ctersbunt  to  succeed  M.  l^xell  in  the 
academy  there,  where  be  continued  till  bis  death,  which 
happened  the  3d  of  July  17S9.  at  not  quite  SOyiunof 
agE^  aad  when  ha  had  been  married  only  two  numiha,  tai 
tba  youiMcst  daashtarof  JaJm  Albert  £uler,  the  son  of  Aa 
cilebiaiiS  Laouard  Euler.  !  .  >  ^  .  . 

BETClJGEUSE,  a  fixed  ali^  of  iIm  lint  magaitnall  k 
the  right  shoulder  of  Orien.  '  -  '  .^5<i'!.d«f» 

BSV18  (JoMU,  M.  IK),  an  able  aifiiiimili^  eM  tarn 
October  SI.  I<^.  near  Old  Saram  in  Wiltshire.  He  was 
at  Cbrist-Church  College,  Oxfiwd,  where  he  ap- 
1  hinudi  diligently,  not  only  to  the  study  of  physic. 


ler  takiag  the  dense  of  a.  a.  he 
deviptod  aimmlf  atmnit  aniMy  to 
iMlnMi^.  lu  iZMbemaideMi 


tor  which  be  was  designed,  but  to  other  sciences,  patlktlk 
larly  astronomy  and  optics,  in  which  he  became  a 
derabia  proficteiit.    After  taki 
lelt  the  university,  and 
l^nnvita  cooaectcd  wii 

exceUesrt  coUectfao  of  uttwmnmlcilinstnimarts  for  a  new 
•hawrraloiy,  which  hahad  aiuclcdutNewingtun  Grnn,  m 
Middioex.   Here  he  became  an  indefatigable  observer, 

oftea  obcepinng  the  transits  of  \G0  stars  in  one  iiii>ht. — 
About  1745  the  doctor  undertook  the  laborious  la^k  of 
jrranging  a  wiiilv  r;,ll.  H  LianoRniplna  BntHnnica,  or  an 
f..\HCt  \\evi  ot  ilu  lli  awiiv,  on  52  j>l»Ies,  similar  to  Uay- 
er's  work  ti'j>ri'v'iiti:;ii  llif  (.•''M'.lclluliiiiis,  &.r.  'ilu-  pl.iies, 
which  would  liine  lione  jin-m  Unnuu:  m  well  to  tlie  ikuIoii 
as  Dr.  Be\  i5,  were  engravm  Iml  iicm  t  juililished,  the  doc- 
tor haviog  consigned  the  tnanagcmint  ut  ihcro  to  a  person 
who  Ih  cuinc  a  bankrupt.  Dr.  Bevis  was  the  real  author 
of  a  great  many  works  which  have  been  well  received  by 
the  public,  but  which  his  modesty  prevented  him  from 
taking  the  merit  of.  It  is  to  him  we  are  iDdcbtcd  for  tha 
publication  of  Dr.  Hallcy's  Astrooonucal  Tables,  after 
they  had  bcea  pftniad  aiore  than  20  yean:  iuvingiupplied 
auxiliaiy  tahim,  aud  the  prcccptafar  twugthanifha 


liHrouiud  the  Mhlic  with  the  whole  in  the  year  1749>  ta 
Mr.  ShByMMTa  Eemys,  p.  10,  are  dettvcred  pnmiad  rulm 

for  finding  the  aberration,  which  were  drawn  up  and  given 
him  by  Dr.  Bevis,  with  examples  of  the  correction  applied 
to  several  slam,  which  hf  hmi  carefully  oliier\>d  »iih  pro- 
per luslriimeiKk ;  by  wliicii  lie  pruvi  d,  tir^i  of  any  one, 
that  the  phenomena  are  H!,  eonlorni:il  N-  m  i  i^'  i  .i>C(  nsiuD, 
as  Dr.  Bradley,  who  made  tln^  great  diMi  uM  i^.  |t>iit«l  they 
wi  if  in  declination,    ije^ernl  pieces  by  the  ili  iiur  ucn; 
inM-rled  in  the  few  numben  that  were  publislied  ot  a  work 
ealleil  the  iMiitheiualical  .Maijuzine,  by  Mes'.is.  \\  hilcbell 
and  Moi>).i  particularly  a  curious  paper  on  the  satellites 
of  Venus,  and  several  sheets  of  a  new  mathematical  dic- 
tioiuiry.  Dr.  Bevjsenhched  the  Philosophical  Transaclious 
with  '27  valuable  papers, from  vol.40  to  vol.  59  inclusivei. 
The  only  pieces  wliich  appeared  separately  with  bis  naiM, 
besides  these  pa|wrB  in  oie  IVamactinns,  were  two  pam- 
phlets ihe  oaeealitled  the  SaldUt^i  aiidmg  Rnlew  for  4^ 
icrmining  the  immenioBa  and  emenlMH  of  Jufilrr's  four 
satellites.   The  other  was  An  EaperimtllHl  EMpiiy  can- 
cerning  the  Cuok-nls,  Qualities,  aad  Medidaal  ruttm,  of 
the  Two  Mineral  Waters  lately  discovered  at  Ba^nigge- 
Wells,  near  l.ondon,  17<»0,    He  waa  the  first  who  appro- 
piiali  il  llii-  li  rni  uc  lirnmatic  to  tiie  curious  tclescopC)  in- 
vented liy  Mr.  LKtllonJ.    On  the  i.iaih  oi  Mr.  Bli>.s  in 
17t>.'',  Dr.  licvis  was  a  caniiiJatc  witii  Dr.  MajkeU  iit-  mr 
the  hoii  diiiilili'  mill  iinportunl  Mtuiition  of  A?scr<iiiiiinei 
Royal.    Smiii  i^kn  lvIiu  I:,  In,  reniovcil  from  Newiiii^;r,n  iti 
the  Temple,  London,  vthcrc  he  loliowcd  his  occupation  as 
a  physsCMa,  and  continued  to  make  astronomical  obser- 
vaiioDs.    Here  he  died,  Nov.  6,  1771f  at  76]pe«r«of  agfT} 
his  death  having  been  occaaioacd  by  a  Ml  he  leceived  a 
short  time  before,  in  going  too  hastily  ftom  his  insirumcnt 
to  the  clock  when  observing  the  sun's  meridian  altitude. 
BI^UT  (SiUMu),  m  Bdie>wlii  t'imek  mathamar 
Hfwirtnrf  the  Acwdiiiiii  nfirisniri  and  Ihii  Mi 
line,  ud  Examiaer  «f 'tha  Ouaidsof  ihu  ll«Ma«Ml  «f 
(W  II4f«  «f  AMiHeiy,  was  boiti  at  Ntmuwi  tlMSlcer 
Ifamlh,  1780.    In  tlvB  course  of  his  studies  be  met  -with 
Miio  bo^  ofi^ieometry,  which  gave  him  a  taste  for  that 
science;  sod  the  Eioget  of  FontenclK-,  which  viuiued  him 
the  ^ODouts  that  attcwkd  talents  aad  ibe  love  of  the  sc^ 
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MCM.  HU  MtHt  h  «Mia«ppMad  Ike UumgaUantmmt 
«f  young  Botat  lo  dw  MMMMMlcal  iekum,  iloril  ti 
1751^  he  WW  MUMd  •djoint'inaclwaiciM  in  dbt  RoiGii' 
Aciiilemy  of  Scimcn ;  having  bafera  that  MOt  than  two 

ittgcnioui  ineinoin  on  tbeintegral  calculus,  and  given  othor 
proofs  ot  hi»  proficiency  in  the  sciences.  In  1763  he  wa» 
namcil  to  the  new  office  ot"  Examim  r  ti^  tii  •  Marine,  and 
appointed  to  comf><)«e  a  ('our8<-  ot  Mathe/itatict  fur  their 
Use  ;  and  in  17(>K|  tin  death  of  M.CMWyhsMMOMdtd 
Hi  ExaniiiKT  ol  tlu-  Arliilcry  Elivcii. 

B«><out  (iNt-il  hi^  ncti  iitiiiii  w.iiri:  |ii(rticularly  to  tlu'  reso- 
lution of  algrbraic  equations ;  and  he  first  f<>und  out  the 
•olution  uf  a  particular  claw  of  equations  of  all  degrees. 
Tbia  method,  diflereiu  £roiii  all  former  one*,  waa  giiieral 
for  the  cubic  and  bi<|aadtatic  cqnatioiu,  ajid  ju»l  became 

Sinicular  at  thoae  of  the  fifth  .dc^rae.  At  tbia  werk  of 
hdiog  iho  roola  of  equatiooa,  our  author  kboiirad  fron 
VH  till  1779.  whoi  he  pnWiihed  it.  He  ceaapawd 
taw  eoiittaa  of  mathcimticti  the  one  for  the  MaiiiiG,  the 
othor  tut  the  Artillery.  The  foundation  of  these  two  works 
«M  Ae  WDe;  the  applicatiem  only  tK-iug  diflenul,  ac- 
cording lo  tbc  two  uflerent  object* :  these  couraea  have 
every  where  been  held  in  great  estimation.  In  his  office 
of  Exaniin  r,  he  di5<-hari;ed  the  duties  with  great  atten- 
tion, Care,  aiid  icndcrnpvi.  A  trait  of  his  justice  and  zeal 
ia  remarkable  in  (he  tolli  .vMnt;  msUncr,  Dunn;;  :in  rxami- 
eatiun  which  he  held  at  I'uiilrm.  Ik-  w;is  tc^lH  ifiLil  two  of 
th<-  jiii'iils  ciMild  not  be  i>rc!(-ii;,  l>i-inj,  i:r'r.(i!i''(<  tlie 
snvall-prix  :  he  himself  had  n<  v(  r  h:t.d  ilmt  discav,  .ind  he 
was  greatly  afraid  ot'  it;  but  as  h'-  knew  that  if  he  did  not 
tee  theae  two  young  men,  it  would  much  impede  their  ad- 
WKement,  he  vcatared  diereforc  to  their  bed-aidea,  to  ex- 
•mitie  them,  and  was  luppy  to  find  them  so  deserving  the 
hasard  he  had  made  for  their  benefit. 

beloved  of  his  te* 
,  R^joyiog  the  fioils 
1  trouble 

of  hia  oBeai»  with  mm  pawonal  ehagrina,  had  ndrad 
Majtiemlh  aod  coast! tniiea;  he  waa  atitked  liy>iwB|» 
■ant  faaer,  of  wUdi  he  dkd  8ep«.  27,  I78S,  in  the  SMi 
y«ar  of  bit  aget  regretted  by  bis  bmily,  bis  friends,  the 
young  students,  and  by  all  his  acquaintance  in  general. 
The  bmiks  piililisln  il  'iv  liii"  w-H': 

1.  Conn*  of  Matht  niaticn  lor  the  use  of  the  Marine, 
with  a 'I'lenli^e  un  NVin^ation;  6  vols,  in  8vo.  Paris,I7&t. 

a.  Course  (  i  Mi-.tlieinjitics  for  the  Corps  of  Artilkrry ;  4 
vols,  in  8vo,  1770. 

3.  General  Theory  of  Algebraic  Equationi,  1779. 

His  papers  printed  in  the  volomi  of  the  Mwioin  of  the 
Academy  of  Srirnces,  are: 

1.  On  Cunes  whose  rectificalitn  itfUA  M  ft  fjlim 
quantity,  in  the  vol.  for  l7Si. 

2.  On  several  claMca  of  eqoaitioiis  dint  adnrit  of  an  al* 
■ebcawtDhitiMb  ITfiS. 

3.  fiiit  vol.  oTa  cowae of  mathematics,  176#> 

4.  On  ccrlahi  cqoBlioBi^  &c.  1764. 

5.  Oanatnl  reselnthm  of  alt  equation*,  1765. 
&  Second  vol.  of  a  conrw  of  maihcasiMiea^  17^' 

7.  ThW  vol.  of  the  same,  \766. 

8.  Fourth  vol.  of  the  Miinr,  m67. 


] 


BIN 


iiasBTo  lie  Daa  nuoe  lor  umr  oeneni. 

M.  Besoitt  lived  thus  several  yeora, 
nily  and  IHonds.  and  napectcd  1^  all,  e 
■odihociedttof  hklabaan.  Butdwtn 


5.  Inltgration  of  diffen  nli^li,  &c.  tol. 
10.  Experiment!  on  cold,  1777. 
BJANCHINI  (Feaxcis},  a  very  learned  Italian  pbilo- 
phcr  «id  aaathcmiticia*  «r  Ae  iTtb  oaMvjr^  WM  km 


•t  Verona  the  lAh  of  Deoemher,  J€(S9.  He  waa  highly 
alsanni  hy  the  leained,  nd'waa  ■  mamher  of  aewal 
a^i^fcoriai}  and  was  even  the  fovndcrof  that  at  Venn* 
oalled  the  Academy  of  Alctofili,  or  koven  of  Troth.  He 

went  to  Rome  in  16'K4;  and  was  made  librarian  to  Cardi- 
nal Oftoboni,  who  was  afterwards  Pope  by  the  name  of 
AlcxHiirin  ihe  fith.    He  entered  c:hiiri_;i,  I'liil  1:<"- 

cajne  canon  of  St.  Mary  de  In  Ki-inmli.,  ;.frtr«urd 
of  St.  Lawrence  in  Dam.iM<. 

Bi«nchini  »w  utilhor  of  ievorai  learned  and  ingenious 
dissertations.  In  l6i|7  he  published  La  Istoria  universale 
provata  con  monunienti,  el  figurata  con  sinibtdi  de  gli  an- 
tichi.  In  1701  Pope  Clement  the  llth  named  him  secre- 
tary of  the  conft-renccs  for  the  rrforraution  of  the  calendar ; 
in  which  situiuiun  he  published  in  1703,  IX- Calcndario  et 
Cycio  Caisarii,  ac  de  Canone  Faschali  sancti  Hypoliti, 
Maityria*  JNsantationca  dua.  Bianchini  wo.t  employed 
likewise  to  coMlnicttholBi|B0H»en  in  the  church  the 
Chattfenx  at  Iteni^  on  wUdi  he  jmhUilMd  an  ample 
dhsanrtPB  eni|^,  Dv  Nummo  ct  OaoaMae  Chnaotiao. 
The  icsenrcih  conecrnii^  the  parallax  end  the  tfet*  of  Ve- 
nus occupied  him  a  long  time ;  but  lii«  most  remarkable 
dbcoTery  is  that  of  the  parallelism  of  the  8.xis  of  Venus  in 
her  orbit.  Ili  i»:is  i  n)|ilii\ i  ci  S  v'-ns  in  preparing  means 
for  trac ini;  a  nu  ndian  iitu  ihri;uj;h  the  whole  extent  of 
Italy,  but  he  iK-ver  commenceil  this  undrrtakinj;.  He 
was  admitted  a  foreign  A«M>ciate  in  the  Paris  Academy  of 
Sciences,  in  I706;  and  huil  iimny  ii-'-trdeii  iiniral  disserta- 
tions inserted  in  their  Memoir^,  piirtRuluriv  in  those  of  the 
years  1702, 1703,  1704,  1706.  1707, 170S, 1713, and  171*. 
— Bianchini  died  the  2d  of  March,  1729,in  the  f)7th  year 
of  his  ajr. 

UlLUON,  in  Numeratioab  the  aaaae  as  a  Bullion  ssilr 
lioBsi  at  much  as  to  toy  Wmillioaor  hfaniUioibor  bjrfai^ 
ther  conCraction,  billion. 

BILLY  (Jahes  De),  of  Compeigne,  a  Jesait,  dial  ia 
1^9  at  Dijon,  Med  77-   He  waa  a  respectrtlo  wadiwia 
tician,  and  pnhUMMd  soase  good  worin  in  thataehMe}  aa, 
•  'l.No«aGa«wrtikiClaaftAlgehia.Faris,l<M,iB4to. 

t.  Tabalm  Lodoicem  de  Doctifna  Edipseon.  Mrlesta, 
1656,  in  4tu. 

3.  De  Proportionc  Harmonica  Tractatus.  Paris,  \6iH, 
m  4to. 

4.  Diophanti^  CM  omrtri.!,  r\  Gr.cto  \t  rsa,  111  qua  per  ra» 
tiones  Kui:liil>i<>His  :  tiic  iyiiiui  Piobleniata,  quae  iUn  liti^ 
nibui  Ail.M■ll|llU-l^  I'liiiii^n it.   i'aris,  l6(iO,  in  4to. 

5.  (Jpus  AilTiiiiom.r'jiii.  In  which  lie  e.xplained  the  hy- 
potheses and  ojoiions  of  the  star*,  and  every  thing  relaiuig 
to  the  theory  and  praetiee  of  astfOMaif.  Dyoa^  I6SI,  in 
«to. 

6.  Crisis  Astronnmica,  de  Motu  Cometarum.  Inwhidi 
he  refuted  the  rectilit>ear  hypothesis,  and  discovciedancw 
•ysteffl  of  comets.  Dijon,  1666,  in  8to.  • . 

7.  Dkuphantcs  Redivivus.  Lyons,  I9f6,  in  Avo. 

8.  DoetarfaMe  Amlyticm  invcntoi*  aovon.  Contained  in 
the  Conmeatarics  on  Dionhnntot,  cowyased  bjr  M.  F«f- 
■at  Tooloose,  1671,  hi  ioiHoii 

BIM  EDI AL  limr,  is  the  torn  of  two  nwdhlt.  EndM 
reckons  two  of  these  bimedteis,  is  pr.  Sftad  99,  Hh.  x ;  lha 
ftr^i  is  when  the  rectangle  is  rational,  which  IS  cconlmdh]^ 
the  two  medial  lines  whose  sum  maJlca  the  Mmedial;  Md 
the  hfroiKl  ^^hl  11  tlmt  rectangle  is  a  medial,  or  contatned 
under  two  lines  that  arc  commensurable  only  in  power. 

BINiSY  JNharfcr,  that  which  is  composed  oi  two  antia, 
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BiSARV  Anihmtlic,  that  in  nhith  two  figurra  or  ch»- 
ractiTS,  1  and  0,  only  ;tre  ust-tl ;  llic  cipher  muttiplyiiig 
•"Very  thing  by  two,  as  in  the  common  ahtlimetic  by  10: 
thus,  1  is  one,  10  \%'2,\  \  n  3,  100  i«  4,  101  '»  5,  I  10  iaC, 
III  »  7,  1000  is  8,  1001  is  9,  1010  h  tt  ri;  bt-ing  founck-d 
'Ml  the  mm  principles  as  comroon  arithmetic.  Thit  kind  of 
•rithinetic  mi  invented  by  Ldbniu,  who  pretctuied  that  it  if 
hctter  «bptod  than  thr  common  arithmctic^ibrdaooveriiif 
certam  MOpeftiM  of  numbcn,  ud  for  ooHtrneluigtahln; 
bnt  b«  ooM  MM  wBtvPB  to  leeiHauiiMid  it  Ibr  ocdtaiuy  aw, 
oa  aocoam  of  the  gpnt  usher,  offjaeaof  tfmt  nmi- 
•ile  to  cxpiew  ali  anmhen,  e?en  wry  nBtll  ooei.  Jm.  ns 
lican,  of  Pngnr,  has  mure  largply  cxplainad  the  principlis 
and  practice  of  the  binary  arithmetic,  in  a  hook  entitled 
Arithmeticus  PiTtVctus,  cjui  Iria  Humcrare  ne*cil :  1/12. 
And  De  La^ni  projio«-d  a  new  system  of  logarithms,  on  the 
plan  of  t!ic  binary  arilliinetic ;  which  h<-  find>  <>hiirt«!r»  and 
mor<^  eH>y  iiird  natural  ihau  the  commun  one?. 

BINOCLK,  or  Binocular  Telescope,  is  one  by 
uhich  an  object  is  viewed  with  both  eyes  at  the  same  time. 
It  consists  of  two  tobof,,  e^ch  furnished  with  gli)&»e<t  of  the 
•ainc  poir«r,  by  which  means  it  has  inxn  staid  to  show  ub- 
jectl  laigrr  and  mure  clearly  than  a  monocular  or  dngle' 
Iclcscupe;  thoU|(h  this  is  probably  only  an  illuvtion,  oc ra- 
tioned by  the  stronger  impreuion  which  twa  equal  images, 
alike  iUoninatcd,  aaka  mnon  the  eyes :  ibcy  arc  Jiowever 
more  enfaam«iniK.  Thi*  teteioopc  ha*  bem 

chieflif  treated  gfljpMWJWBii  Rciia  and  Cbcrnfain  of 
Or!(«n*.-^TherB  am  Mfr  McroMopn  of  the  aanw  Mud, 
ilioiigh  hut  little  u«ed,  faviag  snigectio  the  nae  ineoQiK* 
i.irnccs  OS  the  telescopes. 

BI NOMIAL,  a  quantity  consisting  of  two  term<.  or  niem- 
bt  j*  roiiliecterl  by  the  sinn  or  —  ,  viz,  pins  or  miniii; 
ai  a  ■^■       "I"  J"  —  -t.  '>r  a'  -»-  b,  or  z'  —  iVr;  ili- 

noting  the  sum  ur  tin  dirii  ri'nce  uf  the  two  teriii>.  Wfu'n 
tithcr  term  is  negative,  tlie  l)iiiomi»l  is  sometimes  tailed 
a  residual,  and  by  Euclid  an  apotome.  1'bc  term  biito- 
mial  wasfit^t  introduo  d  by  Luoi de Butftt.  SeehilAritb. 
carUiao,  edit.  1494. 

BlWOHiAL  Lmc,  or  Surd,  is  that  in  which  at  least  one 
of  the  ports  is  u  surd.    Euclid  enumerates  six  kinds  of  bi> 
nomial  lines  or  surds,  in  the  10th  book  uf  hit  Elemeiitf, 
which  are  exactly  similar  to  the  6  residuals  or  apotome* 
dwn  traatcd  of  un,  a*d  of  whieli  an  acconnt  is  giwn  un- 
der the  att.  AvOTOMB,  which  tec.  .Those  apolMH»  be- 
cone  Unominlt  ^  only  dunging  the  ligp  of  ue  hiter 
tcm  fi«M  niani  to  phn.  which  theiefiMe  ate  aa  below. 
: Jtelid'tg  aftmwfaHinfc 
'•         lit  binomial  3  ^i, 
Sd  binomial    18  4, 
3d  binomial  v^34  ■«■  ^I8» 
4th  binomial  4  -♦-  ^S, 
5lh  Ijiniimiiil  v''^  -♦•  2, 
(nh  bitmniial  ,/G  +■  ./2. 

To  etlritct  the  S.jume  HiX)t  uf  n  BinomtuI,  us  i)(  a  ^b, 
or  y/c  i^h. — \  Hrious  rules  have  bi-cn  given  lor  ihis 
purpose.  The  first  is  that  of  Lucas  dc  Uurgo,  in  hi;, 
gumma  dt  Arith.  &c,  which  is  this :  When  one  part,  as  a, 
i*  rational,  divide  it  into  two  parts  such,  that  their  proiluct 
Aay  be  equal  to^  of  the  numb<  r  under  the  radical  b:  then 
jthall  the  sum  of  the  roots  of  those  part*  be  the  root  of  the 
binomial  sought:  or  their  ditR^rencc  is  the  root  when  the 
«tuanlity  is  residual  ■,  that  is,  if  e  -<-  e  =  a,  and  ce  =  \  b; 
then  m<^e  f  ^tss  ^^(a  -t-  V^)      '<x>t  sought,  fot 
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example,  In  the  binomial.be  23  ^448;  tlien  the  part- 
o(  t3  are  \6  and  7,  and  their  product  i>*lf<,  which  is  Jth 
of  448 ;  therefore  the  sam  of  their  roots  4  ^7  h  |h^ 
root  sought  of  23  ■♦■  v/448. 

Lucas  de  Burgo  gives  also  another  rule  for  the  aame  eico 
tractions,  which  is  this :  The  own  Mmaial  being,  for 
ample.  v'«  •♦•  «»  root  will  be^[|^e  *  Iv'C*--*)! 
♦  V  [I  V'*  -  i  ✓  <c  -  *)  ]•— So,  in  the  foregoing  evam- 
ple,  S3  •^  V'44«,  hare  y'e  a  91,  and  ^/b  s  v^448 :  benre 
We  a>  llf.  and  W(e  -  6)  =  Js/(23«  -  4*8)  a 

Iheref.  V'tiv^c  +  V(<^  -  *) )  =  V'(  1 1  * 4i)  =  16 -4, 
and  v'  [I v'c  -  i ^/  ("^  -  *) ]  =  ( 1 1  i  -  44)  «  v''  i 
conseq.  4  -t-  y/7  i»  the  root  iought,  as  lutore. 
Again,  if  the  binomial  be  -t-  ^/lO;  hue  c  =  18.  and 
*=  10;  theref  {  v^c  =  iy' 18  =  ^  y^S. and \^/{c  -6)  = 
iy/S  =  v'2;  hence, 

consequently,  {/■ -J     V,-     ^       '  is  thr  rootof  v-'IS 

v^IO  sought.  This  latter  rule  has  been  used  by  all  au- 
thors, down  to  the  present  time. 

To  extract  the  Cubic  and  oilier  higher  ItooU  nfm  BktmM, 
This  is  useful  in  resolving  cubic  and  higher  r^uatims,  and 
was  introduced  with  the  resolution  of  thoae  «<|nalhNi»  hgr 
Tartalea  and  Ckrdan.  The  ftdei  for  auch  exuactioaa  are 
in  mat  nmmm  tentative:  mow  of  the  priiici]Ml  enci  of 
are  the  followin);. 

Tnrtaiea't  Rul-  for  the  Cuhr  Root  of  a  Binomial  p-i-q. 
This  rule  is  given  in  his  ;/th  book  of  .Miscellaneous  Qikv 
lions,  (jucst.  40;  being  made  out  from  eiilii  i  '1  -tw  terms, 
p  or  (f,  of  the  binomial,  taken  singly,  in  (!;is  miinner :  Sc- 
[  iu.iii-  fiilier  term,  asp,  into  two  smli  pints  tLal  one  of 
them  may  be  a  cubic  number,  and  the  other  pnrt  divisible 
fay  9  without  a  remainder;  then  the  cube  root  of  the  said 
cubic  part  will  be  one  term  of  the  root,  and  the  other  term 
will  be  the  square  root  of  the  quotient  arising  from  divi- 
dinn  the  aforesaid  third  part  by  the  first  term  just  found. 

Thus  li p  be  divided  into  r*  ^-  3i,  tbenllie  fwt  is  r 

For  example,  to  extract  the  cube  root  of  ^108  IOl 
Soppoae  the  pan  10  to  be  tahen;  thb  separate*  into  the 

Jam  I  and  9>  the  fonncr  of  whiehit  a  cntie,  and  die  latter 
ivisible  by  3;  that  is  r'c  1,  and  3*  =  9:  hence  r=  1,  and 

«  s  9;  consequently  r  -k  ^/^  s  1     ^^3  is  the  cube  root 

of  v^lOS  ^  to  sought.  Again,  to  use  the  other  terai 
V'lOS:  this  ditides  into  ^Zf  ■*-  «^S7,  of  which  the  for- 
mer is  a  cube,  and  the  letter  divisible  by  3;  that  is,  s 

4/27,  and  3*=  s/'27;  ihea-forc  r  =  ^3,  and  s  s  |v''-7 

=  4/3  also:  hence  r  -|-       =  v/3  ^  I 

the  cube  root,  the  same  as  before. 

Bombelti'n  Rule  for  the  Cubt  R'Kit  qf  the  Uinominl  a 
v/~  A.    First  find  \/{a'  •*■  b);  then,  by  trials,  search  out 
a  number  c,  and  a  square  root     d,  such  liiut  the  sum  of 
their  squares         d  may  be  =  i/(<i      b),  and  also  — 
3cJ  =  a;  then  shall  e      y/  —  d  be  the  cube  root  of  11 
t/  —  b  sought.  For  example,  to  find  the  cube  root  of  2  ■♦- 
y/-  121 :  hcre^(a>  +  b)  =^125  =  5;  then  taking c-  = 
2,nmid  =  ltilu^*dmiss^{a*.fk)  andc***^ 
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■■8— 6«8s«,  BS  it  ought;  therefore  3  -f-  ^—  1  is 
AeCHbtraolof  2  •*■  i/~  l'-"- — Kombelli  gaveaho  a  rule 
in  tha  coin  toot  of  the  btDomkl  a  ^b,  but  it  iafood 
for  noiliiaf. 

Aihtrt  Girnril'i  KuU  f-jr  thr  Cube  Root  of  a  Bittominf. 
Thu  iH  f^ivirn  in  his  liivi  niioi!  Nuuvellf  en  r.\l^^bre,an(l  is 
fxpluiiR-d  hy  him  thus:  Li-t  72  -»-  v^5iaO  be  the  pwn 
biaomial  whoM  cube  root  is  nought. 

ThcW]imOOf  T  2  the  greater  lertn  is  5184 
and  of  the  leu  term  is  5 1 '20 
dicir  difference  6'4 
in  cube  root  4, 
«liidi4  BUM  bolbediAlCMe  hctwwa  tlic  aqiuics  of  the 
tivotinmof  thefDOtMVif^t}  wd  «■  the  ntiomd  pait7S 
«( the  giivn  binomiel  is  the  gitatcr  terait  tfaeicfore  the  n- 
tiunal  part  of  the  n-quircd  root  wiU  be  the    ^  ^  ,q 
grvatcr  part  al»u ;  constqut  iiEly  the  not 
sought  must  he  one  uf  the  binoiniiuila  here  Mt 
in  Uic  margin,  where  the  difference  of  the 
»(]uarca  of  the  terms  is  always  +,  as  r<H|uired; 
and  to  find  out  tlie  true  one,  proceed  thus: 
The  tir!.t,  2  •♦-  v'O  "tuit  be  njected,  hi  raune  one  tiTm  of  >t 
n  0  or  nothing;  also  becousr  5  excii  ds  the  cube  r"'>t  of 
■  72,  or  ^'20  exceed,"!  the  culx'  ri>ot  of  ^ i  Co,  tl.eret'ure  5 
•J-  v'tO,  and  all  afu  rit  must  b*-  rejected  Ilke»  i5e;  so  that 
tw  root  must  U-  l  ittier  3      v/5  or  4  •*■  ^12,  if  the  given 
<|mntit)r  hea  a  binuiuiul  root:  to  know  which  of  these  li  u> 
Im  ttimilf  itnmt  be  conMdered  that  the  rational  terra  ot' 
{he  ivot  mutt  measure  tlic  rational  term  giveit ;  and  alv* 
the  irrational  term  of  the  root  niuit  measure  the  irrational 
term  givcni  tfacn^  on  cMaitiaH4m  it  blbaiut  that  both  3 
a»d  4  mcMm  or  divide  the  ft  wMhout  a  nenuinder,  hut 
that  only  the  ^S,  uid  not  ^K,  Devmn  V^lSOs  coi»» 
m-qurntly  none  hut  S  <«•  he  the  cube  foot  of  the 

given  quahitty  78  ■«- v'SlSO;  whichisfcuudtouwrariby 
cubin(>  the  »ai«l  root  3  ■*•  ^3. 

Dr.  If'allis'l  Rule  for  tht  Cubt  Root  of  the  Binomial  a  ± 
niy/b  or  a  :t  "'s/  ~  these  forms  the  greali.-%t  ralional 

part  m  is  extracted  out  of  the  radical  pari,  lejivinR  only  b 
the  least  radical  \tax\  possible  under  the  radical  sign,  lie 
first  obiU-'rvc>  that  if  the  given  quantity  have  a  binomial 
loot,  it  miM  be  of  this  form  c  ±  n^b,  with  tbesainc  radi- 
cal ^>  Then  to  dad  the  value  uf  c  and  n,  he  raises  thbiput 
to  theSd  yovcfi which  gimc*  -t-  Sen  t  ±  Sc^  +  n't 
which  must  ht™m±wt^i  the  given  quantity; 


=  a  as  it  ought,  which  shows  that  the  true  value  of  a  is  it 
and  that  of  c  is  3  ;  hence  iheti  the  cube  root  of  135  ±  78 

or  c  ±  n^b  ifi±  V^or  3  ±  ^1%,  And  in  liko 
manner  is  the  proem  inaiitistcd  when  the  mnherin  die 
dical  is  nentive^  as  thecnberoot  ((T  81  i:  90^—    which  . 

.Another  raW  for  extracting  the  cube  root  of  M  {nMUiMUy 
UiuHnial  wes  also  given4iy  Demuivre,  atthecnd  of'Snun*' 
denum'sAlgehn,!^  means  of  the  triseMion  of  an  arc  or 

angle. 

Sir  I.  Newton's  Rule  for  owy  R<"-'  uf  u  Biniymial  a  ±_  b. 
Ill  his  riini  Tsiil  Arith.  i»  given  a  rule  for  the  square  root 
of  a  hiniimial,  »liicb  is  the  same  as  the  2d  by  Lucas  de 
Burgo,  before  given ;  and  also  a  gineral  rule  for  any,  root 
of  a  binomial,  wliich  I  have  not  met  with  elsewbeic;  itii 
this :  Of  the  |^vm  qioanti^  a  :t  A,  let  a  be  the  greater  term, 
and  c  the  inifex  of  the  root  to  t>c  extracted.  Seek  the  least 
auaber  •  whoae  power  «^  can  he  divided  by  aa — bb  with- 
outa  remahtder,  and  let  the  quotient  be  q ;  Compute  (/{{m. 
* ^)'/^)  '''t'  t^amt  hrioer  nonriwr,  which  call  r ;  di-' 
vide  a       by  iu  greakH  nSonil  divisor,  calling  the  qUO> 

tient«:  and  let  the  acanet  ini^r  nunher  nhaw^~  ha 

t:  so  AM  **-*^'J^^  ~    he     root  sought,  ifdietfc 

traction  of  it  Im'  |"i«iI)1c  An.!  I'ms  rule  is  demonstrated 
bv  Gravesunde  in  his  cnmiiu  nlaiy  nii Newton's  Arithmetic. 
Many  nui;,i  i^il  I  N.w^]ll^^.  iliustTutilig  thi»  rule,  are  j;iveii 
in  Uiavcsanili' >  Ali;<  ina,  attovementioncd,  pa,  1 60,  as  also 
in  Newton's  Unrvers.  Arilb.  pa.  53,  2'J  edit,  and  in  Mac- 
laurin's  Algebra,  pa.  118.  Other  rules  miiy  be  found, in 
Schooten's  CoHMMntaty  ou  the  Oeotnctry  ofPeicanei,  and 
elsewhere.  "     .  • 

infauMt  or  AM^in^iry  Bi  NOliiaL.if  a  hiaonial  which 
has  one  of  its  tenaaanimpoMtblaoran  inaipnsiy  qwnii^: 
as  a  +     —  ft. 

Ill  liii  fi  •■  i;!  !!!!;  article  are  given  several  rules  for  the 
routs  lit  iimuiu;ai>.  Dr.  Miiikelylie,  the  la(e  A>l roiinmer 
Royal,  ]rM  alio  given  a  rm  tlnnl  dI  riinling  any  puwi  r  i>i  an 
InipoMtljle  Binomial,  by  :inutht  r  like  iiinoroial.  I'hisrule 
is  given  in  his  Introduction  prelixed  ii>  TayWs  l^t*  of 
Losarithni-..  pa.  56" ;  and  i«i  as  follows. 

The  l<>;{urithms  of  a  and  b  being  given,  it  i^  required 
to  tiiul  the  power  of  the  Impossible  Dinuiviial  «i  ^ — b* 


wbicn  mOH  oeBsxavy'  "»»  B'»en  qummiv,  nmcv  whose  index  is  -  that  is  to  find  f «  +  »/ -  6") '  bv  an- 
patting  the  raiiohal  paftoTthe One  <|ttattii9  oqnal tothatof  '*  "         *  ^  "'-^ 

the  other,  and  also  the  radkai  part  of  the  one  equal  to  that  other  Impossible  Binomial ;  and  thcnoe  tbo  value  «f  (a 

(iftlieother.fiiviiic^  -i-  3cR*Asa, and Sc^ •«>  Aae*.  Then 

assuming  »t  vcral  x.ilue-^  of  n,  from  the  last  equation  be  finds 
the  value  of  c;  hence  if  tii<'^e  salu  -  .  (  l-  n. -•ibstitutcd 
in  the  first  equation,  make  it  <.b«iii.  U..y  are  iij^ht  ;  but  if 
not,  another \al'.n  ol  "  is  assiinieil,  and  -iii  on,  till  the  first 
equation  hold  true.  And  it  ii<  to  Ih-  tutted  thatn  is  always 
an  inlegFi'i  or  else  the  half  of  an  integer.  For  example,  if 
tiiecttbe  irxit  on  3  S  ±  ^''825  be  re^uir»  d,  or  135  ±  76 
^Si  here  (I  =  1-^5,  m  =  78,  and  t  sa  3  ;  hence  3c-n  ■*• 
n>b  =  m  IS  3<-'n  3n'  =  78,  or  c'«  f-  =  26;  then  as- 
suming a  =  1,  this  last  equation  In, inc.  c'  1  r=  26, 
from  which  c  is  tound  =  5  ;  which  values  of  c  and  n  being 
iubstitUtcd  in  the  tirst  equation  c'  -*-  Scn'b^a,  make  5*-t- 
8. 5.3  B  170,  but  ought  to  be  135,  showing  tliatc  ialoo 
gicat,  and  conscqucntTy  n  u^ken  loo  little.  Let  a  therefore 
be  asMimcd  s  2,  so  shall  2c*  ^  8  v  S2(,  and  c  a  3 ;  and 
the  first  equalion  becomes  a? -^  S  .3 .  S*.  8  B  27  ■  3  as  m 


^  (a  -  which isdwqr«pa«ihle, whe- 

ther a  or  fr  be  the  greater  of  the  two. 

Solution.    Put-  =  tan2. Then 
a  ^ 

{a  ±  ^-  (a'     6-)'*  "  (c<«.^  «±  v'-  »in.'£t). 

Hence  (a  ■*-  ^  -  (a  -  ^  -  h'Y  =  (a'  +  *')"  « 

2  cos.  -  s  »  (o  X  sec.  »)*  x  2  coein.  -  «  =  (i  x  com  c.  j)  • 
»  It 

X  2  cosin.-E,  where  the  first  or  second  of  these  two  last 
It 

cxpicssioDs  is  to  be  nscd,  aecordiog  ae  a  is  an  «RtRme  or 

mean  nit  1  'or  tnlher,  hceanse  ;  ie  not  ody  the  tangent  of 

!,  but  ilvi.  f  I  -I-  360",  X  7«0»,diC}  therefore  the fiictN 
ill  the  answir  wiU  have  several  nJoos,  vis, 


oy  u^u^  L,v  Google 


BIN  •      (  »0  1 

2  Cos.  -     Cco>.-  (:     36(P) ;  C  Cr>,.  *(t  ^.  7200)  ;  &c ; 

ike  nuiu  bcr  ol  which,  if  m  and  n  be  whole  numbers,  and 

the  fraction  -  be  io  ttt  least  terras,  will  be  equal  to  tbft  d«* 

'llOlninat'>r  n  ;  otherwi^p  infimlc. 

By  Logarithms.    Put  log.  &  -t-  10  —  lug.  a  ±=  log.  tan. s. 

TIr  M  log.  [(«  ^  ^  -  i^)  („  -         -  ]  =  "  K  (l.« 

-T-  10  —  l.cos. :)  H-  I.  2  -»- 1.  cos,  "*  E  —  10  =  -  X  (!,  &  -f. 
10  —  l.un.t)     1.2  -t- 1, COS.-  «  —  10;  where  tht-  fim  or 

II 

HCood  cxpfcinoii  ia  to  bemed,  according  as  a  is  an  ex- 


B  T  N 

inure  1<'!;ally,  from  the  pure  principles  of  alcebnonlyt 
for  a  full  account  of  whicbfWepO.SlNi&^OtliqrMmdw- 
matical  Tracts,  vol,  1. 

l  lus  tbeoFcra  was  first  discovered  by  Sir  I.  Newton  in 
t669.  Mid  sent  in  a  letter  of  June  13, 1676'.  to  Mr.OUm. 
burg,  Secreury  to  the  Royal  Society,  to  be  by  him  con* 
muivicutrd  to  Mr.  Ixibniti;  and  it  was  in  this  furm : 

iP  -^n)'  =P-  Of  -jr**  &c:wheTe 
p  -f-PV  ngnifiet  the  quantity  whoM  too^  af-poiMr»  or  nwt 
of  auy  power,  is  to  IwfiNUHi;^  bdsf  the  tfittefmof  that 
•iuantity ;  q  the  quotkntof all  the  mt  of  Aa  Icma  divideii 


bjr  that  fint  Una;  and -the 


oTlha 


trerae  or  mean  nrc.  Mort-ovcr  by  lakitig  siiccosfrivdy,  1.  or  RMt  of  Uie  quantity  p  -*-  prj.  whether  it  bo  integral  or 
coa.-«|  i.Cos.-f.  f  3600);  i.  cofc?  (x  ^  720");   &x,  f*"'"^-  or  iwgativi:  1  and  lastly o,  6,  t.  d.  he, 

"  '  "  arc  assumed  to  denote  the  several  trrtos  in  their  order  as 


dieie  will  aiiie  mmnl  Aifinct  ant«e»  to  the  qoeition, 
agtNafaty  to  tho  tenwifc  nade  above. 
BivoMlAL  Ckfve,  is  acurve  whow ordinate  is  cxpraaed 

by  a  binomial  quantity;  u.s  the  cur\>'  ubrrsi-  ordinitc  it 
J*  K  b  -i-  rfi«>.    Slirlinj!,  Mt  thdd.  Difl.  pa.  .'..S. 

BlHOMiAL  '/Hforrw,  i!  uwd  to  dcnotr  tin'  Cclcbratrd 
theorem  given  by  Sir  1.  Newton  for  raiiung  a  binomial  t<> 
any  power,  or  for  extracting  any  root  of  it  by  an  approxi- 
■uOing  infinite  SGiic*.  It  «aa  known  by  Stifelius,  and 
otLcrs,  about  the  be^taaiag  of  the  l6lh  oentuiy,  how  to 
niae  the  integral  powers,  not  barely  by  a  continued  mul- 
tiplkatbn  of  the  binomial  given,  but  also  by  a  table  of 
nanlteBi  Smat,  by  StifctiWi  which  showed  by  inspection 
tb».cotllqpili.i>f  the  tttm  of  any  power  of  the  binomial. 
wiBtaiaril  wiASm  dialhatoafthe labia  j  hutalill  they  could 
nottndepcndeM  «f  a  t^e^  and  of  any  of  the  fawcr  powers, 
niae  aHypowar  of  •  hinonial  at  once,  by  determining 
terns  one  fifom  another  only,  vis,  the  8d  terra  from  the  J  st, 
the  from  ifr  cf,  ,i:id  !Mi  on  as  fur  as  «o  please,  by  a  ge- 
neral rule;  and  niuth  h-sx  Could  llifv  extract  genvral  al- 
gebraic roots  in  infinite  series  by  any  rule  whatrv,  r. 

For  though  thf  nature  ami  construction  oi  that  table, 
which  IS  composed  of  figurj.tu  numbori,  u  as  ^0  early  known, 
and  employed  in  raiding  powers,  and  cxirarnng  roots ;  yet 
it  wa.s  only  by  raising  the  numbers  one  from  anollur  by 
continual  additions,  and  then  taking  them  liom  tlie  table 
when  wanted;  till  Mr.  Briggs  first  pointed  out  the  Huy  of 
[  any  line  in  the  table  by  itself,  without  any  of  the 


they  are  found,  vis,  «  =  the  fint  term  pm,bsx  the  2d  term 


-aq,  c  =  the  third  term       bq,  and  &o  on.    At  Newton's 

general  notation  of  indices  was  not  commonly  knomiy  te 
ukes  this  occasion  to  exphw  it;  and  then  he  (pm  mm 
examples  of  the  epplicatioa  of  this  ihcoi«nt<  one  of  which 

i^  tile  following. 


Et.  I.  To  find  the  value  of  ^{e'  +  x*)  or  (e*  h 
that    to  extract  An  iqmfB  t«o(  of         in' an 

eerie*.  HeicpB(\faB~,  «is  l,anda=;2;therefore 
o  =  /).  as  -a9  e  j^,  c  =  — fc,  « 

Sec  ;  ihereibn  the  toot  tooglht  iae  -i-  —  ^ff 

*  &c. 

A  variety  of  other  examples  are  also  given  in  the  saiao 
place,  by  «hicb  it  is  shown  that  the  theorem  is  af  uaiseih. 
sni  application  to  all  sorts  of  quanlitirs  wkatever/~Thia 
theorem  is  sometimes  rrprMrntcd  in  other  fornii,  aa 

p»  X  :  I  -t-  ~  a      -  •  <r  ■*■     •  ——  •  tr 


-h  6cc ;  which  comes  to  the 


-p       +  - 


thing.   Or  thus  pi  -t- 
p^l?"  dte;  where  the  bimraial  ia 


ramnga 

pncedis 


(p  r).. 

In  another  letter  to  Mr.  Oldenburg,  of  Oct.  24, 1 676, 
ing  lines;  and  tbus  teaching  to  raise  the  terns  of  Newton  explains  the  train  of  reasoning  by  which  he  ok^ 
any  power  of  a  btnomiiJ,  independent  of  any  of  the  other  laincd  theaaid  theorem,  as  follows :  In  the  beginning  oC 
poweiat  anil  ao  yaw  the  sabstaooe  of  the  binomial  theo*  my  nathematiral  studies,  when  1  was  perusing  the  wotha 
ran  in  wondit  wtaliM  only  tho  algebfak  notation  in  lyn*  of  the  celebrated  Dr.  Wallia  (see  hia  A  nth.  of  InfiaitMy 
bobt  i*  it  thowB  at ntgie  at  pa.  fSof the  hiitoifeal  intio>  prop.  1 1  s,  and  tSl, also  his  Atgebra,  chap.  83),  and  coi^ 
dnction  to  my  Mathematical  Tables.  Whatever  was  known  sidering  tiw  series  by  t^  tnterpolatioo  of  which  he  exhi- 
however  of  this  matter,  related  only  to  pare  or  integral  bits  the  area  of  the  circle  aad  hyperbola;  for  instance,  in 
|>owers,  no  one  before  Newton  hav'nt  tf  iiglit  of  extrud-  ifais  series  of  curves,  svbose  Common  base  or  axis  is  x, 
wiR  roots  by  iiifiniu?  ncntt     "    '        '     '  1  .1  - 

by  considering  powers  ai  ''. 


He  happilv  discovered  tlial,        ,   ,  ,   .1..  ft  fi 

'^'^  ■'.      ,  and  the  ortliaate's  rt«pectivcly  (1  —  ixy,  {i  —  xx)  , 

"  in  a  continued  scncB,  roots 


btinRBs  power*  having  imtu  a  si  exponents,  the  same  bi-    {I  -jx)',  (»  -*»)'.  {»  — *x)',&c;  1  perceived  that  if 


Bomial  siMi  -  V.  l  uld  equslly  serve  for  them  all,  whether 
the  indvK  thouid  be  fracUoiuLl  or  intc^ra),  or  wtiethertha 
seric*  be  finite  or  infinite.  The  truth  of  this  method  ho^v- 
ever  was  long  known  only  by  trial  m  partrcatar  cam,  arid 
by  indttcttoa  from  anaUi^ ;  nor  does  it  appear  that  c  i 
Newton  himself  ever  attempted  any  direct  proof  of  i  ( : 
however,  various  demonstrations  of  the  theorem  hive  since 
l«w  ^not  by  Ihemnee  modem  mathomnticianii  bosm  of 
iriti^aKbymcpMafihei 


ib«  areas  of  thaalleraaia  curvtSt  which  «• 

x-|i'  -  kr\ 

&c;  Could  be  irjU  i  "  'i!' e,  y>t  ?:i:>uld  be  .ible  to  ob- 
tain the  areaa  of  the  interrordiaSe  ones;  the  hrst  of  which, 

(1  -  xi)\  is  thoaieaof  theolvde:  now  h  order  to  dri% 
it  appeared  that  in  all  the  series  the  first  term  was  y;  thM 
the  2d  terms  Jr*,  fx*,  )x*,  jx^  &c,  were  in  aathoKtical 


Digitizcu  Dy  Google 
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pnMmwkMi ',  knd  coiMqnently  that  the  finl  two  ttflM  of 

■ll'tm  teriet  to  be  iiit«;rpul»tc<l  would  be  ' 

i*"  i''  < 

jr  — — ,    x~— ,     X  — I— ,&c. 

.  **  Now  be  Ilia  iaterpolation  of  the  rest,  I  cwiiiicwirf 
that  tht  JgBwiiwfofi,  i,  3,  S,  7,  ice,  were  in  withm* 
tkal  BraptM^s  aiiA  that  ihenlun  only  tiM  mtmrni 
oocfficMMs  of  the  nuaeratort  vcm  to  be  invcttigMwL 
But  these  ill  the  elteinalenraMt  which  are  pven,  tvere  the 
with  ibc  figures  or  which  the  seveni  powen  of  11 
ti«br  of  110,  ii>,  u',  li%&es  tbetn, 

the  firstt  1 , 

the  srf  Olid  ] ,  1 

^  the  thml  1,  2,  I 

•     tlic  fouith  1,  3,  3,  I  , 

the  fifth  1,  +,  0,  4,  I 

l\C. 

"  I  cnquir«l  thcr»  i(  i<'  'low,  in  these  wries,  the  rest  of  the 
terau  may  be  dcrivi  <i  iV  <;n  the  fint  two  being  given;  and 
I  foand  that  by  putiing  n  fur  the  Sd-iigtiR  or  term,  the 
rest  would  be  produced  by  the  OOMlilMOll  MlltiplicttiOB' 
of  thr  tt:rins  of  this  leriei, 

«  For  imtniwo,  iflheftl  lcrB«a«s  tlnnalMll 
4  K  ^!^»or6»  bo  ikoadlcffmt  andtf  n  ^j^,  or  4^ 

tbtvSk  imti  Mid  4  K        .or  1,  the  iMhlemt  and 

I  K         or  0,  tko  Ah;  vbidi  ihoin  tiMrt  in  iMe  con 

the  series  terminates. 

"This  rule  thcrcfcirc  I  nppliud  to  thr  scries  lo  be  in- 
terpolated.   And  since,  in  tiio  series  for  tht-  circU-,  the 

2d  term  was  ^  I  put  m  =  -i,  which  produced  tlic  terms 


t  SJl   ]  BIN 

(t  -  n  )*,  wUl  be  pndaoed  by  the  conliinMd  auhifili 
tkm  of  the  teroa  of  thia  ictNi 


K  '  or  — 

■1 


•—;  and  so  on  a<l  intiiiiviin). 

1-18 


And  hence  1  fuand 
that  the  re(iuircd  area  of  the  circulnr  leimeat  ii 

'tiff  . 

"  And  in  the  lane  mnnner  might  bo  produced  the  in- 
terpolated areas  of  the  other  eurvee :  as  also  the  area  of 

the  hyfwrbola  nnd  the  other  alternates  in  ibis&i-ric:> 

.(I  +  xx)»,  (1  +  jr;^  (I  .4-  xx)^  (1      xx)^,  kc. 
And  in  the  same  way  also  may  othrr  series  be  intiTpolati-d, 
end  that  too  if  they  should  be  lalirn  at  the  distance  of 
two  or  more  terms. 

"  This  was  the  my  than  n  which  I  first  entered  upon 
these  speculations^  wUck  tihoHlinot  have  remembered, 
bat  thai  in  tunMig  over  lay  papano  linr  wtck««incej  I 
chanced  to  tun  my  eyes  on  thoie  minting  to  thii  matiar. 

"  Having  proceeded  so  far,  I  considered  that  the 

{»  -  «)',  (I  -  w)*  (I  -  (1  -  JZ)\ 


"I  — e     m  —  t 

a  •     ■  4 

"Thus,  for  example,  there  would  be  fuuod 

(1  -  xx)»  =  1  -  J  x*  -  fx*  - z»  4(C. 
(1  - XX)*  Bl-lx'-^-lx'-^^x^ttc. 

(1  -XX)'  =  1  ~it'-ix'-^^x*&c. 

"  Thus  then  I  discovered  a  general  method  of  lednciiw  . 
radical  quantities  into  inlinitc  series,  by  the  theorem  whitt  . 
I  Kttt  in  the  hegiiining  of  the  fotmer  letter,  befofo  I  knew 
Ibo  iBBa  by  the  nctnction  of  looia; 

**  Bat  having  diaeovered  that  way,  thii  odwr  oouM  not 
long  mnam  nnknown:  for  to  prow  the  troth  of  tboea 
operations,  I  multiplied 

1  -  T  -  I x'  —  A  Jf*  A^f.  by  itself,  and  the  prodact  was 
I  —  X*,  all  tht'  r(«[  uf  thii  teiBi  fanlahiag  after  thaaek  ia 

infinitum.    In  iiii< 

1  ~  t'^  ~  »■«■'  — Hi  »' iSc,  iwitL' imiliiplicd  by  itself,  pro- 
duced 1  —  z",  Hui  as  [his  was  u  1 1  riain  proof  of  thoac 
conclusions,  so  I  waa  naturally  led  lu  try  comersily  whe- 
ther liii-sc  series,  which  were  thus  known  to  be  the  root* 
ut  llii  quantity  1  —  could  not  be  extracted  out  of  it 
alter  the  mauttcr  of  arithmetic;  and  upoit  trial  I  found 
it  to  succeed.  The  praooa  for  the  sqoaio  root  is  here  set 
down 


=1 


1 

1  -  x* 

1  -  3x*  3x*.—  X*,  &c,  might  be  interpolated 
in  the  same  manner  as  (he  areas  genetatad  by  them :  and 
for  thi%  nothing  more  was  required  but  to  omit  the  de- 
nominators I,  £  5, 7i  dec,  hi  Ao  taima  exprnsing  the 
areas;  that  i«,  the  co<-fIicieiit9  of  the  terms  of  the  quantity 

I  .  '  a » IT»\'II  ^ 

to  be  interpolated  (1  —  xx)*,  or  (1  —  xx)%  or  geocniiy   strate  ib 


"These  methods  being  found,  I  Ixid  a*ide  the  other 
MHV  by  jntcrp<il«tii'ii  ni  mtk  ;.,  himI  um  <i  ih»e  npemtions 
only  u  a  more  griiuinc  louinlarinu.  Neilber  was  I  igno- 
rant ut  the  reilurtion  by  divwinn,  wlnchis  M>  fBOCh  nwitT-** 
See  Collin-.'s  Commercujrti  Kpistolit  um. 

And  iIji'-  Is  i.ii'  Mrnxiti'.  !!iit  Ncwl'iii  gives  of  the 
invention  of  this  theorem,  which  is  engraved  on  hn  nM> 
num.  nt  it  WcstmlMl*  Abbey,  «•  CMS  of  hbgnatsst  die* 

coveries. 

trancis  Mate  res,  Esq.  (Cunitor  Baron  of  the  Exchequer) 
has  communicated  the  foUowiog  obaereations  on  the  Bino» 
mial  the«)reni,  and  iu  demonstration;  via,  Ahoot  the  year 
1666  the  ceicbraled  Sirbaae  Mowkm  diaooMfad  that,  if 
M  were  put  for  any  whole  rntrnWr  whatsauMi,  lha  oocA* 
cientt  of  the  terms  of  the  mth  pOWOT  of  1  ^  C  WOold  be. 
mm     m  -  I     m  1    1  —  S  . 

i'  1  •    a   '   1  ■  "T~  •  ~T^' 

till  we  come  to  the  term    ~     ~     which  will  be  tho 

last  term.  But  by  what  partioBlar  manna  he  diacoeewjl 
this  proposition,  he  has  not  told  us,  aorhaa  he  ewo  al> 

tempted  to  give  a  demonstration  of  it.   Dr.  John  WaUhb 

of  Oxford,  informs  us  (in  Lit  Algebra,  chap.  85,  pa.  319} 
that  he  had  endeavoured  to  find  thic  manner  of  generating 
these  coefEcients  one  tr<Jin  anuiher,  but  without  succits ; 
and  be  was  greatly  di  li^hluii  wuh  llic  discovery,  when  he 
found  that  Mr.  wdm  imd  made  it.  But  he  likewise  has 
omitted  to  give  a  demonstration  of  it,  as  well  as  Sir  Isaac 
Ne^viont  mi  wahaWy hadM  apt  tmm  boano  "  
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[   «3»  ] 
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Ke«toa«  after  hAniydMCOvcfed  ibis  ruk  for  generating 
"  '  I  of  tliS  powMt  of  1  *  when  the  indict-s  of 
n  wImiU  Bubcni  conjectured  that  the 
might  noMiUy  obtain  alio  whea  tb«  indices  were 
'Aactioiu.  He  therefore  molfcd  to  try  whether  it  would 
or  not,  by  applying  it  to  raeh  indioc*  in  a  6w  aasy  in- 
Hanon,  and  particularly  to  tbOMoTt^audl,  whkh,  if  iIm 
ntb  aerved  in  the  cue  of  fiacdonl  iadie«i>  would  coabla 

Mm  to  find  lerict  «4|iial  to  Ae  raluM  of  (1  and 

(1  -  .1 1  or  the  M^uarc-root  and  the  cubi-root  of  the  bi- 
DOtnial  quantity  !•«■«.  AimI,  wbcn  he  had  in  this  man- 
ner obtained  a  Mrin  jbr  (l    f)^,  whkb  be  MiipMted  to 

be  equal  to  (1  ■*■  i)',  'ir  the  square  root  of  I  1,  lie  mul- 
tiplied the  Mid  serie»  into  itielf,  and  found  that  the  pro- 
duct ««■  1  f  «;  and  wbcn  be  bud  diieovetad  in  like  nnnr 

Ti'  T  a  sitIcs  for  (I  -I-  j)"^  he  multiplied  the  mme  twic«inlo 
itscli,  iinil  fouti'J  tliat  thr  product  was  I  *;  and  thenca 
be  concluded  that  iho  l.irnu  r  m  ius  was  really  equal  to 
the  sqiiarr-root  of  1      i,  mid  ::;h1  the  latter  series  was 

rtT.liy  cq^ul  lo  its  cube-ruul.  And  from  thru-  wwA  a  few 
iDore  juch  trial*,  in  which  he  found  the  rule  un^wcr,  he 
concluded  uiiiNrr«ally  that  the  rulr  was  iiiw:iys  true,  whe- 
ther the  index  m  stood  for  a  whole  uunibcr  or  a  fraction 


of  any  kind,  as  i,  |,  \,  \,  |,  ?, 


or,  in  general. 


After  the  dibcovery  of  thi*  rule  by  Sir  Isaac  Xeu  t  ii, 
and  the  publication  of  it  by  Dr.  Wallis,  in  his  Algt  bra, 
chap.  85,  in  the  year  l685,  (which  I  believe  was  tLe  fin>t 
lime  it  waa  published  lothe  world  at  large,  though  it  wus 
imened  in  Sir  Iiaac  Newton's  fir»t  letter  to  Mr.  Olden- 
btti&  the  MCietara  to  the  Royal  Society,  dated  June  13, 
107^  and  tba  mm  letter  was  ihown  to  Mr.  Leibnits,  and 
pnbubty  to  MUM  edicr  of  die  learned  matheawuciaaa  of 
that  dnw)  h  itnoiaad  br  aoaae  yran  witbout  n  demon- 
•tratioa,  aitber  in  the  caae  of  iat^tnl  powcn  or  of  mou. 
At  la»t  however  it  was  demomtraled  in  tbe  caseuf  integral 
powers  by  means  of  !!;■•  [iropertie*  of  the  ligurale  nainlN!fS» 
oy  that  learned,  sagacii<u>,  and  accurate  mathematician 
Mr.  James  Bernoolii,  m  the  :i<)  tbiiiner  of  the  2d  [i.irt  nf 
bis  excellent  treatise  Dc  Arte  (  nviji  ttandi,  or,  On  thr  Art 
of  forming  reasoiiable  CDnjcrturcs  concerning  Events  tli»t 
depend  on  Chance;  whirh  appeBrs  to  me  to  be  by  far  the 
beit-writtcn  tn'atisc  on  tlic  iIdi  trirw  of  Chajices  thul  has 
yet  been  published,  though  M.  Demoivre's  book  im  the 
same  subject  may  have  carried  the  doctrine  5onieihinj|  fur- 
ther. This  treatise  of  Jane*  llernoulli't  waa  not  puU»hed 
till  8  years  after  hit  death,  wbicb  banpened  to  Angdit 
1705}  but  there  it  reaaoo  to  tbiok  tb«  it  wat  comppMnl 
ki  tfau  bttar  5  or  €  yaaie  of  tbe  piccedii^  century,  and 
eventhatBOBaparttof  il«ertonieof  tbapropetitMna  ii^ 
•eitcd  ibeiffiiirhiid  been  diteowercd  ^  tbe  aiitbor  in  tbe 
7aa»]6«9>lfiSKM^>>>adltfi9S>  FartheAwtMnor 
Ui  my  enrioot  tract,  eoiitlcd,  PoaKionas  AiltbiaiticB  da 
Seriebot  Infinitis,  was  published  at  Basil  or  Batle  in  Swit> 
aerland  in  the  year  l689;  and  the  second  part  of  the  said 
Positionei,  (in  the  19th  Pr  sitmn  r  f  which  those  properli** 
of  thefiguraie  number*  from  nhich  the  binomial  theorem 
nmy  be  deduced,  are  set  down)  was  pubh^ln  .l  i.t  the  same 
place  Ml  the  yeiir  1()02.  But  the  demominituiiis  nf  ihtise 
(iru|>ertie«  ut  \Vr  fisiirate  numlien,  and  of  ihf  liiMomml 
thmruti,  which  depends  up<in  thom,  Were  tKver  1  believe 
enminunicated  to  the  public  till  the  year  1713,  when  the 
author's  posibuiaous  ircatiac  Dc  Arte  Cwnjvctandi 


its  appearance.  These  demonttrations  arc  founded  on 
clear  and  sitnple  principles,  and  afl'ord  as  much  satisfaction 
as  can  well  hi:  expected  on  this  subject.  But  the  full  dis- 
play and  explauation  of  these  principles, and  the  deduction 
of  the  laid  propeitiet  of  the  tigotate  nttmbeot  and  nlii- 
matdy  of  the  Binoniht  tlM0i«a,A«ni  ibani,  hnmnttcr 
of  comiderBfala  length.  It  will  tberaftn*  not  be  inptopar 
to  give  a  ahortcr  proof  of  the  tniib  of  thit  fmportunt 
tbeort-m,  that  ablll  not  require  a  previous  knowledM 
of  the  propertiea  of  the  figurate  numliers,'  bat  yet  shut 
be  equally  concluiive  wiih  thn:  which  is  derived  from 
those  protXTtics.  Now  thin  luay  be  done  in  tlie  manner 
following. 

I>et  us  suppov  that  the  cocflicients  of  the  terms  of  the. 
first  $ix  powers  of  the  Binomial  quantity  1  -♦-  x  have  been 
found,  upon  trial,  to  be  <iuch  as  would  l>e  produced  by  the 
gMMIUl  expre  ssions 

?  7       '  ,  ■  —  •  — 

by  substituting  in  them  first  1,  tlun  2,  then  3,  then  4, 
then  5,  and  lastly  6  instead  of  m.  This  may  easily  be 
tried  by  first  raiting  1  ^  x  to  the  6'th  power,  by  repeated 
multiplications  in  tbecomnnn  way,  and  afterwards  finding 
the  trrmt  of  the  powers  by  means  of  the  said  general  ex« 
pmriont  aboM i  which  will  be  found  to  produce  thesviy 
tamo  terms  at  arose  from  the  Bultiplicationt.  After  these 
trialt  we  shall  be  lure  that  thoae  gpncral  expressions  are 
tbe  true  value*  of  tbe  cotflcicoia  of  tba  poMta  of  1  i-tr 
a!  leait  in  the  wSA  fitat  tin  powcn.  And  it  win  (baiwIbM 
only  remain  to  be^reved  tbnt,aincelbe  role  it  true  in  the* 
said  first  six  powers,  it  will  also  ha  true  in  the  next  fol* 
lowing,  or  the  7lh  power,  and  cuuscquenlly  in  the  8th, 
9th,  and  10th  powcn,  and  in  all  higher  powers  whatso- 
ever. 

Now,'  if  the  coefficients  of  the  Ut,  3d,  3d,  ith,  and 

other  feltowing  tarnu  of  I  +  he  denoted  bgr  tbe  letten 
a,  h,  e,  A,  tee,  retpeetiv«l]r,  it  b  evident  from  the  nature 
of  muttiplicalioii,  that  tin  cocflcients  of  the  Itt,  2d,  Sd. 
4ih,  and  other  following  terms  of  the  next  higher  power 

of  I     X,  to  wit,  \  *  '  will  be  eaual  to  a,  «  <^  6, 

b  •*■  c,  c     d,  &c,  respectively,  or  tn  the  sums  of  cveiy 

two  contipious  coefficients  of  the  lenns  of  the  preceding 

series  whirli  is  =  1  -^"^ .    This  will  appear  from  tbe 
Ojpantion  of  multipUcution,  which  is  as  followtt 
bt     f.i  *  -♦-  di^  -t-  ex*  •*■  &c 
1  •«-  X 


nt  bi' 


cr'  f  di'  ■*• 


&C 
tec. 


Therefore,  if  l  -i-  xl   be  equal  to  the  series 

  _  m  -t.  1 

then  I  ■*■  X 


will  be  equal  to  the  series 


i     c  , 


d.r'  ->-  kc. 


--.Sec. 


a  ■*■  a  -t-  b 

Now  let  a  be  a  «  ^  l.  We  shall  then  have  to  prove 
ttat,  if  tbe  cmiicientt  «,  b,  c,  d,  kc,  be  mpaeiiaeljr 

mm    n— In    i»  — 

equal  to  I.  - ,  -,  .  — 7  •  — 

the  codficit  nts  «,  a  -♦-  *,  *  -t-  c,  dec,  will  be  respectively 

n   «    n— I    ■    n  —  t    a— s  . 

equal  to   I,  7,  7  .  7  •  -;  5-.  «C. 

And  to  do  wbicb,  tbena  b  nothing  more  rfquired  than 
to  collect  logrthet  every  two  toraii  of  tbe  former  of  theio 
a,  and  then  tubatitula  Into  thi«»  aum^  n  iMtwl 
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ofm  -V  1,  wbrn  tUcre  will  immcdiatciy  come  out  the  tarUM 
of  the  latter  scries  as  above,  viz, 

lt-Jr|    =  l-l--x-t--.  x'  +  OiC.     Q.  Z.  D. 

For  several  other  dcmonstmtiotDi  of  the  Dinoinial  Theo- 
lein,  see  my  new  'l  iac-rs,  vol.  1 ,  pa.  228,  &c. 

BIPARTIENT,  is  a  number  that  divides  aaolher  into 
two  equal  parts  without  a  rrmaiiKler>  So  9  b  •  bifMUtieDt 
to  -t,  ami  5  n  bijiartieiit  to  10. 

BIPARin  ION,  is  fi  ilivi«4on  into  two  equal  parts. 

BlQUADKATK,orUi<tv*OiiATic  Powcr.is  tbe»quared 
ftouare,  or  4tb  power  of  any  number  or  qiumtity.  Tbu> 
10  » the  bi<|ttadrate  or  4th  poner  of  2i  or  it  U  the  iquwe 
«f  4  whkh  n  the  Sd  power  w  S. '. 

Bl«VAOKATIC  BoatfOtVtJ  OUaoUtJ,  b  the  square 
trtOt  of  the  MiiMo  foo^  or  the  4to  not  of  thot  quantity. 
So  the  biquedrtiic  root  of  1<»  b  S,  and.  the  Uquadntic 
root  of  81  is  3. 

Blyf  A  i>in  r  U"  F.(/uittwn,  i<  that  vvliich  riM  s  (d  4  ii 
niot'.sRiii>,  iir  in  vvliith  tin-  unkno«ii  tjUiinlity  rixi  to  ii.c 
4tb  ]i<  A  rr  ,  .1',  x'  ^  til    ~  111    -h  CI  -t-  d  ^  t>. 

Aiiy  i<.<|ii  iiii  itic  iijuaiioti  may  be  concviv«;d  tu  be  ge- 

Dcralcil  <  i|  ).i  I  lucid  fmm  tl»  MariTMMiP  »ml»ip|icOtHI||  of 

four  iinijiit  equatidlis, 

as(x-/))  X  {*-•!)  »   !>  -'■)  X  (*-*)s80s 
or  troro  that  of  two  quadratic  equations, 
ts  (x'     px  «  (x'  -<-  rx  -t-  «)  =  0 ; 

or,  lastly,  from  that  of  a  cubic  and  a  timple  cqiietioDi 
«('—;»)  «  {"^  -<■  ?»' -t-  rz  t)sO'.  which  WM  the 
iaveodon  of  UorrioL  And  on  the  contrary,  a  biquadratic 
eqmtioB  my  be  lewlvcd  into  four  limple  equatioot,  or 
iaio  two  <|iiaiifatics,  or  into  a  i:ubic  and  a  ainple  «qu> 
-tioat  having  all  the  tame  roots  «fith  it  . 

The  first  moluthm  of  a  fatquMiatie  equation  was  |^«c« 

in  Cardan's  Algebra,  cbap.  39,  being  the  invention  of  bit 
pupil  ami  friend  L<ewia  Ferrari,  about  thc^year  1540.  This 
IS  effected  by  means  of  a  cubic  equation,  and  ii  irukvd  a 
method  of  deprvasing  the  biqunilralic  equation  to  a  cubic, 
whit  h  Cardan  deiiionblrali',  and  appiii-j  in  a  great  variety 
ot  exaiiiplis.  Ttie  pruirijdc  tit  very  general,  and  cousisLs 
in  makmL:  one  ^idc  ot'  the  equxlion  a  square.  In  In  Ip  nf 
some  iiiultiple^  oi  piirts  of  its  own  terms  and  an  a.si>ump<i 
Unknown  quantity  ;  wliich  it  is  always  eaiiy  to  do;  and 
then  the  other  lidu  is  wade  tu  be  a  square  also,  by  <iv 
suming  the  product  of  its  Ut  and  3d  terms  rqual  to  tbo 
square  of  half  the  2d  term  ;  (or  it  consists  only  of  tfalto 
terms,  or  three  diScrenc  Jcaominatinus  of  the  original  tef- 
.  ter  i  then  this  equality  will  determine  the  value  of  the  as- 
sumed quantity  by  a  cubic  eqiwtion:  other  circumstances 
depend  oo  Che  artist's  JndgpnciU.  But  the  method  will  b« 
lisither  enphuaed  by  tbt  UQunibtg  examploi  odmcled 
fram  Caraiui't  hook. 

Sr.  1.  Given  j!*  +  6^  +  96sa€Or,  to  be  Ktolvad. 
Add  6x*  to  both  sides  of  the  equation,  so  shall 
«•     !2x»  +  S6  or  («•  ■••  fi)"  =  6x»  +  60*. 
Assume  y,  »nd  add  (x*     6')  2y  +y  lo  both  sides,  then 
is(i'  +  6y  +  2j{x=  +  6)  +y  =  6x'+  60*  +  !^x*-f€) 

■*-y'- 

Make  now  the  1st  »  3d  term  =  f  sq.  2d, 
this  gives  (6  +  2v)  •  (liy  +  y')  x' =  goox', 
ury'  -*-  15y-  -t-  a'ly  =  450;  and  hence 
J,  =i/(287i  +  ^tS0445J)  ■*'\/{Wk-'^tOM9ii"  5. 

Ffom  which  x  n^heMUMl  hva  "  "   

Vol.  I. 
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For,  because  (6      2y)  .  {Viy     y)  .  x'  =  90O**, 
(6  -<-  '2y) .  x'     60x  +  12y  -♦-  y',  becomes  a  square,  whf»e 
root  14  evidently  e(|iial  to  r^(C}  -*•  2y)  -»-  v^(l2y  ■•-  y')  \ 
and  since  (x'  ■*■  6     ^i) •  =  (ti  -i-  '2,'/)    ■*■       -♦-  1 2y 
their  roots  are  also  equal,  that  i»  *'     6  •^  jf  ■sx^^'tb 
+  2y)  -I-  v^(l2y  -t-y*),  a  qoadratie  cqoatioo. 

El.     Given  J '  s=  X  2« 
Befori!  upplying  Ferrari's  method  to  this  example,  Cardaii 
resolves  ii  by  another  way  as  follows:  subinci  I,  from 
both  sides  of  the  equation,  then  is«*— latr^-l;  di- 
vide by  X  -I-  1,  then  is  x'  —  j*     x  —  1  =  1 ,  or  i-^  +  r 

-X'  +  2;  and  hence  x  =i/CV'^     j^)  -i^W"~ 

47.  I 

.    But  to  resolve  it  by  Ferraifa  tub: 
BocauM  «*  s  X  ■<- 2 ;  therefore 

**  ■*•        -f-  y  or  (x'     y)'  =  2y**  (2  ■*•  y^ ; 


ti '  lice  2y     4y  =  I,  or  y'  -♦■  2y  =  ^ ;  and  ihtO  not  Ii 

by  ncKM  of  which  x  is  (uund  by  a  quadratic  equation. 

Given  32x*  +  i6  r=4&r. — Add  940,  then 
«•  3e»*  1-  260  or  (x'  l6)'  =  48x  -»-  t40 ;  compiele 
square  again,  then 

(x"  +  16)'  •♦•  2y  .(x*  +  16)  ^  y*  =  2yx»  +  48x  (•* 
-t-  ;52v  -»-  240);  make  the  la»t  side  a  sq.  by  the  ruir« 
which  j^ives  +  a2y'  -+•  240_y  =  24  »  12  as  288. 
I'ut  now  z  isy  10},  and  the  last  tmntforms  to 
t?  a:  101^  4S0ji|;  theo  the  valae  of  %  fowid  frem 
this,  givN  the  vnliM  of  and  hanee  dw  spina  of  «  ai 
before. 

2.  Dacarut't  Bukfor  Bifnadratie  E^uatioui. 
Another  solution  waa  f;iveaof  biquadratic  eqaatioas  by 
Descartes,  in  the  3d  book  of  his  Geomeliy.  In  this  Mln> 
tion  he  resolved  the  given  bi^uadiatic  aqnntion  into  two 

quad  ratics,  by  meant  «f «  cnbtc  elation,  in  Ifaii  i  

Fmsi,  let  the  td.tann  or  3d  newcf  ha  trim 
the  equation,  aft«T  which  it  will  atMd  thns, 

z'  +  pi'  -t-  qi     r  ^0.    Find  y  in  (bis 

cubic  equation  y°  -t-  2py*  ^'  = 

the  value>of  r  ^  Ip  ^  ± 

X    in    thcMr  1        '  »y 
two  quadra- J  ,  ,  i      ,         t  n 

lies.  (^*^!f'^\S^*\p-^^  =  ^- 

so  shall  these  values  of  z  be  the  roots  ot  tbe  given  bi<|lia> 
dialic  equation. 

Ex.  Let  the  equ.  Ih'  x'  —  17x*  -  20x  -6  =  0. 
Herep=  —  17,  9  =  —  20,  and  rs3  —  6; 
and  the  cubic  equ.  is  x°  —  34y'     31.1  y*  —  400mO, 
the  root  of  which  isy'  =  |6,  ory  =  4; 
hence  the  two  qua-  ?r'  —  4<  —  3=s0 
dratics  are     -      lx*'4>4x-*-2  =  0, 
Iha Cmir  rootiof  *hich  are  i±y/7  and  —  S± y^S. ' 
S.  BthiftMlAodfirr  Bi^adratic  EqutliOM. 
Tbe  celebrated  Leonard  Euler  ha»  also  given,  in  the  Ah 
volume  of  the  Petersburg  Ancient  Commentaries,  for  the 
year  1738,  an  ingenious  and  ui  tii  :iii  method  for  resolving 
equations  of  all  degrees,  by  nn  uiis  nl  the  equation  of  the 
Ije.xt  lower  degree,  and  anions  tlu  in  that  of  the  biqundnitic 
equation  by  moan-i  of  the  cubic;  and  this  lest  was  also 
given  more  at  large  in  his  lITa;l^<  ol"  Algebra,  translated 
from  the  Germau  into  Freuch  in  1774,  in  2  vuliuncs  8vo. 
*tki  maUid  it  dibt  iM  ^ ^ ax^  ~  tx cmO^  he  An 

»  u 


B  r  Q 


B  1  O 


<,:i\i'U  biquailrniic  cquuliuii,  vi;titiiiij{  iht-  '.'du  rnt-  'lake 
}o,  f;  =^gaa  -t-  {c,  and  h  =  -^\tih  ;  with  whicli  \alu('i 
of  /,  h,  form  the  cubic  equalion  —/z  -hgt  —  li=i  0. 
Then  find  the  three  root*  of  this  cubic  fcjuiiiioii.  iiiuj  h  t 
tfacm  be  called  p,  r.  Su  khull  the  four  roiitii  <jf  Ilie  pru- 
pCMd  biquadratic  bf  these  fulldwini;,  viz, 

When  {A  is  poMiivc:  When  |6  ism'](iitive: 


7  v>  -  v«r 


lit.     ^//)  -4-  -1-  y''r 

Sd.    v'p  -t-  v'v  —  l/f 
ad.    v'p  —  v'j  •*■ 

S*.  Let  the  equ.  b«    -  95jt*    iox  -  95  a:  b. 

Here  a  =  35,  A  =  —  ()0,  and  c  =  3(>: 

Ihwel      /=  -,  5  =  —  +  9  =  — ,  Md  A  =s  -J-. 
Goiuequenily  tbe  cnbic  equation  wUl  be 

The  thrre  roots  ot  wh^ich  are 

Sts-Bf,  and  s  =  4  =  f,  and  >  =  ~  =  r;  and  the  lOoU 

«<dwie  are  v'P  =  4,  V'y  =  2  or  1,  = 
HcaCCf  a*  (be  value  of      is  ne;;aiivi',  the  four  rootiaN 
1st.    x=      1+4-,=  1, 

2d.  1=    ;-i  +  i=-  », 


3d.    X  = 

4th.  j=r-|---i=_6. 
4.  Simpum't  RuUfnr  liujimdratie  Equutioni. 

Mr.  SimpsKii  ^ji'.vl  i,  general  rule  for  the  Mlution  of  bi- 
quadratic equaii<>ii»,  having  all  ii»  terms,  in  the  2d  edit,  of 
hi*  Aloi  hra,  pa.  I  .'jO,  published  in  1755,  in  which  the  given 
<:i]uation  is  al»o  resolved  byncanv  of  a  cubic  equation,  •< 
well  ai  the  tvro  fonaar  mjft;  and  it  b  investigated  on  the 
principle,  that  tbe  given  equation  waqual  to  tbe  diifcience 
bet«r(«n  two  squares;  being  iadeed  a  itiad  of  n  winlill 
tion  of  Ferrari's  metluid. 

Thus,  he  suppoaca  the  gma  equation,  vit^ 

dMo  from  «  compariKm  of  tha  Uka  tamm,  the  valMa  of  tlia 
a— nd  laUBta  are  found,  ai^d  tlie  final  eqnatioa  becomca 
**-!•*■<»•**- 4/ =  0, 

whm  *  =  }pr  -  1,  and  /  =  fr*     j  .  (Ip*  _  9). 

Hie  value  of  A  being  found  in  this  cubic  Kjuaiion,  ihoaa 

of  B  and  c  will  be  had  from  their  general  values,  vij, 

B  =  v^(2a  -»-  ip'  -  q),  and  c  =      J  ^  Ikt.rc,  finally, 

the  root  r  will  b«  obtained  froni  the  as?.umi  <i  equation 
(j"  -t-  ijii  I-  a)»—  (bj  +  c)'  =  0,  <jr  j=  +  i/jx  -f-  A  = 
±  BJ^  ±  c  (which  always  ii  die  case  when  the  value  of  * 
is  taken  such,  that  the  given  biquadiBtieJbeOiNBei  equal  to 
nothing),  in  fuur  several  values. 

Ex.  G ivcn  the  cqu.  x' —  Ox'  —  5ax'  —  1 1 4r  —  11  s  0. 
Here  p  =s  ~  6,  7  =  -  58,  r  =  -  1  U,  and  »  aa  —  11, 
whence 

*  or  Ipr  -  «  =  1 82,  /  or  }r'  -n .        —  j)  a  iSlSi 
and  therefore  the  cubic  equation  hccofW 
a'  -f             ISHa  -  1 250"  =  0, 
the  root  of  whieb  is  a  =  4.  

IJcnce  (hen  b  or         t.iff~.mm  v'yj.  and  c  or 

«^  =  ^n: 

aa 

Iban  waqoadtatic  equation  becomes 


d  givei- 


e.xliibiting  all  the  4  ruuls  ot  the  ^nen  e<|UHiion  according 
ti.  (he  varialioiis  of  the  signs.  ^• 

Mr.  SimpMn  here  subjuin^  an  obscrvaliim  which  is  tp> 
tally  ermncout,  vix,  that  *'  The  uilue  of  a,  in  ihu  equatiall» 
wiU  bfcommeoauraleaiid  miional  (and  thciefore  iheea&ier 
to  be  diico«etad)t  not  only  whi  n  all  the  roots  of  the  given 
equation  an  oomaMiniiralc,  but  when  they  are  imtioiHil 
and  even  impanihlp  i  as  will  appear  from  the  example 
aubjnord."  It  ranst  indeed  appnirsii^hr that  beabould 
bave  adduced  (ucb  a  rcaaoa  for  tbe  proof  of  a  prapodtiUn 
wiihottt  any  fonndatioii;  and  it  ia  wondnAd  that  be  fell 
upoa  00  examples  that  refalcd  it»  at  the  Instances  in  whicb 
it  holds  tnio,  are  so  few,  in  comparison  with  tbe  ntunbcr 
of  those  in  whicb  it  fails. 

Ry  llielhudv  similar  l<>  ini>M  el  the  fi're;;oi::i;  [;iii>s,  Dr. 
Warinp  gave  very  general  invi5ti»ation»  ot  such  rules  for 
biquadrutics,in  hi*  Medtlationas  Algsbtaicae^puUitbed  in 
J  770. 

Sole.  In  any  biquailt.it.«  ('(luniinn  liaMiif;:i!l  iis  terms, 
if  I  of  tlx'square  of  thccm-tficienl  ol  lUe  2<!  term  U'  greater 
than  ;be  product  of  theCoefTicients  of  the  1st  and  3d  terms, 
or  of  the  square  of  the  coeffiticnt  of  the  4(h  term  be 
greater  than  the  product  of  the  coefficients  of  the  3d  find 
5th  terms,  or  J  of  the  square  of  the  coefficients  of  the  3d 
(eim  greater  than  the  product  of  the  coefficients  of  the 
2d  and  4th  iermi ;  then  all  the  roots  of  that  equation  will 
be  raal  and  onequal ;  bnt  if  eilhcr  (d'  tbe  said  purls  of 
tboae  iqnam  be  lets  than  cither  of  theae  prodncu,  tbe 
eqtiatioo  will  bawe  imaginary  roots. 

For  tbe  constroction  of  biquadratic  equations,  sec  CoH- 
tnocTioir.  ScealioDescartcs'sGcomciry.with  theCom- 
mentaries  of  Schouten  and  others;  IVaker's  Geometrical 
Key;  Slusius's  .Mesolabium ;  rilospitsl'),  Cuiiie  Sections; 
Wolfius's  Llcmenia  Malhescos;  &c. 

BiQiTAPnATic  Parabola,  a  curve  of  the  3d  ordrr,  ha* 
ving  two  intiniie  leg^  and  cxprqued  by  one  of  tbese  three 
equations,  viz, 

o^x  =y,  as  in  fig.  1, 
u^x        —  a*j^S  as  in  fig.  2, 
o'x  =y'  —  (a  -4-  A)  .  jy'  —  aAy*,  as  in  fig.  3  ; 


where  x  =  the  absciss,  ^  =  p«  tbe  urdiitate,  h  a 
eas  ae,  and  o  s  a  oertidn  given  quaaiity. 


But  rhc  n.  I  r  ;:'  nrral  eijuulion  of  thb 
lowing,  whitb  belongs  to  fig.  4,  \\z. 


i»  tbefoK 


RA 

wcaApor  the  absciss,  and  —yor  +y  h  the 
ordinate^  or  rit,  also  a,  *,  c,  «f, «,  are  constant  quanti- 

^\  ^l"^??*"*  •f  *•»  Wiig  at  any  point  a  in 
tha  indefinite  linear. 

Bnt  if  ^ the  beginnin;:  of  the  absciis  a  be  ut  the  point 

this  line  intersects  tic  curve,     in  fig.  4,  then  tbtt 


cy  Google 
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nature  of  tlie  ctirve  will  be  defined  by  this  equtlimi  «  x 

in  ihc  inlimtc  line  ns. 


When  tfc«  enrte  hu  do  attficiitiiie  put,  tt  8g.  C.  the 
equation  is  more  simple,  babttln  tfak CMC  barely  «  «  fn 
s  A/>'  X  j>B*.  Src  CoitTS-£AM%  mi  Oeoiiitbical 
Ltnes. 

BIQUINTILK,  un  aspect  of  the  pUncU  when  the  di- 
them  h  14idcfreM,  or  twin  the  Ath  part 

of  3t)0  ili  <;rcf5. 

BISKCriON,  nissf:<  Tias,  tti.'  division  nf  a  quan- 
tity inlu  two  equal  parts,  ollii-rvviM!  cttllttl  biparlitioii. 

BISSEXTILK.  or  Uap  ycar,  ix  year  consisting  of  366 
days,  and  happening  t-vcry  4lh  year,  in  conscqurnce of  the 
addition  of  I  day  to  tlip  moiilli  ot  IVbrsuiy,  «hiii  that 
teOllthcoaabtt  oi'  '2.9ilay.s.  Ami  ttiis  is  dimt' t  )  c<uiipi-nsatr 
ibrdM6  hours  which  the  sun  takes  up  nearly  in  cuurvo, 
■IMC  than  the  365  Jays  commonly  allowed  for  it  in  other 

Th»  day  ibiu  added  was  by  Julius  Cx^rn  appointed  to 
bo  the  doy  hdbre  the  24tb  of  Februar),  which  among 
iholtoMMiratdie  Miof  the  calctidat  ami  which  on  this 
flceoiion  wM  iwiioaed  twioei  whenm  it  wu  colfcd  the 

Bbscxtilc. 

By  the  statute  Deaonobinexlile,  91  Hcin.3d,  to  prevent 
nusundiTstaiidings,  the  intercalary  day  and  that  next  be- 
fore  it  arc  to  be  accounted  as  one  day. 

To  find  what  year  of  the  period  an>.  L'i n  y,  ar  is  ;  di- 
vide the  giveji  year  by4 ;  then  if  0  reniaina,  11  is  leap-year; 
but  if  any  thing  reniia,  the  givea  year  k  w  naay  aAer 

Wap-ycnr. 

But  the  8>trononier« concerned  in  reforminj;  iliu  r  hIi  in'.ir 
in  1J82,  by  order  of  I'opc  Circgory  the  I  '<th,  oij5is>ing  that' 
in  ^years  the  bissextile  added  i  V  muiuits  moie  tlutn  the 
nm  ipent  in  rvlurning  to  the  same  point  of  the  ecliptic  ; 
tmA  computing  that  in  133  years  these  supernumerary  mi- 
nutes would  form  a  day;  to  prevent  any  chanj^es  being 
thus  insensibly  iatradnCM  into  the  scasonn,  directed,  that 
in  MMkoonneof  MOyaan  there  tbotild  be  three  scxiiies 
Ktreodted;  n  d»i  every  offlMnnalyear  (which  ies  leap- 
year  accordiu  to  the  J«lhM  accouBt^itacoiBnMwyear 
in  the  GregoiMn  acctAmt,  ndcee  tiie  winber  of  centaries 
can  be  divided  by  4  without  a  remainder.  So  I0OO  and 
2000  are  bissextile;  but  1700,  1800,  and  1900areeoin> 
aon  yean. 

The  Gregorian  t  omputation  has  been  received  in  moit 
foreign  couiitrii  s  ever  since  the  reformation  of  the  calendar 
in  1682;  excepting  some  northern  counlrirs,  as  Russia, 
iiC.  And  by  act  of  parliament,  pasn-d  in  1751,  it  com- 
menceil  in  all  the  dominions  under  the  crown  of  (ireat 
Britain  in  the  year  following;  it  being  onlered  by  that  act 
that  the  natural  day  next  following  the  2d  of  Si-ptember, 
should  be  accountid  the  14th ;  omitting  the  intermediate 
11  dayi  of  the  common  calendar.  The  supetnuacrary 
itff  in  leap-years,  being  added  at  the  end  of  the  month 
of  nbniaiy>  and  calk>d  the  39th  of  that  month. 

Tin  centesimal  year  1800  having  been  a  fionnnm  year, 
iMtead  of  a  biiseKtik,  from  that  ttma  them  are  now  12 
days  dsfisNiice  betenen     dd  and  new  style,  aai  to  wul. 


»  ]  '  B  L  A 

flOBtfaHMtill  the  year  1900^  when  the  dSArence  between 
wiO  be  one  day  more,  and  so  on,  at  every  oenterinml  year 
which  is  not  exactly  divisible  by  4. 

BLACK,  a  colour  so  called,  or  rather  a  privation  of  all 
colour.  This,  it  appears,  arises  from  such  a  peculiar  tex- 
!  jri  a  I  NUu  illon  of  the  superficial  part^  of  B  black  body, 
tii,it  tliey  aliwrii  all  or  mf»t  of  the  ravsof  light,  retlccliiiij 
litih  IT  none  lu  thi'  lye  ;  and  hence  it  happens  that  lilaclc 
bodii-5,  thui  imbifiiiiij;  the  ray^^,  are  alwny'-  f<iund  to  1«- 
ho  til  1  than  thoM-  of  a  lighter  colour-  Dr.  Fr:iiikl:ii  1  ■  Mrvcs- 
that  black  clothes  heal  more,  and  dry  s'>jiner  in  ihe  sun 
than  white  clntlus  ;  that  therefore  black  i»  a  had  colour 
for  clothes  in  hot  cii  ^^ates  ;  but  a  fit  colour  for  the  liiiineH 
of  ladles^ enromer  hath ,  and  that  a  chimney  paintetl  black, 
when  expr>sed  to  the  sun,  w  ill  draw  mote  strongly.  Frai^k- 
lin's  r-xjieniii.  &c.— Dr.  Watson,  the  present  bislmp  of 
Landaff,  cohered  tlie  bulb  of  a  tbermoiiftcter  with  a  black 
coating  of  Indian  inh,  and  the  coneequencc  was  that  the 
mercury  rose  10  degteei  hiah«r.  Pluloe.  Trans,  vol.  63, 
pa. 40 ;  and  tite  same  dung  nas  tance  been  evinced  by-tbt> 
experiments  of  Mr.  Leslie  and  other  philosophets^And 
a  virtuoso  of  some  credit  assured  Mr.  Boyle,  that  in  a  hot 
climate  by  blackiiu;  the  shells  of  eggs,  .ind  exposing  tlirm- 
to  the  sun,  he  had  seen  them  thu?  well  roasted. 

BLACKNliSS,  the  quality  of  a  blaclv  1m,I\,  as  to  r..- 
lour;  aiisiiig  lioni  its  stiflmg  or  absorbing  the  rajs  of  lii;lil, 
and  reflecting  little  or  none.  In  which  sens..-  it  stands  dt- 
rectly  opposed  to  whiteness;  which  consists  in  such  a  Icx- 
tUTe  of  pails,  as  indilh  rently  reflects  all  the  ray*  thrOWD 
upon  It,  of  wha(«>ver  colour  they  may  be. 

Descartes,  it  appears,  first  rightly  distinguished  thi-si- 
causes  of  black  and  white,  though  he  might  b<-  mistaken 
with  respect  to  the  general  natua-  of  light  aiul  colours. — 
Sir  Isaac  Newton  shows,  in  his  Optics,  that  to  produce 
black  colours,  the  corpuscles  most  be  smaller  than  forexo' 
bibiting  those  other  ColiNms  becauK,  where  thesiaetaf 
the  campoucflt  partidaB  of  a  body  are  greater,  the  liglit 
leleclcd  b  too  nrach  for  conititntiag  this  colonri  but 
when  they  an  ionMarbat  smaller  than  IS  reqninte  to  Mhct 
the  white,  and  very  Aunt  blue  of  the  first  order,  lliey  will 
refl<>ct  so  small  a  portion  of  light,  as  to  appear  intensely 
black  ;  and  yet  they  may  perhaps  reflect  it  variously  10  and 
fro  within  iheni  m>  long,  till  it  be  slified  aod  lost. 

Am:  hi  nn  it  uppran.,  why  fire,  or  p'Mri  farlinn,  by  di- 
viding thr  [larlicli  s  or  substancr-s,  turn  ihtni  black;  why 
small  qiiiiriULiij^  ot  lilack  substances  impart  their  colours 
very  fr.  -  lv,  .irid  n.tinsely,  to  other  substances,  to  which 
they  a:r  appl.eil;  ihu  rainutc  particles  of  these,  on  account 
of  their  vsry  great  number,  easily  overspreading  the  gross 
particles  of  others.  Hence  it  also  apptars,  why  glass  ground 
very  daborately  on  a  copper^iate  with  sand,  till  it  be  well 
polubed,  makes  thr  sand,  sritn  what  is  rubbed  otT  from  the 
copper  and  glass,  bccjme  very  black;  also  why  blacks 
eonuBOoly  incline  a  little  towards  a  blueish  colour;  a^  may 
be  aeen  tgr  illnniinaliiv  while  p^r  with  light  rrflectf.i 
front  bkek  tubitaneei»  ^im  the  paper  usually  appears  »r 
a  bhidth  wkf  le;  the  reaaon  orwbich  is.  that  blade  borden 
on  the  obecnre  Une  of  the  lint  order  of  ccitonn,  and  ihen- 
forc  reflects  more  rays  of  that  colour  than  (if  any  othcr»- 
and  lastly,  why  black  sabstaaces  sooner  thanotbara  be- 
come hu'i  11,  jin-  sun's  light,  and  bam ;  andbct  whidi  esay 
procei  d  partly  irom  the  roultiiudaof  lefractiiMM  in  a  littia 
spate,  and  partly  from  the  easy  oonunothw  among  »ndi 
minute  particle*.  .  . 

BLA6RAVE  (Joiiiir}*nBcmiii<  nt  mr.rUenMrtician,wbtf 
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HounslK'ii  ill  the  iGlli  iinil  l/th  cmturirs.  He  wa»  thr 
tecoiid  son  m  j  ilm  lilugravt,  of  Buliii(ii'«h-cuuit,  newr 
Sunniiiy  in  Hcrkshirc,  <lf»c<  inled  trom  an  undent  fMtiily 
In  that  counirv.  Krum  a  grBininar-*chi>ol  ul  Heuding 
was  stut  t"  Si-  .1  ihnS  ciilltgi-  111  0>tut«l,  wheitf  ho  uppliinl 
himsflf  chiii  tl\  i  j  tin;  ^tully  of  rnuififinatici.  From  hence 
he  ivlinrd  tu  hi'>  pulninoiiiat  !Hml  of  Suulhcute-lodge,  near 
lUading,  whtre  he  tpeiit  the  mt  of  hi*  life,  iii  a  retiml 
manner,  without  marrying,  that  be  might  have  more  lei- 
■urc  to  pursue  his  {ilTOUrita  studien;  which  he  did  witll 
gr«at  application  and  sacccts.  After  n  life  thu«  spent  in 
and  in  acts  of  benevolence  to  all  around  hira,  he 


B  1.  I 


in  eschanf^c  for  the  vicarttge  of  St.  Dridc'c;  in  the  satnr 
year  t!ie  rectory  of  llurtnn  near  Culebmokc,  BMk*>  Dr. 
Blair  ilip<i  the  'iith  ot  June,  I78'2. 

BLIND,  an  epithet  applied  to  an  animal  depinvcd  of  tlie 
u<e  u(  eycv;  ur  out-  (rum  uhimi  li^lit,  colours,  and  oil  the 
olorioub  ulijcrls  <if  the  visible  crt  iitlCin,aiC  iaICtCCpled  by 
some  natural  or  uccidi.'ntal  cause.  «, 

BLINDNESS,  a  privation  of  the  M-nse  of  si^V  Tht 
ordiiuufy  causes  of  blmdness  are,  »oac  external  *ioleBCv» 
vicioma  oonfurmattun,  growth  of  a  cataiaclp  guttaMiana, 
sniall-pox,  &  c;  or  a  decay  of  the  optic  nerve; an  iiuttnca 
of  which  wc  ha*e  in  the  Academy  of  Science!,  where,  on 


opening  the  eye  of  a  penon  lui^  blind,  it  was  Ibttnd  that 
the  aptiG  narm  wii  extremely  Anink  aod  dto^cd,  and 


atudy 

died  in  the  year  l(fll ;  and  «at  buried  at  Handing  in  the 
chuigph  of  ac>  Imkbcc^  arhefa  a  naiptnoaa  ■onuniflat 

waacnelod  lohiiiBeaMMy.  *    iridMiltaiiy  aiNaUaipiit.  TliaiMnaxtiaaidinaiye^ 

Ha  left  tha  btdk  af  lib  fintuM  to  the  posterity  of  nn  of  bUndnaieara naligiiaiitilndMSi  piiiwBouijiucai  4iop> 
thiea  brotben,  whidi  were  venr  Btuncrous.  There  have  ped  into  the  agra^  bnnfal  Timiiii  lopg  roniarmeatlg  Ac 
been  mentioned  «arioa«  acts  of  bit  beneficence  in  private 
life,  for  the  encouragenn  :.i  of  learning,  the  reward  of  merit, 
and  the  reliel  ut  dislKjA.  ^mne  of  thete  were  the  rebuilt 
ot  a  ijuriijit,  humori'U-.  ili-pr»ition,  diiCovered  chirfl\  in 
hi5  ii  ti.Kn-,.  One  of  theM-  was  10  pounds  left  to  beaiinuaily 
dlb.]l<l^^  il  lit  111  tin'  luUiiwing  manner:  On  Good-friday,  the 
churchwaniens  ul  each  of  the  three  parishet  of  Reading 
wnd  to  the  luwn-hall  "  one  virtuous  maid  who  has  liv<  d 
five  years  with  her  mniter;"  there,  in  the  presence  of  the 
jnagisirates,  thcie  three  virtuous  maids  throw  dice  for  the 
10  pounds.  The  year  following  llie  two.  loters  are  re- 
turned with  a  fresh  one,  and  again  the  thin! year, till  enrh 
hie  had  three  chances.  He  alao  left  an  annuity  lu  so 
paor  widowa,  who  ihuuld  attend  annually  on  Good-lriduy 
aln,andliear«Mciaon,fDrthopreachiaf  of  which  he  left 
10  AilUngi  to  tba  aunlciar.  He  tnok  eare  aleo  for  the 
naantcnance  of  hit  servants,  rewarding tbeirdiligeBa:  and 
lidallty,  and  providing  amply  fur  tfadr  Mpport.  Thns  it 
appears  he  was  nut  more  remarkable  for  his  scienlific  know- 
ledge, than  for  his  genereaily  and  philanthropy.  His  works 
are, 

t.  A  Mathematical  Jetrel.  Lund.  I68S,  folio. 
■2.  Of  the  Makim  and  Ute  of  the  fiutiliar  Staft  Land. 

1590.  4to. 

3.  AstrnlnbiuMi  L  rutiicum  Gem  rulc.   Loud.  IJ^,  4to. 

4.  The  Art  ol  Dyalling.  Ixind.  Ibini,  4i<.. 
BLAIR  (JoHx),  an  eminent  cbr<iniih>i;i9t,  was  born 

and  educated  at  Ldiuburgh.  Afterward,  comins  to  Lon- 
don, he  wa»  for  some  time  usher  of  a  school  in  Hedpe-Une. 
la  17 H>  ^i^t  published  The  Chronology  ami  History 
of  tha  World,  from  the  Creation  to  the  year  of  Christ  17 S3, 
illnitnted  in  S6  toblva.  in  I7M  ha.wat  elected  a  Mlow 
of  the  Royal  SocicQr,  and  in  17il  of  the  Soctaty  of  Anti* 


dark,  &c. 

We  find  various  comperaatiuns  for  blindness,  or  sub*ti- 
tutcs  for  the  use  of  eyes,  in  the  wonderful  sagacity  of  many 
L^irii!  ]i(  r^oni,  related  by  Zuphnius  in  his  Oculus  Artifici- 
alis,  and  others.  In  some  the  defect  has  bn  n  supplied  by 
a  most  e.xcellenl  gilt  of  incroory;  others  by  u  delicate  nose 
or  the  sense  of  siiielliiij;  ;  others  by  a  very  nice  ear  ;  aod 
others  again  by  an  e.vijiiisile  touch,  or  sense  of  tccUl^ 
which  they  ba»e  p<l!^■^<■^^^  (l  iii  great  peifectioD. 

Some  have  been  at>li<  to  perform  many  aorta  of  curioua 
works  in  the  nicest  and  most  dexterous  manner.  Aldro* 
vandus  speaks  of  a  sculptor,  who  had  become  blind  «t  2»> 
years  of  ugc,  and  yet  lOycarsafterwards  he  made  a  pcrlact 
marble  statue  of  Cosmo  ii  de  Medici*,  and  Hnulb«r  uf  clay 
liie  pope  Urban  viii.  Bartholin  ipeakatif  a  blind  sculp- 
tor in  DenBark,  who,  by  mete  liHich,diaiingui>hed  perfectly 
wall  every  hind  «£  wand,  ami  even  ctimmf  and  fiuher 
Griaaldi  rdates  an  intance  of  the  same  hind ;  besides  tha 
blind  organist,  lately  living  in  Paris,  who  it  was  said  did 
the  same  thinjz.  What  seems  moreexiruor  iiiary  still,  we 
are  told  by  authors  of  goo«l  n  port,  of  a  hliml  i;uide,  uhu 
used  to  conduct  the  merchaius  llirousih  the  Maii<l>  and  de- 
serts ul  .\niliia;  aii.i  a  nol  lt■^1  nniHi  lliMiA  inntanre  i^  now 
existing  in  tln>  cuuiury,  in  oim  John  M(.t(  all.  m  ar  Man- 
chester, l«came  quite  liliinl  ul  »  m  r\  eailv  Hjie;  md 
yi  l  passL'd  uiuuy  years  of  his  llie  as  a  ««ggoiu  i,  iimi  occa- 
sionally, as  a  guide  in  ditl'erent  roads  during  the  i.i^l.t,  ur 
when  the  paths  were  covered  with  snow;  and,  ^Init  is 
Stranger  still,  hispreiientt>ccupatiun  is  that  of  surveyoi  arid 
projector  of  highways  in  difficult  and  mountainous  parts, 
particularly  about  Buxton,  and  the  Peak  in  I)<  ib\sbire. 

There  are  alsa  aiany  instances  of  UimI  men  who  hn* 
been  Ugkly  distiiiguiihed  for  their  mental  and  literaiy 
quaries.  'In  1 7i6  he  nubliahcd  a  Sd  nHtfam  of'hit  Cbro*  lcBt%  not  toepcak  of  the  pocU  HonCTtllillon,  OMan,  kci 
nological  Tables,  and  tn  1768  an  impio»ad  adMoa  af  tha   of  ibcaa  we  have  a  lenaikable  intanoe  in  the  late  Dr. 

Saadanan,  prafeiwr  of  natbematics  ia  tli4k  aaiveniqr  of 
Cambridge,  and  in  Or.  Henry  ^loyes,  public  Ivctvrrr  in 

philii-ophy,  «ho  holh  of  then,  lost  tli'  ir  vii;lir  by  thesraall- 


Mme,  with  the  addition  of  t4  Mapa  of  Ancient  and  Mo- 
dern Geography,  fur  illustrating  the  Tables  of  Chronology 

and  History;  to  which  l^  pr^'fixed  u  Ui^'citation  <in  the 
Progress  of  (ieojjraphy.  In  17  37  he  wits  appointeci  chap- 
lain tu  l•nMCl^^  l>ii\viitrr  of  Wales,  and  Matbeni^lieal 
Tutor  1(1  thi'  Duki- ol  \  ork  ;  whom  he  attended  in  (703 
in  a  ii  iir  In  iln  continent,  ironi  which  they  returned  the 
year  uln  r.  Ur.  hlmr  liad  successively  several  gti'.d  eliuich 
preferments:  as  u  piebendal  stall  at  WestminsliT,  the  vi- 
carage ">t  lliiitkhy,  and  the  rectorv  of  Burton  Cough's  in 
LincolnsliirK".  all  in         ■  idc  vnara"!-  <il  :3t.  llriii^S  in 


pox  at  an  iiec  U  t'i>re  tliej  bad  any  lecolK  tiK  n;  these  men 
weie  wi  II  sLilUd  in  all  Lranc!M>  of  the  malhi  n  ;,tK>,  (ilii- 
losophj,  optic iVc,  vshich  tiuy  taught  wilh  thi- snatest 
reputation;  biMilis  the  nuinumi  iit  of  fame  wbuh  ;iu'  lor- 
nier  has  left  U  iiiml  him  in  his  mathematical  a:iil  philoso- 
phical woik*.  Another  instance  ol  thi-M  vi.i\  iMramdi- 
nary  charutiirv  is  likewise  evinted  in  thi'  |ii<sint  day, 
ill  Mr.  John  C'ounh  of  Middieshow,  near  Kendal,  who. 


London,  <Q  1771.  in  exchange  for  that  of  Hinckley ;  the  though  bUnd  from  hit  infancy,  has  nevertheless  acquir- 
— — t  «f  SbMBtha  Ew^tUrt io Wattawmar, ia  177g,  ad  aot  aaly  a  wyaitaMlw  imrnkd^  in  alomt  all  Ika 
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branches  of  the  malhctmtics,  bot  also  in  boianj  nnd  che- 
miitiy. 

Tm  cfleCto  <if  m  tndden  rccowry  nf  sight  in  such  m  have 
bscn  born  Mind,  nre  $ho  very  remarkable.  DrT»i<i  of  the 
ttperitnceof  dhomwnad  ^ute  ariting  ftawi  aigbt,  they 
mt  liaUe  lo  ArnrcalatmiMiikct  in  Ihiimpeet;  lo  mncn 
that  it  fau  been  uml  tbcy could  not  distinsniA  b;  tke  meiv 
«i(bt  between  •  cobe  mnd  n  globe,  witfa«iK  Ant  tooehing 
tncm.  Mr.  Bo)|p  mentions  a  gentleman  that  was  blind, 
who  having  been  mtored  to  sight  at  18  years  of  a»e,  was 
ncurlv  di>trat[('ii  w  ith  ]o\.  Sci-  B<iyU  's  iK^rks  iibrKit'.  vul  1, 
p.  4.  Si'i- :il>o  u  n-nuirkuLiI"'  cavfi'l  knul  i!i  llu'  lutliT, 
N<i.  ."ii,  vid.  1.  Ami  till'  grntlrmaii  coui.lieil  Ijy  Mr.  Cru  - 
scldrii  IhkI  [lo  idiNis  t)l  toUiur,  sliHpt  ,  or  dist.iiici':  tlimi;.;h 
he  knew  tlie  colours  H^und'  r  in  u  lit;ht  duniij; 

blind  slate,  yet  when  he.  sum  them  alttr  fic  liud  tiorn 
couched,  the  faint  ide^  he  had  id  tli<  in  licfon^,  svcr>  not 
sufficient  for  discrimfnatmc  them  aiu  rwnrds.  As  to  dis- 
tance, his  ideas  wore  n>  di  licient,  that  lie  thought  all  the 
object*  he  saw  touched  his  eyes,  as  what  he  felt  did  his 
■kin;  and  it  was  a  considerable  time  before  he  could  re- 
member which  was  the  dog  and  which  the  cat,  though 
often  informed,  without  feeling  them. 

BLiNDtt,  or  fiuitDU,  in  Fortificatioo,  a  Itiod  of  de- 
kmet  n«uiUy  mad*  of  oiim  or  bnndm  intnnwwtn,  nwl 
Inid  acroH  between  two  nm  of  tlnkct«  abovt  n  nn^i 
Mglbt,  and  4  or  5  feet  aaunder.  They  ai*  mod  particn- 
lai^  M  the  beada  of  trenches,  when  these  are  cxtendad  in 
htm  tmnrds  the  glacis,  serving  to  defend  the  workmen, 
and  prevent  tlu-  i  lu  my  from  overlook inr  tht  in. 

BLOCKADE,  IS  the  blocking  l^i  ufa  [>],ici:  by  po«ting 
troops  in  all  the  avenues  and  rotkds  leading  tn  it,  ly  |lK'^vnt 
farther  supplies  of  men  and  provisions  to  the  besieged,  and 
thus  starving  ibca  uwt,  wimmt  iiDnntngaiiy  MgiilMrticgp 
or  attacks. 

BLONDF.L  (rRANc  is),  a  rrlcbrali-d  Frctich  mathe- 
matician and  military  engineer,  was  born  at  ilibeiuoiui 
in  Picardy  in  Itil7.  While  he  was  yet  but  young,  he  was 
chuten  Regius  Professor  of  Mathematics  ami  Architecture 
at  Puris.  Not  long  afler  he  was  appointed  governor  to 
Lewis- Henry  d«  Lonrnix,  Count  de  Hrionne,  whom  hoac* 
oompanied  in  bi*  tmwcls  from  16*52  to  l6i5,  of  which  bo 
published  t»  aeooimt.  Ho  enjaved  many  hMOtfiabie  e»- 
ploymenis,faoth  ia'tbe  navy  ana  army;  and  wa*  intrwled 
wilB  the  manacMneBt  of  leveral  negociationa  wilb  ibn^pi 
prineca.  He  orriwd  at  the  dignity  of  manlml  d«  csnp. 
and  emimellor  of  state,  and  had  the  honour  to  he  appoint- 
ed mathematical  preceptor  lo  the  dauphin.  Me  wai  a 
menibfr  ofihe  Royal  Academy  of  Sciences,  director  of  the 
Acadiany  ol  Architecture,  and  lecturer  to  the  Hoyul  Col- 
lege, in  all  which  he  »uij|)Lirteil  hi5  chHnicter  with  digiiily 
and  applause.  Bloitdel  whs  no  less  vers«tl  m  tht;  knowhilge 
of  the  belles  lettres  than  in  the  mathematical  sciences,  hs 
appears  by  the  comparison  be  published  h^twwn  Pituhir 
Hnd  llornce.  He  dieil  at  Paris  the  22d  of  rebruary  l(iS(), 
in  the  G'jth  year  of  his  agi-.  His  chief  maihctnaticid  works 
Were, 

1.  Cours  d'Archilecture.    Parii,  l6jSt  inf«iio> 
'i.  Resolution  des  Quatrc  Prinapa«X  Probkmct  I'At^ 
chiti-cturv.    Puris,  lSl6,  in  folio. 

3.  Histoiie  ilu  Caleiidrier  Romaln.  Pans,        in  4to. 

4.  Coun  do  MatheniiiiqiHa.  Plarii,  1 1>83,  in  4to. 

5.  L'Artde  jctlar  d«t  Bombca.  La  Haye,  l685,  in  m. 
Bmidn  A  New  Mctkodipr  foftifying  PIaea»  nod  other 

«oiha. 


Blondel  had  also  laai^imianiDW  jpiecct  laaerted  iniba 
Memoirs  of  the  I  reiicli  AcoMmyof  StiencM,paftieulnriy 
in  the  year  Ititid. 

BLOW,  in  a  general  tense,  denote*  a  atioke  given  either 
with  the  hand,  a  weapon,  or  an  introment.  "nm  eflcct  of 
a  Mow  a  eitimated  like  the  force  of  pereiHMMH  and  «Xp 
piMMl  alto  by  the  ?iloci\y  of  the  body  miltipned  by  ila 
woinbt. 

BLOWlKG  a  Firt-mm,  it  when  the  vent  or  tonch* 
hole  ii  run  or  gullied,  andbeooact  wide,  to  that  the  powder 
uill  flame  out. 

BLUt,  one  of  the  seven  primitive  colours  of  liie  nys  of 
li;;ht,  into  which  they  are  divided  when  refnu  trd  throoph 
H  plttss  prism.  See  Newton's  Optics,  i\.c.  bee  hIwj  Cimo- 

M  ATiri. 

151  .Ij  I.N  r,SS,  that  qUEilily  of  a  hrniy,  as  to  Colour,  from 
which  It  IS  culled  blur  ;  de^x-iidine  on  such  n  size  and  tex- 
ture Ol  the  paru  that  compote  the  surface  of  a  body<  at 
disposes  ih«n  to  itleet  only  the  btno  or  aMroimytofl^t 

to  the  ev. 

The  blueinas  of  the  sky  is  thus  accounted  for  by  De  la 
Hire,  alter  Da  X'inci ;  vin,  that  a  black  body  viesml 
through  a  thin  white  one,  give*  the  sensation  of  blue,  Ufco 
the  imraemeoxpaaie  viewed  through  the  air  illuminalad 
nod  wbflcned  by  the  con.  For  the  snme  raaon  heatya  it 
hp  that  wot  mixed  with  while*  makft  a  bfae;  for  that 
wikile  bodice,  being  always  somewhat  tnuwpalcnt,  when 
■ixinf  with  a  black  bebiitd,  give  the  perception  of  bItMw 
From  the  same  principle  too  Macoounla  for  the  Mnatai 
of  the  \  i  in%  on  the  surface  uf  the  ikin^  tbottgb  tlw  Uood 
(li<  V  lire  filled  with  be  a  deep  red. 

In  ihf-.«mc  nianu' r  was  the  blue  colour  of  the  iky  ac- 
counted for  by  m»iiv  i  llier  uf  the  earlier  writers,  a*  i'ru- 
mondus,  Funceius,  ( '(to  (niei  loke,  and  many  others,  with 
spveral  r>f  the  mort'  modern  writers,  Wolflns,  Miischen- 
broek,  \c.  Hut  in  the  expliCBtion  ol  this  plieiioireimn  by 
Newton,  he  observes,  that  all  the  vapours,  when  they  Wgin 
to  condense  and  coalesce  into  itatural  particles,  become 
first  of  such  n  niujitnitude  us  to  reflect  the  asinre  rays,  be» 
fore  tin  y  eiin  ci'iwiiiule  clouds  of  any  other  colour.  Tbit' 
being  iheiefore  the  first  colour  thqr  begin  to  redectt  mmt 
be  tbtdftbrf  Ant  aud  most  trnmpaivnt  ikka*  in  wbMi  the 
▼ap<Muaai»'nt«yct  nrrived  ata  gpoMMis  MlBdont  n»  i» 

V^pat  howoMff  mcribct  ihiflUuenenoftbeikytotbo 
cqnkiituf  ion  of  the  nir.  itself,  being  of  Mch  a  aatttie  that 

ihcae^nter-rtiloured  rays  are  incapable  of  making  their 
wsy  through  uny  considerable  tract  of  it.  And  at  to  the 
1  l  ie  shndov»»  which  wert  first  obser\ed  by  Rufton  in  the 
yeiir  17*?,  he  atrcounis  for  ihettl  by  the  nennl  colour  of 
the  atmosphrie,  which  enlightens  lhr^<-  shudous,  and  in 
which  the  blue  rays  prevail ;  while  the  ml  myn  me  not  re- 
fiecied  so  <i>on,  but  pars  on  to  the  remoter  n-gions  of  the 
atmosphere.  .And  the  AbM  Mazeas  acctnint^  fnr  thephe- 
nonicnnn  id  blue  shadows  by  the  diminutii'U  of  light;  nb- 
servittgthat,  of  twoshadows  which  were  cast  upon  u  white 
waU  mm  an  opaque  body,  illuminated  by  the  moon  and 
by  a  candle  at  the  same  time,  that  from  the  candW  was 
somewhat  rrd,  while  the  other  from  the  moon  was  blue. 
See  Newton's  Optics,  pa.  ««&  (  Bougoer  Tiaiit  d'Optit|«a 
pa.  3C8  J  Edinb.  Em.  vol.  S,  pa.  75$  or  Fritatle/t  »b(.  of 
VMion  ite,  pa.  436. 

BLUNDERBUSS,  in  the  Military  Ait,  aahoftkind  of 
fti»«m,  wUh  nhiB*  bor^coimieed  l««afn  a nnmber  of 
piMoloriinidwtbjMaatfMe.  11nU«nd«^»pMp«r 
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to  <1<.  oxeculion  in  a  auwj,  or  to  rnnko  good  any  narrow 
passage. 

IlLUNDEVILLE  (Tiiomai),  of  Newton  I'lolman,  a 
writer  on  navigaliun  nrar  the  end  of  the  IClh  century,  hi 
his  Driefc  Uetcriplion  of  LnivcrMl  Msppes  and  Cvrdo!!, 
int  printed  in  IM9^  be  gim  an  account  of  Gcrrard  .Mc  r- 
cator's  uni«'«'r>al  map,  nbirrving  that  Bernard  Puteaa  of 
Brugei  had  ptiblishcd  in  iiJi),  one  allog^her  likflit.  And 
tboiigb  Bluodeville  it  lo  particular,  a*  to  let  down  nun> 
ban  expiMitBg  ^  diataooci  between  each  parallel  of  lati- 
tude in  thoM  maphjfft  beieeoM  lo aiiglit  them,  by  laying, 
tbit  no  better  nucs  than  tboee  ^««n  by  Ptolemy  can  ba 
«leviiied :  hut,  in  the  after  editions  of  hit  book.  Btttndarilla 
omitted  (lit-  ronimendation  be  had  given  of  Ptolemy's  me- 
ihud  ordt'liiKaiiii^  an  universal  map.  But  Blundevillc's 
chief  wuik  x'cins  to  be  hi-^ Exercises,  written  in  1393,  the 
ill)  edit,  in  1013,  4to,  &U0  pages,  containing  treatises  of 
Arithini  tif  ;  t.Hl)li-s  of  Sine,  Tangents,  and  Secanls;  COS- 
niognk|ili:>' ,  Di  'Cription  and  l'»e  of  thcGloMw,  MapfW^t 
Curdi's.  Avtrolaibe,  Navi^iion,  6cc. 

1K)B  of  a  PnMm,  tiM  lana  ai  the  ball  or  wdykt) 

«hicli  M-o. 

BUUY,  in  Geonetiji  is  a  figure  conceived  lo  be  ex> 
tended  in  all  directioqa,  or  what  is  usually  said  to  consist 
of  length,  breadth,  and  thickness ;  being  oihrrwisv  called  a 
Salid.  A  body  is  conceived  to  be  formed  or  generated  by 
tlM  teotioo  of  a  turfisce ;  in  the  same  manner  as  a  surface 
is  by  th«  motion  of  a  liant  and  a  line  by  tha  motion  of  a 
point.— Similar  bodice,  or  tdidi,  iiain  prapoilioa  to  eadi 
other,  as  the  cubes  of  theirliheaideifOr  UneardfanenioM. . 

Boor,  in  Physics,  or  Natwal  Pbiloeophy,  h  aniid,aip 
(■uled,  palpiablc  substance;  of  itself  merely  passive,  or  nr 
Am  being  tenacious  eitber  of  motion  or  rest,  but  capable 
otany  sort  of  motion  or  figure. 

Body  is  composed,  acconlins;  to  the  Pi'4  i|iatetics,€>f  mat- 
ter, form,  and  privation;  accojduis;  i<i  tin-  I'.picureans  and 
( 'oi  pn^rul.iriiins,  rif:u\  assenililagt-  ol  hooked,  lu  avy  atoms ; 
,1        i    1  '  '  cMjii^,  of  a  certain  cxIi  mhiom;  and 

according  to  the  Ne» loniaii'.,  of  a  system  or  aji-wciation 
of  solid,  inassy,  hard,  impenetrable,  moveable  particles, 
ranapd  or  disposed  in  a  certain  manner;  from  which  arise 
'  ^tfim  of  various  kinds,  and  distinguished  by  particular 
names:  tbeseclcmentary  or  component  particut  of  bodies, 
tboy  assert,  mnit  be  perfectly  hard,  so  as  never  to  wear  or 

;bfBak  in  pieces ;  which,  Newton  observes,  is  necessary,  in 
order  io  the  world'a  pamstingin  the  same  state,  and  bodies 

'continaii^  of  the  nne  nature  and  textuie  in  amial  agea.. 
. .  Bo»v  if nyiaat^  ft-dbue,  theparteontaiaad  hatnwa 
tbe  eentn  of  the  triaaiaaa  and  the  cascabd.  Tkk  ahouM 
allrayt  be  mra  loitiied  or  stronger  than  the  rett,  losuf> 
tain  tlK  lint  or  greatest  cflbrt  of  IM  powder.  SeeCANNox. 

Honv  of  AePhetj  in  Fortification,  denotes  either  the 
buildi:       iietoMd,  or  more  generally  the  inclosure  itselt. 
i  hui  ii>  construct  the  body  of  (he  place,  is  to  forlil'v  or  in- 
Clust'  the  pl.tC''  uiili  bu.-.|Kjn>  uml  curtains. 
J,  B<iI)V  of  ii  I'uwp,  (tie  lliieke^!  part  of  the  barrel  pipe 

.l^a  pump,  vMtliiri  nlui'h  the  pislmi  miom  s. 

Bob  It".,  kti^uliir  o,  riuitmit,  arc  those  which  have  all 

•  jdicir  sides,  Hni;Ies,  and  plauea,  sinlkr  and  equal.  Of  thcae 
there  arc  only  5  ;  viz, 

liieTetraedr       contauied  by  4  equilalCfUl  triill|glTit 

the  llcxaedron  ur  cuU-,  by  d  squares; 
iht!  Ociacdroii,  Ly  s  trianf;lcs; 
the  l>odicaedrun,  by  13  pentagpat;  and 
the  Icwaedron,  by  90  r  '  ' 
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To  form  the  fitx  Regular  Boi&t. 
Ixt  the  annexed  figures  exactly  drawn  on  p.iMfbnard, 
or  stilT  paper,  and  cut  out  by  the  extreme  or  iMPUniliii;; 
lines:  then  cut  the  others,  or  internal  lines,  only  h.ili 
through,  so  that  the  parts  may  be  turtved  up  by  them,  and 
then  glued  or  otherwise  fastened  together  with  paste,  seaU 
inj^wax,  &c;  ao  shall  they  form  the  respective  body 
marked  with  the  corresponding  number ;  viz,  x*  1  the  t»> 
traedroo,  2  the  hexaedion  or  cube,  the  actacdnu* 
a*4  thedodccaedroo,  and  a*5  llieiciiMndmn. 


njbtdlte  Stiperfima  or  Sotidiiy  qfihe 

1.  Multiply  the  proper  tabular  area  (taken  fram  Ihelbl* 
low  ing  table)  by  the  iquara  of  the  Unear  odga  of  the  solid, 

for  the  ^-uiK-riicies.  '  * 

2.  Muliipl\  tlie  tubularsolidi^iythecubeofihelincar 
ed^e,  lor  the  solid  couteol* 

Table  of  the  SorAtott  and  Sdi^tiM  of  the  five  Keguia 
Bodiet,  Ike  linmr^lfc  being  I . 


Mo. of  Face-. 

Names 

4 

6" 

'I'etr;!'  ill  on 
He,>:  :ro,i 

8 

Oclai .;  r<  111 
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For  more  particuUrproperti<4,seenich  rrspecliva  word, 
iire  also  my  Itlft  McMniriilioti.pa.  ]85,i.'«iit.  4. 

These  bodies  w«t«  called  Platonic,  b«rfluM  thmf  worn 
niid  to  ha\i-bc«ii  invented,  or  fint  I ria ted  of,  byPhlOkwho' 
CMKelved  ctriua  oqrMemc  moexcd  lo  tbrai. 

Bomct.  Dmeuu  if.  See  Accbibkaiioh. 

BOhlTHNM),  or  BORTIUS,  (a.M.T.a.),  B'Roimn 
philosopher  and  nntlv»niatirian,  waadcacended  of  apMri- 
cian  family,  and  bom  ut  Padua  in  the  4lh  reninrjp.  He 
studietl  Ml  Athens,  where  ho  udopted  the  opinions  of  Ari- 
stotlf  ;  and,  rrturiiin!;  to  Romi-,  raised  lo  the  rank  of 
»cnatui  and  palriciiiii,  iin<i  <\<ii  to  tin  coii^uUitv,  in  4S7. 
On  the  <  ntry  oi  'Hm  uilonc,  kirij;  of  the  tioih*  Into  Hume, 
500,  Hoethias  pion nmci  il  hit  pant-gyric,  in  the  nwnie  of 
the  senate.  He  wa^  c  oriiiil  in  510  and  .U  I  ;  but,  m  5?3, 
having  remonstrated  against  the  violence  of  Thcodonc,  he 
»Hs  accused  to  that  prince  of  li!«\ing  conspired  with  the 
emperor  Justin  a^inst  thcGoihn;  and,  being  seiirdwith 
bis  father-  in-Uw  Symeuachus,  he-  conducted  tn  Hadna, 
and  there  beheaded  by  order  of  'riieodiiric,  in  52+,  after 
6  month*'  itnpriaonment. — Be>idi-»  some  books  on  ntyslical 
divioityt  Boirlhiui  wrote  A  bKika  on  liie  Conaolaikm  of 
PUIoiophy,  said  to  haw  bcca  vamfmA  to  tofteQ  the 
ti^Bur  of  aia'cwifiiMiiwot ;  »  work  wbidi  has  been  traiia> 
hlad  intonHNt  other  ImgmiQei;  nutieularly  into  Anpdo- 
Sbmni,  by  the  illuatrioaa  Alfivd.  It  aaoaH  that  to  hit  time 
ttiey  hiwl  the  oie  of  the  Anbien  BfitbinetKr,  with  their  ten 
numeral  characters,  which  lie  employed,  and  from  which 
our  present  numerals  have  been  derived  by  several  succes- 
sne  \aii.ilions. 

BOI  KKANU  {(iKRMAiN),  arelebrated  Froncli  archi- 
tect and  eiii{ineer,  was  born  at  Nantrs  i?j  ilnisijiH,  in 
l667-  H»'  "ivs  iironght  tip  nnder  Harduiri  MansaiKil.nho 
truN:ri;  liiin  \u : rundiictiii^  liis  tireaSesI  works.  Hotrnind 
was  adiiiined  into  the  French  Acaiiemy  of  Arcbitccture  tii 
1709-  Many  German  princes  chnse  him  for  their  archi- 
tect, and  raised  coniiilcr.itilr  ••difices  on  his  plnni.  His 
maucrof  building  appri m  Im  il  that  of  Pailadio;  and 
there  was  much  of  gcauileur  in  all  his  designs.  As  rngi* 
neer  and  insp«elo^fcneral  of  bridges  and  highways,  he 
directed  and  constructed  a  number  uf  canal*,  aloiccib 
bridgt%  and  other  mechanical  works.  He  poUiilnd  • 
curioaa  aad  wefat  book,  containing  the  geneitil  p«nei|tlei 
of  Ma  anj  with  an  aecaaiit  of  the  |ilans,  profilei,  and  el«> 
vMioM  of  the  principal  works  which  he  executed  in 
fVanea  and  other  countries.  Rbffrand  died  at  Paris  in 
1755,  dean  of  the  Academy  of  ArchitcL  iiire.  Ilr^t  i  iu;iiirer 
and  inspector-general  of  the  liriil;;i-s  nud  hi^luv.i^',,  ami 
architect  and  admini',tml<ir  ol  tlic  <;en<'r:il  lio^pit.il. 

BOlLINCi,  or  Kluri.i.iTios,  the  bubhlinp  up  ol  unv 
fluid  by  the  appllcatinii  ni  In  at.  'l  iiis  is,  in  j;<  nirAl,  oc- 
casioned by  the  discharge  of  an  elastic  vapour  throiir;h  tlie 
fluid,  which  is  then  said  to  boil;  and  the  same  appenrnnce 
IS  observed,  whether  it  be  that  of  common  air,  (i.xcrl  uir, 
or  steam,  &c.  It  is  proved  by  Dr.  Hamilton  of  Dublin, 
in  hi«  Kssay  on  the  ascent  of  vapouti  that  the  boilinf  of 
water  i^  occasioned  by  the  Idwamost  pankk*  of  It  being 
heated  and  rarefied  into  vapour,  or  steam ;  in  conaequenca 
of  this  diminuikm  of  their  specific  gravity,  they  aacend 
throi^  the  aanwudiag  hnmer  lluid  with  neat  velocity, 
a^uting  andthtowmgapthebodyofwatermtbeireaecnt, 
Udjjivilig  it  the  tannkuont  motion  called  boiling. 

Tint  tSi*  is  oeeadoned  by  elastic  steam,  and  not  by  par- 
ticles of  firo  or  air,  as  some  havi-  imngiMcd.  iscaslly  prosed 
by  the  foilowii^  linipk  iixpchiacnl :  Take  a  common 


drinking-glats  tilled  with  hot  water,  and  invert  it  into  a 
vessel  of  the  same;  then,  as  soon  as  t^  water  in  the  vesael ' 
begins  to  boil,  large  bubbles  will  be  seik  to  ascciul  JtMhe 
gfaus,  by  which  the  water  in  it  will  bcdyiplaptd,  andiihefa 
will  won  he  a  continood  bubbling MMIidetr  i»«tlgB: 
bul  if  the  glasa  be  then  drawn  ap,  so  iMtltt  motul^Hay 
jutt  touch  the  water,  aud  a  cloth  wetted  ia  coM  ««li||^  bo 
applied  to  the  ontiide,  the  ehalk  aleani  within  it  will  ha 
instantly  condensed,  oo  wWch  the  water  will  nacend  *o  aa 
nearly  to  fill  it  ai;ain.  Some  amall  parts  of  air  &c,  that 
may  happen  lo  bi-  lodgo«l  in  the  fluid,  may  also  perhjip> 
be  expelled,  as  well  as  the  rareheri  stenin.  And  tins  is 
purlicuUrly  reconirni mli  i;  lo  ,i  int  thorl  nt  [mi  il^  ui^  i)lhck- 
silver,  lor  more  accur.itely  nutknii;  I  nroiiielt  i  ^  ana  iher- 
moinelcrs.  If  a  vessel  coiita.ini;^  ^Ml^l  j  Im,  |il.iced  over  a 
sleaily  lire,  the  water  will  ^rnu  conlir  u^iliy  holier,  rill  it 
reaches  the  limit  ol  boilintj;  ulti-r  uiiicli.  the  regu!  ir  ac- 
cessions of  heat  are  wholly  spent  in  converting  ititilost^am,; 
or  the  steam  carries  o)T  the  hcut  as  fast  as  'I  >'<  generated' 
by  the  lire.  The  water  therefure  remai9s.at  tJiv  same  de« 
grce  of  temprraturr,  howeveih  fincHy  it  nuy  boil  \  ttw 
only  diflVreoce  is,  that  wi^  a  strung  tiro  It  wionrr  boitp, 
and  more  quickly  evaporates.  Hence  the  roason  why  a  vessel 
fiill  of  water,  ind  plunged  into  the  cantte  of  a  laigv  una, 
which  ii  likewiie  filled  with  that  Ihud,  lately  ac/igii/tt^: 
boiling  beat*  but  will  never  actually  teil.  t^-; 

We  commonly  aaiiex  tha  Idea  of  a  certain  very  great 
degree  of  heat  lo  the  boiling  of  lh(»ids,  though  ofu-n  with* 
out  reason;  for  different  liquida  boil  with  diflerent  degrcaa 
of  heat ;  and  any  one  given  liquiil  also,  under  dilli-reiit 
pressure?  of  the  atmiMphere.  Thus,  a  vessel  of  tar  beinj; 
set  over  liio  (iro  till  it  boils,  it  is  said  a  person  may  then 
put   his  into  it  without  injury-  and   by  putting 

waler  umh  r  tin' rrceiver  of  an  aii-purii|;,  ami  iipfily liii;  the 
llame  of  u  candle  or  lamp  under  if,  il  will  be  luund,  by 
gradually  exhausting  the  receiver,  that  the  water  is  made 
to  boil  with  less  nnil  l<-«s  degrees  of  heat:  aud  without  ap- 
plying any  heat  at  all,  the  water,  oreven  theoioifltBiteaboiit 
the  bottom  or  edges  ol  the  receiver,  will  rise  in  an  elaatic 
vapour  up  into  it, »  hen  the  exhaustion  is  nearly  compleied. 

S^ritof  wine  boils  stilt  sooner  in  vacuo  than  water.  And 
J)r.  FiciDd  gives  u  table  of  the  dighreitt  limes  ivquircd  to 
make  icmal  Ruids  boil  by  the  eaiaa  heat.  SeaaiioEluloft 
Thiiia.M«l3«. 

Every  particular  licpiid  has  a  fixed  poiat  af  lh«  ttN** 
mometer,  at  which  boiling  takes  place,  and  thb  b  called 
the  boiling  point  of  the  liquid.  Thus,  water  begins  to  boil 
when  heated  to  212  degrees  of  Kabrcnheit's  scale.  A 
struiiiheat  makes  it  boil  more  rapidly,  but  ilot-s  not  in- 
crear,!-  Its  teni]n  rature :  a  fact  which  waslir»t  ob»er\ixl  by 
Di.  Ilu<ikc.  1  In  ;uinexed  table 
shows  ihi  boiling  point  of  a  num- 
ber ol  liquids,  under  the  common 
pressure  ol  JO  inches  of  the  baro- 
meter; for  the  heat  and  boiling 
point  are  found  to  depend  on  the 
degree  of  pressuta  upon  the  li- 
quid. When  the  preMureis  dimt- 
tdthed,  the  liquid  boils  at  a  lower 
temperature;  wbenitiaiiieieiaed, 
a  higher  tcfflpaiatufe  it  aeccs- 
Miytoproducacbullitioa.  From 
the  experimeflta  of  Prafcuor  Bo- 
binson,  it  appears  that,  ia  a 
vacuum,  all  liquids  boil  ataboat  140*  lowai  thau-ia  opc^ 
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«ir,  gnder  a  pn-ssui*  of  30  inchrs  of  mercury :  lUcrtrfore 
water  would  boil  in  tocuo  at  <>7°  and  alcohol  ui  34<».  In 
Papin's  digMter,  the  temperature  of  water  may  be  railed 
to  300  or  400  depvas,  without  ebullition ;  but  the  mo- 
ment that  tl  i  n  s  i  d,  the  boiling  commence* 
witb  the  gi' 

ThcmiMuii-  «(l  variou*  sallswith  water  affects  it»  boiling 
pnint  considerably;  as  appear*  from  Mr,  Achard's  expe- 
riments n  cordt-d  in  the  Bt-rlin  Meniuir*  for  1785.  He 
found  that  a  saturated  solution  of  muriat  of  toila  raised  the 
boiling  point  l(>-35  deproes;  one  of  muriat  of  ammonia 
raised  it  97y  degrees;  one  of  carbonat  <if  pola«»  raiM'd  it 
1  1*2  degn-es  ;  while  a  small  quunlity  of  borax  lowered  it 
1-35  degree* ;  ditto  of  sulpbat  of  roaj>neMa  lowered  il  2-47 
degrees ;  and  sulpbat  of  lime  in  any  proportion  lowered  it 
2'02  degrees. 

BOMB,  in  Artillery,  a  shell  or  hollow  ball  of  cast-iron, 
baring  a  large  »enl,  by  which  it  is  filled  with  gun-powder, 
and  which  is  fitletl  with  a  fui!e  or  hollow  plu^  to  give  fire 
by,  when  thrown  out  of  a  mortar,  &c.  About  the  time 
w|ien  the  shell  arrives  at  the  intended  place,  the  composi- 
tion in  the  pipe  of  the  fuic  sets  fire  to  the  powder  in  the 
shell,  which  blows  it  in  pieces,  to  the  great  annoyanci'  of 
the  enemy,  by  killing  the  people,  or  firing  the  houses, &c. 
They  are  now  commonly  called  Shells  simply,  in  the  Eng- 
Ibh  artillery. 

These  shells,  or  bombs,  are  of  various  sites,  from  that  of 
17  or  18  inches  diameter  downwards.  But  these  very  large 
one*  are  not  used  by  the  Knglisb,  that  of  13  inches  diame- 
ter being  the  greatest  sine  now  employed  by  them;  the 
weight,  dimensions,  andothrr  circunuiancesof  the  13-inch 
■bdls,  and  of  those  downwards,  are  as  in  the  following 
table. 
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Mr.  Mailer  gives  the  following  proportion  for  all  shells. 
Dividing  the  diameter  of  the  mortar  into  SO  equal  parts, 
then  the  other  dimensions,  in  30ths  of  that  diameur,  will 
be  thus : 

Diameter  of  the  bore,  or  mortar 

Diameter  of  the  shell        -     ■  - 

Diameter  of  the  hollow  sphere       -       -  • 

Thickness  of  metal  at  the  fuze  hole    -    -  - 

Thickness  at  the  opposite  part    -  - 
•  Diameter  of  the  fu«e  hole    .       -       -  - 

Wi  ight  of  shell  empty  .... 

Weight  of  powder  to  fill  it  - 
where  d  denott'S  tht  cube  of  the  diameter  of  the  bore  in 
inches.-«But  ^hells  have  also  lately  been  made  of  the  same 
thickness  of  metal  throughouL 

In  general  the  windage,  or  difference  between  the  di- 
ameter of  the  sbill  and  mortar,  is  ^  of  the  latter ;  aLso 
the  diameter  of  the  hollow  part  of  the  shell  is  ^'ts  of  the 
•ame. 

Bombs,  are  thrown  oat  of  mortars,  or  howiltert  i  but 
they  may  also  be  thrown  out  of  cannon ;  and  a  very  small 
iort  are  thrown  by  the  hand,  which  are  called  granados: 
•  and  the  Venetians  at  the  ijege  of  Candia,  when  the  Turks 
kad  [)OMC6wd  thcmselvet  of  the  ditch,  used  large  bomU 


without  any  piece  of  ordnance,  barely  rolling  ihera  down 
upon  the  enemy  along  a  plank  set  aslope,  with  ledges  on 
the  side*  to  keep  the  bomb  directly  forward. 

Mr.  Blondel,  in  bis  Artdejettcr  des Bom bes,Mys  the  first 
bombs  were  those  thrown  into  the  city  of  Waichtendonch 
in  Guelderland,  in  1588  ;  and  they  are  described  hy  our 
countryman  Lucar,  in  his  book  on  Artillery  published  this 
same  year  i.^88;  though  it  is  pretended  by  others  that 
they  were  practised  near  a  century-  bclore,  namely  at  the 
siege  of  Naples  in  1493.  They  only  came  into  common 
Uke,  however,  in  l634,  and  then  only  in  the  Dutch  and 
Spanish  armies.  It  is  said  that  one  Malthus,  an  English 
cngiacer,  was  sent  forfrom  iiollaiid  by  Lewis  the  I4lb,  who 
used  them  for  him  with  much  success,  particularly  at  the 
siege  of  Coboure  in  lti42. 

The  art  of  throwing  bomb^or  shells,  constitutes  one  of 
the  chief  branches  of  Gunnery,  founded  on  the  theory  of 
projectiles,  and  the  quantities  and  laws  of  the  force  of  gun- 
]>owder.  And  the  principal  writers  on  this  art  arc  Mess. 
Blondel,  Guisiice,  De  Kcssons,  De  La  Hire,  itc. 

BuMB-CuEST,  is  a  kind  of  chest  usually  filled  with 
bombs,  and  stimetimcs  only  with  gunpowder,  placed  under 
ground,  to  be  blown  up  into  the  air  with  those  who  stand 
upon  it;  being  s^-t  on  fire  by  means  of  a  saucisaee  faatencd 
at  one  end.    But  they  are  iiow  much  out  of  use. 

BO.VIBARD,  an  ancient  piece  of  ordnance,  now  out  of 
tise.  It  was  very  short  and  thick,  with  a  large  mouth ; 
some  of  which  threw  balls  of  300  pounds  weight,  requi- 
ring the  use  of  cranes  to  load  them.  The  Bombard  is  by 
some  culled  batiluk,  and  by  the  Dutch  donderbiu. 

To  BOMBARD,  is  to  attack  by  throwing  of  bombs,  or 
shells. 

BOMBARDIER,  a  person  employed  in  throwing  bombs 
orshells.  He  adjusts  thefuse,and  loads  and  fire«  the  mortar. 

BOND  (Henrv),  was  an  intelligent  matbematician, 
and  a  teacher  of  navigation  at  Ratclilf,  near  I^ndon,  in 
the  early  part  of  the  17th  century.  In  the  course  of  bis 
nautical  concerns  he  interested  himself  much  about  tbo 
magnetical  needle,  its  variation  and  inclination.  The  varia- 
tion of  the  magnetic  needle  was  first  obw-rvcd  by  John 
Moir,  then  by  Edm.  Gunter.  next  by  Hen.  Gallibrand, 
and  then  by  our  author  Bond.  In  the  )-ear  l657  there 
was  no  variation  at  London  :  before  that  lime  it  had  been 
eastwards,  as  ubservt  d  by  several  of  those  persons,  but  gra- 
dually decreasing,  or  the  needle  moving  westwards,  till  it 
pointed  due  north  in  that  year  l657  i  ever  siitce  it  has  been 
travelling  vrestwanls,  but  at  uitequal  rates,  till  now,  in 
1812,  it  basarrivrti  at  above  24"  west  variation,  and  ap» 
pears  to  be  nearly  stationary,  alter  which  it  will  probably 
return  eastward  again ;  according  to  which  rate  of  motinni 
the  magnetic  needle,  or  pole,  appears  to  perform  an  entire 
circular  revolution  in  about  620  years.  Besides  the 
changeable  variation  cast  nnd  west,  the  needle  was  also 
found  to  have  a  changeable  inclination,  or  dip  below  the 
horizon;  and  on  this  last  change  it  was  that  Mr.  Bond 
iitunded  bis  method  of  finding  the  longitude;  wbirh  how- 
ever has  failed,  as  might  be  expected.  On  this  method  he 
published  a  book,  called  The  Longitude  lound.  printed  at 
I^)ndon  l67f)>  in  4to.  He  here  stairs,  as  hi*  prediction, 
after  many  boasting  and  empirical  |>n-li  itsi<.ii>,  what  would 
be  the  latitude,  and  longitude,  and  the  iixtination  of  the 
needle,  in  many  of  the  most  noted  places  on  the  earth,  in 
the  year  1676;  also  another  table  of  the  latitude  of  the 
magnetic  pole,  answering  to  every  5  minutes  in  the  inch- 
nation  of  the  needle.    He  alto  bad  iuacrted  in  the  fhilos. 
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Trnns.No.40,  of  tho  ycsr  1668,  or  pa.  289,  vol.  l.ofmy 
Abrid^iiirnt.  a  table  of  tin-  needle's  variation  at  London, 
for  every  year  from  1(>('8  to  17l'>.  when  he  stales  it  at 
9>»17f. 

Ur.  Birch  states  ihnt  Sir  Charlw Cnveti<li»b,  brother  to 
William,  innrquis,  and  nfterward*  duke  of  New  cast le,  in  an 
orig^al  letter  of  his  fnim  Antwerp,  Nov.  13,  l648,  loMt. 
Jobn  Pell,  then  professor  of  mathematics  at  Breda,  lBCa> 
tioM  Mr.  Bond  as  ui  old  mathematician  at  London,  a 

bunble  man,  who  fpcnks, «ays  he,  very  roeitnly  of  himself,  tician  aad  pbilo«upher,  died  in 
and  '*  yet  he  Ibmd  an  easy  and  short  dcmonuratioa  of  hit^;  in  whom  iha  National 
lhat  propoNlion  concerning spbarical  trianglei»  which  Mr.  Board  of  jAnf^tod^  hM  pm 
Oughtred  demonstrated  finti  who  toM  iiet  Mr.  Boild'a       '  "  "  * 

demonstration  was  shorter.*  Sir  Charirt  adda,  that  Mr. 
Bond  was  in  lio|u-s  of  finding  the  longitude  by  the  load- 
stone; ami  his  treatise  on  that  subject,  entitled  "The 
LiMi^  111  1-  ;(MiM  I,"  WHS  printed  Ht  London  Xbjti,  m  '.to. 

Bond's  sclicine  fcr  the  Umgitudo  wa»  soon  opfujjul,  a 
book  being  ptilihshed  at  London  in  1678,  c«li<  il  "  I  l<e 
Lungitudc  not  found,"  written  by  f»t>e  Bocit borrow.  And 
indeed  as  Bond's  hypollusis  did  not  in  anywiac  answer  its 
author's  sanguine  expectations,  Dr.  Halley  alio  unilcrtotjk 
thi*  afflair ;  and  from  a  multitude  of  obser»ations  co  n  cl  u  il  t  d , 
that  the  magnetic  needle  was  indncnced  by  foar  paici.  His 
•peculations  on  this  sutject  are  in  the  Paiki, 'Trans.  No. 
148  and  1<>5.   Bat  this  wooderfiil  phenomenon  seema  to 

IwfahWiWIOcludcdallffcamcheik  However,  Dr.  Halley,  merous  researches ;  in  which  Borda's  share  was  certainly  ' 
in  1700,  ftthOibcd  a  general  map,  00  whkh  were  deli-  not  the  uBalleM.  The  leaulto  of  this  expedition  ate  also 
nnlid  can*  Sua,  drawing  the  patbi  when  the  magnetic  recorded  im  lh«  fbnoin  ef  Iho  AMdmy  for  thcyear  1773. 
needle  had  the  eame  variatioo.  Urn  peaitiow  of  these  In  thejraar  1787f  hapoUiahadhiiatuch^estecnied  De- 
cnrm  will  indeed  continaall^  infer  aitention*,  requiring  scription  and  Use  of  the  CIrdaof  Reflection ;  in  which  he 
tobecorrrcti-d  from  time  to  time,  as  they  have  since  been  revived  and  recomtitended  the  use  of  tbe8p4  rular  circles, 
~  "   ■  which  had  been  proposed  in  1756  by  Tobias  Mayer.  Borda 

was  the  founder  of  the  schools  of  iiuval  architecture  in 
France;  he  first  conceived  the  project,  and  formed  the 
[iliiii  of  instruction,  with  the  regulations  for  those  semi- 
nancs.  By  his  cxcj  lions  too,  a  uniformity  in  the  building 
of  the  ships  was  iti^miluccil,  according  to  the  principles  of 
Euler,  by  «hich  iinpriAe^ieiit,  an  (.quality  cf  saililW  was 
effected  in  uil  the  ships  of  the  royal  navy.  Hetice,  the  form 
of  the  French  ships,  being  constructed  on  Htathematical 
principles,  is  clearly  preferable  to  that  o/th«  ah^  of  tha 
other  naval  powers;  baiagthemoitadeatitageooi^aadtba 
toNMET,  IB  fbrtttcttioOt  •  mall  work  of  two  face*,    best  adapted  for  last  sailtii|i  1^  for  manaavrtng; 


Areas,  ArctophUax,  .Viclunis-.Minoi,  Bubulcu$,  Buhu- 
lua,  CanivLatrans,  CI  ainatur,  Icarus,  Lycaun,  Philuuie. 
tus,  Plaustri-Ciistos,  I'loraiis,  1  hegnis,  and  Vocifcraluri  ' 
liy  HeiVfliiii-  It  IS  tiill.'il  Oridii.  ami  by  the  Arabs,  Afa«- 
mccb,  or  .'\ji.  liaiiK-cli.  Schiller,  in^te«d  of  Bootes,  makes 
the  figure  of  St.  Sylvester  ;  Schickhard,  lhat  of  Nimrod  ; 
and  Weigelius,  the  three  Swedish  crowns.  Seo  Wolf.  Lex 
Math.  p.  S66. 

BORDA  (Charles),  a  celebrated  Ffench  mailiem' 

l7S9,.iuthe64tJi  year  of 
Initiiata,  and  tha  ^riaiaii 
of  Adr  moat  leamed  and 
actifo  mem  ben*  Boada  wccy  early  gave  proofs  of  his 
eminent aulbemafifial  taknu ;  as  ap{>ears  by  bis  many  ex- 
cellent tracts  inserted  in  tha  Memoirs  of  the  Ilnyal  Aca- 
demy of  Sciences,  on  a  variety  of  a  bstrt»e  sub  jects ;  on  hy- 
draulics, on  till  jesislance  of  fluids,  on  u.iii  r-wheels,  oa 
pumps,  on  the  piojei  iion  of  miliiiuy  she  lls,  and  their  re- 
sistance by  the  air,  ike. 

In  1771  and  177'-;,  by  order  of  th.  kine,  he  accompanied 
La  Crennr  unH  I'liij^re,  on  .1  iitcrjry  voyage  to  various 
coasts  ot  l  iiropr.  Atrica,  and  America,  for  improving  the 
sir.fiici:  of  ecd^riiphy,  and  I'or  trying  several  tsew  nautical 
insirumeiiis,  timc-piecrs,  and  uctbods  of  lindingthe  longi- 
tude. The  three  travellers  afterwards  published  conjointly, 
ia  i  vols  4to,  1778,  an  account  of  the  fruiu  of  their  nu^ 


for  the  y.^irs  174V  and  XT^Ck  by  two  ingenious  per»ons, 
WilliamMoniitaiiic  and  Jun m  Hodson;  the  latter  of 
whom  died  not  Icmg  after  he  lui  I  Ik  i  n  chosen,  for  hn  me- 
rit, mathematical  mast,  r  nt  (  hiist's  Hospital) IB  Uiadon. 
Ndpirr't.  See  NAFiER. 
BONING,  III  Surveying  and  U:-v<Hinf;,  <!ic.  ihe  pla- 
cing three  or  more  rod's  or  poles,  all  ol  the  i«rnc  length,  in 
or  upon  the  ground,  in  such  a  manuer,  that  the  tops  of 
them  be  nil  in  one  continued  straight  line,  whether  it  be 
hofiaontal  or  inclined,  so  that  the  eye  can  look  along  the 
tops  4tf  them  all,  from  one  end  of  the  line  to  the  other. 


•vingonly  a  parapet;  vHth  two  romof  palisadocsat  abaot 
10  or  19  feet  diciaiKw.'  Itli  eohim«ily  pkcid  feefimtha 

ralliant  angle  of  the  counterscarp,  and  havhlg  B  OMMMMi* 
c»tion  with  the  covered  way,  by  meant  of  B'tmeh  ciit 
through  the  glacis,  and  pnlisadoea  on  each  side. 

Bonnet -n  Pretre,  or  Friat'i  Ctrp,  is  an  outwork,  hav- 
ing three  salluint  angles  at  thr  hr  ul,  fnfides  two  inwards. 
It  differs  from  the  double  lemiii!.  t  nly  in  ihis,  that  its 
side', instead  of  bt  ing  ptiral''  1 ,  iK  C  iii.e  narrower,  or  closer, 
at  the  Rorgr,  and  opening  at  the  front  ;  trom  whence  it  i.s 
Culled  Queue  d'arondc,  or  swallow's  tail. 

BOO  TKS,  a  constellation  of  the  noniieni  ht  mispfiere, 
end  one  of  the  48  old  ones;  having  23  stars  in  Ptolemy's 
catalogue,  28  in  Tycho's,  34  in  Bayer's,  52  in  Hevelius's, 
and  54  in  Flamstecil's ;  of  which  one,  in  the  skirtof  the 
«oatf  is  of  the  first  magnitude,  and  called  Arctums. 

flaotes  is  represented  aakaHli  in  the  posture  of  walking; 
lib  right  hand  Rrai|Mi|g  »  clvb^  md  bis  Iclt  extcoded  up- 
MmrdstWid  holding  the  cord  of  liM  two  dqp  which  secffl 
hailiiBg  at  tha  Great  Bear. 

th»  «aaaleUBtioB  is  called  tgr  wiaw  ddnr  BBMS ;  as 


Borda  also  bnug|>t  into  aaa  Mayer's  old  method 
of  Bcasoriiig  taffSHtriai-  aiigK  tpptird  it  to  astro- 
flOB^  ohiervBtlon^  and*  for  that  pnrpcae,  in  ented  a 
new  coBHractioD  of  drclo^  wilh  doobia  moveable  tele- 
scopes, which  have  heea  HMd  lathe  new  measureincnt  of 
degrees  in  France.  He  was  also  the  inventor  of  the  in- 
genious mensuration  rod,  witli  which  thi:  iii  w  st-Hion- lines 
were  measured  ;  and  he  had  the  chu  f  share  in  the  frjrm 
of  weights  and  iiKiisurcs;  of  which  be  was  so  xt  nlrLisii 
promoter,  that  III'  |iriii'ed,  at  his  own  expense,  Tablt-s  of 
Sl^l(■^,^:c,  nil  tin-  iliciiiini  -ystrin.  In  I' 'li  he  determined  ' 
i\ii  arniniry  p-,  rii.iiis  never  bttore  attained,  the  length 
'■  p  r.duhini  vibraunp  seconds  at  Paris.  In  17JJ7,  we 
lind  his  name  111  the  list  of  candidates  for  the  office  of 
Director  of  the  French  Republic. 

BOH  K,  of  a  fcu  n,  or  other  piece  of  ordnance,  is  the  chase, 
cylinder,  or  hollow  part  of  the  piece. 

BOBtlAL  Smmb*  are  the  first  six  signs  of  the  Zodia^ 
or  these  on  liie  aoHkern  aide  of  the  nialaoelial;  «li»ihB ' 
signs  V  udm.  If  liMmik  ngefluni, n  cander,  II  lio» IK 
virco.  , 

SI 


wilh 
of  i:, 


bigru^uL)  by  LjO< 


WMUSAUSiAiiwiu 

*  '  i«ktMtb«rj«i. 
iftW.  He  WM  niufcwur  «f f Ulonpiiy  vwl  milnMtia 
ia  wom<  of  iho  imwt  culk'liiildl  univenitietcif  ItHly,  par* 

ticaluly  u(  Floreoce  and  Pin,  where  lie  bcraine  bigkiy  in 
IttTOur  with  the  princm  rif  the  house  of  Mt-iltcW.  But  niv- 
in^;  li' I  r.  ti  Ticcrncd  in  ihi'  revolt  of  Mfwina,  fit-  whs 
tMift-ti  r:i  n  iirf-  to  Rome,  where  he  spent  lhi>  reuiainder 
III  iin  lili-  iin;li-i  tiH  (iri  ri  ctiini  .  f  ('iiri>lina  qui^n  of 
i>«erit  ii,  nlm  honoured  bini  with  hrr  Ineiidsbip,  aiMi  by 
her  litH'fHlity  tuwuifh  him  softcnnl  the  rigour  of  hi»  hard 
fortBue.  lie  coaiimed  two  yt-nTt.  in  I  be  conrent  of  the 
moUrdeigy  af  St.  Panultnin,  culltid  the  Pious  Scb<K>l^, 
trCcn  liaiwtnHgHil  <iieyotttii  in  the  nmthematioal  kwacvs. 
Aai  aUkitiKly  bipwawoiiieil  withfmt  diK(enice  Ibriwnv 
f/uunhuwuiit  wfftttt  by  hii  'Corrc^ioiKicace  mot 
MveMl  iimifiiiM  UliWiMli  hiti  of  fan  timcj  nab  ibe  in- 
qiMni  nantkM  tbtt  has  been  laada  af  kin  fay  artMn*  «ba 
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6.  OHemtioBe  iaiorao  alia  iri»tu  iiiegtiali  <kgli  OeA^  • 
Tkhfim  mm  i^wrti  J  ia  «ha  Joaiaal  af  floai^foir  tbc  ytaf 

6.  DeMotioaibos  NatwalibwdaOmvitftta  pcndaatibitt. 
'  JaKo,  1670,4111. 

7.  Meteorolofpa  Artnra,  dec.  Rcgio  Julio,  I(i70,  4-10. 

8.  Osscrvatitinc  dell*  lMrrli!>»i  Lutiare,  11  Griiii»ru  1675. 
—Inserted  in  th<  .li  un.al  i  i  R.inu-  1671,  p.'Ji. 

,9.  Klrmciita  C!i  nitii  Apnllunii  Pi  r^:ei,  et  Arrhimedi* 
<  )(H  r:i,  jurv.i  <■;  biL  vUiri  inethodo dcmuii>lriita.  —  I'nulcdat 
Hume  III  Ib'i^,  in  ISmu,  ut  the  end  gf  ibc  3d  edition  of 
his  Lii('li>K!<  lle^iitutus. 

10.  Dc  Motu  Animalium.  Pan  prima  in  16S0,  and 
Par«  altera  in  I68I,  4to — 'I'hne  were  reprinted  at  Leyden 
1685,  revue<l  and  purged  from  away  «ri«n;  witJi  tbo  ad- 
ilidon  of  John  iVrnuulli's  MaUmancalMeditatiaoa'cioA* 
oeming  ibe  Motioo  of  the  MuadM. 

11.  Ai  Leyden,  I6i6,  in  4to,  a  imk  comet  aad  aocu- 
lale  «ditioa,  Rtriwd  by  J.  Braen,.M.  D.  af  Lradra,  of  bit 


to  'dojutrieotolritnwaiofy.  Ha  mala  iirapiee«i,  'OaVlPercaHiaBii»«»firMoiiuaibittdaGnk> 
John  Collins,  ia  whieb  ba«iiMn«mMi  'vttala  peadeatibu! 

"RBI 


•  letter  tt>  Mr, 

■great  desire  and  enddnTours  to  prmnole  the  ini|jlvw0niMil 

of  those  scienct-s:  he  aUn  speaks  of  his  correspondeBCe 
with,  and  great  atri'Cli<f>n  for,  Mr.  Henry  Oldenburg,  Se- 
orMary  of  the  Royet  Sr.cii-t^  ;  of  Dr.  W  alli^  ;  "i  t  l.r  lU-n 
iate  lramed  Mr.  Boylo,  and  lamenti  d  tlif  Kiistaiur.! 
■iiy  his  death  to  the  commonu<iiith  ut  Irarnmp  Mr. 
tes,  in  bn  Enquiry  into  the  NotiiR'  'if  the  Human  Soul, 
xnikce frequent  luc  of  our  aatUors  book  De  Moiu  Aiiinm- 
liltt,  aad  teib  n,  that  he  wm  the  tint  ivho  dincovored 
•that  tbc  force  exerted  wkkih  (he  body  pfodigiouily  ex- 
ceeds the  neight  to  be  moved  without,  or  that  tMture  em' 


BORELLI  (PKTKit),'whoflowiibed  about  tbe  middle 

af  the  Kkh  century,  ajipeurs  to  have  been  a  uatj>e  of  Mid- 
dl^hurg,  capital  of  (he  i»iand  of  Walrlicren  and  all  Zea^ 
UimI  ;  and  was  countelior  and  physician  in  ordinary  to  bis 
mi>st  Christian  majesty.  He  wrote  two  irentiH's  on  the 
tr  li-^L'i]!f  and  iiiRKJSCopC,  printed  at  the  llagur,  in  1055. 
and  lUalj.  l  Uv  loi  mer  is  a  very  fiill  and  ^larlicular  ln«- 
tiK'  on  the  history  of  the  inrenliooof  those  very  u&cful  iu- 
frtruments;  which,  by  a  train  uf«trunj(  evidence  he  a»cribea 
to  Zachanah  Janu-n,  a  upcctacle-inuker  of  Middk'burg,  in 
i6<)0-  He  givD«  a  particular  account  of  the  prtienaions. 
that  have  been  ascribed  to  all  the  other  persons  that'bava 


j|>loysan  immense  power  to  move  u'«nioll  vvi-ight.    He  ac- 

^movfedget,  bowever,  that  i>r.  Jainn  Keil  badibowa  tbat  -been-aaned as  ib«  itmalan;  the  whole  formins  a  veiy 
SaifUi  araa  ww»tak«u  in  bit  calcalatioti  of  tbe  ferca  af  tha  Jnlenitlag  Mmo^  of  tbo  iaveniion.  The  cbirf  body  of  aiK 
Jawcla  «f  ihaibaait ;  4(vt  tbit  bu  nc  vi!rt1ielaa  nobs  kim  deaoe  it  McaM>he  weaivoil  Iivb  a  Woi.  BokIU.  of  ibe  ■amo' 
<«Mfdioamt>BaAwatfe  wliim,ond  says  h«  iaaridoiB  ari»-  '  city,  loaie  tina  ambanodar  ia  Englaad;.  bttt  urbalberanjt 
^•Im :  and,  baving  remarietd,  tbat  it  i»  so  far  from  being  irtalldl  rf  Bm«^  dot*  Ml  «f  pear. 
-Hue  that  forest  thtn)^  are  brooght  about  by  imall  pewen, 
thai,  on  ihr  r.jiilrarv,  a  stupendous  fjowcr  i<;  muiiifc^t  in 
tfiL'  iii'.»t  (jrHumry  ojverBlioiis  of  tiuturc,  Iil-  observt-i  tbat 
tluj  msi-nioiis  Borelli  first  olisprvrd  tins  m  animal  motion  ; 
and  thnt  Dr.  Stephen  Hnli-s,  by  a  courvr  of  oxpennents  in 
Lu  Vrcctablc  Statics,  haa  ■-bowii  l!ic  mmi-  in  the  force  of 


eg' 

the  ascenHiii^  toip  in  vegetables.  And  tint  circamatancc, 
tbat  nature  employs  a  very  great  power,  or  force,  in  the 
«niatal  frame,  to  move  a  small  wcigbt,  are  may  benob- 
aona,  is  owiag  to  tbe  levers  in  the  wiiliiit  bamgall 
■I  iiimMiili  af  tha  AinI  Mad,  the 
lhaenrtnofiMNim. 
■jWit'tolnaftoMtt 

After*  «eafM4f«Mea*ing  labowib'BQnlH^MatflMl* 
4al«wef  •  pttttriqr,  tha  SlMNof  DmmlmittAmn 
yoaMoface. 

Betide  several  botAs  'on  physical  snfajects,  ■Boftii-fab* 
'liibcd  tbe  following  nMttteroMical  oaes :  vit, 

1 .  Apolteuii  PaifBi  CaaiearaB  libw^^^iMl  7.  niM* 

1661,  fol. 

v;.  Theiirii  Mrdicorum 
ductsE.       r  1666, 410. 

,S.  Vr  \  ]  Pcrcussionis.  Unlogna,  1667,  -v-o. — Thin  piece 
was  reprinted,  with  bis  c^tebnrtcd  treatise  Ut  Motu  Ani- 
maltaro,  Md'AMattMt  Da  *MaliMribaa  MMDaHbM*  ia 

4.EiiMlU«B«tiliitn,&e.  PM,l<W8,4to. 


Hifrint«alHaw^eaHiitia(  two  parts:  tbe fitiwr  treat- 

ini:  of  the  inweiition  itself;  and  the  latter  of  the  fabric,, 
construction,  and  uses  of  the  instruments.  The  second 
voluiae  contains  the  u.ui  apprarancoti  of  one  hun- 

dred minute  objools,  as  vieued  by  tbe  inicroicope.  The 
boih  aaal^  i^ied  ia  4M,  by  AdiiBaTJapq». 
at  the  Hague. 

BOSCOV  ICH  (RoGEU  .(oseph),  .-in  en.inoiit  amdM~ 
and  philosopher,  was  born  May  lllh,  1711,  at 
He  studied  Latin  grammar  in  the  Khools  which 
b^  tbe  Jesuits  iu  his  native  city,  until  1725,. 
iaMWalCBCe  with  a  maxim  uf  the  Jesuits  to  send 
p«|Mla  la  fiome  for  tb«  aonplctioa  «C 
be««a  raaovad  lo  that  city.  AAar  thia- 
ha  aooa  ««|«irad  vaiy  fiaat  itpntatiaa  Cor  bis  amineni  ai> 
^aimcota  ia  fiviaHy  and  aoianos:  at  Ihice  aocoaaaiva  p^ 
fioda  ha  became  professor  of  matbomatica  ami  aHvonoimt 
at  Rome,  at  Pavia,  and  at  Milan.  When  the  order  of  Je> 
-suits  was  suppressed  be  wasin>itt'd  to  Paris,  and  received 
tbe  place  of  director  of  the  optica!  instrumcuts  of  the  nm- 
rine.  Previous  to  this  however  he  had  been  employe  d,  in 
conjunction  with  Mayer,  in  measuring  a  degree  of  tbe  meri- 
dian in  Italy,  and  correclii>g  the  maps  of  tbc  Papal  <  ^liM<'. 
He  published,  in  1755,  an  interesting  acconiit  of  ihe  exfH> 
dition  in  which  these  objects  were  etftcted.  He  had  also 
been  employed  in  adjusting  a  disagreeable  a^r  between 
■^lewywhiic  <f  Ltoaaad  t^npncyaf  Taawys'u'  in* 


B  O  U 
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•inilar  buwnvts  b«lwetn  llic  rrpublic  of  Uagtua  and  ihe 
court  of  (iit-at  llntaiiu  ^kljKa  ljiuUi;fit  Liin  '.u  Louduii, 
whore  lie  Mjon  lx<»ni«  actjuauid'd  urai  lljc  tuijul  emiiwut 
Hi'  the  Englhh  p.;ilQs<jjibL.-^.  Dunii^;  iijs  stay  he  was 
cK  cted  it  fellow  of  the  Koyul  Society,  and  he  dedicatrd  to 
that  K'arncd  budy  hi«  I'l^oin  on  Eclipses,  which  cuutiiiUM  a 
itMt  compcodium  of  osUoiiomy'.  lie  (einaincd  at  Paru  lu 
ywn»  where  tie  wh  much  itnipecled ;  but,  being  a  fo- 
•rcignes,  hk  ccUbrtty  was  envied:  tka,  tagrtlier  with  tlic 
incl^ioo  which  th«n  pmctkd  umg  mtay  of  tbt;  Frencb 
nhilufoph«n«  w»  dliMgpwkUt  |o  hin,  m  that  he  obttiaed 
i«vo  of  •bsrace  lo  rtvilit  Im  fckMi  io  Iui|r.  Hm  fint 

em  he  leaided  at  for  uy  eamMmbto  leqfth  «f  lim  in 
f,  WW  Bminrti,  lAm  b«  pnUithed  hii  OpHiMlm,  in 
Sm  voliiniw4IOa  CO(Bpo!i(-d  in  Latin,  Italian,  aod  French : 
tmi  containing  a  variety  of  cle^nt  and  iiigeniou*  ditqui- 
tiiiii/:r<  <  I  ihus  ri'  l  ivith  uMroDouiical  aad  optical  Kiencc. 
From  lln-,^uii<j  iJiir  nulhor  went  to  Rome,  and  thence  to 
Milan,  v\  lifre  ht'  t.j  jk  up  hu  abode;  bripg  in  tiic  nei>;h- 
bourhood  ot  his  Uuiunlu  obM:rvalory  at  Urerii.  Here 
br  continued  i>>  i'ii|(>v  the  plea.sur«s  of  study,  and  occaM* 
onally  the  son'  ty  <jI  many  rc»pecfed  frieods.  Ills  uiiwil- 
iingneu  to  kiivo  liaiy,  and  at  the  saroe  time  a  solicitude 
lo  ftvoid  the  chiir|i>«  of  ingratitude  from  th'-  I  rvock 
MiliOBt vecBsioaed  kim  grntt  perplexity  of  nun  I,  which 
followed  by  deep  melancholy,  a  disordurcd  iwagim- 
ligii*  and  at  length  direct  inadiieu.  During  the  hott  of 
iMirtiinii,  he  iraMnalijr  Mtclainitd  that  ha  wonUdio  poor 
aad  inglorion*.  MahaJtodoaJaowmhartitiJ— in^ 
ha^of  his  recovciy;  bntbaaooa  I** 
Be,  breaking  in  hh  fcnam  put  a* 
«aul  to'hia  moriid'life  the  13th  of  Feb.  1767.  in  bis  76th 
year.  Ife  was  interred  decently,  but  without  pomp,  in 
the  panirhial  church  of  S.  Maria  Pedrone.  "  Such  wa» 
the  exit,"  iay^  Kiibroni,  "  of  tliis  sublime  genius,  whom 
Rome  hoiiduird  US  liiT  nin^ier,  vvhoui  all  Italy  rk^ardrd 
iH  her  m  iiamrrit ;  iind  tn  hum  Cirwce  UQuld  have  fn-ctif(i 
;i  sutui-,  h.iJ  slic  liir  "uiil  of  space  been  obliged  even  [d 
ibrow  duwu  MJtne  of  bt-r  htro**,"  'ilie  works  of  this  rae- 
inontble  roan  are  the  followiiif;: — 1.  Klemeols  of  Mathe- 
matics, with  a  Treatise  on  Conic  Sections.  2.  H'li  many 
DttKrtniion*  published  during  hi»  prufi>s&i>rihip  in  the  Ko> 
■tail  College.  3.  His  Account  of  tbc  Survey  of  the  Popa'a 
Eatate.  4.  A  curious  and  elegant  Pocin  on  Solar  and'UH 
oar  EdipMa.  &•  The  five  vqIiudo  puUiihed  at  Baaamw. 
^  Hb  HydnnaBkal  Pieew.  7.  A  Thaaiy  of  Nvtvnd 


BOUGUf 


BCM^UBE  (PcTRm),  •  cdebiaied  Ffcoeh 
cian,  was  bom  at  Crainc,  in  Lower  Brttagne,  tlie  lOth  of 
February  1698.  He  was  the  ion  of  John  Bouguer,  Pro- 
fctaor  Royal  of  Hydrography,  a  ti  l.  r.ibl ,  ^  k  ,1  jnnthcnta- 
ttcian,  and  author  of  A  complete  lHuti-ii  i  n  Njivijation. 
Young  Bouguer  was  accuttmnt'i-l  ;m  I  'mu  n.-idu'iniiut-  rj<nn 
hi<  faiher,  from  the  timi-  he  Ha^  aide  to  s]K-ak,  and  thus 
beciune  a  proticient  us  tinM  sciences  while  he  was  yet  a 
cbild.  He  was  M  ut  \ery  early  lo  the  Jesuit*'  CoUcgjlt  at 
Vannes,  where  he  had  tbc  honour  to  instruot  ^bngMtill 
the  mathematics,  at  etevco  yean  of  age. 

Two  ytara  after  (Ut  ke  had  •  fumc  caistest  with  a  pro- 
feasor  of  mathcmatica,  tm  •  yn^silion  which  the  latter 
had  advanced  erroneoudyt  Mid  he  triumphed  over  him  | 
<Ni  which  the  profeiaar,  niBhlh  to  bapr  liba  ^ugmett  left 
the  caaatiy. 

TWO  yaaft  aftar  thiiv  whn  yvoag  Boq|B«t  kgcl  not  jNf 


finished  hit  sludtM,  he  lost  hi'  father;  whom  he  was  ap- 
pointoil  -I,  luccetd  in  hi-  illin  uf  hydrographer,  after  1 
public  examination  of  bu  quaiilicatn^iu ;  bciiu^  then  uuly 
15  years  of  ai;e ;  an  occupation  which  he  difCMM^Ililh 
great  respt-cl  and  dignuy  at  that  early  age. 

At  tliH  a!;e  of  III  17..7  lu  ulitaiund  tlic  prize  proposed 
by  ihc  Academy  of  Sciences,  lor  the  beu  way  of  masuug 
of  ships.  Tbu>  first  success  of  Bouguer  waa  aoon  after  fol- 
lowed by  two  others  of  the  same  Kind;  he  successively 
gained  the  priiet  of  1729  u"!  1731  i  the  former,  (or  the 
best  manner  of  observing  lU  sea  the  height  of  the  adm;  and 
the  latter,  (or  the  most  advaotageoua  way  ofohKHrvng^ 
dcdiiiatim  of  thA  iminvte  iMed^  or  the  nR«lxm  fl  ^ 


In  I799i  he  gave  an  Optica.1  Csaay  npon  ^e  Gradation 
of  Light;  a  subject  quita  new,  in  which  he  examines  tbe 
intensity  of  light,  and  dctermuies  its  degrees  "f  diminutniii 
in  pavtinn  through  diirereut  pellucid  medium;,  and  parlf- 
irularly  that  of  the  sun  in  trave  rsing  the  earth's  atmuspbenv 
.Mairaa  ga.t  an  extract  of  lb»  first  cs^y  in  the  Journal 
dcs  Savans,  in  1730. 

During  this  year,  1730,  he  was  removed  from  thu  porl- 
of  Croisic  to  ihat^  Havre,  which  brought  him  into  a 
nearer  coanecttQU  with  i,hc  Academy  of  Scieocc*,  io  i)rhtc^ 
he  obtaiqed,  in  1731,  the  place  of  a»lociat«  geometridiaf 
vacant  by  the  prvatotion  qf  Maupcttuia  to  that  of  pwv- 
liooor ;  and  io  1735  ha  was  [Komoted  to  the  office  qta^' 
sianer-astroiMMDer.  Th«  tgnie  jtn  ba  kb»  liitnriia  imt  m. 
the  conmisiioo  to  Sottih  Ataerica,  along  wiA  Mciii^Hi 
Godiiv  CumlaiiHae,  ami  Jaiwiaiib  to  Mefidne  tiw  i«c%> 


•■ro  of  the  dcgreea  of  the  oMridian,  and  the  figme  of  tho 

earth.  1b  this  painful  and  troublesome  business,  of  10. 
years'  duration,  chiefly  among  the  lofty  Cordelier  moai>- 
tain*,  our  author  determined  many  other  new  circuin- 
stancw,  besides  the  main  object  of  the  vo)(ii;e ;  such  as  t^ 
f  \pansioii  and  rmitraction  of  metal-  i-.nil  oiher  subitaijccs, 
liy  the  suLldeii  oud  alternate  changes  of  beat  and  cold 
amunt;  Unue  mountains;  observations  on  the  refraction  of 
the  atmosphere  from  the  tops  of  the  same,  with  thcsin^U'* 
Inr  phenoraeuoii  of  the  sudden  increase  <jf  the  icfruCtiQA, 
when  the  star  can  be  observed  below  the  liae  ai  the  lavd  L 
the  laws  of  den&ity  of  the  air  at  ditferent  hei|^^  from  ofe^ 
aenationa  Rude  at  different  points  of  these  coonaava  nmuih 
tiilil)  •  thttrmination  that  the  mountains  hfVB  «•  efict 

a  {dttiniDet.  ihoiigh  he -did  pot  «ui|n  the  cyatv 
tity  of  it ;  a  method  of  ctltniRtiiig  the  cfrors  cownittfed  hy 
lW>i|Mpn  io  dctecmiiung  their  counic;  a  new  CQnttructiost 
of  iK log  Car  measuring  a  ship's  way ;  yiih  sevcriJ  atbrr 
usefal  uaptovcmeDts. 

Other  inventions  of  Bougoer,  made  upon  difTcrent  oc- 
casions,  wcrca^  i'mIIow  :  Tin  Si  ljnnn  ti  r,  1'  ,^  a  tclcjcope 
with  two  object  gluaiet,  aiioruing  a  goini  iiulhud  of  in«a- 

suring  the  diameters  of  the  lai^er  pluiieis  witii  emo  aiid 
exactness:  his  researches  on  the  figure  in  vvhich  two  lines 
or  two  long  ranges  of  parallel  trecsappeai  :  lii»  e.\peiiiaetit> 
on  iLe  t'unious  reciprocation  of  the  penduiuia  :  and  ihu«o 
tipon  the  roiirmtr  of  ineasui  ing  the  turce  of  light :  &c,  iec. 

The  close  appliciiion  which  Bouguer  made  to  study* 
undermined  his  heali  .,  and  terminai<'d  his  life  the  1  jth  01 
August  1754,  at  60  years  of  age.— His  chief  works,  tfnH 
have  tx-en  published,  arc, 

A.  The  FtgitiC  of  the  Kartb,  determine  d  by  the  ob«Rg)t[i* 
t&Nia  and*  in  Sotutlt  Awuicai  1749,  in  4to. 

«» ToMteM  IMCMWB  VIA  PiloM«P>  f!«ri%  175$, 
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D  O  U 


in  4to.    This  work  ha*  been  abridged  by  M.  La  Caille,  in 
1  voluirn-,  Sm  171 

3.  'rrcati«:  on  Miips,  ibi'ir  Construction  nnd  Motions; 
ill  4to,  1736". 

4.  Opticul Treatiw  on  tlio Gradation  ol'  Light;  fir>t  in 
l7S9f  tlien  «        edition  in  I7f'0,  in  4-1". 

His  pspeis  that  wt-rr  inserted  in  llie  M<'moir8  of  the 
Acadotny,  arc  very  numerous  and  iaporliint :  us,  in  Ihe 
Mamoin  for  l/  io,  On  the  D>mparisan  of  the  force i>f  tb« 
Milu  ftml  lunar  light  with  that  of  cundKt.— 1731.  Otmr* 
vation  an  the  aurvilincv  motion  of  faodin  in  mcdiiHM . — 
ITSCt  Oa  tiM  Mw  cumt  ailed  the  linn  vl  Pttntiit^ 
1799,  tVi  dcinnine  the  ipecles  of  conoid,  to  he  ennKtnieini 
on  a  p*n  bane  which  i»  rxpoaed  to  the  action  of  a  txM, 
»o  thut  tlie  im^iuKe  may  be  the  leii».t  possible.— 
naliun  of  the  orbit  of  comet». — 173 1,  f  'omparison  of  the 
two  lawi  wliicb  ibr  earth  and  ibr  nibi  r  plnnrln  muvt  ob- 
fcervc  unifiT  (In-  lif  orr  «  lii.-h  ;;nivity  f  nu-"  •  thi  m  to  tiike. — 
On  tho  ciirw  litu's  |H"|i!T  t'l  l  -rm  llii-  iiii  fii  s  in  dome's. —  ' 
1733,  Obiiivntiiins  1  II  roiiino.\t-« — On  the  li'ni»lb  of 
the  pendulum.— 17C(',  On  ilic  liiii:tb  ol  thi'  pendulum  in 
the  torrid  zone. — On  the  nianiier  of  delermining  ehe  figure 
of  the  earth  by  the  mea*ure  of  the  decrees  of  latitude  and 
longitude.— 1739,  On  tlii^  asiri'iiomical  r«'friict)oii»  in  the 
torrid  lone. — Observations  on  thr  lunar  eclipse  of  the  (tth 
of  Septetnber  1737,  made  at  Quito^^l74'4,  Short  necnunt 
of  tlw  voMftP  10  Peru,  by  the  memhm  of  the  lloyul  Ara- 
dmy  of  Sciencffl,  to  tnaMare  the  drgm-*  of  the  mrridian 
acnr  dw  ramior,  flad  fimn  thcncv  to  di>icnninp  the  Snn 
of  I1m>  eartii''— I745i  RxpprimiiBls  mede  mt  Quito,  and  di- 
ven  <^trr  pteecs  in  the  tonid  nmc,  on  the  fxpamion  nnd 
contraction  of  iM>t«ls  hy  hent  and  cM.—Oo  the  problem 
of  the  ma»tin!»  of  iihipv — 1746,  Twotiw  on  ships,  their 
etructure  mid  murians. — On  the  impulNe  of  fluid*  upon 
the  fore  pails  of  pvmmidoids  bavin;  their  base  a  tmpe- 
tium. — Continualion  <if  the  ^-bi'rt  jicmuni  'Ji^e^  in  17+>, 
of  the  voyage  to  Peru  lur  inea>uriiii;  (In- earth. — 17  +7.  On 
a  new  coiivtroction  oi  tl;e  \ty^,  ami  other  inslriiinent«  for 
ineasuring  the  run  of  n  ship. — 174.'<,  (>n  the  diameters  of 
the  larger  pliiiuts.  'I  bf  new  instrument  railed  a  Helio- 
metcr,  u*vd  for  delei minitii:  ihem  ;  with  obsenralioiu  of 
the  sun. — Observation  on  die  eclipac  of  the  moon  the  6th 
of  AVfl^nit  1748.-1749,  Second  memoir  on  nslnmomicol 
nAnetMn^  obicned  in  the  torrid  zone,  with  remarks  on 
the  aHwncr  of  cnnttrwtiM  the  ubiet  of  tiirm.— ilgnn  of 
the  Mftti  dnermined  Inr  UH.  Bougner  and  OMMkmhwi 
with  n  abrhknent  of  the  expedittoo  to  Pent.— 1750,  (>b> 
eervatkm  of  toe  lunAr  edtiMe  of  the  I3th  of  Deeeaber 
1750.— 1751,  On  the  form  of  bodks  meet  proper  to  be 
assumed  for  their  revolution,  when  they  are  or|«wl  at  one 
of  their  extn-mitios,  or  any  ojIht  jinini.  -  -On  ilic  ninnnV 
parallax,  with  the  e5timati<m  at  the  ciians;!  ^  cnuscd  in  the 
parallaxes  by  the  figure  of  the  earth- — Obn-rynlion  of  the 
lunar  eclipse,  the  !?d  of  DiTeinl»er  1751. — 1759,  On  the 
oiieraii  iiii,  iiiirli-  \.y  seamen,  Called  Corrections. —  I/  '".'!, 
Observation  of  the  p3s,sa;:e  of  Mercury  over  the  sun,  the 
6th  of  May  1753. — On  the  dilatations  of  the  air  in  the  at- 
mosphere.— New  treatise  of  naviitntion,  containing  the 
theory  und  practice  of  pilotage,  or  working  of  ships. — 
1754,  Operations,  *fc,  for  distinsuishing,  among  the  dif- 
ferent determinations  of  the  degree  of  the  meridian  near 
Paris,  that  which  uu^t  to  be  prefimrd.— On  the  directian 
which  the  string  of  %  pbmnMt  tnkc«,^>-Soluiion  of  the 
cWcf  pcobhnw  in  the  ««!ifcinf  of  •bifi<^l755,  On  ibeap> 


parent  nia^rnitude  of  objects.— Second  memoir  on  the  chief 
problems  in  the  working  of  ship?. — 1757,  .^ccount  of  the 
treatise  on  the  working  of  ships. — On  the  nieain  of  nu-m- 
suring  thr  l  _;'.r.— 17.^8,  His  Eulogy. 

In  the  volunies  of  the  prize*  given  by  the  academy,  are 
the  following  pieces  by  Huuguer: 

In  vol.  I,  on  the  mii<ting  of  ships. — Vol.2,  On  the  me- 
thod of  exaeUy  observing  at  sea  the  height, of  the  sinra; 
and  the  variation  of  the  CompOH.  Also  on  the  cause  uf 
the  ii  eliiiutiKn  of  the  planet*'  oiltite. 

BOULTIMK,  in  Architectnre,  ■  coma  nouldins,  of  • 

auurier  of  •  circle,  and  placed  next  hdow  Ihe  plwth  ill' 
he  Tuertn  and  Doiie  capitaL 
BOURNK  <Wm.),  wttt  a  melnl  alM  imnnooe  wrher «ti 
nevi|;Rtianafec«t  ibe  middle  ofthe  l6lh  century.  In  15^ 
was  published  what  hr  cells  **  Rules  of  Nnvigation,"  as  ap- 
psMrs  from  hi*  Almanac,  printed  in  1 57  I.  And  in  1577 
was  published  his  "  Ili-jiinent  for  the  *>ea,"  ile»itMuii  as  a 
supplement  to  d  rh-v.  In-  oiri;,  i|uot<-».  Iti-Mdi-- 

many  things  common  wilU  others,  Hourne  LUes  a  taljle  et 
the  places  and  di-clinHlions  of  HI  princip.il  ^:l(r«,  bvwhirh 
to  find  ihe  lulitude  and  hour;  us  also  n  larger  ttile-iuble 
than  that  published  by  l.ronard  Diggrs,  in  1556.  Hc 
shows,  by  consideHns  the  irregularities  in  the  moons ao> 
tion,  the  errors  of  the  sailors  in  rinding  her  age  by  therpact; 
as  also  in  their  delcrminiil;;  the  hour  from  obM>rving  OIV 
whiit  point  of  the  coinpiss  the  sun  ;oiil  moon  tippromi. 
He  advis<'«,  in  sailing  towards  hiah  latitudes,  10  keep 
reckoning  by  the  j^lohe;  aa  therp  tne  plane  chart  mt  mmt. 
He  despair*  of  our  ever  bring  able  to  find  the  longitnde  b|r 
any  inMninmM,-ttnln«  the  varialioH  ofthe  compers  tlutalA 
be  caused  by  sonw  such  attractive  point  at  Cnrlca  had, 
imaginnl.  Though  of  this  be  doubts:  end  as  lie  heil 
shown  how  to  find  the  variiiiion  of  iIh>  compass  at  all 
limes,  he  advises  to  keep  nn  ncrount  of  the  (dwervalions, 
as  useful  to  rl'^-cover  the  piare  of  11  hhi|:  :  ububailMre  rbi' 
fiimou  >  .Simon  Slevin  prrvsi  cuied  m  lm'!{e,  111  a  lieaijs*- pub. 
lished  ut  Ley<b-n  In  I  i<)i),  enlillod  "  Portuum  in\e4ti»an- 
dorum  Ratio  Metaphrasio  II Uj:oni>  (■  rot io;"  the  MibslancC' 
of  which  was  the  same  year  printed  at  London,  in  t'.nglisb, 
by  Kdw.  Wright,  entitled  "  1  he  Haver>-lindiiig  Art." 

But  the  must  remarkable  thing  in  this  ancient  tract  itr 
the  describing  of  tbe  way  by  which  our  sailors  e»timated 
the  rate  H  ship  made  la  her  Course,  by  an  instrument  called 
the  Log;  an  initrnmcnt  so  named  from  the  wooden  leg 
that  Male  in  <fce  water,  while  the  time  it  ivckonrd  imnafg 
which  tlia  line  ftalened  to  it  is  veeriiiR  o«ti  Theoi^aoC 
thil  device  ie  not  Itnown ;  and'  it  teem  no  fanhee  mentton 
was  made  of  ittill  l607,inan  Cast-India  «oyaj>e,pMblislinl 
by  Piirchas;  but  from  that  time  its  name  occurs  in  other 
voyages,  amonj;  his  ciiliertions.  And  henceforward  it  wa« 
often  iiolieed,  by  foivij;rii  rh  a*  well  as  our  o»n  authors; 
as  by  (iiiiiter  in  lti23,  Snellius  in  1()?4,  ,Mrii  ...  mi  Id.ll, 
Oughlred  in  Herigone  in  l6.3*,  b<iltoii»riill  in  \6'M>, 

N<ir«ood  in  Ui.17,  Foamier  in  1643;  and  indrod  by  most 
succeeding  writers  on  navigation  of  every  country.  And 
it  still  continues  to  be  in  use  as  ui  firvi,  though  attempts 
have  often  been  made  to  improve  it,  and  other  coiitrivaitces 
proposed  to  supply  its  place.  Many  of  ilie»e  have  suc- 
ceeded in  quiet  water,  but  proved  uselets  in  a  troubled  sea* 
See  our  article  Log. 

A  following  edition  of  this  tioelL  wat  revised  by  tbe  ao» 
Ihor;  among  the  addiiiont  to  which,  ha  enlarges  on  the 
•ccoont  ofthe  lof<liaei  and  at  th«  end  ral^aa  a  By^ 


BOY  [ 

drugraphical  DiKomw  touching  ilm  livt^eiwal  Passagt-* 
ioto  Cutbiiy."  BoUTM  published  other  tracts  aUo ;  as,  one 
MtitVii^  invmlioM  or  Dcvite*;"  whtrc  he  clcuciiUs  a 
Hftltffj,  by  wbrcl-  work,  ofuumtiring  Iht-  vtlucity  uf  m  »hip 
•tmt  Ml  •riificv  which  hcaUiibutCB  to  oae  liiuufrcjr  Cole. 

BOW,  «n  ufbMiw  wmpon  made  «f  wood,  lioni,  Meel, 
•r  other  elvtic  lutlcry  by  which  vrnw»  arc  thrown  with 
great  force.  Tbi«  iaatnuncat  w«»  of  very  gciwnl  hm 
,11  ,  itic  iiiicicni*.  a»l  it  tlHl  found  anMH^  nil  wrage 
uiitiuii>  uiiiicquainietl  with  the  ttic  oT firMirmt.  There  tM 
u\o  s|»  (  R-s  »i  till-  How,  the  Loi>5  and  ihef^nxs  Bow. 

The  L/'i/f  b<i~  iimply  a  bo«,  or  a  hm),  wiili  a  wring 
filStcneil  to  I'iich  finl  nt  a,  U)  llu'  iin  i-i'i  il  nlm  li  l!a  cud 
of  an  arrow  Ikjiiij^  appiii. <if  uiui  lluri  ui-iwii  ij_v  ilii--  iiuiui, 
on  suddenly  quilting  ihf  huUi,  lUc  bow  rilurn^  liy  luniiii 
of  Us  clu-ticity,  and  iiapeli  the  arrow  iiuin  Iin  nIihi^  vuth 
gri'Qt  \iolciitf.  TLcold  Kiighjli  iinlnis  »crc  Ijduuis  tcr 
(he  Ion;:  Uiw,  by  tiicaiis  of  which  lin  y  piim-J  many  viclo- 
rie»  in  I  raiicc  and  otIiiT  c<mntrii'«. 

The  Civu  How.callfd  ubu  AiUili  st  or  Arhakt,  is  a  bow 
•tnutg  aotl  »rt  ill  a  »ball  of  uuud,  and  furni>hi;i1  with  a 
tfiMer;  acrviug  lo  ihruw  bultcia,  and  Urgje  orniwai 
&c.  Tho  mncicNb  bad  Utff  machima  U>t  thrawing  many 
«noiM  at  aaee,  calkd  Arbatets  or  Ikliits. 

Tbe  force  of  a  bow  may  be  calcahued  on  tbt»  pnncipir, 
that  its  spring,  •'.  e-  tlic  puw«r  by  which  it  tChlorct  iiarif  to 

natural  po:>i(iun,  is  iduayt  pruportlOlial  todlCipaCVOr 
distance  it  is  bint  or  ivraovtd  Iruui  it. 

Bow,  u  iiittthmiaticul  iiisirunictit  formerly  uaed  at  tea 
for  taking  ilu  h'.uukIi-.    It  cuiuisti'd  of  u  large  arch 

divided  iiiio  9t)  tlr^ivi  ^.  tixcd  ouattalT,  ami  furntklii'd  Miih 
three  vf  ius,  svi,  a  si'lc  vaue,  a  light  nuw,  and  another 

called  tho  hill  Won  vaiu'. 

BoW>Cuin^<,  uii  ui>li  uini  ntfor  dravvinj  arches  of  vrry 
InigO  cirelcst  <of  wbicli  the  common  coiiipaist-s  are  loo 
WmIL  It  consists  of  a  bcani  of  wood  or  bra»,  with  three 
long  screws  that  govern  or  bend  a  lath  of  wood  or  steel  to 
rch. 

X  AMP  Needi-e,  the  small  compass  r>f  a  tboodalitc» 
dlCumCnantor,  or  plum-tuble. 

BdYAli,  in  fortification,  a  ditch  com  red  by  a  para- 

rt,  and  aefviiwaaacomannicatioii  bctwo  m  two  m  nchtt. 
runs  parallel  10  the  works  of  the  bodx  of  the  plaoa^  and 
serves  us  a  line  of  contraeallation,  both  to  hinder  the  *ak 
of  the  bcsiej;ed.  and  to  sccorB  the  minefi.  Wbni  itii 
a  particutiir  cut  running;  from  the  trencbe*,  to  Cm*»j  aamc 
jput  <.i  ^:.'.iiicl,  it     ilrawn  to  aa  mt  to  beanCladedoc 

scoured  ii>  iLie  eiiciiiy's  shot. 

BOVLK  (KoBKKi),  Hir  of  the  grrati^t  iiIiiloMiplicr'.,  ns 
well  as  lx■^l  men,  lli.it  Hny  touiitry  liU'iever  |irudmt  ri,  was 
(he  7th  will  .uxi  till'  1  Itii  cliil<l  ol  Riehaid  earl  of  Cork, 
and  was  born  at  Lisaiorc  m  the  jmi\iiKe  of  Munstcr  in 
Irciaud,  the  25th  of  Juniiary,  U'26'  7  ;  >t<<'  vc  ry  y.  ar  of  the 
death  of  the  learned  Wd  iiacon,  wiiose  plans  of  e.Np«ri- 
nientalphilotOpby  onr  author aflrrwanls  so  ably  seconded. 
Whila  very jonn^  b«  was  instructed  in  his  father's  house 
to  lead  and  wiiMt  and  to  speuk  Freoch  and  Latin.  In 
1695,  wInH  only  Sycar*  '>'d»  ^  was  sent  over  to  England 
to  be  eduealed  at  Eton  MhoaL  Here  he  soon  discovered 
an  extraodinafy  Ibfce  aC  nndarMaiidiqg,  with  a  diapwitioii 
to  cultivate  and  UD|irove  it  to  the  ntnoat. 

AUli  r L^.aiiiii^at  Eton  between  9  andijtan,  bi«  Hi- 
iher  «  111  uur  author  and  his  brother  Francis,  in  I638,od 
llieir  travels  upon  tl"  ci  nriiient.  They  passed  ihroimh 
i'lauca  lo  Geneva,  whtf  c  liny  Killed  for  sojdc  time  to  jiur- 
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sue  their  sludirs:  here  our  author  resumed  his  atnuaint- 
ance  with  the  elements  of  the  inuthoniatics,  sWiich  he  had 
coinmeneed  at  Kton  uheii  10  yiars  old,  nn  account  of  an 
illness  which  prevented  his  other  usual  studies. 

In  the  auttimn  of  l<>4l  he  quitted  Gcuesa,  Hod  trawUad 
ihroinh  Switserland  and  Italy  lo  Venice,  whence  ha  ru» 
turned  ngain  to  Flon nee,  where  he  cprot  the  winter,  ftn- 

S'mg  the  llaliaB  langiiag*-  and  hi>iaf>,  and  abo  the  worh* 
the  celebfBted  aetroaitnHT  GaUI«^  who  died  in  avillagiB 
near  this  dty  during  Mr.  Boyle's  resiileacte  here. 

About  the  end  of  .March  Xbii,  he  sei  uui  frum  Florence, 
visited  Iltme  and  tither  plactn  in  Ituly,  then  relumed  to 
toe  south  of  FrAuce.  At  Marseilles,  in  M.iy  l(>-t'2,  Mr. 
lioy  le  rect  ivi-d  letters  from  his  fuliier,  wliieh  intornied  him 
tlifil  t  Ik  fk  I  1  .Ii  '11  bad  broken  out  in  I  !<- ..i.il,  .mil  w  wh  v  hut 
dillicuiu  ill  hud  procured  250/  then  n  miiuil  t<>  help  biin 
uiid  Lis  brutlur  home.  This  reinilLinn-  liii^evir  iie\er 
reaclii-d  them,  and  they  were  obliged  to  return  lo  C>ene\a 
wiih  ilieir  governor  Mr.  .Marcombes,  who  contrived  on  his 
own  credit,  and  by  selling,  some  jewels,  lo  rntsr  m'  ney 
enough  to  bring  ihem  to  En;:laad,  where  ihey  nrnved  in, 
On  ibeir  arrival  they  found  ibat  their  father  waf 
dead,  and  had  left  uur  author  (he  inaiipr  of  Slalbridgu  in 
England,  with  soats  other  coMMde-rablc  estate*  in  Ireland. 

From  this  lime  Mr.  BuylvV  chief  reHdcncc,  for  siniMc 
yean  at  knil,  waaat  his  nwuor  of  Stalbtidtt,  whence  ho 
ma^e  occasional  excttnhms  to  Oxford,  Lonwii,  hoi  ap> 
plying  binurif  with  great  industry  to  various  hiiidi  of  ttOr 
dies,  but  especially  lo  philosophy  and  chemistry;  and 
seizing  every  opportunity  of  cullivaling  the  acquaintance 
of  the  most  learned  men  of  his  lime,  lit-  was  one  of  the 
members  of  that  small  but  learned  Imi  ly  u\  mvw,  in  \6\'t, 
who,  when  nil  aeBilemical  studies  were  iruerrupted  by  the 
cimI  wars,  secreted  lhem»elvet ;  and  lielil  private  meetings, 
firilin  l.ondon,  afterwards  at  Oxfoid,  to  rultlvatr  subjects 
of  nalurul  knowledge  ou  that  plan  of  expi-riiiieiU  which 
lA>rd  Bacon  h.id  delineated.  They  styled  tbeniselves  then 
The  Philosophic  College ;  but  after  the  restoration,  when 
they  were iocorporated.and  distinguished openly,thcy  took  ' 
tile  nnntc  o(  the  Royal  Society. 

In  the  summer  of  \6S\  hf  retired  to  settle  at  Oxford, 
the  Philosophical  .Society  being  removed  from  London  to 
tbat.nlsc«k  that  lie  mic^t  n^oy  the  oonatnation  of  the 
«tii(rkw»cdinembeti,hii  firiendsfwho  bad  irtiMi  Aillier» 
ancb  as  MTilkiM,  Walla,.  Ward,  WUlii,  Wrra,  fte.  It  was 
during  httmidence  here  that  he  improved  that  admiiwble 
engine  the  air-pump;  and  by  numerous  ex^oiiacut»  was 
enabh-d  to  discover  several  qualities  of  the  air.  SO  as  t'l  lay 
ii  iiiLi.  ii  il.'iri  fi:r  a  Cuiiiiili  tc  tlii';-^.  lie  ileclaied  8g;iin>t 
the  )ilul!>ii<j/;;y  dl  An'-Ujini,  ;ih  having  m  it  more  of  words 
than  tiiin;;s ;  promising  much,  but  piTl'Tmin^  lillle;  ami 
giving  the  iiiveutioiLS  ol  nKU  tor  indubitable  proi  U,  iu> 
Stead  of  buildinjt  on  obse ivaiion  and  « Mperiinciiu  I  b-  wa<» 
also  S41  zeidous  fur  this  true  method  of  learning  by  ex|K'ri- 
ment,  and  so  careful  about  it,  liiot  ihuu^h  ihe  Carlcsiaa 
philosophy  then  made  a  f;roat  interest  in  the  world,  yet  l.'u 
could  never  be  pi  tsuadeil  to  read  the  »**»rks  of  Ucscartes,. 
for  fear  he  should  be  amused  and  led  away  by  pUuuibIa 
accounts  of  things  fuundod  on  conjecture,  and  Bwdy  hy- 
pothetical. But  phUoaophy,  and  inquiries  into  naturv' 
thoogh  they  engi^^ed  his  attmiion  deeply*  dU  sotoccnpy  • 
him  entirely;  as  he  still  continuad  lo  piMMia  critical  ami 
theological  studies.  He  bad  oftn  of  Mefimrnc  to  aniaa 
into  holy  orders,  by  the  government,  after  the  rcftoMtimu. 
But  he  dL'diucd  ibc  o0cr»  choosiug  rather  to  pursue  hi«. 
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!>tu<l)04  tn  n  layman,  in  nuch  a  maimer  at  might  be  m«it  ing  tacb  penone  at  wwicii  t»  amu/tt  UK,  ddMr4ie  Mr 

<  rfocuial  for  ihv  i>tip|H>rt  ot  religion;  and  bi.'giiii  to  mm-  ownaaMatanciver  lo  commmlcateiww  <K«M>«eri«s  to  him : 

niunirati'  t«>  the  wurUi  the  fruits  of  th<-sc  stuHins.  These  and  he  betides  kept  op  an  extensive  cornsspofKlcnfe  with 

pri>diictioiis  v.i  f  vi  rv  niiiiu'tu'-js  ami  iinput          n  well  the  most  lenmcd  invn  in  Kvirope  ;  ^l>  lliit  ii      ^vl  '^M^!  ii  .il 

•,i»  \anoti* :  !lu-  piiiitipul  of  v<  inch,  at  well  <h  oI  some  liow  hr  coukl  briii;;  out  so  nimiy  tiiw  worlo       ik  did. 

otliiT  mriiu'iitlili'  orciirrenCCI  of  hit  Ufet  were  MOllyW  )li«  ncM  puljlicntion-.  wcrr,  12.  A  contintiiilioii  ol  rx-w 

till"  lollowits»  ordiT :  I'xpcrinu  nt*  t<'Uchili;i  llif  wL-i^ht  atirl  sprinj  ot  tlic  jtir  ; 

In  1600  L'uiiM'  out,  1.  New  (■M|i<Timfiit'!,  |ih\ ■  ic  i-mr-  to  wlncli  is  aililid,  ,\  tliscoiini  ot  Oi'j  ^:!iiii:i-|i!!i  rc  ot' con- 

rhnnictl,  toncbitig  tlio  spring  of  uic  air  ami  its  «  Hi  riv—  Mstrnt  bf;(li.»,  1669. — 13.  Tracts  about  the  cuiiiiiica)  qua- 

2.  Srrapfaic  low;  or  soim-  iiiotivo«  and  incontivi    1  1  tin  Ur.es  of  ihmji;  custnical  suspicions;  the  ti.'nip<-nture  ef 

lovf  of  God,  pathctic'uliy  discounicd  of  in  u  Uu<'r  to  n  the  subterraneous  re<>iofts;  the  bottom  of  the  tea;  to 

friend.    A  work  uiiich  it  lins  Ixh  ii  said  wiis  owin«  to  his  which  it  preli.xcd  nn  introduction  to  the  history  of  par- 

couriship  of  a  lad;,  the  daughter  of  Gary  earl  of  Mun-  ticular  qualities,  ltf^<->14.  Considerations  ob  iheuiaAil- 

noutb ;  thouj^  our  author  vat  never  manMU— S.  Cn-  tm  of  cxpcrinental  and  natural  philotopby,  the  9i  fut* 

tain  phytiolagical  esMyt  and  other  trecls.  in  iSStj—*.  iSfL—U.  A  eolleeti«i  of  tracts  on  several  ami. 

Sceptical  chemist,  l(>6?;  reprinted  aboi^t  the  year  10^9,  importMt  poiutoof  piMtieal  philosophy,  l6ru-~lS.  An 

with  the  addition  of  divers  expcrimentt  and  noM  00  the  cm>jroatli««l%bl  weiitMeofgea^  16YS«— 17.  A  ool- 

prodilciblmrss  of  chemical  principk-s.  leetioR  of  traett  on  the  rataliott  hetwecn  fleme  and  air ; 

III  the  yt-ai  lf>'(i:],  the  R..yiil  Socifiy  bring  incorporated  and  several  other  useful  and  curious  subjcctv,  \tu'2: 
by  king  C  hftrk-3  tin-       Mr.  Uuvlc  whs  iianicil  one  of  the  bosidrs  furnishing,  in  this  and  the  former  yenr,  a  number 
council;  and  as  In-  niipjit  ju>tly  In-  nckonrd  among  the  of  short  disscrtuiioiii  on  various  topics,  adilr<-ss<-J  10  th<' 
founder*  of  that  lr:ir:u'il  liody,  so  hr  continutd  onr  of  the  Royal  .Sotiety,  ami  inserted  in  their  Tranaaclions. — IS. 
most  useiul  iinJ  jii(l\istn<iiis  of  its  members  during  the  Essnys  on  ilie  strun^r  subtiity,  prc-it  efficucy,  and  deter- 
wholc  course  of  hi>  litV.    ll«  next  publication!!  wcrr,  5.  minute  nature,  of  rftluvm  ;  with  a  variety  of  experiment* 
Considerations  toucbin"  the  usofulmts  of  experimental  r.  i-  on  other  subject!,  1673. — 1;).  The  cxcellcDcy  of  thvolovy 
lural  philosophy,  l663.—(i.  F.xperimcnis  and  coiisidcra-  compared  with  philosophy,  1673.    This  discourac  wiu 
tions  upon  colours;  to  which  was  udded  a  letter,  contain-  written  in  the  year  l6a5,  while  oar  author,  to  avoid  ibo 
iBff  Observations  on  a  diamond  that  shines  in  the  dark,  g|cat  plague  which  then  raged  in  London,  was  forced  lo 
Ito3.  This  treatise  is  full  of  curious  and  useful  rematka  go  from  place  to  place  in  the  country,  having  little  or  ni> 
on  the  Uttmto  unexplained  doctrine  of  light  and  coloun;  eitportuiiiiqr  of  conialling  hit  hooka.— 20.  A  collection  of 
h  wMdk  iMHiwm  gmtt  judgment,  accnracr,  and  pene*  'tiicta  on  m  taltncw  of  the  tea,  the  moiature  of  the  air. 
•nlidMt  •n4«Uch  may  be  taid  whwaM  dwinif  Ibr  theMtunlandpietciiMUiral  suteofbodiw;  lowMchb 
Vcwtmi,  who  mftda  svch  brfltiant  ditcovariet  in  that  pnflmd  a  dialogoa  concerning  cold,  l6f4^ti.  A  cof- 
braiirh  of  physics.— 7.  Considerations  on  the  ityk  of  the  lection  of  tracts  containing  »u«picions  about  hidden  <|ua- 
holy  .Scriptures,  1(J63.  This  was  an  extract  from  a  taiger  Htiesof  the  air;  with  an  appendix  touching  celestial  mag- 
work, entitled  Ane^sayon  Scriplnre;  which  ».n  after^vards  nets,  .'1  iiiriiarlverMon^  on  Mr.  Ilobbes's  problem  eoitcern- 
published  by  Sir  I'eler  Tclt,  n  fnend  of  Mr.  Boyle's.  ing  a  v  ir  ium  ;  «  tii»(  oiirse  of  the  cause  of  attraction  und 
In  lfe<it  he  was  elected  into  the  company  ol  the  royal  suctmr  ,  l'i74. — i'?.  -Some  coiiMderatimii  ybout  the  rea- 
ininers  ;  and  was  all  this  year  <icci!pieii  in  pioiccutins;  va-  soniiblcnt-s<,  of  ri«>on  ami  religion;  by  T.  li.  (the  final 
rioj-^  ;;or>d  design*,  which  w.-us  prot'ably  the  reason  that  letters  ot'  his  name>).    To  winch  is  annexed  a  discounw 
lie  Hid  not  publish  any  works  in  this  year.    Soon  after  alme.t  the  |>ossibiIity  <jf  the  rcsurnciion  ;  by  Mr.  Boy W, 
came  out,  8.  OccaaionHl  reflecljoiis  upon  several  subjects.  Hi?  ..    'ITie  same  year  several  papers  communicated  to 
1669-    This  piece  exposed  our  author  lo  the  censure  of  the  Royal  Snciety,  nmong  which  were  (wo  upon  quick- 
fhn  cdabfated  Dean  Swift,  who,  10  ridkule  thcK  dit-  silver  growing  hot  with  giHd,i— S3.  ExpeiimrMt  and  nolaa 
•cottiaes,  wrote  A  Pious  Meditation  upon  a  Broomttkk,  in  about  the  mechanical  origin  or  production  of  paiticnlnr 
the  Style  of  the  honourable  Mr.  Boyle.— 9.  New  experi>  i|naUtici,  in  several  discounet  on  a  great  vaiieiy  ef  enb- 
mem  and  ohaervntiont  upon  cdd,  ItiSS-— Kk  Hydnnttt-  Ject%  «nd  among  the  rest  «n  klectnci^,  itif&F—Ue  then 
Ileal  pandonea  made  oat  by  new  experimenia,  for  the  commuiilcaled  toMr.Mook  nshort  memotitl  ofsoman^ 
meat  part  tftyiitai  ud  easy,  I6$6.wii.  The  oiigin  «f  «emtions  made  on  an  artificial  substance  tint  ahincBwIllK 
Atmn  sMNpMMMa;  according  to  the  corpnscuhr  phlleao* '  out  any  preceding  illustration ;  published  by  Hook  in  M* 
phy,  1$66.— Both  in  ibis  and  the  former  yt-ar,  our  author  Lectiom.'s  Cutlerianx — 24.  Historical  account  of  a  d^ 
communicatird  to  his  friend  Mr.  Oldenburg,  then  si-cre-  gradation  of  gold  made  by  an  anti-elixir.- 23»  Aerial 
tary  to  the  Royal  Society,  sc»eral  curioii*  and  excelli nt  noctiluta;  or  some  new  phenomena,  and  a  process  of  a 
short  pieces  of  bis  own,  on  a  ^rent  ^arii'ty  of  subjects,  and  luctitioiis  self-shining  sulistance,  lft'80.    Thi<  year  the 
i-itliiTi  transmitted  to  him  by  his  li  .ir:!  ;!  friendt)  uMch  Koynl  Society,  as  a  proof  of  the  just  tense  of  his  great 
aix  printetl  in  the  Phibwopliieal  1  r.iiisHCCions.  worth,  and  of  the  constant  and  particular  services  which 
In  the  year  KifiS  Mr  lio^  [,■  n-solveil  tosettle  in  London  through«  course  of  many  years  he  baii  I'Mir  tlirni.  mu  iti 
for  life;  and  for  that  purpose  he  removed  to  tlie  house  of  choiceof  him  for  their  pi  esident ;  but  be  bcinp  extremely, 
hi»  sist,  , ,  the  Lady  Ranelagh,  in  Pali-Mall.  This  removal  and,  as  he  <.ays,  peculiarly  tender  in  point  of  oaths,  de- 
was  I"  tbie  |»TOit  benefit  ft  ilje  leariiol  in  general,  and  par-  dined  that  honour. — 26.  Discourse  of  thinjs  above  rBK* 

'  ticularly  of  the  Hoynl  S  '  I  1;  ,  I"  whom  he  gave  great  and  ton;  innuiring,  whether  a  philosopher  should  udinit  MJ^ 

'teontintial  ataistance,  as  abundantly  appears  by  the  several  such,  I08I.— S7*  New  experiments  and  observations  on 

'^ccta  communicated  to  thero  from  time  to  time,  and  the  icy  noctiluca;  to  whi^  is  added  a  chemical  paradox, 

.^fiinttd  in  their  TraniaetiekM.  To  avoid  improper  watte  grounded  on  new  ecpcrinaita,  making  it  prabable  thus 

^ ^i*^  kn  had  Mt  huun  In  d|e  day  appoinlnl  fin  nceif*  diemical  principles  nin  tnuumninblr,  so  Ihnt'  ont  of  nan 
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of  tlicm  othen  may  bo  produced,  l689.— 28.  A  contiiiu- 
abon  of  new  vxpt-riinpniv,  ptiysicn-DKThBnicnl,  t')i!i:hiiii.j 
Uietpring  and  weighi  <it  tlic  air,  and  ihoir  frti-cts,  l(3iSJ  — 
S9-  A  sburt  li-lti-r  to  Dr.  lUak,  iii  rc-liition  lo  tho  makinjr 
of  fmb  water  out  ul  >aJt,  1683.-30.  M<rinoin  far  tkeoa* 
turn!  bi«ory  of  haiMw  Uaod,  capccitlly  tbe  ipiiilof  ihKt 
l^aor,  31.  Lxperimenis  mM  coMidlanKiom  mbost 

Ihf^otvmty  of  bodica,  l6i84.— 32.  Short  •Mnmra  IbrtiM 
aMiinilexpcnoienCal  liMtiM|f  «(«tiiMml«M0«>&e,UiSS.^ 
as.  An  eMT'OB  the  gvHt  tUtcliqf  w  hmfQid  ami  an- 
imiU  BiiNKn,  ftc,  i6«ft<-«4.  Of  the  racottdlcaUemw 
of  -wpteUe  ■tdieittM  to  Iko  enrp«scular  philoaopby,  Icc^ 
i0lM<>->45.  Of  Ute  high  vmfation  maa'«  ititollect  otrao  to 
430(1,  pocvliaHy  for  bit  wwdom  and  power.  16'85.— 9(K. 
Free  inquiry  into  the  vulgarly  received  nnlion  of  nalofet 
l68S.— 37.  1  H»f  niartyrdum  of  Tbrodura  and  Uidymia, 
1687 ;  o  work  111-  liad  dniwri  up  in  hii  yt>utli. — 3K.  A  di»-_ 
<|liiBilion  about  tliv  tinal  cauors  of  natutiil  ihing:),  and 
bout  vitiutod  liiihl,  KiKfi. 
Jklr.  Royic's  Ii<mIi!i  declining  vri\  fast,  he  nbndged 
ally  hi4  timr  cisi  n  to  convorsHlions  and  communicu- 
tioiMwith  utbrr  pt-rsonb,  ibat  lie  riii«ht  itiiw  more  time  to 
flaparc  for  tbe  prcM  tome  others  ut  his  papcrii,  before  hia 
-deoth,  which  wen:  ai  Mlow  i—ng.  .Medicina  Hydmitatica, 
Ac,  lti90.-p«0.  The  Cbciitiaii  virtooM,  &c,  Ui'iK).--^!. 
Expcrimeoia  et  Obaenwlkmei  PbyaiCK,  ftc,  ;  wbich 
M  the  laat  «N»ilt  that  he  nuhMaiC 

If  r.  Boyle  died  on  the  iMt  Aqr  of  Drocniher  of  -the 
«MM  yew,  IS^,  ia-th»(toth  ymr  iH  hh  ap,  ladifM  Imh 
«iid  *■  St  Mwliii'a  eh«reh  ill  the  FWdH  WcetmiiHter ;  hh 
tfimnl  niraon  Mag  preached  by  Or.  Oilhert^Vantet,  h$> 
llw  of  Salitbtiry;  in  which  he  displayed  the  cMcllMrt 
qnaltrief  our  authnr,  with  many  circumstancrs  nf  hii 
lifr,  i\c.  liul  a-,  liic  limits  of  this  work  will  not  allow  us 
U>  ttWiow  the  bishup  in  the  copiuus  und  cluqufnt  account 
he  has  given  of  thin  "rr  at  iii:inV  iibiltties.  ne  must  Content 
ounclvcs  with  adding  the  liillnwing  short  rtilogium  l>y  llie 
oetebratcd  physician,  philosopher,  and  rhenmt.  Dr.  Ikx^r- 
haave;  who,  ofter  havii>g  dvclarrd  Lord  Bacwu  10  be  the 
Adar  «f  cxperiairatAl  philmophy,  asserts,  that,  "  Mr. 
Boyle,  tbe  oroemeni  of  his  age  aitd  country,  succeeded  to 
the  genius  and  inquirin  of  (be  greet  chancellor  \'erulain. 
Whwh,"  mft  he,  "of  Mr.  Boyle'*  nriting* shall  I  recom- 
aaadl  All  of  ttam.  To  him  ire  o«e  the  aecreta  of  fire,  air, 
elahlae,  lonili :  so  that  fmn  hie  wenha 


.lafit  Mk  tftlao  tereral  papers  behind  him,  «»hich 
pnbWatd  mboc  bis  diraib.  Beautiful  editions 
of  all  hit  works  have  been  printed  at  London,  iu  5  volume* 
folio,  and  6  volumes  4to.  Dr.  Shnw  also  published  in  3 
wolunm^to,  the  saine  works  "  abri<l<<ed,  in<  thodised,  end 
disposed  utHler  the  ecnrral  !  •  Hs  of  Physic*,  Statics, 
Pneumatics,  Nalunil  lliston, ,  '  ini-try.  and  Medicine;" 
to  which  he  liii.',  iireti.M'il  u  ^li  catalogue  of  the  philo- 
sophical writings,  iicronlini;  l>>  llie  order  of  llM  ' 
tbrv  were  first  published,  as  lollewt: 
Physico-nicchanical  cKpettaaAill  OA  ll 

aiid  wciafat  of  the  air     «  •         •  ~lC0I 


Tbe  Sceptical  Chemist 
Phyaielogiwal  Easays 
History  of  (Moors 
UsefulntM 

History  of  OoM  M.  i 
HisioricakMnteo 
OngM^  «C  JlMWtitt'  QuslMaa 


Cosmical  Qualitkt    •            -              •  ifffO 

'I  lit-  .idmirable  Rarefaction  of  the  Air     -  1670 

1  III'  Origin  and  Viriatrs  ol  UesM          -  \bTi 

'i  he  Hrliuion  hctariatFlaaieaad  Air  •  1672 
KlUuMuras      .       -              •  - 

Saltiie^s  of  tbe  Sc«               -            •  lfiy4 

Hiadeo  Qitalitiaaof  liwAir  t  •  t^* 
The  ExceUenet.  *e.  of  lha  MachttM  Uypo- 

thesi*           -           -           -  ]6r4 

CoMidwaiiasis  oa  the  Beearrectien  •  1675 

niitie«lar4)«aiiiia«                      -  lfi7S 

Aeital  Nociilvn      -        -           •  lAo 

kyNoctiiac*         -        •           •  iMa 

Thinp  above  Raaeon           •           *  ittl 

Matniml  History  of  Huaaa  Blood      '  -  iCs  v 

Porosity  of  Bolirs               -             -  I6tl4 

Nuturui  lljuory  of  Miaaral  Waleri      -  ]<>84 

Specilic  Mediciues                   -               -  1685 

lihe  High  Veneration  due  to  God           -  l£85 

IjtDguid  Motion       •         •           '  •  ]685 

1  be  Noliuo  uf  NatH*          •             •  1<»86 

>'inal  Gnoses         -            •            -  l£sa 

Modiciaa  Hydioslatica         •          '  •  I6190 

The  Christian  Virtaoso         -            >  'VB^ 

Kxperimenta  et  Obsmationta-Phytim  'l^pl 

Natural  Hiaioiy  of  the  Air     -.  Ifi^t 

Jiedicinal  Cxperimcnti  17IB 
BRACE*  ia  Aicl|itectaf»t  denotes  a  pieoa  ef 
AmIm4  in  with  boiil4aiali|  aarsing  to  keep  tha 


MMivMH  either  wMr> 

lACHMII"  " 


lCf» 

vm 


BRACHMlNS,  or  BBACHvam,  a  braneh  of  the  an- 
cient Gynitosopbists,  or  philooopbers  of  liiilia.  w— itahia 
for  the  severity  of  their  lives  and  nanners. 

BRACKK'l',  in  Building,  denotes  a  k  1  nd  uf  wooden  Stay^ 
in  form  uf  a  knee  or  shoulder,  serving  for  the  support  of 

shelves,  &r,  or  a  cM|>in  If,  uhl^  Mw-w  »  Hay  to 

limbcr-work. 

UKADLKV  (Dii.  Jamki),  a  celebrated  English  astro- 
nomrr,  the  third  son  of  William  Bradley, srae  horn  atShex^ 
borne  in  (Gloucestershire  in  the  year  lloint.filied 
for  the  univenity  at  NortMcnch,  in  the  aaaacaMiM^,  at 
tbe  boardiag  icftaol  of  Mr.  ilas  and  Mr.  Bitet.  Rm 
ihcnoe  he  aaat  in  OitiM,  and  adniiMl 
of  Baliol  eoHcft,  llaieh  M,  wh«a  Aa  loalt  ito 
dvw«r  liaiMor  tfca  14th  of  Oelohcr  t7M»aai  «f  m»> 
•trefiMi  the  3M  of  January,  I7l<i.  HblHeirf*iiitiad>' 
log  khi  for  the  chniah,  hit  ttadice  were  regulated  witk 
that  wieir ;  and  as  soon  as  he  was  of  a  proper  Bj;c  to  receive 
holy  orders,  the  bishop  of  Hereford,  who  had  niterlairK-d 
great  enteem  for  him, gave  him  tbe  living  nfBridstow,  aixk 
soon  .liter  \\c  was  iaducted  to  that  oC  l  andmy  VMflay  ia 

Pvinbrokeshire. 

He  »Hs  nephew  to  Mr.  PoumI,  a  ;;entleinan  well  known 
in  the  learned  world,  by  many  excellent  astronomical  and 
other  obeervatioiu,  ana  who  wonid  have  enriched  it  much 
more,  if  the  jeumida  of  his  voya^  had  not  been  burnt  at 
Pudor  Condor,  when  the  place  wet  srt  oa  and  the 
English  who  wei!i>  settled  there  cruelly  reasaiK-rvd,  Mr. 
Ponnd  hiimelf  my  narrowly  cscapim  with  his  life.  With 
tWa-fnttltmn,  atWaaatoad,  Mr,  Btwiley  nancd  aH  th* 
lima  that  be  couU  turn  ftaas  the  dntiet  of  hie  flaacliesv 
Wi«  ihcD  MfldtM^  MqnahiMd  wiliiiha  aHtheaMiiaa«»i 
iMftaw  by  Mr.'Poni#e  oonvenatiaak  It  may  easily  b» 
MMfhied  that  the  example  and  eonoMarion  ef  this  fcratl^- 
■MB  did  aot  tender  Jlradlcy  awRlNMl  nChis  prefctaiiMHia. 
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which  hr  Uforo  no  crx-at  «Hachm<"ttt:  Kf  COiriillMd 
h  jwi  vi-r  Hs  yt  ti>  lullil  ll)f  iliilii  ■>  of  il.  lluiui^h  lU  this  tirrip 
hv  had  miidf  4iich  obx'iviitions  ab  laid  ihf  Imiiidation  of 
thosp  discDVcriiit  which  altrrniiril^  di«tinglii»hed  hini  n  i  :ir 
of  the  gtvat»'*t  aslnmutiu  r-.  <il  Lis  a%c.  '1  hi-sn.  obxTvatiuns 
gnined  liiin  thf  iintirt'  and  tVii-!idbh;p  i>f  the  hird-.  Iiancel- 
lor  Mai-clp»licld,  Mr.  Ni-wtun,  Bti<-rvtar<i«  Sir  Imwc,  Mr. 
Hnlh  y,  and  many  other  nirmbi-xs  of  ihc  RoyalSocicty  into 
which  he  was  lOOn  aftrr  eh-ctod  a  mrmbt-r. 

S<ion  after,  thechur  of  Savilian  professor  of  astronomy 
«t  Oxford  bcc«iil*  rtnai,  by  ihc  4mh  of  ihe  cilrbmird 
Ur.  Mm  Kcili  ud  Mr.  BiMlcy  w««  drcted  to  tuccecd 
bim  on  tiie  Slat  of  October,  1791,  at  99  y«>n  of  ag<  :  hi^ 
coUeofEiM  Mng  Mr.  Halliy,  who  wt*  profmor  of  gromeiry 
on  the  same  fmittdatkin.  On  thi»  app'iintraent  Mr. Brad- 
ley migni-d  hit  rhurch  living*,  and  apphcd  biimclf  vboll^ 
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proper  to  mskp  applicnti6a  lo  Ae  kii^  wbo  wu  pi«wi^ 
to  order  1000  powMto  for  tbat  purpoae.  This  sum  was 
laid  oat  under  ihf  direciion  of  Bradley,  who,  wiih  the  a»- 

v:-%irn'  vi  thi  late  cclobrHti^  Mr.GrMhara  and  .Mr.  Birrf, 
lutiu^lird  (he  oUMT»Rlorv  witli  as  <  imipL  lo  a  CAlU-ction 
of  aslrcmoinicjl  iDslrumi-nts,  ns  iIk-  ijm-t  ■.l.iltiii  i^imI  dih- 
Cint  o|jM-i\t  r  foiild  dp»m-.  Our  aulli'ir  b<  ing  Ihiis  fur- 
nished with  Micli  .i-siManci',  jjursUid  Ins  i>t>»ortations  with 
great  assiduity  durins  the  rf»lof  his  hfc;  lui  imnienae  num- 
hrr  of  which  was  lound  ufler  his  death,  in  13  folio  vo- 
lume*, and  u>  M'  pre'onted  lu  the  uni\orsily  of  Oxtord  ia 
177<>,  "n  conilitioii  <  f  liieir  printing  an<l  pubhshing  tbeill« 

J^tiring  Dr.  Brddley's  residence  at  the  Uoyal  Obaermp. 
tory,  the  living  of  the  church  at  Greenwich  becwntVB* 
ent,  mi  mn  oArrad  to  bin:  upon  his  nAMii^  lo  MCqiC 
it,  (mm  «  coOirirntfcMM  scruple,  **  tlwt  the  duty  of  ■  p«»> 


to'  the  study  of  his  favourite  science.   In  the COIUM  of  h*.  ^tor  was  ineompaliblr  « ith  his  other  studies  and  ncceiauy 

Cflgi^riBonli,'*  the  kinj(  was  pleased  lo  grant  him  »  pension 
of  250<  ovtr  and  above  the  astronomer's  orijtinui  salary 
(100/)  from  the  Roard  of  Ordnance,  "  in  considi  ration 
(j^  il.c  ^i^iv  liiiiiiij;ii.  (lali'J  ih'j  l-jlhlVb.  1  7  ( \|m  il) 
ij{  iut  gnat  skill  uud  Miowiedge  in  ltu-»e*ei,il  bi.iru  lirs  of 
astronomy  and  oihrr  pans  of  the  rr|»theroalii  >,  »  im  |j  ii;i\c 
proved  Ml  useful  to  the  trade  and  mvigatiun  of  tbn  kll^ 
dum ;"  a  peiMion  which  hu  bci-n  ICglllnrly  CBOtiUMd  !• 
the  astroiKtmeis  royal  ever  since. 

About  174H,  our  author  became  entitled  lo  bisbopCMw'a 
benefkciion  of  30/  a  year,  to  the  lecture  rmder  in  experi- 
mental philosophy  at  Oxfenl.  He  was  elected  a  member 
of  the  academy  of  Scinwft  nt  Beriin  in  1747 :  of  that  nt 
Vuk,  in  I74tt  of  thnt  al  PMcnbuif,  in  17M;  nnd  nf 
thnt  nt  Boi«pM,ia  17ji7.  He  maniod  ia  the  ycnr 
1744^  but  newer  had  more  Ihnn  one  cbiM,  n  duighter. 

By  hit  unmnitting  applicatioo  lo  study  and  obser- 
vations, he  bronne  alBicied,  for  near  two  yeart  before  hit 
doatli,  with  u  violentoppn-ssion  on  hi«  «pirit5,  which  inter- 
ruplfd  his  useful  labours.  This  distrrvi  aroicchiefly  from 
an  apprelii  nsion  lhat  he  should  oullivr  |J|^  umoiial  lacul- 
tics;  but  tbto  so  much  dreaded  evil  nevi  r  riuiu  upon  him. 
It)  Ju[i'_'  17^1-*  J-i  M'l^f  il  Hjiii  il  Mi[/jT*:iMi.in  t-il  iirine, 

occasioned  by  un  inllanimalion  in  tbe  reins,  which  lermt- 
naled  his  existence  the  13lh  of  July  following.  His  death 
liaBpencd  at  Cbalfprd  ia  UloucMier«hin!',  in  the  7 Olh  year 
of  nn  nge;  and  hn  waainirmd  at  Uinebtnbamptaa  in  the 
same  county.  * 

be  thought  oecemiry;  but  Dr.  Halhy  died  before  he  could  As  to  the  character  of  Dr.  Bradlay,  he  wat  irwaibiMB 
ncompiiih  tbia  kind  object.  Bradliry  however  obtained  for  a  placid  and  geoiie  aodaity,  very  twconawwn  ia  par> 
the  placr,  by  the  inhncat  of  lord  mrdeaieid^  who  waa  anna  of  an  active  tamper  nnd.robaat  conalilnllon.  HimrIi 
aftenvard*  piwiJant  nf  the  Roynl  Sadeqrt  and  npon  Ibia  be  wia  a  good  spnker,  and  poeMwd  the  mn-biu  bappy 
appointment  the  jnnii'en}^  of  Oxford  conferred  on  bim  a        '  •  . 

diploma. 

The  appointment  of  astronomer  ro)al  at  Greenwich, 
wIiK  h  dutwl  the  3d  of  l-Vbniary,  ]  7  W  [  Ian -i  mi  r 
author  111  isis  proper  sphere;  ami  he  puiiucU  nis  uUierva- 
lions  with  unwearied  diligence.  Ho»e»er  nuinerons  the 
collection  <  f  astronomical  inslrumi  iits  at  lhat  olisrrvatory, 
it  was  impossible  lhat  such  un  observer  as  Dr.  Bradley 
jiltould  not  desire  to  increase  theiu,  as  vvell  lu  «ns»er  ihoso 
pArlicular  views,  as  in  getveral  to  make  observation*  with 
greater  exactness,  in  the  year  1748,  therefore,  he  took 
I  the  opportunity  of  ibe  visit  »f  the  Koyal  Society  to  the 
olaarvalDty,  annually  made  (o  examine  the  insirumenttaad 
the  professor's  observations  for  the  )  ( ar,  to  repre- 
H>  ftfongly  the  neecatity  wf  rcfiauring  the  old  iaatru*  cottM  of  a  new  diioovernl  Alolioo  of  the  fifpd  StaI^  vol. 
It  and  prnffidtng  new  «na|,thai  tba  aociaty  tbongbt  3d;piti97ii— 4.  Onih«Gob«efaocbwilbl«oabMinica|, 


observations,  which  were  innumerable,  he  discovered  and 
itcltled  the  laws  of  the  alti  rulinns  of  the  lix<  il  stars,  from 
the  progressive  motion  of  lii;lit,  rombiiied  vvilii  the  earth's 
siiii'.;!  m<iiiun  ab'iiit  ihe  sun, ami  iIh'  nutation  of  the  cari'.'s 
BMs,  ariMii;  from  the  unequal  aitrnctinn  of  the  sun  ami 
uioon  oil  the  dilierent  parts  of  the  earth.  The  former  ol 
the»«'  effecis  is  called  the  Aberralion  of  the  fixed  stars,  ihc 
theory  of  which  be  published  in  17'27:  and  Ihc  latter  the 
Natation  of  ibc  Vartb's  axis,  the  theory  of  which  appeared 
in  1747,  deduced  from  20  years*  aatiduoat  observations, 
by  wbidi  Im  oommvnicated  to  the  world  two  of  the  finest 
dHC««eri«  in  nwdwn  a»tronomy,  making  a  maauN^le 
epocb  in  the  hialny  of  that  acicnee.  Sen  AnuaATto* 
and  MvTATtow. 

.  In  1790  Bradley  succeeded  Mr.  Whitesldai,  aa  leCtWCr 
in  aatronomy  nnd  experimental  philosophy  in  the  Mtiaena 
at  Oxford;  which  was  a  considerable  emolument  to  him, 
aud  which  he  enjoyed  till  within  s  year  or  two  of  his  death, 

when  tlie  ill  state  tif  his  health  induced  him  to  resign  it. 

Our  author  always  preserved  the  esteem  and  friendship 
of  Dr.  Hallcy ;  w  ho,  beins;worn  oul  liy  n^i  and  infirmities, 
thought  be  Could  mil  ilu  better  ("i  tin-  s.  rvire  ol  a'liono- 
my,  than  procun-  in  Mi  Hraill.  y  :Hi'  [UaLe  ot  ri-gius  pro- 
fessor of  astronomy  at  ttreenwicli,  which  he  hiiiiself  had 
many  years  putsi-ssed  with  ihc  greali^^t  reputation.  With 
this  view  he  wrote  many  letters,  desiring  Mr.  Bradley's 
pcrnuMion  to  apply  for  a  grant  of  tlie  reversion  of  it  to 
'  even  uffeit-d  lo  resign  it  in  bis  favour,  if  it  should 


nrt  nf  capressing  bia  idm  with  the  utmoat  piveition  and 
cicnmcas,  yet  no  man  was  a  greater  lover  of  silence,  for  be 
ttever  spoke  but  when  be  thought  it  absolutely  neces- 
sary. Nor  was  he  more  incline*!  in  wnie  lliaii  to  speak, 
as  he  has  published  very  lillle:  he  had  a  naiural  ilittidence, 
wliik  li  ni;rlr  i.ir;.  iiys  alraid  that  Ins  >\orks  nii^Mt  injure 
his  chariicler  ;  so  that  he  suppie»eil  iiiali^  which  might 
have  been  worthy  of  pulilicuiu  u. 

His  papers,  which  ha\e  been  inserted  in  the  I'hilos. 
I'rani.  arc, 

I.  Observations  on  the  Comet  of  1723,  vol.  33,  p.41. — 
'i.  The  Longitude  of  Lisbon  and  of  ibe  Fort  of  New  York 
from  Wunsicd  and  Loudon  determined  by  the  Eclipse  of 
tba  First  Satellite  of  Jupiter,  vol.  34,  p.  84.-3.  An  Ac- 
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TtnduUmi,  vol.  38,  p.  302. — 5.  Obacrvttiona  on  the  Co- 
met 1736-7, »ol.  40,  p.  111. — 6".  On  the  Apparent  Mo- 
lion  of  tlie  Fixed  Stars,  »ol.  45,  p.  1. — 7.  On  the  Occul- 
tation  of  Venus  by  the  Moon,  the  13th  of  April,  1751, 
vol.  46,  i>.  201. — 8.  On  the  Comet  of  1757.  *ol.  50,  p. 408- 
' — 9.  Directions  far  Using  the  Common  Micrometer,  vol. 
62,  p.  46. 

BRADWARDIN  (TuoMAS),  a  skilt'ul  mathematician 
and  divine,  was  born  at  Hartfield  in  Sussex,  about  the  close 
•f  the  13th  century.  He  was  educated  at  Mertou-college, 
Oxford,  where  be  took  the  degree  of  doctor  of  divinity. 
It  has  been  said  he  was  professor  of  divinity  at  Oxford ; 
'that  he  was  chancellor  of  the  diocese  of  London, and  con- 
fessor to  Edward  the  3d,  whom  he  con-ttuntly  attended 
during  his  war  with  France.  After  his  return  from  the 
field,  he  wiis  made  prebendary  of  Lincoln,  and  afterward 
archbishop  of  Canterbury.  He  died  at  Ijiinbeth  in  the 
year  1349,  forty  days  after  his  consecration.  His  works 
arc,  I.  Dc  Causa  Dei,  printed  in  London,  16I8,  published 
by  J.  H.  Savil. — 2.  Dc  Geometria  Speculativa,  &c.  Pa- 
ris, 1495, 1512, 1530.— 3.  De  AYithmetica  Praclica.  Paris, 
1502,  1512. — 4.  De  Proportionibus.  Paris,  1495.  Venice, 
1505,  folio. — 5.  DeQuadrataturaCirculi.  Pans,  1495,  fol. 

BRAHE'(Ttchu),  a  celebrated  astronomer,  descended 
from  a  noble  &mily,  originally  of  Sweden,  but  settled 
in  Denmark,  was  bom  the  14th  of  IVcewber  lo46,  at 
Knudsinrpin  the  county  of  Scbonrn,  n<-ar  lieUimbourg. 
He  was  taught  Latin  when  7  years  old,  and  studied  5  years 
under  private  tutors.  His  father  dying  while  he  was  very 
young,  his  uncle, George  Brahe,  having  no  children,  adopted 
hiro,  and  sent  him,  in  1559,  to  study.,  philosophy  and  rhe- 
toric at  Copenhagen.  The  great  eclipse  of  the  sun,  on  the 
Slstnf  August  1650,  happening  at  the  precise  time  the 
astronomers  had  foretnhl,  he  began  to  consider  astronomy 
ms  something  divine;  aud  purchasing  the  tables  of  Stadius, 
he  gained  some  notion  of  the  theory  of  the  plaiiets.  In 
1562  he  was  sent  by  his  uncle  to  Leipsic  to  study  the  law, 
where  his  RcquiremenU  gave  manifest  indications  of  ex- 
traordinary abilities..  His  natural  inclination  however 
was  to  the  study  of  the  heavens,  to  which  he  applied  him- 
self so  assiduously,  that,  notwithstanding  the  care  of  his 
tutor  to  kctp  him  close  to  the  study  of  the  law,  he  made 
use  of  every  means  in  his  power  for  improving  his  kiMw- 
ledge  of  astronomy;  he  purchased  with  his  pocket-moikey 
whatever  books  he  could  meet  with  on  this  subject,  and 
jcad  them  with  great  attention,  procuring  assistance  in 
difficult  cases  from  Bartholomew  Sculiens,  his  private 
tutor  ;  and  having  procured  a  small  celestial  globe,  he  took 
opportunities,  when  his  tutor  was  in  bed,  anti  when  the 
weather  was  clear,  to  examine  the  constellations  in  the 
heavens,  to  learn  their  names  from  the  globe,  and  their 
motions  from  observation. 

After  a  couHM!  of  3  years  study  at  Leipsic,  his  uncle 
dying,  he  returned  home  in  1565.  In  this  year  a  differ- 
ence arising  between  Brah^  and  a  Danish  nobleman,  they 
Ibugbt,  and  our  author  lost  part  of  his  nose  cutoff  by  a 
blow  in  the  contest.  I'his  defect  he  so  artfullv  supplied 
with  oBc  made  of  precioiu  metal  and  wax,  that  it  was 
not  perceivable.  About  this  time  be  began  to  apply  him- 
self to  chemistry,  proposing  iM>thing  le.ss  than  to  obtain  the 
philiisophcr's  stone.  But  becoming  greatly  disgusted  to 
see  the  liberal  arts  despised,  and  finding  his  on  n  relations 
and  friends  uneasy  that  he  applied  himself  to  astronomy, 
as  thinking  it  a  study  unsuitable  to  a  (lerson  of  his  quality. 
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be  went  to  Wirtemberg  in  1566,  from  which  the  breaking 
out  of  the  jilugue  soon  occasioned  bis  removal  to  Rostock, 
and  in  156<)  to  Augsburg,  where  he  was  visited  by  Peter 
Ratsus,  then  prolfssor  of  astronomy  at  Paris,  and  who 
greatly  admired  his  uncommon  skill  in  this  Kicncc. 

In  1571  he  returned  to  Denmark;  and  was  favoured 
by  his  maternal  uncle,  Stcnu  Bille»,  a  lo\cr  of  learning, 
with  a  convenient  place  at  his  castle  of  Herritzvad  near 
Knudstorp,  for  making  his  obsertations,  and  building  a 
laboratory.  And  here  it  was  ho  discovered,  in  1573,  a 
new  star  in  the  constellation  Cassiopeia.  But  soon  after, 
his  marrying  a  country  girl,  beneath  bis  rank,  occasioned 
so  violent  a  quarrel  belwcen  him  and  his  relations,  that 
the  king  was  obliged  to  interpose  to  reconcile  them. 

in  1574,  by  the  king's  lommund,  Lc  read  lectures  at 
Copenhagen  on  the  theory  of  the  planets.  The  year  fol- 
lowing he  began  his  tr^veU  through  Gorinany,  and  pro- 
ceeded as  fur  as  Venice.  He  then  resolvi  d  to  reiiiove  his 
family,  and  settle  at  Basil  ;  but  Frederick  the  '2d,  king  of 
Denmark,  being  informed  uf  his  design,  and  unwilling  ti> 
lose  a  man  who  was  capable  of  doing  so  much  honour  to 
his  country,  he  promised  to  enable  him  to  pursue  bis  stu- 
dies, and  bestowed  on  him  for  life  the  island  of  linen  in 
the  Sound,  and  engaged  that  an  observatory  and  Inbora- 
ipry  should  lie  built  lor  him,  with  a  supply  of  money  fur 
carrying  on  his  designs:  RrcoiHingly  the  first  stone  of  the 
observatory  was  laid  the  Hiii  of  August  1576,  under  the 
name  of  Uranibourg.  The  king  also  gave  him  a  pention  of 
2000  crowns  out  of  his  treasury,  a  fee  in  Norway,  and  « 
canonry  of  lloshild,  which  amounted  to  10()U  more.  Hiia 
''ituation  he  enjoyed  about  'JO  years,  pursuing  bis  obser- 
vations and  studies  with  groat  industry :  hrn'  he  kept  al- 
ways in  his  house  ten  or  twelve  young  men,  who  assisted 
him  in  his  observation.*,  and  whom  he  instructed  in  astro- 
nomy and  ifiathemstics.  And  it  was  also  at  this  place 
that  he  received  a  visit  from  James  vi,  king  of  Scotland, 
afterwards  James  1  of  England,  having  come  to  Denmark 
to  espouse  Anne,  daughter  of  Frederick  11.  This  king 
made  our  author  some  noble  present*,  and  w^te  a  copy 
of  Latin  verses  in  his  praise. 

Brahi's  tranquillity  however  in  diit  happy  situation 
was  at  length  fatally  inieirupied.  Soon  after  the  death 
of  King  Frederick,  by  tlie  aspersions  of  envious  and  male- 
volent ministers,  he  was  deprived  of  his  pension,  fee,  and 
canonry,  in  1596.  Being  thus  rendered  incapAble  of  sup-  ' 
porting  the  expenses  of  his  establishment,  he  quitted  his 
favourite  Uranibourg,  and  withdrew  to  Copenhagen,  with 
some  of  his  instruments,  and  continued  his  asironomic.it 
observations  and  chemical  experiments  in  that  city,  till 
the  same  malevolence  procured  from  the  new  king,  Charles 
IT,  an  order  for  him  to  discontinue  them.  This  induced 
him  to  fall  upon  means  of  being  introduced  to  the  em- 
peror Rodulphiis,  who  was  fond  of  mechanism  and  chemi- 
ccl  experiments:  and  to  smooth  the  way  to  an  interview, 
Tycho  now  published  his  book,  Aslronomia  instaurata 
^lechanica,  adorned  with  figures,  and  dedicated  it  to  th« 
emperor.  That  prince  received  him  at  Prague  with  great 
civility  and  rcs|M-ct;  gave  him  a  magnificent  house,  till 
he  could  procure  one  for  him  more  lit  for  astronomical 
observations;  he  also  assigned  hiro  a  pension  of  3000 
crowns;  and  promis<'d  him  a  fi-e  for  himself  and  his  de- 
scendants. Here  then  he  srillcd  in  the  latter  part  of 
159s,  with  his  sons  and  scholars,  nnd  aniun<;  ihrm  .the 
celebrated  Keplet,  who  bad  joined  hini.    But  he  did  nut 
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long  unjuy  this  happy  «ituation;  for,  about  3  yean  after, 
he  di«(l,  on  the  24lh  of  October  160I,  of  a  retention  of 
urine,  in  the  flilh  year  of  his  age, 'and  was  interred  in  u 
magnificent  manner  in  the  principal  church  at.  I'rugue, 
where  a  noble  monument  was  erected  to  hit  memory; 
leaving,  beside*  bis  wife,  twosuna  and  four  daughters.  On 
the  approach  of  lU  alh,  he  enjoined  his  !ions  to  lake  care 
that  none  of  bis  works  should  be  lost;  exhorted  tbe  students 
ID  attend  cloaely  tu  their  cxerciMi ;  and  recomnit  nded  to 
Kepler  tbe  finithing  of  the  Rodolphine  tables,  which  bo 
had  consiructeil  for  regulating  the  motion  of  the  planets. 

Brab^'s  :<kill  in  aktrunomy  i»  uni«er»ally  known;  and 
he  it  fumed  frir  being  tbe  inventor  of  a  new  »y»tem  of 
the  pianelii,  which  he  eniienvoured,  though  without  fcuc- 
Cess,  to  estubli&b  on  the  ruin*  of  that  of  Ciipernicus.  He 
was  very  creilulous  with  regard  to  judicial  a.ttroloj'y  and 
presages.  If  he  met  iiii  old  wotpan  when  he  »eiit  out  of 
doors,  or  a  hare  upon  the  ruad  on  a  journey,  lie  would 
turn  back  imniediHiely,  U<'in«  persuaded  that  it  was  a  bad 
omen:  also,  when  be  liveil  iit  Uranibourg,  he  kept  in  bis 
house  a  mudman,  wlioin  he  generally  pinced  at  hif  fei-t  at 
table;  for  us  he  imagined  that  every  thing  spoken  by  mad 
persons  presaged  something,  lie  rurefully  observed  all  that 
this  man  said  ;  and  because  il  siometimcs  proved  true,  he 
fancied  it  mij^hl  always  be  de[>rndrd  on.  He  was  of  a 
very  irnlable  disposition  :  u  mere  trifle  would  put  him  in 
a  passion  ;  and  af^nst  persons  of  the  first  rank,  whom  he 
thought  his  enemies,  he  openly  discovered  his  resentment. 
He  was  very  apt  to  rally  other*.  l)Ut  highly  provoked 
lirhen  the  same  lilM'rty  was  token  with  himself. — Tbe  prin- 
tipal  part  of  his  writinns,  ocrording  to  Gassendus  arr, 

1.  An  account  of  the  New  Star,  which  appeared  Nov. 
Ilth,  l.'>72,  in  Cassiopeia;  Copenh.  1573,  in  4to.— 2.  An 
Onitioti  concerning  tbe  Mathematical'  .Sciencnt,  pro- 
notfnced  in  the  university  of  C<i|>enb«gcn,  in  the  year 
1574  :  published  by  Conrad  Aslar,  of  Bergen  in  Norway. 
— 3.  A  trcfttive  on  the  Comet  of  the  year  1577.  immedi- 
ately after  it  disappeared.  Nine  yeai^  afterward*  he  re- 
vised  it,  a#d  added  n  1 0th  chnptrr;  printed  nt  Urani- 
bourg,  I589.— 4.  Another  trt  atise  on  the  New  Phenome- 
na of  the  heavens.  In  the  first  part  of  which  he  trcatt  of 
the  Restitution,  as  he  calls  it,  of  the  sun,  and  of  the  fixed 
Mart.  And  in  the  3d  part,  of  a  New  Star,  which  bad  then 
waA^  its  appearance. — 5.  A  collection  of  Astronomical 
Epistle*;  printed  in  41o,  at  Uranibourg  in  IJ96;  at  Nu- 
ri^bcrg  in  lbU2;  and  at  Trankfort  in  I6IO.  It  was  de- 
dicated to  Maurice  Latulgiave  of  Me^ste;  becauu;  there  is 
ii»»it  a  considerable  number  of  letters  of  the  Landgrave 
William  his  father,  and  ofChrittophcr  Kothmann,  the  ma- 
iheuiatician  of  that  prince,  to  Tycho,  and  of  Tycho  to 
them.— 6".  The  Mechanical  Prinriples  of  Astronomy  re» 
•tored :  Waiidesburg,  1598,  in  folio. — An  Anwer  to 
'fht  Letter  of  a  Certain  bcuichman,  concerning  the  comet, 
in  the  year  1377- — 8.  On  the  composition  of  an  Elixir 
for  the  plague;  addreMe<l  to  the  rmpemr  Rmlolphu*.— 
<t.  An  tlepy  on  hi*  Exile:  Rostock,  I(il4,  4to. — lO.  The 
]U>d(.<!phinc  T.-ibles ;  which  he  had  rtot  finished  when  he 
died;  but  Were  revised,  and  pubrnbed  by  Kepler,  as  Ty- 
cho hod  detircd.— •!  I.  An  Accurate  Enumeration  of  tbe 
Fixed  Star*:  addressed  to  the  emperor  RoHolphus.— 12. 
A  complete  Ctitaloguc  of  lUOO  of  the  fitted  Stars;  which 
V  '  '  in«enc(i  in  the  Kodoipine  Tables. — 13.  Histo- 
!is;  or  a  History  of  the  Heavens;  in  two  piuts. 
'ibc  ibi  contains  tbe  ObMsrsations  be  bad  made  at  Uiaiii- 
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bourg,  io  16  books;  the  latter  contaiiu  tbe  Observatiuaa 
made  at  Wandetburg,  Wiiiembcrg,  Prague,  &c. ;  in  4 
books. — 14.  Is  Bfl  Kpistle  to  Caster  I'uier;  printed  at  Co- 
pcnhageu  lti(>K. 

BllANCKtU,  or  BUANKER  (Thomas),  an  eminent 
mathematician  of  the  t7tli  century,  sun  of  Thomas 
Brancker  some  time  bachelor  of  arts  in  Kxeler-college, 
Oxford,  was  born  in  Devonshire  in  I636,  and  was  ad- 
mitted butler  ol  the  said  college,  Nov.  S,  1653,  in  the 
17th  year  of  bis  age.  In  I (t5 5,  June  the  I5ih,  he  looi^ 
the  degne  of  bachelor  of  art.-,  and  was  elected  probulio- 
nary-fellow  the  Suili  of  the  same  uionili.  In  lti5S,  Apiil 
the  22d,  he  took  the  degree  of  master  ol  arts,  and  beram^■ 
a  preacher ;  but  after  the  Kustoraiion,  r<  lu-ing  to  coiilorin 
to  the  ceiemonie>  of  the  church  of  i-.iiglHnd,  he  quitted 
bis  fellowship  in  •1<>0"2,  and  retired  to  Chester:  but  ivit 
long  alter,  be  became  reconciled  to  the  service  of  th« 
church,  took  orders  from  a  bishop,  and  was  made  a  mini- 
ster of  U'bitegatu.  He  bad  howexer,  fur  Mime  time,  111- 
joyed  greul  opportunity  and  b-isuie  for  pur>uiiig  the  bent 
of  bis  genius  in  the  nialli/matlcal  sciences ;  and  hi*  skill 
both  in  the  mathematics  and  chemistry  procured  him  the 
favour  i>f  Lord  Brerelon,  who  gave  him  the  rectory  ol  Til- 
stnn.  Me  was  afterward  chosen  master  ot  the  well-en- 
duwi'd  school  at  Macclesfield,  in  that  county,  wheir  be 
>\>vul  the  few  remaining  years  of  his  life,  which  was  ter- 
liiiiMted  by  a  short  illness  in  )b7(>,  at  40y(«r»  of  ug4'; 
and  was  intened  in  tbe  church  at  Macclthfield. 

Hrunckcr  wrote  a  piece  on  the  Doctrine  of  the  Sphere, 
in  Lutiii,  which  was  published  at  Oxford  in  l(i()2;  and  in 
l6'b°H  h«  published  at  l»ndon,  in  4to,  a  transialion  of 
Rlionius's  Algebra,  with  the  title  of  An  Introduciioii  to 
.Algebra;  which  tn'Htise  having  been  coniinunicaled  Io  Dr. 
John  I'i'll,  he  received  from  him  snme  M»»iBiuiice  towards 
impro«iiig  It ;  which  he  generously  acknowledges  in  a  hi- 
l<-r  to  Mr.  John  Ctdlins  ;  with  whom,  and  some  other  gen- 
tlemen, proficients  in  this  science,  he  coiiiinued  a  corre- 
spondence during  hi«  life. 

lUlEACH,  in  Forlificalinn,  n  o:ip  or  opening  made  in 
any  part  of  the  works  of  the  town,  by  the  cannon  or  mines 
of  the  besiegers,  with  intent  to  storm  or  attack  the  place. 

BREAKING  Grmind,  in  .Military  Aflairs,  is  beginning 
the  works  lor  carrying  on  the  siege  of  a  place  ;  more  es- 
pecially the  commencement  of  digging  trenches,  or  ap- 
pruache*. 

BREAST-WORK,  in  ihe  Military  Art,  is  an  elevation 
of  earth  thrown  up  around  a  fortified  place  or  po«t,  to 
conceal  or  protect  the  garrison,  lind  which  is  at  the  same 
lime  so  strong  ibat  the  enemy's  shot  cannot  pieice  through 

it.    S<^  P.AU,SPET. 

BREECH  (tf  a  Oun,  the  hinder  ]>art,  from  tbe  cascabcl 
to  the  lower  part  of  the  bore. 

BREREWOOl)  (Etiw'AHb).  a  learned  mathematiciaa 
and  antiquary,  was  the  son  of  Robert  Brercwood,  a  repu- 
table lradi'»man,  who  was  tlire«  times  mayor  of  Chester. 
Our  author  was  born  in  thai  city  in  156'3,  where  he  was 
educated  in  grammar  erudilicm  at  tbe  frce-Kbool  ;  and 
was  iifierwiird  admitted,  in  1581.  of  Rraaett-iiosc  college, 
Oxford,  where  he  sni>n  acquired  the  churueter  of  a  hard 
student ;  as  he  has  shown  in  bis  commetilaries  on  Aristo- 
tle's Elbics,  wbirh  he  produced  about  the  age  of  21. 

In  the  year  I5<>t>  he  was  chosen  the  first  professor  of 
astronomy  in  Gresham-college,  bung  one  of  the  two  who, 
at  the  desire  of  the  electors,  were  recommeudcd  to  iheiii 
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fay  the  univcnity  of  Oxford.  He  iovod  retirement,  and 
•etir«l)i devoted  himself  to  the  pursuit  of  knowledge.  And 
kkongh  kft  never  published  any  thing  him»^lf,  }-e(  he  wus 
vny  eoanumicative,  and  ready  4o  impart  what  be  knew, 
toat^iB,cUMr  iMCMMrwwtion  orin  vriti4^L  Uisfatirad 
1  tt  OmhuHcolhgB  Mag  »pimm,  it  did  not 


•near  lIuU  li*  iwdainrotlier  viMs,  Ink 
the  rtmainder  of  lib  life,  which  wn  temmwled  tym  fevcf 

the  4th  of  November  I6'I3,  at  48  yesrs  of  age,  in°  the 
luidtl  uf  his  pursuits,  aj)d  before  he  had  taken  proper 
care  to  collect  and  digest  his  leemed  lubours  ;  wliich  how- 
ever werr  ni)t  lost;  being  reduced  topril<T,  and  puldislicd 
aflir  hih  dtalli.  I'hcie  wrVc  little  or  nothing  matlifiniili- 
cal,  being  ul  u  tni^ci-llaneoua  nature,  on  the  Kvcral  sub- 
jects of  VVeinlits,  Money,  LaMG;uui;e!.  Religioilt  Lo^,  the 
Sabbath,  Meteors,  the  Eye,  Ethics,  6ic. 

BRIDGE,  a  work  of  carpentry  or  maaonry,  built  over 
•  h«er«  cu»\,  or  the  like,  for  the  canvtnience  of  pusing 
htm  one  tide  id  ifce  other ;  and  mmf  tw-cooiidemi  t»  • 
rand  over  water,  supported  by  one  or  more  arches,  attd 
these  MUO  »upp«rt«l  kf  fiopw  V*tn  or  butmcDts.  Be- 
•idet  tiew  wliintiel  pftitii  my  Iw  eddcd  the  pvrini  at 
top,  the  benifnet,  or  niiacd  footway,  on  tads  Met  Umiing 
a  ioflcient  bn-adth  i»  thtf  middle  Mr  ho  ten  md  canities, 
also  the  parapet  wall  either  with  or  without  a  balnstnde, 
or  othiT  ornamental  and  useful  parts.  The  breadth  of  a 
bridj^  for  a  great  city  should  bo  such,  as  to  allow  an  easy 
pav>;i^e  for  three  carriages  and  two  horacmen  tibrentt  in 
ilu'  middle  way,  and  for  3  foot  passengers  in  the  same 
nmiiiuT  on  each  banquet :  hat  for  odwr  laiallar  .hiidgpi, 
a  k'M  breadth  may  suffice. 

Uridgco  arc  commonly  vi  i  y  lirfk  jIt  tu  i  \!  c  utu,  on  ac- 
count of  the  inconvenience  of  laying  iuuiidatiuos  and  wall- 
ini;  under  water.  Tlwoarliest  roles  and  instructions  for 
building  of  bridges  are  given  by  Alberti,  in  his  Archit  1, 
S.  Other  rules  were  afterwards  laid  down  by  Palladio, 
iicrlio»  and  Scamoni,  which  are  collected  by  Blondd,  in 
'hi*  Cottis  d'Archit.  pa.  6a$,  &c.  The  hcst  of  these  rales 
wen  alto  given  by  QoUniaa,  Baakhaitt.  and  in  HmiIm- 
neoi^  Hislofy  of  Londoo  Bridge.  hLOantler  heeaoon- 
ndeiafale  voMaia  raawiily  m  bridMi,ancieat  and  m> 
dom.  See  alto  Riooi^  Short  Principleft  fer  the  Arehitetv 
ture  of  Stone  Bridge*  ;  as  also  Emerson,  Muller,  Labelye, 
and  my  own  Principle's  of  Bridges,  in  the  1st  vol.  of  my 
Tracts,  besides  m-at  iicrf.jni^  in  the  various  new  EnCy- 
cioprrdiiis,  as  wc.l  iv,  st  vrral  rn.'iicli  authors. 

']  111'  ivilMlitinii'.  •(quirr(i;ii  ;i  bridge  are.  That  :t  tic  well 
df5it;i><'d,  canimodious,  durable,  and  suitably  dtcorati'd. 
It  should  be  of  such  a  height  .is  to  bo  quite  convenient  for 
the  passage  over  it,  and  yet  easily  admitting  ihrnugh  its 
'  aicfaci  the  vctteis  that  navigate  mder  it,  and  aUu  the  ua- 
tar,  avcn  at  high  tides  and  flood* ;  the  negU-ct  of  (his  pre- 
cept haa  caused  the  destructioaof  many  bridgvs.  Bridgs 
raly  contianed  in  a  Ucaight  direction  peqiw* 
■  10 te«rc«n$  though  lona  think  tbayehoald ba 
lAmrvmw  towaidi  iha  itiaain»  iha  better  to  reiitt 
I  dte.  Aad  Inidgei  of  thii  tort  hm  Iwm  executed 
«n  tome  placea,  as  Pont  St.  Esprit  near  Lyoos.  Again,  a 
briii^ahiiuM  not  be  mad»in  too  narrow  a  part  of  a  navi- 

gablCTiver,  oronelhati5  5ubji.ct  t  irv  nr  floods:  because 

the  breadth  being  still  more  coiUrru  inl  oy  the  piers,  thi', 
will  increase  the  deptb,  vrlority,  nnd  tall  of  the  walrr  undiT 
the  arches,  and  endan^i  tlic  whole  bridge  and  naMyulion. 
There  ought  to  he  nt;  uneven  imnil>er  of  arches,  or  ao  even 
aumber  of  pict» ;  both  that  the  middle  of  th^  aucam  or 


chief  current  may  flow  freely  without  the  interruption  tif 
a  pier ;  and  that  the  two  halvew  of  tlic  bridge,  by  gradually 
ri.siag  from  the  ends  to  the  middle,  may  there  meet  ia  the 
bighevt  and  laigest  arch  ;  and  also,  that  by  bciagopanin 
iho-middlF,  the  eye  in  viewing  it  may  iia*e  a  faaner  eooft^ 
iBwd  otidJook  directly  through  thero.  When  the  raiddk 
^^phidoinc  of  different  heights,  tluir  diflerence  howetci 
Ollgiht  not  to  be  great  in  proportion  to  the  length,  that  tha 
aaeentand  daseent  may  be  easy ;  and  in  that  case  aUo  i^ 
is  iDoretieantiittl  to  make  the  top  in  one  continued  curve 
than  two  straight  lines  foriTrtnc  an  angle  in  the  mid  lle. 
Bridges  should  rather  be  of  tew  and  large  archer,  ihun  of 
iiuin\  Miuiller  ones,  if  the  height  and  situation  will  pjj-,,- 
bly  admit  ot  it  ;  for  this  will  leavo  passage  for  the  watiM 
aiid  iiimi:  n.  ii,  aiid  be  ;i  (jieat  saving  in  mati  rial,-,  ajid  la- 
bour, s.s  tlu  re  will  be  fevier  piers  and  ceulres,  and  the 
arches  &c  will  require  leu  materials;  a  remarkable  in- 
stance of  which  appears  in  the  difiiereoce  betweeo  the 
bridges  of  Weatminstrr  and  Blackfrmrst  tlM«apeaieof  the 
bmier  bring  more  tlian  double  the  lattar. 

For  the  proper  execution  of  a  bridga^  MiMi  maiciog  an 
catimala  ot  dw  OKpeaea  dtc»  it  ii  Mg^auy  to  have-Thrce 
plane,  thice  icction*,  and  an  «laHM{D*<  >  The  three  plan* 
am  m  maqr  twriaontal  sectiom,  vir,  Itt  a  flan  of  the 
lounda^n  under  the  piers,  with  the  partieolar  rircuin- 
st&nces  attending  it,  whether  of  gratings,  planks,  pile*. 
&c ;  the  2d  is  the  plan  of  the  piers  and  arches  ;  and  tJic 
3d  is  the  plan  of  the  superstructure,  with  the  paved  road 
and  baniiutt.  The  three  sections  .ire  vertical  ones:  thu 
1st  of  them  a  l(iii^;iudiii;il  v  ctionfrom  end  to  end  of  the 
bridge,  and  througii  llie  middle  of  the  breadth  ;  tiu  iii  n 
transverse  one,  or  across  it,  and  through  the  Rumniit  of  jii 
arch;  and  the  3d  alsoacro!<s,  but  taken  upon  a  pier.  Th» 
elevation  is  an  orthographic  projection  of  one  side  or&cn 
of  tiM  bridge,  or  its  appearance  as  viewed  at  a  dielaaea^ 
•bawittg  the  exterior  aspect  of  the  materiab,  irlth  tlie 
manner  in  which  diey  are  disposed,  &c.  *^ 

For  the  fignia  of  the  arches,  toaw  prefer  the  senieiick, 
thoagh  nerh^witlmut  any  just  reaaoo;  othan  tta  al- 
Uptical  ami,  as  having  many  advantages  om  the  aain- 
areolwi  ind  tome  talk  of  the  catenarian  arch,  though 
itt  pretended  advantagn  are  only  chimerical ;  but  the  arch 
of  equilibration  is  the  only  perfect  one,  so  as  to  be  equally 
strong  in  overj-  part:  see  my  Principles  of  Bridges.  The  " 
pier^are  nl"  divers  thickness,  according  to  the  figure, span, 
iuid  lieixlit  uf  the  arches;  as  may  bu  sctn  in  the  work 
iibnvr  nientionosi.  , 

\Vi[h  the  Romans,  the  repairin;;  and  building  of  bridges 
were  coniinitied  (u  tiie  priLsts,  thi  iii  e  named  Pontificcs  ; 
next  to  the  censors,  or  oiicaion  of  the  roads ;  but  at  last 
the  etoperors  took  the  cara  of  the  bridges  to  themselves. 
Thus  the  Pont  Janicotearia  wi»  bnUt  of  marble  by  Antu. 
ninut  Pins ;  the  Pbni  CeMlua  wat  restored  by  Gordian  ; 
and  Arian  boilta  na»otte«  which  was  called  afkaivhiai^n 
In  the  middlaagib  bridge-btiildiiy  waa  IbckniMd 
_  the  acts  of  letagiant  aad»  totraida  tba  a|p^«f  iMT 
Itlh  cantory,  St.  B«M«et  ibanded  a  iKgular  order  ofln^ 
pitallers,  under  the  name  Pontificei,  or  brtdge-builders, 
whose  office  was  to  assist  iravellen^  -.tiy  making  bridge*, 
bi'iilin^  feme-,  nnd  receiving  sQaogers  into  hospitals,  or 
hou!,i><,  bujlt  (ill  the  banks  of  rivtfta.  We  read  of  an  hot-  ^ 
pUal  of  tli,^  kind  at  Avignon,  where  ilm  ho'.pitaUers  re- 
si  d  ed  II I  hi  r  1 1 1  e  direction  of  their  iirat  superior SbScneaet ; 
and  the  Jesuit  Ray«idi» hhf  o  tMati«|*«»«fl..Min  the 
bndgc-buil4cr.     .  r  <  K » 
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Among  the  briJgeti  of  antiqui 
over  the  Danube  is  the  most  mui 
mulishcci  by  his  mxt  liuccessor  Adrian,  the  niinsflf  which 
urc  still  to  In'  m  i  II  in  the  middle  of  the  Danube,  near  the 
city  Warhi  l  in  Hungary.  It  had  20  picr^,  of  sqitare  stone, 
csch  of  which  was  I  H)  tV-tt  hi^h  i^^iKVf  tiic  loiindaiion,  6"0 
fert  in  breadth,  and  l7WtVi  t  distant  from  on<'  another, 
which  is  the  span  or  width  of  the  aitlics  ;  >o  tiiat  the 
vrhulc  length  of  the  bridge  was  more  than  1^30  yards,  or 
one  mile  nearly. 

]BFllDCe»tfae  Pont  dc  GArdc  is  a  wry  bold  structure; 
tbe]lltn  being  only  13  feet  thick,  yet  serving  to  itupport 
weight  of  a  triplicate  arca(i«»  and  joining  two 
It  conuitt  of  tDite  bridge*,  one  over  another ; 


mlCT  to  MiiBMit 

Tb*  •qMdoet  hnd^  of  Alamtmi,  wear  the  city  of  Li»- 
hon»  whteh  wu  finithrd  in  1732,  li  «]«>  ft  very  magnifi- 
cent piece  of  workmniLvhii) ;  it  consists  of  35  archcti  the 
Uucest  of  whicb  is  227  fr<:t  high,  and  108*  feet  wide. 

The  bridge  of  Avignon,  which  was  timMn  il  in  thi  \  ci\t 
1188,  consist*  of  ISiifcht^,  and  miaiurts  1  i  10  [idccs,  oi 
about  loiKiyrtrds  in  li  iiulii. 

Over  the  stveral  ciuiais  at  Venice  are  laid  nearly  600 
bridges  of  diffen  nl  i\nx  ;  the  greater  niu'.ilu  r  of  them  ai  r 
of  stone.  The  chief  of  these,  caUed  the  Kin/fo,  h  ci  lc- 
brated  a*  a  muter-piece  of  art :  it  cons^^t^  ot  one  tiat  nnci 
bold  arch,  nearly  100  feet  span,  and  only  23  feet  high 
ftbove  the  water;  it  was  built  in  15^1  from  a  design  of 
lAichacl  Angelo.  The  breadth  of  the  bridge,  which  is  43 
icett  il  divided  by  two  rows  of  ^hups  into  three  narrow 
ftlfiMla,  tbftt  in  the  middle  betng  the  widaat^  ftod  then  ii 
•iBdiecenttvftnopcii  fticlMnytbjrwlHCiiAttiuwinMli 
eonmiinicete  with  one  aoother.  Ateedicodof  theRi- 
■ho  »  an  atcrat  of  86  iteps ;  the  view  from  Its  tnmmit  is 
very  lively  and  mu^iiificent.  Tlie  whole  interior  of  the 
shops  and  the  bndge  is  of  marble.  The  fonndatlfln  ex- 
tends 90  fiet,  and  rests  upon  1 OOOO  elm  piles.  This 
structure  cost  the  republic  ?oO,000  ducils.  Poulet  al&u 
mentions  a  hridge  of  a  single  arch,  in  the  city  of  Munster 
in  Bothnia,  much  nobler  than  that  of  tiic  lliulto  at  Venire. 
Yet  these  are  nothing  to  u  bmli;':  inCliinii,  bmh  from  iwv 
mountain  to  another,  consistuij;  only  of  a  suigle  arch,  4<.>0 
cubits  long,  and  500  cubits  high,  whence  it  is  called  the 

B"  ling  bridge;  a  figure  of  which  ispiveninthcPbilos.TraRi. 
ircher  also  tpnkt  of  n  bridge  in  the  same  country  S6o 
^idiei  iaog  without  tny  arch,  but  anpported  bjr  900 


ty,  that  built  by  Tiajen  ra^i«d,orntberiebai1twlHitimberiii  IldS.  Theatowf 
lagnificeni.  It  was  de-  bndge  wae  begun  in  II76,  and  finished  in  I209.  It  '» 
probable  there  were  no  houses  on  this  bridge  for  upward* 
of  200  years ;  since  we  read  of  a  tilt  and  louriKimcn-.  iicld 
on  il  in  135)5.  Houses  it  aiipears  were  ercrti  «i  or;  11  silter- 
wards  ;  but  t>eing  found  of  ^reat  incun  .cnu  nre  .nnd  nni- 
wince,  they  were  removed  in  !75»,  and  the  avenues  to  it 
also  viiLirt'.iii,  mill  ti.cni-Lile  made  more  coffiniudious; 
the  iHo  middle  arches  were  then  thrown  into one^  re- 
moving  the  |>icr  from  fcetncoi them { tbawlMleaiMiiMiiig 

to  above  8O,O0O/. 

There  were  other  bridges  in  England  built  in  the  old 
manner  of  Ixindon  bridge  ;  us  ihc  bridge  at  Rucbcstep. 
which  is  550  feet  long,  and  has  II  irchtS;  also  the  late 


of  whkJi  b  Ml  aqueduct,  which  carries  bridge  at  Newcattla-upon^Tyw,  which  wae  broken  down 


Than  are  mun  faridm  of  comideiabia  note  id  oar  mm. 
oomttnr.  The  tcUagonr  bridge  at  CrowlaiMi  in  Uiwoln- 
•bira^  u  celeemed  the  most  ancient  Gothic  ttroelQie  ,rc- 
maiaint  entire  in  thelcingdomi  and  was  erected  about  the 

Ixindon  bridge  is  on  the  old  Gothic  structure,  with  ?0 
small  locks  or  arches,  each  of  about  20  f(et  widr  ,  !)  jl 
there  are  now  only  18  open,  two  having  lately  bvtn  llirnvm 
int-i  i  ne  in  llie  centre,  and  another  on  one  ■.icli'  I'l  con- 
cealed or  Covered  up.  It  is  g<)0  feet  lonj;,  60  insli,  and 
74widc;  the  piers  arc  from  '25  to  34  feet  broad, with  star- 
Ungs  projecting  at  the  en<h  :  so  that  ihe  greatest  water- 
way, when  the  tide  is  above  the  starlings,  was  450  feet, 
scarce  half  the  breadth  of  the  river  ;  and  below  the  star- 
lings dw  water-way  was  reduced  to  liHfeet,  before  the 
hie  uoeung  of  the  centre.  London  bridge  was  fint  built 
widi  timbw  betwM  teyon S99  lad  iClS ;  nod  b  «aa 


by  a  mat-flood  in  the  ytn  ITTU  tot  MM  «f  •  1 
quanntr  of  water-way  through  iteaidwt. 

TheUNigesi  bridge  in  England  It  that  ewrAelVcal  at  , 
Bnrloo,  built  in  the  I2th  century,  of  s<)oared  free-sionc, 
and  is  strong  and  lofty  ;  it  contnins  34  arches,  and  ihr 
whole  length  is  144j  1m  t.  But  tli,-  f.ilN  i.ir  short  of  the 
wooden  bridge  over  ihe  Drave,  ui.uh  an  ording  to  Dr. 
Brown  is  at  lea»t  5  miles  long. 

Cut  one  of  the  most  singular  bridjes  in  Lurope  is  that 
built  over  the  T;iaf  in  Glamorgan^riire,  by  Wiiliam  LiJ- 
wards,  a  pour  Country  tnasun,  in  the  year  l/ib.  Ihis 
remarkable  blidge  consists  of  but  one  stupendous  arch, 
which,  thoi^^h  only  8  tret  broad,  aint  36  feet  high,  is  no 
less  than  140  span,  being  part  of  a  dide  ol  I75ftei  d^ 
ameter. 

There  is  aho  a  remarkable  bridge  of  one  arch,  built  at 
Cokfarook  Dak  in  177A  of  cast^raa:  and  another  still 
largfBT  of  the  same  metal,  raised  over  the  river  Wear,  at 
Snndn-knd,  thanidi  being  «r<4Dieeiepan.  Andnnrc 
that  time  seven]  other  iron  bridgce  have  bceo  ended  in 
various  places,  accounts  and  drawiggi  of  whkll  auy  fee 
seen  in  my  Tracts  before  noticed. 

Of  modern  bridges,  perhaps  the  tv.n  finest  in  Europe 
are, those  of  Westminster  and  lilacfc!riar>  over  the  river 
Thames  at  London.  The  former  is  liio  fret  long,  and 
44  feet  wide,  having  a  coromodiotui  broad  fuot-palh  oa 
(.ich  lor  passengers,  It  coiksists  of  13  large  and 
two  small  arches,  all  semicircular,  with  H  intermediate 
piers.  The  arches  all  spring  from  about  S  feet  above  low- 
watrr  mark;  the  middle  arch  is  70  feet  wide,  aild  the 
others  on  each  side  decrease  regularly  by  4  feet  at  a  time^ 
The  two  middle  pien  are  each  17  fe«l  thick  at  the  spring 
ingof  tbearefacs;  and  die  othcn  decrease  equally  on  eaoi 
iide  by  one  foot  nt  a  time ;  etttf  pier  termmatinc  with  • 
talmnt  right  angle,  agwnst  dtlier  stream.  This  Midge  ie 
built  of  Ihe  best  materials,  aitd  in  a  neat  andelMMlt  iMle,  * 
.  but  the  arches  arc  too  small  for  the  quantity  M  masoofy 
contained  in  il.  This  bridge  was  begun  in  1738,  and  open, 
cd  in  1750;  the  whole  sum  of  money  granted  and  paid 
fur  till-  ."ifCtKMi  of  II,  with  the  purchase- of  1,ous<  n  to  take 
down,  and  wideningthe  avenues,  AcC,  amouiiri  <!  tuJ8y,iOO/. 

HIackfriars  bridge, rwarly  op|iiiMte  ihc  1 1  ntre  of  the  city 
of  London,  was  bejun  in  176o,  «"d  curupleted  in  10  years 
and  three  i^juarters  ;  it  i>  an  exceeding  light  and  elegant 
structure,  but  the  materials  unfortunately  do  nnt  »<«em  to 
be  of  the  best  sort,  as  many  of  the  arch  -.loni  s  are  decay- 
ing. It  cottsists of  9  large,  elegant,  elliptical  arcbes}  the 
centre  arch  beiiig  100  feet  wide,  and  those  on  each  lida 
..decreasing  in  a  legalar  gradatioa  to  the  tnwikel,  at  CMll ' 
mrtimni^,  which    70  feet  widfc  The  bmdtk  of  «i» 
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bndga  is  42  feet,  and  (he  length  from  wharf  to  wharf  995. 
The  upper  surfact-  h  a  portion  of  a  very  lai^c  circl«-,wl)ich 
Ibrns  an  elegant  figaie,  and  is  of  convenient  piuMge  over 
it.    The  whole  expense  waa  I5U,840/. 

Woodtn  Bridobs.  The  simplest  case  of  thenccdifice*, 
i»  that  in  which  the  maii-way  is  laid  over  Urams  |)lttce<l 
horizontally,  and  supported  at  each  end  by  piers  or  posts. 
This  roctboJ  however  is  deficient  in  strength  and  width  ol 
opening:  it  is  therefore  necessary,  in  all  works  ofany  mag- 
nitude, to  apply  the  principles  of  trussing,  as  used  in  roofs 
and  arches.  Wooden  bridges  of  this  kind  arc  stiff  frames 
of  carpentry,  in  which,  by  a  proper  disposition,  l>euin*  urc 
put  so  as  to  itunil  instead  of  solid  bod»<>s,  as  lar^  as  the 
spaces  which  the  beams  enclose ;  and  thus  two  or  three 
more  of  these  arc  set  in  abutment  with  each  other,  like 
iniehty  arch  stones. 

Palladio  has  given  several  very  elegant  designs  of  woodi'n 
bridges ;  one  of  which  is  lhat  over  the  river  Cismoinc. 
The  river  where  this  bridge  is  erected,  is  100  feet  wide ; 
this  width  i>  divided  into  six  equal  parts;  and  at  the  end 
of  each  part,  excepting  at  the  banks,  which  arc  strength- 
ened with  pilasters  of  stone,  the  beams  are  placed  that 
form  the  breadth  of  the  bridge,  upon  which,  a  little  space 
bein^  left  at  their  ends,  were  placed  other  beams  length- 
wise, which  form  the  sides.  Over  these,  directly  upon 
the  dnt,  the  colonelli  (king-posU)  were  disposed  on  each 
side;  these  king-posts  are  connected  to  the  beams  which 
form  the  breadth  of  the  bridge,  by  means  of  irons  passing 
through  the  projecting  ends  of  the  beams,  and  bolted  and 
pinned  through  both. 

Mr.  Coxe,  in  the  first  volume  of  his  Travels,  has  slightly 
described  a  very  singular  bridge  at  Wittingen  in  Switzer- 
land ;  the  coiutruction  of  which  is  quite  simple.  The  ^pan 
is  330  feet,  ond  it  rises  only  .5.  The  arches  approach  to 
a  catenarian  form,  built  up  of  7  Courses  of  solid  lop  of 
oak,  in  lengths  of  12  or  14  feet,  and  l6  inches  or  more  in 
thickness.  These  are  all  picked  of  a  natural  shape,  suited 
to  the  intended  curve;  to  that  the  wood  is  no  where  cut 
across  the  grain  to  trim  it  into  shapi*.  The^  logs  are  laid 
above  each  other,  so  that  their  abutting  joints  are  alternate 
like  those  of  a  brick  wall ;  or,  in  the  language  of  the  work- 
men, they  break  joint.  It  is  inJetHl  a  wooden  structure 
simply  built  up  by  laying  the  pieces  upon  each  other,  ta- 
king can-  to  make  the  abutting  joints  as  close  as  possible. 
They  arc  not  fustcned  tc>g«  thrr  by  pins  or  bolts,  but  held 
united  by  iron  straps,  u  hich  surround  them  at  the  distance 
of  5  feet  from  each  other,  where  they  arc  fastened  by  bolts 
and  keys.  The  two  arches  being  erected  and  well  butted 
against  ll..  ruck  on  each  side,  were  freed  from  their  sup- 
ports, and  allowed  to  settle.  They  are  so  placed  that  the 
intended  road  intersects  them  about  the  middle  of  their 
height.  The  road-way  is  supporte<l  by  cros»-join(s  which 
rest  on  a  long  horixuntal  summer-beam  ;  and  this  is  con- 
nected with  the  arches  on  each  side  by  upnehtii  bolted  into 
them.  Tbe  wkole  is  covered  with  a  roof  which  projects 
over  the  arches  on  each  side  to  defend  them  from  the  wea- 
ther. Three  of  the  space*  between  the*e  uprights  have 
struts  or  braces,  which  give  the  uppi-r  work  a  sort  of  truss- 
ing in  that  part.  1°his  bridge  is  of  a  sirensth  much  more 
than  adequate  to  support  any  load  that  can  be  laid  upon 
it;  though  it  is  manifaat,  by  the  attempts  to  truss  the  ends, 
that  It  was  the  contrivance  of  a  person  ignorant  of  prin- 
ciple. It  was  the  work  of  one  Ulrich  Grubenhamm,  of 
Tuffien,  ia  (be  caaton  of  Appcnzel,  a  carpenter  without 


education,  but  c«;febrated  for  tcreral  works  of  the  same 
kind. 

At  SchafThausen,  in  Switzerland,  where  the  Rbineflows 
with  gM'at  ra|>idity,  several  stone  bridges  had.l>een  destroy- 
ed, when  in  1754  Grulienhainm  offered  to  throw  a  wooden 
bridge  of  a  single  arch  across  the  river,  which  is  nearly 
35K*  feet  wide.  The  tiiagislnitcs,  however,  required  tliat  it 
should  consist  of  two  arches,  and  that  he  shoulil  for  that 
purpose  employ  the  middle  pier  of  the  last  stone  bridge, 
which  wciuUI  divide  the  new  one  into  two  unequal  arches, 
of  172  ami  193  I'eel  span.  'I'he  carpenter  did  so,  but  coii- 
trivcil  to  leave  it  a  matter  of  doubt  whether  the  bridge  is 
at  all  suppiirled  by  the  middle  pier.  It  was  erected  on  a 
plan  nearly  similar  to  the  Wittingen  bridge,  at  the  opetise 
of  about  8000/ sterling  Travellers  inform  us,  that  it  shook 
if  a  man  passed  over  it;  yet  waggons  heavily  laden  also 
went  over  it  without  danger.  We  are  sorry  to  add  that  this 
curious  bridge  was  burnt  by  the  French  when  they  cvacu- 
ate<l  SchafThausen  in  April  1799- 

Iron  Bkiixs  ks,  are  those  in  which  iron  is  the  chief  ma- 
terial used.  Iron  bridges  are  the  exclustve  intention  of 
British  artists.  The  tirst  that  has  Ijeen  erected  on  a  large 
scale,  is  that  over  the  river  Severn  at  Colrbrm)k  Dale,  in 
Shropshire.  This  bridge  is  conipoaed  of  5  ribs,  and  each 
rib  of  3  concentric  arcs  connected  together  by  radiating 
pieces.  The  interior  arc  forms  .1  complete  seroicin  le,  but 
the  others  extend  only  to  the  cills  under  the  ro«d-way. 
I'hese  arcs  pass  through  an  upright  frume  of  iron  at  each 
end,  which  sertes  as  a  guide;  and  the  small  space  in  the 
haunches  between  the  frames  and  thi-  vuWi  iirr  i»  Ktled  in 
with  a  ring  of  about  7  feet  diameter.  Upon  the  top  of 
the  ribs  arc  laid  cast-iron  plates,  which  sustain  the  road- 
way. The  arch  of  this  bridgo-  is  lUO  feet  6  inches  in 
span;  the  interior  ring  is  cast  in  two  pieces,  each  piece 
being  al>out  70  feet  in  length.  It  was  constructed  in  the  ■ 
year  I779«  by  Mr.  Abraham  Darby,  iroii-inastiT  at  Cole- 
brook  Dale,  and  must  be  considered  as  a  very  bold  effort 
in  the  first  instance  of  ad4ipting  a  new  material.  The  total 
weight  of  the  metal  is  37 Hi  Ions. 

The  second  iron  bridge  of  which  the  particulars  have 
come  to  our  knowledge  was  that  designed  by  Mr.  Thomas 
Paine,  author  of  many  political  works.  It  was  construct- 
ed by  .Messrs.  Walker  at  Ilntherhain,  and  was  brought  to 
London  and  set  up  in  a  bowliiig-grei  n  at  Paddington,  where 
it  was  exiiibiled  for  the  first  time.  After  which  it  was  in- 
tended to  have  been  sent  to  America;  but  Mr.  Paine  not 
being  able  to  defray  the  expensi-,  the  manufacturers  took 
it  back,  and  the  malleable  iron  was  afterwards  worked  up 
in  the  construction  of  the  bridge  at  Wearmoiilh. 

The  third  iron  bridge  of  importance  erected  in  (Jreat 
Britain,  was  that  over  the  river  Wear  at  Birhop  Wear- 
mouth,  near  Sunderlawl,  the  chief  projj  ctor  of  which  waa 
Rowland  Burton,  esq.  M.  f.  It  consists  of  a  single  arch* 
whose  span  ia  236  feet;  and  as  the  springine  st<ine«  at 
each  side  project  2  feet,  the  whole  o|M-ning  is  240  feet. 
The  arch  is  the  segment  of  a  circle  of  xbout  444  IW-t  di- 
ameter, its  versed  sine  is  34  feet,  and  the  whole  height  from 
low  water  about  lOOfiTt,  admitting  vessels  of  from  2  to. 
300  toiw  burthen  to  pa'u*  under  it  without  striking  their 
roasts,  A  scries  <if  10.^  blocks  form  a  rib,  and  6  of  the** 
ribs  compose  the  breadth  of  the  bridge.  The  spandn-ls, 
or  the  spaces  between  the  arch  and  the  road-wi«y,  are  filled 
up  with  cast-iron  circles  which  touch  the  outer  circum- 
ference of  the  arch,  and  at  the  same  lime  support  the- 
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road-way,  ihui  gradually  diminUbing  frpm  the  abulmenti 
toward!)  ihtceiitrcof  the  bridge.  Then-  luti  also  ilia|;onal 
iron  hmn,  which  are  laid  on  ibe  tops  of  the  ribii  aud  exu^nd- 
cd  to  the  ■biitflwiilir  lo  kacp  the  ribt  Irom  twitting.  The 
siipcntmclUR  ia  attrong  fnneof  tiiubrr  planked  owr  to 
mippurt  the  earriag^nMd,  whieb  it  composed  of  marl, 
lioMMtoue,  and  giavel,  with  a  cement  of  tar  and  chalk  in* 
mediately  upon  the  planks,  to  prcaerra  thoo.  The  whola 
widih  of  the  bridj>e  is  :t2fe«t.  The  abutraentt  are  hhmmi 
of  alinoit  solid  ma«onry,  34  )eel  in  thickmrtt,  49  in 
breadth  at  iKittom,  und  ^7  »t  (op.  THl'  iioiith  pier  is 
ibunded  on  the  suliu  ruck,  iunl  ri»-9  liuin  about  ^'2  fifl 
above  the  brdof  the  river.  t)ii  tin  mn  ih  •■ul.  thr  gruuiid 
was  IK'I  st>  fa viiuriiUIr,  »(>  iK  it  it  v»  i-.  ^^■lc^^ar\  ii>  carry 
r>iui.,liiiMii  10  K'.  t  liiiovv  ih'.'  l>L-il.  'Ihu  »ci[;lit  ol  the 
iron  ill  this  e.\truurilitiary  labric  amounts  to  26n  tons; 
45  of  lhe«;  are  malU-able,  and  814  cait.  Tb*  CMin  (»• 
peine  wa'.  J7,<^"0/.  * 

Many  '  '  ii<>n  bridgn  have  lince  been  contracted 
or  nropusttd  b  v  diflcfcnt  peruni,  and  in  variou*  ainiationa, 
whwh  ara  eahibiied  and  dncfihed  ift  the  fiitt  Tolnaa  of 
nyTncti.  . 

Thtre  aie  various  ether  Idnda  «f  tniget,  haddea  thcM 
alcaaihr  meHtiuned,  such  as  hanging  or  pendant  hodgn, 
dfmw>nridges,  flying  bridgvs,  &c,  Uc,  and  evm  nataral 
bridge^,  uf  which  kind  a  most  wonderful  one  is  dncnbed 
by  Mr.  JefTi-raon,  in  bis  State  of  Virginia}  and  another 
dcscribxi  h\  I^nn  Uiloa,  in  the  proviooo  of  Angaria,  in 
South  Atiii  iini.    Sec  al»o  .VncH. 

BUK.iCtS  (H».n  h  v).  uiic  1  I  till'  ^11  iiloi  iniilhi  iiiuliLmns 
ill  the  liilb  BtiJ  l7lh  ri-ntuncs,  bum  ul  Wurli'vvvuuiJ, 
mar  Halifax  in  Vorkshui.',  in  ij  >6.  From  a  urammur- 
kchool  in  that  country  he  wa»  sent  to  St.  Jolin's-t  ollege, 
Cambridge,  in  157.9;  whereafter  taking  both  tlic  ilegrecs  in 
ana,  be  was  choaen  fellow  of  bis  college  in  I38H.  He  ap- 

erd  himadf  dnefly  to  tbcstady  of  muthemacics,  in  which 
•o  greatly  excelled,  that  in  1 S92  he  wat  made  enaroiner 
and  lecturer  in  that  litculty :  and  soon  aA«r»  taadcr  of  the 
fdiyMcai  iectUR^  ibttiided  hf  Or.  Unacar,  ^. 

Ob  the  tattlomant  of  Giahan-colUgB,  in  London,  ha 
was  chosrn  the  fint  profciioT  of  gponctiy  thoic^  in  USS. 
Soon  afkrr  this,  be  oonstnicled  a  table,  for  dnding  the 
latitude,  front  the  variation  of  the  magnetic  nendle  faring 
giMD.  In  the  year  1609  lie  contrnclrd  »n  acquaintance 
with  the  learned  Mr.  Jiuin-)  IMu  r,  alii  ru  jrd>.  arthhisliop 
of  Arnuigh,  which  wa*  roiuinued  iimiiy  y  .  an.  alter  by  let- 
ters, two  of  Mr.  Ihisp  heiiip  still  iMiuit  in  the  colli-clRin 
of  Usher's  letters  ihiil  uerc  imhlislicd  :  III  the  (en  iner  of 
these,  diiled  .\ul;u^t  HiOl.  lie  writes,  amunij  <nher  lliinps, 
th|t  be  was  en^;uged  in  the  suhji-ct  of  eclip^'s  ;  and  in  the 
laoeftdated  the  loth  of  Match  1(>I3,  that  he  was  wholly 
taken  op  and  employed  about  the  noble  invcolion  of  lo- 
garitfafis,  which  had  come  out  tiie  y>«r  before,  and  in  the 
innfawnaib^jCaUcb  he  bad  afterwards  so  great  a  con- 
ctnk  For  Oi4i^nincdiatdyopplit.Hi  hinm  lf  to  the  study 
and  impfowaient  of  Ifaem;  capoundiiv  ibem  also  to  hk 
nuditoca  in  hit  lectiuia  atOfMham-collffe.  InihcMleo- 
turca  bopnipoaedthanlinalioBof  die  scale  of  logarithms, 
limn  the  hyperbolic  form  which  Lord  Napier  had  given 
them,  to  that  in  which  1  should  be  the  logarithm  of  the 
ratio  of  10  to  1 ;  and  soon  after  he  wrote  toliord  Napier 
to  innke  the  same  proposal  to  iiimself.  In  the  year  I616 
-ilnggs  made  a  %i«ii  tu  Napier  at  Eldinbuigb,  to  confer 
fdith  b'mitfi  this  cbanga;  and  the  next  year  bo  did  tha 


same  also.  In  these  con£en!ac«a,tbe  alteratioiks  were  agreed 
upon  accordingly,  and  on  Briggs's  return  from  bis  second 
vi«ii,in  1617,  he  published  tbe&rst  chiliad,  or  lOOO  of  hit 
logarithms.  See  the  Introdactioa  to  my  LogaritbM%  ibr 
an  acapla  hirtory  of  these  transactions.  * 

la  W9  he  was  made  the  first  Sarilian  iftoiaior  of 
iwetry  at  Oafanli  and  resigtwd  tbo  profassoribin  of 
Oitahan-collagt  tbe%5tb  of  July  i6'2a  At  OxCtod  h« 
•attlad  biatMrtfat  HattotKollcge,  where  he  continued  a 
nmt  laborious  and  studious  Mfe,  employed  partly  in  the 
duties  of  his  office  as  geometry  lecturer,  and  partly  in  the 
coniputation  of  the  lo)>arill)ni!t,  and  in  oiher  useful  work*. 
Ill  the  year  KijJ  he  juiljlished  a  dinall  ir;ii  l  '  n  the 
"  Nortb-west  passage  lo  the  Soulti  Sens,  through  the  ror. 
tiiient  of  Virpinin  nnd  Hndv^nN  Hay  ;"  the  reason  of  »hn  .'1 
was  prohatdy,  tr.it  he  «,is  th.  11  a  number  ol  the  com- 
pany iradiiij:  to  \  irj;inia  liii  ih  xt  |irilormancc  was  his 
great  and  ehiboruie  »otk,  tly  Anihmctica  Lugarithmica 
in  folio,  printed  at  London  in  Ib'iA;  a  stupendous  work 
for  so  short  a  time!  coniaiiung  the  logarithms  of  30 
thousand  natural  uumbeis,  to  14  places  of  figures  besidia 
the  index.  Briggi  lived.^Uo  tp  Cfimplcte  a  table  of  loa^ 
ritbmic  tiMs.iiiiRaimcnts.&ir  the  lOOth  part  of  every  d^ 
gree  to  14  places  of  %iif«^  besides  the  index  ;  with  a  ta- 
bic of  natural  sines  for  the  sane  100th  parts  to  15  placc», 
and  the  tangents  and  secanu  for  the  same  to  ten  places ; ' 
with  the  description  and  construction  of  the  whole.  These 
table--  were  (jnnted  at  Goiifhi  in  1  M,  indcr  the  care  of 
Adriiin  \  iati),  and  (lubliMied  in  \'>  under  the  title  of 
Trigononietriii  Ui  itaniiira.  la  tin  i -  i -truction  of  lhe»o 
two  V nrks,  on  tlie  losarithras  ol  numlier*,  and  of  siiK"* 
alij  I.Mijentv,  our  author,  btsides  extreme  labour  and  ap- 
plica  i  Jti,  liianitesli  the  blghe»t  pnv.cr  of  genius  and  in- 
Nenii  i  i  as  we  here,  for  the  first  tune,  meet  with  several 
of  the  nu^importanl  discoveries  in  the  mathematics,  and 
what  ImiW JHiherto  been  considered  as  of  much  later  in- 
vention ;  such  ua  the  Binomial  Ilieorera ;  the  Difiierential 
Method  and  Construction  of  Tables  by  Difierences ;  the 
Inlarpolation  by  Differsoccs;  with  At^ulxr  Sections,  and 
■evainl  otbar  ingentous  comiMtitiMKt  •  particnkr  atjooont 
of  which  umjf  bo  lien  in  tba  Intfoduconn  lo  ny  Mathe* 
maiioa]  Tables. 

This  truly  great  man  terminated  his  useful  lift? the  S6tb 
of  January  l6SO,  and  was  buried  in  the  choir  of  the  cha- 
in I  of  Merton-collcge.  As  to  his  characier.  In'  uas  not 
less  esteemed  fttr  bis  great  sincerity  and  other  eminent 
virtues,  than  for  his  e.vcelli  nt  bkill  in  ninlhematics.  Doc- 
tor Smith  f-iwi  hun  the  character  of  a  niuti  uf  great  pro- 
bity ;  easy  of  arc.  to  all  ;  free  from  arro^unce,  inorose- 
ness,  envy,  ambition,  and  avarice;  a  cnnteinm  r  of  riches, 
and  contented  in  his  ovim  situation;  preiernng  a  >tudious 
retirement  to  all  the  splendid  circumslances  of  dife.  The 
li-amed  Mr.  Thomas  Ciatsker,  who  attended  his.kctnret 
when  he  was  reader  of  mathematics  at  Cambridge,  repre- 
sents him  as  highly  esteemed  by  all  person  skilled  in  ma- 
theniatics»  bolb  at  home  nnd  abroad;  and  says,  that  de> 
siring  bia  once  to  give  bis  judgmant  cnnoerniiip  jndicinl 
astrology,  Im  aatwer  was,  "  that  he  conemecd  it  to  be  a 
mere  system  ofgroundleiB  conceits."  On|^trcd  caMabim 
the  mirror  of  the  agi',  fur  his  excellent  skill  in  gpomtry. 
And  one  of  his  sUce«'Siors  nt  Ciresham-collcj^,  thelMmra 
Dr.  Ika.ic  i;..ri'nt,  1:1  lii5  oration  there  upon  his  admis- 
sion, has  drawn  his  character  more  iully  ;  cekbrating  bis 

great  abiliti«,«kUI,  and  indiitiy,  partMwIariy  u  p«wct« 
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iiifC  tb"  iiiTention  of  logsruhniit,  nbkb,  witliouP  lib  care 
ami  paiiit,  mi^t  Inve  ooMtBud     uapuket  mi  UMkat 

His  writings  wen-  more  important  than  iiuini-riiiis : 
soBic  of  them  were  pufili»hc<l  by  other  pcrjon»:  thalut 
of  the  principal  part  of  ibeni  i*  »»  folluws: 

I.  A  Table  tu  find  the  Height  of  tiie  Pola;  the  Magne- 
tic*! pwltaation  bcitig  given,  'fbis  Was  published  in  Mr. 
Tbona*  Bhiwlevilk'a  Themi^pm  of  the  Seven  Pianelai 
London  ItiOS,  Mo. 

S.  Tablet  for  the  bnBfa««nwnt  of  NavifalioB.  Thme 

*  consist  of,  A  table  of  «ieclinatibn  to  evtyy  minute  of  the 
ecliptic,  in  <le«rec*,  minutes  Hiid  vecomfc :  A  tuhle  of  the 
>un'»  proslhiiphnt  rese* :  A  tahle  of  equations  of  the  sun's 
<  jihi  nii  riii-.'^ ;  A  lalilf  nl  ilu  sun's  <lrclumtKiii  ;  Tiiblis  to 
liitti  cLic  Ik:;  '.!  o:  tilt-  jioic  iii  any  h^li'.tiili.',  liiiiii  the  height 
of  the  pol  ■  >[  ir.  ^ht■^e  Ijiblc*  (.iiiiti  d  ill  the  2<l  e<li- 
tion  111'  l  .ii '.>.!,  il  \\'rii;lu'5  tri  ,i:;''i  ,  riili:l>Nl,  Cerliiin  F.rrors 
ill  Nils  !;;.i:iuii  lii  tctled  and  cmci.  !•.  d  ;  L'liilod  IdlO.  Hit. 

3.  A  D.'!>rii;>li'iti  ot  nil  iiisii  unioiiliti  l  able  to  find  tfie 
Part  ProportK.niil,  il.  vuid  by  Mr.  Kduard  Wrijjht.  This 
is  subjoined  tn  Napier'^  table  of  li:>garithni>i,  trniislaied 
into  English  by  Mr.  Wright,  wnd  nfler  h:s  death  publl^>hl^l 
bv  Brtggi,  with  a  preface  of  bis  own  ;  London,  l(H6  and 
ISmo. 

4w.  La^iridlnioroni  Cbiliai  Prima.  Lond.  l6t7,  in. 

5.  LucBbinitiooa  AoMUtkme*  in  Opera  Pnlhams 
hVtavtii  Edinb.  1(19^  4l«i 

S.  Euclidis  Elementorum  vi  libri  prioros  ftc.  Land. 
l6S0,  fi)lio.  Thin  was  printed  without  liLs  nnnic  to  it. 

7.  A  treatise  of  the  North-west  Passage  to  the  Suulh 
Sea  &c.  ISy  M.  B.,  Lund.  i6'y2,  4to.  lUs  waa  repriniod 
in  Purchu^■s  Pilgrims,  vol.  3.  p.  85'J. 

8.  AriiJi  II  l-v  .1  l  Aii;i>ri!liiiii<  H,  >\:c.  Lond.  Ki'H,  fiilio. 
9-  TngoiKiim  tri.i  Britiinnica,  iVc.  (•mid.B  lt>.1:l,  folio. 
10.  Two  letters  to  Archbishi  p  L  ^iu  r. 

II.  Mathcmalica  ab  Antiquis  minus  Co^mtu. — Tln>  is 

•  lummary'accounl  of  the  luoit  observable  iiut  niion  oi 
modern  niHtlipniai{ciani»  communicalccl  bv  Mr.  iirigjp  to 
Dr.  Guur:;e  Hakcwill,  and  pubUihod  by  nim  ia  h»  Apo- 
looe;  Lond.  folio. 

Beeides  thcM  pnbUcationi,  Brigp  wrote  Mmo  other' 
pieces,  that  have  net  been  pvialnl :  aa, 

( I .)  Commentariee  en  tbe  Geomeliy  of  Pater  Ramus. 

(2.)  Due  Epiilato  ad  celcbcmmttat  vtrum  Cbr.  Sever. 
Loflgomontanum.  One  of  these  letters  contained  some 
remarks  on  u  tnoti^e  of  Loiixoiiionlaniis,  alxjut  squaring 
the  circle;  and  the  other  a  defence  of  nntbmclical  geo- 
metry. 

(3.)  Animadverses  Geonietrica? :  4to. 

(4.)  De  emlem  Artjuinento:  4to. — Tiiese  mo  wcw  in 
the  possession  ol  the  lale  Mr.  Jones.  They  both  contain 
a  great  variety  of  geometrical  propositions,  concerning  the 
properties  of  many  figuna,  with  sevcrtl  arithmr-iicat  com- 
piitatione,  relating  to  the  circle^  mgular  s<  ciions,  &c.— 
The  two  following  were  also  in  pesseseion  uf  Mr.  Janes: 

(5.)  A  treatise  of  Common  .iritiimctic ;  folio. 

C6.)  A  letter  tn  Mr.  Clarke  of  Gnvneiid,  dat^  25  Feb. 
l6o6i  Willi  vhkh  he  tends  him  the  dcecriptioa  of  •  Mkr 
called  BedweU'a  rnlor,  with  directions  bow  to  me  ib 

BRJOOS  (William),  an  eminent  physician  in  the  lat> 
ter  part  of  tbe  I7th  century,  was  bom  at  Norwich,  for 
\vhich  town  bis  father  was  four  linm  member  c>f  parlia- 
imiii.  He  Studied  at  the  university  of  ( '.m.L;  iJ^e  ;  und 
iiitcrwards  travelled  ituo  France,  where  hi:  atientlcd  thu 
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lectures  ot  lh^  famous  unAtomist  VietMiens,  iit  Monrpe- 
lier.  _  On  his  raturn  hi-  puhlivhetl  his  Opbllialmofjiaphia, 
in  |6"70'.  The  ycrfrfollowing  he  was  made  doctor  of  mo- 
tiirine  lit  Caiubri<lge,  and  soon  after  fellow  of  the  College 
of  Physicians  at  Umdon.  In  l(i8'2  he  resigned  his  fellow* 
ahjp  lO  his  brother:  and  the  Mime  )ear  his  Theory  of  VU 
lion  was  publulied  by  Huokc.  The  en»uitq[  jfcar  he  sent 
to  the  Royal  Society  a  continuatioii  of  that  diteunne, 
which  was  pvUisbeil  in  ibeir  TMnsaetioati  aod  the  Hue 
year  he  was  appointed  physician  to  St.  Tbomia's  Heipi- 
tal.  Ia  l€t*  be  cummunicalcd  to  the  Royal  Society  two 
remarimble  cues  relating  to  vhioit,  which  were  likewise 
printed  iu  their  Transactions ;  uinl  in  IdH.)  hi:  jmljlished 
a  Latin  version  of  his  Theory  of  Visimi.  ,a  ilic  ilcsirt-  of 
Mr.  Newton,  afltrwjiiils  Sir  Isjue.  iluii  proi.  >s<il  ma- 
thematics .it  f':imhii.ii;r,  n.lli  a  riToinmeiuhitorv  epiMlc 
frmii  him  prilixiil  t<i  it.  Hi'  lu m!^  iii;ale  pliVM- 
cinn  ill  ordinary  tu  Khii:  \Vi:liain.  hihI  t'oiilinued  in  great 
esteem  for  his  skill  in  hi'.  iin  lisMon  xiU  bis  death,  wiiicii 
happ<-ned  thi'4th  of  SeptemU  r  1/04.   

Biiuitis^  Ijagariihms,  that  spcciw  of  ^iriHn  lo  wbich  I 
is  the  lugariihni  of  the  ratio  of  10  to  I,  or  the  lugariihm 
of  10.    See  LoOAHirUMa. 

BROKKN  Number,  the  same  as  1^itctum;  ^H^^faei 

Broken  itay,  or  llag  iff  R^fraetioitt  in  DiofitfiS  is  fb^ ' 
line  into  which  an  incident  ray  is  leliracted  or  bcolsnr  j^.^ 
cieitii^  the  second  medium.  '..  ^       - . 

BROUNCKKR,  or  BllOUNKER  (WiuiAvy,  Lord 
Viscount,  of  Castle  L.yons  in  Ireiaadi  son  of  Sr  William 
Brooiiker,  afterwards  made  viscount  in  I(i45,  was  born 
nbout  the  year  l6'20.  lie  very  early  discovered  a  genius 
fir  iiuiltniiiiuics  in  which  he  alKrM.uds  became  wry 
t  iiiinent.  He  wii-.  iiiTide  doctor  of  |>^^y^iv  at  Oxford,  June 
23,  1646.  In  1057  Miul  Ki.iS,  lie  \t  U.S  engaged  in  a  cor- 
re-4|)ondeiice  by  leltcis  on  luiiiin  iiuitienl  subjects  with  Dr. 
-Tohii  Wallis,  who  published  iln  iii  in  his  Coinmerciiiin 
Lpistolicum,  printed  at  Oxford.     Brounker  was 

one  of  the  noliilily  and  gentry  who  signed  the  remarkable 
declaration  concerning  kiii);  Charles  it,  published  in  Apr:l 
1660. 

After  the  Restoration,  Lord  Brounker  was  made  chancel* 
lor  nod  keeper  of  the  gteatteal  to  the-quaen,  also  one  of 
the  oiMMaiiMomfa  ef  the  navy,  and  luttcr  of  Sl  Kathe- 
rine'Iibaipki)  aear  the  Tower  of  London.  Hewn  one  of 
(hoie  gnat  aieo  who  lint  formed  the  Royal  ^society,  of 
which  he  was  by  the  charter  appointed  the  fir^t  president 
in  l662:  which  office  be  b«ld,  with  great  ad>antan<-  to 
the  society,  and  honour  to  himself,  till  the  aniiivrrsnry 
eli'cr  n,  '  ■  30,  1(>77,  "lull  hr  w;is  vuccceded  by  !Sir 
JoM'pli  \\  iiiumson.  lie  liud  al  his  iioijsr  m  St.  Jaini-s's- 
slrect,  WviUniii'ti  r,  iiie  j:ti  nl  .\jiril  und  was  siir- 

ceeikti  111  iiis  tide  liy  his  younger  brother  lioiry,  who 
died  in  January  Id's". 

Lord  Urouulner  had  several  papers  inserted  in  the  Phi» 
losophlcal  Transactions,  the  chiif  ot  wliich  wete,  I.  Rx« 
perimento  concerning  the  Ileroiliii^^  of  C»un». — 2.  A  .Seriea 
for  the  Quadr.iture  of  the  Hyperbola ;  which  was  ihe  lirst 
series  of  ibe  kind  on  tbai  subject. — 3.  S<-veral  uf  his  let* 
tan  l»  Archbishop  Usher  were  also  priiurd  in  UsberV  Let- 
ters; as  well  as  some  to  Dr.  Walli*»  in  bit  Commercium 
Epiitolicttm,  abovo  mentioned  i  peiticniarly  an  appraxi- 
ination  to  the  circuhr  area  by  means  of  contioaea  free* 
tions,  of  which  be  wu  the  lint  inventor. 

UIU  AVN  (Sir  Wi  llish),  a  noli-d  pbyMCta»antf  mis* 
cdlaucuus  writer  uf  the  18lb  century.  *ll«  fin't  settled 
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at  Lynn  in  Norfolk,  wlinre  he  |iubli»h»  <l  a  trunslaiion  of 
Dr.  Gn'Rciry's  Klcimnts  of  Cutoptrics  and  Dioptrics;  to 
wllicfa  he  atldcd,  I.  A  Mcthoil  for  finding  the  Foci  of  all 
Spceuhl  Mini  Lenwi  univrrsall)'  -,  a*  also  Magnifying  or 
LctMiRing  »  giv«Mi  objcci  by  n  «\\en  Speculum  or  Lena,  in 
sny  ucigpicd  propuriiiiti — '2.  A  Solutioo  of  those  Pro- 
blems wUcb  Dr.  Givgofy  Iw*  kh  undeawnstraletL'— 3.  A 

KiieuUr  Meouni  of  MicNKeoiiet  and  Tcl««c(ip«,  from 
,  Htty^ons ;  viriih  the  diieoveiki  muile  by  Cottiptric* 
and  Dioptrics. 

lluviiig  iicquitKl  a  com|«'iiiice'  by  hit  prof«»i«>i»,  lie 
K-niMvcd    !■>  Qii.'.n's-square,    Ormond-strwt,  London, 
whoiT.  bo  riMilt'd  lill  liij  deiitli,  in  177  4,  ;it  S,'  yi  ar^  nl" 
aiit  ;  Icavini;  by  bit  will  'wo  pri?e-nirii.ils  tu  bf  aiimiuily 
■  conteiuli^d  fi>r  by  t  c  rHmjnd::^  [>'> 

Sir  Wiliiuiil  Br'iuri  it  m--i.'Iit-  vv.is  .1  >i'ry  i  icrtnui^  innn  ; 
and  a  l^reut  liUmli'.T  of  Li^  IimIv  <•■.■.. tV.t  in  ]>r^J^-■  ;'.iul 
verse,  were  pr'tntud  and  circuiatcJ  among  bis  friends.  I  he 
active  purt  taken  by.  him  in  tin;  contest  with  the  licen- 
rfi||ifti_  in  17f>^,  riccajioni-d  his  being  introduced  by  Mr. 
'Voofe'  t(t  bis  Duvil  upon  Two  Stick*. — Upon  Fooie'it  exact 
ftplldeiltatinii  of  bim  with  his  identical  wig  and  coat,  tall 
Agttre,ii^fil>*>>tiffly*ppi><<'  (>bi«  eye,  he  sent  bim  acoin- 


of  tbp  world,  according  to  PhiloIiHis,  aa  ancient  phiUf 
tophtr  anil  astronumi  r.  AltiTward,  in  the  year  i6^5,be 
set  fonli  hii  A^Lrunomia  Phitolaica,  grounded  upon  the 
hypothtiis  (il  iVn-  earth'»  motion,  and  the  ellipiicai  orbit 
described  by  tbo  planet's  motion  about  a  cone.  To  which 
he  added  tablet  entitled,  Tabular  PhilolaktB:  a  work 
which  Akcioli  says  ou^t  to  be  atleotivety  md  1^  all 
•tadvntt  <rf  BitnmNny^lic  camiikdied  alw  (he  hypotbe* 
ii»  «r  at»pmdm«tioit  of  Bitlrap  Waid,  and  iiouml'it  not  to 
agree  with  the  pUpat  Man:  end  he  ahowed,  in  lik  de- 
frooaof  the  Philolaic  astronomy  a^inst  the  bishup,  t!i:ii 
tnm  four  observations  made  by  Tycho  on  ffi.  plamt 
^^ur^,  planet  in  the  firsr  ami  third  <]uarti  is  ut  Ilit.- 
iin-.m  aiKjiiiiily,  wn»  more  f«ir\iard  tfi.ui  it  uui^ht  to  bo  {ic- 
cording  to  Ward's  by|Killii-M!.  ;  but  in  'Jd  tiiid  -Ith  cjua- 
drunt  id' the  same,  th'-  platu  i  \vii>  not  sci  tar  ailvaiiced  as 
tlii»(  liypolbcsis  requiriil.  lit-  thi  rcl<irr  w  t  about  a  Cor- 
r<  rtio[i  tjf  the  bt^bop's  tiypotbesis,  anil  made  it  answer 
more  <  \artly  u>  !'>e  orbili  of  ihe pUncts,  which  were  roost 
exceniKC.  and  introduced  what  is  called,  by  Strict  in  his 
Caroline  Tables,  the  Variation :  these  tablet,  were  calcu> 
lated  from  this  correction  of  Rulliald's,  and. exceeded  all 
others  in  exactness  that  had  bi>fore  U-en  publithcd.  This 


plimcnrfiif^Urd  far  having  so  happUyrepraMnted  him;  hut   correction  m,  in  tlie  judgment  of  Dr.  Gregory,  »  very 
a«  he  had  fofgot  the  tnuflr,  he  lent  him  hii  «wn,*>'nii»tood«   li«ppy  one,  if  it  ho  not  act  aho««  il»  due  place  j  and  he  ac- 
I  wrtv  ol  resenting  diiarmed  Foote  eomplelely^ 


Matured 

He  used  to  frvquetit  the  anqoal  halt  at  the  ladiet' hoard- 

ing'-ichool,  Quccn-nquan',  merely  us  a  neighbour,  a  good- 
natured  man,  aiul  n  lover  of  youthful  company.  A  dig- 
nitary of  the  cluirch  tjeiiii;  tin  re  one  day  to  see  his 
daughter  dance,  and  finding  this  upright  hcure  stationed 
in  the  room,  told  bim  he  believed  he  was  Urrmippus  Rc- 
divivu*  who  lived  anhrliiu  pwllarum. — When  he  lived  at 
Lvnn,  a  pamphlet  was  «  ritteii  against  hiro  ;  which  he 
nailed  up  against  iiis  house-door. — At  the  age  of  80,  on 
St.  Lul<«''.H  dav  1771,  he  came  to  Bat«on's  coifce-house  in 
'"hit  laced  coat  and  band,  und  frinncd  white  gloves,  to  in- 
lioduce  himseir  to  .Mr.  Crosby,  then  lord  mayor.  A  gen- 
tleJHtn  praicnt  obterviijg  that  be  looked  \ery  well,  he  re- 
■Hml.  he  hod  nellhcr  wife  nor  debts. 

BRUIN  (JoHM  OS),  a  mpcctaUe  mathematicjan  and 
philosopher,  was, horn  at  Goicum  In  ICSO;  and  hmng 
pursued  a  course  of  philoMphy  at  tuyden^  and  ftm> 
cuied  his  studies  at  Bm-le-lwe  and  Utrecht,  be  removed 
to  I.cvden,  «hero  he  taught  mathematics.  He  afterwardi 
htcann-  prulejHwr  at  Utrecht,  and  besides  his  official  du- 
tm  made  d iSM;rtati<m<<  in  private,  and  read  lectures  on 
tir')tii;s\  irentiMi  I)e  Jure  Belli  et  Pacis.  He  was  di- 
sliii^iii^lied  by  his  Mttachmetu  toexpetimeiital  philosophy, 
atid  by  hi»  observations  in  astronomy.  H'"  pnldi^heH  dis- 
sertations Dc  vi  altricc;  Dc  Corporuin  jraMlate  (  t  levi- 
Uite ;  De  cognitiooe  Dei  natumli  -,  De  liicis  chum  vt  on- 

g'lnc,  itc-  He  had  a  dispute  with  Isaac  \'oc»ius.  to  whom 
e  wrote  a  letter  printed  at  Amsterdam  in  11)63,  wherein 
ht  critidwa  Vwins's  b'>uk  He  naturn  et  prnprieiate  lu- 
elh;  and  •tienuouiky  mainlaim  the  faypotheiit  of  Dei- 
carica.  He  died  iti  1675,  after  he  bad-  been  proTettor  S9 
yearn. 

BOLUALD  (laMASt,),  an  eminctrt  Mtnnomer  .and 
nnthenatician,  was  horn  at  Lmn  in  the  ble  of  Fkance  in 
1605.   He  tra»e1leil  In  hb  youth,  for  the  sake  of  in- 

ptovemeiit,  and  gave  very  early  proofs  of  hi*  a»tronomical 

genius-  Kifcndi  xlyled  'him,  Astronomus  profunda;  inda- 
■^'in\.  U»-  lif^i  phb'ii-lu/d  1)1'-  rii^xcrtalion  riititb  (i,  Philo- 
lous,  uvc  dc  vero  bystematc  Mundi ;  or  bis  true  syslem 


cowttod  Bo  more  than  a  correction  of  an  approximation 
to  the  true  syaMm:  for  by  this  means  we  are  enabled  to 
gather  the  coequate  arwmaly  a  priori  and  tlmt  directly 
from  the  means,  and  tbe  observations  arc  well  t  nuurh  an- 
swered at  the  same  time;  whirli,  III  Mercator's  opinion, 
no  one  had  effected  before. — h  i*  rcmaiknble  that  the  el- 
lipsis whicb  he  lias  elioen  fur  a  planet's  luntioii,  is  such  a 
one  as,  if  cut  out  (it  a  rune,  urill  have  the  axis  of  the  cone 
passing  through  one  of  its  foci,  v.a,  dim  nr  xt  ihc  aphelion. 

In  1657  was  published  his  treatise  De  Lineis  Spinlihua, 
Kxerc.  Gcom.  et  Astron.  Paris,  4to.  In  I6'82camelnitat 
Paris,  in  folio,  bis  large  work  entitled,  Opu;  novum  ad 
Arithmeiicaro  Iniinitoruro;  a  work  which  is  a  d^liu^e  am> 
pliAcatioD  of  Dr.  Wallis's  Arithmetic  of  In&nitcs,  and 
which  Wal^is  treats  of  particularly  in  the  SOlh  chapter  of 
his  Hiftorical  lYeatiae  of  Algebra.  Ua  wrote  also  two 
Admooitkmt  to  Astnmomers ;  the  first,  concerning  a  mw 
•Iw  in  the  neck  of  the  -^Vbale,  appearing  at  come  limes, 
and  dfaappearing  at  others;  the  second,  concerning  a  ne- 
bulous star  in  the  northern  part<il  Andromrda's  girdle, 
which  bad  not  been  noticed  by  iiny  i  1  the  ancients.  This 
star  aliO  uppenred  and  disappeared  b>  turns.  And  as 
these  phenotiteoa  were  new  and  surprising,  be  strongly  re- 
commended the  observing  them  u>  all  that  aiiglit  ha  curi- 
ous in  a»»roTnimy. 

lU  IU'rO  (Li  CAS  PaCIOLI  Dt),  a  celebrated  author 
on  anthinettc  and  algebra,  who  flourished  in  tbe  15th  cen- 
tuiy;  and  whose  works  on  those  subjects  were  the  first  that 
we  have  in  print.    See  an  account  of  them  in  the  article 

Al,(..KBRS. 

tiUKNlNG,  tbe  action  of  fire  on  some  pahnhtm  or  fuel 
fay  which  iti  minvte  parts  are  put  into  a  violent  wotioa, 
and  some  of  them,  assuming  the  nature  of  fire,  fly  off  in 
orheia,  while  the  mt  arc  dMpaled  in  vapour,  or  reduced 
tosikhes. 

Bn  RVtWO-Ofait,  or  JBurniB^-.WirTor,  a  machine  by 
which  the  sun'*  rays  are  collected  into  rpoint;  aivl  i-y  that 
means  their  force  and  effect  ar»>  extremely  heiEhtened,  sr» 
as  ti)  l>v)rii  olrjcrls  plated  in  it. 

Buming-gUis«es  arc  of  tuvo  kinds,  convex  and  concave. 
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The  conrrx  on«  iirr  Icnsfx,  which,  acting  «ccor<ling  to  the 
law*  <»l  rcfraaion,  incline  the  rays  of  light  towards  thf 
Mil*  aod  nniie  them  in  •  point  vr  focus.  Th<^  concave 
ow*  m  nirron  or  reflectore,  whether  made  of  polished 
nettl  or  rihwri  |Imi^  wi4  which  acting  by  tb«  b«i  of 
wflection,  Amw  Ae  twyt  bade  into  «  paat  or  fecta  tefon 
the  glass. 

Tlie  use  of  biiming-[:la*5f«,  it  appear*,  i^  v«  ry  ancient, 
many  of  the  old  ain^mrs  n  curiliiif;  some  rt^  cts  of  them. 
Diodorut  Siculus,  Lucittii,  l>ian,  /onaras,  Gal'.  ii,  Anlhc- 
lAius,  Eustatius,  Tstvtzl's,  and  others,  relate  that  by  means 
of  thetn  ArchitTK-den  set  tire  to  the  Koman  fti-et  at  the  siege 
of  Syraeuse.  Tzetzes  i*  so  particular  in  his  account  of  thu 
matier,  that  hi*  detcnptmn  suggested  to  Kircher  the  me- 
tiwd  by  irhicb  it  was  probahly  acc>implished.  That  au- 
thor ajl  that  "  Arcbirardcs  set  fire  to  Mircellus's  navy 
by  ■WUM  of  s  buming-glaM  compoicd  of  •mall  ft(|uiire 
mirnic^  moving  ^ry  way  opon  bingin;  wbicb,  when 
placed  in  tba  wn^  mys,  illi«et«d  them  upoo  the  Soman 
fleet,  le  a>  to  reduce  it  to  ashes  at  the  diitanoe  of  a  bow- 
shot.'* And  the  biirnint;  power  of  r«^cct(m  is  iltenti(»ned 
in  Euriid'k  Optic?,  theor  :S1.  Ac  liii,  AriM-iphanes.  in  his 
comedy  of  The  CloiiiU,  iii(r"<)uce5  Sicrafcs  a*  e.xaiiiiixn^ 
Stn.*p!iiad<-s  about  a  ni<  i)i<n!  hp  h:id  di^covereii  i>r  !;<'lt]n>; 
clear  of  his  debts.  Ill-  r<  f)lii  >,  that  "  he  tt<iiii.;lil  iuh- 
Ikinp  u»e  of  ft  burniii;.!-plii-v  nliict,  In-  lutii  InilitT'o  sin  .1  m 
kinillinj;  his  fire;  for  >hiJiilii  they  bring  a  writ  a^jHin^l  me, 
I'll  iiiiiiicdiiiti  ly  plnce  my  glass  in  the  sun  at  Mime  little  dis- 
tance from  ir.and  set  it  on  fire."  Pliny  and  L^iCtnDtius  have 
■  also  spoken  of  plawM^  that  burn  by  rr  lrsirij  ui.  The  former 
Calls  tbrm  bells  or  globes  if  crystal  or  gla***,  which  being 
Mpoicd  lO  the  sun,  Iraniiiiil  a  heat  sufiicient  to  set  fire  t« 
cloth,  or  corrode  the  dead  flesh  of  ibuso  patients  who 
•land  in  nerd  of  candies;  and  the  latMr,  iner  Cbmem 
Afexnndrina,  obseTTCB  that  fire  may  bo  kindled  by  Inlefw 
poking  glaws  lllled  with  water  between  the  son  and  the 
object,  »o  as  to  trr.ii'»mit  the  ravs  I'l  it. 

Among  lliF  anc;^'nt^,  the  must  ci  lel>ra|ed  burning-mir- 
rors were  (hose  olWrchimedes  and  I'roclu*;  by  the  former 
Hits  burnt  the  tti'<  I  ot  M,irrellu<,  as  above  mentioned;  and 
by  the  hitler,  the  navy  ot  Vuellius,  bcficging fiyjHUItiami 

according  to  Zonanu  was  bufot  to  ashes. 

Among  the  moderaa,  the  most  remathaUa  huninj^ 
l^astes,  are  those  of  Magine,  of  30  inches  diamntnr;  of  Se* 
patela  of  Milan,  near  47  inches  diameter,  and  which  bamt 

at  thcdistaiMTcof  Ij  fe.  i ;  ofSt  ,  f  ViUette;  ofTscUni- 
hauson,  of  Buflbn,  of  'IVudaine,  and  of  Parker. 

Villptte,  a  French  attist  at  Lyoii>,  made  a  large  mirror, 
which  was  bought  by  Tiuernior,  und  pretw  nted  to  the  king 
of  Prussia  ;  a  .second,  hoiiL;lit  Ijv  tin  ^iri:;  nl  Ur^iiuark;  a 
third,  preitented  to  tUr.  Royal  Acaiicmy  by  the  kinp  of 
France;  and  a  fourth  came  to  Knglaud,  and  was  publicly 
»h(>wn.  This  mirror  is  4-7  iitchcs  wide,  being  a  Kguient 
of  a  liphrre  of  76  inchoi  nkdius;  se  that  its  ibens  u  about 
OS  inches  from  the  verttx  $  and  its  substance  is  a  compo- 
sition p(  tin,  copper,  and  tin-ghni.'  Some  of  its  cActt 
were  as  follow;  sec. 
A  silver  liapeMO  aellvd  in      -      •  -   •  7| 

AG«oiietholsirihalf|KaBy  in  •     .     .     .  ]6 
aqdnins  withahdoin  -      ...  34 

Tin  melts  in  ^.-..--s 
Ca«i<imnin  -  ,  i  -  .  .  .  '  )6 
Slate  in  -       •       ^       .       .  '     -     »w  9 

A  f4M9il  »bcll  calcines  in  »      -      -      .  .     -  7 
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Piece  of  Poinpey  s  Pillar  vitritie»,  the  black  part  in  50  sec 

the  while  patf  in  M 

Copper  ore  in-       ......  g 

Bouc  calcines  in  4,  and  vitrifies  in  -  -  -  33 
Ao  eiuerald  melts  into  a  lubstaiice  like  a  torquois  slone; 
•  di«nc»d  weighiug  4  grain  Ines  }  «f  its  weight;  the  as- 
bestos vitrifim,  as  all  other  bedim  will  do  if  kept  lem 
enough  in  the  focMSi  bat  when  once  vitrified,  the  mirror 
can  go  no  further  with  them.  Philos.  Trans,  vol.  4,  p.  19S. 

Tschimhaosen's  reflecting  mirrors  produced  equally 
surprising  effects;  as  they  may  be  seen  desciihii;  in  the 
Acta  F.rudit.  fur  1(»87,  p.  53.  And  oilier  (>er?,uiis  1i»vb 
made  very  gimd  uties  ol  wihkI,  straw,  [laper,  ice,  mni  other 
substances  cn|iHble  <i|  inking  a  pro|H;r  turni  and  poli^ii. 

llu-ry  lenv,  u  fu  tlier  convex,  plaiiu-convcN,  or  convexo- 
convex,  culletis  tii<r  siin'i  ra>»,  dispersed  over  its  conve.v- 
ily  into  a  p<iint  by  relra<  tii>n  ;  and  it  isjherefote  a  burn- 
ing-glass. I'lie  iuu3t  considerable  of  this  kind  is  that  made 
hy  Tschirnhauseii,  and  de>cribcd  in  the  same  Acta  Lrudil« 
The  diameters  of  his  lenses  are  from  3  to  4  icet,  haviim  tha 
focui  at  tlie  distance  of  12  fevi,  aod  iu  diameten  an  inch 
and  a.hal£  To  nuike  the  focus  more  vivid,  the  rayi  ai« 
collected  a  second  time,  by  a  second  hm  Mnlkl  to  dbo 
first,  and  placed  at  such  a  dislaitce  that  M  diaowler  of 
the  cone  ol  rays  formed  by  the  tetlCMb  equal' to  the 
diameter  of  the  moond ;  ao  that  it  recmvea  them  all,  and 
the  focus  is  reduced  from  an  inch  and  a  half  to  half  the 
quantity,  and  chiim  quent'y  its  f<jrce  is  i]iia<Irupled.  'fhis 
glass  vitrifies  tiU'j,  ^iati  s,  puinicc-stont-s,  i5tc,  in  a  moment. 
It  melts  sulphur,  pilcb,  sn<l  all  robins,  under  walcr;  the 
i<shi.-s  (if  vejieittbles,  woods,  and  otIwT  matters,  arc  liuns- 
muted  into  .  la^v,  mid  i  vi-ry  thing  applied  to  its  focus  is 
cither  melt<  d,  changed  into  a  cafx,  or  info  fumes.  The 
author  observes  that  it  succeeds  best  when  the  matter  ap- 

£lied  is  laid  on  a  hard  charcoal  well  burnt.  But  though  the 
irCe  of  the  solar  rays  be  thus  found  so  surprising,  yet  the 
rays  of  the  full  moon,  collected  by  the  Mme  burning^lass, 
do  not  show  the  laoatiMmieof  heat. 

Sir  Isaac  Newton  piimuCsJ  a  bttnring>^ass  to  the  Boy- 
al  Society,  coosiatii^nf  7eDneMe  glnsses,  so  placed,  Ihnt 
all  their  foci  join  in  one  plnaicar  point.  Each  glam  is 
abonc  111  indict  diameter;  six  of  them  are  placed  con- 
tiguous to,  and  round  the  7th,  forming  a  kind  of  spheri- 
cal segment,  whost' subtense  is  about  .34}  inches:  the  com- 
mon focus  is  about  JJJ  'iichi  s  distiiiii,  iiuu  LiUout  an  inch 
in  diameter.  This  glasa  i;ti  ifti  s  brick  or  tile  in  1  second, 
and  melts  gold  in  30  seconds. 

M.  BaObn  also  made  a  variety  of  very  powerful  bum- 
ing-g!astcs,  both  as  mirrors  and  as  lenses ;  but  at  length 
concluded  with  one  which  is  probably  of  llic  same  nature 
with  that  of  Archimedes,  and  Consisted  of  400  mirrors  re- 
flecting their  rays  alt  to  one  point,  and  with  which  ite 
could  melt  lead  and  tin  at  the  distance  of  140  fret;  and 
with  others  he  consotted  stthatanoeaatthediManoe  of  gtO 
fcct.  SaePhiloa.Trant.  vol.M|Baflhn^Hiit.  N«K.  S«ppl! 
^vd.  1 ;  or  Montucla>  Hist,  dd  Math.  vol.  1.  pw  C46. 
"  kamiennthereialtosolMsahttatweeapeUeofit^'ng 
theomeirt  of  modem  Bnioing'^Uises ;  though  w.'^ter,  ^c, 
arr  notiameted  by  them  at  all.  Thus,  Mt>»sr».  Macquer 
and  Baumt  have  succeeded  in  melting  small  portions  of 
platina  by  means  of  a  concave  glass  22  inches  diameter, 
and  28  inches  focus,  though  this  metal  is  nut  lu^ible  by* 
tbe.stroiig<-st  fires  that  can  be  excited  in  furnaces,  or  sus- 
tained by  any  cfaeinicsl  apparatus.  Yet  it  was  long  since 
observed,  by  the  Academicians  del  Cimcnio,  that  »pirit-of- 
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win*  iMwIii  JWt  be  tmA  mty  buming^law  .which  thej^ 
Med  J  aii4  aiftyirintwn''™t  gnmt.  iin)jrovemenU  these 
i  bm  itnoB  fMcivcd,  M.  NoUet  ku  not  baen 


If  ^  tbe  iiHNt  poweiM  bainiiig«inoN,  t*  Ml  fin  to 
4W  ioHOUnable  liquon  wbaie*er. 

tiowewer,  a  largo  burning-lent,  for  fiuiag  and  ^Atii^ring 
such  substances  as  rrsiit  the  firat  of  fonuiMf  ttft 
cially  for  the  application  of  heat  in  vacuo,  and  in  certain 
other  circumstance*  in  v>liich  heat  cannot  U-  upplied  by 
other  means,  has  Ions  b<>i-n  a  dcsidiTaium  with  ^rfons 
concerned  in  philiKophical  <  xprnnient*:  and  this  it  h[>- 
pean  is  now  m  a  great  lufaiure  accumyilished  by  Mr.  Hur- 
ki  r,  an  ini^i-iuou's  j;lav»-inanufttcturi  r  in  I'lci  l-strcvt,  Lon- 
don. Hi»  lci)»  is  made  of  fliut-glass,  and  is  3  iWt  in  dia- 
meter; but  when  fixed  in  its  frame,  exposes  a  suriacc  uf 
Si  iaclMt  in  the  clear ;  the  length  of  thr  Cocui  is  6  l<-el  S 
I  its  diaoK'ii  r  one  inch.  The  rays  from  this  Targe 
I  m  maiwd  and  iransmillMl  lluvugk  *  •mailer,  ot  13 
liF  in  lh»  dni  williia  ut  ftime,  iu  local 
iSi9  iadwiiMMl  dknwier  «( il»  Ibcw 9-8Um of  an 
:io  that  tliN  Mooiid  kn*  incKHct  ^  power  of  tba 
fonner  mora  thut  f  tiaw^  or  M  tlw  aqUMn  of  t  to  Ae 
square  of  3. 

From  a  ^oat  numbi  r  nf  experimeots  made  with  thia 
less,  the  tulluw  iag  are  selected  to  serve  as  specimens  of  its 


Sew  V  of  wrai^^k  imB 

Common  slato  • 
Silver,  pure 
Platina,  pure  - 
NicUU  - 
Cast  iron,  a  cube 
Keareh    .       .  - 
Gold,  pure 
Crystal  pebble  - 
Cank,  or  tarra  | 
Lava 

Asbestos  -      -  - 
Bu  inKit  •  cube 
Siedtftcnbe  • 

Garnet    -      .  - 
Copper,  pure    •  • 
Onyx     •      -  .  • 
Zeolites  ... 

Pumice-stone  - 
Oriental  emerald 
Jasper     _       -  • 
White  agate 
Flint,  oriental  - 
Topai,  or  chrysolite  - 
ComraoD  limestone  - 
White  rhomboid^  spar 
V«dcwuc  day  > 
Contish  moonloivB  - 
Rough  comdiaa 
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45 
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10 
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10 

.  6o 

10 

.  60 

10 

•  74 

10 

•  80 

BiTRamc  ZofHf  or  Torrid  Zone,  the  spare  uithm  m 
decrees  of  the  equator,  both  north  and  south. 

BURROWS  (William),  •  writer  on  the  subject  of 
navigation  in  tlu-  l6th  flcnturj*  His  '*  Di»coune  of  tho 
Vailuion  of  the  ConpniB  or  Hdafoetic  Ncedk,"  it  eo^ 
joined  to  Nornea^  "  Novo  Attmetivo."  Borrom  hid 
been  a  fon|OU«a«*dgM0f,lievii«iiMdtliem  (komtSyem 
of  1^,  and  for  hit  miatit  was  promoted  to  be  controller  of 
the  navy  by  Qneen  Elizabeth.  Me  shows  how  to  determine 
ihe  variation  several  »«ys,  iptting  down  many  oIjm  rvuuons 
of  it,  made  by  sir.  n/imutn  t  imi pass  ol  Norman's  invention, 
but  iiunruvi  t!  by  tuiDsi  l;.  Ill  dcmoMSl rales  the  falsehood 
o(  ::;<.•  lull's  iisrd  III  iiiiii  tlir  Litiludis  by  the  guard-stars. 
lU  |iarticiilan/.es  u:.iuy  I'itniS  in  itiL'  tiii-n  <>cn-cfaart$,  oc- 
casioned by  the  ni  ijli  cl  of  the  varialiuii  ;  adding,  "  But  of 
these  coasts  (towards  ibc  uorili)  and  o(  tilt  inwarde  partae 
of  the  countries  of  Ruiaia,  Miucovia,  itc,  I  iiave  made  • 
perfect  plat  and  dctcriptioD,  by  niym*  owne  experience  in 
sundrie  vuiagcs  and  tnVBiU  s,  bothe  by  sea  and  Uade,  to 
•od  fro  in  these  partes,  which  I  gave  to  her  niajealie  ia 
MM»  1978."  And  lastly,  be  justly  blamea  CoignefW  fa- 
•tnunenti  cellad  •  Kanticnl  Hemisphere ;  h«t  apoakt  too 
aeveidy  epbit  the  wiitert  on  navigation. 

BUSHLL,  a  measure  of  capacity  for  dry  goods;  as 
grain,  pulse,  fruits,  &c,  containing  4  pecks,  or  8  gallons, 
or  of  a  quarter.  By  ik  t  nl  p.irl^anicnt,  made  in  1697,  it 
was  ordained  thut  "  F^ei  s  ruuiid  lu^hel  with  a  plain  and 
even  bottom,  Ueir.^  >  J  un  ln  s  uklr  llinmghoul,  and 

8  inches  deep,  shall  be  c-teemeil  a  legal  Wuicbester  bush- 
el, according  to  the  standard  in  his  majesty's  exchequer." 
Now  a  bushel  bciug  thus  made  will  contain  ?I  jO'42  cu- 
bic inches,  and  consequently  the  corn  gallon  c<nitHin»  only 
2(>S|  cubic  inches. — ^The  weight  of  a  bushel  of  good  corn* 
or  pulse,  dc^  b  coBHwaly  aeoouated  lo  bo  as  tMemn. 
vt%of 

Wbdit  .  .  «01k« 
Bya ...  50 
Buhgr  '  •  ♦  50 
B(er*orKs  •  44 
Oats  40 
Pease  -  -  00 
Beans  -  -  60 
Pi  -iitni'S  (lif;ip(d;i  .If; 
But  some  i  xpt  rii  iici  d  persons  say  lhal  [be  bushel  of  gOOd 
wheat  weighs  and  pjroduces  as  below  ;  viz, 

Bushel  ol  whr«t  weighs    •       •       63  lb. , 
Yields  of  meal         ...  St 
Loss  in  griading      ...  i 
Bran  in  the  meal     •       .       .  6 
BUTMENTS,  arc  those  supporteie,  or  props,  by  which 
Iho  Ccet  of  arches  or  tbe  exireniliae  of  bridMS  are  Mq^ 
poetedjaad  shetild  be  made  wiy  Msoagand  lim. 

BUnuaS^  k  oa  oreh,  or  a  n 
to  nnort  Oe  sides  of  •  kaOdhi^  mifor  Oe  liiic|On 
SeoAaofy  ttdAtCH-BovraaT. 


Ilii 


Dy  Google 


C  A  L 

CAISSON,  in  AfdiileeMi^  •  kind  of  chest  or  fafctefe* 
 il^iiiiftiicb  Iba  pier «r » biMp i> bail^ 

I  bollMI  of  Ac  WKter.  uM  tin  iUe»  loM- 


thea  sunk  to  tke 
enecl  and  t*kcn  otf  from  the  tiotioni,  by  a  conttimce  for 

titot  purptiM'',  the  botiotn  of  the  caisson  bciiiii;  left  umlor 
thr  pier  M  A  foundation  to  it.  The  caiuun  is  kept  afloat 
till  tlu^  pii  r  IS  built  above  thr  hiMitht  of  hjw-walcr  maric ; 
HHil  I'lr  LhLil  jnir|)o>:',  its  side*  aru  (.MlhiT  riiaiic  ul  more  tlian 
tiiat  hiL.;lii  at  tir^i,  urelso  grailu  iily  iuim  ii  t.i  it  as  ilMiiks 
by  the  wciglit  of  the  w:>rk,  *.ri  its  alvvays  to  kwp  iti  lop 
above  w.itir.  Mr.  Labcljc  telbi  us,  that  the  caiston!)  in 
which  he  built  some  of  the  piers  of  Westtniiutcr  bridge, 
contRiniMl  150  load  of  fir  timkatf  of  40  cubic  feet  esch, 
•ml  tfaot  h  was  of  more  tomnge  or  capacity  than  a  40^un 
iltip  of  war. 

(CAtMOU,  in  Militaiy  AIRiin,  is  wMactima  ni^ed  lbr.4 
cbMt;  aid  ia  psfdcaUr  for  a  boisb  or  •hdl  dmt,  «ad  u 
used  ai  a  loferfleial  asin^  or  foaracaa.  Thia  i»  dam  bj 
filling  a  chest  either  with  gawpowdtr  and  loaded  thella,  oc 

else  with  shells  alone,  and  bur^Hng  it  in  a  spot  when:  ria 
rrH-my,  bc$iej>ing  a  place,  is  c.\p<-cted  to  come,  and  ihca 
firing  it  by  a  train  t<i  destroy  tbi:  men. 

C.\LAMLS  Pastoralis,  in  Music,  the  Shepherd's 
Pipe;  an  ancient  musical  instrument, tlicoij|iD of  thaAili^ 
at  first  mmic  of  a  straw  or  reed. 

CAI.CUI.A  1  ION,  the  act  of  computing  several  sum^, 
by  adding,  subtracting,  multiplying,  dividing,  6cc.  Trom 
calcuiu!!,  in  allusion  to  tiic  practice  of  the  ancients,  who 
used  calculi,  or  little  stones,  in  making  computations,  in 
taking  tulfnign,  and  in  keeping  accounts,  ttc;  aa  wo  now 
tue  cotaten,  figures,  ttc.  Calculation  it  more  pnrtieifr' 
lady  vied  to  signify  die  computation*  in  Htmnnay,  (li- 
niioaietiy,  dtc*  for  making  tnUee  of  astronomy,  of  Iqgar 
nthan,  aphomcridea,  findtngtto  tiBMa  of  eclipses,  aiMlMiai 
like 

CALCULATOR,  a  pcison  who  flMkea  or  perlbttu  caK 

rulations. — It  is  also  the  name  of  a  machine  constructed 
by  Mr.  I  Vrguson,  in  the  shape  of  an  orrery,  for  exhibiting 
the  motions  of  the  earth  and  moon,  and  resolviitg  a  varie- 
ty of  astronomical  problems.  See  his  Astron.  4to,  p.  265, 
or  Swi,  p.  3y.'!. 

C'.Al.CL'i.A'rORES  were  anciently  accountants  who 
reckoned  their  *uiih  by  calculi,  or  little  stones,  or  coun- 
ters.—In  ancient  canons  too  we  find  a  sort  of  divlnets  or 
enchanters,  censured  under  the  denomination  of  Caleula- 
tOfCa,  probably  so  called  from  their  calculating  nativities. 

CAlXTULUii  denotes  primarily  a  small  stot>e,  pebble, 
or  counter,  uted  by  the  ancients  in  making  calculations  or 
«om|intal]nai|  taking  of  stiilragci,  playing  at  tdble^  and 
tho^ke. 

CALcoLna  deoolci  now  a  oerlain  way  pf  pcHormhig 
mathematical  iaveitigationt  and  resolutions.  Thus,  we 
any  the  Arithmetical  or  Numeral  Calculus,  iho  Al^ebrai- 
cal  Calculus,  the  Differi ntidl  C.ilcuUn,  the  Kxpoiiential 
'  Calculus,  the  FIunIoiiuI  Cikulus,  the  Integral  Calculus, 
t!i.'  I.ueial  or  Symbolical  Calculus,  kct  for  which,  aaa  . 
i;aicb  respectivf  word.  ' 

JMOuuitaU  «r  MaMMlCauvtva,  h  thrsM^  of 


CAL  . 

parfiMfmiag;  attthnalical  ooniigBialioai  hf  wmkm.  Son 
'Abitrhktic,  and  NvMua.  ' 

Algebrmcal,  Literal,  or SymbolictdC a  LCVtss,  is  tlie  me- 
thod of  performing  algebraical  calculalioiu  by  tetters  or 
other  iynili'ih,  SeeAtotBRA. 

Diffaaitiiil  Calculvs,  is  the  arithmetic  of  the  indefi- 
nitely »mall  diiTerenccs  nl  variable  quantitio;  a  mode  ol' 
cnmputation  much  used  by  foreign  mathelikaticiaos^  and 
introduced  by  Leibnii/,  .i-.  -i mlar  to  NeWtOin'a  aethod cf 
i-'luxionsi    Sec  DiFKERtsTtAi.  &c. 

ExpoHouial  Calculus,  i:>  the  applying  the  fluxiomd' 
or  diflerential  methods  to  exponential  qaantitiasj  aackaa 

or  X,  or  ay',  ttc.    See  Expoh  bmtiai,. 


Ftuxioaal  Calculits,  iatboBNthiodaf 4aaioai|Mi 
•d  hy  Newlon.  Sea  Flvxumm.  , 

Jmgfiaf  CaLoobva,  or  ^aiwaiarfnr,  it 
iqiatia^ariammini;  up  diAfcettalfiiatilWwimliari. 
nibtf  to  the  finding  of  fiutnti.   8ae  Iim»»at  and 

FtVXHT. 

CALCOttrs  LUenUU,  or  £ttemf  CUcahir,  is  the  same  with 

algebra,  or  specious  arithmetic,  ;o  callet!  fr  im  its  using 
the  lettersof  the  alphabet;  in  contradistinctMii  liotn  nume- 
ral arithmetic,  in  which  tiJUKs  an-  useii. 

CALENDAR,  or  Kai.ks  hak,  a  oistribulmn  of  time 
n'-  nccommodAted  to  tb?  use's  ol'  Lie  ;  i>r  iihii.inar,  or 
table,  containing  the  ouier  oi  days,  weeks,  moiulis,  feasts, 
Sec,  occurring  in  the  course  of  the  year  :  it  is  so  called 
from  the  word  Caieodse,  which  among  the  Romans  denoted 
the  first  dayt  ofaaery  month,  and  anciently  was  written 
in  large  characters  at  the  head  of  each  month.  Sea 

1IAKAC,CaLC8D8,  MaVTBfTlME,  YlAX,  &Ch 

lacataadaN,  liia  di^t  ««•  nrityMrilv  difided  1Mb  oo> 
Madia,  nraMNii  halaftwwwdt, « iniUatiaaofihaJoiM 
and  OriaoMH  ttajr  mm  dhMai  ialo  kbdooMdri^  or 
itttent,  for  what  w«  now  call  a  wfldt:  whidi  eniMat  8o^ 

Hger  observm,  was  not  in  nan  iawglha  Bbbw  till aftiK 

the  time  of  I'heodosins. 

Divers  calendars  are  established  in  diffierent  countrit^s, 
according  to  the  dilTercnt  form*  of  the  year,  ami  distribu- 
l:ii:is<it  time:  us  llie  I'l  isian,  llie  Romrin.  the  .lfv\ ish,  the 
Juiian,  thi  tiregorian,  ^c,  talt'iuiars. — The  aiieient  Ro*- 
niiiii  ciilr  iidar  is  given  by  Ricciolus,  Struvius,  Danct,  and 
others ;  m  which  we  perceive  the  order  and  nutnber  of  the 
Roman  holy-days  and  work-days.— The  Jewish  calettdar 
was  fixed  by  Rabbi  Hillt-I,  about  the  year  StfO,;  from  which 
time  the  days  of  their  year  may  be  reduced  to  those  of  tha 
Julian  calaiwTi— The  three  Chiiilian  calcndanatagivaik 
by  WoUoi  hi  Ua  HnaBMi  of  CbitMiolagy}  aa  aba  tha 
Jawirii  aad-Mokaakedaa  calendars.  Other  writers  on  Ifca 
caksndaitaw  Vleta,Clt*ius,  Scahger,  niondd,  ttc- 

Tie  Rtmm  Caleh  dar  was  fiirt^rmed  by  P 
who  distributed  lime  into  several  periods  for  tbeose  of  bis 
followers  and  people  under  his  pomniHnd.  He  divided  the 
year  inio  10  month',  of  304  days;  beginning  on  the  first 
of  iMiireh,  av.:A  ending  wtlh  l)eceBlb»*r. 

Numa  rrformed  the  calendar  of  Romulus.    Me  added 
«r  jMBlff  Ud  Ftbrvazy,  making  it  fa  eaan 
»h2 
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nience  011  the  lam  of  Januan*,  «ml  (o  consist  of  .(.i.'i  <la)s. 
But  as  this  Mils  cvidiiilly  iklRn  iit  lA  thi'  true  your,  lio  ur- 
dered  an  intrrcalatiun  ai  45  days  tu  b<  outdo  rvery  4  yoars, 
in  lhi»  maniKT,  vi^:,  Evrry  2  years  an  additional  munth  of 
SS-day*!  brtween  February  and  March  and  at  the  end  of 
each  two  years  aore,  another  month  nf  'ij  da>s;  the, 
month  Ihua  inicrpoird,  being  called  Marceduoiu»,  or  the 
intercalary  February. 
JuUua  Cc»ar,  with  the  aid  of  Soaigenei,  n  CfJebfdted  aa- 
Tifaoia  Unet,  further  nibrmcd  the  Homan  ca- 
rt mmniueB  aioM  thftlvliaii  calendar,  asd  cbc  Julian 
or  old  style,  finding  that  the  ran  performed  hb  annual 
course  in  3()5  day»  and  a  quarter  nearly,  lie  dividnl  the 
year  into  3(>^Ha\s,  but  rscry  4lh  year  3()(>  days,  atldinga 
day  to  the  .".jil  iil  I  tbiuLirv,  \\li,e(»  being  the  6th  <jI  tlir 
calends,  ami  ilm-  [>  c>ci  i<til  twice,  gave  occanon  to  the 
name  Bis*<'Ntili-,  or  .s  ! i  itwr  al-Dcall  liM|>-yinr. 

This  calendar  «as  luilher  relurmed  by  tirder  ol'thc  pope, 
Gregory  xiii ;  from  whence  uruM-  the  term  Gregorian  ca- 
lendar and  style,  or  what  is  now  calli-d  the  new  style, 
which  i*  now  observed  by  almost  all  nattons  in  Europe. 
The  year  of  Julius  was  loo  long  by  nearly  11  minutes, 
which  amounts  to  about  3  da^s  in  400  years;  the  pope 
therefore,  by  the  advice  ot  Clanm  aodCiacuniiu,  ordaiiwd 
tKtt  there  ahouid  be  endued  «  day  in  every  9  ceatnriei 
out  of  4;  M  that  every  century,  which  would  otherwite 
be  •  binestlle  ycai^  i>  made  to  be  only  a  common  year, 
cxceptiog  only  MKb  ceMuriaaw  are  exactiv  divisible  by 
4,  which  happens  once  in  4  oentoriet.  SeeBisscxTiLB. 
This  reformation  of  the  calendar,  or  the  tiew  style,  as  we 
call  it,  coinmcnc(«d  in  the  countries  omler  the  p'jpiih  in- 
fluence, on  the  Ith  of  OcloUr  \^iH'2,  when  10  liays  were 
omitted  Hi  once,  which  had  been  over-run  since  the  time 
of  the  council  of  Nice,  In  the  year  325,  by  the  surplus  ol' 
11  aiinuteseuch  year.  But  in  England  it  only  commenced 
in  1732,  when  11  days  were  omitted  at  once,  the  3d  of 
Sepleniber  beinj>  accounted  the  14tb  that  year  ;  as  the  suiw 
plus  minotee  ha<l  then  amounted  to  1 1  days.  And  now, 
since  the  year  1800,  another  day  haa  been  added  oo  aiO> 
count  of  the  odd  minutes;  so  that  ooir  our  riew  ityle  dit 
lets  from  ibe  old  by  13  daye. 

JWian  OMifjenCAi.XKDAB.1t  that  in  wbicb  the  days 
«f  the  week  ate  determined  by  the  letlen  4«a,C,s,l,r,o, 
bjr  mnns  oTthe  aular  cycle;  and  the  new  and  full  moons, 
particnlaitv  the  paschal  full  moon,  with  the  feast  of  I^«ter, 
iSirvd  the  other  moveable  fc«.sts  depending  on  it,  by  means 
«  foulili  iianibrri,  or  lunar  cyclefi,  rightly  disposed  through 
the  Jii;i:iii  year.  See  Cycle,  and  GotnEN  Number. 

Ill  Il  ls  calendar,  u  is  supposed  that  the  vernal  equinox 
is  tKi  il  lu  tiie 'ilst  (lay  of  March;  and  that  lUe  golden 
imiiibuis  iir  t\iK^  .1  19  years,  ccnstantiy  indicate  the 
plaa-s  of  the  new  and  full  moonsi  though  both  are  erro- 
neous ;  and  from  hence  ame  •  great  imgularity  in  lha 
tinu"  of  Easter. 

firegorinnCALtvimf^,  is  that  which,  by  means  of  epacia, 
lightly  di>p<i»ed  through  the  several  months,  determines 
(ke  new  and  full  maooB,  with  the  time  of  Easier,  and  the 
Moveable  fcasta  depending  en  it*  in  the  Grcgprian  jrenr. 
Tbia  diflert  theieim  ftwa  the  Julian  calendar,  faoih  in 
the  teflkof  the  year,  and  in  as  mtuA  aacpneta  an  snbi^ 
tuaed  inaiaad  ofnUcn  numhen.  See  Eyact. 
*  Tbo<^  tkeCficgioiian  calendar  be  more  accurate  than 
(he  Jnliaa,  jet  it  is  not  without  imperfections,  as  Scaliger 
aadCtlvidns  ItefaAUly  slmni)  nor  doea  it  ^fcar  p«»> 


to  lit  .IN-  uiiy  one  that  shall  be  tjiiile  pertecf.  Vet 
tlie  Kefiirmed  C^iilendar,  and  tljat  h  is  onjeied  tu  be 
uhserved  in  England,  by  act  of  piuji:unent  made  the  '24th 
of  George  11,  come  very  near  to  the  point  of  accuracy^ 
For,  by  that  act  it  is  ordered  that  "  E4i»ier-day,  on  which 
the  rest  depend,  it  alwn|a  (h«  ilM  Sunday  alter  the  full 
BKioD,  which  happena  Upon,  or  nant  after  lb*  Slst  day  at' 
March  ;<and  if  the  fttU-mocB  happens  en  a  Sttudny,  EaMtr- 
day  is  the  Sundm  aOer* 

t^mtdt  or  Cemttedf  Cauvdak  is  that  which,  re> 
jedingail  the  ^tparatns  of  gtildm  ntmbers,  epacis.  and 
dominical  letters,  determines  the  e4)uiiM>x,  and  the  paschal 
full  moon,  with  the  moveable  feauls  depending  on  it,  by 
compulation  fmm  astrunniiiical  tahles.  Ibis  calendar 
wav  ml  rodiiei  if  aiimiii;  llie  protestaiil  sUilej  k;  (.eriiiai.y 
in  the  year  I700,  wluu  1  1  il.iys  »tre  i.iiiitini  111  llic  nioniti 
of  Februnry,  to  make  the  corncted  stjie  agree  with  the 
(Irecrrnan.  This  alleralion  in  the  form  ol  the  year,  they 
admitted  fi'iu  tune;  in  f  xpectalioii  il.aT,  llie  true  quantity 
of  the  tropical  year  being  at  length  moie  accurately  d«- 
termincd  by  observation,  the.  Homanisu  would  ag^  with 
them  onsomemoie  convenient  intercalation. 

Fratch  Sew  CaLINOah,  is  quite  ol  a  diflcrcnt  IbnB  of 
calendar  from  all  othen.  it  commeuccd  in  France  on  the 
29d  ofStpiember  I79|V,  soon  after  the  change  of  govern^ 
ascnti  At  the  time  ol  pris^  this  (via,  in  July  1794),  it 
does  not  certainly  appear  whether  this  new  calendar  will 
be  made  prrnianeni  or  nut ;  but  merely  as  a  curiosity  in 
the  science  of  chronology,  a  very  brief  notice  of  it  may 
here  be  added,  as  follows. 

The  vear,  in  this  calendar,  coriiini'iicc*  ftt  midnight  the 
he^iiimm;  ol  (hut  Jay  in  which  tail  tin'  true  uutomnal  cqui* 
iiox  Itir  llie  (ili^i'i  vulory  of  Pans  I  he  )eiii  la  (li\ lUed  into 
\2  equal  iiionthi,  ol  3u  il.i'.i  1  ,  atler  «liich  :i  supple- 
mentary days  arc  added,  l<>  complete  liie  JOj  (ia)»ol  llie 
ordinary  year:  these  S  d.iys  do  not  belong  to  any  month. 
Each  month  is  divided  into  three  decades  of  10  dayseach^ 
diaiinguished  by  Itt,  2d,  and  3d  decade.  All  iheienri 
twrned  according  to  the  order  of  the  natural  nunibrn,  vis,, 
the  lit,  fd,  3d,  dtc,  month,  or  day  of  the  decade,  or  of  the 
■unpkiaeniaty  d^  The  yean  which  receive  an  inter- 
calaiy  day,  when  the  poiitxm  of  the  cqoinoot  icqnires  It, 
which  we  call  erabulisinic  or  bissextile,  they  call  olympic  ; 
and  the  period  of  fr>ur  yeais, ending  wilh  an  ulyinpic  year, 
is  called  an  olympiaile;  the  inteiculary  day  being  placed 
alter  the  ordinary  Ine  supfdenieLtary  days,  and  mailing 
the  last  day  of  the  uj\n>|iic  year.  Each  day,  hum  mid- 
night 10  midnight.  Is  divided  into  10  parVs,  each  part  into 
10  Others,  and  so  011  ti>  the  liisl  moasuiahli  |  i  m  n  u  i  i  lin  t  . 

In  this  calendar  the  monlbs  and  days  have  new  iiaiin  s. 
The  first  ihrt-c  months  of  the  year,  of  which  tlie  autumn  is 
composed,  take  their  <  tyiuologj  ,  the  first  Irom  the  vintage 
which  lakes  place  from  September  to  October,  uiid  is  called 
Veademaire ;  the  M-cond,  Bruniaiie,  from  the  mists  and 
low  fbgi,  which  show  as  it  were  the  transudation  of  nature 
Gram  October  to  November :  the  third,  Frimaire,  from  the 
TBiionB  Mida  srhiek  are  Eencrall^  felt  froas  Movembcr  ta 
December.  The  three  winter  niontha  take  thdr  ttyiaO' 
kigy,  the  first,  Nivoec,  from  the  snow  which  wliilena  the 
earth  from  Decern  ber  to  January  ;  the  second,  Plavioie,, 
from  the  rains  which  usually  in  greater  abundance 
from  January  to  February;  tlii  tl  iiil,  Ventose,  from  the 
wind  which  dries  the  earth  from  February  to  March.  I1ic 
'   take  their  etymoleigy*  the  Cut,  Gc»> 
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miiMl,  from  llie  fmnrmnion  and  dov«'IopeitM-nt  of  llio  sap 
fmro  March  to  April ;  thcsrcund,  Klorral,  from  the  blow- 
ing of  the  flowcrj  from  April  to  May  ;  the  third,  Prairiul, 
from  the  smiling  ffCUDriity  of  the  meadow  erupt  from  Alay 
to  June.  Lastly,  thr  thrct?  summrr  months  take  thi'ir  ety- 
mology, the  first,  Me<>sidor,  from  the  appearance  uf  the  wa- 
ving ran  of  corn  and  the  golden  lmr>e<l<i  w  hich  cover  ^hc 
fields  from  June  in  July;  the  secotid, 'rberniiifur,  from 
the  heat,  at  onre  tolar  and  terrestrial,  which  inHuiitos  the 
air  from  July  to  August ;  the  third,  Fructidor,  from  the 
fruits  gill  and  ripened  by  the  sun  from  August  to  Septem- 
ber.   Thus,  the  whole  12  months  arv, 


AVTVMS. 

Vendemaire 

Brumaire 

Frimairc. 

Winter. 
Nivosc 
Rluviosc 
V'enioie. 


Spiiivo. 
Germinal 
Floreal 
'  I'rairinl. 

SvMM  r.u. 
Me»idor 
Tliermidor 
Fructidor. 


From  these  denominntion«  it  followt,  that  by  the  more 
pronunciation  of  the  name  of  the  month,  every  one  n-adily 
percoivM  three  thiuip  and  all  iheir  relntions,  vi?,  the  kind 
of  season,  the  temperulurc,  and  the  state  of  vegetation  : 
for  instance,  in  the  word  grrminat,  his  iraaginniton  will 
easily  cohceive,  by  the  termiiMlion  of  the  word,  that  the 
.spring  commeuc»  ;  by  the  construction  of  the  word,  that 
the  elementary  assents  are  bu>ie4l  ;  and  by  the  signification 
of  the  word,  that  the  buds  unfold  ihemst-lves. 

As  to  ibe  names  of  the  days  of  the  week,  or  decade  of 
10  days  each,  which  thi'y  hi»%'C  adopted  instead  of  scvi  n, 
as  these  bear  the  stamp  of  judicial  astrolo;:y  and  heathen 
mythology,  tbey  are  simply  called  from  thelirit  len  num- 
ben;  thus, 

Priroidi  Sextidi 
Duodi  Seplidi 
Tridi  Octidi 
Quartidi  .  Nonidt  ' 

Qiiititiili  Decadi. 
In  the  almanac,  or  annual  calendar,  instead  of  the  mul- 
titude of  saints,  one  for  each  day  in  the  year,  as  in  the 
popish  calendars,  they  annex  to  every  day  the  name  of 
some  animal,  or  utensil,  or  work,  orfruit,  or  flower,  or  ve- 
|;ctablc,  6cc,  appropriate  and  most  proper  to  the  times. 
This  calendar  however  w.is  chnn<>rd  for  the  old  one  ai^in, 
with  the  change  of  thrrform  uf  government.  For  the  ca- 
lendars of  the  Greeks  E£;)plians,  Jews,  Syrians,  IVrsians, 
Mahomedans,  Ethio|iians,  &c,  see  the  ailicle  YkaK. 

CaLENdau  Monlhi,  the  solar  months  as  they  stand  in 
the  calendar,  vig,  January  31  days,  6cc.  The  number  of 
days  in  each  month  may  bu  suggested  to  the  memory  by 
the  following!  canon : 

"  Thirty  days  hath  September, 
April,  June,  and  November  ; 
February  has  twenty-eight  alone, 
•         And  all  the  rest  have  thirty-one." 
Aitronomieal  Calendar,  an  instrument  eni;raven  upon 
topper- plates,  printed  on  paper,  and  pasted  on  board,  with 
a  brass  slider  which  carries  a  hair,  and  shows  by  in<*pec- 
tion  the  son'}  meridian  altitude,  right  ascension,  declina- 
tion, rising,  Setting,  amplitude,  ftc,  to  a  greater  exnctiless 
than  can  be  shown  by  the  common  "lubes. 

CALENDS,  Caknda,  in  the  Roman  Chronology,  do- 
. noted  the  first  days  of  each  month  ;  being  so  named  frtim 
[v,  (csleo)  I  call,  or  proclaim;  because  that,  before  the 


publication  of  the  Roman  IVti,  and  counting  their  monllis 
by  the  motion  of  the  moon,  a  priest  was  appoiuted  to  ob- 
serve the  first  appearance  of  the  new  moon  ;  who,  having 
seen  her,  gave  notice  to  the  president  of  the  "iacriliccx  to 
offer  one;  and  calling  the  people  together,  he  prcclHinied 
unto  them  how  they  :>hould  reckon  the  days  until  the 
itones;  pronouncing  the  word  Cnleo  h  tunes  if  the  nones 
shoul  I  happen  on  the  M\  day,  or  »cv'cn  times  if  they  hap- 
pened on  the  7th  day  of  the  niunth. 

The  calends  were  reckoned  backwnrds,  or  in  a  rrtrn- 
grade  order:  thus,  for  example,  ihe  first  of  May  being 
the  calends  of  .May,  the  lant  or  :!Oth  day  t'f  .-Vpril  was  ihe 
pridie  cali-ndaruiii,  or  2d  of  the  c.iielnls  of  May  ;  the  'Z'JxU 
of  April,  the  Jd  of  thecalends,  or  before  ihecalends:  and 
X>  back  to  the  I  !>tli,  where  the  ides  coiniiience  ;  which  arc 
likewite  Itumbered  backwards  to  the  5th,  where  the  nones 
begin ;  and  also  n'ckoiwd  kfier  the  same  nianncr  to  the  first 
day  of  the  month,  wh:cb  i*  the  calends  of  .'\ptil. 

Hence  comes  this  rule  to  find  the  day  of  the  calends 
answering  to  any  dny  of  the  month,  viz,  Consider  how 
many  days  of  the  month  are  yet  remaining  after  the  day 
proposed,  and  to  that  number  add  2,  for  the  number  of 
or  from  the  caleiidn.  For  example,  suppose  it  were  the 
23d  day  of  April,  it  would  then  be  the  9tb  of  the' calends 
of  .May:  for  .April  containing  30  days,  from  which  93 
being  taken,  there  remains  7  ;  to  which  2  Ix-ing  added, 
makes  the  sum  y.  And  the  reason  for  thi»  addition  of  the 
constant  number  2,  is  becauv  the  Lii-t  day  of  the  month 
is  called  Ihe  2d  of  the  cxlendn  of  the  month  following. 

CALIBKH,  or  CAt.iPKR,  is  the  tkickness  or  diameter 
of  a  round  body,  purlicuhirly  the  bore  or  width  of  a  piece 
of  ordnance,  or  that  of  its  ball. 

Caliber  Compuuet,  or  (;alipuk  ComjMuet,  or  simple  . 
Calipehs,  a  sort  of  companrs  made  with  bowed  or 
arched  legs,  ihe  better  to  take  the  diameter  of  any  round 
body  ;  as  the  diameters  of  balls,  or  the  botes  uf  guns;  or 
the  diameter,  and  even  the  length  of  casks,  and  such  like. 
The  best  sort  of  cali|)ers  usually  contain  the  following  ar- 
ticles, via,  the  measure  of  convex  diameters  in  inchra 
ttc;  2d.  of  concave  diameters;  3d,  the  weight  of  iron 
shot  of  given  diameters;  ilh,  the  weight  of  iron  shot  fo|>>. 
given  gim  bores ;  6th,  the  degrees  of  a  semicircle ;  0th,  tha  ' 
proportion  of  troy  and  avoirdupois  weight;  7ih,  the  pro- 
portion of  I'n^lish  and  Fiench  ieel  and  poiimU  weight; 
8th,  factors  used  in  circular  and  sphiriral  tk;;ures;  i;ih, 
tables  of  the  specific  gravities  and  uei!;hts  of  bodies ;  lOlh, 
tables  of  ihe  ijiianlily  of  pouiler  m  te^Miry  for  the  pnxif 
and  service  of  brass  and  iron  guns ;  1 1th,  rules  fur  com- 
puting the  number  of  shot  or  shells  in  a  cnmpiele  pile; 
I2lh,  ruleii  for  ihe  fall  or  il<'»cenl  ot  heavy  hodu**;  13lh, 
rules  fur  the  raiting  uf  water  ;  14lh,  rules  for  firing  artil- 
lery and  mortars;  I  ^tb,  a  liiu- ul  Inches ;  l6ib,  loganili- 
mic  scales  of  numbers,'  sini-s,  versed  siues,  and  langenis  ; 
]7lh,  a  sectoral  line  of  eqintl  part«,  or  tlte  line  of  lines; 
I8th,  a  sectoral  line  of  plaiKiit  and  supertirii-s ;  ami  l^lb^ 
a  sectoral  line  of  S4ilids. 

Calippic,  Period,  in  Chronology,  a  period  of  JQ  yean, 
continually  recuniiig;  ul  every  repelilioo  of  which,  it 
was  supposed,  by  its  inventor  Calippus,  an  .Vthenian  a*»-'« 
tronororr,  that  the  mean  new  and  lull  uuxiiis  would  *!•  ^ 
ways  return  to  the  same  day  an<l  hour. 

About  a  century  before,  the  gohlen  numberor  cycle  of 
19  years  had  been  invented  by  Metoii,  which  Calippus 
finding  to  contain  l<)of  Nabonansars  year,  4  days  aixi 
tu  avoid  fractions  he  quadrupled  it,  and  so  produced  . 
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Itu  pi-rioil  111  7ti  yi-ais,  or  4  times  ip;  after  wliich  he 
supposed  all  thi:  lunulioii*.  &.c  would  rugularly  lolurn  lo 
tbc  sHmc  hour.  lJut  m  itluT  is  l\us  exact,  us  it  brings 
ihcni  too  lute  by  a  whole  day  in  J-,*  j  yi  ar-. 
*  CALORlCt  in  the  new  Chemical  Nomenclature,  it  that 
suppoied  raatcrial  9>ii(»tancc  which  poMes&es  the  power  of 
cxocim  the  f«eli^g  of  heat  in  tfae  animal  body ;  or  it  is 
tin  MtterMMl  ihacauMt  of  heaL 

Hhs  gMMtal  properties  of  caloric  are  the  following :  If 
it  faa  oomidertd  aa  mterial.  It  nust  b«  a  tubirfance  of  ex> 
tnww  raVtlety  and  tanuinr,  cnttraly  UBpoadcraUe  by  ha- 
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Man  imtrumcatt,  derina  inncdtalely  from  tbc  Ms  toge- 
Ihar  with  light,  and  like  light  obeying  certain  and  liinijpr 

latn  of  reflection  and  refraction,  and  also  elicited  by -C^n* 
Imatioil  and  by  varitms  other  iii,i:inc(s  of  chrniiral  action, 
percUision  or  collision,  friction,  tlie  cleclrii  -l  aik,  j::ilvn- 
iiImh,  iit :  when  uiicoinl  iiii-il,  minii;,  nii,  i  i  .i>- 
city  i:i  every  direction,  ronstiri; ! »  ii  li.ig  lo  uii  r<|iii- 
liSiiuiii;  piNietratin^  all  I mlx-s  in  i../ ui  i  r.n  more  or  le-s> 
iilcilKy,  and  theieby  enl;ir);mu  lln  ,i  ..  nu  !, -ion*,  without 
iucmsing  their  weight :  when  <  n  I  lii  ),  |  ioljably  enter- 
ing into  chemical  uhkiii  uiih  otiier  bodies,  and  thereby 
'  constituting  the  diflereni  Mnio  of  liqiiid,  vapour,  or  gfu: 
and  laatlya  when  applied  suddenly  to  the  aumal  body,  o^ 
caaiomtiig  tlte  aeniations  of  warntk,  beat,  or,  in  greaHt  ia- 
taariw,  bvrniao,  ,SfK  the  articles  Ltoaraad  Mbat. 

CJoiic,  thnilMi  wwd- usad  todtoole  that  labitanfla 
by  which  thMMMiM^aM  produced;  and  the 
same  as  iirat  fflWH^I^Iitaiiid  igmtmijuid,  matUr  tffkemt, 
and  other  analogoaa  denotninations.  There  are  perhaps 
itv  subjects  respecting  which  a  more  reaiarkable  versati- 
lity of  general  iipimon  liui  bi  i  n  evinci  ii,  tlian  with  ftgard 
lo  the  existence  or  nnn-exisience  ot  this  principle.  Are 
the  physical  effects  ol  lieut  produced  by  tlie  operation  of 
a  material  fluid,  sui  generis  ?  or  is  heat  merely  an  affec- 
tioa,  cun^tsting  in  internal  vibrations  and  coliisiuns  ol  its 
particles,  or  in  some  other  mode  of  corpuscular  uction,  of 
.  which  we  are  ignorant,  and  is  there  consequently  no  such 
thing  as  caloric  i  Thttc  are  the  qnesiions  that  have  dt- 
Tided  the  opinions  of  many  of  the  ablest  philu«o(Am  of 
koth  ancient  and  jnadera  tines;  but  though  different  opi> 
idiuitill  prevail  an  tUi  ml^t,  yet  the  foraiepof  th«a 
I  to  be  nMit«eacn%  n»tvad.  Aaong 
kta  who  sopnoaad  tCa  nwMality  of  haat,  may 
Zeno  and  Cicero:  the  latter, in  hie  booll  Sit 
Natnra  Deorum,  nays  expressly,  that  heat  is  aMabimd 

with  water,  as  its  hqurfiiction  sulhcienllv  proVCt;and  that 
It  cuniiot  freeze  nor  congeal  into  snow  or  lii>ar-frost,  with- 
out sulfL-ring  that  liciil  to  escape, &c,  <\c :  wiiich  is  very 
nearly  the  ideathat  «<■  linve  of  it  at  ttie  present  -lay  ,  and 
indeed  this  appear*  to  have  been  the  most  pn  vailint;  ojii- 
nion  till  the  time  of  Lord  Bacon,  who,  in  his  work  De 
Forma  Calidi,  coMiders  beat  as  the  effect  of  an  intestine 
motion,  or  mutaal  collitinn  of  the  particles  of  the  body 
haated  ;  an  expansive  undulatory  motion  in  the  BinulB 
paMWaaof  the  bo<ly,  by  which  they  tend  with  some  ri|i»> 
di^  towards  the  circumference,  and  at  the  same  time  tR- 
Mint  a  little  upwards;  which  ide»  was  aho  with  aono 
laodHrariona  adoplad  by  Detcarttit  Nesnnit  Boyia.  and 
dlM  Mber  neiAmical  pbiloaophen  of  lh«  soceemng  agjk' 
ilia  gmcnl  a)^flpa  however  among  ehcnist>»  waa  stlU  la 
fcvearof  (bO'tMpMaiily  of  heat;  and  as  chemistry  be- 
•xne  more  pfnarally  known,  so  thin  opinion  gained 
^*">gtli,  til!  Count  lUiii'tnr.:  i  i,  -onie  c  xperiments  seemed 
^thuw,  titM  hcui  wa»  till poudci  able,  and  capable  of  being 


produced,  ad  infinitum,  from  a  firulc  quantttv  of  matter, 
which  again  threw  .some  doubt  on  this  question ;  and 
though  thc«e  results  appear,  iii  s-uine  lii'^riT,  to  have  f»eeii 
conlulcil  bv  Ml' r|>j(  ,:i  c\[M  ii!iu-iit>,  y:i  i^  ilic  matter  at 
present  undecnli  d,  and  will  proU.ibly  always  be  involved 
in  some  obscurity.  Wc  cannot  here  enter  into  the  merits 
of^the  particular  argnmcnts  that  have  been  ad^4aced,on 
both  lidei  of  this  intricate  and  interesting  inquiry ;  bat 
we  shall  cnomrTate  a  few  of  the  principal  caperiawBli 
that  have  been  made  on  this  subject,  and  shall  Una  lo|ra 
the  reader  to  draw  bia  own  concluikni»  aa  to  tba  — lai»- 
lity  or  immaMfiality  of  heat,  or  tba  caoee  of  beat ;  or,  im 
other  woida,  of  tba  asfatanet  fit  iwnewel—jw  of  thn( 
iubttanea  wbidi  ie  defined  by  tiio*tan  Oalofie. . 

It  if  known,  that  wbeNWMerfiMMb  a  portion  of  heat  b 
given  out  by  it  durin;;  the  congelation,  which  is  so  cnnsi- 
derable,  that  if  »e  were  to  Conceive  it  to  be  tiajismitlcd 
to,  and  imbibed  by  nii  e^'ial  i|uanlity  ol  water  at  the  teln- 
jH'rature  of  32*  ol  1  ahrenlieil's  tlierniomeler,  the  lattri 
would  be  hi  Bled  to  im  less  than  I  tO",  or  to  172";  if 
then  i'  Ii  i  '  .(  I   I.  .    able  substance,  it  might  be 

imagined  iliut  a  given  quantity  of  walrr  would  boconii: 
lighter  when  frosen  in  a  vowel  Wmetically  sealed.  Thii 
circumstance  therefora  Indncad  aiMMJslu|oiophers  to  as- 
cetUin,  if  possible,  the.paij^wabilA  thlieiic,  and  thus 
to  decide  the  an«slio»  *%|1>i^'^#  ■My-fyaioiia  bad 
been  formed.  Of.tba«xyWMiMildiHfip)|bH  puipoie, 
that  of  Dr.  Fordyoa  aeame  to  ham  baea  coiduciiiid  with 
the  greatest  caution..  Ha  took  a  glam  |lob%  tbraa  inehn 
in  diameter,  with  a  short  neck,  and  wcighiag  451  gnina ; 
poured  into  it  1700  grain*  of  water  from  the  New  River, 
London,  and  then  seuled  it  hennelic.illy.  I  lie  whole  of 
which  then  wt  ighod  21i(l{-i  prain>,  at  liie  temperature  of 
30":  this  was  then  put  lor  v'O  imiiutes  it.'o  a  frc-eiing 
mix  lit  ii  ivv  and  salt,  till  some  i  t  it  wii'-  frozen,  and 
WHS  :  out,  ami  wipeii  |.i  itc  etly  <iry  with  a  linen 

eloib,  anil  next  with  a  clean  dry  piece  of  washed  leather; 
and  beinr;  thin  immediately  weighed,  it  was  found  to  be 
-^h  of  a  grain  heavier  than  before  :  this  was  repented  live 
limca,  at  each  time  more  of  the  water  was  Irozen,  and 
■Mne  wtigbt  gained  ;  and  when  the  whole  waa  frosen,  it 
wee  fa— d  to  have  gained  -^ihs  of  a  grain;  but  tba  tea* 
peraton  «f  ibo  globe,  and  cooniaedyot,  by  baviBg  bean 
kept  fai  the  IroBCB  aiUtare,  bad  iMTii  iliii  ml  to  IS*  «C 
Faiitenheil-s  Ihetmometer:  and  wn  allowing  it  to  rite  ID 
920,  it  was  found  to  weigh  ^th  of  a  grain  more  tbaa 
when  llie  water  was  fluid.  The  beam  in  tbis  -experitlMIlt 
was  so  adjusted  tlial  it  would  mark  t  jro^  of  a  grain. 

By  tliis  result  therefore  it  appears  that  water  by  freex- 
inp,  an  operation  in  which  it  evolves  caloric,  becomes 
heavier,  imd  that  of  ciiurne  the  addition  of  caloric  to  a 
body  ri-nders  it  aliMihiirly  lighter  ;  which  if  admitted  goes 
to  prove,  that  caloric  counteracts  the  effeettof  gravitation, 
U  it  docs  that  of  contiguous  attraction  or.aAnity.  This 
experiment  was  repeated  by  Murveau  and  Chaussier,  and 
iHth  the  same  result,  the  water  beiny  heavier  after  it  IMmI 
beea  froech  in  glasa  vesM-ls  hermetically  lealcd,  than  it 
.  wee  bofm  when  in  ite  Buid  etala. 

Tbie  eoi^t  aooa  attracted  tbe  attendoa  of  Lavoiiiert 
and  b^  oiyoiriaMBta,  which  were  pobHibed  la  .the  IJo- 
aoin  of  lb*  Acneb  Academy,  led  bim  to  conclude  that 
tbo  wei^toif  bodies  i«  not  at  all  altered  by  beating  or  COoU 
ing  them,  and  consequently  that  caloric  pr<H)uces  no  sen- 
sible chani^e  in  the  wei|ilit  ol  li  s.  ('.uiiil  Kuiisl'nril  aKu 
made  similar  experimcubi,  uiid  uu  ai  iuat  led  to  the  samv 
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CMtclodOB  u  Dr.  totdyce;  but  a(lcrwa{j|)(t  by  varjring 
the  «KperimMttt  b*  bad  rrason  tn  soppgit  twl  be  had 
been  mistaken  in  tb«  fin>  fawtance,  >ll#bnhitllj  tf»me  to 
Cbe  same  cgndiuioii  aa  LavMiier;  ^^AeM^^ea  we  may 
coBcliKte  ftioa  dww  «ipariiMBi*i  iik^';UI|||iVbl' a\ai»i-' 
lar  latan  idiidi  hwa  ban  mmim  m  thit  fbl^Bct,  fbitIC 
caltnk  b«  poawnad  of  weight,  it  esto  ft  haat  in  »acb  a 
aftte  of  rarity,  tbat  its  gravity  caimot  be  aseerumed  by 
expcrrrnvnt.  B«t  Count  Kumtord  went  still  further,  and 
cudi'uv«)ured  to  prove  that  an  incxhaiulitilir  «upp)y  of 
lital  may  be  produced  lr<ini  n  Hmw  ijiiaiiDly  ol  nialtcr  ; 
atiii  itiai  (St-rd'bre  Ueai  must  Im:  aa  iHict  atuitijj  Iidiu 
some  HK-ciis  of  corpiMCular  action  among  the  comtitij- 
ent  pwticU's  «l  Utf  body,  awrrcably  to  tbe  notions  of 
Bacon.  Thii  experiment  «a>  coi)ductc<l  iii  die  fuilouing 
mumer.  The  CottM  catued  a  cyiindcr  of  braM  to  be 
turited  71-  iiicbra  ia  dimeler,  and  9'^  incbm  loi^,  which 
was  bored  like  a  cannon  with  a  caliber  3*7  inches  in  dia- 
(Beler,  and  T'i  inches  deep ;  so  that  the  bottom  was  2*6 
tncbca  in  ibickaatk  Tba  boUow  cyliDdn  contained  38&^ 
cwbie  tadwa  of  bnahand  «ci|be4  ilS'lSibasvotnlupaia. 
By  mean*  of  tba  eog»Be  uatd  for  botii^  eMwnii  in  ibe  at* 
aanri  of  Municb,  n  Mnnt  boter,  or  flat  piaco  of  nnraBnad 
•iaci,  4  inches  long,  O  SS  iacb  thick,  end  3|  incbea  wide, 
was  kept  with  one  of  its  Mtremitirs,  whoso  am  was  aboot 
iZ-f  squHR-  inclics,  prfsscd  against  the  butt<im  i,t  this  hol- 
low cyliiiJfi  Oil  the  inside,  with  a  force  ol  uboui  lo,oOOlL)s 
av(>irilii)ii">U,  while  the  latirr  \ia*  tuiwl  about  its  jiM>, 
with  a  velocity  of  32  revolutiau$  in  :i  mimite.  In  one 
experiment,  ttte  cyiindcr  was  covcrrd  uii  ilic  ouiude  with 
a  coating  of  thick  liunnel,  to  prevent  the  access  of  heat 
from  the  atmosphere ;  and  in  amidicr,  the  borvr  was  made 
to  work  through  a  collar  of  leathers,  so  as  t«*  prevent  ar- 
ceas  of  air  also  to  the  interior  of  I  be  bore ;  and  in  a  tliinl, 
Ibe  wbole  t^lindcr  tra»  immetaed  in  water,  the  borer  still 
WMkiag  tbfOUgb  •CiiUar  of  leatheis,  su  a*  to  pii-vcnt  the 
aectaa  ofthewalir  to  the  inleriorof  tbebontj  a|pia,  io 
aiantbt  thocoHsr  of  lantben  «aa  l«nio«ad»«id  At 
•ir  bid  mem  t»  tiw  boHMa  of  tb«  i^ioior  of  ihn  boi* 
wboie  Ae  IHctioD  took  plioew  -  Tbe  mult  was,  tbat  in  all 
these  cases  heat  was  generated  by  the  friction  in  sufli* 
cient  quantity  to  cause  about  26{^lbs  of  ice-cold  water  to 
boil  in  two  hours  and  a  half;  oc  hi  ab^^iut  tlie  asunv  ritti- 
as  that  at  which  it  would  lutvi'  h.en  prdduccil  b\  J)  lar<;e 
wax  caniili-s.  Tho  raparity  of  Ijrass  for  htat,  fir  power 
of  producing;  it  by  fnction,  did  not  appear  to  In-  diniinish- 
ed,  and  It  sicniLd  that  this  j;cuerutji)ti  ol  hful  would  bavo 

«HMs  on  tor  ever,  if  the  frictnm  bad  been  coi)tiit«Md,  or 
HMt  Ao  aoufoe  of  it  was  inexhaustible.  Now  any 
Aiof  wfaich  ail  insulated  body,  or  a  system  of  bodies,  can 
CoatUiUc  to  supply  wttbottt  limitation,  cannot  possibly  be 
•  nnlerial  aubatsnoai  nnd  bence  the  concluaion  wa%  that 
bent  natut  bn  nn>  edect  nriaiiig  Abb  mm  aporic*  of  cor* 
pvacniarnietkm  UHNigtho  conalitttent]MTticMi  of  the  body. 

Sone  oAer  experiaenta -of  M.  PKte^  Mr.  Davy,  and 
vtktt  Celebrated  chcroi»ls,  term  to  be  in  favour  of  the  cun> 
dnrioos  drawn  by  Cottiit  Rumibrd  from  those  above 
i^tcd ;  but  tliiTi-  an:  odiers,  that  appear  to  cimtraitlct 
this  princip!i',  Mune  of  which  were  mode  by  t.it  Count 
bimself. 

If  litat  ans(  only  from  tbe  corpuvculiir  motion  of  the 
p«rticUsot  thf  boily,  it  would  follow  thjit  no  lirjit  could 
be  prMuced,  but  in  thn«ie  cases  where  motion  could  be 
comBunicaled ;  whence  :i^ain  heat  could  not  be  derived 
Aroiigb  a  vncbu*.  fiw  Count  AiuiAwd^  by  •  wnj 


factory  experiment,  has  »howii  that  licat  may  br  comma* 
iiicau-d  through  a  Torricellian  utuum,  in  which  lbif» 
cuuld  be  nothing  coflunimicate  or  ^ rapi^te  motiao; 
for  thonglh  anch  •  vacunai  mi^  bo  satquiio  complete,  yet 
tbaaMnar  of  it  must  be  in  atth  n  ilate  of  ranty,  as  lo 
pminl  BB  from  supposing  for  n  momnt,  Aatit  is  capable 
of  exciting  motion  in  the  particle*  of  Ae  body  placed  ia 
it;  and  consequently,  that  the  conclu«i<in  dmwn  from  the 
boring  experiment  »as  inaccurate:  and  a  recent  distu^cry 
maile  by  Dr.  ■Hemchel,  has  si  last  iifarly  put  un  n.d  ;»> 
the  <li~|nilf  ;  liy  i^crnniAiiHiinr;  tli:it  r.tl<ir;t  l>  hoi  a  pr(»-  ■ 
jHTty  i<t  nialt-  r,  l  ul  a  [M-Cuii4i  .',iiujLini»' ;  or  at  least  (hat 
»vc  havi-  Ihr  same  reason  for  con^i^<elln^  ii  as  :i  ^iiljblaiici', 
iu>  wc  kavc  lor  l>elie\ing  linlit  to  l>i.'  l:)itt<n;il. 

Dr.  Hvrschel  had  been  employed^  in  m.ikir.g;  i.h<,rrva- 
tions  on  the  sun  by  means  of  lrIe<«(-ii|Hs ;  au  l  to  jirrvctit 
the  inconvenience  arising  from  ihi-  beul.  In-  used  c<doured 
glasses ;  but  these  glas«e*,  whim  tter  wer<^  deep  onoof^li  cc^- 
loured  to  interci'pt  ihe  light*  TOiymn  cittckcii  and  broke- 
tp  pieces;  which  circamaiaace  ^unlarcrt  him  to  exj 
tbe  beating  power  of  iho  <iifiiicnt\[||||pHa-d  ray  s., 
'fore  made  each  of  them  hi  III  tii^  Att  ttpuo  Ao' 


VuM  =  16" 
Green  =  ii* 
Red 


which  two  other ' 
placed  to  9er\e  as  a  standard  ;  and  t)u-  number  of  dvgeen 
Aat  the  thermometer  exposed  tu  the  coloured  my  ruse 
above  the  other  tw<i  tiieriiiomeler!<,  incbentcd  the  h<>atibg 
power  of  that  ray.  Hr  thus  found,  that  tlic 
Kiblc  rays  have  i]ie  1 1  List  healing  puut  r;  twif^ 
dually  inCrcMMni-  a>  the  refraneibilily  di- 
mini»hc<i.  'I'tie  hcahng  pouer  ol  tlii^ 
^reen,  violet,  and  n-d  rayii,  as  deleinuncd 
by  these  e\pcriment<i  are  expreaed  by 
Dr.  Hcrschel,  by  the  annexed  numbers. 

It  struck  Dr.  Herschel  as  very  mnaAable,  that  Ao  il> 
kmiiMling  power  and  the  heating  power  «f  Ae  aoiarny* 
AwM  follow  such  diATcrent  laws :  the  ibtt  CitalMlg  ill 
(Mnteit  perfertion  in  the  middle  of  A* apcctrom,  MM 
■iaiAing  as  we  approach  ritber  extrenhy ;  but  Ae  seoonti 
coniOatly  iacmaio^  from  Ae  violet  end,  and  being  grcat^t 
at  Ae  red  end.  This  led  him  to  suspect,  that  probably 
the  beating  power  did  not  Mop  iir  ilie  terniinanon  of  the 
visible' spectrum,  but  is  continued  ixyord  ir;  iie  thn-*^bre 
pluctd  the  tljermoniett.T  roin))letelv  without  tht'  Ixnindary 
of  the  red  ray,  but  sull  in  thi-  hne  at  the  ^i^ctrum  ;  and 
It  rote  still  hl'^her  than  when  e.\pii!?<.d  to  llie  red  ruy  :  and 
on  bhitin:;  ths.-  thermometer  stilt  turthent  continued  lu  rise; 
the  riw  n<it  reaching  its  maximum  till  the  thermometer 
was  half  an  inch  beyond  the  visible  spectrum  :  when  shift- 
ed still  farther,  it  sank  a  little,  but  the  power  nf  heating 
did  not  cea&e  at  tbe  distance  of  an  inch  and  a  half  from 
the  real  ray. 

Tbcae  experiments  wete  afterwards  repealed  and  M\y 
eonfirmed  by  Sir  Henry  Kngleield,  in  the  preamce  of 
iome  mrygplMl  jadgea.  The  apparatus  was  very  diflemit. 
from  Aat  of  Dr.  Hsischel,  being  contrived  on  purpose  t(k 
obviate  certain  objections  which  had  been  made  to  the 
conclusion  drawn  by  that  celebrated  pkilos<ipber ;  and  the- 
bulbs  of  the  tbemvinieli  i-i  were  mcntly  blackened.  Tba 
following  are  Ihe  results Ot  the«e  experimentT. 

Tbermometer iutbe  bUie  tay  m-e  iti  3~  from  5^^  to  ^fia 

rreen      -     -  .'t 
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full  red       -  2| 
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heyond  ilu:  nuble  light  Si 
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TluNtlMsnnomchT  with  iti  bulb  biacketicd,  rusr  much 
moiv  w>icn  placvd  in  the  tme  ciKumilancm,  than  the 
ihornKiraitMn  whoic  bttlb  «r«*  citlur  mked,  or  nfciwned 
witli  paiiit ;  as  is  aliom  in  tfac  bllowing  tnMa 
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licrM:li«'l  ui:(l  Sir  li.  I.ii^jlcfitltl  (itki'  n-iticc 
III'  a  l:niU  blusii  utiCLHl,  ut' a  scoii-oval  luriu,  visible  when 
I  lie  ray  >  beyond,  the  end  of  the  ipectyum  weie  ooUoctcd 
by  a  ietii. 

Vtim  ltnM-  cxpiTimeiil*  it  follou'S,  that  lLcr«  are  rays 
^iititU'd  from  iUi:  ^un  wbich  })ruduci'  bnil,  but  bave  not 
il)<-  (lowiT  •>!  liluimmting;  and  that  the»e  arc  the  imye 
thftt  pro<)iiBit  tbc^wetest  HtWAtitv  ol  bciu:  and  coiim* 
enilted  from  tM  tun  in  ray*,  and  ibe 
re  DOC  the  WMe  with  the  ra>*  uf  li;-ht.  , 


I  enanwniti.-d  amy  of  the  pnacipid  vNp^ 
rimt  nts  tlial  have  lK<cn  ipadCi  in  order  to  pruv<-  the  mate- 
riality or  immalcriality  of  heat;  aitd  tvtthoat  iii»iMiu{i  tut- 
I  her  on  thii  ^ubJl•ct,  nn  \\\iu:h  pr'.bably  f'i<  j.ri-ii  i  -.late 
c>r knii«rl<:^^*'  i^  in»u(hciuiit  iur  liirinin;ia  ut  c^'lcl  opmiun. 
It  *  I'm-.  hinK  \vr  that,  under  ail  the  (ircuni^turt  is.i;:inil- 
iitg  tiwii  iiij(|uiry,  we  ought  nitlier  lu  cotiMdrr  il  a>>  »  nmlv- 
rial  substance;  becaUM'  of  the  two  theoriis,  that  which 
supposes  it  In  be  io  i»  by  far  (he  must  iiiti'lii^ible,  tJie 
moat  agrtvable  to  the  unnlooy  uf  tiHturr,  atid  the  least  ex- 
ceptionable ;  and  ue  vhati  accordingly  n-j;ard  it  as  an 
eliUtiC  fluid,  sui  generis,  capable  ul  pervadiiic,  with  vari- 
ous degrcfs  of  facility, all  th«  lolid  bodies  with  which  wo 
are  acquatnted,  and  of  heing  imbibed  and  retnined  by 
tlien  IB  difiercntproportlowi  according  to  ihetricapcctive 
dcneoaof  apecilic  atttraction,  or  capacity  for  it. 

It  will  ea»ily  be  coBCcivcrd,  lhatfcoin  the eiatlkity  and 
power  of  pervailini;  other  rabslancea,  which  we  have  attri* 
buted  to  this  fluid,  it  niu»t  nece»urily  follow  that  when  a 
body  ii  by  any  means  charged  with  a  larger  quantity  of  it 
than  >  pruiuii lioiiul  In  >[<,  uiMi  and  Capat  lly.  Hlien  com- 
pared with  ihuac  ul  other  Ijudies  in  its  vicii.ity  ;  (!'e  sur- 
plus will  be  communicaicil  i'>  tlio*e  other  bniiu  s,  until 
the  deniily  of  the  fluid  in  every  body  in  the  ^ysll  rii  lu-- 
comes  eipial ;  in  like  manner  as  a  quantity  oi  vat  iIuiasii 
into  one  ot  a  number  of  ve$M.-lscommunicntin{;  with  cnch 
other,  will  pa$s  from  it  to  the  othei^,  until  it  becomes  dis- 
tributed among  them  all,  in  pmpoition  lolbeir  respcctitu 
rapacities;  or  till  it  become*  of  cqOal  ilensily  in  iLcta 
all :  and  this  ilatc  of  density  or  comprcttini  ot'  tbc  calo- 
ric ia  called  in  tempenuure. 

Tbecekiily  and  lacility  with  which  tbia  fluid  pervades 
diflercnl  iubttaneei,  ai«  however  entnmiely  various,  as 
owy  be  shown  by  the  following  experiment.  Take  a  touUI 
cylindrical ' earthen  or  wooden  vessel,  between  thrc<*  and 
four  inches  in  diuiiieier,  aud  imeri  into  ii.  lhl<vL^;l.  In  [<> 
drilled  in  its  bottom  for  ilcti  purjHw<%  »■  \'  r,<'L  vmn  Hiji.ui 
^ih  r>l  liii  inch  in  iii;iirn  u  r,  i»[u!  (i  <ir  7  tin  In  s  Itnii;,  nl' 
e<{UHl  >ii!i  HI  e\i:ry  rc»|itci,  biil  of  Uill*niil  uu'lui*,  as 
pidd,  >il\t  r,  cijjUK  r,  irtm.  I  r;i^s,  and  zinc;  antl  a]!>o  two 
small  r<id^.  cm  ol  glos^umi  llie  other  of  wond,  of  <  quHl 
diiiK-nsioni  vnth  iLc  wire  ;  so  thai  they  may  each  of  iheni 
prnject  about  |  un  inch  on  the  iiiiide  uf  the  xi-ssi'i ;  the 
•»ili<  r  [tuns  beii  i;  on  the  outkule,  and  frirnitni;  a  kind  of 
^Uod  for  it.   JUip  a  portioa  ut  the  luwvr  extmniiics  of' 


these  wires  ia^o  roellcJ  wax,  so  that  they  u_,  

equally  coated  with  it ;  and  when  the  wax  aatCOoM,  Ml 
the  vessel  wHb  a  heated  fluid,  aa  (oiliiig  water,  or  mdied 
lead,  and  ofaaerve  the  iMcrvnIs  batwaan  Ac  tlaie  of  iilinx 
i^andthemdringariha  wait}  wUdl  iatervalt,  wiH  in- 
dichte  the  lalaiive  eomhicdiig  power  of  iheavfaManceii. 

We  shall  now  conclude  this  article  by  a  slight  inv.  ^;l- 
gation  of  the  elTects  arishig  from  the  condensu'iun  oi  ni- 

relHCtlDii  (il  t)ii»  fluid  in  bodies  by  theturnirr  ihfiv  u-lii. 
peia'.ure  rii-\ated,  ortheyare  luuleiJ  ;  ana  by  th'-  laricr 
It  is  dcprci,scd,  or  they  become  ci>oli'<i. 

In  our  iin iMijpition  of  the  most  universal  opcrati'Jii-,  in 
iiiHurc,  wi'  i;>  inrjlly  fiud  that  the  more  iniinciiiaii'  instiu- 
nicnts  employtni  tor  the  production  of  the  effects  which  w« 
perceive,  arc  two  counteracting  powers,  liy  whoec  coopai 
faliau,aad  mutual  couatcrpoiae,  the  nece^isary  equilibrium 
is  preserved,  aad  the  purposes  of  their  creatiun  iiTected. 
With  greater  regularity  than  would  probably  result  froos 
the  empioyntent  of  n  single  agent.  Thus,  gravity  is,  at  we 
know, eoUBleiactcd  by  inertia;  and  the  eflecisof  oobcsiosi, 
a  no  less  viHTcrsal  pi  inciplc  than  gravity,  are  in  likk  matt> 
ner  restiaiaed  add  modi6e«l  by  the  agency  of  caloric:  and 
as  without  inertia,  all  the  celestial  bodies  would  be  drawn 
togeiti'  i  iiiiu  sulue  one  part  of  extended  space;  so  without 
lit-ui,       (he  matter  in  the  universe  would  become  a  con- 
);i  irK  ii  liiiil  cdiicrete  ni»s« ;  and  fluidity  and  orgam/atinji, 
Vfj3;talion,  and  life,  would  base  no  exiifenee.    S<ilid>  ff- 
conie  fir!il  expundrd ,  »nd  ihiii  liq'.iiliid,  b\  ili  iiilliu  iKf, 
and  liquids  uissunie  the  uerilurtii  stiilt  ..  It  is  eMcntial  tu  ' 
the  idea  uf  a  solid  body,  that  it  should  in  aceitain  degree 
resist  butb  compression  and  dilaiatiun ;  that  is,  that  lis 
particles  diouid  repel  each  otht  r  when  brought  nearer  to- 
gether, and  attract  each  otber  when  further  scpaivted, 
wiAin  certain  limits;  and  it  isincoiitrovcriible  that  they 
Can  ottly  raniain  in  a  qaieiCeat  alate,  by  the  cquiiibriiini 
»f  these  ofpoaite  ferM.    The  latter  «f  thcaa  canrti- 
tima  cohsaian,  and  the  eaislaBeeof  the  fanner  i»  pnhably 
attribuuble  to  the  stthstance  ot  which  we  are  now  speak- 
ing.   Dut  bi-  this  as  it  may,  it  is  at  least  a  fact,  that  the 
repulsive  energies  of  iliese  corpuscles  are  increased,  and 
the  sjdu'iL'  ul  tLc[i>jn  enlarged  bv  i[«  influence,  for  the 
body  biiuiiu>  txpHndcd;  that  is,  this  equilibrium  no 
!uiini-i  takf*  [d.ii'f,  iiiilfvs  it-i  niolecul»  are  reiniivfj  uir- 
thi'V  iVdiii  rac:b  olh'.'r  th..ii  u lien  it  whh  at  a  lower  ti'inpi  - 
r.iiurc.  Kkv.uc  lis  tcii.ptraturc  still  further,  and  the  budv 
fuses  ;  that  is,  theaitraciive  power  uf  it*  particles  becomes 
annihilated,  or  wholly  countei acted, and  tliry  are  only  kept 
t*>gclher,  like  a  quantity  of  shot,  by  the  action  of  gravity, 
operating  indejiendenlly  on  each.   Increase  still  the  action 
of  heat  on  the  body,  and  the  sphere  of  rapulston  of  it*  parti- 
clca,  or  Ae  diataace  to  which  this  power  operates,  agaia 
bceomca  lanch  Arther  exleadad,  perbapa  infinitely  so,  and 
is  theiefbn  sufficient  to  overpower  the  action  of  gnivit  \ , 
and  the  body  becomes  nsolved  into  aa  clastic  fluid.  We 
know  of  no  power  that  is  capable  of  rrsiidtig  this  unlver- 

^ul  Mj'.^i  iil:  t'Jid  it:v  11  a:a_>  be  (  xpamli-d  into  VapOar  liy 
the  :icl;iin  <  1  ui'at ;  «t.id  i»s  liit  se  idlicln  are  alway*-  ()ki<1u- 
cib  I-  by  llii-  raiHeCau>e,  so  is  il  at  Ifasl  priilmliir,  thai  iho 
cutttiisc  ut  ibis  is  also  tniu;  tiwl  wbi;iievt;r  a  >uh'<tanri' 
is  formed  in  a  state  of  fluidity,  it  is  attributable  $•  li  iy  lo 
this  cau«e,  and  that  ihe  abstraction  of  the  Caloric,  by  wiucti 
it  is  held  in  solution,  would  again  n-ducv  il  to  n  solid. 
Mercury  is,  we  know,  capable  of  congelation;  andfhe  ill- 
mosphere  it>ell  would  piobably  b«>coTne  a  concrete  body, 
if  we  could  deprive  it  of  all,  or  ttw  grualer  part  of  its  heat. 
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tience  then  we  arrive  at  a  viTy  distinctivr  and  appro- 
priaip  definition  of  caloric;  that  it  is  ibat  iiubst^incf,  ur 
alToCtion  uf  raaltcr,  n-hicb  »  thu  cause  of  Ikidity,  in  all 
or  (hu  greater  purl  of  the  bodiet  that  wc  meet  with  in 
that  sutc. 

For  a  fuller  and  more  detailed  account  uf  caloric  and 
its  various  pn>perlicj,  sec  Murray'*  or  Thomson's  Cheraii- 
try;iind  lor  the  ancient  opinions  on  this  subject  sec  FIrat. 

CAMBUK-ULAM,  a  piece  of  limber  cut  nrch-<vlse,  or 
with  an  obiiiM.-  uii^le  in  the  middle.  They  are  commonly 
used  in  ]>lalform>,  a»  for  church-nwifs,  and  other  occasions 
where  l"ng  timU-rs  arc  wanfed  to  lie  at  a  small  slope.  A 
cnmber-beam  is  much  sinmgcr  than  another  of  the  &amc 
dimensions ;  fur  being  laid  nilh  the  hollow  side  down- 
wnrd:^.  and  having  guod'butnients  at  the  ends,  they  s<-rvc 
for  a  kind  of  arch. 

CAM  LLEON,  one  of  the  constellations  of  the  southern 
hemisphere,  near  the  south  pole,  and  invisible  in  our  lati- 
tude. There  arc  ten  stars  marked  in  this  constellation  in 
Sharpe's  Ciitnbjgue. 

C.\MI-.LOPARDALUS,  a  new  constellation  of  the 
iiortlirrn  hemisphere,  formed  by  Hcvelius,  consisting  of  3'J 
stars  first  observed  by  him.  It  is  situated  between  Cepheus, 
Cassiopeia,  Perseus,  the  Two  Bears,  and  Draco;  and  it 
contulns  58  stars  in  the  British  catalogue. 

C.AMKR.'V  JEnlia,  a  name  given  by  Kircher  to  a  con- 
tritance  for  blowing  the  (ire,  for  the  fusion  of  ores,  with- 
out Ih-Uows.  This  is  effected  by  means  of  water  falling 
through  a  funnel  into  a  clo6e  vessel,  which  sen<ls  from  it 
so  much  air  or  vapour,  as  continually  blows  the  tire.  See 
llookc's  Philos.  Coll.  No.  3,  pa.  80. 

Camera  Lucida,  a  contrivance  of  Hooke  to  make 
the  image  of  any  thin^  appear  on  a  wall  in  a  light  room, 
either  by  dayorniglit.  .See  Pliilos.  Trniis.  Nu.  :}8,  pa.  741. 
Another  camera  lucida  has  lately  been  introduced  by 
William  Hyde  Wulluston,  M.  D.  secretary  of  the  Royal 
Society. 

Cam^^ha  ObKura,  or  Dnrk  Chmber,  an  optical  ma- 
chine or  appamius,  represt  nting  an  |rliticia1  eye,  by  which 
the  images  of  external  olijccti,  received  through  a  double 
convex  glass,  arc  shown  distinctly,  and  in  their  native  co- 
lours, on  a  white  ground  placed  within  the  machine,  in 
the  tocus  of  the  gl.-w.  The  first  ilivcntion  of  the  camera 
obscura  is  ascribed  to  John  Ilaptista  Porta.  Sec  his  Mn- 
gia  .\aturnli^,  lib.  \7,  cap.  6,  where  he  largely  describes 
the  effects  of  it.  See  also  the  end  of  Gravesande's  Per- 
spective, and  other  optical  writers,  for  the  construction 
and  uses  of  vaHotis  sorts  of  camera  obscuras. 

This  machine  serves  for  many  useful  and  entertaining 
purposes.  For  example,  it  is  very  useful  in  explaining 
the  nature  of  vision,  representing  a  kiiul  of  artificial  eye: 
it  exhibits  very  diverting  spectacles ;  showing  iinagi'^  |ier- 
frctly  like  their  objects,  clothed  in  their  natural  colours, 
but  inoie  intense  and  vivid,  and  at  the  same  tune  uccom- 
p:inied  with  all  their  motions ;  an  advantage  which  no  art 
can  imitate:  and  by  this  instrnment,  u  person  unacquaint- 
ed with  painting,  or  drawing,  may  delineate  objects  with 
the  cr-atcst  accuracy  of  dniwiiig  or  colouring. 

'Itttorrf  of  the  Qimern  Obscura.  The  tlu  ory  and  prin- 
eiplc  ot  this  instrument  may  be  thus  explained.  If  any 
iibject  AB  radiate  through  a  siniill  apiTlure  L,  upon  u 
while  ground  opposite  to  it,  within  a  darkened  room,  or 
box,  \c  ;  the  image  of  the  object  will  be  painted  on  that 
ground  ill  an  inverted  ]>osition.  For,  by  the  smallness  of 
the  apernirc,  the  lays  from  the  object  will  cross  each  other 
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there,  the  image  uf  the  point  a  being  at  u,  and  that  of  n 
Mb;  so  that  the  whole  object  ,sb  will  appear  inverted, 
as  at  ab.  And  as  the  corresponding  rays  make  equal  an- 
gles on  both  sides  uf  the  a(x-rture,  if  tlic  ground  be  pa- 
rallel to  the  object,  their  heights  will  be  to  e«ch  other  di- 
rectly as  their  distances  from  the  aperture. 

Conirmcr/oR  of  a  Camera  Obtrura,  in  which  the  iinag<-s 
of  external  objects  shall  be  represented  distinctly,  and  in 
their  genuine  colours,  either  in  an  invei  led  or  an  erect  si- 
tuation. 1st,  Darken  a  chamber  that  has  one  of  its  win- 
dows looking  towards  a  place  containing  various  nbjccU 
to  be  viewed,  leaving  only  a  small  aperture  open  in  one 
shutter.  Iii,  In  this  aperture  fit  a  proper  lens,  either  pla- 
no-convex, or  convex  on  both  sides;  the  convexity  f<lrm- 
ing  a  small  portion  of  a  large  fpbere.  But  note,  that  if 
the  api-rlure  be  made  very  small,  as  of  the  siie  of  a  pea, 
the  objects  will  be  represented  even  without  any  lens  at 
all.  3d,  At  a  proper  distance,  to  be  determined  by  trials, 
stretch  a  paper  or  white  cloth,  unless  there  be  a  whit« 
wall  at  that  distance,  to  nxeive  the  images  of  the  objects: 
or  the  best  way  is  to  have  sojne  plaster  of  Paris  cast  on  a 
convex  mould,  So  as  to  form  a  ^mooth  concave  surface, 
and  of  a  curvature  and  si/e  adapted  to  the  leu?,  to  be 
placed  occasionally  at  the  proper  distanre.  'tth.  If  it  be 
desired  to  have  the  object'*  appear  erect,  instead  of  in- 
verted, this  may  be  done  either  by  placing  a  concave  lens 
between  the  centre  and  the  focu<of  the  first  lens;  or  by 
refiectiiig  the  image  from  a  plane  speculum  inclined  to  iho 
horizon  in  an  angle  of  45  degrees ;  or  by  having  two  lenses 
included  in  a  draw-tube,  instead  of  one. 

That  the  images  be  clear  and  distinct,  it  is  neccs&ary 
that  the  objects  be  illuiniiiated  by  the  sun's  light  shining 
upon  them  from  the  opposite  quarter:  so  that,  in  a  west- 
ern prospect,  the  images  will  be  best  sien  in  a  forenoon, 
an  eastern  prospect  the  afli  rnoon,  and  a  northern  prospect 
about  noon  :  a  southern  a>[>ect  is  the  least  eligible  of  any. 
But  the  best  way  of  any  is,  if  the  lens  be  fixed  in  a  pro- 
per frame,  on  the  top  of  a  building,  and  made  to  move  ea- 
sily round  in  all  directions,  by  a  handle  extended  to  the 
person  who  manages  the  instrument ;  the  images  being, 
then  throw  n  dow  n  into  a  dark  n>om  immediately  below  it, 
on  a  horizontal  plaster  of  Paris  ground  a  little  concave: 
for  thus  a  view  uf  all  the  objects  quite  around  may  easily 
be  taken  in  the  space  of  a  few  minutis;  as  in  the  case  of 
the  excellent  camera  obscura  placed  on  the  top  ot  tha 
Royal  Observatory  at  Greenwich. 

The  objects  will  be  seen  brighter,  if  the  spcclalor  first 
wait  a  few  minutes  in  the  dark.  Care  should  also  be 
taken,  that  no  light  escape  through  any  chinks;  and  that 
the  gruuiid  Lie  nut  too  much  illuminati  d.  It  nmy  fuilhcr  , 
be  observed,  that  the  greater  distance  there  is  between  the 
aperture  and  the  ground,  the  larger  the  images  will  be; 
but  then  at  the  same  time  the  brightness  is  weakuied  mure 
and  more  with  the  increase  of  distance. 
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To  eomtruct  a  Portable  Catuera  Obicura.  1st,  Provide 
a  bU39ll  box  or  chi^t  of  dry  wocxl,  nbtiut  10  inches  brukd, 
aud  2  fiTt  long  or  moiv,  according  to  the  siii  of  the  K'liso*. 
id,  Id  one  side  of  it,  us  Bt>,  lit  a  sliding  titt«  er  »ilh  two 
lenses;  or,  to  hmve  the  image  at  n  K-s<i  distance  from  tfae 
tube,  with  three  lens<'»,  convex  on  both  sides;  the  diame- 
ter of  ihff  two  outer  ones  to  be  nbout  7  inches,  but  iliat  of 
the  inm-r  to  be  less,  as  4^  or  5  inches.  3d,  At  a  )iraper 
distance,  witliiii  the  box,  set  up  perp<-ndicularly  an  oiled 
paper  OH,  so  that  images  thrown  u|Kin  it  may  appear  on 
tlie  other  side.  4th,  In  the  opposite  side,  tit  i,  make  a  round 
bole,  for  a  person  to  look  convciiirntly  ihrounli  uilli  both 
eyes.  Then  if  the  tube  be  tumid  towards  ibu  objects, 
and  the  lenses  be  placed  by  trials  at  the  proper  distance, 
by  sliding  the  tube  in  and  out,  the  objects  Mill  be  s<'cn  de- 
lilieated  on  fhi'  ii.npf  r,  rn  rt  as  hi  fnrc 


The  machine  may  be  better  accommodated  for  draw- 
ing, by  placing  a  mirror  to  past  from  o  to  c;  for  this  will 
reflect  the  image  ujnm  a  rough  glaM  plane,  or  an  oiled  |»a- 
per,  placed  Loriiontally  at  ah;  and  a  copy  of  it  may 
there  be  sketched  with  a  black-iejid  pencil. 


Another  Portable  Camera  Ohscura  is  thus  made.  1st,  On 
the  top  of  a  box  or  chest  raise  a  little  turret  iii,  open  to- 
wards the  object  ab.  2d,  Behind  the  aperture,  incline  a 
small  mirror  ab  at  an  ancle  of  45  degrees,  to  reflect  the 
rays  ao  and  hb  upon  a  lens  c  convex  on  both  sides,  and 
included  in  a  tube  ol.  Or  the  lens  may  be  (i.\rd  in  the 
aperture.  3d,  At  the  distance  of  the  focus  of  this  lens 
place  a  table,  or  board  zr,  coven  d  with  a  white  paper,  to 
receive  the  image  ab.  Lastly,  In'MN  make  an  obhmg 
aperture  to  look  through ;  and  nn  opening  may  also  be 
made  in  the  side  of  the  box,  for  llie  convenience  of  drawing. 

This  sort  of  camera  is  easily  changed  into  a  show-box, 
for  viewing  prints,  &c:  placing  the  print  at  the  bottom  of 
the  box,  with  its  upper  part  inwards,  where  it  is  enlight- 
ened through  the  front,  left  open  for  this  purpose,  either 


by  day  or  candle-light;  and  the  print  may  be  viewed 
through  the  aperture  in  in. — A  variety  of  contrivances  for 
this  purpose  may  be  seen  described  in  Harris's  Oj)tics, 
b.li.  sect.  4. — Mr.  Storer  has  also  procured  a  patriit  for 
an  instrument  of  this  kind,  which  he  calls  a  drlineatos; 
being  formed  of  two  double  convex  lenses  and  a  plane  mir^ 
ror,  fitted  into  a  proper  box.  One  lens  is  placed  close  to 
the  mirror,  making  with  it  an  angle  of  45  degrees;  the 
other  being  placed  at  right  angles  to  the  former,  and  fixed 
in  a  moveable  tube.  Il  the  moveable  lens  be  directed  to- 
wards the  object  «  bich  is  to  be  viewed  or  copied,  and  mo- 
ved nearer  to  or  farther  from  the  mirror,  till  the  image  is 
distinctly  formed  on  a  jin-yed  plass,  laid  upon  that  surface 
of  the  upper  lens  which  is  next  the  eye,  it  will  be  found 
more  sharp  and  vivid  than  those  formed  in  the  common  in- 
struments; because  the  image  is  received  so  near  tfae  up- 
per lens.  And  by  increasing  the  diameter  and  curvature 
of  the  lenses,  the  efl'eci  will  be  much  heightened. 

CAMPANI  (Matthew),  an  eminent  Italian  optician, 
born  in  the  dioci'i-e  ol  Spoli  tlo,  in  the  17th  century,  but 
residi-d  chiefly  at  K<mie,  where  he  was  very  eniinmt  for 
his  mechanical  coiilrivunces  of  optical  and  philosophical 
irutrunients,  and  lor  several  bo<iks  on  .».iirh  subjects;  par- 
ticularly n-lalilig  to  pendulums,  or  timepieces,  for  the  lon- 
gitude; also  t<i  spectacles,  and  to  telescop<-s,  of  which  it 
is  said  he  made  llie  very  best  and  largest  of  his  time.  Jt  is 
said  it  was  by  his  telescopes  that  the  first  Cassini  itinde  his 
best  observations  and  chief  discoveries  in  the  heavens;  and 
they  still  show  at  Paris,  among  the  astronomical  antiqui- 
ties, several  of  Campani's  object-glasses,  of  8,  10,  and  18 
inches  diameter.  He  was  curate  at  Rome,  and  much  re- 
spected. • 

CAMPANI  (Jo^efh),  younger  brother  and  |>upi1  to 
Matthew,  above  mentioned,  was  also  very  skilful  in  mecha- 
nics and  physic,  and  executed  his  brother's  plans  with  great 
ingenuity.    They  were  both  living  m  iGjS. 

CAMUS  (Cii  arles-Stepii  kn-Lewis),  a  celebrated 
fVcnch  iDHthemntician,  examiner  of  the  Royal  Schools  of 
Artillery  and  Kiioinears,  secretary  ami  professor  of  the 
Royal  .Academy  of  Architecture,  himorary  member  of  that 
of  the  Marine,  and  fellow  of  the  Royul  Society  of  Ixindnn, 
WHS  born  at  Cressy  en  Drie,  the  25th  of  August  l6()(}.  lli« 
early  ingenuity  in  mechanics  and  his  own  entreaties,  in- 
duced his  parents  to  send  him  to  study  at  a  college  in  Pa- 
ris, at  10  yeais  ot  age;  where  in  the  space  of  two  )ear>  his 
prognss  «B8  so  great,  that  he  was  nhle  to  give  li-ssoiis  in 
matliematir--,  and  thus  to  defray  his  oun  expenses  at  the 
college,  without  any  further  charge  to  his  parents.  Ry  the 
assistance  of  the  celebrated  Varignon,  young  Cnmus  tron 
ran  through  the  course  of  the  higher  mathematics,  ar.d  ac- 
quired a  name  ami^ng  the  learned.  He  made  himself  more 
particularly  known  to  the  Academy  of  Sciences  in  ^1727, 
by  his  memoir  <m  the  subject  of  the  prize  which  they  had 
propos<-d  for  that  jear,  vi*,  "  To  determine  the  most  ad- 
vantageous way  of  roasting  ships ;"  in  consequence  of  which 
he  was  named  that  year  Adjoint-Mechanician  to  the  Aca- 
demy; and  in  1730  he  wus  appointed  professor  of  archi- 
tecture. In  less  than  three  yeiirs  after,  he  was  honoured 
with  the  secretaryship  of  the  same;  and  the  ISth  of  April 
1733,  he  obtained  the  degree  of  Associate  in  the  Academy, 
where  he  distinguished  himself  greatly  by  his  memoirs  on 
living  forces,  or  bo<lies  in  motion  acted  on  by  forces,  on 
the  figure  of  the  tci-th  of  wheels  and  pinions,  on  pump 
work,  and  several  other  ingenious  memoirs. 

In  1736  he  was  sent,  in  company  with  Messieurs  Clat- 
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not,  Maupertuis,  uid  Monnier,  on  the  cvkbraled txpcdi- 

tion  to  racasiin'  a  cii'^ri<.'  at  tliu  iiortli  polar  circle;  in  which 
he  rciidcrrd  hirnseli  liljhiy  iiH  tuI,  not  only  as  »  inaUuMiia- 
Ivji  ul-.'j  .IS  .1  ini'.-li.ai.ci.iij  and  aa  Wftitlf  bMBChe* 

Uu  vvliirli  hr  li  rt -rjarknbli;  tkteut. 

Ill  17  u  ('.iiiius  li.iil  tlic  honour  to  be  appointed  Pcn- 
sioiuT-Gcomctncuin  iji  ihc  Academy:  »nd  same  year 
he  invented  a  gau^ing-i  od  and  Uidint^-rulc,  proper  atunce 
to  gauge liJI  sorts  of  casks,  and  to  calculnle  their  contents. 
About  the  year  17^7  In'  nanie<l  Examiner  of  the 
Schooli  of  Artilkry  and  Engiaeen:  and,  in  one  of 
dM«ight  aithcnwticians  appointed  to  examim  bjT  •  new 
■eaturement,  tbe  buc  which  had  fonneriy  bats  metnired 
ky  PScatdt  between  Villejuirva  «imI  Juvw;  mi  operation 
in  wWeli  Ua  ingenahy  mm  exnetiiiM  wcraof  great  utility. 
In  i765  M .  Camiu  wai  elected  n  felknr  of  the  Royal  So- 
ciety of  Londun;  and  died  the  4th  of  May  1768,  in  the 
6<)th  year  of  his  ace;  bfin;:  succeeded  by  the  Celebrated 
d'Alunibcrt  in  •lisotiicc  iff.i  ijmctncii;(i  in  ihfi  French  Aca- 
demy i  and  Kiivin;;  Ik  ImucI  inm  .i  ;;r'  at  number  of  inauu- 
icript  trealiws  on  varimii  bnincho  ol  the  m 

Tbe  works  published  by  M.  Camus  are: 

1.  Course  of  MathcBtlicelbr  tlieuie of  Ite 
4  vols,  in  8vo. 

S.  Elenicnis  of  Mechanics. 

S.  Eltnuills  lit"  Arilhnirtic. 

And  bis  menu  ir^  in  1.  c  v  ilmtn  ^  <jf  the  Academy  arc; 

I.  Of  .-Accelerated  Motions  by  living  forces:  vol.  for  1728. 

9.  Solution  of  a  Geomet.  Prob.  of  M.  Crainer :  1732. 
a. Oatbe^Kuraoftlioleettiaadpiaiatoinclucks:  i733< 

4.  Ob  tlw  action  of  n  Miitkat^hnU,  piercing  a  pretty 
dikk  pieM  «r  ««n^  witbott  comnankttiiig  any  c«mi- 
deimbk  lelocinr  lo  ft!  ITSB. 

5.  On  the  beet  ■uocr «f  enployim  bnclutli  for niw« 
water:  I73J). 

6.  A  Fniblom  in  Statics:  1740. 

7.  On  an  Instruiocnt  for  gauging  of  vessels:  17*1. 

8.  On  the  Standard  of  the  Ell  Measure:  1746- 
9'  On  the  tungents  of  Points  common  to  several  branches 

of  the  same  curve:  1747. 

10.  On  the  operations  in  measuring  the  distance  between 
the  centm  of  tbe  pyramids  of  V'illejuifve  and  Juvisi,  to 
discover  the  beat  measure  of  the  degree  about  Paris:  1754. 

I I.  On  tbe  Masting  of  Shipa :  Prize  torn.  i. 
19,  The  Manner  of  worfciag  Oaia:  Mach.  toni.  i. 
13.  A  Machine  far  moMnfflHHiy  Coltmatooce:  Mnch. 

.torn,  i, 

■  CAMAU  in  |nienl,  denote*  » ioii|t>  fotuid,  bdlow  Uf 
ttrament,  throu^  which  a  Md  matter  any  ti*  coBfwcd. 

In  which  sense,  it  amounts  to  tiM  lanie  at  what  is  otner> 

wise  called  a  pit>e,  lube,  channel,  &c.  Thus  the  canal  of 
<in  aqui'iluci,  i>  (fie  |>urt  through  which  the  water  posies; 
which,  III  tho  ancient  »'i>rk-i  of  this  kind,  is  litt^^  with  a 
rnat  nf  niuslic  of  a  peculiar  compitsition. 

Camal  more  particularly  denotes  ;i  kind  of  artiScial 
river,  often  furnished  with  locks  and  sluices,  and  sustained 
by  banks  or  mnundn.  They  arc  contrived  for  divert  pur- 
poses: some  for  foriiiing  a  communication  between  one 
place  and  another;  as  ihe  caiNilt  between  Bruges  and 
Ghent,  or  between  iirusseis  and  Antwerp:  others  for  the 
decoration  of  a  garden,  or  house  of  pleasure;  as  the  canals 
'  af.  Venailles,  Foatainblcaa,  St.  James's  Park,  &c:  and 
•than  are  nide'  for  draiinng  wet  and  nmnhy  landa;  whioh 
hit|howevcr,ai«aiaie  pnpacly  called  wtlciMUflhdniai* 
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It  is  neediest  to  enamente  the  many  advantages  arising 
from  canali  and  artificial  navigations.  Their  utility  Lt  now 
so  apparent,  that  most  nations  in  Europe  give  the  highest 

encourrtyi'int-n:  lo  undcrlakin^s  of  ^hl^^^[llll,  svhciTvtr  t(ii-y 
are  prar ticublc.  Nor  ilid  their  iidv.intasrs  I'^.cape  tin-  ijii- 
servatiun  of  the  anrn  nt.  ;  Il-t  ii:  tin.'  earlii:i[  nccuiin!',  of 
society  we  read  nl  attempts  to  cut  through  large  isthmuses, 
to  make  coiiimuuications  by  water,  ritluT  between  one  soa 
and  another,  or  belvreen  different  nations,  or  distant  parts 
of  the  same  nation,  wbcfo  land-cairiaga  wm  tediom  nod 
expensive. 

figypt  is  full  of  canals,  dug  tp  receive  and  dbtributc  tho 
WBlrn  of  the  Nile,  at  the  time  of  its  ionndation.  Thtjy 
an  dry  the  rest  of  the  year,  except  tha  Canal  nfjioacpb, 
and  liMir  or  liva  otherii  which  amy  be  ranked  as  consi* 
derabla  rivers.  There  weie  also  sttbtemaeons  canals,  or 
tunnels,  dog  by  an  ancient  king  of  Kgypt,  by  which  those 
lakes,  formed  by  tbe  inundations  of  the  Nile,  were  con-, 
veyed  into  the  Mediterram  iin  Sra, 

A  ni  w  ciiiial  for  coiucyins;  the  «a'i  ^-i  t'thr  Nile  from 
Ethiopia  into  the  Red  Si  .\  vvi:'.:tnl  jm-  i::.  i  iii:.)  F.jrypt,  was 
projected  liy  AllHic,u<Tque,  viteiny  it  liiilia  for  the  Por- 
tuguese, to  render  I'.gypt  Ijarren  ami  uii|  i niitable  to  the 
Turki.  .•\n(l  M.  Gaildereau  attributes  thi:  frequency  of 
tho  plague  in  K^ypt,  of  late  days,  to  the  decay  or  stopping 
up  of  the  canals;  which  happened  upon  the  Turks  be. 
coming  masters  of  the  country. 

Herodotus  relates,  that  iheCiiidiana, 
in  Asia  Minor,  designed  to  cut  through  thel 
joins  that  peninsula  to  tbe  continent;  bat 
tious  enough  to  give  up  the  undertaking, 
btcrdicted  i^anomela. 

Scmal  kings  of  Bgypt  attempted  to  join  the  Red  Sen 
to  the  Mediterranean ;  a  project  which  Clcc^atra  wu  very 
fond  of  This  canal  was  begun,  according  lo  llrrodotui, 
hy  Nrcns  ;.on  dI  l''..ii:)iTie!ir:ijs,  \'-hu  ili'M^ted  Irom  the  iLt- 
tempt  on  .^ii  answer  Irnm  tiie  oracle,  iitter  liiuiiig  lost  VZi) 
thousand  men  in  jhe  enterprise.  It  was  resumed  and  com- 
pleted by  Darius  son  of  Hyslaspes,  or,  according  to  Dio- 
dorus  and  .Strabo,  hy  Ptolemy  I'hiladtlphus  ;  who  relate 
that  Darius  relinquished  tbe  work  on  a  reprvsentation 
made  to  him  by  unskilful  eflginoeiv,  that  the  Red  Sea,  being 
higher  than  the  land  of  Egypt,  would  overflow  and  drown 
the  whole  country.  It  was  wide  enough  for  two  galleys  to 
pass  abreast,  and  ita  length  was  four  days  sailing.  Dii^ 
dorus  adds,  that  it  was  also  called  Ptolemy's  liver;  that 
this  prince  bnilt  n  ei^  nt  in  nontb  on  tbe  Bod  Sca^  which 
ba  cttled  Aninoi^  from  the  name  of  his  ftvauriM  rialcr ; 
and  thai  the  canal  nUhl  ^  dther  opened  or  shut,  as  oc- 
casion required.  Dioa.  Sic.  lib.  l ;  StnUio,  Geog.  lib.  I7 ; 
Herod,  lib.  2.  Soliman  tlie  2d,  emperor  of  the  Turk s,  im- 
ployed  50  thousand  men  in  this  great  work;  ^'.hlch  wis 
Completed  under  the  caliphate  of  Om.-U',  uUliu;  il:<-  j.  ar 
635 ;  but  it  was  afterwards  allowed  to  fall  into  neglect  and 
disrepair;  so  that  it  is  now  difficult  to  discover  any  tncoa 
of  it.    Mist.  Acad.  Scienc.  ann.  1703,  pa.  110. 

liuth  the  Greeks  and  Romans  intended  to  make  a  canal 
across  the  Isthmus  of  Corinth,  which  joins  tbe  Morea  and 
Achaia,  for  a  navigable  passage  by  the  Ionian  Sea  into  the 
ArchipclajHk  Dimctrius,  Julius  C»sar,  Caligula,  and. 
Nen^  nada  iefctnl.  unsucccasfai  eflbris  to  open  tbisjtas- 
a^  But  aa  the  ancients' weia  entirely  igmmmt  oi  tho 
Un  nf  «af«i<-loeka,  their,  whole  attention  wnremployed  in 
mnjtiiig  level  enU^  which  is  prohaUy  tha  chief  rea.son  w  by 
thqf aooften  finled in  tfacsrntlenipti.  Charlcroa(^uc  louucd 
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s  design  (il  jDining  tlir  lUiiuo  and  the  l);iiiulj>',  to  make  3 
f ointuuuif  iiiiDii  binvceu  tin'  Ocian  itud  thi  Biack  Sea,  hy 
a  canal  I'roin  the  river  Almuiis  which  dischargis  itsrli  into 
the  Danubo,  to  the  Ilcditz,  which  fallii  into  the  Maine, 
which  last  falls  into  the  Rhine  neni  Muyencu  ur  Mcniz  : 
Itarthiii  jiwijii'^i-  heempkijfvdapraiiigiuus  number  uf  uork- 
moii  but  he  met  with  m  nuMy  obvlaclm  from  <Ji(rt'ri.'nl 
qmflcfs,  that  be  wa»  oUiged  to  nsliiii|ai>h  the  aiu-m|>t. 

la  CblM  there  it  aCHce  ■  towa  or  vi\\»gt  wiihuui  the 
timttMgt  either  of  an  «nii  of  the  tea,  a  mvigahle  river, 
or  a  canal,  hy  which  neMa  MtMnK^n  is  rcndeivd  to  com- 
OKMi,  that  there  are  alnoit  as  many  people  on  the  water 
at  the  land.  The  gnat  cnnal  ut  C!iii::i  u  one  of  the  won- 
ders of  art,  extending  from  north  ;ii\(.u!h  quitr  across  the 
enipiro,  Imni  l'eki!i  toCauli n,  ;i  .livtantc  of  .S.;.>  mili-s,  and 
was  inailf  upwr.rii*  <il  ;k;ii  \.,irv  nuo.  Its  bn-H<)!h  and 
di|ith  arc  NUirnii'iit  Ui  c:i\r\  lurks  i.l  CDiisidi  luMi'  I  iirihi  n, 
whit  h  ;iro  tnanaacd  by  iaii-  nnd  mast-t,  a»  uell  ii>  Tk^m  d 
by  hand.  On  lhi»  cunal  it  seems  the  emperor  enipliAs 
itcar  ten  thousand  ^ln|:s.  li  passes  through,  or  by,  41 
large  cities;  there  are  i|i  it  73  vuki  luck«  and  sluices,  to 
keep  up  the  water,  and  pass  the  ^ip«  wht  re  the  ground 
will  not  admit  of  sulHcienl  depth  of  channel,  be»id('i  si^ 
reral  thousand  draw-  and  other  brulfn.  indeed,  F.  &la- 
gaillane  anores  m,  there  are  pamtgca  hj  cuaU  fraa  one 
end  of  China  to  the  other,  for  ^  leo^  of  6i00  French 
teagoet :  and  that  a  penon  may  go  horn  one  end  of  the 
empire  to  the  other,  either  by  canals  or  rivert,  except  a 
siiij(le  day'»joorney  by  land  in  crossing  a  mountain. 

The  French  at  preyent  have  li  t  ritials.  Thatof 

Bricrc,  otherwi'c  callcti  theCHtiiii  u  !'.Ll^^undy,  was  begun 
under  Henry  iv,  and  finished  uiiih  t  tin-  direction  of  Car- 
dinal Richelieu  ill  the  riipi  of  I.<uiiv  'I'his  cnnal 
makes  ii  ciiiiiiii^iiiiciitniii  b(  IW'  (■;;  I  he  I-<Jiro  ami  tlie  S<'iiie, 
and  so  t  J  r.iris.  It  extends  I  I  Krench  great  leagues  from 
Brier.-  !  >  Mun!iirj{is,  and  has  42  lock«  upon  it. 

The  Can.ii  of  Orleans  was  begun  in  I(>7j.  for  establi»h- 
jagacomniunicatinn  also  between  the  Seine  and  the  I.oire. 
It  is  coniideiably  shorter  than  thatof  Uriere,  and  has  only 
SOsluici'i. 

The  Canal  of  Bourbon  wn»  bttf.  lately  undertnken:  iu 
dcngn  ii  to  oake  m  coaninucatioa  fioni  the  riTtr  Oisc  to 
Paiii. 

But  the  greate»t  and  mott  nefitl  work  of  thft  kind,  {■ 
tWjuncdon  nf  the  Ocean  with  the  Mediterranean  by  the 

Caml  of  Laiiguedoc,  called  also  the  Canal  of  the  Two  tieas. 
It  was  proposed  ill  the  reisiis  uf  rran<  ;s  i,  aixl  Henry  iv, 
and  was  begun  and  rinisheil  uiidi  r  Lmns  \  i  v ;  h.iviti;;  been 
planned  by  Francis  Riqiiel  in  liie  yeyr  mul  finished 

lielnre  hisdeath,  which  hap[-eneil  in  Id'SO.  It  |jei;in»with 
a  large  lestnuir  I'lOt)  [laces  iii  circiinitrK'nce,  uikI  ''itect 
deep,  which  (eceivi^  many  spiings  from  the  mountain 
Nitiic.  'Hie  canal  is  aliout  '2(lO  miles  in  length, extending 
liom  Narbeiine  toTholouse,  Uvmn  jiipplivd  by  a  numWr 
of  rivulets  in  the  «ay,  and  fu^lll^lu^l  with  104  locks  or 
kloicct,  of  abdut  i<  feet  rite  each,  in  some  places  it  it 
carried  over  bridges  and  aqueducts  of  vast  height,  which 
^ive  pKUfeunderneath  to  other  rivers;  and  in  soma  places 
u  it  cut  thfongh  solid  rodn  Ibr  a  mib  together. 

The  new  canal  of  the  lake  Ladoga,  cut  fram  Volhowa 
to  the  Neva,  by  whteb  a  c«naranication  it  made  between 
(be  Baltic,  or  rather  Ocean,  and  the  Caspian  Sea,  was 
Vcgun  by  the  eaar  Peter  the  M,  in  t/iS):  by  meant  of 
•htch  the  Eoglith  and  Dutch  mnchandiae  it  cntily  con> 


veyed  into  l'eis.,i,  without  bring  obliged  to  double  ih«? 
Cupe  of  (ioi»d  Hope.  There  w.ls  a  furnur  canal  of  com- 
munication between  the  Ladugu  lake  and  the  river  Wulgo, 
by  »hich  litnbei  and  i>ther  giMjd*  hud  b«en  brought  from. 
Pei^iu  to  Petersburg;  but  the  navigation  of  it  was  to  dan- 
gerous, that  a  new  i>ne  was  undertaken. 

The  Spaiiuu-ds  have  tevcnd  timet  had  in  view  the  di^ 
ging  a  canal  inioiigh  tk'  Itlhmutof  Parim,  between  NMtk 
and  South  America,  froai  Pantmn  to  Momhre  de  Oios,  to 
make  u  ready  eommunicaiioii  between  the  Athmtic  and  the 
South  Sen,  and  thus  adbid  «  atfii|jhtpamfi»  to  China  nnd 
the  East  Indict.  , 

In  the  Dutch,  Austrian,  and  French  Netherlands,  there 
is  a  oreal  nurtiber  of  canals:  that  flom  Bruges  to  Oslend 
carina  \,vs,  |,  -if  -MU  ton*.,  liiit  H  wriuld  be  an  endless 
t.isk  t"de'~(  iil  i'  the  numU  rlcss  carmU  in  IJulland,  Gcr- 
niiuiy.  Itu.-M,  .vc.  M\  will  iberefolo  ooly  Mhe a  vIcw of 

tlif i:i  "ur  own  c auilrv. 

Ill  Kn^;lain!.  ili.a  uiicien^  canal  I'rom  the  river  Nyne,  u° 
little  below  I'etei borough,  to  the  nver  Wiihani,  three  ratlcs 
below  Lincoln,  called  by  the  modern  inhabitants  Cartdike, 
may  be  ranked  among  the  moauroeiils  of  the  Roman  gran- 
deur, though  It  IS  now  most  of  it  tilled  up.  Morton  will 
have  it  nwide  under  the  emperor  Domitian.  Umt  and 
medab  have  been  discovered  on  the  banks  of  tbb  canal, 
which  appt«r  to  coolirm  that  ofiinion.  Yet  tome  aothvn 
take  it  to  be  a  Danish  woifc.  It  was  40  miles  in  length  ; 
and,  so  far  at  appear*  from  the  mint,  must  have  been  vny 
broad  and  deep.  Notwithstanding  that  emly  biginning, 
it  is  but  very  lately  that  canals  lia\e  bei'n  levlved  in  this 
Country.  They  are  now  however  Uc-jme  very  numerous, 
particularly  in  the  coiiiita>s  of  York,  Lincoln, and  Cheshire. 
Most  i>f  the  Counties  U-tweeti  the  mquth  of  the  Thames  and 
the  Bristol  Channel  arc  connected,  either  by  natural  ur  ar- 
tificial navigations;  those-  upon  the  Thames  and  Isis  reach- 
ing witliin  '20  miles  of  those  upon  the  Severn. 

The  cunal  for  supplying  London  »>ih  water  by  meant 
of  the  New  River,  was  projected  and  l>egun  by  Mr.  Ed-  ' 
ward  Wiigbt,  author  of  the  cclebiatcd  tn^tisc  on  Na»i- 
galion,  about  the  yc-ar  l608  ;  but  finished  by  Mr.  (alter* 
wards  Sir  Hugh)  Middleion,  live  years  after.  This  caiul 
ooranMncca  near  Wuie,  in  Hertfordthite,  and  takes  a 
cmiric  of  do  mile*  befeic  it  reaches  the  CBlern  at  Itlii^on, 
which  supplies  tcveral  water-pipe^  that  convey  it  to  the  » 
city  iind  parts  iul  jacent.  In  some  places  it  is  SOfiwt  deep, 
and  in  others  it  is  conveyed  over  a  valley  between  two 
hiUs.  by  means  of  a  ti.'U^h  siippurtnl  by  woodcQ aichcs, 
and  rising  ab(.»e  '^A  In  i  in  i.t  p^hl. 

The  Duke  ol  Bridge  ivalri 's  Canal,  projrcied  arn!  r  \  ecu  led 
under  the  direction  ol  Mr.  llniid.es,  ua^  (xguii  about  the 
year  17.59-  It  was  first  d.  si^iud  only  lor  coiiNey  ing  coals 
to  Miinchcttcr,  from  a  nmu-  111  the  duke's  esUlo  ;  but  has 
since  bean  applied  to  many  other  uselnl  purposes  of  in- 
land navigation.  This  cunal  begins  at  a  place  Called 
Worsley  Mill,  7  miles  from  Manchester,  where  a  baiou  is 
made  capable  of  holding  all  the  bu«ts  and  a  great  body  of 
water  which  serves  as  a  rcaervoir  or  head  to  the  nHvi{>a« 
tion.    The  canal  runs  ihrougb  a  hill  by  a  tublrrnaiKHI» 

Ciagc,  large  eiiuugh  lor  admitting  long  flat-boltoimed 
Is,  which  are  towed  by  a  rait  oa  each  hand,  near  thn  o 
nuarters  of  a  mile,  to  the  coal-works.  There  the  pa>sagi- 
divides  into  two  channels,  one  of  which  goes  off  300 yards 
to  the  right,  and  the  other  as  nianv  to  the  left ;  and  both 
may  be  oentiMicd  at  picntue.  Th«  pnti^  is  in  soma 
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plaeei  cat  tbrougik  ib«  solid  rock,  and  in  othen  orchfd 
ever  with  brick ;  and  air^fanndt»  tome  of  which  mn  imr 
97  jtu^  perpni<1icuhir,  ure  cut,  at  certaHit  diftoiiec^ 
rlirau^h  the  rocit  tu  the  top  of  tlie  hill.  The  arqh  at  ka 

rntninro  l^  about  6  feet  wide,  and  about  5  feet  high  from 

thcsurfact  of  the  water;  botwidcn'i  within,  so  that  in  some 
placi  d  ttic-  iiixMi  may  pii!>s  oru'  uui'llii  i,  ami  lit  ih'.'  pits  it 
is  K)  Ki  t  vMile,  \Vh<  n  ihi'  b•>nt^  arc  luniliil  hihI  liri'unlit 
out  of  thr  bason,  five  or  »i\  iit  tS.i  •)  .iir  In  ki  •!  Id^ictlu  r, 
arii\  ilniun  iilfjii^  the  chiiuI  by  a  Ihhm",  aiiJ  tiun 

rcadiiiiu  Maiii  i-t'-ti  r  Jii  a  cmirso  u)  ')  mi!<>.  It  is  Muad 
enough  liir  two  biirgti  to  pn5>  <ir  i;o  alltl•il^t ;  iimi  on  om- 
side  tberv  5  a  good  road  for  tlir  |ia>,-.a<;r  i  t  tlir  |)i  u|ilc.  hixI 
the  horses  or  mules  employed  in  the  work.  'I'tie  caniil  is 
nised  owr  public  roaJs  by  mcam  of  arche<i ;  and  it  passes 
awr  the  natigtble river  Irwdl  near  SO  feet  nbnve  it;  so 
,  that  large  vesielt  in  ftiil  tail  pan  under  tliv  c-an.il,  while 
tiie  duke's  baign  are  at  the  same  time  paisiiig  over  them. 
Thif  CHiial  Joins  that  which  mssc*  frooi  the  liver  Meney 
towaids  tbeTtewt,  takhqt  in  the  wholc'a  eonrae  of  94  milei. 
-  fbt  Lincailer  Canal  biigim  near  Kendal,  aivd  terminelci 
near  Eccloton,  coroprebendlns  the  distance  of  tSf  miles. 

Tbc  canal  from  Liverpool  to  Lced*  !s  lOSj  miles  in^ 
length:  that  I'miii  I..  lJs  to  Sc-lby,  23}  niihs;  from  Chi- 
chi-strr  to  .\!ui(l|i  \vu  li,  tinlos  ;  from  the  Trriit  to  llif 
MiTM')',  SS  mill's;  iVipiu  ihi  1  r,  i,l  I'l  tlic Severn, -Mil  miles. 
The  liirmiiii;hain  Canai  i  'iii-.  lin^  ii<n»r  \\ <il\orliuiiipIi>n, 
and  is  24j  iisiN^:  (!■.<•  l>i m'.tt icli  ("uital  is  iS  iiri.s:  Hie 
Coventry  Caiinl,  commencinf^  near  Lichfu  UI,  and  jonung 
that  of  ibe  Trent,  is  3(i{  miles:  the  Oxlord  Cunul  breaks 
oif  frera  ibi»,  ami  is  112  miles :  the  Chesterfield  Canal  joins 
the  Trent  near  GaiaeboiMgh,  and  is  44  miice. 

A  communication  is  now  formed,  by  means  of  this  in- 
land navigation,  between  Kendal  and  London,  by  way  uf 
Oxford  I  between  (ivarp*^'  tiall,  by  the  way  uf  Leeds; 
and  hetiiwn  tlie  Bristol  Channel  and  the  Huraber,  by  the 
junction  femied  between  the  Trent  And  the  Severn.  Other 
■dMmCt.  have  been  projected,  which  the  prfM:nt  Kpirit  of 

inpravemint  will  probably  sooo  cany  into  oxcculioiv  of 
opening  n  communication  between  the  Gerttin  and  Irish 

seas,  so  as  tu  reduce  a  hazaiilous  iiiiviH>,ilion  of  more  than 
80O  mill  ■»  hy  sea,  into  a  little  more  than  l.iO  miles  by  land, 

or  in  I  ill!  li  iiai  J^alii  II ;  anil  als(>  nl  |i  iii'lM  Kl>  uli  si.e 
Severn;  lM»siJi-s  many  other  cuituU  ill  vaiuuii  puiis  ul 
England. 

In  .Scotland,  ,1  n.ivimblc  c.inal  between  the  Fortlvand 
CI)do,  which  diviJes  that  country  into  two  pjcH,  was  me- 
ditated upon  moic  than  a  century  since,  for  transports  and 
small  ships  of  wur.  Jt  was  a^in  projected  in  the  ye^r 
17SS|  and  a  euiTpy  made;  hut  nothing  more  wa;  dune  till 
I7SI1  when  the  then  I.ord  Napier,  at  his  u»n  e.xpen>c,  had 
ftmrvcqr*  pl*";»  estimate,  made  on  a  small  scale.  In 
17M,  the  truslon  Ibr  liskerin,  Ac,  in  Scotland,  ofocured 
aaolher  nnrcy,  plan,  and  rstironte,  of  a  Canal  5  levt  deep, 
which  was  to  enst  7.<),0Q0  pounds,  in  17S6,  a  tubecrip* 
tion  was  obtiiined  by  a  number  of  the  most  respectable 
merchants  in  Gl.iiuow,  for  malting  a  canal  4  ft^et  dirp  and 
i  V  t'eet  in  hrea  ltti;  hut  vvlien  the  bill  ivas  nearly  obtained 
ja  parliiimenl.  i;  was  Ji\r;i  up  00  account  <ii  iKe  smailnos 
of  the  scale,  f»inl  a  lU'w  iubscrijilioii  vi  on  Uifi  tura  tanal 
7  leet  deep,  cstiinaliil  at  l.^O.OCH)  poiunlb.  I  oijliiiind 
the  sanction  of  parliament;  and  the  work  was  txgun  in 
1768,  by  Mr.  Smeatfit*  the  engineer.  The  t.xlrenie  lengtli 
of  the  canal  from  the  forth  to  the  Clyde  is  35  miles,  bc- 
fiauiag  at  ike  pioutii  ol  the  Canou,  and  ending  at  Daluiure 


Burnfoot  on  ibe  Clyde,  6  miles  below  Ghugow,  rising  ami 
foiling  1^0  leet  by  moana  of  19  locks,  (0  oa  |l|OfMiiide 
of  the  aummil,  and  19  on  the  west,  as  the  lide  doa  net 
ebb  so  low  in  the  tilyde  as  in  the  Forth  by  9 fret;  and  it 
waa  di«|iencd  to  upwards  of  8  feet.  This  canal  was  finish> 
ed  a  few  years  since,  after  having  experienced  some  inter- 
ruptiodv  aiu)  dehiys,  (or  want  oT  resources,  and  ise^ti  i  nn  il 
the  ^reati  st  work  of  the  kind  m  iIks  isiami.  W^sels  draw- 
inn  S  feet  water,  \miIj  \<J  In  t  in  tlie  l>i  aiii  ami  7  t  li  el  lu 
lenmb.  pass  willi  ease;  and  ihi  whole  eiitii |irisc  ili-plaj^ 
till'  ,irt  ol  rnfln  m  a  degree.  To  supply  tlie  t.iiial  with 
water  was  ol  Hm  il  a  very  ureal  uork.  There  is  one  reser- 
voir of  iO  acres  2i  feel  deep,  ami  another  of  7<t  acres  22 
leet  deep,  in  which  many  livers  and  »piings  teriainaie, 
which  it  ia  expected  will  afbrd  sniicient  supply  of  water 
at  all  times.  \ 

The  Pnetict  <if  Canal  Diggb^  md  Maud  Suvigatioiu. 

The  particular  operations  necessary  for  making  artificial 
navigxtions  depend  upon  a  variety  of  circuinaiaiiQts.  The 
situation  of  the  ground  i  the  vkinity  or  connexion  of  it 
with  livrri;  the  cm  or  difficulty  with  wUcb  a  proper 
quantity  of  water  can  be  obtaued:  these  and  waiiy  other 
circumstances  necessarily  produce  great  variatioB  in  tha 
structure  of  artificial  navigations,  and  aufpnent  or  diininiib 
thu  lalionr  and  expense  of  exectttitig  them.  When  the 
ftrouini  IS  iialiiiiiily  ls  \el,  ami  imri  imti'li  I  with  rivers,  the 
exec  u( loo  is  eas\ ,  I  la-  iiav  i!;a!.<iii  Is  iiul  liaijic  to  be  di^- 
turbeil  ^>yll.>■M:^:  Iml  «  hi  li  iLe  ^roun  l  rjsi  1  and  (alls,  and 
cannot  lie  ruiliaeil  I0  a  leNel,  atlllicial  llU-ihuds  of  raining 

an  i  l.iuenm:  vi  ssi'is  mu:-t  be  employed;  which  alto  vary 
accordiii}'  to  circuiiittunces. 

Sometimes  a  kiad  of  temporary  sluicc<i  are  employnl, 
to  raise  i>  mis  o«er  f  ills  or  shoals  in  livers,  by  a  very  kim- 
ple  operation.  I'ux  pillars  uf  roason-work,  with  gruuwa, 
aiv  fixed,  one  on  each  bunk  uf  ibe  .river,  at  some  distance 
befatw  the  shoal.  The  boat  havinjt  pushed  thcM.>  pillars, 
strung  pleuks  are  let  <^own  acnaa  the  ri>«r  by  pulleys  into 
the  groovet;  by  which  mvaiw  the  water  is'daiunved  up  10 
«  proper  hi<igtit  for  blowing  the  boat  to  pose  up  the  rivet 
over  the  iImmL 

The  Dutch  and  Fleming  at  lhi«  dny  wroc^Mei,  when 
obstructed  by  cascades,  fr>rm  an  inclined  plane  or  nillin|(- 
lii  iiIl'i/  upoa  ilry  land,  aloiia  li  th.  ir  vessels  ate  drawn 
I111111  ill.  river  belnw  the  niscaile,  inln  the  river  aUnve  11. 
TIa-,  It  IS  sail),  iv.iH  ihe  niilv  method  eniploynl  by  the  au- 
di nls,  anil  IS  siill  soiiietimes  used  by  tlie  I  hiiiese.  '1  heiifi 
Mlliiia-bi idn<-»  consist  of  a  niinitHT  Hi  i>lin<irical  rollers 
winch  turn  l  asily  on  pivots.  And  u  null  i»  conimoniy 
built  near;  so  that  the  s;iine  machinery  may  serve  llie  dou- 
ble purpiix'  of  woiking  the  initi  and  drawing  up  vesseU. 

But  in  the  preseut  improved  ^tale  of  inland  navigatioiv 
ikeM:  fiills  and  shoals  arc  commonly  surraounted  by  roeaua 
of  what  are  called  locks  or  sluices.  A  lock  is  u  hatoii 
phccd  lengthwise  in  a  riear  ar  canal,  lined  with  walls  of 
niaonry  on  each  ndetand  letmtnliMl  by  two  gates  placed 
acnnt  the  canal,  whera  them  is  a  cascade  or  natural  fiUl- 
of  the'country ;  atid  so  coostrocted,  that  the  baton  hci^g 
filled  with  water  by  an  upper  »luic6  t>>  tJic  level  of  the 
waters  abov  e,  a  ves.sel  may  ascend  lhroU(»h  the  upper  gate  i- 
or  tlie  water  111  the  K  ck  beiii!:  reduced  to  the  level  of  tha- 
water  at  tin  biittom  of  the  cs-scade,  the  vrsiel  may  descend 


thiiiii:;li  till'  lower  gate  :  for  when  ih 
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dopth  of  uator  Jt  supporu.  when  the  perpendicular  iuight 
of  the  water  I'xcpcds  I'i  or  IS  feci,  it  becomes  necessary  to 
havr  more  locks  than  one  Thus,  il  the  lali  U-  lO  lert, 
t«i)  locks  arc  n  qmrtd,  each  of  8  foi  l  fall ;  and  if  tlu!  fall 
\n-  2o  ttrt,  thrtf  locks  are  ncct-ssary,  each  having  8  Ictt  4 
inclics  fall. — It  is  I'vidcnl  thai  the  side-walls  of  lock* 
should  be  made  very  strung:  and  t«here  the  ttatural  fouD- 
dation  is  bad,  thi-y  should  be  toundcd  on  pilc$  and  plat- 
Ibriiii  of  wood.  Tliey  fbould  Ukmritc  tiofm  oatweids,  in 
order  to  mitt  ike  pRMOtc  of  tlw  etfth  mm  behinil. 

To  illuitnto  Uiit  by  repmenUlku:  Plate  6|4g-l»i*' 
s  perspective  vteW  of  part  of  •  canal,  tntb  aeventl  loclu* 
&Q ;  the  vessel  T.  being  within  the  lock  ac. — Fig.  3  is  an 
elevation  or  uprijrlit  section  along  the  canal  ;  the  vc»»el  L 
.iboiit  (II  Ciller. — Ki;;. u  like  rtKni  of  ii  lock  full  of 
wul.  r;  the  vi-mS«'I  L  being  raiw  a  In  a  Uvel  hiUi  tlie  ■•wilur 
in  th<'  superior  canal. — And  fij{.  4  i»  the  pluii  or  grotiml 
sectiiiii  of  a  lock  :  where  L  !»  »  leiw'l  in  tlio  iniej  jor  canal  ; 
L  .  the  uuJer  Kale  ;  llie  !l[iper  ;;.itL  ;  c.  ii ,  a  suhteri :iiir. uii 
passage  for,  Ictiin)^  water  from  the  superior  canal  ruij  into 
the  lock :  and  sr.  a  subtertapeooa  y  aawna  for  water  from 
the  lock  to  the  interior  canaL  ,  . '  ^  ^ 

X  and  T  (hg.  I )  are  the  'tWb  lHMl-Sliln>  each  of  which 
coniili  of  two  k*w$,  prawig  agaiint  one  aoother.  lo  aa 
to  Ibrm  an  obtuae  angip»  the  hetier  to  miit  the  jwcMura 
ofthowaftar.  The  first  (x)  pfeweua  ihommer  of  theme 
perior  ci|iial  from  falling  i«lo  the  lodci  ami  the  aecond  (t). 
dam*  1^  theSratcr  in  d»e  loek.  These  flood- 

gate* 00^  to  w  very  strong,  and  lo  turn  freely  on  their 
hinj;e>.  They  should  al«)  be  made  very  tight  and  close, 
lh:U     little  water  OS  possible  may  be  lust.    And,  to  make 

them  open  an.i  shut  with  raic^  eMh  leaf  I*  fiiniiilted  «itb 

n  Ion;;  lever  aI/,  Ab;  ch,  cb. 

By  the  subterraneous  pa^sace  r. it  (tig.  2,  3,  4)  which 
descends  obliquely,  by  opening  the  sluice  (;,  the  water  is 
lot  down  from  th*  superior  canal  o,  into  the  lock,  where 
it  is  Slopped  and  retained  by  the  g<ite  c  wlion  shut,  till  the 
water  in  the  lock  beons  level  with  the  water  hi  the  su- 
perior canal  p ;  ■•  lepMKnted  in  fig.  3.    When,  on  tho 
other  Imid,  the  water  oontaincd  by  the  lock  u  to  be  let 
lie  t*u»gt  on  mutt  ho  shut,  by  letting  down  the 
k;  ttM*  gale  a  must  alio  he  ahati  and  the  passage 
railing  the  sliiko  X.  A  fne  pMaa^  fa«ng 
r  tfae-vatar,'  it  deweadt  through  %w,  into  the' 
,'tintil  ^e  watrr  in  the  lock  be  on  a  level  with 
I  the  inferior  canal  a;  as  represented  in  fig.?. 
Bposo  it  l)e  required  to  nii>e  liie  vc-sm  I  I.  ffir;.  2) 
inferior  canal  ii  tn  llie  Miperior  "ne  D.    If  the 
lock  be  full  of  water,  the  sluice  r.  inu-t  be  shut,  also 
the  gate  a,  and  the  sluice  k  e|.-ened,  so  that  the  wat<T  in 
the  lork  mny  run  vW.  till  i!  In  Cdtnes  level  with  the  wafer 
in  tbo  inferior  canai  b.    Wlun  ilie  water  in  the  lock  is 
on  a  level  witltlhe.  water  ot  e,  the  leaves  of  the  gate  c  are 
opened' bj^h^ 'fevers  ch,  which  is  easily  performed,  the 
^  water  on  each  side  of  the  gate  being  in  equilihrio  ;  llie 
-^^veiacl  then  sails  into  the  lock.   After  this,  the  |;atr  c  and 
H^the  sluice  K  are  shut,  and  the  sluice  a  opened,  in  order 
to  fill  tbelocfc,  till  the  water  in  the  lockj  and  con$e4|uently 
the  vessel,  be  upon  a  level  with  the  water  in  the  anparior 
1  b;  at  it  reprKemed  in  lig.  9.  'The  pto  a  it  then 
I,  «nd  the  vaaiel  paiaca  into  the  canal  D. 

let  it  be  reqiurrd  to  make  a  vntel  descrad  fnw 
cwHil  »  into  i»w  inferior  canal  a.  If  the.  hick  he 
.  amply  aa  in  fig.    the  gate  c  and  sluice  k  must  bo  shut, 
«M.liw  uppar  ilttiea  o  opined,  so  that  the  water  in  the 


luck  may  rise  to  a  level  with  the  water  in  the  upper  ci»n\l 
D.  Then,  opening  the  gate  a,  the  vcsvl  .vil;  y,Ast  throii^U 
into  the  lock.  This  done,  shut  the  gale  a  and  the  sluice 
G  ;  then  open  the  sluice  K,  till  the  water  in  the  lock  bo 
on  a  level  with  the  water  in  the  inferior  canai ;  this  done^ 
the  gate  c  k  apatd,  and  lha  VMael  praccndaioto  the  ca- 
nal B,  as  was  required.  * 

Other  contrivances  have  lately  been  made  iiKrianiiqand 
lowerin|Lthe  vciiela between  the  under  and  nppercnaaL 

CANCES.teOtiibM»qrA«tw«lMrigH  of  the-ao* 
dine,  unnlly  drawn  on  the  gpoba  in  tfca  ttm  «r  •  crab,  and 
in  books  of  oatfonomy  denoted  by  a  charaefer  resembling 
the  number  tixty-nJnc,  turned  sideways,  thus  ts- 

Tlie  number  of  stars  in  the»ign  Cancer,  Ptolemy  inakei 
13,  Tycho  \5,  Way  i  .ml  I  leve.'iiis  J;),  and  Flarostoi  il  a.i. 

Tnipic  of  i^'ANCfctt,  A  Imlc  circle  of  the  sphere  parallel 

in  the  e>|>uiKiciial,  ajid  paaHiig  thiough  the  bepaningof 

the  sinii  Cancel. 

CA.NDLKMAS,  or  the  Purijicaiwn,  a  feast  of  the 
church,  held  on  the  2d  of  February ,  in  memory  of  the  pu- 
rification of  tho  Virgin ;  taking  us  name  of  Caiidleraas, 
either  from  the  number  of  lighted  candles  used  by  theR«> 
raish  church  in  the proCMriOBI  of  this  day,  or  because  that 
the  church  then  ronsecmted  candies  for  the  whole  year. 

CANES  Venaiiei,  thtHemuU,  or  the  Grryiamdti  aim  of 
the  new  contcUationa  of  the  northern  hamiiplwre^  which 
HevtliuB  haa  Ibnnad  «ut  of  the  anfiiraied  nan  of  the  old 
cniakfMl.  ThcM  tko  docs  are  further  distingoithed  by 
the  names  of  Ailerian  and  Chara.  Thoy  contain  13  stara. 
accoiiliii);  to  Ileulius,liut  I.t  in  the  B:i(iih  catalonue. 

C.\N'1CI'1.AR,  a  name  given  by  many  of  the  earlier 
astronomers  to  the  constellation  whirh  we  call  tlii  1..  sier 
Dog,  and  Cnriii  Minor,  but  some  Procyon  and  Antecaiiis. 
See  Cams  M  ivoi<. 

It  is  alsii  iise<i  fur  one  of  the  stars  nf  the  constellation 
Canis  Major;  railed  alsosimply  the  Dog-stdr  ;  and  by  the 
Greeks  XEifiio;,  birius.  It  is  situated  in  the  mouth  of  the 
constellation,  and  is  the  largest  and  brightest  of  all  tho 
Stan  in  the  heavens.  From  the  heliacal  rising  of  this  star,  - 
tbatiti  its  emersion  from  the  sun'ti  rays,  which  now  hap- 
nena  with  ui  about  tha  tlth  of  Aaguti»  the  ancieoia  lao 
ImHNi  their  DietOuucnIareitOr  Dq^nya. 

The  Egyptians  and  Ethiopians  fa^aa  . dick  year  at  the 
heliacal  rising  of  Canicula ;  reckoning  toiS  rfieagiiB  the 
next  year,  which  is  calked  the  Annus  Canariut. 

CANICULAR  Dfty,  or  Dog-doyn,  denote  a  certain 

number  of  dajF,  Ijefure  and  yfti  r  tlir  heliacal  ri-sin;;  of  ra- 
niriila,  or  the  doij-star,  in  the  morning.  The  aneients 
irr.npined  thai  this  r>-itig  of  the  star  occasioned  the  sultry 
weather  Usually  felt  in  the  latter  part  of  the  summer,  or 
dog-tlays ;  with  all  the  di^temiier^  of  that  sitkly  season  : 
Homer's  11.  lib.  5,  v.  10,  and  \  iruil's/En.  lib.  10,  v.  270. 
Some  authors  say,  from  Hippr  rt.ilrs  and  Pliny,  that  the 
day  this  >tiir  first  rises  in  the  morninft,  the  sea  boils,  wine 
turns  sour,  dogs  begin  to  grow  mad,  the  bile  increases 
and  irritates,  and  all  animals  crow  languid f  alto  that  the 
diseases  it  usually  occasoiit  in  men,  aia  baoiinK  fevers, 
dyieaicries,  and  phrensica.  The  Ronana  ipctifioed  • 
brawn  dog  every  year  to  Caiikala  at' hit  liiiqg,  to  ap> 

Cum  iti  lagie.  All  thii  however  anne  from  thegraaad- 
t  idea  tut  the  dofc-star,  to  rising,  was  the  occation  nf 
tbe  extreme  heat  and  the  diacaset  of  that  season :  for  the 
rising  of  the  star  not  only  variet,  in  any  one  y«ur.  as  the 
latitude  varies,  but  is  always  Inter  ;iri  1  i  i  \<  :v  v  ar  in 
all  latitudes  i  so  that  in  Ume  the  sur  may,  by  tho  wroc 
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rule,  be  charged  wjih  bringing  I'rost  and  snuw,  wbcn  he 
rises  in  winter. 

The  dop-day*  were  commonly  ri'cltonfd  about  40,  tIu, 
20  daya  U'furc  and  QO  days  after  the  heliacal  riMii);;  and 
almanacdnakcn<  bare  usually  set  duwii  the  doo-days  in 
their  almanacs  to  the  clian^ii)<j  lime  ut  tbu  star's  rising, 
by  which  means  they  had  <t(  lennth  ialk'n  cunsiJerably 
after  tl>e  hottest  time  oi'  the  year,  till  of  lute  nc  have  ob- 
served an  alteration  of  them  In  the  alintLnaca,  and  very 
properly, /roin  July  3  to  Aucustll.  Fur,  by  the  do{{- 
dayt,  the  ancit/nln  meant  to  exprc*«  the  hotte%t  time  of  the 
year,  which  h  ruminonly  during  the  inonlh  of  July,  about 
which  lime  the  dog-star  rose  hiliucully  in  the  time  of  the 
mo»l  luicieiit  aslruuuroers  that  we  know  of :  but  the  pre- 
cession of  the  equinoxei  has  carried  this  heliacal  rising  in- 
to a  much  later  and  cooler  part  of  the  year ;  and  because 
Hcsiod  tells  us  that  the  hot  time  of  the  year  end«  on  the 
AOth  day  after  the  summer  solstice,  which  brin;;s  u>  lo 
about  August  10  or  II,  the  abo>e  alteration  appears  to 
bo  very  proper. 

Cakiculah  Year,  denotes  the  E^jmlian  natural  year, 
which  was  computed  from  oiie  heliacal  lining  of  Canicula 
to  the  ni'Xt.  This  year  was  also  calird  nnnU!^  cannrius, 
and  annus  cynicus  ;  and  by  the  Ki^yptians  them»<'lves  the 
Setbicyear,  from  Selh,  by  which  tiaiiic  tbey  called  Sirius. 
Some  call  it  also  the  hrlinr.i)  year.  This  yvur  Consisted 
ordiiiurily  of  365  days,  and  every  4th  year  of  366;  by 
which  means  it  wa»  accommodated  lo  ihe  civil  year,  like 
the  Julian  account.  And  the  reason  why  they  chose  ihi* 
star,  in  preference  to  others,  to  compute  their  time  by, 
was  not  only  the  lupcriur  briKhlness  of  that  star,  but  be- 
cauie  in  E^pt  its  heliacal  rising  was  a  time  of  very  sin- 
gular note,  as  coinciding  with  the  greatest  nngmenlation 
of  the  Nile,  the  reputed  father  of  Eeypt.  Kphcsiion  adds, 
that  from  the  a«ppct  of  canicula,  its  ccdour.  Sec,  the  Kfzyp- 
liana  drew  prognostics  concerning  the  rise  of  the  Nile; 
and  according  to  n<iru<,  pn-dictcd  the  future  state  of  the 
year.  So  it  is  no  wonder  that  the  first  rising  of  this  star 
was  observed  with  greut  attention.  Buinbrigge,  Canicul. 
cap,  4,  p.  26. 

CANIS  Major,  the  Grcal  Doif,  a  constellalion  of  the 
southern  lieini»phero,  bebiw  the  fei  t  <jf  Unon,  uimI  one  of 
the  old  4K  constt'll.-itions.  The  Gnvks,  as  UMUal,  have 
many  fables  of  their  own  about  the  cxultiiiion  of  the  dog 
into  ibe  skies;  but  the  origin  of  this  constellation,  as  well 
a*  its  other  name  Sirlus,  lies  mure  prnlwbly  among  the 
F.gyptians,  who  carefully  watched  the  rising  uf  this  star, 
and  by  it  judgrd  of  the  swelling  of  the  Nile,  culling  the 
star  the  sentinel  and  watch  of  the  year  ;  and  hence,  ac- 
cording to  their  manner  of  hieroglyphic  writing,  repn- 
sented  It  under  the  figure  of  a  dog.  They  also  called  the 
Nile  Siris;  and  hence  their  0»iri<t. 

The  stars  in  thisconstellation,  Ptolemy  makes  29;  Tycho 
however  observed  only  13,  and  lievelius  31  ;  but  in  Flam- 
steed's  catalogue  they  are  3 1 .  * 

Can  IS  Mmnr,  a  conslellatioa  of  the  northern  hemi- 
^here,  just  below  Gemini,  and  i»  one  of  the  48  old  con- 
stellations. The  Greeks  fabled  that  this  is  om-  of  Orion's 
bounds;  but  the  Egyptians  were  most  probnbly  the  in- 
ventors of  this  constellation,  and  they  may  have  given  it 
this  figure  to  express  a  little  dog,  or  watchful  creature,  go- 
ing before,  as  conductor  of  the  larger,  or  rising  before  it : 
and  hence  the  Latins  have  called  it  Antecaois,  the  star 
before  the  dog. 

The  stars  in  this  coasteiUition  are,  in  Ptolemy's  cata- 


logue 2,  the  principal  of  which  is  the  star  Proryon;  iu 
I'ycho's, in  llevrlius's,  13;  and  in  Flainstced'y,  14. 

CANNON,  in  Militaiy  Afliiiis,  a  long  round  hidlow 
engine,  iimde  of  iron  or  bius^  tec,  lor  throwing  hsAU,  iVc, 
by  means  ul  gunpowdrr.  I  he  length  is  distinguL^'bcd  into 
three  parts  ;'the  lirst  reiiitorce,  ttie  sicuiid  reinforce,  and 
the  cbai.e :  the  inside  hollow  t\hi  ie  the  charge  i»  lodged, 
being  also  culled  the  chase,  or  bore.  Kut  lor  tbesetciai 
parts  and  membera  of  a  cannon,  see  A^TRAr,Al■,  IIa^k* 
RING,  UokE,  UHErcd,  Cascabel,  Cuask,  Ml;!zi.i., 
Ogee,  KiiNroncE-uiNO,  'Ircknioks,  btc.  See  iiKu 
Gun,  and  (ii'KNKitT. 

Cannon  were  lirst  made  of  severs!  ban  of  iron  adapted 
lo  each  utiier  lengthways,  and  Luopi-d  together  w  ith  sttong 
iron  rings.  They  were  employed  in  throwing  stones  and 
metal  of  .several  hundred  weight.  Others  were  made  of 
thin  sheets  ol  iron  rolled  up,  and  hooped  :  and  ou  emer- 
gencies ibey  lia\ebeen  made  of  leal  her,  <<^tii  plates  of  icon 
or  copp<T.  Tbey  are  now  con>titutvd  of  cast-iron  or  brass; 
being  cast  solid,  and  the  tube  bored  out  of  the  middle  by 
toeans  uf  u  vtry  strung  machine  fur  that  purpose.  Wbcti 
or  by  whom  ciiiinoa  were  lirst  invented  is  uiiceilain. 

Larrvy  makes  bra.u  cannon  the  iiiventibu  of  J.  Qwren; 
and  asserts  that  the  first  known  in  En;;Und,  were  io  1 535  ; 
and  further  that  iron  cannon  were  lii»t  cj.st  here  in  l.'»47. 
He  acknou  li  d'^c'il  ibut  cuniion  wi  re  known  belore;  and  rg>- 
murks  that  at  the  battle  of  Crcssy,  in  I.i4t>,  there  were  5 
pieces  of  rann<in  in  the  Knglish  iirni\ .  >v  iiich  were  the  first 
ever  !MH>n  in  I'ranci'.  Mey.iuiy  alvo  c;ljsi  u,-,,  that  Kifllt 
Edwar<l  struck  terror  into  the  French  ai  my,  by  i  or6  pieces 
of  cannon  ;  it  being  the  lirst  time  they  bad  met  such  thun- 
dering machines. 

In  the  li>t  <if  aids  rai»ed  for  the  redemption  of  King  John 
of  France,  in  I3(<N,  iiu  iiliun  is  made  of  an  ofHcer  in  the 
French  uriny  called  Muster  of  the  Kin-;'*  Cannon,  and  of 
his  providing  4  htrgi-  cannon  lor  thi'  garrison  of  Hartleur. 
But  Father  (fimiel,  in  Ids  Life  of  Philip<if  X'aUiit,  pro<luci-* 
a  prool  from  the  records  of  tlii-  chamlH-r  of  accounts  at 
Paris,  ihut  cannon  and  gunpowder  wrre  (iseil  in  the  year 
IJ38.  And  Du-Cungc  even  tiiids  nuniion  of  ihe  same 
engim-s  in  Frois»art,and  other  French  bistoriam>,  some  time 
earlier. 

The  Gern-ans  carry  the  invention  of  cannon  further 
back,  and  ascribe  ii  to  Albertus  Atagnns,  n  Dominican 
monk,  ab4iiii  the  year  \'2Hi.  But  Isaac  \'i>si>ius -tinits 
cannon  in  China  upwards  uf  ITOo  yeiirs  ap>;  being  uh-<1 
by  the  eni|HV<>r  Kitey,  in  the  year  of  Chiihl  ^i  j.  The  an* 
cientt  too,  of  F.urope  and  Asia,  ha<l  iIk  ir  liery  lubes,  or 
Canns,  which  being<luaded  wiib  pitch,  stones,  and  iron 
balls,  were  exploded  with  a  vehement  nuiM-,  smoke,  and 
great  eflecl. 

Cannon  were  formerly  made  ofavery  prrai  length,  which 
rendered  them  exceedingly  heavy,  and  iheir  use  very 
truuble-'ome  anil  confined.  But  it  has  lately  been  found 
by  experiment,  ihut  there  is  very  little  added  lo  the  force  of 
the  bull  by  a  greut  length  of  the  cannon;  and  therefore  they 
have  very  proix  rly  b4N'n  much  reduced  both  in  their  length 
and  Weight,  iind  n  ndered  easily  manageable  on  all  occa- 
sions. They  «ire  formerly  diitiiitiuished  by  many  bard 
and  terrible  names  but  are  now  only  named  from  ibe 
weight  of  their  ball;  as  u  6"  pounder,  a  12  |M>undur,  a  34 
pounder,  or  a  36"  pounder,  which  is  the  largest  siic  now 
used  by  the  English  fur  battering. 

CANON,  in  Algebra,  Arithmetic,  Geometry,  &c,  is  a 
gencial  rule  for  resolving  all  cases  of  a  like  nature  wub  the 
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prcwn)  iMf|iutv.  ['!  i)s  ihr  last  sitcp  of  every  equation  is 
a  rHtL'Hi,  .iiLri  It'  turned  into  words,  bi  r<iiiir<  :i  luir  ti>  r>  - 
solve  tilt  caM-ti  oi  qui'Slions  of  the  same  kiiul  vviili  lUiai  \n<y- 

P»>S4»ll 

THblc-s  1)1  fiitifs,  tnngrnts,  \c,  wtirilit-r  natural  or  arti- 
ficial, arc  nUo called  ca^^>ll^. 

C.»NON,  in  Ancic-nt  Music,  i*  a  mcthotl  of  dctcrmiDing 
ihc  intervals  of  mti»ic«l  notp*.  Ptdeiiiy,  rpji  ciiinj  itu-  Ari- 
(loxcnian  wny  of  mra.surinc  ihr  intervals  in  nlU^ic  by  the 
tnagnitllde  of  a  torn-,  furmcd  by  tlic  ditl'cri nCe  tictwrcn  a 
dnpcQte  and  a  dialnsaroD,  ihoi^i  tbat  Uicy  shouM  be 
dntinguisluNl  by  the  rtitm  wbidi  the  mividB  tenBinating 
tbow  iotervak  bear  to  one  snoiltcr,  wlu  n  considered  ac- 
_jM|tu(U>  tfaeirdfgreeof  aculcnciia  or  pniviiy  ;  which,  be- 
"Tnre  Anstoxcnus,  was  the  old  Pytbagort-ao  mcilwl.  lit- 
'SNh<Trforc  mndc  the  diapason  contiti  in  a  double  ratio;  the 
<liji|>t'nte  consist  in  n  si'«qviiiillcralc  ;  the  diHtrsiiHrun,  in  a 
v?q(iiicrliui) ;  nnd  the  lunt  it^olf,  in  a  seM|Uicictnve ;  and 
all  ibc  Othi^T^  intervals,  according  to  thi  |>rn|)i  nnm  nt  t  0 
.sounds  that  tcrminale  them  :  therefore,  lui^iiig  the  cnm>n, 
for  u  d«iet  iiiiniitelinc  of  any  len^li,  lie  show>  in  what  man- 
lii'i' it  nnist  be  cut,  to  represent  iho  respective  intervals : 
and  this  method  answers  exactly  to  experiments  in  the  dif- 
ferent lengthaof  nimica)  chords.  From  ihikcauan,  Ptolemy 
.-ind  hisfoUoawrs  have  been  called  Cuoiiiri;  asthflaeof 
Jfristoxenw  wm  called  Mu»ici. 

.CiAlliPKj^  Modem  Music,  is  a  thort  coinposition  of 
twHili^MWarti.  in  wUch  one  Inuls  and  ibe  other  iol- 
M^^ufsit  •  fnglM  •»  bonnd  up,  or  rr strained,  that  (he 
fitiliiwiii^  part  or  pans  miHt  pn-daely  npeat  the  aame 
Botea,  With  the  nine  degrcea  riling  or  felUuK,  which  were 
'  exprnied  by  due  htHtm  pan;  it  i>  thervfim  tied  to  so 
•trict  a  rute,  that  it  it  caltcd  canon, 

Porra/ Cahov,  a  lable  of  the,- -moveable  feasts,  showing 
the  day  of  i-lastcr,  and  the  other  feasts  dependinc  on  it, 
for  a  cyck-  nr  pi  run!  i>t  I ')  years.  It  is  said  that  the  Pascal 
Canon  ua«  litKi  ca>cu>HUuti  of  KutM-bitis  of  Cicsaren,  and 
that  It  was  made  by  order  of  the  cmi  .( :1  isl  .Ni<  0. 

CANOPUS,  a  narae  pven  by  soine  i>l  liie  oJd  astrono- 
mi  rs  t<i  a  !it.ir  mull  1  iIjc  2d  bend  of  Kridanus.  These 
writers  sny  that  the  river  in  the  heavens  is  not  the  llridaiius, 
bat  the  Nile,  and  that  this  star  coiniiienmrates  an  island 
Bade  by  that  river,  which  was  railed  by  the  aasM  name. 

Cakopu*  is  also  the  name  of  a  bright*tar  of  the  hrst 
^agilitodo  in  ihe  rodder  of  Argo,  one  of  tbe  »a(hcra 
coMtdlations.  Its  sittmtion,  as  given  by  several  antbon, 
at  diAcrenl  limes,  is  m  follon-^: 
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CAN  r.\l.l\'l".US.  iti  Architecture,  are  the  same  with 
(ooililli  .11^.  osri  pt  that  the  tin  ri'crarc  plain,  and  ihelnHer 
carved,  'riii-y  i"c  b  'tn  :i  l.iiwl  of  cartouvf,  Mi  .i'  r<|iKil 
di«tiiriri's  uihIl  t  ih>  c n  nn  ol  the  cornice  of  a  uuiliimg. 

C'j\N  ]  ( )N  (  Kiitv;,  1  11  ingenious  natural  philosopher, 
was  bitrn  at  Stroud,  in  Gloucestershire,  in  17  IS;  and  was 
pUced,  when  young,  under  the  care  of  Mr-  Davis,  an  able 
mathematician  of  that  place,  with  whom  he  learnt  the 
•  rudiments  of  arilbnu  lic,  kc.  He  next  proceeded  to  bighcr 
parts  of  the  mathematics,  and  particularly  to  algebra  and 
astronomy,  in  v»hicb  he  had  made  a  considerable  proprcss, 
wbeu  his  father  took  him  from  school  and  let  him  lo  leaio 
bn  own  buMMm,  wbidi  «aa  dwt  of  *  brMMMoih  weaver. 
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This  ^cuiD^tance  did  not  check  hit  leiil  for  iK  r^  jinng 
kiiowk-dgc.  All  his  leisure  time  was  dt  vnt.  a  ro  the  aisi- 
<iii  ,ns  rultivaticn  of  science  ;  and  he  haii  :i.i\v  iirf|iiired  a 
'  :  I  1:  I,  ,'  I.  I-  III'  a.tiiincimy  tn  cuculnte  Juiiar 
eciipsesf.ini  c'tlii  r  |  n  iion>eiiii,  atiii  (o  ninsii  ucb  various 
kinils  ui  MiiL-ilir.l',.  u  hirh  he  did  at  times  when  he  iiocht 
to  have  slept,  and  without  the  knowledge  of  his  tiithrr,  who 
feared  that  the  pr(i«*  cutioh  of  such  ttvdiet  Alight  injure  his 
health.  U  was  during  this  discoiiregFment,  and  at  these 
houn,  that  he  computed,  and  cut  upon  stone,  with  no 
belter  an  imtmment  than  a  coinnmn  Imite,  the  lines  of  a 
large  upright  sun-dial,  «n  which,  beside  the  hoar  of  tho 
day,  were  shown  the  sun'*  riiin&  his  place  in  the  fdiptict 
nnd  tome  other  particulars.  When  tW  was  IhdsiMdwid 
made  hnowa  to  his  father,  he  pvmitted  it  to  be  placed 
against  the  front  othis  houie,  where  it  excited  the  admi- 
ration of  several  neighbouring  gentlemen,  and  intrrHluced 
yount>  Canton  to  their  acquaintance,  which  nas  folluweil 
by  the  oiler  of  the  u-i- nl  their  librarie*.  In  rh>'  iihr.ir\  ^f 
one  of  these  gentlemen  he  found  Muriiu's  rhili^npfuoal 
Gramniai,  >\hi<  h  w^s  the  tii^t  li.vik  iluit  ',:;i\e  h\m  ;i  taste 
tor  natural  philosophy.  In  itie  pi>sM>$isii>ti  ol  aiioiber  geii' 
tieman  he  lirsl  »aw  a  |>air  of  globes  ;  a  circumstance  that 
ftflbrdi  d  him  great  pleasure,  from  tbe  arret  ease  wilh  whids 
be  cuuld  resolve  those  prohhmis  be  lad  hitherto  been  ac- 

customed  lo  compute. 

Among  f>thcr  pcisons  with  whom  our  author  became 
aci|tiaintrd  in  early  lif<^  was  Dr,  Henry  Miles  of  Tootiii|; 
who  perceiving  that  be  poatuaed  abilities  too  promiiiag  ti> 
be  confineil  within  the  narnw  limits  of  a  conhtsy  town,  ■ 
prevailed  on  his  ftther  to  permit  him  to  come  to  London. 
Accordingly  be  arrived  M  the  mvttO|MiHi  the  4th  of  Mardi 
1737,  and  resided  with  Or.  Miles  At  Tooting  till  the  (Sth 
of  May  following;  when  be  articled  liimself,  for  the  ti  rm 
of  5 years,  as  an  assistant  to  Mr.  Samuel  Watkiiis.  iiinvtcr 
of  an  academy  in  Spital  Squan-.  in  this  sitiKititm  hiR  iri- 
^nuity,  dilieeiiCP,  and  prudence,  were  so  <iihliii::uisr,(  il, 
that  (iti  itie  e.\|>ii,iln)r,  ol  h)^  »rrwtu<Ji'  iji  Mny  I74'.3,  lie 
was  taken  into  partnersliip  with  Mr.  WaiiiinsiorSycais^ 
which  gentleman  he  afterwards  succeeded  io  tlw  schoo^ 
and  there  continual  during  histvhule  life. 

Towards  llie  end  of  I7*i,  electricity  received  a  great 
improvement  by  the  discovery  «f  the  famous  Ix-yden  phial. 
Tbisevent  turned  ihu  ibuu^liu  oi  most  of  the  philoso* 
dwi*  «f  £ui«ptt4o  that  branch  of  nauiral  philosophy;  and 
Canten,  «rho  was  ane  of  |he  fint  lo  repeat  and  to  pumo 
the  experiment,  fouod  his  endeavours  rewarded  by  many 
discoverie«.— Toward*  tbe  end  of  I74j|i,  he  was  engag^ 
with  hi-,  ft  tend,  the  late  ingrniotit  Benjamin  Robioi,  in 
making  e.vperimenls  to  determine  the  height  to  which 
mrki'l'-  limy  be  made  to  ascend,  and  at  what  distance  their 
light  may  i)e  strti. —  In  XJHO  was  rciid  al  the  Roval  So- 
ciety Mr.  Canton's  "  .^lelhod.  of  makint;  Arti(:cj.(l  M.ij;. 
nets,  without  the  Use  of,  and  yet  (it  superir  r  tu.  Htiy  natu- 
rul  otirv,  '  'I"bi8  paper  procured  liiin  \i>:  liuiiD'.ir  (i|  liciiiir 
elected  a  member  of  the  Society,  and  the  piiheiilol  ihvir 
pold  im-dal.  'i  he  same  year  he  was  coniplimeuied  with 
the  degree  of  M.  A.  by  the  university  of  Aberdeen.  And 
in  1751  he  was  chosen  oneof  thacouncil  of  the  Royal 

Society. 

ill  175'2,  our  philosopher  was  so  fortunate  as  to  be  the 
first  person  in  England  wbOt  fay  attncttl^thoateciocfirw 
from  the  clouds  during  a  taimder^Mm,  verified  Dr. 
Franklin's  hypothesis  of  the  similariqr  «f  lifhtliilig  and 
electricity.  Next  year  his  paprreutltled  **  Ebcirical  1Sk« 
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fMrimentt,  with  an  •Itempt  Jo  account  for  their  Boveral 
pbenomriM,"  was  rrad  at  the;  Ruyal  Society;  in  which 
Mr.  Canton  mentiuns  hi«  having  diiCorerrU,  by  many  ex- 
periments, that  »omt'  ctoudt  were  in  a  potitive,  and  some 
in  a  ni-gativc  &tate  of  riectricity:  a  discovery  which  »aa 
alio  miuie  by  Dr.  Franklin  in  America  much  about  tlic 
same  time.  This  circunMtancc,  together  with  our  author's 
constant  defence  of  the  doctor's  hypothesis,  induce*!  that 
excellent  philosopher,  on  his  amval  in  England,  tu  pay 
Mr.  Canton  a  visit,  and  gave  rise  to  a  iHondship  which 
ever  after  continued  between  iheni.— In  the  I^ie»'  Diary 
for  1756,  our  author  answered  the  prize  query  that  had 
bnen  proposed  in  the  preceding  year. concerning  the  meteor 
called  shooting-stars.  The  solution,  though  only  sigm.'d 
A.  M.  was  so  satisfactory  to  his  friend,  the  excellent  ma- 
thematician Mr.  Thomas  Simpson,  who  then  conducted 
that  ingenious  and  useful  little  work,  that  he  sent  Mr. 
Canton  the  price,  accompanied  with  a  note,  in  which  he 
said  he  was  sure  that  he  was  not  mistaken  in  the  author 
of  it,  as  no  corresp»ndent  besides  him,  could  have  given 
that  answer. — Our  philosopher's  next  communication  to 
the  public  was  •  letter  in  the  Gentleman's  Magaiinc  for 
September  1759,  on  the  electrical  properties  of  the  tour- 
malin, in  which  the  laws  of  that  wonderful  stone  are  laid 
down  in  a  very  concise  and  elegant  manner.  On  the  13th 
of  December  in  the  same  year,  was  read  at  the  Royal  So- 
ciety, An  attempt  to  account  for  the  Regular  Diurnal 
Variation  of  the  Horizontal  Magnetic  Needle ;  and  also  for 
its  Irregular  Variation  at  the  time  of  an  Aurora  Borealis. 
A  complete  year's  observations  of  the  diurnal  variations 
of  the  needle  are  annexed  to  the  paper. — Nov.  5,  176l, 
our  author  communicated  to  the  Royal  Society  an  ac- 
count of  the  Transit  of  Venus  of  the  6ih  of  June  that  year, 
observed  in  Spilal-square;  aud  in  \76i  a  letter  addressed 
by  him  to  Dr.  Franklin  was  read,  containing  some  remarks 
on  Mr.  Delaval's  electrical  experiments.  On  the  l6th  of 
Dec.  the  same  year,  another  curious  addition  was  made 
by  him  to  philosophical  knowledge,  in  a  paper  entitlrxl 
Experiments  to  prove  that  Water  is  not  Incompressible. 
And  on  Nov.  8,  the  year  following,  were  road  before  the 
Society,  his  farther  Experiments  and  Observations  on 
the  Compressibility  of  Water,  and  some  other  Fluids. 
Tliese  experiments  are  a  complete  refutation  of  the  famous 
Florentine  experiment,  which  so  many  philosophers  have 
mentioned  a.s  a  proof  of  the  incoropressibility  of  water.  For 
this  communication  he  received  the  Society's  gold  medal. 

In  176H  our  author  communicated  to  the  Society,  An 
easy  method  of  malting  a  piii>sph(>ru>  lliat  will  imbibe  and 
emit  light  like  the  llolognian  Stonr ;  » ith  experiments  and 
observations.  When  he  first  showed  to  Dr.  Franklin  the 
instantam-ous  light  acquired  by  some  of  this  phosphorus 
from  the  m-ar  discharge  of  an  eleciritied  bottle,  the  doctor 
4mmrdiaiely  exclaimed, "  And  God  Mtid,  Let  there  be  light, 
and  there  was  light." 

..  The  Dean  and  Chapter  of  St.  Paul's  having,  in  a  letter, 
dated  March  0°,  1 76'9,  requested  the  opinion  of  the  Rnyal 
Society  relative  to  the  best  method  of  fixing  electrical 
cnnductors  to  preserve  that  catheilrul  from  injury  by  light- 
ning, Mr.  Canton  was  uiie  of  the  committee  appointed  to 
tuke  the  letter  into  consideration,  ami  to  report  their  opi- 
nion thereon.  The  gentlemen  who  joined  him  in  this  bu- 
nnies* were,  Mr.  Delaval,  Dr.  Franklin,  Dr.  Wat&oo,  and 
Mr.  Wilson.  Their  report  was  made  on  the  8th  of  June 
following;  aad  the  mode  recuromrndcd  by  them  has  been 
VgL.  1. 


carried  into  execution.  Our  author's  last  communication 
to  the  Royal  Society,  was  u  pb[ht  read  Dec.  21,  17b"9, 
containing  Experiments  to  prute  iliui  the  LumiiiousneM 
of  the  Sea  arises  from  the  Putiet'actioii  of  its  animal  Sub- 
stances. 

Besides  the  papers  above  mentioned,  Mr.  Canton  wrote 
a  number  of  others,  both  in  the  earlier  and  the  Utter  pans 
of  his  life,  which  a|ipearcd  in  several  publications,  and 
particularly  in  the  Gentlemun's  .Magazine. — He  died  of  a 
dropsy,  the  i'2d  of  March,  1772,  in  the  54th  year  of  hu 
age. 

CAPACITY,  is  the  solid  content  of  any  body.  Also 
our  hollow  measures  for  com,  beer,  wine,  ice,  arc  called 
roensurei  of  capacity. 

Capacity,  in  the  Modem  Doctrine  of  Heat,  signifies 
the  proportional  capability  of  a  given  quaiililyof  any  sub- 
Stance  to  absorb  and  retain  caloric;  or  that  disposition  or 
properly  by  which  various  bodies  respectively  require  more 
or  less  of  this  tluid  to  superinduce  any  given  temperature 
in  a  given  mass.    See  Caloric  and  Temperature. 

CAPE,  or  PromoiUory,  is  ajiy  high  land  running  out 
with  a  point  into  the  sea;  as  Cap«  Verde,  Cape  Horn,  the 
Cape  of  Good  Hope,  6lc. 

CAPELLA,  a  bright  star  of  the  first  reagnitiuJe,  in  the 
left  shoulder  of  .Auriga. 

Capillary  7'u6ej,  in  Physics,  are  very  minute  pipes, 
whose  canals  are  exceedingly  narrow ;  being  so  called  from 
their  resemblance  to  a  hair  in  smallncss.  Their  usual  dia- 
meter may  be  from ^  to  .^of  as  inch:  though  Dr.  Hooke 
assure*  us  that  he  drew  tubes  in  the  flame  of  a  lamp  much 
smaller,  and  resembling  a  spider's  thread. 

The  Atcmi  qf  Water,  Ifc,  in  capillary  tubes,  is  a  noted 
phenomenon  in  philosophy.  Take  several  small  glass  tubes, 
of  different  diameters,  and  open  at  both  ends;  immerse 
them  a  little  way  in  water,  and  the  fluid  will  be  seen  10 
stand  higher  in  the  tubes  than  the  surface  of  the  watrt 
without,  and  higher  as  the  lube  is  smaller,  almost  in  the 
reciprocal  ratio  of  the  diameter  of  the  tube;  and  that  both 
in  open  air  aiid  in  vacuo.  The  greatest  height  to  which 
Dr.  Hookc  ever  observed  the  water  to  stand,  in  the  smallest 
tubes,  was  ^1  inches  above  the  surface  in  the  vTssel. 

From  this  property,  of  a  higher  ascent  in  smaller  tulics, 
a  neat  experiment  exhibits  a  pleasing  appearance  in  this 
manner:  Select  a  number  of  these  glass  tubes  all  diff(>rent 
in  their  diameter,  from  the  very  smallest  to  the  largest  siie; 
fix  these  against  a  small  piece  of  board,  all  parallel  antL 
near  to  each  other,  with  their  lower  ends  all  on  a  level/ 
and  so  as  that  the  tubes  may  succeed  each  other  in  a  re- 
gular gradation,  from  the  smallest  to  the  largest;  then  dip 
the  whole  machine  into  water  with  the  lower  ends  equally 
immersed,  and  it  will  be  seen  that,  by  the  fluid  ascending 
to  different  heights  in  the  tubes,  the  tops  of  the  columns 
will  appear  to  form  a  regular  curve  line,  being  highest  in 
the  smallest  tube,  and  lowest  in  the  largest;  and  if  the 
water  be  a  lillle  tinged  with  cochineal,  or  ink,  ttc,  it  will 
render  the  effect  more  visible  and  plru!>ing. — A  more  pleas- 
ing variety  of  ihis  experinnnt  is  made  in  the  follouiiig 
manner :  I'akc  two  equal  square  piec«'*  of  perfectly  fliit 
glass,  of  any  convenient  size,  6  or  8  inches,  for  instance,  on 
each  side;  connect  two  of  their  equal  edges  close  together 
by  any  means,  but  separate  their  opposite  edges  a  little 
from  each  other,  by  fixiii;;  a  small  bit  of  chip,  &c,  be- 
tween them,  so  a>  to  give  llie  two  llie  appearance  ol  a  very 
thin  wedge,  which  will  repiesmt,  and  have  the  ellctt  i>f, 
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Ha  Mtlm  Bimiiier  of  tanOgnam  tubte  m  dtmoied  p«ni>- 
MU>  thfe  laid  dMnl  iM  tmmi  lbrilM»,'«r«p- 
pinfi  the  bdOoms  ra  the  coloured  water,  tbb  wBI  b*  tttn 

to  Hsccnd  up  botwei  II  ih»'  two  (i!anp<<,  highest  6n  ifie  side 
next  their  rliwetl  e-iges,  but  gruduully  luwer  towards  the 
o|)pi Mie  >itli  5,  the  (op  of  ihc  fluid  fotmilip  n  rf«ol.-ir  hy- 
peibtilic  curve  liuf,  lo  «liicli  the  closed  ed|j;e»  and  the  but- 
tunt  are  seen  as  the  asymptotes. 

This  ascent  niul  snspemion  of  ti.r  water  in  the  tube,  is 
by  I>r.  Jtiiin.  Mi.  Ilauksbee,  and  tithrr  pbih>t.ophcrs,  a»- 
crib«d  to  the  auraction  ol'  the  |)cripber>'  the  concave 
wrruce  of  ibo  t  a  b<>,  to  m  hieh  tbe  Bppferrariace  of.tbe  water 
is  Contiguous  and  adlierfs. 

'1  his  docs  not  however  happen  unifitrmly  the  asmc  in  all 
fittidi,  loBc  Mandini  bigber  tban  utbeiB}  and  in  quicksil* 
vtr  tbe  ocmtniry  tak«  place,  aa  tint  AhU  $taod>  lowH 
witiiiK  Ibe  tabe  than  its  nifteain  Ae  w*Mfl»  and  the  lower 
m  tlM  tub*  is  «ni*ll^.  See  PIdlaa.  Tnm.  Mo.  S53,  ftc,  or 
Cote's  Hydr.  and  PiMiat.  Uet  d.  S65.  But  these  eflectt 
suppose  that  the  lubes  are  n«cd  in  (he  clean  state  tn  which 
thi'v  iiTc  n  i!iiriil!v  pre^ind-d  ;  fur,  by  certain  precautions, 
ineit  ury  inny  Ix  shij«n  lo  have  a  like  elevation  iibo>e  the 
lc*e).  Anil  II  llio  niirnii:  of  fiv^i-  lubes  be  coated  over 
with  Rreasy  niHUer,  tuch  us  <iil  or  tallow,  the  usual  effect 
vNili  nut  taki  pl.ice,  »>  tlir  tUiiil  will  rrtam  its  level. 

Another  plitiKiim  non  of  these  tube?  is,  thai  such  of  them 
a»  would  only  nuiurally  discharge  water  by  drops,  «hcn 
electrified,  yiekl  a  cont^m-d  and  accetenied  stream  ;  and 
the  acceleration  is  proportional  to  die  sUutitnvSs  of  the 
tnbi!;  iiKteed,  the  ewct  oC  dcttficity  is  t6  eoosiderable, 
tint  it  produces  a  edntiniMd  Ateatn  from  a  veiy  small 
tube,  out  of  which  tlM  Wafer  b&d  iiM  Mbre  beef)  aMe  to 
drop.  Priestley's  Hist.  Elc«tr.  %wt,  voL  I,  p.  Ifl,  od. 
94. 

n«CClelAlt«d|Allosupher,  Uplace,  has  Vrritten  pretty 
fblly  OA  the  theory  of  this  capillary  attraction,  confirming 
the  opinfon  of  Jurin  and  flnuk^bec,  Al-c,  above  mentioned, 
tind  expl.lillifi};  it  by  iTUillirmiilii  al  r;ili:iif;itl"ii',  in  llir 
.Supplement  to  ilie  lOih  bi  ui  hss  (  i  Ir-tiul  MiThanic*, 
on  Capillary  AffractioM,  On  tins  subject,  sec  also  Dr. 
Young's  paptT  oti  (he  cuheSKin  of  fluiiK,  iii  the  Philos. 
Trans,  for  ISO.^,  or  in  his  Nalural  I'hilus.  vol  2;  or  Gre- 
gory's Mechanics,  vol.  l,p.  3^3;  or,  translation  of  Haijy's 
Nat.  Philos.  vol.  1,  p.  158$  Micbolson's  Journal,  Not.  74, 
76,  N.&;  or  Retraispcct  of  Philosophical  Discoveries,  No. 

Among  the  vferious  methods  of  determining  the  diam^ 
ter  of  a  imilbrBi  capillaiy  tube,  the  feUowing  appeafs  the 
he«t  and  most  aecurate.    Pour  into  the  tube  a  cerlahi 

quantity  of  mercury,  whose  weight  in  troy  grains  is  w.  and 

measure  carefully  the  Icngih,  /,  of  the  tube  which  it  oc- 
cupies, then  is  the  diameter,  d  =  -0192323  v'j-  for  the 

specific  gravity  of  mercury  beincl356"8,  aciihic  inch  weighs 
3435-16  grains;  hence,  1;  <l*t  k  •7Rj"'is  .34.1  j- 16 
gnins:tti: .   Whence,  multiplying  extremes  and  nieaiu,&c, 

CAPir.\l,in  Archittelure,  (lii>  uppt  rmost  part  of  a 
rnluniii  or  )ntiisier,  -lervin^  us  a  beml  or  crowning  to  it, 
bcuia  pl.iceil  immediatel)  over  the  shaft,  and  under  the 
entablature.  It  is  made  differently  in  the  diflerent  oiden^ 
and  is  that  indeed  wUch  chiefly  disOigniihis  the  orden 
theniiehes. 
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CAf  ITilt  4f « IMm  'Man  imaginary  Ihte  divWing  any 
iMk  into  tWto  Affal  and  similar  p.iris ;  or  a  line  drawn 
from  the  nuiIo  of  the  polygon  to  the  point  of  tbc  bastiow. 
or  from  the  ptka  of  iho  bastion  to  the  middl*  of  the 

gorge. 

CAPONiritF..  or  r.i  dm  MI  R  F,  m  Fortification,  is  ■ 
p.lsMiije  iiiiiili  from  one  \si>rk  to  aniilher,  of  10  or  1'.!  feet 
,  aiitl  n\v  Ml  Ir-c  \rr[  il.  i  CL-vereil  on  each  bide  by  a 
parapet,  irrtniiialKV  m  n  l; I iii  is  or  slope :  soiiielimea  it  is 
Covered  with  planki  .i-i  l  i.-rih. 

CAPUA,  or  the  She  ^oat,  a  narae  given  to  the  star  Ca» 
ttella,  on  Ihc  left  shoulder  of  Auriga;  and  sonwtimesto  the 
funbtellation  Capricorn.  Some  afuio  represent  Capm  as 
a rantdlation  in  the  nortberu  beniiipben-,  c<ni<i>ting  ut  :> 
fttia,  coiniriscd  between  the  4Sih  and  »sik  dcgiee  oC  ia- 
lltade.  TIm  pocis  Csble  her  to  be  AmalthM**  |B«t>  which 
SMkled  Jupiter  in  his  infaocy. 

CAPRICORN,  the  Oaal,  a  «»them  e«ii<it«'1lation,.an4 
the  lOih  sign  of  the  mdiac,  aa  abo  «iieof  the  48  originai 
comtellationi  receised  by  the  Glvehs  from  the  Egyptians. 
The  figure  uf  this  ?'.^n  is  drnun  ic>  haviiii;  the  fore  part  of  a 
gont,  but  liic  lllll<f^^  part  ot'  a  n>ii ;  and  scunetimes  simply 
under  the  form  of  a  t:<i.r.  In  wntin;;,  it  it  denoted  bv  a 
chnrsrtiT  n-pn-^endnu  ilii;  ciookeii  horns  of  a  goal's  biad, 
thu-i  >f. 

The  Ktam  III  ihis  constellation,  in  Ptolen.y's  and  Tycho's 
catalogue,  are  2S ;  in  that  of  Hevelius,  3.0;  thoufth  it  is  to 
be  temarfced  that  one  of  ihntoi'  in  the  tail,  of  the  6th  mog- 
nilnde,  marlced  tbe  97th  in  lycho's  book,  was  kethi 
velius's  lime.   FlamKced  fives  61  stars  to  this  sign. 

Tmpic  i/CArateoilVt  •  imaM  ciicic  of  tbe  >p4icto,  pa- 
nlM  to  the ei|«Mi(ir,paaliiif  tbnMgh  liw  Vnfftmrng^ Ow- 
priooflk,  «r  flwirittifer  nlMoe^al'  the  point  wf  the  aw^ 
gfeaiat  MUlh  declination. 

CAPSTAN,  a  large  massy  column  shaped  lihe  a  trtm- 
cated  cone;  being  set  upright  on  the  deck  of  •  ihif>,  and 
tiirfted  by  levers  or  bars,  passing  through  holes  in  its  upp<T 
< Mreroity.  'I'he  capstsn  i«  a  kiliil  of  perpeluul  lewr,  or 
an  axi«-in-poritrochi(i,  which,  by  inisins  ol  u  sitroiig  lopt- 
or  cable  pasteij  round  »erves  lo  rai»e  very  great  weight*; 
such  as  to  hoist  sails,  to  ueiyh  the  anchors,  to  draw  the 
vessels  on  sbon-,  and  hoist  ihcin  up  to  be  refit(e(l,atc. 

CAPUT  Uraconis,  or  dragon's  liettd,  a  name  giren  fay 
some  to  a  fixed  stHr  of  the  Ink  ma|iiitwl%  in  tkfaod  4f 
the  constellation  Draco. 

CARACT,orCA»AT,  a  namefietn  lo  the  weight  which 
escpmws  ihedi!gice  of  (aodMmorliiiciieatof  fold.  Tbe 
whole  quHiuiiy  of  nelol  fa  coniideicd  as  cooiiaiiNg  of  M 
paita,  which  we  the  owMa;  a»  dml  die  «at«t  is  dM 
C4th  pan  of  the  sriitde :  this  carat  ii  4iiMtA  iaio  «  eMil 
partN  called  gmiu  of  •  cafal,aBd  dm  giuaa  iato  hMsea 
■n<l  quarters. 

Wlu  n  gold  il  purified  to  the  utmost  degree  possible,  so 
thiit  It  l.s.'s  no  more  by  further  trials,  it  is  considered  as 
quite  i)ure,  umiI  said  tii  be  2-t  cufals  line;  if  it  lose  I  carat, 
or  1  '^  tih  I'l  puril'yinB,  it  was  of  S3  carats  tine;  and  il  it 
lose  0  ciu.i;',  It  was      carats  fine;  and  so  on. 

CAIU'.^S.S,  is  a  hollow  case  formed  ol  ribs  of  iron,  and 
covered  ovx-r  with  pitched  cloth,  &c,  about  the  si»c  of 
bomWhclls;  or  sometimes  made  all  of  iron  except  two  or 
three  holes  for  the  fire  to  blase  through.  These  wcte  filled 
with  Tnrious  combustibles,  to  fire  bouses,  when  thrown  oat 
of  mortars  into  besieged  placesi 

CABCAVl  (Pan»m),wiahomatlfoi^hatiswbit 


CAR  I 

j-fsr  i»  not  known.  Ho  v>tt<  rouns.cllor  to  lIu"  P«rli*in<mt 
1  r  I'oiiUjtisi-,  i\\(ird»  (iiunM-llor  to  the  gnunl  council, 
mill  kn  jicr  u|  II-  ktii'i's  liliiiiry.  He  ua*  ii|)|)L>inti  il  ^lo- 
niftriciun  to  tin  Is'iicii  At  :,ih  i.\v  ul' SciiMicii  iii  Idl/d.uiul 
iJii'd  ul  I'aris  in  luM.  'J  l.i  i>'  un-  rMant  h)Iii<-  k'tUT>  ol' 
bi>,  prinud  aiiMHi;;  liio'^c  ni  l)i  v  ("arlis. 

CAUDAN  (HinHON  V  su  Ub,  or  Jj.iuiM),  (n  c  of  the  most 
C'.vlraiirdir.jr)  ^.  riusci  i>f  Ijia  agr,  wad  lioiu  at  Havia,  iu 
Italy,  Sept.  24,  ]jOI.  At  i  )>'iii's  old  he  wus  cniritd  to 
Mimi,  bis  father  U-ing  an  advoculc  and  pbyvician  in  that 
Oty:  M  the  agp  of  20  be  ciiten-d  ibc  uniwrkiiy  of  the  sumc 
city,  Md  jnwecaM  bia  atmlim  «ritb,great  succch.  In  1 5'2i 
h«  went  10  Fadoa,  ind  the  nnc  yctir  wns  admitted  tp  the 


] 


.c  A  n 


matbrroaticf,  and  the  other  scit-nfcs,  than  the  most  pnrt  rf 
his  Contcmporniicii  will'  li.irl  iipplicd  tlii'insiU but  U.  nur 
of  tliusp  .sciences.  In  |i.irl;<  iilar,  he  was  pi  ihaps  ifii  \ nt 
iil;;i'l:'r:vi^t  ul  titm-,  a  M.-ii:;cc  in  \\l;iLh  \w  ni.tiii'  L;ii.;;t 
iiiiprovtinenls;  and  his  kibnur*  in  cubic  ccjuatiims  i->|ic.. 
dally  hu\c  rrndfrcd  his  ii.niie  immortal,  the  ruh's  lor  n. 
solving  thoin  having  ever  sinci"  borne  his  name,  and  ate 
likely  to  do  so  lonj;  as  this  iiciencc  i'.\isl«,  although  fie 
n  cuivcd  the  6^1  knr>»  Ii  ili:;<  of  ih<  in  doni  another  pPHon { 
the  account  of  which,  and  liis  lii'-jnilt-^  w itb l^rtaleBt  have 
been  given  at  large  under  the  utticiv  AlCEBRA. 
Sca.IigeT  affirm*,  that  Cardan,  having  by  astrology  pre* 

„.  , .      dieted  and  fixed  the  time  of  bia  death,  abktAinad  Irotn  all 

degree  of  moaler  of  am,  and  the  year  followioig,  that  of  food,  in  order  tbat  hii  prediction  nuj^t  bo  vcririi  d,  and 
doctor  of  physic  He  married  tbcrat  tlM  year  1591  j  and  that  bii  eonliananco  lo  live  miglit  not  diwretHt  hb  art 


became  profcour  of  mathvmatics  at  Milan  in  tSSS.  In 
1339  he  vvas  ftilmiitc'd  a  iiunibir  uf  the  cnlStne  of  physi- 
cians at  Milan;  in  l.^  t-^  he  irad  public  hctures  ii\  medi- 
cine thorr,  and  the  same  at  PaM.i  ti.c  yrur  following ;  but 
in  coiiscnuencc  ol  uon-pBymc!.!  "I  liib  ^^alitiy,  he  discon- 
tinued them,  and  rel.iriird  to  MlUn. 

lnI552  he  wcntintoScoilai-d,  hHvin;^  bueii  si-tit  for  by  ihc 
archbishop  of  St.  Andrcv»'i,  to  cure  hmi  ii(  an  afilictiiig 
asthma,  after  trying  the  phy<>icians  of  the  king  of  Frajice 
and  of  the  emperor  of  Germany,  without  receiving  any 
benefit.    He  began  to  recover  from  the  day  that  Cardan  ^and  Capricorn. 


It  it  further  remailcable,  that  Cardan's  father  abo  died  in 

this  manner,  in  the  year  1621,  having  abst.iiiiecl  fV"jii  sus- 
tenance for  nine  days.  0\ir  iiiithor,  too,  iiit'orini  ii5  llml 
hi-        r-r  liLiil  ',v|r  t(-  '.yr'.,  iiiul  could  M'<  in  llir  r.iglil-timi  . 

C.MiUl.NA!.  l'o!!\t!,,  in  tiiugiapliy,  art!  tliu  ttt»t,  west, 
north,  and  s  n-l;  pmnts  of  the  horizon. 

Cardinal  Points  of  the  JTecrms,  or  nf  a  S'lilirily,  arr 
the  rising  and  setting  of  the  sun,  the  zenith  .md  In. 

Cardiv.il  &^«,are  thote  at  (he  four  quartcrS|^or  the 
equinoxes  and 


^ifPUt  tnote  at  tuc  lour  quarters,  or  lite 
Ml«lk(a»vli^  the  tignt  Aiiei^libta,  Cancer, 


pretcrilcd  for  him :  our  author  returned  at  the  end  of  6 
weeks  and  3  days,  leaving  him  prescriptions  which  in  two 
years  wrought  a  complete  cure.  On  this  visit  Cardan 
passed  through  London,  and  cvlculaled  King  Edward's 
■ativiiy ;  being  Iknouf  for  hit  prelmiioM  in  aitrologjr,  at 
well  as  his  »kill  in  mathematics  and  medicine.  Returninc 
to  Milan,  ufb-r  4  months  absence,  he  rcraained  there  till 
Uie  beginning  of  Oct.  1 552  ;  anil  then  went  to  I'avia,  from 
Wlieiicc  he  wa<.  invited  lo  Butogtm  in  156'2.  He  taught  in 
thl>  lust  city  till  the  yeai   !  at  v»!iirli  time  he  wa> 

thrown  into  prison;  but  ioine  months  iificr  i.i'  vvas  Hiit 
homo  to  his  own  house.  He  quitted  BoIu;;na  in  I.l/I  ; 
and  went  to  Iloroe,  where  he  lived  for  some  time  uiiliout 
any  public  employment.  Ho  was  howevi  r  aiimiitid  a 
aiember  of  the  college  of  physician!,  unci  received  a  pen- 
sion from  the  I'ope,  till  the  time  of  hi»  dealli,  which  hap- 
pcned  at  Rome  un  the  'iUt  of  S('|it<  mbcr  Ii75. 

Caidan,  at  the  same  time  that  he  w  as  one  of  the  greatest 
gldllNa  aod  OMit  kaniod  men  of  his  aw,  in  all  Sio  *ci»  .  are  evident.,  vo,  t|uit, 
enecsiwaaooeof  ihoiMttaecciMrieaDdndEleinoonductof  miywhcte  r«  av  ,^n, 
all  men  thatever  lived;  dcMmiiw  every  food  pti^ple  and  c«/  or  44  it  s  «•  or  ^a, 
opiniun,  and  wiibout  one  ntaw  in  the  worn.  Tbewmc 
cMpriciousiiess  that  w»&  remarluilile  in  bis  outward  con- 
duct, i»  also  observable  in  the  composition  of  his  numerous 
and  eUli  iiatr  m  i  rk^.  In  m.uiy  of  his  tn  atises  llie  reader 
is  stopped  almost  every  inonieiU  by  theobsturity  of  his  text, 
or  by  digressions  from  the  point  in  hand.  In  his  arithme- 
tical writings  iheri'  are  several  discour«-s  on  the  inolions 
«f  the  planet-.,  on  the  creutinn,  on  tlioTov.cr  of  Dalu  1,  and 
such  like.  And  the  apology  which  he  made  lor  these  fre- 
quent digressions  is,  that  be  might  by  that  means  enlarge  nod 
till  op  hit  book,  his  bargain  with  the  bookseller  being  at  so 
mncll  per  sheet;  and  thai  he  worked  as  much  for  bis  daily 
ettppartaaCDrfiunaJriicLyonsedition  of  hi*  W9rk9.  printed 
in  lUfiSit  eomilll  mT  M  Mt  tbno  10  voltmies  folio. 


Ca  ant  HAL  Kindt,  arc  those  that  blow  from  the  fuur 
cardinal  points,  via,  tile  east,  west,  north, and  sooth  winds. 

CAKDIOIDE;  the  name  of  •  carve  so  caUod  ty  twf 
tilliani'— ^int  it  was  fint  tcwMd  cf  by  iCoenaa,  mid  bf 
Can<.  See  Philot.  iW^.  1741,  and  Menoins  deVAcaJ. 
1705* 

'    The  GurdiMe  Ulhu  gt' 

Derated,  a  vb  isacircle,and 
AB  its  diameter.  Through 
<jiii  I  xtrcinity  A  of  the 
diiinieter  draw  any  num- 
ber of  lines  atq,  cutting 
the  circle  in  p;  up4in  theie 
set  off  always  ru  ec;ual  lo 
the  diameter  ab;  to  shall 
the  points  Q  be  always  in 
the  curve  of  the  cardioide. 

From  this  generation  of  the  cuTvc^  its  cUef  propertiaa 


r  always  bisects  gg. 
'  The  cardioide  is  an  algebraical  curve,  and  the  etiuation 
expressing  its  nature  is  thns  patting    •  - 

a  =  A  n  the  diameter, 
J  =  CD  perp.  to  un, 
y  =  TM)  perp.  to  ao;  then  is 
y'  -  Gay"  1-  2iY  -  6aiy     1'        ?   _  n 

-+•  12«y- 8<r>  +  Sa'r»   ^  — 
which  is  ihe  equation  of  the  curve. 

.M:iny  )iroperties  of  the  cardi9ide  may  be  seen  in  the 
places  above  cited. 
CARRE'  (Lewis),  an  ingenious  mathematician  and 


Shilosopher,  v^as  born  in  the  year  \66S,  in  the  province  of 
irie  in  FiBBCe.  llis.fath«r,  a  sohatantial  farmer,  intend^ 
CanWs  mind,  it  caanot  be  denied  tbat  he  caltivated  it  Uai  for  thechaicli.  Bot,  after  golns  through  the  usual 
>iih  every  species  of  Itnoirlcdfe,  and  made  a  greater  pro-  eonaa.flf  ^SuCflSien  tor  that  purpose,  and  M^^'V*"  ■^'f 
jccss  in  pbilusopby,  in  the  medical  art,  in  astvonuroy,  in   avenion  la  it,  «e  reliMd  to  enter  op6n  that  nwctaoa }  by 
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which  be  incurred  hl^  Isihfr's  d»pi«u<iure.  liis  retourctt 
being  thus  cut  off,  ho  was  obliged  to  quit  the  univemty, 
Md  look- into  the  world  for. some  cmpluyroent.  In  thii 
txigsuef  he  hud  the  guud-fcirtunc  to  be  eugBgcd  as  an 
•OMOensis  by  the  celebrsted  Father  Malcbnuiche ;  by 
which  he  found  hiro!>clf  at  once  tr«ii»ported  from  the  niaxr« 
«f  teholutic  darkness,  to  the  sottioe  of  tbe  moct  brilliani 
and  ori^^MDcd  ]>hilos4»phy.  Under  tbb  fsmt  nuMH  h» 
■tjudiad  mthematics  and  the  jM«t  •ttbUiM  metntapia. 
After Kven  yearst  spent  in  fhii  excellent  ichool,  H.  CtM 
found  it  neccvsary,  in  order  to  procure  himself  some  less 
precarious  I'stablishmcnt,  to  teach  roathcmalics  and  philo- 
sojiliy  in  Paris;  but  especially  that  philosophy  which,  on 
account  of  its  tendency  to  improve  our  morals,  h<  valued 
more  thnn  all  tho  muthomalics  in  the  world.  And  ac- 
cordingly hii  greatest  tare  was  to  male**  ^comftry  5cr\e  ns 
an  introduction  to  his  well-belovod  rn<.'liipli)^ic>.. 

Must  of  Carri-'«  r'  pil*  «ere  ol  the  f«r  iex.  The  first 
rif  thcw,  who  Mil  i  fi'iviil  ifial  his  language  was  rather 
tbo  ri  \e[»'  of  (.-IcjTaiit  and  correct,  ii>I(l  liim  plcatantlr 
tbut,  IIS  an  uckiiouli  figment  fur  the  palnn  hi-  took  to  WMb 
ber  philosonhy,  j»he  Mould  teach  him  Fceitc^ ;  and  he  ever 
•  after  owned  tl^t  bcr  ktion  were  of  gmt  wrrioe  to  hiini 

In  general  heieamed  to  set  BUe  valti*  on  the  |eiiiu«  of 
women  than  that  of  men. 

M.  Viiui;  although  he  gpve  the  pfrfhciiea  to  the  mrta- 
phy>ics,  (lilt  not  neglect  miubcmatics;  and  while  b« tangbt 
both.  111-  took  care  to  maVc  MmM-lf  ncijuniiilcJ  with  all 
•  the  now  di»C(>vi-ri«-«  in  (111- latli-r.  This  w;is  nil  titat  his 
rotistani  attendam  i  i;n  his  |ui|iils  «i>liUI  nilow  Inni  to  ciu, 
till  the  year  l697,  when  M.  Vanpnoii,  st>  reniarkahlr  lor 
hit  extreme  scrupulousness  in  tho  choice  of  his  rRvrs, 
took  M.  Carr^  to  him  in  that  station.  Soon^fter,  vix,  in 
the  year  1 700,  our  author,  thinking  himself  bound  to  do 
soiuething  that  might  render  him  worthy  nf  that  title,  pub- 
liibed  the  tir>i  complete  work  on  the  Integra)  Calculus, 
under  the  title  of  "  A  method  of  measuring  Surfacei  and 
Solids,  and  finding  their  C'ntrrs  of  Gravity,  FHCBIiiDBt 
and  Osciilation."  Uoafierward*  discovcmt  Mme  ctran 
'  in  the  woifc.  mm!  wh  ondid  enonigh  to  «m  tad  eocreet 
them  in  •  luhenitaent  tditioo. , 

Ift  •  thort  time  M.  Cuni'  heeane  aaodate,  and  at 
leng^  one  of  the  pensioners  of  the  Academy.  And  as 
this  was  a  suflkienl  establishment  for  one,  who  knew  so 
well  how  to  kci  p  Ins  cJesiirs  uahin  just  bounds,  he  gave 
innisill'  lip  ciiiirely  to  Miuly  ;  and  m  he  enjoyed  the  ap- 
pointmrril  oiMcftianician,  hi-  applied  bini!.ilf  mure  par- 
lit  ulurly  to  iiu  chanics.  Hi'  took  also  a  burvcy  of  every 
li'anch  relating  to  niUbic  ;  such  aii  the  Hoctiinc  of  sounds, 
tiie  d<'»c option  of  musical  instruments;  though  he  de- 
spised the  practice  of  roasic,  as  a  mere  s<-nsual  pleasure. 
Some  sketches  of  his  ingrouity  and  industry  in  this  tray 
mtf  he  aeen  in  the  McnuHia  of  the  French  Academy  of 
Sciences.  He  also  compoeed  some  treatises  on  other 
branches  of  natural  pKlosopby,  and  some  on  roatberaa* 

•  tical  snUccts;  all  which  he  bequeathed  to  thaV  MlatlrioHS 
body}  Ihmiah  it  do<i  not  appear  that  any  of  them  have 

-yet  been  published,  b  it  not  ontikeiy  that  he  was  hin-^ 
dered  from  putting  the  last  hand  lo  them  by  a  train  of  dis- 
orders proceeding  from  a  bad  digestion,  which,  after  ha- 
nssing  him  during  the  course  of  five  or  six  years,  at 

.  length  bfoit^t  him  m  Ihegraw  in  171lf  V  4S  |ean  of 
age. 

His  roecioir'.  ptintc.i  ia  the  lolunifn  of  the  Acndeo^j 

•  trtth  the  years  ot  the  ii«lutites,.aio  as  below. 
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1.  Kcctificatiun  of  Curie  Lioe*  by  Tang^ents :  1701. 

2.  Solmkm  vt  k  Pmh.  proposed  to  OcbtDetridia,  dic^ 

1701. 

3.  Reflectiofw  on  the  Tabic  of  Kquaiions  :  1701. 

4.  On  the  Cause  of  tbe  Rcfnictiun  of  Light :  170f. 

5.  Why  the  Tides  are  always  augmenting  from  Brat  to 
St.  Halo,  and  diminiahing  along  the  coasts  of  NonMMdy : 
I7««. 

6.  NMHherand  Nunei  of  liniilcnllntmmentt:  IfOt. 

7.  On  the  Yinegar  which  noiBe  samll  stones  to  roll 
upon  an  inclined  plane :  1703. 

8.  On  tbe  Rrctiiication  ttc,  of  the  Canities  by  rulkc^ 
tion:  1703. 

9.  Method  for  the  Reclifjcation  of  Curves:  1704. 

10.  Oljsvrvatioiis  on  the  Production  of  Sound:  1704. 
1  1.  On  a  Curve  formed  from  a  Circle;  I70j. 

r:.  On  the  lU'fraction  of  Mur<ket-ba|b in  WBtCT,  tltdoA 
the  Resistance  ui  that  tiuid  :  1 70^. 

13.  Experiments  on  Capillary  Tubes :  1705. 

14.  On  the  Propoition  of  Pipes  to  have  a  determinalc 
quantity  of  water:  1705. 

11.  On  the  Laws  of  Motion:  1706. 

16.  On  the  Properties  of  Pendultnu  i  with  some  Mw 
properties  of  the  Faimbofait  1707. 

I7>  On  the  PraponioM  of  Qrlinden  tUt  their  eMiidl 
may  form  themtnical  chiyds:  17019. 

18.  On  the  Eloitidty  of  the  Air:  1710. 

Ip.  On  Catoptrics:  1710. 

■20.  On  the  Monochord:  in  the  Machitics,  torn.  l,with 
^omP  otliiT  picrc*,  not  nialln'matiral, 

CAnUIAC;!'.,  'if  'I  Cjimion,  l^  ilic  machine  upon  which 
it  is  moiiiiK'd  ;  s.'tvir.e  to  point  or  direct  it  for  fill Dg*  ant 
to  convey  it  Inmi  place  to  place. 

Wheel  CARRtACR,  nne  that  is  mounted  and  moved 
about  upon  wheels.  Hors(-s  draw  in  general,  to  most  ad* 
vantage,  when  the  direction  of  their  draft  i»  parallel  tO' 
the  ground,  or  rather  a  little  upwards.  A  carriage  also 
goes  easiest  when  tbe  centre  of  gravity  is  placed  very  high; 
tSBCe,  when  fl«n  pat  in  motion,  it  continur*  it  with 
Htllt  lihoar  to  the  horifs. 

CARTES  (Rb>i  nn)t  mm  ot  the  most  eminent  phi^ 
lotophen  and  mnthemntieians  of  the  17ih  century,  or  in- 
deed of  any  age  whatever.  He  was  descended  of  an  ar>- 
cirnl  noble  family  inTouraine  in  France,  being  u  youn^r 
Son  of  a  cnuiiM  llor  in  the  parliament  of  Reniic-,  .tnH  w  as 
horn  March  31,  I  5.t)f».  His  father  E«v«  him  n  liberal  (du»- 
Cation,  and  the  nion-  so  ai  lu-  'ih^nvtd  (11  iiitn  thr  appear* 
ance of  a  promising  gcniu:;,  U'-o:^  to  call  liini  the  PhiloM^ 
pher,  on  account  of  his  in^ntiaf  lr  r'.irin>ity  in  asking  tho 
reasons  of  every  thing  that  he  did  not  understand. - 

ffe  soon  made  a  remarkable  progress  in  his  studies,  and 
from  hi«  infancy  !,howed  a  decided  taste  lor  natural  and 
philosophical  knowltrdge.  Disgusted  with  the  Jaigim  of . 
an  absurd  philosophy,  be  found  only  in  mathematics  the 
certainty  with  which  he  was  cbarni^.  He  gave  himself, 
tip  chiefly  to  this  KietMOt  and  thence  he  derived  the  moit 
•did  and  indisputed  part  of  his  leaowa.  Yef  this  phih>- 
•opher,  tvho  m\^h\  others  to  thiiih»  who  hnko  tho  eoho  of 
antiquity,  and  re-established  reason  on  her  throne,  this  very 
Des  Canes,  ^vas  himself  led  astray  by  his  iinaginittion.  Let 
us  re¥pitt  Ills  errors;  lor  never  did  an  ordinary  man  fall 
into  the  like.  His  ciilite  of  Vortices,  like  the  philosophy 
of  Aristotle-,  lia>  lici  r.  tieinolii(hrd  by  the  efforts  of  ht»  suc- 
cessors ;  th'JUgh  lll^  systorn  tt'iifui  iii:,i;  tlu-  iintnrc  of  aiii- 
ma]s»  ia  which  be  saw  tvo  principle  wpetior  to  niech»> 
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lujjn,  still  dividn  the  literary  world.  But  if  wc  do  not 
alwaj-s  find  iruih  in  the  works  ofDes  Cartt-s,  we  arc  at  no 
low  to  trace  t-vident  marks  of  gpnius.  Thut  philn>o[)Iii-r 
was  a  profounil  ihinker,  and  spent  hislif'  In  miIiIuiU-  In 
vain  did  Cardinal  Kichclieii,  in  the  name  of  ibc  king,  offer 
him  imporiuni  posts;  he  preferred  liii  retirement  to  the 
•iavery  of  tionoar^.  Yet,  yielding  to  the  urgent  luUcita- 
tioM"  of  Quren  Christina  of  Sweden,  who  n  i'^hed  to  see  ud 


(  A  R 


I  will  jlinw  it  to  you.  Which  a  wlnlc  nflrr  lie  ilnl:  ynd 
on  piTiisal  of  it,  Robervai  exclaimed  with  .((^in  iiiln  ii,  // 
I'a  r-u  '  il  I'll  tit  '  He  had  seen  it  '  he  hud  ircn  u  '  tiinJing 
sill  tti.i'.  Hi  Harriot  which  he  had  belon'  admired  in  Drt 
Cartes,  und  not  doubting  but  that  Des  Cartel  bad  it  from 
thence.    See  also  Montucla's  History  of  Mathnnaiics. 

The  real  improvement  of  Dn  Cartes  in  algebra  and  geo- 
mttiyt  1  bavc  particularly  treated  of  under  the  article 
amA ;  and  hi*  philosophical  docirinea  are  displajred  in 
thfl  Kriide  Cartssiak  Pkiloteplgf,  here  followrag.  H« 


converse  with  him,  he  npmifd  to  Stockholm.  But  the 
hoar*  of  their  inimiein  wtBB  not  nf  uktcd  by  the  bihitt 

«f  Oes  Cutni|  nor  eonfeniil  to  hh  Mtorc  That  mat  «w  newer  mrried,  bat  had  one  natural  daughiw,  who 

MB,  bom  with  a  weak  conttintiion,  which  was  rendefcd  dieil  wb(«  ihe  wai  five  wan  old.  'Tbem  have  been  Mva- 

■tUl  man  Miealo  by  hit  cntlon  of  meditating  in  bed,  rai  cditidft  of  hit  wohm^ and  eoamwmaries  upon  th«m  i 

eooM  not  loi^twtain  the  tiik  of  rising  every  morning  at  particoliny  thoK  of  Sehaotcn  on  hit  Geometry 


five  oVIoci,  in  the  winter  rigoim  of  a  northern  climaie, 
to  fepair  to  the  library  of  Christinn.    A  defluciion  on  the 
lungs  tern\iteiil<d  his  life  on  tiie  I  lib  iif  I'eliruary. 
In  1667,  his  ci)r|>^.L'  «u>  cuiiveyi-d  to  France,  uitil  is  now 
deposited  in  the  Puntheon  ai  Paris, 

"  Nature,"  savsA'cUairt,  "had  fnvoured  De»  Cartes  with 
BstiiiiiL;  (iiiil  clear  itnuijinstion,  whence  he  became  a  very 
singular  person,  both  in  private  life  and  in  his  manner  of 
rcauining.  1'his  imacination  could  nqt  be  concealed  even 
in  his  phi1u«iiphicai  writiiigt,  which  are  every  where 
adorned  with  very  briUiaot  ingniioua  metaphor*.  Natart 
had  almost  miide  him  a  pool ;  and  indeed  hie  wn»m  a  piece 
of  poetry  for  the  entertaiomeut  of  Chriatina,  queen  of 
den,  which  however  wat  wpptemed  in  honour  of  his  me- 

  He  ealended  the  linutt  of  RKimelry  as  far  b<>yond 


theplaee  where  he  fennd  thami,  as  Newton  did  after  him  ; 
tnd  fint  (aught  the  method  of  expres^m^  curves  by  equa- 
tkmt.  He  applied  thb geometrical  and  inventive  genius  to 
dioptrics,  which  when  treated  by  him  became  a  new  art ; 

anrlifliewa*  mi'>iuken  iti  Miiiir  ihiML:- ,  tin-  reason  is,  that  a 
roan  who  <ii>c<ivi  r'>  it  new  iriict  <>i  liiiul,  cannot  at  once 
know  all  the  p>roperti(-»  uf  tbe  soil.  'I  he«>e  who  civine  ;itiiT 
him,  and  nmke  thrs<'  lands  fruitful,  are  at  lejisl  obliged  to 
him  for  til'-  iliM.' iM-ry  "  \Oltaire  acknowledges,  thut  there 
arc  innunicruble  errors  in  the  rest  ot  Des  Cartes'*  works: 
but  adds,  that  geometry  was  a  guide  which  be  himself  had 
in  some  measure  formed,  and  which  would  have  safely 
Conducted  him  through  the  several  paths  of  natural  phi- 
loaophy :  yet  he  had  at  latt  abandoned  this  guide,  and 
gave  entirelyinto  the hwrnawroffifaminghypothein;  and 
then  nhiloaophjr  «ra>  no  more 
ic  only  10  omote  the  igporant* 

it  Mt  been  pretty  generally  acknouiMfMl,  liNt  |m  hor* 
rowed  his  improvements  in  algebra  from  Haniofi  Aitis 
Analytica;  Praxis;  which  is  highly  probable,  as  he  was  in 
Knsland  ab''Ut  the  time  when  llarrioi's  book  was  publish- 
I  fl.  aiiii  follotvs  the  manner  of  Harriot,  except  in  the  me- 
tiiod  of  notinu  the  powers.  On  this  head  the  following  anec- 
dote is  n-laled  by  Dr.  fVll,  in  Wallis's  Algebra,  pa.  I98. 
Sir  Charles  Cavendish,  then  resilient  in  Paris,  discoursing 
there  with  M.  Robervnl,  eoncerning  I)rs  Cartes'  (u  on;<  - 
try,  then  lately  published  :  i  admire,  said  Kobervjtl,  that 
method  in  Des  Cartes,  of  placing  all  the  terms  of  the  equa- 
tion on  one  side,  ntakinf  the  whole  equal  to  nothing,  and 
how  he  fell  upon  it.  *11ie  teMon  why  you  admire  it,  said 
Sir  Charles,  is  bccawaym  uva  Ficacbman}  for  if  you 
were  an  Eni(lishraai%  yon  wmuld  not  adnire  lfc  Why  so } 
aifced  Robervd.  BecaMit  replied  Sir  Charica,  wa  in  Eiu> 
land  know  whente'l^iHM'hi  namely,  firem  Harrioi't  AU 
|grbra.''  What  book  is  ihacy  says  Rubervat ;  1  never  saw 
«.  Nest  time  yoo  come  to  my  chamber,  said.  Sir  Gbartes, 


.  Cartesian  Philoiophy,  or  Canainnimi,  Ihe  system 
of  philoaophy  advatic»-d  by  Des  Cartes,  and  roaintaiiied  by 
his  followers,  the  Curte^inns. 

The  Cartesian  philosophy  i»  foundeil  on  two  ereat  prin- 
ciples, the  one  mclnphysicnl,  the  other  physical.  The 
metaphysical  one  is  this  :  1  think,  iherelori'  I  ,nn,  or  I 
exist:  the  phjMC:il  principle  i^,  that  nothing  e.vists  but 
substances.  Subsaance  he  makes  of  two  kinds ;  the  one 
asahstancc  that  thinks,  the  other  a  substance  e.xlcndedr 
so  that  actual  thought  and  actual  extension  make  the  e«> 
tcoec  of  aubitance. 

Theciiencc  of  matter  bein;:  thus  fixed  in  extenaion^ 
Det  Ckrtca  ranelndct  that  there  is  no  vacuum,  nor  any 
possibility  of  it  in  nature;  but  that  the  universe  ii  afaioiB 
iulely  full :  by  this  principle,  mere  space  is  quite  ex- 
cluded :  Cor  eateatjjaB  being  implied  in  the  idea  of  tpace,. 
matter  is  to  too.  ' 

Des  Cartes  defines  motion  to  be  the  Iraiulation  of  m 
body  from  the  neighbourhood  of  others  that  arc  in  con- 
tact with  It,  and  considered  u  at  rest,  to  the  neighbour- 
hood of  oilier  bmlies:  Uy  which  he  destroys  the  distinc- 
tiMii  il.  tu.tii  :rj-iiion  that  is  absolute  or  irisi,  anil  thiil 
which  IS  relative  or  apparent.  He  inauilniiis  that  the 
same  quantity  of  riiotmn  is  always  presi  rved  in  the  uni- 
verse, because  (rod  must  be  supposed  to  act  in  the  most'' 
Comtant  and  immutable  manner.  And  hence  alio  hO do* 
duC)'*  his  thr<-<'  laws  of  motion.    See  MorioN. 

On  ihoe  priiu'ipli'5,  Des  Carles  explains  mechanictdly 
how  the  world  was  formed,  and  how  the  present  ))hcnome- 
aaof  nature  came  to  arise.  He  supposes  that  God  created 
mailer  of  an  indefinite  extension,  which  heteaaiated  into- 
■mall  cable  poHloiia  ot  mattes.  Ml  of  uifimi  Alt  ho 
faprraied  two  nwlMnt  on  thit  matter }  tha  oat,  ky  which 
each  part  rteolwd  abont  known  centre ;  nnd  another,  by 
which  an  assemblage,  or  system  of  them,  tmned  round  a 
coroiiion  centre.  Kroin  whence  arose  as  many  difiefent 
vortices,  or  eddies,  as  tli  u<  re  diflerent  matiw  Of  mat-, 
ter,  thus  raos*n<i  alKiut  erjninn.n  ci'ntrcs. 

The  C"!!'-' rpi'.  nce  of  theso  motnin^  m  o.u  h  \  ;ir(rv,  aC— 
Ctjrdiiis;  to  Des  Caites,  is  as  follows:  ihe  parts  .1  n. alter 
could  n<jt  thus  move  and  revolve  among  oiieanotiu  r.  u  kK- 
out  havins  thi'ir  angles  gradlMlly  broken  ;  and  lhi»  ror.tj- 
nual  friction  of  pans  and  anglct  niust  produci-  ihret-  ele- 
ments: the  first  of  ibeae,  an  infihilely  fine  dusi,  tornied  of 
fhc  angles  brokwi  off ;  the  second,  the  spheres  remaining, 
after  all*  the  angular  patta  are  thus  removed;  and  those 

partichsnotyttrendcndi         — i— •  m 

iMiinlagiow«ftM«r  ' 
tUfdekment.  ^  , 

Now  the  Sitt  orsubtifcst  el«me«iaKoiPdii«  to  the  Uw*. 

of  motion,,  aoit  occnej  the  centre  of  eaebajn»w.  »tt 


I,  but  still< 
lovs.  parts,  <urm  the- 
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CASATI  (pAxri),  •  l«mwd  Jcntt,  born  •(  Pkceiiti« 
in  1617.  He  entered  Cftily  amung  the  Jt.'«uits;  and  aia  r 
having  tau(;lit  ni:ahcinulic>  and  divinity  ut  Rome,  lit-  V't'> 
M-ni  into  S.'  .  lirii  ii.  Li  uen  Qhriiitiuii,  wliuin  i,c  prevajU'ii 
un  tu  cmtiriMu.'  Uu;  pupikb  rdij^ion.  Ills  wriilngs  arc  a> 
ti)lly»'  : 

1.  Vacuum  I'runi  ti|)tum.— Trrra  Macbinis  oiot*.— 
3.  Mccbauicoruto,  libri  octo. — 4.  IX-  Igne  Dikkcrlatioiio. 
— 5.  Dp  Angclif  Di«]>utatio  Tiieolut^ — (i.  Hydra«tatic» 
Di!>M>rtatiut>cs. — 7.  Opticc  IMiyilUtiunc*.  It  i4>  remaikable 
that  ho  wrote  lhi«  iratiljw  OH  4|l)il3MA8^<Bn  of  ag^Uld 
after  be  wu!>  blind.  He  «M  klaO  MIthiOKSf  MVtml  huola 
ia  Ibe  Italian  lamiMgr- 

CASCABBU  lk»  knob  or  button  <^  metal  heUsd  tlie 
bmdi  of  a'cMwoa,  Mrwiig  aa  a  kiad  of -bamlk  by  which 


U'«,  by  rcuum  ui' ihi' »malliK-»»  of  it*  juUta:  and  this  i»  the 
inalli  r  \»iii>.  li  ( iiii-ililuteN  the  sun,  wilb  thf  fixt  .i  ht.irs 
ubovi-,  nrul  iln- iin  U-l<)».  Thl- wccmd  elftiu  iiuuU  up 
of  spheres,  llie  iitiiii/^iiliiTC,  uuii  ail  rtii'  iiiiitUT  U'- 

twci'li  ibe  I'.irlli  uiiil  the  livi  J  starb  ;  in  such  '■(■rt,  lhatlhc 
largest  •.[■lirii  *  uri'  alsvuv*  ii<  \l  llie  c  li  cum!'  leiu  !•  oi  lite 
Torlrx,  an<i  (he  smallesit  luxl  ii»  eeuirc.  l  lie  third  ele- 
ment, formed  uf  llie  irrojiular  particlt'ii,  m  the  matter  that 
conipoMtt  the  earth,  and  all  tcrrntrial  biHliei,  lu^etber 
with  comets  t|itits  in  tiMsaun,  tee. 

Ho  accoont*  far  the  tfavity  of  tcrmtrial  bodies  fr4Nn 
tba  eentrifugal  torn  of  the  aKher  icfolvii^  iwaad  dw 
earth:  and  00  tho  WHiMametal  priiiciph«  he  frHUui%  lo 
explain  thepheoomentt  oflhe  raai;n«t^  nad  lo  aooonntior 

■II  the  otber  operatioos  m  natiuc  _  .  ^  ,  

Tbft  Cartetian  »)-«tem  bat  received  many  allcKMiinwMd  todevatoaaddincltbepidce^tawhichMnieaddtbafllot 


ninendmenti;  ingenious  men,  for  full  a  century,  employit^ 
their  talents  in  refurroiiig  one  part,  and  new^modelling 
another;  Lut  ji  is  now  generally  acknowledged  that  the 
foundatiiiii  laiilty,  nnd  the  «.>ipnMructuro  erronedus  ; 
»0  tluit  llie  |;il»iic,  thi)U{;h  allinved  to  bi'  a  work  ol  i;eiiiu5, 
1-^  nbnii>'ioiu  il  to  nr^lec'l  uikI  ruui,  uikI  i^  pointed  at  as  u 
nieiiKirial  of  |)hiloMipbitul  preitumption. 

CAHI  OL  C  IJfc,  m  the  Military  An,  a  com?  of  wood, 
about  3  inches  thick  at  the  bottom,  girt  with  marlin, hold- 
ing about  400  muaitet  balU,  besides  6  or  K  balU  of  iron  c»f 
•  MMwl  wejgbl,  tofaoAmd  fna  hmriiMn  lor  thedefcaee 
:  oTft  paM,  die. 

(MBTIU|il|iE,  in  Ibe  Military  Art,  the  chwgB  or  load 
of  a  iie«n».  «nppcd  ap  in  a  thick  pap«r,  paat^oaid,.or 


yid  ogees  as  far  asihe  liaBe>fim. 

CASEMATE,  orCASIMATI,  ia  Fortification,  a  kind 

i;f  i  r  lu  h.  of  stone-work,  in  ihut  part  of  the  flank 
(i!  ii  L;i~'.  Mil  ui-\i  liic  cuitaiu;  nerving  asa  battery,  to  defend 
tlii  ),!<  <  (1  J.  I  [ipoMtc  buition,  and  the  moat  or  ditch. 

It  is  mm  ;il;J;.ni  w^'il,  because  llic  batlf-rios  of  the  enemy 
arc  apt  to  bury  the  artilU  ry  ot  iIj:  (.o^t  [■.-..itc  m  tin  l  uiru  of 
the  vault:  be!>ide,  liie  ^reat  siiiolie  made  by  tbc  diKbargc 
of  the  cannon,  reiulr:,  it  intolerable  to  the  men.  Sotliat, 
instead  of  tbe  sncieitt  covered  ca»einates,  later  cncinccrs 
have  contrived  open  ones,  only  guarded  by  a  para(H  t, 

CAsauATK,  or  Cas£MBKT,  iu  Architectnrr,  a  koUow 
moulding,  wbkh  tome  aicbiiects  make  ^  of  a  circle,  and 
others     Casement  it  alto  tiicdfor  a  small  moraahlewuip 


ofa  iie«rafti  wrapped  ap  inn  thick  paper, paatefaoaid,.or  others  ^  Casement  italto  tiicdfor  a  small  moraahlewuip 

Mfchmant,  to  be  die  mora  readily  charged,  or  conwyiBd  dow,  usually  within  ■  laig^t  bring  mad«  open  to  tnm  on 

into  the  piece.  Caiiridgcn  ofcannoo  and  moftanare  ueaally  hiineii 

incKitesof  pasteboard,  or  tin,  lomotimet  of  wood  half  a      CASEttNS,  orCazXKiia,  in  Tbrfillcatioa,iman  rooms. 


foot  long  ;  takin;;  up  the  place  of  the  bullet  in  the  piece  to 
whose  caliber  tbe  diameter  is  proportioned.  Those  of 
i!i;j-h'''>,  i  i-ioU,  luiii  siii.ill-;irins,  only  coiiiam  ilic  charge 
of  powder,  «uiialiall  viiappeil  up  in  thick  paper. 

Flrtiiiii  I  rnrtrnii;iii  an  now  preforreil,  because  they  do 
not  retain  liic  lire,  and  are  tberelon:  U'i.^  liable  to  acci- 
dents in  loadiii;;.  A  purebmeiit  cap  li  inailu  to  cover 
them,  in  order  to  preirent  tbe  dust  of  powder  from  passiiig 
thnnigllt  them,  wUeh  it  taken  offhefbn  thay  are  put  into 


pockct-^le. 
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CAEY  (BoBMT).  •  teamed  Eqgfith  chivnolegir  nad 
di«tiM»  am  bo«M  at  Cixkiegloai>  in  the  coan^  of  Oevwi, 
•abont  the  year  16IS.   He  took  his  degrees  in  arts,  and 

LL.  D.  in  Oxlotd.  After  retuiiiini;  from  his  ttaveU  he  was 
preseiiied  lo  liii'  rectory  ol  I'oriiemouth,  near  Kinstsbrid^e 
111  Devon- MIC  :  liut  not  long  after  he  was  drawn  over  by 
the  prc.sbytcrian  ministers  to  their  party,  and  chosen  mo- 
derator in  that  part  of  the  m  cond  division  ai'  I  he  county  of 
Devon,  which  was  appointed  to  mci't  at  Kiiignbridge.  v\nd 
yet,  on  tbe  restonition  <if  Charles  the  2d,  he  was  one  of  the 
first  to  congratulate  that  prince  on  hi&  return,  and  soon 
•lier  was  preferred  to  the  archdeaconry  of  Exeter;  but 

jfAom  which  he  was  however  some  time  afterward  ejected. 

.^Sht  remainder  of  his  days  he  spent  at  his  rectory  at  Portle- 

Stutb,  and  died  in  \6n,  at  73  yean  of  age.— lie  pub- 
hcd  Pal^'<^^i:>  Chronica,  a  chronological  account  of  an- 
.acieat  tine*  in  three  pans   1,  Didactical;  2,  Apedidacii- 


or  hut»,  erected  between  the  ramparts  and  the  bouses  of 
fortitird  toun&,  or  even  un  the  rajnparts  thenselvvs ;  to 
serve  a5  lodgings  for  ibe  tuldicn  OH  ifflinediaia  dniy,  to 

case  the  garrison. 

CASF.rSHoT,  or  C  iNNisTKii-SiiOT,  are  a  number  of 
small  balls  put  into  a  round  tin  cannister,  and  su  shot  out 
of  great  guns.  These  have  supem-ilcd,  and  been  »ub- 
stituted  instead  of,  the  giapc'shot,  which  have  been  laid 
aside. 

CASSINI  {Joim-DoMiNic},  ^  eminent  astrouonierv 
was  bom  of  noble  parents,  ut  a  town  in  Piedmont  in  Italy, 
_         June  6,  lfi3&  After  laying  a  proper  fonndetioa  ia  hit 
n  Utllfrlower  than  tfeiight  ttndica  at  home,  he  vet  tent  to  oontinaa  them  in  a  colkgp 

of  Jesuits  at  Genoa.   He  had  an  uncommon  inm  tat 


E-Box,  a  ca»e  of  woflC^r  tniiaed  tion,  co- 
f  holduig  a  doaen  mmkc^ceitridgpi.  It 


I«tin  poetry,  which  be  esercited  to  wry  early,  tbattnnM 
of  his  poems  were  publisheil  when  he  was  but  11  years 
old.    At  length  he  met  with  books  of  attronoroy,  which 

ho  read  with  great  eagerness.  Pursuing  the  bent  of  hi»iii- 
cliiiaSiuiis  ill  ihis  way,  he  nmn  acipiiteil  a  very  extensive, 
knowlfd^iie  of  thesuliject,  ami  in  l()50  thescnateof  Bologna 
irsvitrd  him  to  be  their  pubi  c  mathematical  profei'aor. 
C'dvMi!!  w.iH  but  2:i  years  of  age  ivlieli  he  wi  nt  to  Bologna, 
where  be  tuught  mathematics,  ami  ma  le  tikttial  ohser- 
vatioiu  with  giral  care  .•»ml  assidniiv — In  u  comet 

appeared,  which  he  obNerved  with  great  accuracy  ;  and  he 
discovered  that  comets  were  not  boditt accidentally  geiMr- 
ratcd  in  the  atmosphere,  as  had  been  supposed,  bet  of  the 
same  nature,  and  prohnUy  gpverncJ  by  the  matahtVI,M 
the  planets,  llie  tame  yenr  he  resolved  an  1 
problem,  which  Kepler  and  BnUield  had  men  «pi 
aolenhle ;  vis,  to  determine  gaotnctriodty  tte  np 
eMMtricity  of  a  planet,  front  lit.  If  ye  IM I 
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In  iCSS,"'})*!!  u  church  in  Bologna  wn*  re|>;iirv(l  «od  en- 
llfgldtiM  obuintd  leave  of  (hi  m  into  tocon  ecj  ami  M-ttle 

II  mcridiiui  lino,  ivhieb  h»d  Ijcon  drxnvn  by  an  a'.ironomrr 

III  1575  — In  1637  he  Htti-ntk-d,  as  ;l»•(i^^lllt,  :i  noble* 
liuut,  wbo  was  scat  to  Rome  to  ci)iiipi>M- viniL-  ililfrrt-nci-s, 
«vhich  had  arisen  bctwern  Bolrignu  and  I'VrmiH,  rri>iii  the 
inundatiom  ot  the  Po;  and  hp  shownl  «o  inucb  tkill  and 
jadgmeiit  in  the  mana^mc-iit  ut  the  aflSur,  tbst  in 

thm  pop^a  bfottirr  apptjinteil  htm  inifMetnr  |«Mnl «( thm 
fumtMmat  flf  dw  cttik  of  Vrbino:  md  helwd  liktr* 
«PMib  «oiBaiflni  id  Um  ike  cm  of  tit  the  man  ia  dm 


Mcinwbile  he  did  not  neglect  his Sltrntioinkal (tttdkt, 

but  cultivated  them  with  "reat  rare.  He  made  aevcral 
(lisri'\  rit^  irUtive  to  the  f/ium-ts  Mar>.  ;inrl  \'!  riu^,  pani- 
cuUily  the  revolution  of  Mhis  ^Ivni;  a\!^  ;  hdt  the 
point  he-  had  chicHy  in  \irw,  ^va^  to  ^^tllc  u\'  .Knirate 
thiDry  of  Jupilt  r's  satcliilfR;  which,  after  much  labour 
and  oliM  fVHtuili,  he  happily  effected,  and  published  kftt 
Hoini ,  nmonn  other  astronomical  pieces,  in  iWtf. 

PicHid,  the  i-'ietich  astronomer,  getting  Canini's  tables 
of  JiipiterV  snielliir>,  found  them  so  very  exact,  tlMt  he 
conceivnl  the  hii:he>t  opinion  of  his  «kill  ;  and  front  thet 
t:ro«  his  fame  incrfa«ed  ao  fast  in  France,  that  the  govern' 
roent  d<'4ircd  to  have  bima  metuberof  the  Academv.  Cat* 
iini  howvvier  could  not  quit  his  ituion  wtthoot  tene  of 
lit  ««)Mrinn ;  and  iheielora  the  kinc.  Lmis  the  I4lh»  ic- 
qutted  of  the  and  Iho  MaiM  of  Bologna  tiMClMrini 
•right  he  iMtiiniied  to  come  into  France.  Lmvo  wm 
yanted  tn€ynn;  and  he  came  to  Paris  in  the  begin- 
ning of  i669,  where  he  was  immediately  madi-  flu-  king's 
njtrorHiiner.  When  this  term  of  6' years  iviii  nearly  e.\- 
pind,  the  pope  and  ttio  senate  of  B'lloeiia  inisivted  on  his 
n'lnrn,  on  pain  ni  n  rh  itint:  In?  n  vcnui'S  and  enmlumcnts, 
which  had  hitherto  txcn  fntliHilly  remitted  to  him:  but 
t^e  Biiiii'siiT  CoU>ert  ^lJtrtlth^tlllllli^t;  prevailed  on  him  to 
•»:ay,aii(l  he  was  naturalized  in  Ui;:l;  the  year  in  which 
he  was  married. 

The  Royal  Obsemtory  of  Paris  had  been  fioished  somo 
.  time.    'I'hcoccasioaofw being  built  was  this:  In 
lb*  cclcbntod  Mrneane  was  the  chief  inttiintor  and  pro- 
moter of  a  tucloty.  whoN  Mwnl  iitp^iou>  and  Icanied 
m«t  met  toMtlMr  to  talk  UMR  nhvtical  and  astraoonrical 


.  n|Mtt  vhytical 
nrbjecti ;  nmonf  whoni  mm  vmaendi,  DcacartM,  Mon- 
mort,  Tbexaut,  BoUiald,  our  countryman  Hobbet,  &c: 
and  thb  aocfety  was  kept  up  by  a  succession  of  learned 

men  fur  many  year'..  At  Scni^lli  ihc  ei  i\ c  rtiin<  nt  Con^idiT- 
ing  that  a  iiurr-b-.  r  ol  sulIi  men,  actini^  in  a  body,  would 
iucc<  <  il  111  .c)i  bctli  r  in  thr  promotion  of  scK  ric<%  than  if 
they  acted  vojiftrately,  each  111  his  particular  art  or  pro- 
vince, established  under  iIh-  (linrth::-  of  Colbert,  in  I066, 
the  Royal  Academy  of  Sciences:  and  I'urthc  advancement 
of  aatronoray  in  particular,  en'Cted  the  Royal  Obscrvutory 
at  Pans,  and  furnished  it  with  all  kinds  of  instruments 
that  were  necessary  to  make  observatinrw.  The  founda- 
tinn  of  this  noble  pile  was  laid  in  l667,  and  the  building 
completed  111  1670.  Of  this  observatory,  Cassini  wuaiH 
paiatod  the  lint  inhafaiier;  which  ho  took  powtHiaa  of  m 
Sept  1671.  In  1<^S  he  endcavowad  to  determine  die 
parallax  of  Man  and  dwimn:  and  InliS^hepraTedtbti 
the  diomal  rotation  of  Jn|Htcr  aboot  bii  ant  was  per- 
fonaed  in  9  hours  58  niinuteit,  from  the  motion  of  a  spot 
in  one  of  his  larger  belts  :  also  in  l6"84  he  discovered  four 
satellites  of  S.it:irn,  hi  sKii-*  that  which  Huygons  had  ob- 
served.   In  1690  be  published  a  new  cdiuon  of  his  Tables 


of  Jupiter'*  Satellitos,  correcied  by  later  ol>»crvaiioi«. 
In  \6SS  he  took  a  jourm  y  to  l.ologna,  to  examine  the 
meridian  line,  which  he  liud  li.\c<i  there  in  1656;  and  be 
iihowed,  in  tho  presence  of  eminent  matheroaticiant,  that 
it  had  not  VHri<Ml  in  the  least,  during  that  40  year*,  in 
1700  he  coniinueil  the  meridian  line  through  France, 
which  Picard  had  begun,  to  the  very  soothcrn  limits  of 
that  country. 

'  Onr  auibot  rrssded  at  the  royal  ohacratorj  for  maw 
than  40  jeoni  making  many  cxcattent  and  mcfiil  diieo> 
wftos.  The  ddea  of^his  pohlicatioas  occupy  maily  S  * 
pagM  in  the  cloaely  printed  index  of  llorier»  and  eoiiae* 

quentty  fiir  exceed  our  bounds  even  to  enumerate  in  this 

place.  He  had  the  misfortune  in  his  latter  years  to  iw  de- 
prived itt  hi-.  ^\'z''A\  i.iiil  licriiili  il  ;i  u^cfii)  and  honounllto' 
life  Scplirnbir  1  1th  l/l'.'.  at  the  ajje  i.l  S7  years. 

CASblNl  .1  \  M(j),  a  Celtb:at<rl  1  niith  aslronoiiier, 
and  member  i>l  tlie  several  Academies  i«t  bcieiiti-s  ol  Frdiice, 
England,  Pru>Ma,  and  Bologna,  wa»born  hI  l'aii«,  I'eb.  18, 
1677,  brinu  the  younger  son  of  Johii-lJuininic  Cassini, 
above  mmiionrd,  vvhum  he  succeeded  as  astronomer  al 
the  royal  observatory,  the  elder  son  having  lost  his  lifie  at 
the  battle  of  La  Hogue.  t-'-f- 

After  his  first  aludict  in  hit  father's  house,  in  whieh  itia 
not  to  be  supposed  that  amdiematics  and  astronomy  were 
tKgjkcKd,  be  wae  sent  to  Mudy  pbiknophy  al  the  Maa^ 

taoref^^dMMtia* fiwnirtme  *''^*'' *"* 

wba  prolited  wa  weR,  that  at  15  yean  of  age  hoM^artid 

a  mathemetkal  thesis  with  gma  honour.  At  the  ^ga  of 
17  he  wasadmittcd  amember  of  the  Academy  of  Seiencn; 

ami  the  same  year  he  nccompaiiied  hi>  futbt-r  in  hu  jour- 
ney to  Italy,  where  he  assisted  him  in  the  verificotion  of 
the  ineriilian  ut  Hologna,  and  other  m< .cu n  e  i m^.  On 
his  return  he  made  other  similar  operations  in  u  journey 
into  Holland,  w  :in'  !i<  il,  ;i:<i  .1  n  li  >onie  errors  in  thcmc*« 
sure  of  the  carcli  li)  Snell,  the  rvsult  uf  which  was  com- 
municated to  the  At-aderay  in  IfOS.  He  also  visited 
Eofland  in  16<>6,  where  be  vaanade  a  member  of  ibe 
Reiyal  Society. — In  1712  heaaecerded  his  father  aiaalio- 
nooKT  royal  at  the  observatory.— lo  17 17  be  gave  to  the 
Academy  his  researches  on  the  distance  of  ihr  fixed  staia, 
in  which  he  ahowed  that  the-whole  annnal  oitst,  of  near 
900  milllona  of  milei  tKamctrr,  is  bnt  aaa  pOHrt  in  eon- 
parison  of  thb  ditlance.  The  same  year  he  cbmmunicatad 
also  his  discoveries  concerning  the  inclination  of  Ibe  orbits 
of  the  satellite?  in  general,  aiwi  especially  of  tin  m  rX  Sa- 
turn's sHtellites  and  riiig.~ln  17'23  he  undertoolt  ludeler- 
mine  llie  cause  ol  the  moon's  libralion. 

in  I73'2  an  important  (jueslum  inastrnnoniv  eNrrrised 
the  ingenuity  o(  our  author.  His  father  bad  lii  ii  rniii  i  il, 
by  his  oijservatitn'.s,  that  the  planet  Venus  inatle  oik  c.  ni- 
pletiL  rrvohiii<jr.  ati-iut  her  axis  in  '23  hours:  and  M.  Hian- 
chint  had  piiblisbed  a  work  in  17*^9.  in  which  he  settled 
the  peiiad  of  the  same  revolulinn  nt  24  days  8  hours. 
From  an  examination  of  Bianchini's  observations,  which 
were  upon  the  spots  in  Vcnui,  he  discovered  that  he  had 
inMrmitled  his  ubservationa  for  the  duration  of  3  howa, 
fiom  which  came  hehnd  probably  mklakcn  new  spotHbr  the 
old  oma,  and  ao  had  been  M  Iqto  the  mistake.  He  eoOB 
aftccwaida  determined  the  nature  and  quantity  of  the  ac* 
celeration  of  the  motion  of  Jupiter,  at  half  a  aeeaad  per 
year,  and  of  that  of  the  retardation  of  Satora  al  two  mi- 
nutes per  year;  that  these  quantities  would  go  on  increits- 
ing  for  2000  years,  and  then  would  decrcaav  again. — In 
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1740  he  puUiibed  hi*  A*ttoiwinic*l  Tablet ;  and  hi»  Eit- 
nwnti  of  AitronoiDy;  both  of  which  on  wiy  tntman 

and  accurate  work*.  .    •    ,  ,     .  r 

Though  Mtrunomy  was  ihi-  pnncipHl  object  ot  our  «u- 
Iboi'*  fPiwifm'V'^  (lid  not  confine  himMlf  absolutely 
to  (hatbniichf  IptnUMle  occiuioiul  i-xcunions  into  other 
fields.  W«  owe  alto  |o  him,  for  ewunplc.  Experiments  on 
Electncily,  or  the  light  (wodnoed  1^  friction ;  Experi- 
mcnison  the  recoil  offirMnu;  IU»eOKhe»fl«thori»oof 
the  mercury  iu  the  barometer  M  diffei«*  h«»|ht»  »ho»e 
;i,rlo.loi  tli>>.aj  Reflection»on»heperf»c(iiif  of  horn- 
iiig-gUsbCii  iiud  other  memoir*. 

The  Ftencb  Ac4»doi:iy  h.nl  pni,K  il)!  judged  thatOMM 
iu  most  im|)ortan«  objects,  was  iIjo  mcasureraeot  Of  the 
earth.    In  I6C9  I'icard  raiasured  a  Imlc  more  than  a  de- 
gree of  latitude  to  the  north  of  Parn;  Init  iis  that  extent 
..•ppeaicd  loo  small  from  which  to  conclude  tin'  wholccir- 
vumfercDCc  with  »ufficKnc  accuracy,  it  wa»  resoitfcd  to 
.^QtiDue  that  roea^uremeni  on  the  meridian  of  Paris  to  tlii' 
^floMhwd  south,  through  the  whole  extent  of  the  country. 
AeOQtmgly,  in  1683.  M.  Lahirc  continued  that  uw 
(he  nofthaide  of  Peri»,  and  the  older  Casaini  that  on  the 
wmhiMffi   The  tatter  was  assisted  iu  1700  in  the  con* 
timniion  of  thk  opentioo  by  hii  ion  James.   The  same 
work  WM  fortber  contfawd  mr  the  Mme  Academicians; 
and  fiimlly  ihi  pari  leftttnfinjilwd  by  Labile  in  the  norOi, 
was  finished  in  17 1  --^  i>y  OUT  authpr,  with  the  late  HaiaMi, 
•  apd  I^^ihirc  tin-  ynuii^cr.  . 

Thm'  (lpt  rutJun^  produced  a  conwdcrable degree ofpie- 
cisioo.  It  appeared  ulso,  from  this  measured  extent  of  0 
degrees,  that  the  dtgrtra  wt  rc  of  different  lengths  in  dMfe- 
reot  parts  of  the  meridian;  and  in  such  sort  thit  our 
author  concluded,  in  the  vulumc  publishid  for  1718, 
that  they  decreased  more  and  more  towards  the  pole, 
and  that  therefore  the  figure  of  the  earth  was  that  of  an 
oblong  spheroid,  having  ith  h-ms  longer  ttiau  the  equa- 
torial diameter.  He  also  meaiured  tbe  perpefldirular  to 
theaame  meridian,  and  compared  the  measured  distance 
with  the  diSer<:occt  of  longitude,  as  before  determined  by 
ihe  eclipsee  of  Jupitec'e  lateltites ;  whence  he  inferred,  that 
the  length  of  the  degrees  of  longitnde  was  smaller  timn  it 
wonidbe  on  a  sphere,  and  that  thetefora  again  the  figure 
of  the  earth  wes  an  obloi»g»peroid  ;  contrary  to  the  deter- 
mination of  Newion  by  the  theory  of  gravity.  lo  C«M- 
quLiice  f>f  these  asbertions  of  our  aothoi^  the  moch  gl^ 
vcrarocnueiit  two  diflbrent  classes  of  mathematidaBi,  th* 
one  to  measure  a  degrr'c  at  the  equator,  and  the  other  at 
the  polar  circle  ;  aiul  the  comparison  of  the  whole  deter* 
minoit  the  n^uie  to  be  aa  obtale  tpharoid*  contiatj  to 

^CaMim's  Uclcrroination. 

After  a  long  and  laboiious  life,  our  author  JaitK~>  Cas- 
•ini  i«t  his  life  by  a  fall  in  April  17*6,  in  the  fiOih  year 
of  his  age,  and  was  «accecdi-d  in  the  Aeailemy  and  Obser- 
vatory by  his  second  son  Cesar-Franfois  dc  Thury.  He 
published  A  Treatise  on  ilic  Magnitude  and  Figure  of  the 
^Earthj  as  also  The  Elements  or  Theory  of  the  Planets, 
widi  tables ;  besides  a  great  number  of  papers  in  the  Me- 
moirs of  the  Academy,  from  the  year  I699  to  1 74*. 

CA^QJUUnaTHuaT  (CBSAR-FaAN(oi<i),a  ceMnp 
ted  l^fljjasiiiiiiinrri  director  of  the  observaloiyi  and 
meojf^  onBi  of  the  learned  locieliie*  of  Eanpr»  waa 
iKirn  at  I^iwlsToncl?.  i7I4.boag»he«eeoodioliofJawi 
Cii»i,Mii,  wJssfe  occupations  and  talcals  our  author  inh«- 
ntpd  and  support  id  with  great  honour.  He  received  his 
i  Aiat  ksswns  iu  astronomy  and  mathematics  from  M&t,  !&• 
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raldi  and  Camus;  and  his  progress  was  lo  great,  that  at  10 
ycari  of  age  he  was  able  to  cbJc  jI^lv  the  phases  of  the  h>tul 
ccln»c  of  the  sun  of  1727-    Ai  Uii.  age  of  18  he  acrum- 
paiiied  his  father  in  his  two  journeys  uml<  rtftLeti  foi  el  raw- 
ing the  perpendicular  to  ihc  obser'atory  meridian,  trpm 
Struibourg  to  Brest.     From  that  nine  a  general  chart  of 
France  was  devised  ;  for  which  purpose  It  was  necessary 
to  IraNrrie  the  f  ounlry  by  several  lines,  parallel  and  pei^ 
priidiL-ular  10  the  meridian  of  Pari>,  and  our  author  was 
intrusted  witli  this  business.    He  did  not  content  bimMlf 
with  th«  wanwe  of  a  degree  by  Picard ;  suspecting  evca 
tiiat  Ihe  Bcasure*  which  had  faeait  taken  by  his  rather  ami 
ere  not  exempt  from  aene  cnon  th«  imper- 
ions  of  their  instniments  at  least  would  he  Uahta  to,  he 
again  undertook  to  measure  the  meridian  at  Parn,  by  meant 
of  a  new  teries  of  triangles,  of  a  smaller  number,  and  more 
advantagpouvly  dijpoM  d.   Tl.i».  great  work  was  published 
in  17  to,  with  a  chart  iihowing  (he  new  meridian  of  Paiis, 
by  two  different  series  of  triangles,  passing  aU/iig  the  M-a- 
cc»u^l!l  to  Dayonne,  travertsing  the  frontiers  of  ^pain  t(j  ih" 
Mcditcrraneun  and  Anlibes,  and  thciur  aloii^  the  eahlerii 
limits  of  l''rance  to  Dunkirk,  with  paralhd  and  perpendi- 
cular lino*  described  at  the  distaiu  e  oi  (lOoo  toises  from 
one  anotlwr»  from  side  to  side  of  the  coiutry<— In  1735 
he  bad  been  received  into  the  acaden jr  a>  aiyoiat  nqKmU" 
merary  at  21  years  of  age. 

A  tour  which  our  author  made  in  Flandw,  in  cunapany 
with  the  kii^  about  1741*  gave  rise  to  the  particular  chart 
of  P^anoe»  «l  the  inatanca  « the  kin^  Casiiai  puUishad 
dIfllrreMwarka  nlativeto  thaw  dwitUb  ni  agiuat  umubar 
of  the  sbiets  of  the  charts  thegndvaa. 

I  n  1 7(^1  Cassini  undertook  an  cxpcditioa  into  Germany, 
for  the  purpose  of  continuing  to  Vienna  the  porpcodicular 
of  the  Paris  meridian;  tn  unite  ihr  trian^^les  ot  the  chart 
of  France  with  the  points  taken  ill  Germany;  to  prepare 
the  means  of  extending  into  this  country  the  same  plan  as 
in  IVancr;  and  thus  lo  e'-tatilisb  succes«ive!y  for  ijll  Lu- 
rope  a  most  useful  uniformity.  Our  author  was  at  Vienna 
the  6th  of  June  1761,  the  day  of  the  transit  ot  Venus  over 
the  sun,  of  which  he  ohserved  as  much  as  the  state  of  the 
weather  would  permit  him  to  do,  and  published  the  ac- 
count thereof  in  his  Voyage  en  Allemagnc. 

FlnaUy,  M.  Cassini,  always  meditating  the  perfection  of 
his  grand  design,  proposed  at  the  peace  between  Fnglaii 
and  France  in  1 78S,tliie  joining  of  cettain  points  takea.upoa 
the  English  coast  wiA  th««e  which  had  been  drtenninetl 
on  the  coast  of  France,  and  Aoa  lo  coonect  the  fncial 
chart  of  the  latter  with  that  of  the  British  isles,  like  as  he 
had  before  united  it  with  those  of  Flanders  and  Germany. 
The  proposal  was  favourably  received  by  the  English  go- 
vcrnn'.ciit,  and  presently  earned  into  elTect,  under  the  di- 
nc  tion  of  the  Royal  Society,  (be  c^eculiun  being  coia- 
miltevi  lo  the  lute  (leni  rul  Roy;  after  whose  death  the  bu- 
siness w.is  for  ioine  time  suspended;  but  It  was  afterwards 
rc*i\eii  under  the  auspices  of  ilie  Dukc  of  Richmond,  Ma- 
ster-General of  the  Ordnance,  and  the  execution  commit- 
ted to  the  care  of  Col.  Edward  Williams  and  Captain  (ouvr 
Cd.)  William  Mudge,  both  respectable  officers  of  the  Ar- 
tillery, and  Mr.  Isaac  Dalby,  who  bad  before  accompanied 
and  assisted  Geoerai  Royi  from  whose  united  skill  and 
leal  the  happiest  proiecntlonof  this  business  was  to  be  ex- 

E ted  i  as  It  has  sibce  besn  most  ably  completed  by  CoL 
d^  now'liaut.  Governor  of  the  Royal  Military  Aea^ 
demy  t  where  as  a  cadat  he  nocived  his  wathcMatical  ed»> 
calian  under  th*  diiectaoa  of  tha  author  of  this  Otetioaaiy. 
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•  The  voluiDrs  of  the  ^^^•moi^s  of  the  French  AcaHemy 
for  the  yean  betw<vn  1735  and  17^0  contain  a  prodieious 
number  of  papvr*  by  Caisini.  They  con^iiit  chicAy  of 
astrunornicalobservation&atid  quciitions;  amongwhichai^ 
Rncwchei  ooacening  ifcc  pudJax  of  Um  sim,  the  nooai 
Mm,  ud  VtwHi  Okaittoiioajnl  Mlft«(ioB%  aad'llM 
«llcct  emwd  ia  tkdr  qumi^  aad  lam  by  dM  wraiher ; 
MutMnmM  obwrntioM  on  a«  obliquity  of  ibe  ecliptic, 
■nd  on  the  hir  of  in  miuion>  in  ibon,  h«  cvlthtled 
■stronony  for  50  ycon,  s  (Period  th«  mott  important  for 
thut  scirnce  that  ever  elrtji'.C'!,  f^r  t'lo  nnw  nt  iil,- mid  va- 
riety ot  object*,  ill  which  he  commonly  sustaini  ii  a  consi- 
rierablr  shaio. 

M.  Cas'iini  was  of  a  very  strong;  and  vigorous  constitu- 
tion, wliicii  L.irricd  him  thniunh  the  many  laborious  opt- 
rations  in  gf<igraphy  and  astruiu>my  which  he  conducted. 
An  habitual  retention  of  urinei  however  rendered  the  last 
17  yrars  of  his  life  very  painful  and  distroking,  liH  it  was 
at  li  nglh  terminated  by  the  !imall-pox  the  4th  of  September 
17M,  in  the  7l8t  year  of  hit  age;  being  &uccpeded  in  the 
•ndeniy,  and  ts  director  of  the  observatory,  by  his  only 
•OB  Count  Joha-Oominie  Cmum  |  who  i>  the  4th  in  order 
by  direct  dewent  in  that  hononnUa  itatioiu 

CASSIOPEIA,  one  of  the  4S  dd  iMiMldktiMH^  |lac«a 
•ear  Cepbeua,  not  6r  limn  dm  JM«fh  pcde.  The  uieekt 
probably  received  thi«  figure,  as  they  did  the  rest,  from  the 
Egyptians,  and  in  their  fable*  added  it  to  the  family  in  the 
neighbouring  part  of  the  hi  svi  n^.  inakili!;  her  t!ie  wife  ot'. 
Cepheus  and  mother  of  Aiidr'imeda.  Tiiey  pretend  that 
she  was  placed  in  tin*  Mtuation,  to  behold  the  destruction 
of  her  favourite  daughter  Andromeda,  nlio  is  chained  i\ist 
by  her  on  the  shore,  lo  be  devoured ;  and  thi-.  as  a  pniii?h- 
ment  lor  her  pride  and  vanity  in  presuming  to  stand  the 
comparison  of  beauty  with  the  Nereids.  ^ 

In  the  year  1 572  there  bunt  out  all  at  once  in  thia  con- 
ateUatica  n  new  <.tar,  which  at  fint  turpaaied  Jupiter  him- 
iclf  in  majr.iiudc  and  brigbtncM}  but  itdiaunkhed  by  de- 
grees, till  it  quite  dii^appcared  at  the  end  of  18  month*. 
This  star  alaimed  all  the  ailMinMBers  of  that  age,  many  of 
arbom  wmta  <liewrlatioini  upew  k;  among  the  rest  Tycbo 
Brah^^  Kcpkr,  MauralycnSi  Imwus,  utamineus,  and 
otben.  Bcaa,  the  .Landgrave  of  Hrue,  Rom,  and  lome 
more,  wrote  to  prove  it  a  comet,  and  the  tame  that  appear- 
ed to  the  Magi  at  the  birth  of  Christ,  and  that  it  came  to 
declare  his  si  rond  coming:  these  were  ansuered  b\  Tycho. 

The  stars  in  the  constellation  of  Cassiopeia,  are  in  Pto- 
lemy's Catalogue  1.3,  in  U«fe)lns't97,  inTycbo'k46,  and 
in  Flamsteed's  55. 

CASTELI.I  (BEJfEniCT  Akdate),  an  eminent  mathe- 
matician, was  born  ofananciciuand  noble  family  at  Breccia, 
in  the  year  1577.  In  1595  he  entered  into  a  monastery 
of  the  order  of  St.  Benedict,  in  his  native  city.  ,  Me  was 
for  »oroe  time  a  disciple  of  Galileo  at  Florence,  and  assisted 
him  in  his  a.stronomical«bters%tions,  and  afterwards  niain> 
tained  a  regular  corretnondcnce  with  him.  Under  hia 
name,  the  apoleoy  of  GaliWo  agisimt  the  ccmnics  of  Lni* 
dovico  dalle  Colombe  and  Vincent  di  Oraaia  appealed, 
thovilk  k  waspijn^^lly  written  by  Galileo  himself.  From 
ifiiS  to  l6S5  be  occupied  the  mathematical  chair  at  Pisa. 
In  l625CaStelli  was  invited  lo  Ilnme  by  PnpeUrbun  viil, 
and  made  matheinnlical  prufcs-sor  m  the  eolSge  della  Sh- 
},ienza.  The  subji  rt  of  his  particular  .illi  iilion,  and  in  the 
mvestigitiioti  of  which  he  chiefly  excelled,  wjis  the  motion 
nf  water ;  and  in  l6s»  be  ptthHiihad  two  woiht  upon  it. 
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which  gained  much  rmoiation;  vij;,  The  Mensuration  of 
running  waters,  ami  weoaMttical  Ocmon^tmiions  of  tho 
menstiration  of  running  waters.  These  have  been  lately 
inserted  in  the  collection  of  the  author's  works  on  limilar 
topics,  priniad  at  Florencr.  with  other  treatises  on  dia  hu 

Cot  Vetuoe,  on  the  improvement  of  the  Pontioob  B»- 
„  «e,  Ferrarrse^  and  Romagncse  marshes,  Ice.  Gugliel- 
mini,  though  in  other  things  he  impugns  CaatelU,  allows 
him  the  honour  of  having  first  applied  geometry  to  (he 
motion  of  water;  and  Moniucia  (Hist.  Math.  t.  2,  p.  301) 
calls  him  "  The  creator  of  a  new  pert  of  hydmnUca."  He 
died  at  Koine  in  1644. 

(  AS  I  OR.  u  nioii  ty  of  ilio  c<iri-tel1aiii  ri  Gemini;  called 
aUo  Ap'illo.  Al'o  a  s!ar  iii  lliis  (■.■n»ti'll;ttiaii,  whoM:  lati- 
tude, lor  the  year  1700.  accurdrn;;  to  Hevrlius,  WOB 
10"  1'  '20  north  ;  and  longitude  sa  10*  V  14"- 
CAS  roU  /:mi  PoLLi/X.  S<e  Gemini. 
CASTOR  and  Pollu.x,  in  Meteorology,  is  a  fiery  me- 
teor, which  at  sea  appears  sometimes  adhering  to  a  part  of 
the  ship,  in  the  form  of  a  ball,  or  even  several  balls.  Wbeb 
one  is  seen  alone,  it  is  properly  called  Helena;  but  two  are 
called  Castor  and  Pollux,  and  sometimes  Tyndaride. 

By  the  Spanianis,  Cattor  and  Pellnx  ate  called  Sen 
Bma;  by  the  French,  St.  Elme,  St  Nkbolm^  St,  Clare, 
St  Helcne;  by  the  Itattias^  Hctmo;  and  by  the  Dutch. 
Vrce  Vuurcn. 

The  meteor  Castor  and  Pollux,  it  is  commonly  thought, 
d\>notes  a  cessJtinn  of  the  storm,  and  a  future  calm  ;  as  it 
is  rarely  seen  till  the  tein|>cst  is  nearly  spent.  But  HelciMi 
alone  portends  ill  weather,  and  deBoHa  the  Mvanst  part 
of  the  storm  yet  behind. 

AVhen  the  meteor  adheres  to  the  roasts,  yards,  ficc,  it  is 
concluded,  from  the  nir  not  having  motion  enoi^  to  dis« 
sipate  this  (lame,  ili:it  a  profound  calm  is  at  hand;  bat  if 
it  flutter  about,  Ihaiit  denotes  a  storm. 

CASTRAMETATION,  the  art,  or  ael^  of  CBcanqiing 
an  artsy. 

CAIMSAWTICS,  or  Catacatmi0  Qtrvetjiti  the  Higher 
Geometry,  and  in  Optics,  are  the  Species  of  Mttde' curves 
formed  by  reflectioOi  llwie  enrm  nmyiiirted  the 
lolloping  manner:  If  (here  been 
infinite  number  of  rays  *»,  ac, 
AD,  &c,  proceeding  from  the  ra- 
diating point  *,  and  reflected  at 
anv  4;iu:i  curve  i.cuil,  so  llint 
the  angles  of  inculcDce  Iv  ^idl 
equal  lo  the  i<ii;;le?  of  rrlli  ctimi; 
then  the  curve  iito ,  t<i  winch  the 
rell.cl.'d  iiiy«  ui.CL,  n|-,A:r,  are 
everywhere  taiiacnts,  as  at  the 
points  I,  h,  r,  occ,  is  ihc  cata- 
cauMic,  or  caustic-by-refk*ction. 
Or  i:  h  the  same  thing  as  saying,  that  a  caustic  curve  is 
that  fnrnted  by  Joining  the  pi^nls  of  .concurrence  of  the 
several  reflected  rays. 

Some  properties  of  these  curves  are.as  follow.  If  the 
reflected  ray  ti  be  prodoted  to  it,  so  that  An  a  B*,  and 
the  curxe  k  l  be  ibctvaltiieof  thccaustic  »ao,  b^mii^g 
at  the  point  k  ;  then  the  ponion  of  the  caustic  ns  hi 
=  i\c  —  sr.)  -^  (cr.  —  r.i).  that  is,  the  ditlerenr«>  «f  the 
two  iuf  iiUni  lays  uddcil  to  the  difference  of  the  two  rc- 
tlcrted  r.i\  ^. 

When  the  given  tur^c  BCO  is  a  geometrical  one,  the 
caiislie  will  be  SO  too^nnd  will  alw  ays  be  ivetiflable.  Tbtt 
*     ♦  ao 


CAT 


[    28»  1 


CAT 


CWMtie  of  the  dnf»  h  •  ejdM,  or  opiqrdoid,  formed  by 
the  revolation  rf  «  dfcle  iipwi  •  dida. 

Thus,  *■»  being »ia»»*  _H 
circle,  exposed  to  paiaUd 
i»ys;  Uifn  Ibose  r«yi  which 
full  near  the  axi»  c»  will  be 

jtH.ftcd  to  f,  llic  nii(!(ilc 
poiritot  BC ; and  tlioM- which 
Ikll  at  A,  as  thi-y  touch  the 
curve  only,  will  not  be  n> 

tected  at  ell;  but  any  mtemn'Jialu  *V  »t  r(fl(Ct- 


CAtologue  of  1022  fixed  tun,  ur  according  to  some  Ifllfii 
lince  traoblated  out  of  Pemsn  into  Latin  by  Dr.  [iydCfiM 
l66i.  The  third  per^n  who  made  a  calahf^  of  i^Bi 
iirom  hit  own  ofaaqnation  waa  TVcha  BiabC,  «Im»  taer* 
mncd  the  plMcael  777  ■>■*••  for  dw  and  of  i!Myearl60Q} 
which  KepAr.  fieai  «ther  ohMRUiam  of  Tycho,  nfter- 
vardt  increaMdtothaBunbaroriOOOin  il>e  Rudolphine 
tablet ;  adding  thoee  of  Ptolemy  and  olhj-r  nuihon,  omit- 
ted by  Tycho;  lo  that  hit  cat»lnn,i,  i.m.,iii,t5  to  above 
ll60.  About  the  (ame  time,  AVilliam  liuul-ruM-  i  f  Hesse 
with  his  iiiJitlieiiiuliciaiis  !l\r!;.Lis  ami  Hothmnn,  dctcr- 
mincil  the  pliici->(>t  -UMi  stars  n.-w  <i|>vrvatiiitii,  rcc- 

lilyliig  thi-m  l.ji  tii'  Wii:  LVrJ  ;  which  lli  vilm;  prrf'erstO 
lho»c  1)1  T\cho.    U.n  lnll.l^,  111  hi»  Astronomia  KeformatH, 


cd  to  a  point  a,  somewliere  between  A  and  r.    And  smce 
every  diOercnt  incident  ray  "ill  ''i^*'  »  difl<'ffn' 

Ciiil»theiefo»ethoM  various  focal  poinu  will  form  a  cuiTre  ,    ,   , 

•  Air  isaiw  Ooadiani,  and  too  in  the  other,  fam^tlia  detcrmuud  th,  pUccs  ot  loi  >ian  for  the  year  1700,  from 

■    —  .    hi,  o»„  obM  Tvaiioiu :  for  the  retkt,  he  lotlowed  Tjcbo'a 

catalu^uc ;  altering  it  when;  he  thouKhl  proper.  ' 
l6or  Dr.  lialiey.in  tha  iaknd  of  St.  lfc)eaa,r 


.vebia  above  moitioncd.  ThacwHticof  thocooimoncy 
ckid,  when  tbo  ray  t  are  parallel  to  ill  tarn,  is  alio  a  com- 
mon cycloid,  dcKTibed  fay  the  revolution  of «  circle  on  the 
Mne  base.  The  caustic  of  the  logarithmic  apiial,  is  tha 
laiiic  curve. 

The  cutacnuslic  may  be  beautifully  exhibited  experi- 
mentally by  cxpHising  tiie  inside  iif  a  smooth  bowl,  or  gloM, 
to  the  liun-brHms,  or  slroin  randle-light ;  for  then  this  curve 
AKt'Cb  will  uppear  pluiiily  delinented  on  any  white  surface 
placed  lion/iint.tl  y  within  the  same,  as  on  the  surface  of 
milk  containi'd  ii  the  bowl. 

T1i«  principal  »rii<.-ns  un  the  caustic*  are,  I'i-KMpital, 
Chri^,  kc.  S-e  Meincire*  de  TAcad.  an.  \666  &  170S. 

CATACOXJ^l^lSMimfyurlSomet,  n  the  acience  of  ro- 
iMIed  toundat  orldViin«f  MOttiticswUdi  mHiar 
the  ptoperties  of  ochoei. 

'  Cav^etftraTiCB,  in  Military  Im^atgi,  no  4oaatea  or 
iBiaM  g^leiica,  from  distance  to  dilttiMO,  i*  floM  af  A* 
glacis  of  a  fortified  place,  all  of  which  cammoicata  with 

a  gallery  that  is  carried  parallel  to  t^  cowrt-way.  The 
b<^»  J.  li  make  use  of  ihem  in  going  to  meet  the  enemy's 
nuinT-,  .mil  i:.li'rrupt  their  |)ri.iyress. 

CA  l  ADlOlM  RICAL  Telaiope,  the  s.urae  a*  lUflt-cting 
TclcsC'      ;  "  l"i<  li  see. 

CATAlX)(iL  1.  qftht  Stan,  is  a  list  of  the  tlxod  stan, 
disposed  according  to  some  order,  in  thrir  si  \i'ral  con- 
-Stdlations^  with  the  longitudes  latitudes,  rii;ht  a>icensious, 
&c»  of  each.  • 

Catalogues  of  the  stan  have  usually  been  disposed, 
cither  as  collected  intocertain  %ares  called  eonttellauons, 
or  #(iD|ding  to  their  right  aiceailant,  that  is  the  order  of 
.  theii  oMcing,  over  the  meridiaB.  All  tha  catalogues,  from 
tbailnt  afl&nt  down  to  Flaottaed'i  iBclaiivdy,  ware  «f 
the  (bst  of  these  Ibrms,  or  In  conMallatioin ;  bataoitaf 
4ti  others  that  have  since.appeared  are  of  the  latter  fMIMt 
M  being  much  more  convenient  for  most  pnrpoaes.  In- 
deed one  has  lately  been  constructed  inuhitli  the  stars  arc 
disposed  in  classes  according  to  zones  or  degrees  of  polar 
distaiKc, 

Hi|>p:»ifhus  (A  Klifiili's  tir-it  undertook  to  make  a  cn(a- 
logue  <M  the  si  iiy,  about  1 '.'f^  yi  urs  Im  fore  Christ  ;  in  which 
he  maJi-  use  ot  the  obsei viitioiis  <it  Tiniocharis  and  Ari- 
tityllus,  for  about  l*Oyears  before  hiin.  Ptolemy  letaim-d 
Hipparchus's  catalogue,  containing  1026  fixed  attars  in  4-8 
constellations,  though  he  himself  made  abundance  of  ob- 
servations, with  a  view  to  a'  new  catalogue,  an.  Dora.  14o 
Albalegni,  a  Syrian,  brought  the  same  down  to  his  o\vn 
time,  m,  about  the  year  of  Cltfiit  ftSO.  Anno  l«37i  Ulugh 
Ucigh,  Of  Beg,  king  of  PkrdiHt  nd  India,  fwaml  anew 


960  (if  the  toathcni  stan,  aat  visiUa  in  oar  boriim.  The 
same  labour  was  lepcnted  hw  Him  Maal  in  1710,  who 
paUiihad  a  new  caulogua  of  <ho  m«m  Mn  eomtrocted 
for  tlie  year  l6g7.   Also  Da  laCailfe,  at  the  (  ape  of 

Good  llo|M-,  made  accurate  observations  of  about  10 
thousand  stars  near  the  south  p<>li ,  In  ihey<art  1751  mid 
1752  ;  the  catalogue  of  which  was  piiljli4ii(l  in  ihc  Me- 
moirs of  the  rn  iieh  Academy  of  Si  n  im-s  i,,r  iln'  year 
1752,  Hiid  in  some  of  his  own  works,  as  iiKire  puriicularly 
noticed  Ix  l'iw. 

Bayer,  in       Uranoinelria,  published  in  Ifloj  a  cata- 
logue of  1 160  Stan,  compiled  chiefly  fi.nn  Pinlnny  and 
Tycho,  ill  which  e\ery  star  it  marked  with  some  Utter  of 
thcGrt  eb,  a.phabct ;  the  brightest  or  principal  Star  in  aay  ' 
conitellaiion  being  denoted  by  the  iifst  kttcr  of  tha  al- 
pbabet,theiKxtstariB«niar^the8BOOBdJ«lla4audso  * 
on;  aadwhcathaaaaiharofaiMaexceods  tbaOieA al- 
phabet, the  mndning  stars  are  marked  by  the  letters  of  ° 
thaBomnn  alpha  bet ;  which  lettera  are  preserved  by  flam- 
steed  inhil  eataloguc,  and  also  hy  Senox  on  his  globes,  and 
indeed  fay  ■mt  ailronninrrs  sinrc  that  linie. 

In  ifi^S,  the  celebrated  .li  hn  I  Irvelius,  of  Danlzic,  pub- 
lishi  J,  in  his  Madiina  Ca-;<stis,  a  i  atal"^ue  uf  KSS8  stars, 
of  wliicli  l.'i.'i:;  wcreoUerieil  by  himself;  ami  tlmr  places 
st-t  down  fur  the  end  of  the  year  I660.  Hut  lijs  catalogue, 
as  it  stands  in  I-'lamtiecd's  Historia  Cakttieof  1725,  con- 
tains only  lASOstan. 

The  most  complete  catalogue  eeeff  given  from  the  la- 
bours of  one  man,  was  the  Britaani*  fiatalogue,  compiled 
from  the  observations  of  the  accurate  and  indafatigaUh 
Mr.  Flamsieed,  the  first  Royal  Astraaotnerat  Otcenwicb ; 
wfee  for  a  long  series  of  ytaia  daeaUd  himself  ^vholly  to 
that  employment.  "As  there  w«f  aalhing  wanting,  either 
in  the  observer  or  apparatus,  this  nay  he  considered  as  a 
perfect  work,  so  far  as  it  goes.  It  is  however  to  be  re- 
gretted tha:  the  eililii  i;  diil  not  pass  ihrouch  his  own 
hands  :  that  now  exlatil  «as  published  by  authority,  but 
without  the  aulliiit's  consent,  and  contains  'i7;H  stars. 
Another  edition  was  piil)lished  in  ITi.'*,  pursuant  to  his 
tesliimeiit,  containing  3(KJU stars,  with  their  places  adapted 
to  the  beginning  of  the  year  l6si^;  to  which  is  added  Mr. 
Sharp's  catalogue  of  the  southern  Stars  not  visibkr  in  our 
hemisphere,  set  down  for  the  year  I72(>.  See  vol.  3  of  his 
llistoria  Ca-lestis,  in  which  fu-e  printed  the  catalogues  of 
Pif  leffly,Uli4gh  fieigh,1Vcho,the  Prioceof  Hesse,  and  Here- 
.  liHfl}  with  uicootmlcir  each  of  than  in  the  PtoliipMnene.' 
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Tbc  first  otalogae,  we  Mim,  dmt  w«$  prinM  io  A» 
sm  or  Heond  (turn,  tteuMa^  to  the  order  of  dK  ligbt 
OKemion,  is  that  of  LMoiile,  ghw  in  tiis  EpheiaolMM 
for  tb«  10  yeon  between  1759  lad  I7C5,  ahd  prjnMd  ia 
1735.  It  Retains  the  right  ascensions  and  dcclinotxms 
-  of  307  Stan,  which  arc  rectilicd  to  the  be$>iuning  of  the  jemr 
1750. — In  1757,  Lacaillo  publi^iuiJ  Astroiioniiae  Fun* 
ciamenta,  containing  a  cntalogm-  of  the  right  nsct  nsions 
and  declin.Ttioiis  of  .'598  htnr--,  iikniviic  liciapUd  to  the  be- 
ginning of  1750. —  And  in  17<'J,  the  yi-ar  ul!'  i  liis  ileath, 
was  published  the  ^^uin  Ausirale  StellHcnini  <if  tlie 
•ame  author ;  contai^ga  catalogue  of  tiie  places  oi 
■tan,  all  situated  to  th«  southward  of  the  tropic  Ca- 
pricorn, and  observed  by  him  while  he  waa  at  the  Cape  of 
Good  Hope,  in  1751  and  1752  ;  their  piaon  battg  *ho 
tttitodi  to  the  Maoiag  of  1750<— In  too  mme  yi'ar  wai 
priUiiiMi  Ul  EiSmmMm  far  Ao  10  voua  bctwccti  1765 
■ad  17^9 }  la  die  iatndoedmi  to  wfeleb  ofo  mvco.tha 
placet  of  515  lodiacalttaiy,  all  dedoccd  (kom  laa  o«Mf>~ 
vations  of  the  saoie  cvtlior;  and  adjjuied  to  the  hegiaiihig 
of  the  year  1765. 

In  the  Natitiral  Almanac  for  1773, is  given  a  catalogue 
of  asrsiar*,  in  right  ascension,  declination,  loflf^tudc,  and 
latitude,  dented  from  the  Qb!wp.alion^.  of  the  late  cele- 
brated Dr.  Bradley,  and  adapted  to  the  beginning  ol  the 
year  17''0.  This  small  catalogue,  and  the  results  oi 
about  ] 'JOO  observations  of  the  moon,  are  all  th^it  the  pub- 
lic have  yet  seen  of  the  raidtiplicd  labour^  ul  ibis  inu>t  ac- 
curate and  indefiitigablcobservcr,  though  he  has  now  (18 14) 
bean  dead  upwards  of  52  years. 

la  1775  was  paUished  a  thin  volume  entitled  Opora 
InBdlla»esiiliiain(taveral  papers  of  the  lateTobiaa  Mayer, 
«Ad  iBom  then  «  eatal^gue  of  the  ngftl  aaceouom  and 
decfintdone  of  99t  Mm,  whidi  naj  be  occulted  by  the 
^oon  and  planets ;  the  plaoea  hcbg  anyittled  to  the  bo- 
ginning  of  the  year  175tf>  ;  >' 

At  the  end  of  the  first  volume  of  AstroMttfltel  CHato^ 
nations  made  at  the  Royal  Observatory  at  GreenwidI, 
piiblisheil  in  1776,  Dr.  Ma>lvelyni ,  the  late  Astronorocr 
iloyal,  gave  a  catalogue  of  ibu  plttccs  uf  34  principal 
stars,  in  right  ascension  and  north-polar  distance,  ad.ipted 
to  the  beginnin"  of  the  year  1770.  These  being  the  result 
of  8<'veral  years'  repeated  observations,  made  «ith  the  ut- 
most care  and  the  best  instruments,  may  be  pre^uim d  to 
be  exceedingly  accurate. 

In  1782,  M.  Bode,  of  Berlin,  published  a  very  exten- 
sive catalogue  of  5058  of  the  fixed  stars,  collected  from 
the  obeensifanMof  Flamttccd.  Bradley,  Ucvclius,  Mayer, 
Leaullck  Meeiier,  Homier,  CArquier,  and  other  aatro- 
aoiMni  tU  leetiiid  to  the  hcgponfauof  iheytarl7S0i 
■ad  aooenpoined  with  aOeloliel  Aati> or  kh «( IMIN 
of  iho  eanidlation^  cgtgnawd  in  •  nwit  ddicato  aM 
beautifDY  minner. 

Ti)  these  may  be  added,  Dr.  Herschers  catalogue  of 
dniiblf  Mars,  printed  -in  the  Ptiilos.  Tran».  for  17S2  and 
17^*3;  Messitr's  nebula"  and  rhisters  of  liiars,  published 
III  the  Connoissance  des  Temps  for  178*;  and  Hcrschtl's 
catalogue  of  the  same  kind,  gifeo  in  the  PhlIea.TiuiBi  far 
1 7s6,  and  other  years. 

In  1789,  the  Rev.  Francis  Wollastnn  publishe  d  A 
citricn  of  a  Getirml  Astronomical  Catalogue,  in  Zones 
of  North-polar  Distance,  and  adapted  to  Jen,  I,  17<K>. 
Thc!>c  stars  are  colieaed  (nm  ail  the  caUtloguos  before* 
,  nii-ntioncil.  from  that  of  HeveliM  downwards.  Hits  work 
«ontaHU  ftve^dleinict  caleloKneei  vb^  Dr.  UaikdijAe's 


ae»  cMalbgHa  of  Sfi  priocml  elan ;  t  imenl  eatalcgue 
of  all  A«  etan*  in  aonei  of  north'pohr  dittaaee;  an  iit> 
da*  10  the  genctel  catalogue ;  a  cilahfiKof  all  the  slan, 
in  iho  Older  in  which  they  pass  the  meridian ;  and  a  ceta- 
logiw  of  sodiacal  %t»n,  in  longitude  and  latitude. 

In  179'^,  Dr.  Zach  published  at  Gotha,  Tabulifc  Mo- 
tuum  8olis,  [o  uhith  ii  annexed  a  new  catalogue  of  the 
priiictpjil  lixed  stars,  ironi  his  own  obienatiuni  marfe  in 
Ihcyeuis  17-S7,  17*8,  I7S0.  1790.  This  ciilalriiur  con- 
tains the  iii;ht  asci  n^uins  and  di'rlinatiofrs  of  .'iS  1  pniicipaJ 
itars,  .niaptcil  ;o;he  bej;inning  of  the  year  ISOO. 

'Jlie  cattlogilcs  of  Dr.  Bradley,  ijtciullc,  /.ach,  and 
Mnyer,  arc  published  by  Professor  Vince,  in  the  second 
volume  of  hit  Aslro|iomy.  M.  Lalande  has  published  a 
new  catalogue  of  »Orc  than  12,000  start,  in  the  volumes 
of  the  Connntsaance  d«s  Temps,  from  the  year  7  (17^) 
to  the  year  19.  Almost  all  these  arc  stars  which  bad 
not  been  be%a  obeemd.  U.  C.  Vidal  has^tely  caa^• 
ninoicfMd  to  tho'I^rMWa  of  TotAMe  a  oetalogue  of 
<U  antnd  Htm,  fnm  the  S%*|«Wi  7lh  aMBitode 
tMlmivoly:  oi«r  star  hat  ^^&§j|WW'il9P't>es. 
and  all  are  reduced  to  a  mean  position,  regard  beir^- 
bad  to  the  eflect  of  refaction,  the  aberration  of  light, 
and  the  rotatM>n  of  the  eiii:i,  -  ;(xi*.  The  mean  position) 
of  all  thesestars  has  been  c.iltuiatcd  toa  common  period, 
^iL-  Jan.  31,  17l'H  ;  the  equation  and  precession  of  the 
equinoxes  being  prcTiou^K-  ullowed  for.  The  place  of 
M.  V'idal's  observations  was  Mirepoix,  a  situuiiun  ad- 
mirably suited  to  his  purpose,  by  the  serenity  of  its  at- 
mosphere, and  the  excellence  of  the  instrument!  with 
which  the ofaeervatory  i«furni«hrd,nn(lcrrmmandiiigne8ri]^ 
six  degree*  of  the  heHven-t  &outlnv;Kd>  more  than  Parts. 
OA  tiue  accooat  C.  Lelandc  and  bis  ncpbew  C.Fraafoii 
Lebadc^  in  dieir  g^and  *ork  of  coroptoiting  a  catalogue 
9t%»fi00mn, cmf^  M.  Vidal  to ibrm «  catalflftw of 
the  enetnl  ame,  which  1m  hat  cMcuted  with  great  tne- 
tm  ■ad  adadiahlo  predtion.  Ftam  the  history  of  astro" 
Homy  tor  iftOO  by  Jerome  de  Lalande,  it  appears  that 
M.  F.  Lalande  Iib?  tenniiutLit  the  labour  commenced 
August  5,  \7^fi,  find  dciern.ined  the  places  of  50,000 
•tars,  from  the  imle  til  2  or  3  define?,  below  tlie  tro|,ie  of 
Cnpricorn.  In  1800,  S-  Pifr.'t,  of  Palermo,  ptiblishrd  hin 
lur[;e  cntalcvu<-,  of  5500  star-. 

CA  TAPULT,  Ctuapttlia,  a  military  engine,  much  used 
by  the  sncicBl*  for  throwing  huge  stones,  and  snmetimos 
Isrge  darts  and  javelins,  12,  15,  or  even  18  feet  long,  on 
the  enemy.  It  is  sometimes  confounded  with  the  Balieia* 
wbitih  is  luoie  pecuMarlj  adapted  for  throwing  alooee }' 
nufaon  aahiiig  tCent  the  muMj  wnt  bthcn  dil^ 


The  eatifniita,  which  it  h  «hl  was  iBsenCsd  by  the 
Sjriam,  cotaiitedor  tm6  laf8»  titnbets,  like  masts  of  thip^ 
placed  against  each  other,  and  bent  by  an  engine  lor  tills 
purpose ;  thr«c  bcinjE;  suddenly  unbent  again  by  the  stroke 
of  a  hamimr,  threw  the  javelins  with  prodigious  force.  . 
Its  structure  airl  tiie  innnner  ul  working  it  are  drsf  ribed 
by  VitriiMUv;  nnd  a  figliri  of  it     nl-o  '^jven  by  I'erniult.  * 
M.  Folard  asserts  thnt  t'lr  radipult  nu;di"  iiiliniiely  more  < 
disorder  in  the  ranks,  thnri  cur  cannon  rhaig^d  with  iron 
halS.    Si-e  Vitruv.  Aichit.  lib.  X.  cap.  1".  and  18;  and 
Perr.  notes  on  the  same  ;  also  Kivius,  p.  397. 

Josephus  take*  notice  of  the  iurpiisiiig  effects  of  these  , 
cniines,  atid  says,  that  the  stones  thrown  out  of  thcni,  of 
a  hundred  weight  or  mon-,  beat  down  fhe  battlements, 
kooched  the  an^esoff  the  towers,  and  would  level  a  whole 

'     a  o  a  .  • 
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tile  of  men  from  one  Md  10  the  odwr,  if  ibe  plttluui  wen  acto  in  U»  MqwrnikiiUr  dinactiM  «p  :  ihat  i«,  tke  tbne 
pn.  Ibren  wbin  reluB  the  com  ap  in 


cvi  r  Ml  <iicp. 

Stt  plati  \  ,  fig-  3  and  4,  for  two  forms  of  ihc  ctla{mU» 

thi  oiii'  for  iliroviring  darts  and  javolin*,  the  other  for  stomt. 

CATF.NARV,  a  cur\-e  line  «hicli  n  cS  iin,  r  .nl,  or 
such  liki-,  forms  itself  into,  by  haiiijin!:  fn  cly  Inim  tw  o 
jiuints  of  suspension,  whftbfi-  tbi -I  li<  i  i  the  Minic  hori- 
zoDtal  line  or  not;  as  the  curve  hac,  formed  by  a  heavy 
flexible  line  suspended  by  u!iy  tuo  pointl  C  ■M  Un 
l»tbcr«ri»c  called  the  c/djtic  ciim. 


q 

Q 
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The  nature  of  tin'*  curve  was  sought  after  by  Galileo, 
who  thoiislit  It  w:!''  tti'  '■inn-  wiih  tlu-  .ibij!.i  ;  l.ut 
Thouph  .Iun^;u>  t'<  t>  rt^ii  iiiislukf,  its  true  iiaUnu  vms 
lii.t  divcuvoifii  till  llic  year  IdOl,  in  CollM-iiULlicf  ol  M. 
.Idhn  Ikimtulli  hating  publi>li<Hi  it  as  a  pioblem  ill  the 
Atiii  Erudilorum,  to  the  maiheiiiiiticians  of  Kurope.  In 
l(i()7  Dr.  David  Gregory  published  an  inventigation  of  ihe 
propcxties  befoTe  discovered  by  Bernoulli  ami  Leibniu; 
in  which  he  asserts  that  «n  inverted  caienary  is  the  besiC 
figure  for  an  arch  of  a  bridge,  &c.  See  Philos.  I'rans.  abr. 
vol.  4:  also  Benioolli  Open,  vol.  1.  pa.  48,  and  vol.  3, 
pa.  491 ;  and  CMa'i  Harmon.  Ucnmr.  pa.  108. 

The  catenary  is  a  came  of  the  roechanical  kind,  and  can- 
not be  txprcsH'd  by  a  finite  algebraical  equation,  in  simple 
terms  of  its  ab^i^  and  ordinate ;  but  is  easily  expressed 
by  means  of  lluxiun^:  thus,  if  aq  be  its  axis  perpendicu- 
lar to  the  burizoii,  aiul  i'«  an  tirdinalc  parallel  to  the  same, 
or  pcrp.  to  Ag  ;  also  \>q  aiiatticr  ordiimie  indefiiiilcly  near 
the  former,  and  po  parallel  to  aq:  llii  n,  n  I  r  ing  some  gi- 
ven  or  constant  quantity,  the  fundaineiital  jiruperly  ol'  the 
curve  is  this,  viz,  v»  :  »p  .  :  w  :  u,  ot  x  :  y  :  .  z  u,  lliat 
is,  the  fluxiott  of  the  axis,  is  to  the  Huxion  of  the  ordinate, 
W  the  knglh  of  the  curve,  is  to  the  given  quanlity  a; 
whcrt  M  m  AO,  jr  =  r«,  and  2  =  ap.  This  and  the  oihor 
MOBCftica  of  the  curve,  will  plainly  appear  from  the  M« 
{owing  considemtiom :  Fint,  luppoung  the  curve  bung  up 
by  iu  two  pointa  b  and  c,  ■gMiM  »  pcfpoidicular  or  up- 
riglit  mil :.  then,  every  lomtt  part  of  tko  curve  beiiig  kept 
in  In  potitioo  hj  the  tention  of  tluit  wbicb  it  inunedialeiy 
above  it,  the  loner  parts  of  the  curve  will  retain  the  same 
position  unvaried,  by  whatever  points  it  is  suspended  above : 
thus,  if  it  were  lixed  to  the  wall  by  the  point  f,  or  g,  \c, 
the  xsliolc  curve  cab  will  remain  just  sis  it  \va>  ;  fur  (he 
ti  n-ionn  at  r  and  o  hn\r  tlic  lame  effect  on  the  othtr 
pans  uf  the  curve,  »■»  when  it  is  fixed  by  those  points; 
and  hence  it  follows  that  the  tension  of  the  curve  .at  the 
.  point  A,  in  the  horironlal  direction,  is  a  constant  quantity, 
,  whether  the  two  lep  or  brandies  of  the  curve,  on  both 
sides  of  it,  be  longer  or  shorter  ;  which  coiistaut  tendon 
at  A  let  be  denoted  by  the  quantity  a. 

Now,  because  any  portion  of  the  curve,  at  a  p,  is  kept 
.in  ito  position  by  three  forcci,  vis,  the  tensions  at  its  ex- 
'  tnmitics  a  and  p,  and  its  own  weiglht,  of  which  the  ten* 
•ion  at  A  acu  in  the  direction  ab  or ^po,  and  the  tention 
St  pncutn  thedinctionof  i>^«odn««ai|g|it«f  Iheline 


in  its  position,  act  in  th» 
directions  of  the  sides  of  the  elementary  triangle  opv  ;  buty 
by  the  principles  of  mechanics,  any  three  forces,  keeping  a 
body  in  ••quilibrio,  arc  proportional  to  ihi'  th^  sides  ol  a 
ttmiiKle  drawn  111  the  directions  111  which  thoM- forci-<  act ;  • 
iliiT<iiiii  u  li./,..ws,  ihdt  the  I'orcrs  keeping  ap  in  its  po- 
siium,  VIS,  the  tension  at  a,  liie  tension  at  r,  and  the  weight 
of  AP,  arn  teiptctiwly  as  op,  pp,  and  o>, 
that  is,  a<i  j,    i,  ;uid  x. 

But  the  tenniun  at  a  is  the  constag^quautily  a,  and  the 
weight  of  the  uniform  curve  a p  injXtt  expounded  by  its 
Icfi^  f,  ihcrefonf  it  follows  that'  :•/::«:«;  DMcb 
was  to  be  prpved. 

Also  from  this  last  proportion,  by  proper'naalogy^or 
timiiqr  combinatioat  of  the  terms,  there  nrisei  tbi*  niher 
property,  i  :  y/{ii    jjj)  or  » : :  • :  ^(m  V  n),  or  mi  aa 

i^(M  m),-  or  ;v  an  V^w!^»*j  *  '"'^  ^*  Ancnii  of  ibeie 
pv9im^(tfi^^  But,  «t  tb«  wnex  of  the  cune, 
whenxak6,«idtttO,thiibeeoNM*OB  v^(a'!  o)s=(i;- 

and  therefore,  by  correction,  the  tnie  equation  of  the  flu- 
eott  i*  jr  ss  ("'-»■  I*)  —  o,  ora  ■♦■  ar  =  ^/(u'  -1-  z')  -.  and 
benoB  alio  z  =  v^[(«     i)'  -  a*]  =  v'CJur  j;'),«id 

a  ~  — either  of  which  i<  the  oquatioti  of  the  cune, 

in  terms  of  the  nrc  ami  il>  al»ci^•> ;  fioDi  this  it  appears 
that"  -t-  X  i'-  the  hypollieiuise  of  u  j i^ht-aiifjled  tn.mgle, 
whose  two  legs  are  a  and  i.  So  that,  il  iu  and  ii\  pro- 
duced, tlu  re  be  taken  au  —  a,  and  ai:  =  the  curve  :  oc 
Af;  then  will  the  bypothcnuac  Ds  bc^a-<-jr  or  im). 
And  hrnce,uny  two  of  tbew tbiee, <^ X, I, being |{Kait tbe 
third  is  given  also. 

Agptin,  from  the  first  tiinple  prop  rty ,  \\t,  *  :  y  :  .  z: 
or  ax  =  t)r,  by  substituting  the  value  uf  :  above  found,  it 

become*  a*  s=jy/[2ai  -f-  j'),  or  ,  =^^;~rpj  :  "d  tlie 

fluent  of  this  equation  is  jf  =  2a  x  hyp.  log.  of  [^x 
v/(««  +  *)].  But  at  the  vertex  of  the  curve,  where  »  =  O 
and  jrsO.  thii  becoma  0^9a  x  h>p.  log.  of  ^Za\ 
therefore  the  correct  fluent  is  v  =       "    hyp.  of 

- —  ;  an  equation  to  the  curve  alM>,  tn  terms  of 

X  and  y,  but  not  in  simple  algebraic  terms.  Tbii  latf 
ef|uation  however  may  be  brought  to  much  simpler  terras 
in  diSimnt  ways;  as  first,  by  squaring  the  logarithmic 
quantity  and  diwilir>g  its  coefficient  by  2,  then  y  =  a  « 

I        ,         .  u  —  J  .  \/il»r  +  J*'  n  -t-  r  z 

nyp.  log.  01  — 


and  ?dly.  by  multiplyini;  both  numerator  and  denomina- 
tor !  \  v'(2«  x)  —  ^/r,  then  sriuannj;  the  product,  and 
diMilini;  the  coefficient  by  J,  which  gives_y  =r  «  x  hyp,  log. 

= .«  «  w  H     p  =  «  «  hyp-  'og. • 

The  catenary  is  tbeevolule  to  tlie  e<{uitangential  curve. 

CATIIKTUS,  in  Geometry,  a  name  by  which  the  per- 
pindie  iilar  leg  of  u  right-angled  triangle  is  sometimes  Call- 
ed ;  or  It  IS  in  general  any  line  or  radius  falling  perpendi- 
cularly on  another  line  or  surface. 

CATHlLiVi  0/  Incidence,  in  Catoptrics,  is  a  right  line 
drawn  from  a  radiant  point,  or  point  of  incidence,  perpw- 
dicular  to  the  reflecting  liDe«or  phyie  uf  the  speculum. 

CATiiETt;8  R^Heetim,  or  ^ tht  £ye,  a  right  liae 
drawn  from  the  eye*  perpendicniar  to  the  plane  of  10. 
flection. 

CATvnv*,  in  Aicbitccturc^  denoim  tbe  tan  «f  •  co» 
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lumo,  In  the  luaic  'cBpiui»  iC  ngBi6m  a  line  ]MM>  «I  linear  geometry  the  ehwf  pbcfminf  na  ditdptrict  In 
iog' pcfpeikKcidHlj lhi«m|b  ih* <ye  or cniM  af  caulj  dcdvcfd,  aihf  an m  follows -'^ 

CATOPTRICS,  tbeicicnee of  nlniTiiioa;  or  Unf  part  —  ^ 

«f  o|itiea  wlkicli  explains  ibe  kwa  aad  propaitiai  of  li|ht  t  ^ 
■ellccted  from  mirrors,  or  ipatfnla. 


The  first  tn-iiiis*-  eslatii  on  catoptrics,  b  that  which  wns 
tompmi'cl  by  Kuclld  :  this  was  publishrd  in  Latin  in  VOOi 
by  John  Hona;  it  is  a\s  >  ci)r)tniiu<l  in  Hi  i igmi's  Courso  of 
WathcmntiC-1,  and  in  (Tr('[:orv'^  iHiliuu  of  Kuclid's  works; 
though  It  IS  Mi»[>i  cti(l  b\  wimi-  that  this  piece  was  not 
the  wiirk  ol  thitl  gi't'Ut  ^cumctncian.  notwilhstanilin^  it  is 
a»cril«'il  (o  hiin  hv  Prociiis  in  lib.  and  by  Mariiiu>  iti 
hii  Preface  t<i  Kuclid's  Data.  Alhuzen,  an  Aral>iiin  Hiilhi>r, 
compofti'd  a  largo  volume  of  optics  about  the  year  1100, 
in  which  he  trcut<t  pretty  t'uUy  uf  catoptrics:  and  after  bim 
Vitcllo,  a  Polish  writer,  compcteH  another  about  the  year 
1970.  Tacquct,  in  his  Optics,  has  very  wrell  demonstntcd 
the  cbkf  propaiiiioitt  of  plane  and  sphericd  i^ecalamt. 
And  thetMM  i>  mrj  My  done  by  Dr.  finrraw  in  bitOp- 
lial  Ltclum.  TbmnraaboTnb^aCUoptrici,  David 
Ongarft  Kkmnia.  of  Catoptrics,  Woiiw'a  EkmoiMa  of 
CBtc^>lria,  and  tboae  of  Dr.Soiith,  eonlaintd  in  bh  iMfnad 
and  very  elabonua  TicMiie  on  Optka»  and  many  othen  of 
leas  note. 

As  this  subject  is  troatoil  iindt-r  llic  gom-ral  term  Optica, 
the  lo«  need  be  said  of  it  In  n.    '1:a-  «!io|i>  dociriiit' 
caCoplrics  dipfiids  on  l!iis  »un[>lL'  p(i:iciple,  thai  llit- 
•n^lr  111  iiicidftici-  11  ciUmI  to  t!ic  aiij;li  ti(  ii'tloctniii ;  llial 
is,  thnt  llic  itii£;le  in  wliicli  a  ray  o!  laUs  upon  any 

surface,  called  the  angle  of  incidence, is  equal  tii  the  angle 
in  which  it  quits  it,  ubcn  rrHectcd  from  it,  called  the  an- 
gle of  rrlleclion;  though  it  u  sometimes  defined  that  the 
angles  of  incidence  and  reBection,  are  those  which  the  in> 
cident  and  reilecled  rays  make*  not  with  the  nllecling  rar- 
ftea  itself,  bat  with  s  pet|MndienUr  to  thnt  larfnN^  at 
the  point  of  inctdnicr,  wbicb  u*  tko  coBpkmcMa  to  the 
•tlioii:  hot  it  mntlna.not  what  naina  ihcaa  an(^  am 
called,  as  to  the  tratb  and  pnnclples  of  the  science ;  since. 
If  tbe  angles  are  equal,  their  complements  are  also  equal. 
This  principle  of  the  equality  between  the  angles  of  inci- 
dence and  n  flection,  is  mere  matter  of  experience,  bring  » 
phenomenon  that  ha!i  always  b<'en  nb'n  rv<  d  to  taki-  pl.'ico, 
in  every  case  that  has  fallen  under  observation,  a^  near  at 
least  a»  iinchanical  niea>urement»  can  ufu  rini  i;  and 
hence  it  is  inferred  that  it  is  a  universal  law  ol  nature,  and 
to  be  considered  as  matler 
of  fiict  in  all  cases.  Thus, 
let  AC -be  an  incident  ray, 
falling  on  the  reflecting  sur- 
<iAess,«niCB  tboroAect* 
td  iky,alio  CO  petpendicu* 
lar  to  9s;  thn  la  the  an- 
g|«ACOa«acB,ortheaag|e  ACOB  nco. 

Of  this  law  in  natare,  vti,  tbe  equality  between  the  an* 
|des  (f  incidence  and  refk*ction,  it  is  remarkable,  that  in 
this  way,  the  length  or  route  AC  f  Cfl,  in  a  ray  p«ssing 
from  any  poiiu  \  to  anoihiT  s^iven  point  B,  by  being  ro- 
tlectcd  from  any  siirlatc  ur.,  is  the  shortest  possible,  namely 
AC  -t-CB  IS  jlioriiT  tliaii  till-  sum  -t-  i.n,  of  any  olhi-r 
two  lines  inflcrtcd  at  the  line  nt;  and  hence  alto  the  pas- 
>a<;r  of  the  ray  trom  a  Iu  ii  is  porlunncd  in  4  aluifter  tioW 
than  if  it  had  pasted  by  any  other  way. 

Fi«m  this  aiaple  pnocqwit  wd  the  oobomd  prapcttics 


inclinatiun  to 
each  other  nAtr  'te- 
flectum  as  they  had 

before  it.  Tliu^,  the 
rays  ac,  a  I,  ,\K,  is- 

suinsJ  li iitii  ihi-  rnili- 
unt  piMiit  .4,  and  r>  - 
flcCU'd  by  llii-  sur- 
face lie  into  the  lin«  s 
(  F,  11.,  KM  ;  llirse 

latter  lines  will  havi'  tin' same  inclin.uion  t"  r.nrh  otlir  r  as 
the  fofiner  ac,  ai,  a  k,  have.  I'or  draw  a  uf-  pf  rpi  ndu  u- 
lar  tu  DK,  and  produce  rc,  li,  mk  l>uck»nid.  to  meet 
this  perpendicular,  soaliall  tbcf  all  meet  in  tlir  sanx'  point  < 
o,-an4  An  will  in  every  cate  be  equal  to  an :  for  the  inci- 
dent £.ACBiscqualto.die  reflected  £.  rcB,  which  is  equal 
to  the  opposite  aijgle  ^iio ;  so  that  the  two  triangle*  abc, 
OBC,  have  tbe  an^  at-c  eqoal,  as  alto  the  right  angles  at 
•  eqani,  and  coniequentty  tfa'a-3d  angles  at  a  and  o  equal; 
and  having  also  the  tide^nt  common,  they  are  equal  in  all 
resp.  ris,  uiid  a  ii  c:  Bc;  and  thi'  same  for  the  other  rays: 
con^«4jlJl•lllly  till  angle*  Hue,  not,  bok,  are  respectively 
((jual  tu  thi'  iinu;Ks  j-.Ai,  BAKj  lhaf  Is,  thc  reflected 

nivs  iiave  thc  lanr-  ii.clinnin  ns  as  thc  incident  ones  have. 

?.  Hence  it  the  inia^i-  ct  aii  otijrcl,  -.ten  by  re- 

li'Ction  from  a  plain  mirror,  uppiars  to  iiioeii<l  Irom  ii 
place  <"•  as  far  be>ond,  or  on  thi-  nthi  r  miI.  i  i  iIk  n  llect- 
ing  plane  on,  as  tbe  obj^^t  a  itself  is  before  the  phiae. 
Tbii  b  when  tbe  incident  ray*  diverge  fram  (ome  pntnr 
as  A. 

But  if  the  cas«'  be  reversed,  and  rC,  Ll,  MK,  be  COINI* 
deied  as  incident  rays,  issuing  from  points,  r,  i.,  M,  and 
converging  to  aoae  point  t>  beyond  the  rrfltxtin^  plane ; 
then  CA,  tA,  KA  will  beeome  the  reflected  rays,  and  tliry 
will  conveigia  to  the  point  a  at  liir  bcJbio  tb«  plane  « too 
point  fl  is  beyond  it. 

So  that  aniverutlly,  when  the  incident  nys  diverjEC  from 
a  point  A,  the  reflectt  d  rays  will  also  diverge  from  a  point 
r.  ;  and  « li^"!!  ihc-  iiicnli  iit  rays  converge  toimrds  a  point  a, 
!!■•  I  [  r  ll  o.-.cs  will  aUo  coiivi-rge  )•>  a  |H)iiii  a;  and  in 
b(jll)  rasi>  ihrsf  tuo  points  arr  at  rquul  ilislances  on  the 
opp<»itf  »ide5  uf  ihc  iLtk  Lliiii  plam-  UF. 

3.  Paralle  l  r  iys.  t.  flectetl  from  a  Concave  spherical  sur- 
face, con\eri!i'  aitiT  n- 
fleciion.  ror,lct  A'lCn, 
BB  he  throe  pamlM  imyi 
6llin<;  on  the  concB** 
•nrfitce  FB,  whose  CCB>  ' 
tn-is  c.  To  the  centra 
draw  thepcrpcBdiculaii 
rc  ami  bc;  alio  draw 
VM  making  the  re- 
flected an^,  CFM,  e> 
qnal  to  tbe  incident 
angle  ^  y  \  ;  a;j  i  mi  lik'- 
manm  r  km  to  main  :?.<■ 
angle  t  iim  =  the  nnclr 
tui-:;  bo->haU  tlic  ray  s  AF 
and  ED  b<-  ri'lli  cud  in- 
to ibe  confte^ing  lavs 
riimdBH.  AttolBO 
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r*y  c»,  being  pcrpnidicoUr  to  Uws  mirfhce,  it  ii  icAeottd 
liack  aoikin  in  ibe  Mittv  line  d^* 

nade  w co»W  " "  ""^ 

eidcnt  raw:  «kenU-cauK  ibe  incident  angle  utc  i»  Ian;,  i 
than  tl.c  angle  Arc,  ihereforc  Uie  eoual  nfl«tcil  angle 
Kfc  is  greaTcr  ^baa  Ae  rcflectwl  angle  -rc,  and  so  the 
point  N  i.  below  Ihc  point  or  tbe  !.nc  fjc  below  the 
lino  rM  ;  in  like  maaner  bit  tobekw  ast ;  that  is,  the  re- 
)1,  .-u.l  ra>..  i-s'  -^nd  Bv  are  roon  pmwtffagm  thacase, 
ii>;ui  J  M  iiiiil  HM  in  the  Other.  ,  . 

5.  The  focus  lo  «  hich  al)  parallel  (Ml,  MM  »«' 
vertex  »,  are  r.(l.>ua,  is  in  the  •  mWdle  of  «•  radrti  II. 
For,  bec'au..-'  tlK>  ^MV(  =  ^AFC,  *hidi  „  =  the  ul- 
tcrnatc  Z.KCM,  therefore        wdc»  op|.»itc  these  ang  .s 
are  also  equal,  namely  the  side  FM  =  oi  :  roTi«.-<,u.M>t;_v, 

•  when  the  point  r  ^'■  very  ni'ar  the  vertex  o.  ilic'i  the  sum 
«M      M>-     iit.illv  =  TD,  anil  roiiM-queiif.y  >  M  i^'  ally  - 

VDworlhe  focus ot  the  paralW  r«y«  i»  nt  nrly  nthr  .iii<i.l..- 
or  the  radius.  But  the  focus  ol  other  r.ii.cUHi  ..ly^  c.ith.r 
abova  or  beknr  thai  of  the  p-n^ilVl  r«js ;  nu.iicly.  bolo.. 
■  «bieB  die  iaeidait  layt  are  eonvrrsuig,  and  iit)»vc-  «  lu  t, 
they  aKdiyoiing;  ■•  «  i^p^ooni  i^u,,  x 

the  Mecled  to  tke  €«Bvei|^  |^  ««  and  u  r,  m 
below  m;  I  diat  «r  Ifcft  ««eipqg  »y»  tb  and  tk. 

above  M.  j        «  »v-» 

6.  Incident  and  reflected  rtyi a»  WCtprafiM^WlOtfcat 

if  tlip  reflected  rav»  be  retoTiwd  back,  or  feWMUM  « 

irc.i.  n'.  ones,  tl.rv  will  be  nfl-Tted  back  iMOVbBt  aWB 
before  their  i!.ci4lc(it  ray..  An.l  hence  U  falloiw  that  dl- 
verging  ray*,  after  reflection  from  a  concave  spherical  «Br- 
taCHj  become  illlior  pantllel  or  U-ss  (livcrjjtng  than  befoM. 
Thuisthc  intuit  nt  r.iys  nr.il  >t  ii  arc  n  flcctcd  into  tbe 
Mnllel  rays  fa  -viA  nz,  aiirt  the  roy^  nk  und  ?ib  arc  n- 
MUliinto  «t  anct  in.,  which  aa-U'^s  .livormng;  ulvj  die. 
tMs  iY  and  IB  are  reflected  into  ra  and  bl,  which  coiv- 
^^-:And  heDC«  all  the  phcMMMM  of  conem  mlrww 
be  ovuiont.  . 

7  K,'.y=.  reflected  from  a  convex  tpWWUB,  become 
qu.ie  contrary  to  those  cefleciod  froo  Bcwncwra  onejeo 
tliai  tbe  parallel  rays  becomo dnergiofl.  and  the  di«ei|Pi« 

.  I  rcMin.-  :  '.:|-.  .'-i'^  rfivrrfTTng ;  also  eoBtwrnag  ri|B 

rdaotaiiCM- 


vci-ri:;-    1  lnl^  I 


>  rging 


ur  parallel,  or 


whose  centre  is  c,  pro- 
duce the  radii  cue  and 
CPT  which  are  peipcn- 
dicvlor  to  1^  tur&cc; 
than  it  I*  arident  that 
the  parallel  raya  arand 
■B  Will  be  reflected  into 
the  diveipig  ona  tK 
■Bd  Bb^  and  fha  di- 
ver|inf  laya  tb  and 
TP  weoMo  BO  nod  wr 
vvbich  are  mure  di*ei|^ 
ing;  also  the  convcirging 

ruvs  iiF  and  ob  become  Fa  and  which  diverge,  or  eke 
Kr  it»d  LB  become  fa  and  bb  which  arc  paralld,  0*  ilia 
laatly  I*F  and  ob  bcconn-  i  Y  untl  iiv  which  an  conweijgfllga 
8.  Hence,  as  in  tljB  concii'.e  ^pcniluni,  so  also  in  the 
convex  one,  of  parallel  incident  ruy^  av  ;iniif  b,  thn  ima- 
ginary focus  M      ibeir  reflected  rays  fk  and  at,  i*  m 
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the  middTe  of  the  rtditu  when  tha  t|i«calaia  is  a  staaU 
aagment<if  atpbeee:  bnt  tha  ifflc«ted  umipnaiy  feCiN  of 

other  rayi  is  either  above  or  below  the  middle  point  K, 
\it  X  being  thai  of  the  con>Trgtng  rayn  OB  and  HF,  below 

M  *,  but  I,  that  oi  the  diverging  rays  TB  and  TP,  above  m. 

9.  When  tlir  si^nTulum  i>  the  small  segment  of  a  sphere, 
either  convey  or  concuNP,  and  the  inciiJ'-iit  r.ry-  cither 
converging  or  tlivcriima;,  the  distances  o(  the  ti>ci,  i-r  points 
of  concurrence,  ol  the  incident  r;iy>,  and  tn  ilie  reAecled 
rayi,  ftoro  ibe  vertex  of  the  speculum,  are  directly  pro* 
portioiia)  (o  tbe  distances  of  the  lanc  from  the  ocvtre  ofit; 
that  i«,  TB :  IB  : :  TC  :  ic, 
end      «D  :  KD  : :  QC  :  »c. 

For  because  the  radio*  cr,  or  the  snnie  produGcd,  bMCCta 
the  angle  Tfi  in  the  tone»e  speculum,  air  the  axlernal 
at^  ¥»»iBthecoiwa»-OBe»thcwfoeaT»:lf  ;sTCi«;  ■ 
but  when  r  it  very  near  to  »,  than  tt  and  iv  become 

nearly  T  n  and  I  n ;  conseqlicady  TO  :  »D : :  TC :  IC,  _ 

In  like  manner,  because  cr  Wmcib  the  angle  «»«  mdio  , 
convex,  or  it-  exii  nial  angle  arn  in  the  c<i«icav«  speCtt- 
lum,  ihereiott      i  J  .1  : :  gc  :  c«  ;  but  when  i  h  eeiy 
near  t'>  n,  tlirn  QF  and  FM  become  ncafif  Qtt  and  »•» 
and  ihertjtore  QH  ;  ND  :  :  «C  :  KG.  .  "n^i 

For  p^aropl^,  suppose  it  were  reqtiired  to  find  the  WCBl 
distance  of  diverging  rays  incident  on  a  convex  surface,  , 
the  radius  of  tbe  sphere  being  5  inches,  and  the  di-iance 
«(  Iba  radiant  point  from  the  snrface  30  inches.  Here 
then  afegp«eb  ToaatO,aMdc»9fiitaind  i»:  then 
the  iheoitB         t»  :  l» :  i  tc  : 
in  numbers  ia       SO  :  i» : :  25  :  5  '» 
or  by  permuMlloD  20  :  W : :  10  :  5  —  »• 
and  by  compodtum«5  :S0::  5:iD«\nr^v** 
il  the  focal  distanix  ■ought' 

And  if  it  should  happen  in  any  case,  tjtat  the  wl«a  of 
li>  in  the  ciilculotion  comes  out  «  ncgMiee qtmntit^ifthO 
focal  uiitance  must  then  be  taken  ou  the  OOBtlMJT  ilde  Of 
the  surface.  . 

From  the  foregoing  principles  may  be  dednoaatnacalp 
lectrd  the  followii^pnclicBimaillmat  farplatie  eiMiph^ 
licai  mirrors,  vii, 

hint  Plane  3f  «rror. 
(1.)  Tbe  image  will  appear  as  far  behind  the  mirror,  as 
the  object  is  before  it. 

{•i.)  The  imaige  will  appear  of  the  same  size,  and  lo  tbe 
same  potithmaa  the  object  <> 

(aO  Ai^  fbim  niRw  wiU  reflect  the  imaga  oC  an  ol>. 
jcct  of  twke  til  ownleimdi  and  liiiBflth. 

]l  hmSMtHealOmrex  Mkne. 
(1.)  The  image  wtU  always  appear  behind  a»  mtntt, 
or  within  the  sphere. 

(?.)  The  image  will  be  in  tbe  same  poeilioo,  but  WW 
than  the  object.  . 

(3.)  The  image  will  be  curved,  but  not  spherical,  like 
the  mirror.  . 

(4.)  Parallel  ray*  ialling  on  this  mirror,  wiSl  have  the 
image  at  half  the  distance  of  the  centre  irc.m  the  nirror. 

(*.)  In  converging  rays,  thedisunce  of  the  object  must 
h*«iwl  to  half  the  disttnca  of  the  eentn,  lo  mahe  (b« 
imiifi  appear  behind  the  mirror.  •  . 

(R)  Diwgii^rays  will  baeo  thdr  image  at  km  than 
half  the  dbtanoa  of  the  centre. 

lU.  *•  •  S^ical  Gmcme  Mirror. 
(1.)  Parallel  t«y«  have  thcsr  Coou,  or  tha  imafe.  at  bait 
tha  diftaaca  of  tbe  ccnti*. 


Digitized  by  Google 


CAT  [  «87 

the  image  appcAn  of 
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(2.)  In  ibeeanfieflf  th»  spberc 
ilic  sunn-  dimvneions  as  the  ubjeci. 

(3.)  Converging  rays  form  «n  image  bt-lorc  the  mirrur. 

(■1.)  In  ilivergiiig  i.<ys,  il  the  oliji  ct  hr  at  lcs»  ihilli  hull 
ibc  (liitaiifo  (Jl  ihr  rontrv,  tlie  iiiiu!;t'  ulll  be  boliind  the 
iii;rioi,  LTcti,  curMiJ,  dnd  riiai^tiit'iLii  ;  but  if  the  distance 
o(  tbu  object  be  greater,  tfae  imagt:  iviU  be  before  tin-  mir- 
ror, inverted  and  difliinuhcd. 

(a.)  Tbcsolar  rays,  brin;;  panillcl,  will  be  rolUcud  id 
»  focus  Nt  half  the  diiitancc  ui  ittt  centre,  wben-  tbcir  heat 
n  il!  bo  augmented  in  proportion  as  the  surface  of  the  mir* 
ror  bxcei-dsthttt  of  the  focal  spot. 

(6.)  Jf  a  luminoui  body  b«  placed  in  titf  focus  of  * 
concave  mirror,  its  nyt,  being  rcAetind  in  pnnlM  Umt 
will  siroi^y  oijjglnrs  n  ^pnee  « tin  wmn  dimensioiu  with 
the  mn9tf  A  n  great  diituco.  If  the  luminous  object 
lie  placed  nearer  than  the  fociu,  its  rays  will  diverge,  and 
,  so  enlighten  a  Ur^i  r  ^|>»ce,  but  not  so  strongly.  And  on 
thii  pniici|)lc  II  i«  tluit  reverberators  are  coMsiructeJ. 

Catupthic  Dint,  a  dial  that  exhibits  object*  by  rt- 
flortcd  rays.    Se<!  lirficiu/K;  Dial, 

('atovtrii;  7£/c»i:u;>f,  a  tcl.  stujji' tliat  c.\liii*its  ubjccls 
by  relk'Clioti.     Se*  fc^fctfiwig  T>  I- HsroPE. 

Catoptric  Cisiuin,  ii  roacitUK-,  or  apparatus,  by  whkli 
srnati  liodi<>^  iin'  represented  extremely  targe,  aud  n<  ar  ones 
exln.'iiu'ly  ividt',  ami  <iiti used  through  a  vatit  space ;  with 
titliiT  very  plcasuio  |>heiiomrna,  by  means  of  mirror?,  dis- 
posed by  the  laws  of  catuptrick  in  the  concavity  of  a  kind- 
of  chest. 

There  are  various  kinds  of  these  laachinef,  accommo- 
dated to  the  variaui  intnilhiH  of  the  wtilkcr  :  some  mul* 
tmly  the  objects*  some  mi^palAr,  some  deibm  then,  4cb 
Tbnatntetiin!  of  ona  or  tM  of  then  will  saflka  lo  show 
how  mwy  ssoie  may  be  HMde, 
7h  aMb  «  Ctiwptric  Outuia  (o 
Wnnf  ^o^idsf^  t 
D  K 


multiplied,  and  appear  !>ome  more  reniole  than  others ; 
by  which  the  objects  in  .  ii.  itl.  .Mli  appear  to  take  up 
more  room  than  is  containn!  m  liae  whole  box.  'I'hcrt- 
torp  by  luokii:^  rh:(ni._;li  one  hole  only,  iL<  cjbucts  in  one- 
t4ll  ill  !><;ei.,ltutt^o»cinulliplird,anddiliuM'd  through 
a  space  much  liirger  than  ttie  u  b..j.;  box.  Thus  every 
hole  Mill  aflbrd  a  new  scene;  and  according  to  tbc  dif«> 
ferent  angles  the  tnirrors  make  with  each  other,  the  reprO' 
scfitations  will  be  diflerent :  if  tiicy  be  at  an  angle  grtaur 
than  a  right  one,  the  images  will  be  monstroii<),  &c. 

H  pmf^ioH^r  Mflft^plM,  and  i^ia^  Onuth  c  vm 

gpact.  • 

Make  a  polygonou't  cistula  or  box,  as  befinct  hot  .with- 
out  dividin|  the  inner  cavity  into  any  apartmenis,  or  cdb; 
line  the  tniides  cam,  bhia,  Atup,  &c,  with  plare  mir- 
rocs,  and  at  the  h4ile'»  pare  off  the  tin  unii  quirkbii'.t  i, 
that  the  eye  may  look  through  ;  place  any  object  m  the 
bottom  Ml,  a.s  a  bird  m  a  c  igc,  &c. 

Now  by  looking  tinnu^b  the  aperture  hi,  each  object 
piactd  ai  tiiv  bo!ii)ni«ill  b>;  ^leii  vastly  m  i : : jiUcd,  and 
the  ii:iai;e^  reuKnivl  at  r']ujl  (lislaiu-.'s  Iruiii  one  another, 
like  u  f;reut  multitiuli'  ut  birtK,  or  a  lar'-e  aviary 

("AVALILR,  in  i-'oniticatiuu,  a  iiiuuut  of  eurtb  raised 
111  a  fortress  higher  than  (he  other  works,  on  which  tft 
place  cannon  &c  for  scouring  the  field,  or  oppoitfng  • 
commanding  work.  Cavaliers  are  of  different  shapes » 
and  are  bordered  with  a  |»irapel,  to  cover  the  caiinoa' 
mounted  upon  them ;  their  situation  is  also  various,  either 
in  the  curtain,  the  bestioa,  or  the  (Use.  This  casnlier  is 
sometimes  called  a  doutde  huth»»  eiid  its  neii  to  oicr- 
looh  the  enemy's  Imuwici^  aad  to  aeoar  Uieir  trenches. 

CAVAUCRI  (BovAViHTUaa),  a  erIchrstiHl  Italiait 
mthematician  of  the  17th  century.  He  was  Inn  a  at 
Milan  in  1 5^8,  and  became  a  fi  'iar  of  the  oriU  r  oi  iLe  Jc- 
SUSli  of  St.  Jerome.  CavalnTi  uas  a  liisciiilp  of  Galileu, 
and  the  friend  oi'  i'orrii'iflii.  Ik  »viis  prolosur  uf  riiattie- 
inatic5  at  Hologna:  where  several  lA  liis  ij<iijt.5  werr  puU 
lishf  d.  iiud  where  h«  died  in  the  jrcar  J(>4^.  His  works 
that  have  been  nublidied,  aa  liw  «■  I  can  diMOves,  ne  aa 

f..Ilnn-: 


'  Prande  a  polyfonal  cistula,  or  box,  like  the  mult-aa> 
iplar  prism  ABCDBf,  and  divide  its  cavity  by  diagonal 
planes  AD,  Bif  cr*  intenecltng  in  the  centre,  into  as 
many  triangular  cdls  as  the  chest  has  tides.  Line  those 
dfafDnal  partitions  with  plain  mirrors  -,  and  in  the  sides  uf 
the  box  make  n»nd  holes,  through  which  the  eye  may 
look  within  the  cells  of  it.  These  holes  arc  tu  be  covered 
with  plain  glasses^  ground  withinside,  b  ;t  not  polished,  to 
prevent  the  object?:  in  thi  celji  frcni  afipcaring  lOO  di- 
stiiKlly.  I"  each  ceil  are  to  bt  placed  ibc  different  ob- 
ject>  \\\n>-.i'  iinaf^es  arc  to  be  e.xhibited ;  then  covering  up 
the  top  iji  the  cht>;  wiih  a  thin  transparent  membmne, 
or  parchnuiu,  tu  admit  the  light,  the  machluc  is  complete. 

Fur,  from  the  laws  of  reflection,  it  follows,  that  the 
irn^  of  objectti  placfed  within  the  aii|lM  of  ainm^  an 


,  I.  Directormni  Generalc  Uranomelricum  ;  4to,  ! 
nisc,  J63'i. — Jn  this  work  the  author  treat  of  riigonotne- 
try;  and  Logarithms,  their  consln;c;ioii,  i  ^es,  and  appli- 
cations>  The  work  includes  also  tables  of  logarithms  of 
common  numbeis;  with  trigonometrical  tables  of  naiBral 
sines,  and  logarithmic  sines,  taofeM^  secetts  andveiMd 
tine*. 

9.I<o  6pechio  Ustorio  ovwo  Trallato  delle  Settioni 
Cooiche:  4to,  Bologna,  l5SS.— An  ingenious  treatise  of 
conic  KCiioNs. 

3.  Georoetria  Indixisibilihus  cotiiifuDriuii  nuva  sjujuiaiu 

rri;ioiic  promota:  4t(.,  Bi  .ma',  ((.jj;  „m|     -^d  edition 

in  l()jo.— lliis  is  a  curious  original  work  in  geometry,  iii 
which  tbi  iiuthor  conceives  the  geometrical  figures  as  re- 
itjlvni  into  their  very  small  rlements,  or  as  made  up  of  an 
infinite  nuiiihL  r  of  niliiutely  small  part*,  and  on  account 
of  which  he  passes  in  llaiy  for  the  inventor  of  theinfinilo- 
simal  calculus. 

4.  Trigonoinetria Plana  et  Splia-ricn,  f  inearis,  et  Logi^ 
rithmica:  4tu,Benodiff,  itii;i.--  V  vny  nu.Lundingimioua 
treatise  on  Trigonometry;  with  (he  tables  of  sino^  tnn- 
gcnts,  and  sccaiits,  both  aatoral  and  iagarilhmicw 

i,  EkerdlationcsCeDmelricm Sex;  4lo,Bononiar,  J647. 
tlus  wgifc  contains  taeaka  «n  (he  method  «f  lodiviai- 
I,  •  ^ 
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.iiid  ill  considcra- 
iljueous  collection 


"  bivs;  Answers  t<>  tluM>li|fci;.-ii<  ni  Onlil 
clivitibli-^  in  rit^sic  po«civ  rT  iiiii'lii.i. 
•  tions  colH'CrniiiSgriiAt'v  ,  a  iiii>t 

'  uf  urobli'iiis. 

CAVALLO  (TiBP-mm),  r.  r.  s.  wa«  bow  in  tbe  city 
«r  N«pli-s      30lh  of  Mwcb  17  t9-    Hi*  father,  who  was 

'  '^m  cminenl  ph)'MCwn,  dkd  whi-n  I'iberius  was  tcareet^  11 
yran  of  a^c.   Hi>  ivlaiiuns  ccntinucH  to  gi«t  liim  •  libc- 
ritl  eJuCiition}  und  as  tii-  ww  inundcd  for  a  coramercini 
■life,  with  that  view  thfifweni  him  to  Ei^iMd.  He  arrivt'd 
'  in  London  in  177U  uid  CMatiniieii  in  tiiis  cmntt^  during 

'  the  rest  of  his  )ife.  Here  bit  inctinatioA  led  htm  to  pur- 
sue ^CKMKilir  sludir;',  lh<-  rudimcali  of  wkicb  lift  ilMl  tt- 
cvived  at  the  unitiriiii)' ot  Naples  and  Iw  ottaioiNi  tn  I 
comidrrablv  rank  in  ievt-ral  of  tin*  more  fHshionable  and 
pi»pul.ir  |)b)>ir;i)  s!  ic-iices.  Ill  March  179*J<  he  was  tiectcd 
iiK'iiii.1' I  ill"  ihc  lloyiil  Acadi  i;iy  <i|  Siii  :ici-  nf  N',i|ilis; 
iliKi  111  U^cciiilnT  ilii  H-inic  \i  Lii  111-  i  ll  ttril  honii'  mcni- 
biT  of  tht  Royiil  'Ciciy  I  t  I  .iij'.iicn  ;  v\ here  h« died  ibc 
3$lb  yf  Dcci'iiilx  r  tnuy,  at  <K)yfaib  «.l  age. 
'  'mMde*  urMLil  iiiceiiious  papirt  ii>»crtk'(l  in  the  PhiliM. 
Trans.,  Mr.  f-  |)ulili>hetl  »i'|)arutc  and  very  interesting 
vnluiiK-y  nil  \.iri'ius  pupulur  and  usfful  .'ubjc-cts:  as,  A 
Coiiij'ii  :c  i  n  al:-L-  of  F.lectriciiy  in  1  beery  Hiid  Praclict , 
1  vol.  8vo.  177/  (enlarged  io3\<il>.  in  I7;)3). — An  K»»ay 
on  ibti  Theory  and  Pmciicc  of  Medical  Klvctriciiy,  I  vol. 

iJj^eip^  Ticaliieon  the  Nature  and  Properties  of 
Air,  BdmbrPerinaiiRitly  Elastic  Fluids,  with  an  Intio- 
dueti^GBT^jtenirtry,  t  vol.dio,  17Bl.^Thp  History  and 
PrdCtiCc  of  .^i^rosiatuiii ;  1  vol.  8«0tt7S5— 'MinrraloKical 
Tables  i  f<di»>,  (accompanied  witli  an  8eo  «xptstiatory 
jiiimpiilrt)  17Sj. — A  Treatiic  on  Mo|»neiiMii,  in  Theory 
and  I'laciice;  I  vol.  Kvo,  1787. — Description  and  Use  of 
till'  Telescopical  inolbt  r-ol-iicuil  Micrometer;  Svu,  17^)  !. 
— An  K?i?av  on  the  Wcditmal  I'niperues  of  F;ilIi1ii<u^; 
Aii«.  Willi  ;in  Ap|i"ndi.\  Oil  the  iMUiii-  i>l'  liln'id;  1  m>1. 
8vo,  I7y6,  main  ol  "tiich  have  ffniv  thrmi^li  m mtsI  rdi- 
tions. 

CAUDA  Capricorm,  a  iixenl  star  of  thc4lh  taagiutude, 
in  ibe  tail  of  Capricorn ;  culled  alio  by  tbe  Amba,  Dineli 
Al«di;  and  u.ai  k  <l  y  by  Bayer. 

''^'CAIIJM  Crti,  ii  liM'i!  Mar  of  the  3d  magnitude;  called' 
I^J^  ihe  Aiul--,  l>t|eb  Kaetos;  marltol  ^  by  Bayer. 

ly^ni,  a  ft|^  sKir  of  the  3d  magnitude  in  tlw 


«liich  lie  excrfW  in  a.reVy  eminent  dogrce.  Ilis  i>enlus 
and  ljbour>  were  rcwardid  with  •(!■■  most  brilliant  disco' 
vcries  and  iniproveinenls  in  llie  v  ;i  i  I'His  bninchr<.  of -ripnce; 
the  records  of  which  are  chietly  lo  IkMuuihJ  m  iln  \.iiuinis 
of  the  Philos.  Trans.  He  had  ktudi(d,and  ren»ieied  him- 
self famili.irly  conversant  with,  e\-rry  part  of  Newton's 
philosophy ;  tbe  principles  of  which  he  applied,  40  years 
ago,  to  an  inveMigaiion  of  iht  laws  on  which  ,th<^  phieno- 
mena  otfdeciriciiy  depend.  Pursuing  thc'itAiiM  research, 
on  ibe  occwdon  of  the  first  experiments  with  the  tori>edo, 
bo  g»ve  a  iniiifiKiew  eaplattatiou  of  the  KmarkaUe 
powcfft  of  flectricel  nthca;  pointing  out  that  ditttneliuR 
between  common  and  animel  clectricHyi  which  Ina  linoe 
been  amply  confirmed  by  the  brilliant  dbcovtrics  in  Gat* 
vanism.  Havinc  very  early  turned  his  attention  to  pneu- 
matic choinisiry,  in  I7(>(>'he  n*fert»incd  the  extreme  le»-ity 
(if  iiifliiiiini.ibii  air,  mn»  ralli  d  h  vili(>i;i  ii  g.i'. ,  :i  iliscmtry 
oiiwbit  li  arc  l<iuiiil<-  d  inaiiy  cu  rp  lu s  <  .\ [hti nu-iit*,  paclicu- 
larly  thai  'il  iirmd  iiavii;  iIk.ii.  In  itn  Munr  line  of  science, 
he  made  tin'  iiii]i"iiaii(  <ii-r<jviiv  nt  the  composition  of 
water,  b\  t'u'  iii-.mn  nl"  tno  airs;  «fjic':i  l.iid  the  founda- 
tion of  tbe  modern  system  ol  cbeuitslry,  which  rests  prin- 
cipally on  this  fact,  and  that  of  the  decomputition  of  wattr, 
announced  soon  afterwards  by  M.  I^tvoisicr. 

As  the  purity  of  atntoapbcrical  air  had  been  a  subject 
of  conttoverni  Mr.  C.  contrived  essential  improvenenta 
In  thencthon  of  performing  experiments  wiib  tfao  eudio- 
meter;  by  means  of  which  he  was  the  fint  who  ahowedt 
tbat  tbcproportion  of  pure  air,  in  tbe  atmotpbcre,  ii  nnuly 
the  tame  In  all  open  places,  fhe  other,  and  much  latter 
portion  of  our  atmosphere,  he  sagaciously  conjectured  to, 
be  the  basis  of  the  acid  of  nitre  ;  an  npiiiini  which  ho  soon 
brought  to  the  test,  by  an  ingenifiu>  ami  Kihorioui  experi- 
ri  iiil,  t'iim]ili  trly  |ir(Ain^;  its  truth;  vslirnrr  this  air  !ih» 
iiijw  \ery  ;;r  iirrully  oiiL-iiiicil  the  name  ot  nilrofjin.  S<> 
i;;ai-v  and  j;ii-at  (ilscovmcs  spread  lila  Innif  thruii^h'iut 
£uio|i«,  and  be  whs  univi'i-sally  considered  its  one  ol  thu 
greatest  philosophers  ot  ihr  aje. 

Among  the  lahuuis  (A  his  iHticr  days,  was  the  nice  and 
difficult  expi  r  i:  I  y  a  niO'.U- and  instrument  contrived 
by  the  late  Kev.  Jubn  Michell,  by  which  he  determined 
the  mean  density  of  the  earth,  in  a  result  not  widely  dif- 
ferent from  what  was  obtained  in  tbe  more  perfiect  way  by 
the  attiaetion  of  momtatna.  TUa  density  forma  an  ele- 


wan'staTIi  called  byfbe  Anba,  Dtoeb  Adigi^,  or  Eldc-  Dentofcoosequenceindulicalecalcnlatioiwofaalrenomy, 

^^'cli ;  and  marked  a  by  Bayer.  as  well  at  to'  geological  inqoirica.  Kico  la  tbe  last  year  of 

C A  t-  [)A  Dcfpkitti,  A  fixed  star  of  the  3d  mafnilttde,  in  bis  life,  be  proposed  and  described  improvcnicnts  in  tb« 

the  tail  ol  lite  Dolphin;  marked  i  by  Uayer.  manner  of  di«'iiiing  large  astronomical  instruments, which 

Cal-da  Ofiqconif,  ^Dragon's mil, lfaemOOn*fWNltbem  promi'-c  v.  ry  L-rvat  ailv^nta^i-^. 


or  liescentiing  node.  ^ 

Cavoa  Ltonis.  a  11nc(1  vtnrot' I'l'  rii--'.  n.n^'iiiu.li  in  llie 
Lion's  tail;  calUii  also  by  liie  Arabs,  ni^u  h  I'.h  ri  il  ;  ami 
.  marked  j3  by  Biiyrr.    It  is  called  alvi  Luc  id  i  (  a-ida. 

CaI  IJA  Una  MtiJoriSf  a  lixed  slarol  the  3d  magnitude, 
ill  the  tip  of  the  Gre;U  Bihar's  tail;  called  also  by  the 
Arabs,  Alaliolh,  and  Itencnath  ;  and  marked  r,  hy  Bayer. 

Cav  i>  a  I'rffC  Minrvit,  a  fixed  star  of  the  .Id  magnitude, 
at  tliij  end  of  the  I.esser  Bear's  tail;  called  also  the  Pole 
Star,  and  bv  ilieArabs,  Alrukabob  ;  and  marked  a.  by  Dayer, 


tiiese  pursuits,  together  wiLh  reading,  of  various  kinds, 
by  which  he  ncquin'd  a  deep  insight  into  iilmost  every 
!i>!)ir  of  !;enerul  knowledge,  formed  the  whole  occup-itiun 
r!  Ill-  life,  and  indeed  constituted  his  solo  ainuvtiuns. 
The  loVe  of  truth  alone  whs  sufhrieni  to  fiil  his  mind. 
From  his  attachment  to  such  occupations,  and  ihc  con- 
stant resource  he  found  in  them,  together  with  a  shynesa 
and  ditbdence  n:iiunil  to  liis  disposition,  hit  habits  had, 
from  early  life,  been  secluded.  His  manners  were  mild— 
his  mind  firm— his  natave benevolent  and complr. rent,  lie 


CAVEMDISH  (IIexrv),  eoDof  tbe  laie  Lr»rd  was  liberal,.  wiih«iot  being  profuse;  and  charitable,  with' 

CliisrlM  CavnMliab,  imt  hot n  Oct.  10^  I7)l«  nod  died  Fab.  oat  oatentation. 

1810,  eoMcaucnily  in  his  79tb  year,.,  Mr.  C.  lived  -  CAVCTTO,  a  hollow  member  or  nonMing,  eoitlalmng 

and  cKvd  ii  bachcW,  devoting  the  whole  b'uun  and  atlen-  a  qoadrant  of  a  circle,  and  having  an  efiirct  jnst  cdhtraiy 

tium  of  hit'loHg  life  in<»t  asiidoously  in  rtihivming  i^c  lo  that  uf  a  (|uan^  round.   It  it  used  as  an  wnament  iit 

sciencea,  nuuhctiuuici^l,  phjvical,  chemical,  ^c,  in  ;tll  curniccs.  « 


id  by  Google 
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•  CAULICOLES,  Caidicali,  to  Aitbilcctnrc.  an  those  8' 

k-uer  branches  or  »tali»  in  the  Corinthian  ra>i)iul,  Wliich 
spring  out  from  lh»-  four  greater  priticipui  cauU  ^  or  iiull^s, 

C-M'Sll,  P/i\,3icul,  thfH  which  prouucci  a  srii^iijii-  ciii- 
jjortal  ii!e<t.  rir.i",  the  sun  i»  «  |)lijsii.'«l  tiui-  -  ol  hi;l»t, 
OiIutj  (liliiH'  u  |-tiy-ii'.il  (flu^r  t"  In  that  kKu  Ii  producca 
its  cffec IS  i)^  H[)hj5ic«l  viiiut  ,  oi  luiliir.il  iiillufiico. 

CAUSTIC  C.i  uvE,  ill  tlif  hiL;li<  r  yiuiiutr) ,  i»acurve 
formed  by  tiie  concourtv  ur  cuiiiridtiicc  of  the  ray»  uf 
liKhi,  wkeit  dtbcr  ntfeaed,  or  tcibeied,  fran  mnm  ather 
car««. 

Hvcry  Kurvc  therefore  has  it>  twofold  tftOttic:  accord- 
ingly, cauttics  ar«  dividfd  into  cularaMtics,  alui  iliacuus- 
lic»;  the  otif  iormcd  by  reflirctionj  the  angle  of  relliciion 
bring  e()ual  to  that  of  incidence ;  the  other  by  refnctiou. 
Seetha  wo  article*  CATACAUaTictimi  DtACaVtricl. 

To  punue  the  doctrine  of  ctualka,  m  it  n^ca  to  op- 
tica, cooialt  Haay*s  Phlloaoiihjr,  voL  9i  uul  n  m  bmch 
of  the  doctrine  of  cunrei,  consult  tiw  iPiilMB  Ctt  flOitiomi 
■a  Hayt,  ur  Hod^n,  or  Stone,  &e> 

CAZCMATE.  SccCasbmati. 

CA7KRN.  S<-eCA*ERX. 

CKOINI  '^.  i  f!\f<i  star  of  the  3il  miignitude,  inthllefk 
shoulder  ul  Huotc  s  ;  and  niai  ki  d  y  by  IJaycr. 

CELtJtlTV,  is  ihi-  vildcity  or  kwirtne»B  of  a  Icdv  in 
motion;  or  th»t  ani  rlion  of  n  bw\y  in  motion  by  which  it 
'can  pats  ovrr  a  certain  •.puce  in  a  curtain  time. 

CELESTIAL  C;  LOBL,  &c.    Sec  Globe,  6cc. 

CELLAUIUS  (Cii  Kisropii  er),  a  learned  geographer 
and  historiographer  of  the  17th  century,  lie  was  born 
in  l€S8,  at  Siiialcalde  in  Franoonia,  trherc  hia  father  was 
milliter.  Our  author  wa»  tucceuively  rector  of  the  col- 
IfglSOtWeymar,  Zeiis,  nnd  Mcrsbourg,  and  profcssofof 
•loi|iieiiee  and  UMoiy  in  th«  uoiwnitjr  founded  by  the  Uif 
of  Pnmw  otHtdl  u  l<i!99»*riimlicconpoMdtM|iiBiait 

part  of  hi^  wurk«. 

Uis  great  application  lo*tttd|*lMMeiied  llwInCrmitseaof 
old  age ;  for  it  hna  been  said,  he  sroold  spend  whole  days 
and  nigbu  together  over  bia  books,  witboatsny  attention 
to  his  health,  or  even  tbacalliof  aatMft.  Hadwdiii  170f» 

at  69  years  of  ligc 

Cflliinn*  W115  aulhnr  of  a  grtnt  niimbt  r  of  books,  on 
various  >ubj»>cl*  ;  hot  iliosf  for  which  lif  [iM  a  placi'  here, 
an  hia  gitigraphii-Hl  -M.i  k-.        i.  ari'  ji  i'lKinv  : 

I.  Notitis  ()rbis  AiilfV{ui, vuU,  in  4toi  and  isisleemcd 
the  best  »i>rk  evi.int  on  tiu-  niiLient  geograpfcj* 

C.  Atliu  C(ele»tis ;  ip  folio. 

3.  Historia  Aniiqua,  t  vob,  in  l$mo i  bctog OR  alnM|»> 
inent  of  universal  hisioiy. 

CENTAURL'S,  the  CkiUaur,  one  of  the  48  old  constel- 
latiousi  being  a  soathem  one,  and  is  in  form  half  man  and 
halt  horse.  Jt  is  fabled  by  the  Greeks  that  it  was  Chiron 
thoGealaar,  wbowaatba  tulor  of  AcbiUa  and  Eaculapius. 
TW  Stan  of  ihia  eoMlrllatioB  are,  in  ?lolciny*t  eatato^uc 
37,  in  Tycbo's  4,  and  la  tbeBfilai»Ie  calab^,  aritb 
Sharpe's  appendix,  35- 

.   ClCNTKH,andCaiimMifO.'  SeaCBiiTKB,aadCn* 

Tittiro. 

CRNTKSM.the  lOOlh  jiattofflny  thing. 

CENTIGRADE,  ihi' ilivuion  into  gradis  or  degii-«k  by 
hundredth  parts,  called  also  Cente^im.-ils,  canceled  IMO 
Cj^nteines,  or  still  mori"  contracted  Cents. 
■  1  he  NoitTi-.Ami  ric  Mil  st.iies  ]iu\c  their  money  (dollars), 
i^uled  into  hundredth  parts  or  cents.  And  the  French 
'nation  have  lately  dindad  dl  thelnmaey,  iipi||)it%aad 

Vol.  I,  .  , 
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meaniKi,  dMnaHyj  Vrbich  k  allowed  to  be  the  b«st 

way.  They  have  eiten  dlvisfe.;  the  tin  ular  quadnu.t  jn:u 
cents,  fur  trigoucmelricni  uses,  -m  ti.e  centigrade  m^w 

having  100  m  the'  tjun  1  a:.;,  mI.iU-  v,e  h.ive  uil  ;  th.-n - 
fore  the  itiugnitU'li-  ol  liu  ir  ih-vet  ,  i5  lo  tiiiit  of  ourj,  a. 
9  to  10;  but  the  nuiiiljcr  •>(  tl.ur  degrees  to  the  nuinU-r 
ot  ours,  as  10  U>1);  ht  iu  e,  to  change  l  ivnt  h  decrees  inhi 
Elijllish,  diminish  tlnn,  i.y  ..:,e-ieiilh,  or  iiiultipl)  them  by 
9,  and  cut  1  ff  ore  ii_iin  tor  u  diciinai  :  and  to  (iiwi  llie 
number  ol  French  .;nes  aiisuei iii^,  to  a  ^ivcii  uumU  r 
ol  English,  annex  a  (ipher  to  the  lativr,  thun  divide  them 
by  9- 

The  French  have  also  their  cenlijirade  thermometer. 
&c.  In  that  instrument  they  divide  the  distance  betwei-n 
the  freexing  and  boiling  uMOta  into  100^  which  wc  divide 
into  ISO;  therefore  (bcietigchbf  tfccirlh«rnH(a;elricalda- 
grw,  ia  to  the  length  «)Coun»oa  ItOlo  l€0,orin  IS  to  t<^ 
or  9 10  5  i  and  ilw  number  of  thefnto  the  uumbf  r  of  onn, 
«  lOto  IS,  or  5  to 9;  tlierefore,  to  change  French  titer* 
moBelcr  deg^eet  into  English,  multiply  the  former  by  9, 
and  divide  by  5 :.  ao,  to  find  the  English  de  grei-s  answer;  ni; 
Co  15  French,  the  5th  of  15  is  3,  then  3  x  9  =  57  the 
English  degrir*.  ?  .liim',  ,  r;iig  in  1  ^  I'relich  :  hut  lis  ihf  1-  reiich 
freeiting  point  is  ul  n,  and  ours  at  32,  ihcrefoic  ij -t-ii^ 
i'  the  point  or  decree  i^n  tl;e  English  theJinuinetBr,  an- 
snerin^  to  that  of  I,')  on  tiie  French. 

CEN'Ii'Al.,  Mi:,i:liiiig  relating  to  a  centre.  Thus  two 
say  Central  echjise,  ti-iittui  forces,  central  rule,  iVc. 

Centu  AL  Eclipse,  is  when  the  centres  of  the  luminaiica 
exactly  coincide,  and  fall  directly  in  a  Hoe  with  the  eye. 

C  K  N  T  R  A  I,  Forces  are  Jbrot*  uviog  a  tendency  d irect  I  v 
towards  ur  from  some  point  or  Centre ;  or  forces  which 
cause  a  moving  body  to  tend  towardt',  or  recede  from,  the 
centre  of  motion.  And  accordingly  they  are  divided*  into 
two  knidi,  in  Kipect  to  ibcir  dmerent  vdattbna  to  iba 
ceatre,  and  bence  are  caUed  cmiripctal,  and  cetari&upiL 

The  doctiiae  of  central  forces  cowtittites  a  considw- 
ablo  branch  of  tbe  Newtonian  philosophy,  and  has  been 
greatly  cultivated  by  mathematicians,  on*  account  of  iu 
extensive  use  in  the  theory  of  gruvi^,  and  Other  breaches 
of  physico-malhemaiical  science. 

In  this  <lii<  tr.in  ,  It  is  supi"  j  rli.it  matter  is  equally 
indilitrent  to  motion  or  rest,  or  ratlier  that  it  always  re- 
sists any  attempt  to  change  its  state;  or  that  a  body  ut 
n-it  never  moves  itself,  and  that  a  body  in  motion  ni\er  <>( 
itself  ehani;es cither  the  velocity  or  the  direction  of  its  mo- 
tion; but  that  every  motion  would  continue  uniliirnilv, 
and  its  diivclion  rectilinear,  unless  some  external  loice  or 
resistance  alfected  it  or  should  act  upon  it.  Kence,  wh«o 
a  body  at  n»t  always  tends  lomovc,  or  when  the  velocity 
of  any  rectilinear  motion  is  continually  acceleiai^  or  lo> 
larded,  or  when  the  direction  of  a  motitm  is  contiBnally 
changrd,  and  a  cniva  line  it  tbcieby  deaciibcd,  it  it  mp> 
posed  tbat  thwa  drennitlancca  proceed  from  ibf  infloenee 
of  MNne  power  that  acli  incessantly ;  which  power  may 
be  measured,  in  tbe  lint  case,  by  the  pressure  of  the  quies- 
cent body  against  the  obstacle  \s1iich  prevents  it  from 
movlnj;,  or  by  the  velocity  paii.ed  or  lost  in  the  second 
f'.'be,  or  by  llir  ill  xurc  I  f  ihe  cune  desc  rii;,  il  in  the  3d 
CiLst- ;  due  regard  bijni:  had  Jo  the  time  rn  which  the!< 
effects  are  proi  uml,  ar  J  other  circumstances,  according 
to  the  principh'S  of  nu  chatucs.  Now  the  power  or  force 
of  gravity  produces  ejects  of  <  .u  h  of  ilirse  I'.v,:',^.  whirf 
(ah  under  our  constant  observation  uear  the  tuitace  of'iht 
aaitb)  Aw  die  taaic  power  Ivbicb  renders  bodict  bcavy, 
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while  they  are  at  rrst,  acee)enitc$  iMr  motion  wbca  ihej 


] 
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Supposr  a  body  of  any  di-tcrmitMtc  weight  to  rcToWe  1 
formly  about  a  ccntrr,  with  any  given  .velocity ;  fitid  fhlm 


till  ir  |;r.ivi[v.  But  we  cfio  judge  of  the  forcea  or  powm 
iliut  act  jii  tht-  ci'lesiial  bodies  by  effects  of  the  liwt  kind 
(,rjlv.  Arid  lii'f.cf  it  i^,  that  the  doctrine  of  central  forcrt 
ij    Ml  much  Uic  in  tl>c  llicory  of  the  plftT-A-lary  motions. 

Sir  I,  Newton  ha«  trcati-d  of  central  !,ir(  l^  m  I  h  I ,  sec. 
2,  yf  his  I'rincipia,  and  hasi  drnionstrattd  lliii  iuiniiUJimlal 
theorem  of  central  forces,  viz,  that  (lie  arm,-,  which  re- 
volving bodies  describe  by  radii  drawn  to  an  irainoveabic 
centre,  lie  in  thsMine  immoveable  planes,  and  are  pro- 
portional to  the  times  in  which  they  are  described.  Prop.  1. 

It  i»  r\-Miarkcd  by  u  hit  ■  eminent  mathcmuiician,  that 
tliis  law,  which  was  originally  observed  by  Kepler,  is  the 
mly  general  priociple in  tii«  doctrine  of  cc-ntripeUl  forces; 
lAit  wiOB  this  tat*,  w  Newton  hinMlf  has  proved,  cannot 
Mi  in  cases  wbmm  body  ins  »  WkkiKj  lo  my otb«» 
lhan  one  and  the  same  point,  them  MUM  to  tt  waaHng 
tOtnc  law  tliut  may  serve  to  explaftt  the  mMtcAi  of  the 
moon  Binl  5at<  llite3  which  gravitate  towards  two  different 
ftMitrt  *;  the  Iftw  hr  Isjn  down  for  thi«  purposf.  i*,,  that 
when  a  buily  is  urged  by  l"o  forces  leinlin!;  Constantly  to 
two  tixed  )K>ints,  il  will  dcsciik',  by  lini  s  tirawn  troiii  the 
iwo  ti.\cd  ptiinti,  equal  solidv  in  equal  liiius,  ubout  the 
line  joining  fbow  fixed  points.  See  Miicliiii,  on  the  Laws 
of  the  Mruin's  Motion,  ui  llie  Postscript.  This  short  trea- 
Bse  is  publnhcd  at  the  end  of  the  lluglish  translation  of 
Sir  Isaac  Newton'*  Principia.  See  also  a  demonstration 
of  law' by  Mr.WiUiam  Joiies,  in  the  Philoa.  Trans. 
«el.l9.  Very  kamed'ttactt  have  nho  U'en  siaca  given, 
«tea  thtt  moiioii  fanedi,  Bot  two  only,  but  tevenl  ceii' 
twi>.  bf  anta*  higniiovB  mtfaon,  and  practkal  rale* 
AMad  mm  tiMm  for  computitig  the  placca  tte  oCplaAali 
mi  KitiiU}  as  by  Lagrange,  Lnplaca,  Waring  Ke,&6i 
Ste  Bertib  Mcnoin  s  thoM  of  the  Academy  «if  fihamat 
Paris :  and  the  PhikM.  Tram,  of  iMdoa. 

M.  Deinoivre  gaVc  elegant 
to    central   forces,  in  the 


Philoa.  Trans,  and  in  his 
Mised.  Analyt.  -J-H.— Let 
Id  be  any  given  curve,  m 
which  a  body  tnnsTs  :  let  r 
be  the  place  I't'  itiu  lii  iK  at 
anythae;  ;«  the  centre  of 
fettel^^r  the  point  to  which 
Ibe  tanttal  force  acting  on 
0tt  tody  is  always  directed;  ta  the  radius  of 
M  the  point  v;  aad  at  perpcndicalar  to  the 


pouil 

theti  willthe  cemrtpopJ  fenialm  away  tihwe  pwybrtwari 

to  the  quantity  Vid.  M  Mpm* 

A  iL  VaiipHm  baa  atoogiMii  tew  ganenA 


thmrems  relating 

V.  T 


centrifu§il  (brer.  So  that,  if  (be  the  body,  or  its  weight 
or  quantity  of  matter,  r  its  velocity,  and  r  the  radius  of 
the  circle  dcKribcd,  also  g  —  l6-fj  feet :  then,  by  the 

lunof  C|l]liigbodka  we  have4f* :  ei*t:f     tbe  hemline 

l« thevdocilyvi  «iidhyniler:^::t:^as/lhie  ocn- 

trifugal  force.  Hence,  if  the  C'.  ntritu:»al  force  be  equal  to 
the  gravity,  the  velocity  i»  equal  to  tliat  acquired  by  fall- 
ing throti;{h  hall  the  ruiiiiis. 

'i.  I'he  central  force  ut  a  body  moving  in  the  periphery 
of  a  ei.cie,  li  as  the  verted 
sine  AM  ot  the  indefinitely 
small  arc  ac;  or  it  is  as  the 
S<)Uare  of  Ibut  arc  a  K  direct- 
ly, and  as  the  diameter  a  a 
inversely.  For  am  is  the 
space  throogb  which  the 
body  is  drawn  from  the  tan- 
gent in  the  given  lima,  and 
tAK  ia  tkm  proper  mmraia 
of  th«  intensity  of  ilw  CMtiml 
force.  But,  AK  being  very 
small,  and  tberefore  nearly  equal  le  its  chord,  wt  ahnil 
have  by  the  nntnia  «(*a  cifcta 

Alt :  At :  :  ak  :  am  =  — -. 

it 

3.  If  two  bodiis  revolve  uriifornily  in  different  circles', 
their  central  forces  are  in  the  iloplumi'  rnt  oof  their  v«-lo- 
cities  directly,  and  the  diameters  or  radii  of  ibe circles  in- 

wmly Hfcnt  ia, » :/: ; : : :  ^- :  . 
Airtbefbree,bytiMla(iarHde,tsas     or  ^  ;  andthete. 

locity  t>  it  as  the  space  a  k  unilormly  dcicnUd. 

4.  And  hence,  if  the  rudii  or  diiimcli  i >.  be  reciprocally 
in  the  duplicate  ratio  ot  the  velocities,  tin  t  i  ivtral  forces 
wilf  be  reciprocally  in  the  duplicate  ratio  of  ibe  radii,  or 
directly  as  the  4th  power  of  the  velocities ;  tltat  ia,  if 
v«   r'  :  :  r  :  R,  than  W  :/:  :  r'  :  a*  .  :  v'  : 

!>.  I  Lc  centnl  (bfces  are  as  the  diameters  of  the  circles 
directly,  and  sqiiam  of  the  periodic  times  ioveiidy.  For 
ifc  be  th«  dicnmiiecenae  described  in  the  lima  I,  wilkdw 

:  - ;  henor,  uiog 


velocity  v;  then  the  space  c  a  iv,  or v : 

this  value  of  r  in  the  3d  rule,  it  becomes 

b°M  dm  drcnmCacBee. 

ffereat  circlet,  he  acted 


since  the  diameter 


_           _        ihmtmvm  If  two  bodies,  iwoWing  in  different  circlet,  he  ncted 

Urit  il(|)Mt  MS  llm  Memom  «f  the  Aend.  an.  |7<NH  1701;  «ii  by  dm  same  central  force ;  the  periodic  times  are  tn 

Md  hM  -ahMlb,  dMk  appKcation  to  the  mnlimis  of  Aa  the  nbduplicate  ratio  of  the  diameters  or  mdii  nf  'be  cir- 
8ce«llo  the  mine  Mmoohs,  an.  inK^  ITlo. 


Mr.  Maclaorin  has  alio  treated  the  subject  of  central 
ferccs  v«y  ably  and  fully,  in  his  Treatise  on  Floxions, 
art.  416  to  190  ;  where  he  gives  a  great  variety  of  cxprcs- 
»K>n<  f'T         forces,  and  Kveral  elegant  methods  ofin- 

Vti.n{;nlinp  tbcm. 
.  /yitii  f/ Ci  VTRAi.  Forces. 
■      1.  1  i.i  t'jllnwingisa  very  clear   ml  i.r.ni]ir>  heniiw  rule, 
hi  v>hich  we  are  tMwed  to  the  Uaiquu  dc  i'Hdpital: 


■nbduplit 

dcs  5  for  when  r  =  /,  then 


=  p,  and  n  ; 

or  T  :  «  :  :  ^r>  :  ,/d  :  :  ^.'n  :  t/r. 

7.  If  the  Velocities  be  reciprocully  rc^  :f;e  distances firom 
the  centre,  the  central  forces  will  l>e  re(  iiiroc.illy  as  the 
cubc^  <  ■)  till  ■.  i:  e  distances,  or  din-ctly  us  tlu-  cubes  of  th«; 
\elociucs.    Thai  is,  if  v  :  t>  :  :  r  :  b,  then  is  r  :/ :  :  ; 

«*::tr*:A  I'ot  »i/t : : " 


a 
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8.  If  the  vi-locities  be  nrciprocally  in  the  tubduplicttte 
raiiu  of  the  central  di?>taiiccs,  the  squares  of  thr  times  will 
b«  M  the  cubes  of  the  distances :  ' 

tlieivis  T* :  I* :  :  r'  :  r".  For  by  3d  and  5th 

and         =  ^  (by  this)  =  and  hence 

t'  :       :      :  r". 


thus,  if  V*  : 
l' 


9-  Thcrt  forc,  if  the  forces  he  reciprocally  a»  the  tquarrt 
of  the  central  di»Uucc«,  ihc  squares  of  the  pi'riodic  limes 
urill  be  as  the  cubes  of  the  distances;  or  when  T:f::r^:u,', 

then  is  t':  f*:  :  e'  :  r*.  For  by  4th,  r  :/:  :      :  p.and  by 

this  r  :/ :  :  r*  :  r*,  iheref.  ^  :  ^  :  :  r*  :  b',  and  hence 

T»:t*:*  a':H. 

Exam.  From  this,  and  some  of  the  foregoing  theorems, 
may  be  deduced  the  velocity  and  periodic  time  of  a  body 
revolviiij;  ui  a  circle,  at  any  given  distance  from  thc<'arth's 
centre,  by  means  of  its  own  gravity.  Put  g  =  feet, 
the  space  described  by  gravity,  at  the  surface,  in  tlic  first 
second  of  time,  vit,  =  a  m  in  the  foregoing  (ig.  and  by  rule 
2;  then  putting  r  =  (he  radius  ac;  it  is  ae  =  y^(AB  x 
am)  =r  y'^the  velocity  in  a  circle  at  its  surface,  in  one 
second  of  lime;  and  hence,  putting  c  =  31-^159  &c,  the 
circumference  of  cbc  earth  being  2cr  =  23,000  miles,  or 

132,000,000  feet,  it  will  be  ^3gr  :  ier  :  :  l'  :  e^—  s 

5078  seconds  nearly,  or  24"  38»,  the  periodic  time  at 
the  circumference :  Also  the  velocity  there,  or  v^2gr  is  = 
2(»000  feet  per  second  nearly.  Then,  since  the  force  of 
gravity  varies  in  the  inverse  duplicate  ratio  of  the  distance, 
by  rules  8  and  9,  it  is  ^a  :  y''" :  :  p  or  2600U  :  26000 

^«  =  *       velocity  of  a  body  revolving  about  the  earth 

at  ihc  distance  r  ;  and        :  ^e'  :  :  <  or  5078"  :  5078 

v/pj  =  T  the  time  of  revolution  in  the  same.    So  if,  for 

instaitce,  it  be  the  moon  revolving  about  the  earth  at  the 
distance  of  GOsemidiameteni;  then  a  =  60r,and  theabovc 
expressions  become  v  =  26000^^  3357  feet  per  se- 
cond, or  38f  miles  per  minute,  for  the  velocity  of  the  moon 

io  hot  orbit ;  and  t  =  5076^/^  =  2360051  seconds^  or 

27-At  days  nearly,  for  the  periodic  time  of  the  raoon  in  her 
orbit  at  that  distance. 

Thus  also  the  ratio  of  the  forces  of  gravitation  of  the 
noon  towards  the  sun  and  earth  may  be  estimated.  For, 
1  year  or  365j  days  being  the  periodic  time  of  the  earth 
and  moon  about  the  sun,  ami  27^,  days  the  periodic  time 
of  the  moon«bout  the  earth,  aUo  60  bring  the  distance  of 
the  moon  (mm  the  earth,  and  239'iO  tlic  distoncc  from 
the  sun,  in  senridiametPTs  of  the  earth,  by  art.  5  it  is 
»0       M9ao  MOOS       «7:i'  ,  ... 

»T?  ImT-  •        ^  ■  ~  «  3zr5?  =  ».  «ie 

proportion  of  the  moon's  gravitation  towards  the  sun,  is  to 
that  towards  the  earth,  as  2^  to  I  rtearly. 

Again,  wc  may  hence  compute  the  centrifugal  force  of 
a  body  at  the  equator,  arising  from  the  earth's  rotation. 
For,  the  periodic  time  when  the  centrifugal  force  is 
equal  to  the  force  of  gravity,  it  has  been  shown  above,  is 
3078  s«yrond»,  and  28  hours  56  minutes,  or  86 1 60  se- 
•  couds,  is  the  period  of  the  earth's  rotation  on  its  axi* : 
then-tore,  by  art.  5,  oc  86l6o« :  6078'  :  :  1  :  the  cen- 
trifugal fopce  requirvd,  which  therrfore  iHthc28<)th  part  of 
gravity  a»lbc earth's  surface.  Simpsoiys  Flux.  pa.  240,  &:c. 
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By  similar  loi^ans  wamay  <lctermine  the  centrifugHl  force 
of  bodies  in  ititTerint  llftitudes;  for  as  the  earth  turns 
:  r  :  R,  roujid  its  a\l^,  it  is  evident  that  those  bodieft  on  the  stii  luce. 
^  .  ^  of  it,  w  hich  lie  nearer  to  the  axis,  or,  which  is  the  same 
T*  ■  I*'  thing,  lie  nearer  to  the  poles,  lietcribe  circles  smaller  than 
thuM!  which  he  nearer  to  the  equator,  though  they  are  all 
performed  in  tlie  same  interval  of  time,  vix,  23^  5(^. 
Hence  the  periodical  tunes  being  equal,  the  central  forces 
arc  as  the  racfli  of  the  circK's  (5);  an<l  since,  in  diflcrent 
Idtitudcs,  wc  may  use  the  rullouiiigproiKirtiuii;  viz, a*  the 
raiiiui  it  to  the  co*siue  of  a  given  latitude,  so  is  the  cca- 
infugal  forcu  of  bodie*  situated  at  the  equator,  to  the  cen- 
trifugal forctt  of  bodies  at  that  given  lutitudu.  Now  as  the 
cu-sines  decrease  in  length  the  nearer  lliey  approach  tbo 
poles,  so  the  tendency  of  bodies  to  fly  off  from  the  surface 
of  the  earth  is  greatest  at  the  equntor,  but  diminishes  in 
approaching  towardi  the  polei ;  and  hence  we  perceive  why 
the  earth  has  b«ea  found,  by  means  of  unquestionable  mru- 
sureroents  and  other  observatious,  to  be  an  oblate  spheroid, 
whose  polar  diameter  i»  the  shortest.  This  circumttafice 
furnishes  a  convincing  evidenue  uf  the  earth's  daily  rota- 
lion  about  it*  asis. 

For  another  example,  tuppoic  a  to  be  a  ball  of  t  ounce, 
which  is  whirled  about  the  centre  c,  i*o  a*  to  describe  the 
circle  acb,  each  revolution  being  made  in  half  a  second; 
and  the  length  of  the  cord  ac  equal  to  2  foet.  Here  (  s  ^, 

r  =  3,  and  it  having  been  found  above  that  ^s/--  =  T  is 


the  periodic  time  at  the  circumference  of  the  earth  when 
the  centrifugal  force  is  equal  to  gravity ;  hence  then,  by 

art.  5,  u  ^  :  p  :  :  r  or  1  :  /,  which  proportion  becomet 

T       .     Sf'r       Iftf*       16  X  3-M16' 


-  s=<)'81<)  3=  the  cell- 


Sf'  •  gf  ,  16/, 

trifugal  force,  or  that  by  which  the  string  is  stretched,  vii, 
nearly  10  ounces,  or  10  times  the  weight  of  the  ball 

Lastly,  suppose  the  string  and 
ball  to  be  suspended  from  a  point 
D,  and  describes  in  its  motion  a 
conical  surface  A  on;  then  put- 
ting DC  =  a,  AC  =  r,  and  a  d 
=  a;  and  putting  f  =  1  the 
force  of  gravity  as  before;  then 
will  the  b<jdy  a  be  aflecled  by 
throe  forces,  viz,  gravity  acting 
parallel  to  nc,  a  centrifugal  force 
in  the  direction  ca,  and  the  ten- 
sion of  the  string,  or  force  by  which  it  is  sttetchod,  in  the 
direction  da  :  hence  these  three  pollers  »i|l  be  as  the  three 
sides  of  the  triangle  a  DC  respectively,  and  therefore  as  CD 

or  «  :  AD  or  A  :  :  1  :  J  the  tension  of  the  string  as  com- 
pared with  the  weight  of  the  body.    Also  DC  or  a  :  ac  or 
r  :  :  1  :      the  general  expression  for  tb«'  centrifugal  Affce 
above  found  ;  hena*,       =  2ac"  and  consequently 
t  =       —  =  l"108v/o  =  the  periodic  time. 

10.  When  the  force  by  which  a  body  i»  urged  towards 
a  point  ift  not  always  the  same,  but  is  either  increased  or 
decreased  as  >oine  power  of  the  distance ;  several  curw-s 
Mill  tlien  arise  according  to  that  power.  If  the  forc»-  de- 
crease as  the  squares  of  the  distances  increase,  iIh-  body 
will  describe  uii  ellipsis,  and  the  force  I'i  directed  tnuarda 
one  of  its  foci ;  so  that  in  every  revolution  the  body  once 
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apimmchcc  tom^A*  it.  mni  onoc  recadn  from  its  bIm  the 

cxtrntriciiy  of  the  cllipic  to  gw«t«f  or  le*,  acoorAOK  to 

rhi-  jiri'j-  rtilr  force;  »nH  the  curv*  may  sotoitimeibcciipie 
a  eiicl*'.  wtn  II  the  cxccrnririty  is  imdiing;  the  body  may 
(I<  -f  t:ljf  ilv  1  Jhcr  Iwo  cittiic  sectiMn-.,  the  parabolH 
:  .»(  h>c<rb«'la,  vvtiuH  <lo  not  return  into  iheinM-lvra,  by 
■.up[niMiii  lhevi  lnrir\  •;nmer  in  ci  rtain  proportion*.  AIm) 
•I  thi-  f'ircc  inrtfiiM-  in  tin-  ".innili-  ratid  us  the  clj?.tniiCf  in- 
<  iciivis  tin- Ijt.-lv  .IoCiiIa' ail  1  r        ;  I:  -t  ihcliirce 

will  in  this  CBsi"  Ik-  «litiH  ti-d  lo  the  ci-mre  <»i  tin  rllipso; 
and  ihc  body,  in  mch  nnolution,  will  (wire  asipruurii  to- 
wiirds  it,  and  Hgaiii  twico  ti-codt  t'lom  that  point.  i"or  the 
investigations  of  thcjc  und  nihiT  particulurs,  consult  Siinp- 
wn't  Fluxions  ""1.  Kct.  13,  atvd  Gregory's  Median, 
vol.  1,  chap-  3,  bk.  3. 

The  paeraliioctriacMr central  force*  u  cKlled  njmt  into 
•ppliCKtiBB  IB  inwenigiitittK  tlw  wUli«f  tbe  ptaneu  at  ur^ 
towaidt  the  wntnl  body  tjie  mb:  and,  conwdrnd  in 
that  vleir,  the  fetlowing  deduction  of  the  principal  hwi  ii 
oHered. 

(I).  When  a  body,  urgid  by  a  centripetal  (okq,  mwce 
ill  any  ciirtc;  then,  in  every  point  of  lh<r>  cunei  the  forcf 
j«  in  a  ratio,  comfioundcd  of  the  direct  ratio  of  the  budy's 
distiince  Innii  tin-  f.  lUn-  •  1  l  irce,  and  thi-  in»er»e  ratio  of 
tie  cube  ot  the  pcrpendtcular  on  the  tangent  to  the  »aroe 
point  of  the  cufvc,  di«wB  llito  the  ndiot  ef  euntalaro  of 
the  same  point. 

(C).  Hence,  if  the  lioi!>  :n  ..r  in  a  circle,  by  a  t*>rce 
tending  to  a  point  in  the  circu inference,  the  force  will  be 
everywhere  in  tbe  inier>e  i;ili«»  of  the  5th'Ppner  of  the 
U>dy'>  distance  from  that  point. 

(3)  .  When  a  Ixidy  roovn  in  a  conic  tection,  the  force 
utgiiy  it  lomtrds  the  ibciu  is  reciprocally  proportional  to 
the  ifUte  of  the  distance. 

(4)  .  Htnefe,  if  a  body  move  in  an  ellip>is,>by  a  ecntri- 
pcMl  foive  tnniiiv  t»  iit  centni  that  force  will  be  directly 
'ai'the  dialaace.' 

(5)  .  Hence'nsutti  an  cacy  eomtraction,  for  determi- 
ning the  radius  of  curvature  in  any  conic 
icciion.  Thus,  from  the  given  point  a, 
draw  <B  ilir  lUu'i  iho  torus  v,  and  ar 
perpcnilicuiiir  tn  llie  etirve  ut  A,  cutting 
the  axis  vc  in  (  ;  ut  c  erect  cn  [H-rpen- 
dicular  to  \r,  and  drat*  bb  perpendicular 
A  B ;  then  r  a  is  the  rsdius  of  curvatniy 
at  the  point  a. 

In  the  parabola,  the  construction  Uocnmes  a  little  Mm- 
nler.  For,  since  af  =  re,  and  ACit  a  right  angle,  there- 
wnvitthe  centre  of  a  circle  passing  through  A,  c,  B,  and 
iir  =  ra.  Hence,  if  Ar  be  prodnced  till  ra  =  af,  and 
»B  he  diatmi  perpendicular  to  ab,  neetiBg  the  perpcndi- 
cular  Aki  Ibco  &  will  be  the.centn  of  cunration  of  the 
parabola, 

Hcaoe,  Ib  all  tbe  coak  MctioBi,  ac  :  ab  : :  ab  :  ar 
the  ladini  of  amatnta ;  whkh  Hunlbra  k  a  3d  propor- 
tional to  AC  and  ab.  Aad  whea  the  point  a  coincide* 
with  the  vcrlex  v,  then  ac  t  ab  becomea  the  ratio  of  the 

two  scmiaxrs-,  that  i$,  the  radius  of  curvature  at  the  ver- 
tex, or  cxtri.mity  of  the  aaii,  is  equal  to  a  3d  proporlMNial 
to  the  two  seiniaxeit,  iuid  i»  thcrefnre  ««}Bal  to  the  eenipa- 
lamcter  of  tin-  axis. 

Further,  tin-  ra^lii  of  cuivature  .a  ilic  c\tr<  luilics  o^tUc 
inuttvtrse  and  conjuEale  axe*,  are  to  eivch  other  recipro- 
*^*y  «i  the  cube*  of  the  axct.  For,  let  «.deaoK  the  for. 


I  J  CEN 

mer  Mmiaxi*.  and  c  the  latter:  then  the  radius  of  curva* 

c*  "a* 
ture  tu  tbe  former  ii      and' to- the  latter  ii  and 

•  ■  *  ' 

-  ;  -  :  ;  e*  :  flr,  *  • 

a  t 

(6)  .  Win  n  a  body  moves  in  a  parabola,  by  a  ci  iitfijx-tal 
force  tending  to  the  focot;  then  the  velocity  of  tlic.  body 
in  the  parabola,  is  to  the  velocity  of  a  body  dncribiiin  u 
circle  at  the  same  distance,  everywhere  ai  \/2  tu  J.  But 
the  vehdty  of  a  body  in  an  elliptik,  is  to  the  vrlodly  of  B 
body  moviiig  in  a  circle  at  the  lame  ditlaiice,  in  a  Ima  ra- 
tio Ihan  that  td^itol.  And  the  velocity  iff  ail  hypcr- 
)}o1a,  1»  to  tbe  vchicHy  in  a  circle,  in  a  greater  ratio  than 
that  of  to  1.— 4f  ibebody  movcpitbcBauticelapiral, 
its  veltciiv  i'>  everywhere  equal  to  the  velocity  e(a  body 
desi Tilling  a  circle  at  the  same  distance. 

(7)  .  hiippoMns  a  body  is  pr'iji-Cted  in  a  given  direction, 
ttilh  u  ;;ivtii  velncily,  and  that  it  Is  uri;e'!  by  a  force  which 
is  alvv.i)'-  ie<  i|irijCiilly  as  the  mjunre  of  the  distiince  ;  i. - 
quired  til  liilerisiine  the  curve  in  i\liic)i  the  l>ody  "ill 
i,„,ve. —  It  is  plain,  in  tlir  first  pi  u  t ,  (|,ai  the  path  of  the 
ImmIv  "ill  be  one  of  the  conic  ke'Clii.n'i.  Ixt  the  body  be 
projeftid  in  the  rigbt  line  A  ti,  with  the  given  w  hir  c: 
and  Mnce  the  abnolme  qunn'tity  of  the  tentrip<-liil  forre  is 
knoivn,  there  ttill  thence  be  given  the  velocity  with  which 
a  body  can  dcscnbc  a  circle  at  the  distance  \r,  by  lltc 
MOW  force:  for  it  i«  equal  lo  that  acquire  !  hy  a  baqyiB 
foiling  tlirvugh  {af,  while  viged  comtamiy  by  the  mmo 
force.  Letlbat-vflodiy bee.  Erect ac peqwiMlicohrto 

AB,  i«  which  take  ae  a  4tb  pcopoctioaal  to  4^,  c*, 

where  r  p  ii  a  perpendlonlBr  on  AD ;  then  a  r  will  be  the  ni- 
di us  of  curvature  at  a.  Draw  rb  peqiendicalar  II»  ai^ 
and  uc  perpendicular  to  a  a;  then  drawing  rc,  it  wiUgpvo 

the  positum  of  the  axis.  Make  the  angle  EAC  equal  to  tho 
iin^li  I  M.  Thi  II,  il  \l  l  e  parallel  to  rc,  the  figure  in 
«hiitj  the  j.idy  moves  will  be  a  paiab«/la.  Hut  if  It  meet 
the  ii\i>  tc  in  t  ;  and  il  ihe  |Miii.ls  r  and  E  fall  on  tl.v  same 
*ide  of  tiie  ptiiul  C,  ihe  figure  w  ill  be  an  liyperb<ila  ;  l.ul  if 
r  and  r.  fill  on  con^raiy  sides,  the  ii^uie  «i'.l  he  .ui  eliip- 
his.  Hence,  with  the  foci  i:  and  r,  and  the  axis  ai  +  M, 
the  section  may  be  described  in  which  the  b^nh.  •  :l  iii  -  ' 

For  further  particulars  on  central  force*,  the  n  ader  may 
consult  Newton's  Principia,.  Varign<>n  in  the  Memoirs  of 
the  French  Academy,  1700,1701;  Maclaurin  s  !■  luxionsj 
SinqMonVFtuxions;  Gregorys  Mechanics,  vol.  1  ;  Daw- 
lon'a  £Hay  on  the  inverm  problem  of  central  forces.  In 
the  Mancheiter  Memoii**  or  in  Leyboam't  Mathematt- 
cal  Repoiitory,  No*.  4  and  5,  *.  and  Warinf^*  paper 
on  central  forces.  Pbilee.  lYattft  vol.  78,  or  my.Abfidgr 
roent,  v.  \  6,  p.  384. 

Centra!,  Rulf,  is  a  rule  or  method  diieoverrd _hy 

Mr.  Tlxmias  Raki  r,  rectnr  of  Nyii,(>teti  in  nevottthiro, 
which  he  (uihli-hetl  m  his  (ieomelriCRl  Ke^,  m  the  yvit 
Uis+,  for  Ji  imniiiing  tiie  ceat i e of  a  circle  which  shall  cui 
a  giki  II  [lar..!  ola  in  as  many  points  »«  a  siven  equation,  to 
bcconstrut  ted,  lias  te»il  mots  ;  "r.iili  In  iias  a|. plied  with 
good  success  in  tlie  construction  of  all  equationi  .is  far  us 
the  +tli  power  inclusive. 

Tlie Central  ilulc  is  chiefly  founded  on  tiiis  pro(H  tty  of 
the  parabola;  that  if  aline  be  inscribed  in  the  curve  p«r- 
pendiculnr  to  any  diameter,  the  rectangjbi  of  tttc  segments, 
of  ihu  line,  h  e(|UHl  to  the  rcCtBH^  of  the  inlrrccpteA 
part  of  the  diameter  aad  the  panntlcr  of  tl^  axik 
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TheCi  ntral  Rule  Imsllir  advanlngc  ovr r  llic  niolhndtnf 
C()i\vtruriiiii;  ctjvKiti'iii'  hy  DfsCnrlr*  (liiii  Di  kiMi  i'  >,  v^  ll:c'l 
arc  liabli  io  ih*  irotiljlc  <i(  pro|iarin?  lh»>  t  qimlioi'-s  by  ta- 
king iiway  llic  sctiiiid  (i-iin  ;  whi  ri-as  Uukrr'.'<  mctliod  cf- 
(ecti  the  same  tiling  without  any  previrtus  prcparaiiun 
wbalrvcr.    SyC  Pbil<M.TraiM.  NO  157. 

Ci^NTRE^jOr  Cbntsr,  in  n  general  scnv,  nnufics  • 
point  equally  rrmotr  from  the  v.\tn*m«  of  a  liiti-,  plane,  or 


5ti)e,  ithioh,  i»  pluci-d  parwlifl  u>  the  nxii  of  the  carfh, 
mi'eis  the  plain-  ot  i!  <■  dial  ;  ami  Iruiii  litis  all  tlic  hour- 
liiH's  are  ilr.iwii,  in  micIi  dials  as  have  centres,  vir.,  all  cx- 
rept  ihnt  plane  is  parallel  Io  the  axis  of  the  vf^h 

whrrc  there  can  be  no  centre;  in  which  cue  all  the.|||,aiir> 
lines  will  he  parallal  to  the  stile,  aud  to  on*  Mothn,  Ike 
centre  being  as  it  were  at  an  infinite  ciialancei 
Cbktee    Equilibrium,  is  the  umg  with  mprct  to  bo- 


•olid :  «r  a  middle  point  dividing  them  so  that  some  cei^  '  dies  immened  in  a  fluid,  as  the  centre  of  gravity  is  to  bo- 


taiit  vflbca  ate  equal  on  all  sidcs-of  it. 

CbiI TBK  if  Attraction,  or  GrofUatiMt  is  the  point  M 
wbitb  lM»dias  lend  by  gravity}  or  that  point  to  wbidi  • 
revolving  plunrt  or  cuuict  is  impclkd  or  altnclcd,  by  tbo 

force  or  impetus  of  pravily. 

CvNTur,  111  Ardiilertuir.  Tliis  lerin  is  Used  to  denote 
a  I'lamc  ul  limber,  cunstrucled  lor  the  purpose  of  sup- 
purling  tbc  »t(>nes  or  blick^i  lannsng  an  areii  (ir  \aull, 
duiiil^  the  crertiiin.  Tlin^,  the  cenlre  serves  u-.  ii  louiida- 
tion  for  the  aruh  tube  biiill  upmi,  v»  liieli  at  the  coiii|ileiiuii 
of  the  viotV.  h  ilrutk  or  ukei>  ili»«n,  and  llu  ti  <ln'  "red 
Sirill  support  itielf  liy  the  reciprocal  |ire>siir<"  ui  il^  [ n-.t  . 
•  Cf.STttt  qf  n  Driili'in,  i»  a  point  in  the  mitiUle  df  the 
gorge,  where  the  capital  line  commences,  and  which  is 
vstiaUy  M  tbc  angW  of  tbc  tniu'r  pulygun  oftlic  figure.  Or 
it  h  <M  point  tabcre  tbo  two  adjacent  eturtaina  prodticcd 
intmect  each  other. 


di<t  in  fnw  spaoB}  being  »certain  point^npois  wjiich' if 
the  body  or  bodies  be  ■uap«nded,.thqr  will  rat  inuypo- 
•ilioil!  Uks  det«rinino  this  ecnttr,  see  Eraeisoo^  Mcchm. 
prop.  99,  p.  13^. 

•  CExraE  <^  Friciion,  is  that  point  in  the  hasp  of  a  body 
on  which  it  revolve*,  into  which  if  tin  \vli'i|i  surfi-r  -  cf  the 
base,  and  the  nla^^  of  the  body  were  culieel.  il,  an. I  tnade 
to  TOVolve  nhout  the  f  ejitri'  ot  the  biise  ri(  the  j^Mveii  bodv. 
the  angular  vebuilv  <lr.-[rijyej  by  !(■.  Iiirl:nii  ivuuid  li-- 
equal  to  the  aiijjular  velocity  tii  str;/\r<l  i:)  the  given  L>ody 
by  its  friction  in  the  same  time  -  Si->'  \  iiiee  on  tlie  Motfon 
of  BiMhi  s  MiTeeteil  b>  friction,  in  tli.'Phibi^.  Trant.  178i. 

Cemthb  fff  fffovity,  is  that  p<iir.t  about  which  all  the 
parts  of  a  body^ioin  a«y  situutiun  e\aclly  balance  eacii 
Other.    H«n(e,  by;  m^iis  tpf  this  prop<  ity,  if  the  liody  be. . 
•npported or  susp«nd«l  by  thia  point,  the  body  will  rcstin' 
any  position  into  which  it  is  pot;  as  alwi,  that  if  a  plane  paia 


CtHTAB  qfo  Ctnlr,  is  the  point  in  tbc  middle  of  a  cir-  through  the  same  point,  the  segments  nneacbsidewlAeqbi- 

ele,  or  eircnior  figure,  fiom  wbicb  ,«ll  Ibws  dRmn  to  lh«  peederatr,  neither  of  them  behfe  able  to  movo  tha  other,' 

circurafeRftce  arc  equal.  '  ^'  The  ceuh-e  of  gravity  of  a  imiy  is  not  alwtiya  witfaiiT the 

CexTitK  of  n  Qmie  SKtiamfk  ibe  middle  point  of  any  bodyitiolf:  thNstboccoti#'eiPira«ity«f  tiriogis  not  in 

diaoH-ter,  or  the  fioint  in  nrhicb  all  the  diamstcis  intersect  thosobilartcfe  of  a  tin|(,  but  iff  tbe  axis  of  its  eireumscribin^ 


and  Liicct  one  uiifithi  r 

In  the  ellipse  liie  centre  i.,"i!hin  iIm- figure  ;  but  in  the 
hyptrbt'U  it  is  without,  or  between  the.  conj  iii;atc  hyper- 
bolas; anil  in  the  parabola  it  is  at  .ui  iiidi.ite  distance 
from  the  V';  ile\. 

Crxtui  ofConvcnirjn,  in  Mechhnics,  a  term  first  used 
by  M.  Parent,  and  may  be  thus  coccenni:  Suj.posi  a 
stick  laid  on  st.ngnant  v^uter,  biid  then  drawn  by  a  thread 
fattened  to  it,  v>  that  the  tbrtud  always  inaki'^  the  same 
angle  w  ith  the  stxk,  either  a  iii;ht  aiigh'  or  any  oth>  r  ; 
then  it  will  be  ftiuiul  that  the  stick  \«ill  turn  on  one|.oint 
of  it,  which  will  be  immoveable ;  and  this  point  is  termed 
the  centre  of  con  v  cr&  i  on. 

This  effect  arises  from  tbc  rcMstiiace  of  the  fluid  to  the 
sticii  partly  immened  in  it.  And  if,  innead  of  the  body 
thus  maliiig  on  m  floid,  thi  lame-be  conceived  to  be  laid 
on  the  surface  of  another  body ;  then  the  mistatica  of  this 
plane  to  the  stick  will  still  have  the  same'elTect,  and  will 
determine  the  same  cenlre  of  cunvirsion.  And  this  resist- 
ance i^  j>ri  eisely  what  is  Cfllkd  ftiction»  10  pn^udiciallo 
the  efieot!  of  machine*. 

M.  Parent  has  ditirauuil  ihi--  centre  in  ^r.riie  certain 
cases,  w  ith  nuich  laborious  cakul.iti.in.  \\  lieu  tin-  ihre.id 
is  laslened  I'l  tiie  eMn'UUly  of  the  .tu  k.  h('  liiiui.i  that  the 
distance  of  the  Centre  Imm  ihis  exncmity  would  be  nearly 
41  of  the  whole  length.  But  w  hen  it  is  a  surface  or  a  so- 
lid, (hi  re  will  be  some  change  in  the  place  of  this  centn-, 
arc(  .ding  to  the  imture  of  ih»  figttiss.  Sec  Mm.  of  tho 
Acad,  of  Sciences,  voT.  J,  p.  ipi 


cylinder:  and  the  centre  of  gravity  of  a  hollow  staff,  or  of 
a  bone,  is  nut  in  the  matter  of  whirh  it  is  constituted,  but 
somewhere  in  its  ima;^inary  axis,  liviry  body  however 
has  a  cenlre  of  gravity,  ami  so  liai  every  •ystem  of  bodies. 

Il  a  heavy  boily  be  sustained  by  twii  i  r  more  forces, 
their  directions  must  meet  cither  at  the  Centre  of  j;ravity 
of  that  body,  or  in  the  vertical  line  «liich  passt  s  through  it. 

When  a  body  siand<<  upon  a  plane,  if  a  vertical  tine 
passinp  throatih  the  centre  of  gravity  fall  within  the  bdsc 
on  which  the  body  stands  il  will  not  fall  over;  but  if 
that  vertical  line  p«»«es  witbqnt  the  base,  the  body  will 
£slJ,  unless  it  l>e  prevented  by  a  prop  or  cord.  Whoro  the 
vertical  lino  fails  upon  the  extremity  of  the  base,  the  body 
may  stand,  but-  the  eqnilibrittm  'may  be  disturbed  by  • 
very  trifling  foror ;  aBO  the  ncarcr  lhis  tine  passes  to  any 
edgB  of  the  base,  the  mote  easily  ibe  fao«l y  is  t  hrow*  over ; 
the  nearer  it  foth  to  the  middle  of  the  bjisc,  the  mora 
$rmly  the  body  stands. 

Xbc  whole  gravity,  o^tlle  wholi'  matter,  of  a  Imdy,  may 
be  conceived  uniteit  in  the  C' niri  ni  j  ulti  ;  .ml  in  de- 
nioilstraliinis  it  is  u*ual  to  rme.  ive  ail  the  tiiultei>  as  re- 
ally ei''h  ei<  il  \u  tlia;  |i;.inl. 

ilirou^o  tlie  centre  ot  >^i.iviiy  passes  a  ri::l.t  line,  culled 
the  diiimeti  r  of  gravity  ;  and  tln  ri  fori-  ibe  intersection  of 
two  such  diameters  determines  tlieceiiiie  ei  gravity.  Also 
the  jiluiie  upon  winch  the  C(  irre  ol  :;ravifv  is  placed,  la 
called  the  plane  of  !>ravily ;  S'l  llini  ihe  ciiiimDH  intervec- 
tion  of  two  such  planes  determines  the  diameter  of  gnu  it  v. 
In  hoinogeneai  bodies,  which  nnv  Ik'  divided  ietigih- 


Cr..\'i  iCe<2<|4  CW*c,  of  the  higher  kind,  is  the  point  ways  into  similar  and  equal  pirtk,  the  centre  of  gravity  is 

where  two  ilisiflrtglimt.-etv--Wben  all  the  diameteia  meet  tbc  same  widi  the  centre  of  ntagnitudB.   Hence  tbciefbre 

in  tbe  sutibipoH^it  is  odled,  bySir  Isaac  Nesrtoiis  the  thr  centre  of  gravity  of  a  Ihic  is  iO' the  middle  pbint  of  it, 

j/mfutcaure.  or  that  point  which  bisects  the  line.    Also  the  centra  of 

'ClMTUc/  aDittI,  is  the  point  where  its  gnonoaev  gravity  of  a  parallrlogranir  or  cylinder,  or  any  priiin 
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mifliH<-  jHiint  of  ibc  axis.  ,  And  ihv 
a  circle  or  any  rcfttlKt  ifHn,  U  tl)c 
magnitude. 

be  10  dnwn  as  to  divide  a  plane  into 
vqiUI .  and ''lrfBlr''|mrtl,  ihHt  line  Mill  bo  a  diameter  of 
lavnn,  or  will  <hrougli  the  centre  of  t^raviiy  ;  and 
it »  me  Iff*  n\fhe  »xh  of  tlic  planes.  Hius  the  hnc 
dniini  from  dio  t^tfOL  .and  prrpcodicBUf  to  the  bcu*  ui 
an  i^Mccles  triaogK  it  m  diameter  of  gravity ;  md  tbttt  ' 
alio  ihr  axis  uf  an  rllifMe,  or  a  {wrabola,  &c,  it  a  dianwlcr 
.il  i;r.ivitT.  The  c.  ntn-  "if  gravity  of  a  MgnKllt  Of  atC  of 
a  tirtk,  is  la  iln-  i.itnus.  tjr  lin«  pervendicularly  bisfcling 
iti  cliovd  or  ba'c. 

Ijkrwisr,  if  *  plane  li'ishV  soliJ  in  the  mfxn'  manner, 
making  the  parts  on  both  >idis  i.l  it  -pi  rl.  cily  (  (ju.il  uk.I 
similar  ill  all  ri-(>fCls,  it  will  be  *  i>i.MH'  i.i  iit4t»a>,  >.r  wi.l 
pan  through  the  crutrcol'  gruity.  Thus,  as  the  u  l.  r- 
arctioaof  two  such  pUno  dctcrniini.-s  the  rfiamctcr  ot  gru- 
vityi  tlic centre  of  uruviry  <>f  a  rijjbt  conc.oripbi  ricol 
mcnt,  or  conoul,  &c.  will  be  in  iho  axis  <tf  the  same. 

The  centre  of  gravity  of  a  ship,  i<t  s»!«»y»  hviore  the 
point,  which  it  tbc  nuddle  of  hi>r  absolute  length :  for  the 
fon^itt  twins  of  gTMlcr  capacity  ttiun  the  afur-part, 
muit  GOMoqwntly  have  greater  weight ;  and  therefoic  it 
carrica  the  centre  of  gravity  forwards  in  proportion  to  its 
greater  weight  (which  in  lairft  tbipa  it  fron  SO  to  80  tons), 
and  afso  to  the  intenal  between  omy  centre  of  gravity  of 
each  pariicular  part  both  forward  and  afu  Whm  « ihip 
is  at  sea  and  loaded,  the  centre  of  gravity  may  wdl  M 
supposed  Jiwi  t-'  ch.iM|ii'.  utiliN^  ilii-  Cdtfiii  Iji'  nirned.  But 
cNpericnce  ?iifnvs  ilui;  uu-  tore  uc  anvr-pAtt  ol  the  bottom 
of  a  ship  plungt  5  HP.o  labours  more  and  more,  in  proiwr- 
lion  as  the  wind  acts  with  more  or  less  force  on  tlic  siu!«; 
b«i:au»o  ships  arc  gcnftally  not  roaiti-  l  accorJnis  to  th.? 
JWOW  ceNaue;  so^tkaC  a  ship,  which  1ms  the  centre  of  the 
^ffTL  of  her  sails  ill-placed,  draws  always  mure  water  for- 
v  ard  oi  aft  when  the  impulse  of  the  wmd  upon  her  saib 
II  very  powerful,  than  when  she  is  at  case  under  h»T  bur- 
tiMn.  rrom  the  centre  of  gravity  of  the  floatit)g  liae  of  a 
ahip  ht  a  perpendicular  be  raised,  and  continued  till  it  ha 
i«ter«ected  by  the'direction  of  the  inuMilae  of  the  water  on 
the  bows,  in  sailing  directly  b«fbn  tho  wisd ;  and  whero 
iticse  two  lines  cut  each  otlMr*tii«t  point  it  the  ante  «0- 
/.fue,  and  where  theetatfoof  cflbrtoifall  ihatailt  Aoidd 

b<:  placed.  , :'.  ...  ,t  ' 

Common  Centrt  of  Grimity  of  twOir  rtwtc  bodies,  or  tko 
diflbrrnt  pari!,  ol'  tin-  >ainr  l.nily.  is  scth  a  [>i>int  ii«  that, 
if  il  be  ■iii'.p'.iulcii  or  hii'jportcil,  tin'  vy^a-lli  'if  bmlu">  will 
.•((in|ii>uiJcri;ii',  und  rfbt  :n  uiiv  puvil;^'n.  'I  liii*,  (lie  point 
oi  susp«;nsir>n  in  h  cotiiiivni  balance  Ijeam,  oj  sti'flyiird,  is. 
thexentrc  ol  i;iuviiy  ol  tlio  snme. 

Wbeo  any  number  of  bodies  move  in  ri^ht  lines  with 
tiniforn  motions,  tbeir  coeamon  centre  <>r  gravity  nuncs 
also  in  a  tigbt  line  with  n  uniform  motion  i  and  the  sum 
of  their  motions,  estimated  in  any^*endirecdon,itpn* 
cindy  th«  taae  at  if  all  the  bodies  in  one  mass  were  car* 
ried  on  with  (ht  direction  and  motion  of  their  common, 
oeatre  tSmmfity,  Nor  it  the  ceotro  of  gravity  of  any' 
miittber  at  bodies  aflSected  liy  their  colliaion  or  actions  on 
each  other.  For  further  parHcillan  on  the  Motioa  of  the 
centre  of  gravity  of  any  ndiaberof  bodiaa,  tee  Eisenon't 
liechno.  Pro|]s.48, 4^  &c.< 

Law*  a»d  Delermimaiiim     lie  CSaiire  ^  Gram'gr. , 
'  I .  The  centre  of  gravity  of  two  ei|ual  bodies  or  aaaset 
is  equally  distant  from  their  rnpcctive  centres.  For  thtso 
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are  as  twu  etjual  wei);hts  *BspeiHlu<i  at  equal  distances  froia 
the  point  i>f  suipcii-ioii  ;  in  which  cate  tlipy  Will  «Jtli- 
ponderate,  and  mt  in  any  position.  * 

-f— ■  -Oi 


2.  If  the  centres  of  gravity  of  tWO  bodies,  a  and  B,  be 

ciiimi  f teil  hy  the  right  line  AB.  the  distances  AC  and  bc, 
from  liie  tuminon  centre  of  gravity  c,  arc  reciprocally  as 
the  weights  or  botiirs  s  ami  r, ;  thiu  is,  ac  :  nr  :  :  b  :  A. 
See  this  demonaruted  under  t(.<  article  Lever.  _ 
111 nci',  if  tlic  weights  of  the  lii>di(-.  a  and  r  be  cnii.J, 
their  common  centre  of  gravity  i"  ^«iii  t'<  in  the  middle  of 
the  right  line  A B,  ns  in  the  forrpomc;  articlr  .    A!  o  since 
A  'b  :  :  RC  :  ac,  therefore  a  »  ac  =  a  k  bc  ;  whence 
It  iippenrs  that  the  powers  of  equiponderating  btulics  are 
to  bc  efttimatcd  hy  the  product  of  the  mass  raultipiied 
the  distance  from  the  ccntreot  gravity ;  which  product  la  ' 
utnally  called  the  moaentum  of  the  weighta. 

Fotthtiry  feoB  the  forcgotac  prapcnioik,  by  isoaipetition 
it  will  bo  A  -»•  ■  :  it : :  AB  t  m:^  or  A  a :  »  : :  AB  :  AC. 
So  tint  the  common  centre  of  gnvity  c  of  two  bodin  «il1 
be  found,  if  the  product  of  one  we^t  by  diewliokdi' 
stance  between  the  two,  be  divided  by  (he  mn  of  the  two 
weights.  Supplier,  f.T  i  xiiiiiiilt,  tint  a  =  12  pounds, 
B  =4lb,  and  AB  ^  3b  inches:  then  lb  :  12  : :  S6  :  27  = 
BC,  and  coiiscijui-iilly  ac  =  9t  tbo  tWO  ditnUIOtI  ftOM  ihe 
common  centre  of  gravity. 

V   '  :?  r--  u — r-f^TT-^^  

S.  commtm  Centre  qf  Gravity  qf  three  or  more  ghen 
bodia  orpointi  a,  b,c,  i>,  &c,  will  be  thus  determined.— 
If  the  given  bodies  lie  all  in  the  same  straight  line  aD; 
by  the  last  article,  find  r  the  ci-nirc  of  gravity  of  the  two 
A  aitd  B,  and  tt  the  centre  of  gravity  of  c  and  u  ;  then, 
considering  »  at  ihe  place  of  a  body  oooaI  to  the  t«nt  of 
A  and  B,aiid  QaatheplttoeofanollicrMdyeqBal  loboth 
c  and  D,  And  I  the  cowmonceiitie  of  giatity  of  (beie  tW9 
sums,  viz,  A  ••■  B  eo1lec(«d  in*.  Hid  c  b  lurfled  ia<«: 
so  shall  s  bi-  the  cuitimim  centre  of  gravity  of  all  the  four 
bodies,  A,  B,  e,  I).  And  the  same  for  any  other  number  of 
bodK->,  always  consideringtbesom  oi  any  number  ot  them 
M  united  or  placed  in  their  common  centre  oi  gi.tvtly, 
when  found. 

<)lhau:ise,  ihut.  Take  the  distances  of  the  p\c\\  bodies 
from  '■oinu  tlxcd  piniit  us  \,  ealliri';  tlie  distance  va  —  <y, 
vb  —  b,  vc  —c,  VD  :=  d,  and  the  distance  of  the;  centre 
of  gravity  vs  =  r ;  then  »a  =  r  —  o,  SB  =  z  —  6,  so  ae 
c  —  T,  as  as  d  —  X,  and  by  the  nature  of  the  lever 
A  .  (»— «)  B.  (*  — *)  ssc  (c  — x)  +  D  (rf  -  r); 
hence  a»     B*     cx  -^  or  ii:  ao  t-  b4  >-  cc  ■*■  vni,  and 

 .1.  -  ,|,s|jim.<j  jought ;  wiiicb 

difidcd 


.  s:  v%  the 


*  +  »  +  C  +  D 

therefore  is  e<|uat  to  the  sum  of  all  the 
by  tha  san»  of  all  the  weighit  or  bodiet. 


Or  *htt$.  \Thao  the  bodlM  Me  not  in  the  snroc  straight 
line,  comieci  them  with  the  linn  an,  co  ;  tiien,  as  before, 
find  P  the  Common  centre  of  a  am)  ii,  and  g  the  commoa 
cemtc  of  c  aod  d;  then,  conceiviu"  a  ood  b  umlod  iu  r. 
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and  e  wkt  B  vollcd  in  it,  ind  •  Ibe  conmoi^  cc^m  of  v 
«nd  «,  wbich.wiU.be  theatre  of  gravity  of  dw  whole. 

'Or  the'bociii>9  may  b*^  teduced  to  any  Uitc  K<b,  Itc, 
d/awn  in  uny  dirrcmn  1»l»litfer,  by  |H-rpcndienlan  bb, 

rc,  &c,  li-t  fall  llioroun  (fon»  the  centrt-s  of  gravity  of 
those  bodice;  )iii<l  then  the  commnti  ci-ntrc  s  in  ihij  line, 
as  bcibro,  will  be  at  the  »anic  disi.nici'  iV  im  v  us  [In  true 
centre  s  is;  and  coiiieqiirntly  the  (jiipcndiculiir  Irom  t 
pRj.5  lLr.iUt;li  s  llic  fv  ul  cciilri.'. 

4.  From  ilic  luivgoiiig  gcnvnil  expression,  viz, 

40  +-  «*  +  IT  +  Kl«     •         -  ^.         ,  .  . 

»«•  : — ,  for  toe  cmtic  «  gravity  of  any 

iyttcm  of  tupilic's,  tiiay  U"  dirivi-d  a  gcniTal  mcthml  f<ir 
finding  that  centre  in  any  body;  for  a,  b,  c,  &c,  niHy  be 
caaudcrod  as  the  «lrmentary  part^  of  any  body,  whose 
lum  or  inaM  iiM  =  A-»-B-»-c  &c,  and  m,  bA,  cr,  &c, 
arc  the  several  moi;u  iita  of  all  tl»PK'  parts,  the  product 
of  each  part  multiplied  by.ila  distance  from  the  fixed 
point  T.  Hence  tbca,  in  say  body,  find  a  general  ex- 
piation Ifbr  the  anni  of  tha  noBMnt&,  and  difida  it  bjr  the 
cnnlentof  the  body,  w  Aali  the  quotient  ho  Iho  diitMiee 
«f  the  centre  of  fimtffiram  tho^mrtei,  or  frah  oat  otiicr 
txed  point,  from  which  Ao  woMMiit  »ft  ortimiUd. 

I 

A       •         C  B 

5.  Tli'i,  in  a  rigil  Knt  ao,  all  the  particles  \vlii(  fi  com- 
pose It  niiiy"bf  cunsideied  as  so  many  very  small  weights, 
each  equal  to  i,  which  i?  thcixfurc  the  lluxion  of  the 
wri!»hti,  or  of  the  lino  denoted  tiy  x.  i>o  that  the  small 
weight  .V  niLilti|llicd  by  itsdislanrc  Irom  A,  \\zT,  hxx  the 
inoinetitum  of  that  weight  x;  tJiot  i»,  ix  is  the  fluxion  of 
ill  tlie  momenta  in  the  line  anor  r;  and  therefore  its  flu- 
ent \x'  is  the  sum  of  all  those  momt  rUH ;  which  b<.ing  di- 
vided by  X  the  sum  of  all  the  wcigl>t«,  givi-s  ix  or  |Aa  fur 
the  diitance  of  the  centra  of  gnvitjr  c  from  the  poiat  a  ; 
dMt  i%  <he  oettrc  «  k  in  *e  aiddle  of  the  Kne  aa. 

<>.  Ak»  it  tie  funMogram, 
Ai  m itf  and  iu  breadth  de  = 
inwiag  db  parallel  and  iadefi- 
fdlely  near  i»b,  the  areola  oar  s 
hi  will  be  the  fluxion  of  all  the 
weights,  which  multiplied  by  its 
distance  x  iViiiii  the  p'  liit  a,  gives 
bxx  for  the  lIuMoii  ui  all  liie  mo- 
menta, and  cooscfiiirnily  the  fluent  \bx'^  is  the  sum  of  lall 
those  nioiinn:a  iheniM-lves;  which  being  divided  hy  bx 
the  sum  of  all  the  n<  i;;lit^,  ^ive  \i  =:  for  the  distance 
«f  the  centre  c  from  the  extremity  at  a,  and  is  tberofore  in 
the  middle  of  the  axis,  as  is  known  from  other  principles. 


whose  axis  or  length 

-If 

\ 


A- 


And  the  process  and  conclusion  will  ho  OMCtly  iho 


•  a  cylifider,  or  any  prism 
dcaole  the  area  of  the  end  or  of  a  i 
bod;.. 

7.  Jii  c  frianyfc  Aae;  the  Inie  ad 
dnwii  (nm  one  a^le  to  faiMOl  the  op- 
poiile  itdi^  will  be  a  dbaiclcr  of  gtatrity, 
or  wOI  pass  through  the  eeotre  of  gravity : 
•  fot  if  that  line  bo  supported,  or  conr.iv. 
ed  to  beluid  upon  the  edge  of  wiiu-ihin.:, 
the  two  h.ilvi-s  tti  the  tri.m^lc  on  bo;h 
"itdes  of  ihnl  line  vvill  jiii,!  balance  on--  IT 
ariollicr,  ^;lK■^•  :ill  the  piiriillel*  tr  &c  to  the  hisc  will  be 
bisected,  a*  «,  11  as  iho  buiu  itself,  and  so  the  two  halves  W 
each  liiK  "  H  fuv;  Lmlance «ich  ojher.  Therefore,  pottii^ 
the  base  BC  —  b,  end  ibo  am  air  biBCCtiu(  Um  «a  aco^ 


the  variable  part  as  =  x ;  then,  by  similar  trianj^les  s  n  : 

isf  :  :  AS  :  t»-,  that  is  a  :  i  :  :  x  :  -  =>l-;  which,  a^  i. 

a 

weight,  multiplied  by  x,  gives  —  fur  the  fluxion  of  the 
weights;  and  this  agBia  multiplied  by  x  z  at,  the  disianca 
fiom  A,  pvct.^^  for  the  Caition  of  the  auawMa;  the 

fticBtor«Uch,or£  dieiMbgr  ^  the  Ineat  for  tha 

weights  gim  aw  fat  for  Iho  distance  u'f  the  centre  of 
gravity  from  the  vertex  a  in  the  triangW  ae»  ;  and  when 
X  =3  A  D,  then  }ad  is  tho  diManeo  of  the  centra  of  giatriqr 

of  the  triangle  abc. 

T!i'  same  olhrrtiise,  nirhout  Ftuxiont.  Since  n  line 
tiiinvii  from  ativ  tir;_i;le  Iu  the  iiiiiKlle  r.t'  ihe  Ojiposilt  tide 
pa^•,es  through  llie  Ceulie  of  ur.ivity,  iherel'urc  the  inter-, 
secliosi  o(  uny  two  of  Mictt  line*,  will  bi'  that  centre  :  thus 
then  (he  centre'of  gravity  is  in  the  line  au;  and  it  i*  also 
in  (he  liiie  co  bisecting  ab;  it  is  therefore  in  their  inters- 
f'ectiiiri  %.  Now  to  detcniiinr  the  distance  of  «  from  atiy 
angle,  as  a,  produce  Co  to  meet  BH  parallel  to  At  In 
thes  the  two  tnaiiglca  aoa,  B«a  are  laatuall/ cqita)  ud 
•iiniiarj  fur  the  opposite  angles  at  a  are  cqnaT^aiiim  laa 
•hmmle  angles  at  ii  and  s,  ami  at  a  and  B,%aho  dw  lida 
AOBBei  therefore  the  other  tidea  an,  as  are  equal. 
But  the  triamMa  'caa*  cub  an  idnilar,  «a4  tita  aide 
CB  aaSCBi,  thcfdbw  aB  Of  ill  cqaal  A9»^D^t  that  i$ 
At  m  4ao,  the  lanw  ai'wM  fouod  heiira.  Aad  in  like 
manner  ci  s  )co. 

t.  h  tt  Itvpewium,  Divide  the 
fii^un'  into  two  triangles  liy  i'le 
diapoti;il  Ae,  BtuI  find  the  reiitres 
of  gr.avily  r,  and  r  ot  tlic!><-  tiiaii- 
glrs;  join  rr,  and  find  the  common 
centre  <;  of  these  two  by  this  pro- 
portion, ADf  :  APC  :  ;  FG  :  i.o,  or 
ABcn  :  A !><■ :  :  IF  :  n-. 

In  lilsc  manner,  lor  any  other 
4gun,  wha(a«cr  be  iik-  number  of  aidn,  divide  it  into  *»• 
vecal  triangles  Md  find  the  centre  of  gnviiy.of  lachi 
thon'coanect  two  eentrct  together,  and  Hud  their  CfnaiaoD 
cenlf*  Mibvwi  i»  dio  tame  with  this  and  |he  caatraof 
a  third,  and  le  on,  alwayt  coaaecling  the  last  found  com- 
mon centre  to  amidMT  centre,  till  the  whole  are  included 
in  this  procew;  so  ihtU  tiw  last  common  centre  be  that 
which  is  required.  . 

9.  /«  the  Piirubola  bac.    Put  ad  =  x,  bd  =y,  and 
the  parameter  = />    Il.  ti,  h\  ihe  .  - 

px  =y',  and  ':y  -  ;  iicnrc 

ixy/px  is  the  iluMnri  1  ('  ihi-  lna^s, 
and  'Jxiy/'px  is  lln'  rluNron  ul  the 
momentum;  then  the  fluent  of  the 
latterdividcd  by  that  of  the  former, 
or  \x*^/px  divided  by  .Jx^pT, 
gives,  =  {ad,  for  ao,  ibe  di- 
staikce  of  the  centre  of  gravity  o, 
<rom  the  vertea  a  of  ihopuahda. 

10. 7alie  ObvaAir  yfiv  asd^ 
coniidered  as  a  physical  line 
havins  gravity.  It  is  man!'- 
fi'vt  iIkii  tf;.'  e,  litre  iiJ'  gra- 
vity o  ol  tne  arc,  will  bo 
somewhere  in  the  axis,  or  / 
middle  radios  bc,  c  being   jf'"  " 
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tbe  Ctutrcof  the  circlr.^bicb hconwdcredwlhepoiat  of  Ji)c  for  ihc  <li»ts.uco  of  iho  ccntn-  of  grjrity  of  the  cone 
.uwpmion.  S,.i,p..«'Hi..l.:fimU-lj-Wl«t..A,WldrnpMlUkl    P^^.  or  ll>(  lor  1I..U  ot  li.e  c«.u-  ,,*b  Ik  ..u  .l.c  ^cmx  1.. 


to      Hu,  ,hc'r.di«.»c«f  AC  =r.theKmia«  a.^..*!  And  ib«  »..n« «  tb.  J«l.acc  .«  «.y  oib^r  wnunui.  S. 

thos.  „„churd»«  =  x;il..o»AHsi*k«iMlAr»ith*«iwl«*.  tfctt  jll  py«i.Mib  <if  the  wiM  ■ItilHdr.  I»«t  tbe  Nine  c,u- 

«.f  t!u  tm.y> ;  itu  r.  f..re     »  B  i«  tb«  Uttxioti  rf  Ae       '  t» «  gm«.>ty*             .   .1.  ,     ,      .-J  .1 

„K„.um.    U..,.  by  .im,krtriHn«1c*.  kcorrtrx;,*P  jr-  .  !«♦  J^*? ^^'^^-^ 

s    sii   r*  tlinl.r.     =  <E  k      and  sn  ri  is  ahtt  tbe  ^te«r<4e«Biftie  ^«raw^  «lg«w«iriarf,/jM» 

fiuMo..  of  «lm  monvcntum ;  .be  fluent  of  «hich  Uw,  (I).  Tbe  c«lw  oTgwniy  of  w«y  tromrtrieid 

..     .    n     AOK*t_  lie*  in  ittixw 

fbit  dmdrd  by  •  the  wbule  wrightt  i^m  -  ""—3;*  »  being  th»t  line  which  » 

»  »«!>                         « .       .     ,      -^.iL.—  >L..  drawn  from  the  middle  of 

tL^'  =  CO  the  di»tanteofthe«otrei.fgpm«tyft«B  the  ,  ^ 

ci  iitic  <  ■>!  (lie  Liiclr  ;  t.  in,-  ii  Uli  proporiional  lu  the  iniiiilU' I'f  the  op(Hi»iic  cn-l,  A( 

jjivin  urc,  its  chord,  and  the  ia<Jiu»  of  the  circle.  or  to  the  opposite  angle  or  / 

Ucnor,  when  tlie  nic  becomrt  the  ««roicifcle  »Kt  vcriox  ;  bt  r»ii^4  ■      lim  | 

,      ,•                 .     ,            ic'           r*      _     '    bi»<'Ct»  all  the  ordiiiiiti!.  or  ; 

the  nbovc  .-xprvsMon  iK-conu-,  -  or           =  ,  „^  -  ^^^^^^^^^ 

**6S66V,viiatbirdprop<irfionallOAqua(lraiitandthcradius.  bau- or  ends.    And  the  liiiiam ui  the  centre  of  grAvity, 

II.  Jh  iht  Circular  Seiinr  abdc.    Mop  als'  ihc  centre  ^,  measured  on  tlint  avis.,  iHlur  tn      tin    bin  OT  froiD 

,  of  gravity  will  be  in  the  axis  or  middle  radiu*  BC.    Now  vertex,  i*  for  the  se»criil  ti?;uro  «^  U'l.>«. 

withiny  smaiUr  radius  dtscribe  the  cor.ccn"Msc  arc  lmx,  (2)_  The  centre  of  gravity     n.  tin  middle  of  that  axis, 

nd  pnt  ibc  ratUlu  aC  or  BC  as  r,  the  ere  abd  =  a,  il»  or  lengtb,  or  equally  distant  from  both  ends,  or  coinciding 

duMd  AW  s e,  ond  the  vntfalhlo  ndiUl  Cl.  «r  CW  >  ;  ^^^\^  ,he  centre  of  magnitude  in  all  regular  figures,  or  such 

»y      ,L         ,  „  V         r  •  »  •  ■  c  •  ^  M  h»TO  all  the  MUd  noTAllel  •eciioiw  equal  ;  such  ns  right 

H«,  a.  r  :    ::«:-  =  the  arc          and  r  .  3,    .  c  .  ^  M  n.  ^  p,„|le!ogri«rtnd  prisms,  aji  regular  plane  p«. 

=  the  chord  Lo  V  ;  hI»o,  by  the  last  article,  the  distance  „nj  ^„y,^  polyhedfons  mUo  the  circle  and  apbeiv. 

of  th.  cnirc  of  gravity  of  the  arc           i.  '-^^  =  '  l')-  1"  a  triangle  and  P>nM<>M;  »  !•  fof  iho  MMk 

"      ^  from  tlif  basr,  or  |  from  the  vertex- 

'JLULf  =  '-^  ■  honcr  Ihc  urc  I ,MK  or     roultiplic>J  byi  (♦).  In  a  paraboU  it  is  4  fiw»  *«  bne,«r  f  ftOB  the 

"  vorl.x. 


givrt      the  tiuxion  of  all  tbe  weights  or  inau,  and  tUi»      (5).  In  a  circular  arc,  it  i«  fiwi  the  centre  01  (h*  «»- 

cle,  a  4th  proportional  to  the  KC.  iti  chord,  «^  the  Hp 

multipli<  d  by      the  diitoncc  d(  the  comnon  oenti*  of  .  cr 

■  ■'  n  dius  of  tlic  circle,  vix,  — . 

gravity,  j;i\Ls  '-"'^  the  fluxion  of  the  mo 


aiu3  01  iiic  circle,  vii,  — . 

a 

(6).  In  a  circular  acctor,  the  dlrtaoeeftooi  the  centici^ 
fUf.  n,  01  «hicb.  viz  ^  divided  by  %.  the  auert  of  the   ^  or  J  of  the  loM  4*  pfqwitkio.1  to  the  ««,  choid, 

niuM.givik^  fur  Ibc  diaMBceof  the  Centre  of  gravity  of 
the  sector  ciu*  fran  the  ccnin!  c;  end  when  jt  ea  r,  it 


and  radius. 


(7).  In  a  scmicirclr  the  disuncc  from  the  centre  is 


r  Bill »  fniw  the  ecninsc}  and  wnenjfaar,  K  ,i .„d  nuiiiia 

or  4  ol  a  third  propoitional  to  the  arc  ana  raeivt. 
becomes  —  =  co  for  that  of  tbe  sector  card  proppsod ;  ^  circular  segment,  ili>^  distance  from  the  Con- 

or     of  'he  cube  of  thi  chord  divided  by 


being  i  of  a  4th  proportional  to  the  arc  of  tbe  wxtor,  itt  ,^ 
chord,  and  the  r.idiiii  of  the  circk. 


Hence,  ulu  r/rhrM  cio^^m^s  a  semicircle,  the  last  ihe  area  of"  the  segment,  » 

4^-     „c                              ,  the  Mild  area,  the  iqiiaro  of  the  «hord»  en«  tke  aaae 

ciprcasiuu  bccooic*  —  =  —  or  ^  ol  a  ad  proportional  (.|,(,rd. 

te  aanadiMMal  eic  and  the  ladtna.  Or  it  hcqaal  to  (9).  In  any  pyiMnid  «r coao. It  ti ^ froM  thohoit.  or 

AT               ,                          ,                         c  1  from  the  vrrtex. 

—  m  '4Mr  inm  tbe  centre  c ;  where  p  =  3-U16.  So  »  ^^^^  ,^  j,^^  hemisphere,  or  liemiiphcraid.  iti»  i  fnm 

^t  the  distance'  of  the  Centra'  of  gravity  of  the  •OCtor,  i>  the  base,  or  ^  fr»™  *bc  »crieK.  . 

just  e<|ual  to  f  of  that  of  it>  are.  (tl).  In  the  M!gnwttt  of  a  sphere,  orof  a  aplieicM,  tae 

12.  In  the  Ome  A9I.  ?MdRf  eBjic,  *  ™  a«a  of  ^jtjnce  from  thehaie  is-^i^*;  "1'^''  *  denote*  tjjp 

tbeb««=AEB,and,=  n«-«7v..            "5  height  of  the  s<i5mcnt. «,d'd^b^  whole diaineUT or  jxA, 

("12).  in  tbe  leynent  of  an  hyperbolie  cooomI,  the  di- 


riable  altitude ;  t  hen  as  n* :    : :  i : 

~  =r  area  acb ;  hence  the  fluxion 

of  the  mess  is  —7    whose  tiueiit, 

0 

hi' 

or  the  solid,  is  —;  and  the  fluxion 
of  the  momentum  is  ■ — -,  who?« 

a 

fluent  is  ^ ;  then  this  fluent  di* 

tided  by  the  fbnner  tawi^  tbe 
whofe  ««i|)M  «r  ■tan*  liivw  fr  or 


ttanot  fton  the  haw  if  StTa*  '  * 
fame  la  ahoee,  tis,  the  height  6f  the  segment  and  the 
whole  diameter  er  aw.  ,  ,        _  , 

(1.1).  In  any  figuie,  composed  of  two  part},  or  for  tmy 
t«o  bodies:  findtheceiltrtofgpi«ty»f"«l»«'"'^'J*« 
Ui.lirs,  or  two  parts,  and  cooaect  theae  two  centm  by  » 
light  line,  in  which  line  will  lie  the  comm«m  centre  of 
gravity  of  the  cumpoimd  body;  and  ibe  distance  of  that 
i    centra  ftoro  the  centre  ol  each  body,  or  t-acb  part,  will  be 


biyiiized  by  G( 


C  E  N 


ICguUtt'il  by  this  proportiui;,  viz,  that  each  diituticc  ib  re- 
ciprocally proportional  to  the  mais  or  weight,  or  contriit 
«f  cacii  bodv  ;  or,  as  ihc  sum  of  the  contents  of  the  two 
botliL-»,  oT  i)i  tliL  vvhi  ii  Ltri  |i  juiid  mu«s,  is  to  the  whole 
distance  of  the  two  centres,  »o  u  each  iwrticular  body  or 
part,  tolb»4MtueelroaitlwO«iti«Mlte  ' 
part. 

14it  7b  determine  the  Centre  Gravity  tn  aty  Body  mi- 
cAameu//y.  Lay  the  body  on  the  edge  nfany  tbin^,  as  a 
ttiaogultir  pribm,  or  isucli  like,  inuviii^  it  backwarcb  and 
forward*  till  the  paru  on  both  lidat  are  in  cquilibrio:  then 
ii  that  line  jtwt  in,  «r  umkr  ttw  cmlre  of  gravity 
it  agiun  in  MUthar  position,  to  find  unthcr  " 


[  *97  ]   ■  c  i:  N 

was  found  Above  at  art.  i  I,  liiat  in  d  semicircle,  lite  dW 
stance  of  the  centre  of  gravity  from  the  caoti*  of -tlie  eil^ 

clc  is     ;  and  therefore  the  patli  of  that  centre,  or  the 

circunitercnce  descniied  by  it  nhiic  she  brmicircle  rft- 


tmij  W  voltes  about  iti  iJianietcr,  !•>  'r ;  al:-  i  ilio  .i:  :ii  ;hij  ini- 
circle  is  IprU  hence  the  product  ol  ihe  two  is  ipr';  nbich, 
it  is  well  known,  is  ri]ual  to  the  holidity  of  tMa|riien  ge- 
nerated by  the  revolution  of  the  semicircle. 

And  hence  alio  is  obtaineil  another  method  of  finding 
raathematically  tbc  centre  of  (gravity  of  a  line  or  plane, 
from  the  contents  of  the  supcrlicio  or  '»olid  generated  by 
it.  For  if  the  aeoeraled  auperfi^Me*  or  aoUd    divided  by 

wni  be  Ihe  di^ 


through  the  centra  of  gravity;  then  the  {ntMeeiion  of  Ae  gnwnting Im  or flaM,  the 
these  two  lines  will  be  the  centre  required.  '        ^     "^'^  '"' 

Tbc  sante  may  be  done  by  la}ring  the  body  on  an  bori- 
sontal  table,  as  near  tho  e<ige  as  poisilili-  witluut  its  fall- 
ing, and  that  in  two  positions,  as  ien!;thwi'>e  and  breadth- 
wise; then  the  common  intersection  of  tbc  two  lines  con- 
tiguous to  the  edge,  will  be  its  centre  of  gravity.  <-)r  it 
may  be  done  by  placing  the  body  on  the  pmnt  of  «  -ityli-, 
&c,  tilt  it  rest  in  equilibrio.  It  was  by  this  method  that 
Borelli  luand  that  the  centre  of  gravity  in  a  human  body 
is  between  the  nates  and  pubis;  to  that  the  whole  gravity 
of  the  body  is  collected  into  the  place  of  thogroitals;  an 
initanco  of  the  wisdom  of  the  Cnnlor,  im  pte^u  the 
neirimia  eitiU  b  Ihe  pen  wUcfa  k  the  mt  MnSmM 
lor  cepolatioB. 

Tk  Maw  otkaviit:  iAm,  Hang  the  body  up  by  any 
point;  then  n  planb4iee  hung  over  the  seme  point,  will 
pern  thnqg^  the  csotra  of  gravity ;  became  Att'ccntre 
win  alweyi  ^bMSnd  to  the  lowest  point  when  the  body 
Mmes  to  rest,  which  it  cannot  do  except  when  it  falls  in 
the  plumb-line.  Therefore,  marking  that  line  upon  it, 
and  suspending  the  fiody  by  another  point,  with  the  plum- 
met, In  lirn!  another  such  lirve,  the  ilileiweiiiHi  oiF tike  two 
will  give  tlie  centre  of  gravity. 

Or  thtu.  Hang  the  body  by  two  strings  from  the  same 
tack,  but  fixed  to  different  points  of  the  body ;  then  a 
plummet,  huQg  iij  the  aeae  tide,  will  fin  on  the  centre 

of  gravity. 

in  the  *th  volume  of  the  New  Ads  of  the  Academy  of 
Petcrsbufg,  u  the  demonstration  of  a  very  general  iheo- 
ffcm  ooncenuBg  cetitres  of  gravity,  by  M.  Lhuilicr;  a 
peitioiler  exemple  mly  ef  the  oenenl  praposltion  will 
be  CiIIdwi  :  Let  a,  m,c,  be  the  cmtrrs  of  gravity  of 
three  hedice»  A,  c  their  respective  masses,  and  q  their 
comaeB  cnrtn  of  gravity.  Let  right  lines  qa,  go,  qc,  be 
drawn  fnim  the  common  centre  to  (hat  <if  imh  hr.Ay,  nt-.d 
thetetterbeconncctcd  by  right  lines  AB,  ac,  and  uc  ,  then 


curafcrence  described  by  the  centieof  (Wlty;  nAi 
sequently  this  divided  by  3|»  gives  the  tfdiiis,  or  diitatiee 

of  that  centre  from  tbc  axis  of  rotation.  For  example, 
in  the  semicircle,  whose  area  is  ipr',  and  the  content  of 
the  sphere  generated  by  it  ^/w' ;  here  the  latter  divided  by  , 

the  former  is  Jr,  and  this  divided  by  Ip  gives     for  the 

distance  of  the  centre  of  gravity  from  the  axis,  or  from 
the  centre  of  the  semicircle,  Uie  siime  a«,  bef  re.  I  he  pro- 
perty last  mentioned.  rOlatiM;  i.>  the  i.  latMui  lu  t*pen  the 
centre  of  gmwty  iiml  the  hgnic  tvniratitl  by  the  revolu- 
tion of  any  lirve  or  plane,  is  mentioned  by  Pappus,  in  ^the 
preface  to  his  7lh  book  ;  and  Father  GuHdini  ha*  more 
fully  demonstrated  it  in  his  2d  and  3d  books  on  iho  Cen- 
tre of  Gravity. 

The  principal  writers  on  the  centre  of  gravity  are  Ar> 
chimedes,  Pappus,  Ouldini,  Wallis,  Caiatus,  Carri,  UajW* 
Wolfiua,  ttc  See  alio  my  Mensuration,  p.  SBS*  4th  eiilt. 

CiWTfts  4f  OjjfMkK,  is  that  point  in  whkh  if  Ihe  , 
whole  mass  he  cdlectsd,  the  same  angular  vdodtf  will 
bo  generated  in  the  lamc  time,  by  a  given  fineeectieg  et 
any  place,  as  in  the  body  or  system  itself.  This  point  dif- 
fers from  the  centre  of  oscillation,  inasmuch  as  in  this 
latter  c  ase  the  motion  of  the  body  is  produced  by  the  gra- 
vity of  Its  own  particles,  but  in  the  case  of  the  Centre  of , 
gyration  the  body  is  put  in  motkm  bf  (eeN dher.&uree 


Q4' 


N  «  ^  «■* 


*  h  •9'  qie^  «  ei 


This 


l  .te)  of  Oit  Centre  of  (jruv^iy.     This  point  is  of  the 

atest  itse  in  mechanics,  and  many  important  concerns 
111  lite;  because  the  place  of  that  centre  is  to  be  considered 
as  the  place  of  the  body  itself,  in  coirpuliiig  mechanical 
cfiect* ;  as  in  the  obru|ue  pressures  of  bodies,  banks  of 
earth,  hrehes  of  bridges,  and  such  like. 

The  same  centre  is  even  useful  in  finding  the  superficial 
andsolid  contenisof  bodies  ;  for  it  isaget>eral  rule,  that  the. 
,  superficies  or  solid  generated  by  the  rotation  of  a  line  or 
plane  about  any  ax\%,  is  alwa^  equd  to  the  product  ef 
the  said  line  or  plane  drawn  info  the  drcumference  or 
|Nith  dcscribeil  by  the  centre  of  ftaTity.  For  exedplc^  it 

Vol.  1. 


acting  at  one  place  only. 

To  determine  the  Centre  <f  Gyration,  in  any  body,  or 
system  of  bodies  composed  of  the  parts  a,  b,  c,  dec,  moving 
about  the  point  s,  when  urged  by  a  force/ acting  at  any 
point  r.  See  the  foUowing  figure.  Lei  a  be  that  centK ; . 
then,  bjr  nedHnike»  the  tutgoMr  velocity  gmeniad  in  .dm 

system  by  the  force/,  is  ^ .  ^.  ^ .  g,.'»"^'^y 
the  same,  the  angular  velocity  of  the  matter  placed  all  iu 
the  point  a,  i»»  ^' — — s;  then  since  these  two  are 
to  he  equal,  their  equation  will  «« 


.  >b'  4-  c .  s<^  lie 


,  for  the  distance  ef  di6ca«ti« 

of  gyTatioa  aoaghtt  bdow  the  un  of  notien. 

New  bccenae  the  queotily  a  .ca*  •<-  B.es*  Ac  it  «s 
so;  w.*,  when  o  ii  the  centre  of  gravity,  o  the  centre  of 
osdllntion,  and  Athe  whole  biidy  or  sum  of  a,  b,  c,&c  ; 
therefore  it  follows  that  sa*=  sr.  .  so;  that  is,  thy  dis- 
tance of  the  centre  of  gyration,  is  a  mean  [iroponional  be-  ' 
tWren  those  of  gravity  ai;  '.  i  .si  li  mi-.n 

And  hence  also,  if  p  donoii-  any  particle  of  a  body, 
placed  at  the  distance  d  from  ihu  axis  of  metient  thee  ie 

SR  =  uiAff^'  '"e  point  •■•v .be  oelei- 

mined  in  bodies  by  means  of  Fluxions. 
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Tk«  liteliiucv  ol'  ibf  Cviitru  ot  nyratioii  Irpin  ibo  point  or 
•xU  of  motion,  being  a.imuu  pn-pdrtioiial  l>i  t»e<n  tliv 
tancctof  the  cmirr*  ol  gnmiy  nn<l  ninllitiitxi  Iruw  ibc 
Mine  axis.    H<nrr,  wbtn  nn)  iwcj  nf  (hcso  disianenii 
known,  the  tbinl  iiwy  muliljr  bc>  dcu-rinined. 

Tbi;  dUtaace  sr  of  tbe  cratrc  ol  yyraiion  fram  ibc  «x» 
of  rotalioR  in  several  bodies  will  be  as  follows : 

I.  In  a  right  Unr,  or  this  cylinder,  fmolving  abootthe 
.  «nd,>mslcngeb  a  ^4.' 

S.  Tbe  plane  of  a  circle,  or  cylinder,  revolving  about  the 
KiRtj  SR  =  radius  x 

3.  llie  (>iri|>Krry  of  a  circlr,  ubont  tbe  diameter, s«  = 

•V.  A  whfil  with  ii  VLT)  tLin  rim,  rrrolTing  aboot  its 
axle,  SK  =  radius. 

5.  'i'he  jilaiic  of  a  circlr,  about  the  diumi  ;i  r,  =4 
radius. 

6.  The  surface  of  a  inhere,  about  the  dmmtter,  sr  = 
>  radios  »  V|. 

7.  A  globe,  about  the  diiiiuiier,  sr  =  radiiis  x 

8.  A  cofu-,  about       a>iN  sR  =  radius  x  ^/.^V 
CsTim     herium.   See  Cemt»»  «(  Gravity. 
CiWTRB  y  MagmlKde,  is  the  point  which  is  equally 

distant  from  all  the  sissilar  extrmat  |iarts  of  a  bo«iy .  This 
ii  the  sanx  as  the  centre  of  grnviiy  in  hogwyiieal  bodies 
Ifaf  t  can  far  cut  into  like  and  equal  parts  accocAint  to 
thtir  Ivogth.  n  in  a  cylinder  or  any  other  pristRi 

Cbntrc  Iff  Motitm,  is  the  point  about  wbiekwqr  body* 
or  syilt'iii  nf  bodies  moves,  in  a  revolving  tmitlOtl. 

Centre  qf  Motion  of  ii  >'ii';>.  i-'  t!.<-  point  upon  wbichaviGi> 
lel  oscillates  or  rollt,  wlii-n  put  iii  motion. 

Cemtkb  <^f  Otctllidliiin.  IS  that  (Kiinl  in  tlif  axi*  orlllie 
of  suspension  of  a  v^brBtin^  body,  or  i>M»m  ot  bodii-s,  in 
which  if  the  whole  matter  or  weight  be  collected,  thf  vi- 
brations will  ttill  b*  performed  in  the  same  imic,  atui  wilU 
IIm  same  anijular  velocity,  a*  before.  Henci  m  u  tom- 
poundpendaluro,  its  distance  from  the-pnini  »u«pi'i)!tion 
-if  aqwl  tntfae  leoglb  of  a  Mmple  p<'nduluni  whose  oscilla- 
twne've  iiocbronal  with  those  of  the  compoutid  une. 

Mr.  Hnygei^s  >>>  hi»  Horologium  Oscillatorium,  first 
showed  how  10  find  the  centre  of  oaall»tiun.  At  the  be- 
ginning of  bis  dBscouiaa  or  this  auiycet.  be  says,  that  Mer- 
scnnus  first  proposed  tbe  pnhkHi  t«  Mai  whale  he  sQwyM 
very  young,  requiring  him  to 'twelve  it  in  the  eai*i«f  iM> 
tors  of  circles  ikuspendvd  by  their  nnj^  and  by  ihenid- 
die  of  their  bsse^i,  both  when  they  oscillate  »idewaya  and 
llat«ay'' ;  '"r  triangles  and  the  n  eineiitMif  circles, 

either  suspended  Ironi  their  vertex  or  tlu>  middle  of  ihiir 
bases.  Bui,  fDnlinur's  \ir,  not  in<;  imnu'diulclT 'li<'C<t- 
rcred  any  thiiijj  liiat  «  lul  l  u\iri\  a  passage  intu  tliis  Ihim- 
lic»,  I  was  repulsed  at  (list  sc  lliiii  iml,  unci  si;i|.pi  (i  Iruin 
a  farther  pr'•^ecutlon  of  the  subject;  till  being  lartber  in- 
cited to  it  in  adjusting  the  mutton  of  the  pendulums  of  iny 
clock,  I  surmountad  all  diflicullies,  gtjin<;fai  beyon.l  Des- 
cartes, Fabry,  and  Otheitt,  who  hud  done  the  ihiiin  in  a 
few  of  tbe  mostcasy  case?  only,  witl.nut  liny  suflirieiit  de- 
'momtration ;  and  solving  not  only  the  problems  projKi!,ed 
by  Mersenne,  but-inany  others  that  were  much  more  dif- 
ficult, and  ■howingRg^nenl  way  of  deterniintii(  thk  ccn- 
lic,  ID  liRCi,  sn  Berficiei,  and  snlMa. 

In  the  l*ipHc  Acts  for  itfSi  Bid  1714,  ihia  doctrine  n 
handled  by  the  two  Bemoullis:  and  the  some  ts  alio  done 
■    by  I  Icrman,  in  bis  treatise  Dc  Motu  Corporum  SoIidh»um 
•t  FUiidorum. 

li  may  also  be  »ccn  in  trcutucs  on  the  Joverse  Method 


2U8   ]  ('  K  N 

of  riuxiou<,  u  heit  it  IS  luiiuuuceii  a»  one  of  the  rxiiiit|ilea 
ol  that  inethoi'.    Si«;  HaIRS,  C'ARRt,  \V«I.nL'S,  Still- 

SON,  I'Lf  Vl'l-vs, 

7u  dflriminc  the  Centre  of  Ihcilttilion,  in  .tu\  ('oiii]i<.uii«l 
llass  or  Hodv  mn,  or  <jI  any  System  ol  IbHius  .%,b,  c,  &c 
U't  VK  u'  the  phi  IK  of  vibratian,  to  which  phuiaoim- 
crive  all  the  roaiti-r  in 


to  reduced  by  letting  fall 
|ier|iCfidicutRrs  to  this 
plan^from  every  pariidv 
in  thtt  body ;  a  Vff- 
siiion  which  will  not  rIf* 

ter  the  V  i'rali<in  of  the 
body,  b<~CKUse  tlic  parti* 
cles  an-  still  iit  the  fame 
distance  ft'ilii  the  axis  of 
molioii.  1.1 1  o  Le  ihd 
centre  of  o>c  iilmii  'ii.iind 
O  the  o  ntre  ul  i;,nuly  ; 
through  the  H\i»  s  draw 
SCO,  and  the  hnnzonlal 
line  ST ;  then  from  every  particle  a,  »,  c,  6tc,  let  fall  per- 
pendiculars Ad  and  R^  and  tiv>  <^<^  snd  cr,  &c,  to  these 
two  lines ;  and  join  aA|  RRtM ;  also  draw  osi  and  on  per- 
pendicular to  n. 

Now  the  fotoii  of  the  weights  a,  i,  c,  la  turn  the  body 
abeot  the  axii,  aRA.sjs,  B.Sf.'^c.ap;  and,  ^y  me- 
chanics, tbe  forces  opposing  or  foiitiiig  that  mottoR  are 
A .  SA*,  B  .  %»',  c .  sc  ;  iherelitra  the  aOgular  velocity  ge- 


Sy  — c  .  w 


InUke 


nentcd by  iho yrhole system  n  ''^i'l^.V.Mf  »c.'g' ' 

maniiir,  the  angular  veliKrity  which  anybody  or  particln 
p,  situated  in  o,  generate*  in  the  system,  by  its  weight,  i* 

^— ^,  or      or ^,becai»eofthetiiRitarlria0tkstMi, 

son.  But,  bytheconditiims  '  I'  1  ■  pn'bleiB,  the  timeand 
angular  velocity  are  alike  in  luith  those  eatei}  Ifaereiare 
the*e  two  expiessions  must  U-  equal  to  each  OthcT, that  ii, 

_        ^  ,  . _  c  .  co.»*iucntly 


A  .  S.»    -t-  B  .  SB 


so  1 

the 

(A 


of  till- 


Again,  by  mechanics. 


sum  ol  till-  forces  A  .  s/»  -i-  B  .  »V  —  C  .  sr  i»  equal 
II  -I-  r)        llie  force  of  the  same  matter  oolleCI* 
eU  all  into  its  centre  of  gravity  e  ;  therefore 
.se 


■o  at  —  — ,  which  ii  the  disbmce  of  the 

I  *  -t-  It  *  <■  so 
centre  of  oscillation  o  beluw  the  axis  i>l  snspi.  li-mii. 

Farther,  because  It  found  under  ihc  article  Court 
^GiwrfCj^tbat  (a  -»-  B  -4-  c)  .80  =  A.SRI- >.«Ah>  car, 

therefore  so  =  — : — \-r—r-  —  '»  the  same  distanoe 


*  .  W   •+  B  .  «i   +  t  .  I 

of  the  ccnin-  of  oscillation;  where  any  of  the  products 
A  .  M,  B  .  s&,  &C  arc  to  be  considered  negative  when  the 
poi.ntsff.  b,  itc  lie  above  the  point  t,  or  where  tbe  axia 
pusses  through. 

'  /\g|iun,  bccRRir,  by  £ucl.  ii.  12  and  13, 

S  A*  S  10*  ••'  OA*  —  Sio  .  «fl, 
and  SB*  as  ■«* Oi* -4- Sms  .o^, 

and  sc'  ss  »c*  +  eC*  •♦•  faa  .  oc,  Jcc ;  , 

and  since  by  .Mechanics,  the  sum  of  the  last  terms  is  no- 
thing, namely — 'isti  .  c.a      ?so  .  g6     5so  .oc&c=0; 
thert^orc  the  sura  of  the  others,  or  \  .  sa"      b  .  s«  tVc  ■ 
aa  (  A  -1-  n  &c)  io*  -♦•  A  .  OA^  -<-  IS  .  f.  r.       r  ol'  iVc,  or 
's  - 1  "  -1-  A  .  o  A "  -t-  B  .  (.  n    -t-  I  .  I  ■<  '  k^c  ;  . 

wbctv  b  lieuutes  liie  body  ,  or  sum  A      B  -f-  C  &C  of  all 


L/iyiiized  by  Google 
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iliepfru:  ibit  vaJoe  theifbcinit  sabttiUiM  in  (be  nume- 
rator of  ihc  3d  value  of  so  above-found,  it ' 
•O  »         ■  ■■  ■■  ■  -,  or 


so  =  »'•■ 


l.w 

t.ta 


Frnni  wbich  it  appran  tbat  the  centre  of  oacilbtion  is 
always  below  tbe  centre  of  gravity,  and  Uiat  ti»  iiBmun 

or  duianre  betttet-n  them  is  co  =s  • 


00  = 


It  fdlfusvs  aU\>  fium  hi-ncf,  thai  so 

that  IS,  the  rectangle  so .  oo  u  alwa^fs 


,tiii»«Ui0cQnttan^ quantity;  wbmrer  the  point  of  autpon- 
(ioa  ■  iaplaOOiltMtlCe  tbe  ]>' tint  a  and  the  bodirs  A,  B,&c, 
ate  comtMt.  Or  oo  it  aluays  u'ii|ifocally  a»  sc,ih8t  is 
Oo  b  kat  aa  SO  i»  grt-ntfr ;  and  the  points  o  and  o  roin- 
'  tide  whm  CO  is  iiif;i:Ur ;  but  when  k  coincides  with  c,  then 
OOll  infiiiiic,  or  (I    M  Hti  infinite  distance. 

1h  find  lh(  ■Centre  OicilUuion  ly  meant  Flttrioni. 
From  the  premises  is  dciivid  llii'>  ^rnornl  ninlhod  for  the 
ct  Tlrc  of  oNcillation,  \  h,  let  r  be  t!ie  absciisa  of  an  oscilla- 
tini;  body,  and  y  itv  cnrrcipiindiii^  > nNmle  or  serlion;  then 
tlif  di^tnncc  SO  oi  the  ci  iurc  <■!  c^cilliUiun  Ij-  lnu  the 
axis  of  suspension  s,  Ix' equal  to  thrflur.ii  ■if_yj-*  divided 
by  the  fluent  ofyi*.  So  that,  if  fii>!r;  tiic  nuiurc  or  equa- 
tion of  any  given  hgure,  ilie  vnluc  i>(  y  be  cNprcssedin 
terms  of  X,  or  otherwise,  and  substituted  in  iheso  two 
fluxions;  then  the  fluents  being  takni,  and  the  one  diviil6d 
by  the  other,  the  quotient  will  be  the  distance  to  the  cen- 
tre qf  oscillation  in  terms  of  the  absciss  x. 

But  when  the  bffdy  it  anapended  by  «  very  fine  thrcfd 
of «  givealengtb  «,  then  the  fluent  of  (•  •«>  xf.fic  divided 
by  tSeHnentof  (•■*-x)j«-gi«di  ihediitanco  of  the  same 
centre  of  otcitlaiioo  below  the  point  of  luspenuon. 

F.r.  Vot  example,  in  a  right  line,  or  rectMiiglc  or  cy- 
IniH  T  or  liny  other  prism,  whose  constant  section  is 31,  or 
tin  I  vjii<t;int  quaiitiu  1/ ;  then  yr'-'t  i>>  'a  t,  whose  fluent 
IS  ;  hImi  v'  *"  I'  "•'^  '1  who>o  (liirut  is  tai*  ;  and  the 
quiilK  iit  i)f  the  furiner  J'l.i '  div  id<  d  \n  ihi' laller  la^  ■,  j> 
fiT  tbe  di^tatiec  nl  the  rerilre  ostdlalinii  IpIovv  the 
veileN  ill  anv  •<iirh  h:;uie,  nanulv  liaMii^  every  where  the 
s«me  breadth  or  section,  lliiil  i»,  »t  f»  i>  thirds  of  its  let)«th. 

In  like  raaiwier  the  n  I'tr'-  ef  n-eillafion  is  found  for 
various  fit^ures,  vibrating  flatways,  and  ate  as  thoy  are  ex- 
preibi'd  l>i  low,  viz, 

Natuie  of  ilie  FigHKt'        Wfien  mspended  (y  Verier. 
isosceles  triangle  4  of  its  altitude 

Common  Parabola  |  <pf  its  altitude 

Any  Parabola  5^^i  * 

A»  to  ligana  moved  laterally  or  sideways,  or  rdgr- 

■  ways,  that  is  xbout  an  aicia  perpcndtcnlar  lo  tbe  plane  of 
the  figure,  the  findiiiu  the  Centre  of  oacillatioa  i»foine> 
y^hat  dilhrult ;  becauw  all  tke  pMls  of  tbe  weight  in  tbe 

•   Mime  horizontal  ))li\ne,  on  accotint  of  their  unequal  dis- 

tai  ces  lr<iiii  tlie  jHiint  rif  auspension,  do  not  inuve  w  ith  the 
V. 111,1  v.l.  ti'v,  as  is  shown  by  Eluysens,  in  his  Hoiol. 


(.Kcil.     He  tminii.'in  ih 
1,1  oscillatuin  ln-l<n»  the  axis,  vi2, 

•In  a  circle,   -  -   

In  a  recftm^le.  1.11*11.  by  oiie  ftiigle, 
In  a  parabcli,  snsp.  h\  its  vertex, 
The  Mime  sn»p.  by  mid.  of  bate. 

In  asector  of  »ciivla  -  <•  >  • 


the  dittaoce  of  tbe  centre 


i  of  the  diameter : 
•|  of  the  diagonal :  » 
^  axis      \  parain. 
^  axis  -•-  4  punun. 
a  arc  X  ftdiiu 

TeCsr'' 


fcaeone 


^  1. 

*  +  — ,  where  r 


In  a  sphere 

the  radius,  and  g  =  a     r  the  rad.  added  to  the  lengdt  of 
the  thread. 

See  aUo  Sinptou't  Ftuxiona,  art.  1S3  6(C,  «' 
tbiai  the  Calre  ^  Owatofai  Ifdrijaaipwi^  or  Etptn- 
MCM(«l{|r.    Make  the  body  oscillate  about  it*  poitttof  •&•> 
pension;  and  banR  up  ntso  a  simple  pendulum  of  such  a 

lenntli  ihiu  it  nuiy  vil^riitr  or  just  keep  time  with  the  other 
body  :  (hen  the  lenj^lh  of  the  simple  pt^nOuluin  is  equal  to 

the  distance  oi  the  centre  of  oacUlation  of the  Ijody  lie(ow 

the  point  of  suspension. 

Or  it  will  be  still  Ik'Tt  t  Incnd  ihu-.:  Su^jieiifl  tlie  hody 
very  fr<«e|y  bv  the  given  point,  uiid  make  it  vibrate  111  »mall 
arcs,  counting;  the  vibraliunsit  iiuiIm-!  in  .tii\  puiiion  of 
lime,  as  a  minute,  by  a  good  sinp-watch ;  and  let  tbat 
number  of  oscillations  made  in  a  niinuic  bu  called  n!  then 
shall  the  distance  of  the  centre  of  oscillatioti  be 

so  =  inches,  for,  the  length  of  the  pendulum  vi. 

brating  seconds, or 60 times  m  a  niinule,  being 3()|  inches,  . 
and  the  leogtJw  of  penduluins  b«uiig  icdpracally  aa  tbe 
square  of  the  nnmbar  of  vibimtiona  made  in  the  tame  time, 

therefore  «• :  60*  : :  39J :  ^^^i  the  length  of  the  peadu> 

IlUB  which  vibnuca  n  timca  in  a  minute,  or  the  dialance  ($ 
of  the  centre  of  oaciliatioa  below  the  axis  of  motion. 

Ci.sTn£4/PrKiMjsn,tnamo«ing'body,  it  Ihat point 
where  the  percnuion  or  stroke  ia  tbe  greatest.  In  wibieh 
the  whole  pcrcuiieut  force  of  tbe  body  is  suppoicd  t»  be 
collected  ;  or  al>out  which  the  impetus  Of  the  parU  Is  ba- 
lanced  on  eviry  side,  so  that  it  may  l>c  stopi»cd  by  an  im- 
moveable obstacle  at  tins  point,  and  ri'Sl  on  it,  without 
actinij  on  the  cenlre  ol  siispi  nsion. 

1.  Wlieii  (he  pvrcutieiit  body  revoKi^  about  a  fi.Ked  point, 
the  renire  of  percussion  is  the  same  with  tlit  <  nut  ot  ijs- 
ciilntioii  ;  Hiui  I?  determined  in  iJie  aume  manner,  vu',  by 
ciiiisKierinn  ihi  impetus  111  the  parts  as  so  many  weigh  1  s  a|>- 
plied  lo  un  iiitU-xibie  rii<ht  line  void  ul  grav  ity ;  namely,  by 
dividing  the  sum  of  the  producla  of  tliofoices  of  the  pane 
multiplied  by  their  distances  from  the  point  of  tiiip<»sioo, 
by  the  sum  of  the  forCaSi  And  therefore  what  has  been 
above  shown  of  tlte  centieof  oscillation,  will  hold  also  nf 
the  centre  of  pcrcosioo,  wb«n  the  body  revolves  abont  a 
fixed  point.  For  instance,  tbat  tlie  centre  of  pcfcnttion 
in  a  cylinder  is  at  \  of  iU  length  ftom  the  point  of  anspn- 
kion,  or  that  a  stick  of  «  cylindrical  figure,  tuppottng  the 
Centre  of  motion  at  the  hand,  will  strike  the  greatest  blpw 
.1;  A  poiii'  aljuui  ivvo-ihinl-  oi  ,is  length  from  the  hand. — 
Sii  liie iiivi  -!n;a(iun  a;  i,u?  ni  my  Ciuirse  of  MHthcinatic^, 
p.U. 

2.  bill  wiieii  ilie  i-udy  inuveswilii  a  pu;allel  niou  ui,  ,ir 
all  its  parts  with  the  same  f  eiei  ity,  then  the  centre  of  p.-r- 

.cussion  is  tile  same  as  the  centre  of  gravity  ;  for  the  nvi- 
liielitH  are  the  prudnits  of  the  weights  and  celerities;  .\.v\ 
to  multiply  cqui|H>nileiiaing  bmlas  by  the  snnie  velocity  , 
is  the  same  tb'mgas  to  take  ei|uiiiiiilliphs;  hut  the  '.ipiimnl- 
tipli-k  uf  cquiponderauog  bodies  di>  also  equiponderate  j, 
th<*rcfore  equivalent  aKMncuta  arc  disposed  alioiU  the  ceo- 
tre  of  gravity,  oonsc4}WHitly,  in  thivcaic  the  two  ceulres  ' 
eeiocidr,  and  what  it  ^lown'of  the  one  will  hold  m  ibi; 
other.  ' 
Cattle  of  Pcreutuoo,  in  a  fluid*  is  ihf  same  at  out  of  it. 
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CnTBS  q^a  PmtlUognm,  tba  point  in  wkick  iti  dia^ 

CCKTBC  of  PotitioH.    See  CCKTRC  of  fhovii]/. 
Cr.fiTHE  <(f'  Preuttre,  ufa  fluid  against  a  plane,  i<  that 

jioiiit  BgaiiiJt  which  H  loiCL'  bi-ing  iipplird,  equal  to  the 
whok'  proibure,  but  in  a  c<iiilr«ry  direction,  it  will  keep 
the  suriiici'  Bt  rot.  I:  i-  nickni  that,  on  a  plum-  parallrl 
to  iho  horizon,  ot  on  any  plant"  where  the  pressure  h  uni- 
form, the  ccntri'  <if  pn  •  sure  (  oincidco  with  the  centre  of 
gravity  of  iho  plane.  Hut  fur  other  cawi,  it  will  he  fouivd 
by  the  fiallowln^7  rartiiod. 

To  find  the  Cetun  qf  Prttntre  Pkm  Stafkee. 

Ivct  A  BCD  be  tlMawfroB  of  A*  mMffm,  liMpliiie; 
vbich  being  pro- 


J,let  cobeiu 
inlmestMii  with 
the  MfCK«i  r  the 
cantfttofpraawv, 
■■lie  the  centre  ef 
gravity;  ami  eoo* 
ccivc  the  whole 
plane  to  be  diviil- 
cd  into  an  indefi- 
nite number  of  ex- 
tremely small  parts 
of  wha  li  one  is  x : 
draw  pg,  eg,  rt>, 
perpendicular  to  the  surface,  iind  pa,  an,  xm  pcrpondicu- 
tar  to  cd  ;  and  join  Qa,  gn,  vm,  then  it  it  manifest  that  the 
'  triangles  Poa,  O;^,  xtm  are  iimihr.  Niiw«  bjr  the  prioQ* 
plet  of  hydrMUUoi,  the  piaeare  on  x,  prfpendieniar  to 
vw,is  ux  n  ivi  aod  by  nocfcaoies,  iti effect  to  turn  the 
plnue  about  erf,  i*  as  r  «      x  rm;  but  nit :  c.e  : :  xm  :  n> 

=:  im  K  — ;  hence  the  effect  of  the  pri-viure  al  i,  to  turn 


the  plane  about  cd,  is  as  x 


xm*  H  — ;  therefore  the  whole 
Bat  if  AS 

whole  quantity  of  prcuuro  on  vw 


effect  is  as  the  sum  of  all  the  *  «  swf  n  — . 


thesrea  ol  vw,  ih 

»  ogi  thrreforc  the  eflUxt  «r  the  preteura  at  r,  to  turn  the 
piMW  •bout  erf,  ie  is  «  KfllKNMk  UMMAXOf  xMaB 

loTili  ther  x      «  ^}  cenwq^HMly 
waseTiliha*  X 


AKOX 

li  nn  it appeen, that  r  bat  the  seme  distance  ftomcd 
at  the  centre  of  percussion  it,  cd  being  the  axis  of  kuspen- 
flOO.  They  do  not  however  in  general  coincide  or  lie  in 
the  am  iinc,  that  it^  in  the  line  no  i  lor  the  efficacy  of  the 
pmwK  at to  Mm  thephne  abontao,  km*  «  «»  x 
mm  (oriinc«»«anctasjrM),as  x  »  rm  »  imjlMittheeum 
of  all  the  «  X  ni  x  am,  is  not  generally  s  0,  therefore  tlie 
«l.ole  pressure  will  not  necessarily  balance  itself  upon  the 
line  OB.  The  situation  of  the  line  ra  must  be  determined 
by  makm;;  t  lie  sum  of  all  the  .r  x  im  x  mn  =  0,  which  iti  any 
purliculur  case  may  bt-  done  liy  a  tluxional  process.  It  is 

not  t!>i  ri  t<iR'  truL'.  in  <!(iii'i:il,  ihui  the  Centres  of  pKMrare 

anii  pcrc  u>'>i'  .''i  ari'  the  same  point. 

C'tsim  o>'  I  liegular  I^afygOQ,  or  Rtgular  Body,  is  ih- 
same  that  <.l  ilic  inscribed,  or  circumscribed  circle  or 
sphere. 

CsMTtil  ^ Hottaion,  IS  that  point  Rbi.ut  w  hich  a  body, 
otbenrae  at  liberty,  revolves  or  tends  to  revolve  when  it  is 
Mied  upon  ooe^nally  ai  duienini  points*  or  b/  a  force 


the  direction  of  which  does  not*  pass  throUgb  iia  centre  of 
giwvity*.  M.  J.  lemealli  was  the  6m  wiw  publisMi  any 
thing  on  this  wbjcets  a»d  be  first  fntuki  the  point  abont 
wfcleh  a  body  at  rest  would  begin  to  retmlve  when  stradt 

by  itnother  body,  and  he  called  this  point  tkt  centre  tf^mt- 
laneoui  rotaiioit,  to  itistineuish  it  from  the  centre  of  forced 
rotation.  H<'  t.libirvid  hoHrvcr  lli.it  F).  Hi  rnniilii  liad 
diicowred  iIr'  «iiie;  he  lia>  .iIm)  nii  iilniiu'd  !!ir  i  iuvc 
sciitii  ii  by  that  point  in  llii'  )iioj;r»-.>iM'  motion  of  llu'  bo<ly, 
and  ha-,  lii-t  riln  il  a  tni  itu  ti  ol  iiK|uiiy  by  wlntli  the 
locity  ol  till  liiiiln  -  [  ,i\  be  found  ut'ler  tin-  siroki'.  Mr. 
Vince  hiu  treated  this  subject  much  at  iaf]ge,  and  with 
-re.ii  pcnpicuity.iathe  PhUoi.Tiaua.tol.70^  for  l7ao, 
p.  446,  &c.  • 

Cmtkb  ^  e  Sphere,  is  the  lane  as  that  of  us  geoera- 
ting  semicircle,  or  the.  middle  point  of  the  >piicrv,  from 
whence  all  right  lines  drawn  tu  the  supcrltciea,  are  equal. 

CaHTfts  «r  SpoiMmoiu  RoiatiM,  is  that  point  which  rt- 
maine  at  test  the  instant  a  body  is  stracfc.  or  about  whicb 
the  body  bigin»  to  move.  Tlw  term  was  Biai  wad  Iw  John 
BemoufU  todistinguish  this  centre  from  the  centre  of  (breed 
rotation,  or  that  about  which  a  body  is  coiuiK-Ued  to  re- 
volve, such  for  iiiktance  as  the  point  of  suspension  of  a 
pendutuiii.    Si  f  Ci.xthp.  o./  Hotatkin. 

Ckntrixc  <if'<in  Optic  Ulau,  tin-  gnmling  it  so  as  ihot 
the  thickest  part  U-  i  xaclly  in  the  midilK'. 

Cassini  the  younger  has  a  diicouiM-  c.\]in  s^ly  on  the  iie- 
ces«ity  of  well  etntrini;  tlic  oLjii.t  gluai  ol  a  laijjc  tele- 
scope, that  is,  of  grinding  it  so  ais  tiiat  the  o  utre  may  fall 
exactly  in  the  axis  of  the  tek-scope.    Mem.  Acad.  17 10. 

Indeed,  one  of  the  greatest  difficulties  in  (;rindiiig  larg^ 
oftic  glasses  is,  that  in  figures  so  little  convex,  the  least 
dillerencc  will  tlirow  the  centre  2  or  S  inches  out  of  the 
middle.  And  yet  Dr.  Uoofce  remarks,  that  tiwiifh  it  wei» 
better  the  thickest  part  <yf  a  lo^g  object  glaia  won  exactly 
in  the  middle  yet  it  any  be  a  very  good  one  wben  it  i> 
an  inch  or  two  OOt  «f      Pfaikis.  I'rant,  No.  4. 

CENTRING,  or  CiirTzaiNG,  in  Building,  denotes  the' 
frame  of  limber  by  which  the  brick  or  stone  wtik  of 
arched  vaulting  is  supported  during  \u  erection,  am'.  Irum 
which  it  receives  its  form  and  ruivBU.ri  ,  Im  iIilu  de- 
scription and  properties,  s<v  the  Pnixcipici  oi  llriUgcs,  m 
my  new  Tracts,  vul.  I,  p.  uij. 

CtNTRIFUG.M.  Machiae,  a  curioxs  luacbiue invented 
by  a  Mr.  Krskine,  Tor  raising  water  by  means  of  a  centrL- 
fuKsl  force,  combined  with  the  pressure  of  the  atmospberc. 
This  machine  consists  of  a  laif;e  tube  of  copper,  &r,in  the 
form.of  a*cn>ss,  placed  perpendicularly  in  the  water,  and 
Testing  at  the  bottom  mi  a  pivot.  At  the  upper  part  of  tiie 
tube  it  a  horiaonial  toothed  wheels  which  touches  the  lee^ 
of  another  in  a  wetieBl  poettieat'so  that  by  the  gidaf  • 
double  winch  the  wMo nwchina b  soved  round  with  very' 
<;reat  velocity.  Near  the  hottUm  ef  tiie  perpendicular  part 
of  the  tube  is  a  valve  openiiig  upwardsi  and  near  the  two 
extremities,  but  ontbe  contrary  tides  of  the  afmi,  or  cross 
part  of  the  tube,  are  ino  other  valves  opening  outwards. 
These  two  valves  are  kept  shut  by  means  of  jpiinpi,  til!  the 
machine  is  put  in  inolioiv,  ulun  tl.e  ceiUritu^til  vrlmuy  of 
till-  ivuler  forcfi  tliem  open,  and  di-vcharges  iist  ll  into  a  cis- 
t! :  I  or  re$.i-tvoir  pLici  d  there  for  that  piirposr.  On  the 
upper  pail  of  the  arm  are  two  holes,  wliich  are  closed  by 
pieces  that  screw  iuto  the  incul  of  the  tube.  Before  the 
machine  can  work,  thcs<'  holes  must  be  opened,  and  water 
poured  in  through  ibem,  till  the  whole  tube  be  full;  b 
these  meant  all  Ute  air  is  {giced  out  of  tbenMCbine, 
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ihf  water  kuppiitlt^  lu  the  lube  bj  meant  of  ihc  vslve  at 
the  bottom.  'Vht  tabe  bttng  Oaa  6II«d  witli  water,  and 
the  hokt  elated  by  tbeir  scn-w  caps,  it  i»  mrmd  rouiMl  by 
the  winch,  when  the  wstrr  in  the  arm  of  ibetttbv  M»«iM 
•  ccntriAigiil  fytn,  ap«ns  the  vilves  near  the  extfimiiica  of 
fhe  aran,  and  6let  «ot  wink  Mobcity  nearly  eqnal  la  that 
«f  the  extremiiin  of  thf!  laid  anM. 

CsttTKirvoAL  F'vw,  istfattb)r«hick«tMdjri«foiT)ng 
about  n  crnirc,  or  about  soother  bodj,  oodeoffoon  to  te> 
cede  frpm  it.  And 

Cf.NTRirr.r AI.  Fon_-r,  15  thnl  by  wliirli  a  moving 
botly  is  pcrpctuiilly  ur^i-il  tinvarils  a  cciiirr,  nud  madi-  to 
revolvr  1:1  a  curse  iii»lLriil  ofo  right  lim-. 

Ilencf.wlic:!  &  bo<iy  revolves  in  »  nrrtc.lhrsetwo  forces« 
viz,  the  crntrifngal  and  centripetal,  iire  cxjiml  and  contrary 
to  each  other,  since  neither  of  them  garm  upon  the  other, 
the  body  being  in  a  manner  ei)ually  balanced  by  tbrro. 
Btit  when,  in  rcvolvinj,  the  body  recede*  farther  from  the 
crntre,  then  the  centriftigal  exceeds  the  centripetal  force; 
ai  in  a  body  lerolvit^  horn  the  kmer  to  the  higlwr  apit, 
in  in  ellipse,  and  mpcctiBf  the  ibeas  as  .the  emim  And 
teliev  the  twolvinc  body  aMroacfafS  nearer  to  the  centm, 
the  ccDtrifogal  is  mt  than  the  eenlripctal  fcrCe ;  ai  while 
th«  body  mores  from  the  ^rther  to  the  MMOt  extrami^ 
of  th«  transverse  axis  of  the  ellipse.' 

It  is  on''  of  I'r.f  (-.[Hblislicil  luw^of  iMttote,  that  all  motion 
is  of  itncif  rectilinear,  uiul  tJiat  the  muring  body  never  re- 
cedes from  its  first  right  line,  till  some  ntw  impnl^w  be 
superadded  in  a  diflfi'rent  direction;  aftfr  ihut  tu'w  impulse 
the  motion  I)i-coiiil-5  C'iiii[iouiidc[l,  hut  it  ii>  still  rrctiliiifar, 
thnuf;l>  not  in  the  same  line  or  direction  as  before.  To 
move  in  u  curve  it  must  receive  n  new  impulse  in  a  difc- 
r«iti  <!ircctj:>n  every  moment,  a  curve  not  being  reducible 
to  any  number  of  finite  right  lines.  Kthen  a  body,  eon- 
timially  drawn  towards  a  centre,  ho  piojectcd  in  •  fine 
Aat  docs  not  pisi  through  that  centAt  itwiR  deseiihe*' 
carta;  in  e«f  ly  point  of  which,  as 
At  it  will  endeaTB w  to  taccde  flmn 
the  cnrv^  and  piweed  in  the  tan- 
gent AO  s  and  if  nothing  hindered,  it 
wonld  actually  proceed  in  it;  so  as 
in  the  same  time  in  which  it  de- 
scribes the  arch  ak,  it  svnuld  re- 
cede the  length  ni  iln  line  Dr.,  perpendicular  to  ai>,  by  its 
centrifugal  force:  or,  being  projected  in  tho  dirertun  .id, 
but  continually  dtatrn  uui  of  if^  <lircctioii  ititu  a  curvi-  bv 
a  centripetal  force,  so  as  m  tall  l>cl^^v  the  line  of  dirociKin 
by  the  perpendicular  space  db;  then  the  centrifugal  or 
centripetal  force  is  as  this  line  of  deviation  M,  Soppoii^g 
the  arch  ab  indcfiniteTy  »rnnn. 

The  doctrine  of  cent  rifiij^al  forces  was  Unt  mentioned  by 
Haygens,  at  the  end  of  his  Horolot^am  Oscillutorium,  pub- 
Ushicd  in  l673,  and  demonstrated  in  the  volaiDe  of  Iris 
Posthumous  Works)  aa also  by  Gnido  Grande^  mho  gn«e 
a  few  easy  cases  in  bodies  icfoiving  in  Oe  cirennifereneo 
of  circles.  ButNowtoO,  in  his  Prin^ia,«as  the  fir^t  who 
fully  pro«(Cttted  thisdoctrine;  at  least  as  br  a»  reg»r(U  the 
conic  sections.  After  him  there  have  been  several  other 
writers  on  thissubject;  as  Lt'ibnitz,  Varignon,  in  the  Mem. 
de'l'Acatl.,  Keil,  ill  •nr  I'hilo.i.  Trans,  and  in  liis  Physics, 
Bernoulli,  Herman,  Cotrs,  in  bis  Harnumi.i  Mersurarum, 
Maclaurin,  in  hia  Geomclrica  Organica,  bh  1  in  his  Flux- 
ions, and  Kuler,  in  his  hook  dc  Motu,  where  he  cootiders 
the  curves  (!(  Kribe<l  by  a  body  acted  OH  by  CCBtdpclnl 

forces  tending  to  several  fixed  points. 


in  IManiy's  mSi^p^nC 
«l,  and  in  the  Britannie 


See  !ihn  the  article  Central  Hwsi^Tiheielhi*  deetriorfs 

n»or>'  tuHv  vjii»liuoed. 

.  CfiNTkuUAUVCU^  tbn  aama  naceM*  of  (rmvny. 

CgnvnnsAnTC  JfelM,  is  a  nethod  of  detttmiuing  tb« 
^naniiqrof  n  anrlliaear  solid,  by  means  of  thnancsatiiv 
)ino  or  plane,  and  its  catrc  of  ;^rariiy.  The  dactiine  it 
chi«l«  coiaprised  in  this  ibcorem :  Lvery  figure,  whether 
iupermml  or  solMj  giutiMrd  1«y  the  motion  of  a  line  or 
plane,  isrcjlinl  to  tlie  prndiict  oi  the  cenfr;itin!»  rn:ij5uitu<li; 
and  the  path  of  in  centre  ot  gravuy,  or  iht  liiie  (ickcribt'd 
li  .  its  centre  of  gruMty. 

ScH'  more' of  thti  subject  in  tin  art,  CsM't'MR  of  Gravity. 

CENTRUM,  in  Geom."  Mtfcluwics,  itc.   See  Ckntkk. 

Cent  HUM  Phoninm,  in  Acoustics,  is  the  place  where 
the  spcuker  standi  in  puly>y  llabical  and  articulate  echoes. 

CrsTaw  ¥  I'hontKumptictm,  is  the  place  or  object  tliat 

lornsthe  voice  in  an  echo. 

CEPIiSUS,  s  euosiHlaiton  of  the  northern  ^mispherr^ 
being  one  Ol  tile  48  obi  a»tetitiii<i.    The  Greeks  fable  that 

tMria;  iMfiiw«a»^itoq^M(tt<«rad  np  tobodyinjirf 
by  •  ten  mowNirf  4  ' 
TKe  inui  «if  diioeoa 
n^in  Tycboli  II,  In  1 

oalalo^nr  :i5.  '         -   v  .  -..  • 

CKKBKHLIS,  oiw  of  ilie  new  coiwtrliatiiin'*,  formed  by 
HoveiiiiM  •>ut  oi  till-  imforntcd  stars,  anii  Hddi-d  to  the  48 
old  niterisms.  It  contains  only  4  start,  which  :Lr«  tmiBMti 
rated  under  IfeTCulM  in  the  Hritunnic  c^talugue. 

CKKk.s,  or  \'\\7.ii,  111  Astr<iiiomy,  a  new  pcimary 
planet  intermediate  tji  twrcn  the  orbits  of  Man  and  Jupn 
ter,  was  discovered  on  the  l>t  of  Janiiury  KSOIiby  M. 
Piasxi,  astronomer  royal  at  I'alenno  in  bicily,  who  also 
gave  it  this  name. 

M.  Piazsi  in  a  brief  account  be  has  published  of  iW 
discovery  of  this  plenet  states,  that  having  been  et^jafed 
Ibr  nine  «mf»  hi  mciifying  the  positions  of  the  staio  m 
erikctcd  in  the  cninbinaa  of  tnrioH^aatnnHNnon^  ho  won* 
searching  on  the  Inl  «f  Jairaary  IMI*  awong  inony 
others,  for  the  871^  in  dit  caulogue  of  the  oodintidl  Stan 
of  the  Abb«  de  la  Caillv,  when-  be  obetrvsd  that  ibis  M«r 
was  preceded  by  another,  wiricb  according  to  his  nsoel  - 
custom  he  wished  to  ob«er»e  also  ;  especially  s*  it  did  nor. 
inlerrnpt  the  principal  ©Nervation.    Its  light  wnn  some- 
whtit  fjint,  and  its  colour  rr.scmbli-d  that  of  Jupiter;  b>it 
like  manv  otltem,  which,  in  rcffard  to  their  inHj:iiiludv,  urtt 
liiujily  plnr<^l  in  the  8lh  clairi.    At  Chxt  liinr  ito  doubt 
arose  rrspcciing  the  mitnre  of  it  ;  but  on  tJie  fumng  of 
the  9d,  having  repented  ,lii!  obM-rvatXini,  and  lindin;  that 

tliey  did  net  correapond  enfacr  m  triiM>  or  seuitii  distance, 
he  suspected  that  some  error  bad  been  committed  in  ilia 
observations  on  the  preceding  day.  He  then  began  l«  en- 
tertain some  idea  that  it  might  pcrhapa  hn  n  nPw  planet. 
Ja  the  evening  of  the  Sd  his  conjeetaiw  wan  coniraed, 
and  he  osmium  binMtf  H  «u  bm  n  ixed  alar.  Uoi^r 
before  he  WMiM  apenk  of  it^  ho  tnilcd  till  tho  ctemi^  «f 
the  4tb.  in  wRieh  he  had  the  sofiitactlon  of  iodwg  that 
it  hod  moved  according  to  the  same  hlill  which  it  had  nt^ 
served  on  the  preceding  days.  At  this  Jinw  (he  niolioit 
u,)s  rrtrogradc  ;  but  on  the  lOth  of  January  it  became  di- 
rect. Me  continued  to  obsewe  the  plaoot  till  the  J3<h  of 
February,  when  he  nil!-  oblis^-d  by  illness  to  discontinue 
his  obse'rv-Ationt.  M.  Yiam  then  transmittwl  accounts  of 
h«  obscrvHlions  to  tu  reral  ceiebrated  wstronomeis,  iu  or- 
der that  tbey  might  catoniate  tJie  vcbit  vt  the  new  pianet* 


Digitized  by  Google 


r  F.  u 


C  H  A 


•hd  Irac*  out  its  progre<s!i  ill  the  heavens:  but  it  eludi-d 
efOyleMCh  that  «-a»  made  (or  It,  uiilil  UecrinluT  7tli, 
when  it  iru  rr-diHCOTcrrd  by  Che  a!>»iduou->  Dr.  /Ucl)  ol^ 
Siixc--Oulhd;  and  mkhi  al'ter  it  was  obsc-rvi'd  by  Dr.  01- 
bm  M  Orenuti;  by  Mccbaiii,  at  Paris  ;  by  the  royal 
Vitamer  at  Graenwicli;  by  Ur.  Hrrscfael,  at  Slough  }  and 
fay  vajnont  otiMf  pMiona  boihin  '''^n^*"*'  and  Sct>tl  vid. 
.   tOimtmi  qf  jit  Tktory  umMig  »  BmMardt. 
IneUnuiaii  of  oriwt  -      0>'  lO"  37' 

Ptaoa  of  tba  OMandiag  node     •      S  81  •  6 ' 
Epoch  uf  1801       -      -  t  17  19 

Place  of  the  tpbcHon       •      -     10  86  9 
Pit.vuu((-oi  thrapholioa  Jan.  1**1801    -    8  houor  • 
Excentricity  of  orbit        »        •  O'OTM 
Mean  ditlance        .        .        4       '2  7'^' 7 
Time  of  revolution      ...         i  i>Lk»  y<?»in. 
Krum  till'  observations  of  I>r.  llci-clu'l  a  )»  pi.ilublc 
that  llio  diameter  of  this  planii,  is  mucli  !>>>  than  that  ul 
ibf  moon  ;  it  appeared  undol  a  di.vc  of  Us-,  tliaii  'l" ,  Vit, 
^inall  tt*  i»  lbl«  planet,  M.  Scbi'Ktcr  buspttls  il  has  two 
satellites.   It  has  been  cx|)vci<'il  l'»r  neurty  u  century,  that 
%uch  a  di'icovery  as  this  of  M.  Pia»i,  would  be  made  by 
some  diligent  astronomer.    Maclaurin,  Latabcit,  Bode, 
Zach,  Capel  Lofflt  and  others  have  »upportrd  the  conjac* 
tdtt.   Aad  aix  atlroiioiner>  assembled  at  LiliciUhal,  in 
Saptmbor  iaQO|  naolved  to  aataUiah  •  aucioty  of  24 
ptMlWBl  iiliniiiiiaan.  diapansd  AwuAamt  dilmnl  partt 
•f  EMTOpq,     Ito  ««pnM  F«|MM  of  iMKiifaig  Ottt  tUt 
planet  betawen  Man  and  Mpiwr  t  Aay  okeCed  SdiriSelar 
as  their  ptntidcni,  and  Dr.  Zadt  was  chosen  tiietr  secre- 
tin v.    Accordingly,  the  consequence  has  been,  (hat  no 
Icsi  rha:i  four  ni.-w  jilum-f^,  liwvr       ii  isiM  ini  uMl,  nil  nearly 
agres'iii^  in  siJie,  piTioJ.  anJ  siluainiii  ;  m/,  (ho  alKive  iiiic 
by  Plaxzi,  one  by  Harding  of  LslicuthRl,  aii4  1'm>  liv  ()!- 
b<?r»  of  Bremen,  till  of  uluch  have  received  names  of  ilif- 
ferent  heathen  divinities :  but  il  may  be  remarked  on  this 
occasion,  that  it  would  be  a  niuru  Gt  practice  to  call  the 
^mral  new  planets  niti  r  the  nanvcs  of  their  napectivedia* 
covcrers,  as  llerschel,  Piazzi,  Olbers,  &c. 

CETU-S,  iht  IfMt,  a  southern  constellation,  and  one 
of  the  48  old  asterisaii.  The  Greeks  pretend  that  it  was 
'the  aaa  monster  wnt  by  Neptune  to  devour  Andromeda, 
bmifrntUIki  bvPaneua.— la  tbe  naekof  tlw  whale  is  a  ro> 
«i  Collo  Ccti,  whiehappaanaad  disappaarspe- 
r  nohar  boBOMt  brif^ler  aad  ftialer  by  tnnUt 
arMnifiiia  supposed  fiiNB  the  altemale  tanrings  of  iis 
bright  and  dark  sides  towards  us,  as  it  revolves  upon  its 
axis,  urelso  from  the  flatness  of  its  form.  I'he  period  of 
lis  cbaitKes  iit  about  3li  day^.  Buliiiihi  m  Plill.  'I'lans. 
vol,  2,  Hevelnjs,  ibid.  vol.  6,  Hen-ctiei,  luid.  vol.  7t>.  -Ma- 
raW.  in  Ml  m   Acul,  I7»y. 

I'bc  stars  m  the  constcllatioii  Cetus,  iu  Ptolemy's  caia- 
lo|«e,  are  2'J,  in  1  ycho's  91,  in  HewUn's  45»  aadia  the 
Britannic  catalogue  97  ■ 

CEULKN,  or  Kei^len  (Ludolph  Vak),  a  noted 
Dutch  prufiessor  of  maihcmulicH,  who  fioiirisbcd  in  the 
latter  part  of  tbe  l6lh  century.  Luilo!|>li  surnamed 
Van  Ceuleii,  becaUM'  be  was  front  CoUj^ne,  which  is  called 
Ceulen  III  Kt  ulen  in  Dutch.  He,  was  yulbor  of  several 
piccea,  both  <n  arithmetic  and  geometry,  in  the  Dutch  laa> 
ga»ge,  tome  of  which  wwc  translated  into  LaImi  by  Wikia* 
bnxd  SaeUt  ae  maniionid  under  Us  life.  OtuMa  wa« 
chiaij  MMbarltahla  lor,  his  appruximalipB  to  the  circam- 
fcrnnoe  of  the  circle,  to«(»  placca  of  liguii»  which  ha  m- 
dcfed  to  be  uugravod  oa  his  lombstooo* 


ineal  ^aeasure,  Coosistiag. 
k^.  oiadly  100 ;  ae««ii« 


CHAIN,  in  surveying,  ii  u 
of  Bcc;i<L>ii  iiuiiily  r  of  iron  linkf, 
to  uJi>'  itio  (liiiK'iisionj  ol  (iclds  \c. 

At  every  lOth  link  is  usually  lastened  a  sniill  brasa 
plata,  «itb  a  figure  engraven  upon  it,  or  else  cut  iaio  di^ 
feroat  shape*,  to  show  bbw  ifMy  lliiks  it  k  fioMi  oim  ead 
of- the  chain. 

Cbaini  are  of  various  kinds  and  lengths;  as 

I.  A  chain  of  100  feet  long,  each  link  one  foot,  is  used 
for  mcasttriog  uf  lar«  distances  only,  when  no  ivgard  is 
Jiad  to  acRs  dec,  in  the  tiiperidal  coolant. 

S.  A  chaia  of  one  pole  or  l6  ftctand  a  half  in  length  ; 
i*  pititicularly  useful  in  measuring  and  ll|ing  out  gardens 
and  orchards,  or  the  like,  by  the  pole  or  lod-mciuure. 

3.  A  chain  of  4  |w>k-s,  or  iiti  feet,  or  2i  yards,  in  k'Uglli, 
CalloJ  Cul  ler's  tliai:),  and  is  peculiarly  atla^Hici  to  the 
liii^.i.i'--  III  l;inil->'.ii  \'r\ ing,  in'Cuuse  10  sij;i,i-r  ii.iiIk  lust 
inaki;  all  l.iiuUsili  acic  ot  land;  so  llml  ihi:  liuiiciuiojte  bu- 
111(5  iiiki  n  111  ibesc  thaiib,  llicy  are  readily  reduced  to  acres 
by  dividing  by  1 1;,  or  barely  cutting  oti  tbe  last  figure  froiQ 
the  square  chains.  Rut  it  ii  still  better  in  practice  to  pro- 
ceed thus,  viz,  count  the  dimensions,  not  in  chaias,  bttt  all 
in  links;  then  tbe  contents  are  in  square  Unks}  atid  fifa 
fixtures  beiog  cut  oB  fur  dcdroals,  tbe  rest  are  aerea ;  that 
is  four  figures  to  bring  the  sqimre  links  to  square  chaiai^ 
and  one  moia  to  bring  thft  aquare  chains  to  acfas. 

In  this  chaiiw  ^  unka  an  each  7  inches  and  J^,  «v 
7D3  iacbcs  in  Iwlb,  atUdi  is  very  nearly  f  oTa  fool. 
And  hence  aay  aumber  of  chaitM  orlian  are  easily  reduced 
to  feet  or  inches,  or  the  contrary:  tbe  host  way  of  doing 
which  IS  this:  multiply  the  number  of  links  by  66,  then 
cut  oil'  t«o  li^uir.'-  till"  ili  i-mi;il-.,  .111,1  (111,  :<  st  are  fret  :  or 
multiply  links  In       loryarils,  cuttuif;  nil  isuj  iigurrv. 

(  i  s  f  r.  /u./f,  culled  also  Rule  uf  Erc/iange,  Ruie  of  Re- 
ductxiK,  anil  Hule  qf  Equation,  is  a  iiiodc  of  arbitration 
very  usiiul  in  the  higher  operations  of  exchiin{;e,  us  well 
as  in  ibc  arbitration  of  bullion,  spi-cie,  and  mi  rchnndise. 
F()rcigunurcbant»,itsciem>,arcveryexpert  in  their applici^ 
tion  of  this  f  ule  to  commercial  computations ;  and  that  it  ia, 
iu  a  great  measure,  to  this  acooBpliihaient  that  their  ae- 
k  now  lodged  supariocity  in  the  praclioe  of  exchange  may 
be  aiiribatML  See  AutraaTloir,  alto  Dr.  Kelly's 
CamUstt 

CHAU>ER,or  CHALDRON,  of  Coals,  an  English  dry 
nwattire  of  capad^  contistiiiig  of  36  bushds  heaped  up. 

The  chaldron  of  coab  is  acoouMed  lo  waigh  about  8a 
cwt.  or  S19(i  («>uods.— On  sfcii^hQanl,  21'  dtaldnot  of 

coals  are  allowed  to  the  score. 

15y  net  nf  isiirliainent,  :i  Ne»cast)o  chaldron  is  lo  v\<  ii;h 
.V."^  cut,  or  3  wara.in*  of  17J  cwt.  or  6  cail«  of  Sj  c«l. 
laci',  iiiakiii^  S-j  nvt.  to  the  chaldron.  Tin'  sln!uleL<tn- 
don  ciii»ldron  is  in  (  .insist  of  36"  bushrls  In  ;i|,ni  uji,  i  ;\c\\ 
bushel  to  contain  a  WiDcluslir  ImsLcl  ami  ir.f  (|ii;iit,  au'i 
to  be  l<Jj  inches  iliaiiieter  iMenialiy.  Nti«  it  Ims  beeii 
found  b|  repeated  trials  that  15  Loniloo  clinlilrons  an 
equal  to  8  Neu  castle  chaldrons,  which,  rcckoiiiug  dil'^ 
cwt.  to  the  latter,  gives  38.cwt.  to  the  formw,  or  3136lbs 

to  the  l^iiidon  chaldron. 

This  1  rind  neatly  cutiiirmed  by  experiment.  I  weighed* 
one  peck  of  coals,  which  amoniMod  to  ttl|ibs.  •Tbrp*4 
timca  this  gives  ft71b  for  the  weight  of  tiia  bushel ;  and  36 
tiawa  the  bushel  gives  31S3lba  nr  the  ehaUroa }  lo  whtch 
If  the  weight  of  the  odd  quart  be  added,  or  ^h'  neatly. 
It  uives  :il34lb  for  the  wei^fht  of  the  chaldron,  which  m 
oidy  1  pound  short  of  that  by  statute. 
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Cll A,\|nUl  ofo  .Wor/or,  or  C«flJi«n,  IS  a  c«:ll  or  cavily  Subscqiifnt  to  wliich,  hv  pjljli!.liiNl  K^fiwys  for  llic  im- 

at  ihf  biillom  ol  the  borr,  to  receive  the  charge  ufpmvder.  provotnciit  ot  art>,  inaiiulac^uri.-s,  niiii  timimrrcf ,  by  means 

U  I*  not  found  by  ex^iknci!  that  diMobm  lw««  my  of  clieiuisiry,  3d  edit,  inipruved  by  P.Sbaw,  Iv-llow  uf  llu^ 

M-iwibli'  cfect  on  the  wloietly  of  the  tliat,  unlcM  in  tu  cnUcfB  «f  pkjriiciMM,  ami  phyndu^  in  ordinuy.le  his 

iuffin  ordnmm,  u  moriAn  or  very  Uttf/t  ouidod.   Nci<-  taajans- 

lh«r  Hi  ii  found  that  the  form  ot°  than  u  very  maifriftl ;  a      ^r.  Chnmben'i  cloar  ami  (inremitting  attention  to  hb 

■mall  cylinder  a  as  good  m  my ;  tbongh  roMbranaictI  iliidict  at  kitgth  impairrd  hi*  beaJtb,  and  ublij^ed  him  .oc-. 

•pccnInliniM  nay  ahow  a  prefeiance  of  me  fiMTtn  am  ana*  Cadrndlj  (a  Uihe  a  country  Utdpa^  but  without  much 

thiv.  fiat  in  practice,  tba  chief  point  to.faeobierved,  it  heneftti  he  aAefwatda  wiiied  the  ivath  of  FnuKc.  but 

to  have  the  chamber  of  a  tiie  jwt  lo  contain  the  charge  OUI  wth  litite  cfiect;  be  lhcc«Aiia  Muraed  lo  England,  * 

of^powdrr,  attd  «o  more,  that  the  ball  may  lie  close  to  iho  where  be  loon  after  diedt  at  laliiiglon.  May  I5»  ItMSf  aiad 


charge ;  and  that  its  entrance  may  potni  exactly  lo  the 
r<  iiiic  of  the  baJI. 

CIlAMlllCRS  (tpURAiM),  aLlbi.f  I  !  ;hc  liitut-narv 
of  wricnces  called  the  Cyclopa'<liu.  He  «as  tjuni  nt  Mil- 
Ion,  in  the  county  of  WontniorrUiui,  whi  rt  he  leceivetl 
the  conninon  education  for  qiiai;iyiiis  »  youth  for  trrtde 
and  commerce.  When  at  a  proper  ajie,  he  was  appren- 
ticed to  Mr.  Servex  th«  globe-maker,  a  busincst  which  is 
coniK-cted  with  literature,  especially  with  geography  and 
a^trononiy.  It  was  during  Mr.  Chambers's  residence  with 
this  itkiliul  aniit,  that  hr  acquired  that  taste  for  literature 
which  accompanied  him  through  life,  and  directed  all  his 
pursuits.  At  tliis  lime,  he  ^rmcd  tho  desigli  of  his  grand 
work,  thaCyclopmdia  ^  wme  of  (he  lint  aitidat  of  whick 
wcfe  wtitMi  behind  the  counter.  .  To  have  leisure  to  pur- 
sue this  tirarh,  he  quitted  Mr.  Scnex,  and  took  chambers 
at  Giay's  Inn*  where  he  chteflv  resided  during  the  rest  of 
hitlilr.  The  fif»t  edition  of  lnc*CycKip.Tilia,  which  « at 
the  ri>ult  of  many  yeiir?.  iiiti  iiM-  ap[)iu.i:  ii.  ippeared  iri 
\7'2i,  in  C  vols  folio.  1  (ii;  II  (jiiiiitiuii  iliai  Ml.  1.  Iinrobens 
ac«]uirid  by  ihe  eNprinuni  <>l  ilii*  woik,  procured  tmn 
the  honour  of  Uina  i  hxie'l  r.K.s.  Nov.  C,  17*y.  In 
less  than  ten  yeurs  Mm  ,  u  -ccoiiii  ulilioii  becmiie  iieCL"?.- 
&ary  ;  wbicii  accoidingly  was  printed,  with  correctioiu  aitd 
additions,  in  1738 ;  and  thia  wea  bUowed  by  a  third  edi- 
tion the  very  next  year. 

Though  the  CycliipieiJiH  vtim  the  chief  business  of  Mr. 
Chambers's  lile,  and  may  be  regarded  as  aliooct  the  sole 
loundalion  of  his  faiue,  bis  ultentioO  waa  nOt  Wholly  COn- 
liiied  to  this  uiMkriakiog.  He  wu  conccnied  in  a  perio- 
dical publication  called  The  literary  Magsailie, which  wan 
begun  in  17S5.  In  thia  worlt  he  wrote  a  variety  of  artickt; 
particttiarly  a  leview  of  Morpm's  Moral  FhilaoplKr. 
He  was  also  concerned  w  ith  Mr.  John  Martyn,  proleMor 
of  hotmyat  Cambridge,  in  preparing  ft»r  the  press  atfao- 
lation  and  abriJiiiiii'Ml  of  the  i'bilosophical  History  and 
Memoirs  of  the  Royal  Acadrroy  of  Sciences  at  Paris; 
which  vt  ork  wa»  not  published  till  I742<  some  time  after 
our  auihor's  decfuso,  in  5  volumes  8vo.  Mr  Cbambers 
aUu  Hutlu  r  ot  the  lr»n^latioti  of  [he  .leMiit's  Perspec- 
tive, from  the  Krench,  in  4tr> :  which  iia';  ijone  through 
several  editions,  lie  was  also  joint  dlilor,  with  Dr.  Shaw, 
of  a  translation  of  lt<H'rhaavr's  InBliltiliones  Chemix,  un- 
der the  title  of  A  New  Meth<Kl  of  Chemistry;  including' 
the  Theory  and  Practice  of  that  Art,  6ic,  published  jointly 
by  Pr'^tnw,  N.  B.  and  E.Charabers,  gent,  with  additional 
notimmd  mitpMns,  LaimI.  4to^  1797 :  and  it  afterwards 
wen^  tIfiMliMarat  edillMit  with  aoyiMBMioas.  Mr. 
C.  w  as  aba  tfo  editor  of  liwAbiidgnimiofLofdfieem'e 
Pbilosophkil  Worin,  in  3  «6b  4to,  1739;  end  of  thoee 
of  Mr.  Boyle»  8  ii«ib  4t6, 17«a.  Besides  which,  be  was 
theauthor  of  S  f!hemical  Lectures,  read  in  London  in  1731 
and  17  ninl  Scarborough  1733,  for  the  imi  Hivri  n  iu  nf 
arts,  iraUtii,  and  natuial  philosophy,  8vo,  2d  tUiL  I72j. 


1  iiitiiil;4  iif  111,  (.'' 
l<m  .il  !i  rwarii  s  \  ■! 

y  Mr.  ^lotl  .Hiil'l  ; 

.  ore  ;  itiul  llie  V*  lu. 


was  buried  in  Wesimififtter  Abbey 

Alter  our  uulljor's  ijeulli,  r.:<  . 
clop;e(iia  \vi  r<'  [iiibiislu'ii.    Tin  |riii|i'i 

[■  in  ril  -.1  Ml  |i|  .   Illl'ht  III  \jr  n  I  ln|;  It'll ,  I 

lliil,  vWntii  t \l<  luied  lo  («(/  in>loilu  •> 
has  ^.lllcc  bi'ui'  reiluceil  into  one  al[>liabet  iii  \  voluinis,  o> 
Dr.  Rees,  t'orming  a  very  valuable  budy  ol  ibu  sciett^rH 
Anil  the  same  is  now  extending  in  a  iWW  editiuo^ ill  4ta, 
under  the  title  uf  Kucyclvpiedia.  .  .  t  ■ 

.  CHAMBRAN^E*  the  border,  frame,  or  ornaataM  <4'  ' 
stonu  or  wood,  surrounding  the  three  sides  uf  doois,  will* 
dovrs,  iiiid  chiuiiieys.    This  is  diderent  in  tha  difierent  ov- 

!  is  calleA 
I  jirdiiiary  * 
rin4o«t  the 


uovrs,  iiiiu  emiiiiieys,  inis  is  uioereni  in  ina  uine 
dels :  when  it  is  plaia*  aiKl.wiibotit  laonldinff,  it  i 
limply  and  pra|wrlyf  Aeatft  mjhum.  In  an  j 
door,  it  is  connoaly  mmed  iaar^Mie;  in  a  wim 


Tbtchambranle  coitsists  of  three  parts}  the  two  ydes, 
celled  ascendants ;  and  the  tup,  called  ibc  travene  or  su- 

perciliuni. 

CilAMFblH,  ur  Cii  AMFERET,  an  ornament,  in  arclii- * 

Uclure,  cunsihliii;;  of  loill  u  SCotia }  beiOg  a lUBd  of  SUmIL 
turiow  or  KOttcr  on  a  column.  .    .  , 

CH.A.MKI.RING,  is  UMd  for  Cttlliqg  the  «|(b  orlhft 
end  ol  any  iliing  bevel,  or  aslope. 

CI1.\NCE,  the  Doctrine  and  Lau.>  qf,  are  tlie  seme  as 
those  of  Lxpectation,  or  Probability,  Arc;  v>li:ch  sec. 
Chances,  in  play,  consist  of  the  number  of  wiiy«  by  which 
events  may  happen.  Thus»  if  a  halfpenny,  or  other  piaoa 
of  money,  be  tmti  «p»  tlwiB  are  two  events,  or  chaiic«ii» 
or  sides  that  may  tarn  up,  Jwmelyi  cue  chauce  for,taniin| 
upa  head,  and  one  for  the  eantiaiyt  that  is,  it  b  waqoal 
abance  to  throw  a  head  or  not.  And  in  throwing  a  com- 
mon diev  whicb  fan  €  faces,  tbeiv  ana  in  all  6  cbaneee» 
that  is  ana  ebance  (br  throwing  an  aca  or  aay  oiUr  tiaiBia 
point,  aad  5  chances  against  it ;  or  it  it  5  Its  1  that  such 
assigned  point  does  not  conic  up.  ' 

The  term  chance  is  applied  to  events,  to  denote  that  they 
happen  without  any  necessary,  foreknown,  or  inli  iidin<; 
Cau>e ;  or  it  15.  u«  il  to  <i<  iu>te  thi-  bate  p^l^'llJlil^y  ol  an 
event  when  nothing  is  kiumn  eilhtr  (jh wiil  li.inlei 
it:  thu'',  when  we  say  a  tloo^  huppiiis  by  c  hitiice,  wt- 
reall)  mean  lui  more  lhan  that  its  cause  is  unknown  lu 
us  ;  not,  as  some  vainly  imagine,  that  chance  il.s<  If  can  be 
the  cause  of  any  thing. 

Doctrine  or  Chances,  HUtory  of.  This  subject, 
which  is  no  less  useful  than  curious,  dot's  not  appear  to 
have  engaged  the  attention  of  mathematicians  in  former 
times  so  much  as  its  importance  required.    Until  the  Ims 

S' Doing  of  the  last  cmtury  little  is  to.  be  ibuod  in  my  of 
dr  vrritingi  conoeraing  this  suhjcci.  Of  the  few  pro* 
blems  which  they  had  .been  accastomed  to  layntmttr, 
they  withheld  the  solutions  both  from  tlwjMiblic  and  from 
l  ac!.  ulher;  and  they  swm  to  have  cuiwidercd  iI"'  '!•■«.- 
tfiDc  of  chauccs  rather  as  aa  exercise  for  ibAr  ii)g>  nuiiy, 
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ll>an  as  cap.iiiU  .1  bcin!;  iipplicd  to  any  u««ful  purpose,  the 
lii'l'iire  Mr.  lluvt;cns  publi-lmi  Ins  IxKik  Di-  Itdtiociiiiis 
ili  Ludi>  Akiv,  iu>  punon  hiid  utated  the  subject  tnclho- 
dicully -,  and,  v  iih  the  c.vri  ption  of  Meaars.  I'ascol  and 
Fcrnial,  who  luni  solvid  u  few  problems  of  no  jjrcat  im- 
portance or  dilitculiy,  Ivc  appcsis  (o  hitve  U  ' II  till.  Iii5t 
who  attempted  either  to  give  rules  lor  the  solutioitt  of  any 
qucaiioa,  or  to  lay  dawn  the  principles  from  which  thoto 
aolutions  might  bo  deduced.  To  this  work  succeeded  a 
nnll  anonymous  tract.  On  the  Laws  of  Chance,  which 
w«a  pvhlitlMd  io  Loitdon  in  l6sit  and  a  Fnoch  poblioa* 
don  ofaot  OMich  larger  sise,  cntitlad  L'AnalyM  dct  Irax 
deHanrd,  wiiUcn  ^  M.  Mouiaft,  and  published  in  the 
year  17<NL  In  thh  latter  worit,  the  anther  having  chiefly 
insisted  on  the  Mme  mode  of  reatonhig  with  Ha«feai»  in 
the  solution  of  his  problems,  Mr.  Denoivre  (who  eooai- 


C  H  A 


dered  such  rpa.«:)iiing  as  tn-ither  jienuirvo  nor  natural)  was 
induced  iti  hi^  celebrated  work  on  the  Doctrine  of  Cbunces 
("Inch  was  rirst  publi*hcd  in  1717),  to  adopt  a  plainer 
and  less  exceptionable  nMKt<",  in  which  he  him  prorivded 
frtjm  mi ''.I  simple  to  tlii_-  ini  At  Ci;i:i|>liC:UriJ  imt-v  ;  SO 
thai  by  the  \nricty  of  hij  problem^,  as  wt-il  as  by  ibe  iro- 
prnvcniditi  and  additions  which  he  made  in  two  iuhsc- 
queiit  editions,  ()<■  had  rendered  his  work  OtM  ctf  the  best 
'and  most  copious  ir^at  lias  evrr  been  writian  on  the  sub- 
ject. In  the  year  17^,  Mr.  Thomas  Sifflfoon  ptabii^bed 
a  small  trentiie  on  The  Nature  and  Laws  of  Cbaitcc, 
whic^,  llln  his  ether  pohinifaini,  it  not  aotj  dear  and 


.cither  never  been  aManpled,  or  at  ieait  never  belbw « 
jnmiealMl  to  the  public.  Prior  however  to  the  two  laat- 

mentioned  puUicatioiH,  a  posthafflous  work  of  Mr.  Jaoiei 

Bernoulli  was  published  in  the  year  1713,  entitled  De  Arte 
Conjectandi,  containing  an  explanation  of  Huygtns's  traci, 
and  the  solution  of  a  great  variety  of  other  problems,  d»- 
duceil  Irnrii  the  nerul  priiiri|)lFS  of  combin-ttion.  The 
second  part  of  this  vuliiHbic  «r)rk  has  lately  been  trans- 
lated into  English  by  Mr.  Baron  Maseres,  with  notes  and 
comnirntnrie*.  In  the  year  1765,  and  at  other  times,  M. 
Dslerabrrt,  in  his  Opnscules  Itc,  wrote  different  essays 
on  tbe  doctrine  of  chances  ;  and  not  loo);  ago  M.  Con> 
doreat  puhiiihad  n  wnaU  treatise  on  the  same  subject.  In 
addition  to  theae,  winch  are  the  principal  publications  on 
the  sulnect,  may  be  noticed  a  small  tract,  Dc  Mensura 
Sortie,  l^ven  kjf  Demmm  in  his  tiliscrilaiMn  Anaiyttoat 
written  by  him,  fay  lie 


the  Method  of  calculating  the  exact  Prob«bility  of  all 
ConclusiciDs  fbundi>d  on  Indnclion,  snd  a  Supplement  to 
that  KssBv  ;  the  one  preserved  from  the  papers  of  the  iatc 
Rev.  Mr.  Bayes, and  ti>niin'.:nicBted  with  an appcitdix,  by 
l»r.  Price,  Io  the  Royai  Society  in  the  year  176'2;  the 
iilln  r  chiefly  written  by  Dr.  Price,  anil  coniiniinirati-ii  in 
the  fiillowing  y^tir.  These  tracts  contain  the  investigation 
of  a  problem,  the  converse  of  which  had  formerly  exer- 
cised the  in^naity  of  Ik-nioulli,  I>eiiioivre>  offd  Stmpson. 
Indeed  both  the  problem  and  its  convene  niay  jvstly  be 
considered  not  only  as  the  most  difficult,  bot  aa  tbe  most 
important  that  can  be  proposed  on  the  subject ;  having 
(at  Dr.  Price  well  obterves)  "  oo  leet  an  et^t  in  view 
Mmui  to  abov  what  rcaaon  we  have  for  "believing-thnttheea 
«ee  in  the  eonetHnliAnrar  thh^lMiA  IhM^  necatdbg  to 
mdttat  ihifiAiR^  the  temt  nf 


must  be  the  effect  of  the  wi»<!oru  and  power,  of 

t  c,ii.i>.e  ;  ai  d  thus  to  conlirm  tlie  argument 
existence  of  tiie  Deity.'" — 


orid 

un  iiittlli^eiir  Ciiu'.e 
taker  fi  Jtu  linal  cau>es  lor  the 

I'or  the  doctrine  itself  consult  Dtmoivre,  T.  Simpson, 
and  a  work  un  the  same  subject  lutcly  published  by  the 
celebrated  Ijiplare.  Sec  also  Cai.ijiiii lity,  Gasiino, 
Exrr.CTATioN,  ami  Pkubability. 

CHANUIU-.1LKS,  in  Kortibcation,  a  kind  U  wooden 
parapet,  consisting  of  upright  timbers  supporting  othen 
.laid  acRiat  tlie  topt  of  then,  6  Cset  high,  and  fortified  with 
liHdlici^lie.  They  nra  need  to  cover  the  worhnwa  in ap- 
pfMChaa,  |Bilarie*,  and  minca.  And  they  difer  Craan 
hiinde  only  in  thic,  tlmt  dte  ftatmr  eem  to  cover  the  men 
heibre,  and  the  latter  over  head. 
CHANGES,  the  permutations  or  variations  of  any  nura- 

b<T  I'f  lliin;;*,  w^tli  n-^nnl  I'i  ih'ir  [KHitii.iii,  iiiiiiii^  Arc; 
at  how  iiuii.y  chaiiit;! »  niii)  be  ruii;;  im  u:  v  iiuinoer  ol 
bells,  or  how  many  diffcre:.!  iyhvs  nny  rmniber  of  person* 
may  be  place  d,  or  bow  many  »ctt:rui  variations  may  be 
Bwde  of  any  nuiii  bar  of  lettati,  OT  any  other  thtm^  pn>> 
posed  to  be  varied. 

To  find  oat  tuck  mmben  <f  ehaMge$,  mnltiply  continv* 
ally  togctiicr  all  the  terms  in  n  epriea  ti  arithmetieal  pf«>, 
grntion,  whose  flnt  tcm  ud  eomman  difcioico  aiocach 
unity  or  1,  and  the  l«t  IMBi  theMmber  of  thitigs  pro- 
posM  to  be  varied,  thns  Iii9ii9«4x5  Sec,  till  the 
last  number  be  the  proposed  number  of  things.  For  let 
t])ere  be  two  things  as  a  and  b.  Then  since  they  may  be 
placed  either  thus  ab  or  ba,  it  is  obvious  that  the  number 
of  changrs  is  1  x  2  or  '2.  If  ihtei-  things,  as  a,  6,  c  be 
supposed;  they  will  admit  of  6  viirjiiti'ins  as  in 
the  niaroin  ;  for  each  of  the  three  may  be  com- 
bined thriv  different  ways  with  each  combina- 
tion of  the  other  two;  thus  a  may  be  first 
combined  with  &c  and  then  with  cb,  and  hence 
the  number  of  changes  arises,  vis,  I  x  8  x 

3  =  6. 

And  if  thenib«4tbii^cBchofthsaBnmyhecaBshineii 

4  ways  with  each  eomhinatiott  of  dm  other  Area,  that  is 

4  times  6  ways,  orlK2x3x4aS4  W^fS. 

In  like  munuer,  the  combinations  • 
of  j  lliii>g»  are  lK'2x3».i>i5  =120 
of  0'  things  tiTcl»2»3»*»5*6ss  720 
&c. 


a  b-  € 
b  a  c 
b    c  a 


a 

e 
e 


So  that  if  it  be  proposed  to  assign  how  anuiy  < 
ways  a  company  of  6  persons  may  be  placed,  nt  tabin  iov 
imtance.  tbeanwer  will  be  720  ways.  Ako  the  nunhet 
of  cliaaites  that  can  be  rung  on  7  bells,  itlxSx3«4 
K  5  X  6'  K  7  or  720  x  7  =  5040, 

CHAPITLRS,  the  crowns  or  upper  parts  of  a  pillar  oi 
column. 

CHAPPK  (Je*n  o'.VrTi  noe  hk),  a  Trvnth  a»lrooo> 
mer,  was  bciri  at  jM.hmiuc,  hi  Auvt-rgne.  March  2,  I728. 
A  taste  for  drawing  I'-mf  rr.aihemiiiics  Bfipoartd  in  him  at 
a  very  early  period;  ami  be  u^eii  tu  iJi-n!.  Germain  a 
ktrnwiedne  of  the  lifst  citunents  ol  matb^matic:,  and  ustro- 
nomy.  It, CaMW* after  assuring  hinis<  lf  of  the  genius  of 
tliis  youT^  man,  vndertook  the  cultivation  of  it.  He  em- 
ployed him  on  the  map  of  France,  and  ibe  iranslaiion  ml 
Ualle/s  tables,  to  which  he  made  cooaidcimtile  additidna. 
The  hii^  ehanod  him  in  1763  with  drawing  the  plan  of 
Iho.ee— ^  or  Bitche,  in  Lorraine,  all  the  elcnieiita  of 
nhidi  hn  dcieiained  geograpliically.   lie  occupied .hian- 
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triTjiMtly  witiitketwocMiMltaf  17M>i  ud  tiw  frait  of 
Ul  nbMr'«4»  hit  Ekaoitiiiy  utelwt  on  tha  Ihcorjrof- 
ihoM  eomelt,  enridwd  «itli  obMnation  on  the  lodiMal 


light,  and  ob  the  auiora  boraaMt.   Souo  alkar  he  »cm  to 

l^bolsk,  in  Siberia,  to  obsene  the  tranut  of  Vena*  «wr 
the  sun ;  a  joorncy  which  grratly  impairrd  hi»  healtR. 
Aft.  1  t.»o  vrjrs  absrnce  he  rrlumcd  to  France  in  17(i?, 
wh<  r>;  he  occupied  himself  for  some  time  in  arruiiging  ihc 
great  iiumlKr  of  obiervatiims  he  had  then  made.  Mr. 
Chappe  also  went  to  observe  (he  next  transit  of  Venu»,  viz, 
that  of  17t';',  at  California,  on  tin/  west  si<le  vt  North 
America,  whf-rc  he  died  of  an  epidemic  disease,  the  1st  of 
Aui^at  I7C9.  Me  had  been  named  adjunct  astmwBCT 
10  the  Academy  the  17th  of  J«tuiary  I7.i.9. 

The  published  works  of  M.  Clir.i>pi\  are. 

1.  The  Astronomical  Tables  ot  Dr.  Halley;  with  ob- 
invatiom ant  addition!!:  m  8vo,  17A4. 

(•  Vayap  to  California  to  observe  the  transit  of  Venut 
over  the  wn,  June  9, 17^:  in  4to,  1773. 

9,  Ha  had  a  comidcrable  number  of  papm  knerted  la 
Iho  MetMin  of  the  Academy,  for  the  ycaaa  ITtfD^  IfSl, 
176*,  17(5*  V^St  1767,  and  IjSSi  chieflj  Rlatiiv  to 
Mtranon^l  mattcn. 

CHAFTRBL,  the  same  with  Impost 

CHARACTERISTIC,  of  a  LogarMm,  the  some  49In> 
fii'x,  or  F.xponent  T'  is  term  was  fim  uned  by  Briggs  in 
the  +ih  section  01  Ills  Aiiihmetica  Logarithmica,  where  he 
treats  tiruUi;  1  y  nt  it  ,  meaning  by  it,  the  integral  or 
tirst  piir:  r  f  a  li-p;anthm  tnwards  the  left  hand,  which  c\- 
jjresyts  1  lcs5llinii  tliu  1 11  ti/ger  place*  or  figures  in  tlieliurti- 
tx-r  aniv*eriiig  lo  that  logarithm,  or  how  far  the  lirst  figure 
of  this  number  is  removed  from  the  place  of  units  ;  namely, 
that  0  the  characteristic  of  all  numbent  from  1  to  10; 
and  1  the  characteristic  of  all  those  from  10  to  100;  and  2 
the  characteristic  of  all  those  from  100  to  1000 ;  and  so  on 

CHAIIACTERS,  arc  certain  marks  used  by  astrono- 
■01,  mathematidana,  tec,  ta  denote  certain  ihingh  whe» 
thar  for  tha  nha  of  brafl^,  or  penillcuity,  in  dioir  'Opo* 

I.  AtfTBOVOMiCAS.  Caaaacfsmt. 

V  Aifm,  the  Ram 
9  l^nrvtt  the  Bull 

n  Gemini,  the  Tviini 
9B  Cancer,  the  Crab 
SI  Leo,  tlir  I.I-  n 
■R  Virgo,  the  Mttid 
A  Libra,  the  Balnnre 
iri  Scorpio,  the  Scorpion 
f  .Sagittary,  the  Archer 
)»f  Capricorn,  the  Goat 
s:  Aquarius,  the  WaMwheaiW 
K  Fiiices,  the  Fiahaa. 


IViaM^4w. 

0  TheStin 
>  The  Moon 

0  The  F,arlh 
Mercury 
Venus 
Mars 
.lupiter 


9 


Jf  Saturn 


a 

8 
« 
a 


llerschel,  or  the 
Georgian  Planet 
Ascending  Node 
Descending  Node 


A^tcu,  Time, 


lie. 


ConjuactiDa  <*  Degrees 

Opposition  '  Minnteiorl 

Sexiila  *  Secondai  <ic. 

Qgaitilo  a.a.  AMaBiierid.orin.  nom* 

TfiM  p.  M.  Pott  BMrid.  or  •.  aikcm. 

'  .  h,  m,  Hours,  mhWsot; 
S.  M*i«*HA-mab  4rc.  CHARACfUM. 
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called  Arabic  or  Indian,  via,  I,  tf  S,  4,' 5,  6,  Y*  9,  9t 
with  0  for  cipher  er  Bothing. 

'  The  Roman  numeral  characters  aio  aateo,  via,  t  onc^ 
V  eve,  z'ten,  l  fifty,  c  a  hundred,  n  or  i9  five  htmdnd, 
M  or  na  or  ci :>  a  thousand.   Other  combinations  are  a| 

in  the  following  synopsis  of  the  Roman  Notation 

1  =  I 

2  li:  As  often  as  any  eljurartir  is  rejjtuted, 
,'1  =  111        so  many  limes  its  viilue  is  n  yr:,t:  ,t. 

4  —  Itll.  or  IV  :  A  less  characie  r  ijelure  a  greater 

fi  =  V         " riuniiii- 1;.  ^  Its  value. 

('<  =1  VI  :  A  less  character  after  a  greater  increase* 

7  =  VII  itaealva, 

«  =  vni 

9  =  ix 

10  =a  X 
50  Si  t 
100  a  C 

SM  s  o  oria:  Far  vvciy  »  adioi,  tlii  heconM 

1000  «e  MOreis:  Par  every  caiidAMt  one  at  each 
2000  B  MM         end,  it  becomes  10  times  as  much. 

4000  s  133  or  V :  A  line  over  any  number  increases 
$000  sTt  itlOOOMd. 

10000  aa  S  or  CCI33 
50000  M  I33»  ' 

6'OOOn  =  f.\  ur  1  CCI.1.J3 

100000  =  c  or  CCCI3M 
iOOOOOO  B  H  or  cecci9oa9 

3O0000O  ■>  UU,  &c.  ' 

Greek  Niimerali. 
The  Greeks  hail  three  ways  of  expressing  nutnliers. 
First,  For  every  sicicli:  leitcr,  nccording  to  its  place  in  ilie 
alphabet,  was  tli  :iiiti'd  a  number  from  a.  l  to  a  24,  in 
which  niauner  the  books  of  Homer's  liio^  arc  tiistingui>ii» 
ad.  Secondly,  Another  way  was  by  dividing  the  alphabet 
into  (1M)  8  units,  a  1,  0  3,  &c;  ijlwi)  8  teas,  t  lU,  x  SOp 
&c;  {3d)  8  hundreds,  f  100,  <r  200,  &c:  and  thouiawM^ 
they  expressed  by  a  point  or  accent  under  a  letter,  as  a 
1000,  §  2000,  Stc.  Thirdly,  By  six  capital  lettets,  thui, 
I  (la  for  fua)  I,  n  (xam)  5,  A  {inux)  10,  H  (Ujmito>) 
100,  X  (Yi>Ja)  1000,  M  (fMisw)  10000 :  dhd  when  the  let- 
ter n  inclosed  any  of  these,  except  I,  it  showed  that  the 
inclosed  letter  wm  5  times  its  own  value,  asjAl  SO,  |H1 500^ 
^  MOO,  |M|  50OOO. 

Hebrew  Aiwiem/*. 
The  Hebrew  alphabet  wa«  divided  into  pine  units,  as 
H  I,  a  2,  &c;  aifle  lens,  as  >  10,  3  20;  nine  hundreds,  as 

B  100^  n  900,  Stc,  1 500,  e  600,  1 700,  >|  800,  rgoo. 
Tbooaanda  waicaomelimce  expiaiecd  by  the  taiila  pelixcd 
lo  hamlRdi,  a»  "Aim  1534,  tti,  and  evu  to  tene,  aa 

fit  1070,  &c.  But  more  commonly  l^oiisaods  were  ex- 
pressed by  the  word  ffn*  1 000,  ofvm  20Q0;  and  anhm 

vith  the  other  numerals  prefixed  to  i^Btfy  the  munbcr  of 
thouandft,  as  ov^wi  3ooo,  i!*(c. 

Characlers  tued  in  Ainhmenc  and  .'Igebra. 
The  first  letters  of  the  ulph  ii>et,  a,  b,  c,  6:c,  denote 
given  quantities;  and  the  la^t  letters,  r,  Sic,  represent 
such  as  are  unknown  ur  Miuglit.  Stifelius  tirst  used  the 
cwitals  A,  a,  c,  ice,  for  the  unknown  or  required  quan- 
ima    After  thaw  Vieta  employed  the  capital  vowcb^a, 
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*,  tt  i,v,  X,  fur  the  unknijwn  ot  required  i|U«ntiti(«,  and 
llic  conionatils  b,  c.  »,  lVc,  t'ur  knouii  or  given  numbers. 
Il«rr>"t  ch;iiii>ed  Vieia'ii  rupitaliinto  the  small  Irltrrs,  viz,* 
c,  I,  o,  H,  tor  unknown,  uiul  b,  c,  d,  6ic,  fur  known  quart* 

{ilin.   And  UoscorMa  cluuij^eU  (lairioi's  vowcb  fur  the 
tfter  |«iicra  x,y,x,  ttc  md  ibe  otMHomnM  for  the  Iradiqg 
ktlcn»    h,  <,  <  &e. 

'  N«wi«qden«lc«diaw«mloi^rtoftaxiamoffmiiaUe 
qoMiilict  hj  mm  many  pMints  owr  ibc  kitterlctkm;  Ht'of 
*th*>    **      « ai«  the  lit  fluxions, 

i,jr,  iiu«  the  Sd  flnxioni,  . 

i,  y,  I  iM«  the  S(l  l1u\ions. 
And  Li>ibnitz  ilmoii  s  iIk-  iliHei  ii;;.iK  n\  tin-  -.jme  qutntt* 
Iks  by  pri  (ixing  d  to  each  of  tiu  ni,  iiius  </j  ,  di/,  dt. 

PowiV!  of  (juuntitie«  arc  dfruitcil  by  plac  ing  ihc  indi  \ 
or  exponent  after  them,  towsrd*  ihc  uppir  |t:irt;  thu-i  u' 
b  the  2d  power,  a'  the  thirii  povM-r,  and  <i"  \\\^•  n  powvr  uf 
a.  Diopiiantus  marked  the  po«er«  by  their  itiitiaU,  rlius 
h\  k',  Ji",  fx",  jtx',  iic,  for  dynamis,  cubua,  dynumody- 
ksmis,' tVc,  or  ibc  2d,  dd,  4tb,  ttCj  powers;  and  the  same 
■elkod  has  been  pnctited  by  several  of  the  early  writero, 
<ince  the  introduction  of  algebm  into  Europe:  but  ttte 
Bnt  of  (bcm,  as  Paciolus.  Cardan,  tic,  used  no  mark  tot 
powers,  but  the  wordi  theiinelm*  Stifi^  and  <Mhcn  about 
his  tima,  mcd  the  initials  or  mbbievhtien  %t"it  ((•  5S« 
i^t  «f  tci  or  ciM^  MBnHt  cabua,  Mumcmw,  Ace,  barb** 
tMi  oorrapiioiia  of  the  Italian  coaa,  oensns,  cnbo,  cenii- 
ccnsos,  &  c.  But  be  used  also  numeral  exponents,  both  pin 
sitire  and  ne|;ative,  tu  (he  general  characters  or  roots  A, 
B,  C,  &c.  Uomb<'lli  made  use  of  a  half  circle  thus  ^  as 
a  general  charHctcr  for  the  unknown  or  quantity  recjuin-d 
to  be  found  in  any  question,  and  the  several  powers  <»l'  it 
he  denoted  by  figures  set  above  it;  thus  arc 
the  1st,  2d,  .Id  powiT'i  ul"  ;  "Im-ii  ]..i\vit»  hr  calli-<l  iji:',- 
nilics.  Stevinus  used  &  wimle  cirrlr  t  ir  tin  ^Amv  unknown 
qnnnrity,  with  the  numeral  index  within  ii,  ami  thut  h<ilh 
integral  and  fractional;  thus  &.  ®>  0.<"^  the  0,  I, 
2,  3  powers  of  the  feneral  quantity  O;  «l»o  ®,  ®,  ®, 
he  uses  as  the  square  root,  cube  root,  4th  root  g(  dioiainej 
and  the  cube  foot  of  the  square, 
and  ®,  the  squan  root  of  the  cuhei  and  m  on. 
And  ihew  AaciioiMl  expoaents  srai«  adoplad  and  ftttfaer 
mdM  by  hk  comBCMator  Albert  Oiimnl.  So  that 
Stevhns  tn^fb  ho  eitMined  the  fint  pcnon  who  ftndei- 
ed  general  the  wMation  of  all  powers  and  roots  in  the  same 
way,  the  Ibrmer  by  integral,  and  the  Utter  by  fractional 
exponents,  tiarriut  denoted  his  powen  by  a  ii  |i.  t  tim  'f 
'the  letters;  thus  a,  aa,  aan,  6tc.  And  LV-srain  Hl^t.^^d 
of  this,  set  the  numeral  index  at  the  upj»  r  purt  of  the  li  t- 
tfrs  as  Bi  prcit-nt,  thus  a,  a\  a',  iic ;  thiiujjh,  1  am  in- 
lornit-d,  liy  ■^i\r\i  In<.u'  -.l  un  I  [arrinc's  posthuMnM papCfl^ 
that  he  also  tli<Te  makes       uf  exponents. 

The  character  y/  is  the  f.jjjn  of  rndicality,  or  of  ft  root, 
being  derived  from  the  initial  n  or  r,  which  was  used  at 
first  by  Paciolus,  Cardnn,  A:c.  This  character  y',  I  find 
-first  u«ed  by  Slifel,  in  1544,  and  by  Hobcrt  Reoordo  ill 
1 557.  Hie  ban-  character  ^  denotes  the  sqiHUC  root Oflly; 
but  at  fust  (hey  prefixed  the  initial  of  tbewme  after  it.  to 
denote  the  several  roott:  as  ^9  the  quadrate  or  aqnaio 
root,  v'c  the  cube  root,  ftc.  Butjthe  numerat  indicitor 
1h*  rodi  were  pofixed  by  Albeit  Girard,  exactly  the  mim' 

aatbcy  areuicdstpnaent,ni,ViVtV*''>«S4>  3d,  or 
44b  not. 
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quantity.  At  fir^t  lh«  word  itself  was  Useil,  plus,  pra^off 
the  initial  yi.  by  I'ut  ioluis,  Ciirdjin,  I'nttalea,  Atki  the 
character  •*•  lur  addition  occurs  in  btifclius. 

—  i<  the  character  of  subtraction,  and  denotce  nho  • 
nrf alive  qiiatitiiv;  which  atsu  first  occwia  in  theaaac  nn» 
iliur  Stifdiu*.  Mfare  that,  the  wotd  mituw,  mench  or  ifae 
initial  «.  was  mcd.  Other  chncaeim  have  also  been 
ined  by  ether  aMbon,  for  addition  and  flMbtrac> 
but  they  are  bow  ebsoltiie. 
-  X  is  the  rhaneitr  of  nraltiplicnlion,  and  was  intro- 
duced by  Oughired. 

^  icpresenting  diviaioa,  was  introduced  by  Dr.  Pell. 

Divitdnu  it  also  denoted  Kheafraeitoa,  thu^. 


=:  leircs  i.|uality,  and  wa^  ii-<  :l  \,y  Hubuit  ttl!Cenle> 
DeM arles  enipluys  30  fur  the  sijiiK  purjiose. 

The  cliurscter  : :  for  proporiiinia  uy,  nr  eri^aj  s  nt  (  i- 
tios,  was  introduced  by  Oughtred  ;  a.>L>  ilie  uiaik 

~  Cdnlniucit  proportion. 

>  fur  greater,  and  <  for  less,  were  used  by  Harriot. 
And  -3  and  J  were  nied  by  Oughfed  ftir  the  aaae  piv- 
poses. 

Dr.  Ml  used     for  involution,  and  hi  for  evolution. 
</i  denotes  a  general  difference  Utwci-ii  any  two  quan- 
titi^^nd  was  used  by  Dr.  U'allis. 
I'be  Farcnlheiis  (    )»  at  n  viixulua,  was  iovcMed  Ifj 
Ibert  Girafd,  tad  wed  in  inch  eitpitakiom  m  iftete^ 
'<7«  f  %/«l90),  and  a  (ae  4-  oe),  both  for  nniwQtl 


wMtnad  byVite 


Albert 

V<7«  f  %/«i90),  and  0(09- 
foola,  and  multiplication,  dec. 

The  ■traig^l'linfti  vinculum,  , 
fur  lliB  same  purpose;  thus  a  —  a  in  b  -1-  c. 

dorocMrs  m  Gtometiy  and  Trigoaomttry. 
a  A  Square  /.  An  An^jle 

A  A  Triangle  t_  A  Right  angle 

CD  A  Rectangle  _L  Pcrpendicuhir 

O  or  O  A  Circlo    •  L'  I'ariillel. 

CHAUGI!,  1:1  Kletiric.ty,  in  i;  -tin  t  sense,  imports  the 
accumulation  of  the  electric  miitti  r  on  one  surface  of  an 
electric,  as  th^  Lejjden  phial,  a  pane  of  gloss,  &c,  while  an 
eqtial  quantity  passes  off  from  the  opposite  surface.  Or, 
more  ncrdily,  electrics  arc  said  to  charged,  when  tho 
equilibrium  of  Ibc  electric  matter  on  the  opposite  surfaoo 
la  destroyed,  by  communicating  one  kind  of  electricity  on 
one  side,  and  the  contrary  kind  to  the  oppoaile  aide :  nor. 
can  the  cqtriUbfioa  bo  lealiMcd  till  n  conmoaicMion  be 
made  by  nmm  vt  condnotiiti  suliettticct  between,  the  two 
opposHa  Mwfiweti  nnd-wbcn  thit  it  done,  the  electric  ia 
Mid  to  he  diwhaiiprd.  The  charge  properly  refers  tO  OQC 
side,  in  contradistinction  from  the  other;  since  the  whole 

quantity  in  the  clrctrit  is  [he  sumc  before  and  alter  the 
process  of  charjinp;  ur.a  the  eiperulion  cannot  succeed, 
unless  what  is  g.i:n<  il  nri  one  side  is  lost  by  the  other,  b^f 
means  of  conduct,  rs  ;!p|>lied  to  it,  and  cororoutiieuting ei- 
ther wilh  the  earlfi,  nr  with  a  sufficient  nunvl.rr  nt  non- 
elecirics.  To  laciiitale  ilie  communication  of  electncity 
to  an  electric  plate,  Ac,  the  opposite  siufaces  arc  coated 
with  some  conducting  substance,  usually  wilh  lin-foil, 
wiihio  some  distance  of  the  edge ;  in  consequence  of  which 
the  electricity  communicated  to  one  part  of  the  coaling  is 
readily  diffused  through  all  parts  of  the  surface  of  the  elec- 
tric in  contact  with  it ;  and  a  dischM'ge  it  fOtily  made  by 
furmiag  a  communication  with  any  ooodnctor  f 
coating  to  tho  other.  If  the  opponic  < 
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too  war  each  other,  the  rlcctric  matter  forcw  a  passage 
frum  one  surliici;  to -the  other  bt-forc  the  charjje  is  com- 
pleio.  And  some  kinds  off;!  its  have  thi-  property  of  con- 
ilucling  ibo  rlrctricity  over  the  surface,  so  that  they  arc 
altii)^tlicr  unfit  for  Uw  opcntiM  of  ckarpng  tad  dik- 
cbarging.  If  indeed  ttw  dnixe  be  too  hi||b«  ami  ibe  fbui 
plu«  or  phial  too  l&in,  the  atiraclion  between  fho  two  op* 
poaiteeltctfiotinJbrcctttpasMge  tii  rough  theglaaa,niikiBg 
•  spoolMMoi*  diadiai^gr,  and  the  glaw  become*  unfit  fur 
iarilier  me.  See  Coxductors,  Klkctiiics,  Leydbk 
Phial,  &r. 

Charge,  in  Gunnery,  the  load  of  a  piece  of  ordnance, 
or  the  quaniity  of  powcii-r  ami  balU  or  ilrac,  wUh  wUeh  it 

is  prepand  for  fMCutioii. 

The  charge  of  puwiler,  f.>r  proving  guns,  i»  equal  to  the 
weight  «f  the  bull ;  but  fur  service,  it  is  4  or  4  the  wei)(ht 
o/ilicbali.  ur  Ktillless;  uiid  indeed  in  most  ca»rs  of  service, 
-  the  quantity  oi  pouder  used  is  too  great  for  the  intended 
execution.  In  the  British  navy,  the  allowance  for  32- 
pounder*  is  but  of  the  weight  of  the  ball.  For  it  it  pro- 
bable that,  if  the  powder  In  all  »hip  gons  wa*  raJtwad  to 
^  the  weight  of  the  ball,  or  even  in*,  it  would  Im  a  coo- 
tiderable  advantage,  not  oolj  by  laviag  wimianition, 
but  bf  kaepiag  the  gnM  cookr  «nd  tfnictnv  ami  at  the 
BUM.  tiw  Mm  ■flKCmily  iBjaring  the  Maiels  vt  the 
With  Ihl  pMM  «llomace  of  potrdcr,  Ae  guns 
I,  end  thflr  tadtle  ead  ftunitim straiMd;  and 
all  thii  only  to  render  the  bell  leu  efficacious ;  for  a  ball 
which  can  but  just  pass  through  a  piece  of  timber,  and  in 
the  ])a^sa|;e  loses  ulinust  all  it*  motion,  'i\  fuunri  to  rctid 
and  Irficturr  it  much  more,  than  when  it  passes  through 
mi:h  CMnsiHrrabli  vili.city.  Se.'  K'.liin^S  Tracts,  vol.  1, 
pa.  2yO,  2i)l  ;  atid  my  o«n  TrHCLs,  voK.  ^2  iiml  3. 

Again,  the  same  author  dbsirvcs,  that  the  charge  is  not 
to  be  determined  by  the  greatest  velocity  ibat  may  be  pro- 
duced; but  that  it  should  be  such  a  quantity  of  powder  as 
will  produce  the  leaat  velocity  necessary  for  the  purpose 
in  view;  and  if  the  wiinlage  be  moderate,  no  field-piece 
should  ever  be  loaded  with  more  than  jr>  "r  at  the  utmost 
^of  the  weight  of  its  ball  in  powder;  nor  sho<jld  the  charge 
of  any  battering  piece  exceed  ^  of  the  weight  of  it*  bullet, 
lb.  pa.  266. 

Diftieot 
.Ml,  product 


TO- 


produciug  the  greatest  velocity,  falls  short  of  that  above 
roeniioned,  and  the  more  so  as  the  gun  is  lunger.  FfDm 
many  experimenU  I  have  found  the  length  of  ckaiM 
produciug  tiio  giealeat  velocity,  in  guns  of  various  leiow 
of  koff  from  1 3  to  40  callhaa^  aa  ftiUowa  -.  - 

ia  l  nUhtn,  ft(  aesMt  Valae, 

ao 

30 
40 

CHABUSrS  WAIN,  a  name  by  which  some  of  the  .is- 
tronoroicnl  writers,  in  our  own  laniJuiin>\  liavn  railed  Ur- 
•  aa  Major,  rr  the  great  bear  ;  though  some  wruers  say  the 
lesser  bear,  liiri. both  of  the  two  bean  ha\.'  iieea  called 
waggons  or  wains,  umJ  by  the  Latins,  who  have  followed 
the  .Arabians,  t^so  bier-s,  Fc-tirum  maju*  et  minus. 

CHART,  or  Sea-Ck  a  rt,  a  hydrograpbical  or  sea  map, 
for  the  use  of  navigators ;  being  a  projection  of  tome  part 
of  the  sea  in  piano,  showing  the  sea  coasts,  roc|u,  sands, 
bearings,&c.  Fournicr  ascribes  the  invention  of  s^chfrtl 
to  Henry  son  of  John  king  of  PortiigaL  Theae  ckaita  aia 
of  various  kinds,  the  Plain  chart,  MmMH^t  or  HUgW^ 
chart,  (he  Globular  chart,  &c. 

In  the  construction  of  cbarto,  great  can ahowU  ta  lai> 


ken  that  the  aawtal  paita  of  ll|an  piuMwi  ilMir  positiaa 
to  one  anotlMl^  la  MM  ofrier  aa  «a  tbaeartii;  and 
it  is  probable  Aait  Uw  iadiaa  uM     oraoer  methods  la 


it  is  probable  Ibiit  Uw  la^ttsf  «M  bi  proper  methods  to 
do  this,  gave  iIk  tO  the  variou*  modes  of  projection. 

There  are  many  ways  of  constructing'  mapn  anrl  charts ; 
but  they  depend  chiefly  on  two  piinripbs..  First,  by  coa- 
sidering  the  e*rth  as  a  Iiirj;e  extindcd  Hut  surlsci-;  and  the 
charts  made  on  this  supjwsition  are  usually  called  Plain 
Charts.  Secondly,  by  considering  the  lunh  as  a  sphere} 
and  the  charts  constructed  on  this  ptiDciule  are  somrtimea 
called  Globulur  Charts,  or  MercaMf'ilCBai 
Charts,  or  Puijictcd  Charts. 

PInin  C'larts  have  the  meridians,  as  well  as  the  paral* 
lels  of  latitude,  drawn  parallel  to  each  other,  and  the  de> 
grees  of  longitude  and  latitude  every  where  equal  to  those 
at  the  equator;  And  therefore  such  charu  moat  be  de> 
ficimtia  acveral  ri-specu.  For,  1st,  Since  in  leality  all 
of  powflnrt  Kith  the  laiae  weight  of  meridiaaa  meet  in  the  poke,  it  i*  absurd  lo  represent 
vclocHia*    tlM  Ml,  wbieli  an  in  npodairy  ia  laige  charts,  by  parallel  right  liaaa. 


Ilw  anbduplicate  laHa  of  the  tvdgbtt  of  pomlcrs  andwhea  ^Y*  ^  i>i)ua  ebatla  tMw  tha  degrees  of  the  several  pa' 


the  weight  of  powder  ia  the  aam^  and  the  ball  varied,  the 

velocity  produced  is  in  the  reeipncal  subduplicatc  ratio 
of  the  weight  of  the  ball:  which  is  agreeable  both  to  theory 
and  prarlicc.  Se<-  my  iLipcr  f  n  Gunpowder  in  the  Phika. 
Trans.  177s,  pa.  5u  ;  .ilid  my  Tracts,  vo!>.  '1  uml  3. 

But  this  is  on  a  su|>pos.tion  that  the  gun  is  i  i  an  in<le- 
finite  lenuth;  whereas,  on  account  of  the  limited  length  of 
gurs,  there  is  some  variation  from  this  h,iw  in  practice, as 
wcli  a.s  III  theory  ;  in  con»e<]uence  of  which  it  appears  that 
the  vclocitv  of  the  hall  incn  ascs  with  the  charge  only  lo  u 
certain  point,  which  is  peculiar  to  each  gun,  where  the 
velocity  is  the  greatest ;  and  that  by  farther  increasing  (he 
chaise,  the  velocity  gradually  iliminishes,  till  the  burn  is 
quite  full  of  powder.    By  an  easy  tluxiooary  process  it  is 


SUil  to  thofa  «f  tha  equator,  therefoix>  the  dl- 
Mca  lying  east  and  west,  must  be  represented 


■alMaaai 

attacaaf] 

much  larger  than  they  really  are.  And  3dly,  In  a  plain 
chart,  while  the  same  riiumb  is  kept,  the  vessel  app.  .irs  to 
sail  on  a  great  circle,  which  is  not  the  caie.  Yet  plaia 
charts  made  for  a  small  extent,  as  a  it  w  di  grf«  in  length 
and  orouilth,  mwy  be  tolerably  ejtact,  i-spcciallv  for  any 
part  within  the  torrid  /one;  and  even  a  plain  thurt  mad'-  Tor 
tbv  whole  of  tins  »onc  will  differ  hut  little  from' the  truth. 

lilacator'i  Chart,  like  the  plain  charU,  has  the  meri- 
dinns  represented  by  parallel  right  line*,  and  the  dcgieca 
of  the  piirnllds  or  longitude,  every  where  equal  to  thoia 
ill  the  e(|uator ;  w)  that  they  arc  incrvesed  more  and  mow, 
fi\n)W  their  natural  size,  as  they  approach  towards  the  polet 


found  that,  calling  ihe  kngih  of  the  boieof  the  gun  A,  the  but  then  the  degrees  of  the  meridians,  or  of  latitude,  aia 

kagth  o(  (he  chaige  peodocing  the graataat  velocity,  oo^t  beieaiadin  the  same  |ifaportioa  at  the  same  par^;  so  that 

^       -     *  ^ ^^p^  of  STiSrSSJtl^^  !&i?£2: 

whect  2:7i§2itl8W  b  the  aumhar  wbaae  hyp.  log.  is  l .  thor.  Girard  Hlocalar,  vAo  fint  prnaMd  it  for  use  in  the 

&tit,Arie«efalMaHa4iiapiMlieathalMflM>«lhachargo  year  i»j(>,andUHlalhafoldiai1iofthiBkind;  thouch 
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thcjr  wera  not  altof^ethcr  on  true  or  exact  principles,  nor 
doc*  it  nynir  thai  be  perfectly  understood  tbero.  Nei- 
th«r  ittdeed  tiM  tiwniht  oriyiwUj  hit  otra;  vis,  of 
Inglhcnlaf  tlw  tt^ram  of  thi  bhMmb  iDOooM  propor- 
tion, tor  ibiv  ma  hinted  by  Pudemy  rcw  two  ibottaand 
years  ago.  It  wo*  not  perieeMdhoMNcr  Nil  Mr.  Wright  lint 
demonstrated  the  tame  about  tlie  year  I5.0O,  nnJ  ^hourd 
a  ready  way  of  condrurting  this  chart,  by  enlarging  the 
twridian  lim  ijv  cDnliiiuiii  aililitioti  of  the  wciints.  Sec 
his  CorrfCliuii  ol  Lrrurs  it(  NuvigatioM,  published  in  15J)9. 

Ghbulut  CHiirt,  is  a  piojection  so  ciiilt-il  from  ihc  con- 
formity St  bcurs  to  tbi-  "lobe  ilM-lf ;  and  was  proposeii  by 
Sfui'x,  Wilson,  and  Harris.  This  is  a  meridional 
prcn  cUoii,  in  which  tbr  purallel*  are  equidistant  circle^, 
having  the  pole  lor  ihi-ir  commi)n  crnlri',  mid  thr  mrri- 
dians  curvikiiM'ar  and  incliiiod,  so  as  all  lo  meet  in  the  pole, 
or  Common  ct'iitre  of  the  parallels.  By  which  meant  the 
tevcral  paru  ol  the  earth  have  their  pmper  proportion  of 
magnitude,  diMance,  uiid  situation,  nearly  the  samcM  BB 
tko  glo^iiaeif  i  which  rcodcn  it  •  good  method  for  geo- 

pnrlkaltr  ikiaiptioM  of  tlM 
of  the  moon. 


JtftgnfUe  Ckml^  m  4tvifjm  of  some 
ttlfy  Mtt* Mtth, «r  of  iome  ponieular  p4ace,  withotit re- 


to  lit  relaiiwtitiMlion,  as  London,  York,  &c. 
For  tW  Cantrvc^ioit  of  Charts  «•«  Gbookaphy, 
Maps,  I'aojrcTioN,  tScc. 

CHASK,  ol  n  Gun,  14  its  bore  or  cylinder. 
CHAUl.NKS  (  Ihe  IJi  Kt  i>y),  a  peer  of  France,  re- 
aarkabli:  «.»  10  BsironinnrT  uiiri  raathemntician,  was 
born  •(  Paris,  Dec.  30,  17  i*. — At  an  early  period  he  dis- 
covered a  singular  ta^te  unci  genius  for  the  sciences;  and 
ip  the  tuniuUii  ot'armim  and  camps,  he  cultivated  mathe-, 
aaticf,  astronomy,  mechanics,  Stc  He  was  iHUB«d  haao> 
iwy  acadefflician  the  37tb  of  February  1743,  ond  few 

of 
M 

dioptfia, 


nombcn  were  mont  punctml  in  attoading  the  meetings  of 
tlM  hody  i  wbera  he  ofti*  blM|Ml  diflrrcnt  constractiont 
Mi  cortKtion  of  iatramam  of  MlivMnTt  of  dioptiia,- 


gall  the  horse!.'  U-el,  Hiid  stop  the  hasty  approaches  of  the 
enemy.  • 

CHAZELLbS  (Jouh-Mattriv),  n  French  inalhe- 
maticion  and  cnginaer,  wnt  bom  M  Lyoni  in  1657,  oM 
odncMrd  ikm  in  iho  colicft  of  Joralls,  from  whtbee  fco 
Tomnod  to  Pwit  in  i€95*  He  fint  bfcatne'ncqouMFd 
srith  Dn  Humk,  ttWtMTf  t»  Iho  Academy  of  Sciences, 
ond  through  him  with  Ommw,  who  employed  him  with 
himself  at  the  Observator)',  where  ('ha/clli^s  greatly  im- 
proved himself,  and  also  a<«.i>ited  Cassiiii  in  ihc  measure- 
ment of  tiii'  r;)  .  1  ;  'Ke  nieri<!i.!n  ii(  hrniice.  Ha- 
ving, in  l))S4,  in»truct<-d  tin  1  Juki'  of  Monlcmar  in  the  itm- 
thematical  sciences,  this  nobli  n  :ni  prurured  him  the  ap- 
'  poiiititu  nl  of  hydroj5ri(phv-proje»»ur  in  the  (>all<-^'s  of  Mar- 
stilli-^  in  'l:~<:b(tri:iiis  tin'  dulirt  ot  this  department,  he 
made  nunu  rotLs  gi'ometricnl  and  astronomical  obsefvationty 
from  which  he  drew  a  new  map  of  Ihr  roast  of  Provcfior. 
—He  alto  perfortiml  many  other  services  in  thai  depart- 
mcAt,  and  as  an  cngimer,  along  with  the  armies  and  na^al 
axpaifiliMK.  To  mafca  ohiemiiant  in  geofmpby  and 
■aunnamy,  he  undertaok  abo  a  voyaga  to  the  L««aitt,Md 
OMoaf  otMnfain^bemcMttrad  tfc«  pjiamidt  of  Emt, 
and  fmnid  tho  four  ^d«8  of  dMf  kigNt  of  thcB  cjMct^  10 

teethafBWCMdilMl|iDiBliOf  thttCMUpMB.  He  made 
a  report  of  hit  vorage,  on  hit  retttre,  to  the  Academy  of 
Sciences,  upon  viTiich  be  was  named  a  inenux  r  of  their 
body  in  1695,  and  bad  many  papers  inserted  in  the  vo- 
luiiift  III  tlieir  Memoirs,  from  I693  to  1708.  Chmtllca 
dud  Ht  .Marseille,  the  I<»lh  of  January  1"I0. 

Clil^.MIN  dct  Ronils,  in  Kortilicutmn,  (lie  wav  of  the 
rounds,  or  a  xpact  between  the  rampart  end  the  low  paia- 
ptt  under  It,  tor  the  roundi*  i  1  i;m  .ibout  it. 

CI  I  K.MISK,  a  wall  that  lines  a  bastion,  or  ditch,  or  the 
like,  for  lis  greater  support  artd  strength. 

CUI  VAL  de  Frite,  \A.  Cknauz  de  Frim,  or  Friseland 
Hbrte,  so  called  becaute  it  was  first  used  in  that  country,' 
It  OOmitia  of  a  joist  or  piece  of  timber,  about  a  foot  in 
Jinmiilir.  and  10  or  1 2  long,  pierced  and  transversed  wills 
•  grant  noHbcr  of  stoodrn  ipikca  of  5  or  6  fbet  in  length. 


than  ihoao  that  wm  in  me;  tngttbar with naaj  reflec- 
I  «a  iha  manner  of  applying'  the  micrometer  to  thoie 
CopM,  and  of  measuring  exactly  the  value  of  the  parts 
of  that  instrument.  The  Duki  uf  Cliniili.fs  proposed  inunv 
other  works  of  the  saii>e  kind,  wiitn  dc.ith  surprised  hiin 
the  23(i  .Si  pi.  1769. 

He  had  !.e\eral  papers  public). <  il  in  the  '.olmy.c',  ni  Mt- 
moirs  of  ibe  Acadeioy  of  Scieners.  as  i^  U^iw  : 

1.  Obiervulions  on  some  Lxprriiiieiils  in  the  4th  part 
fit  uii-  Jii  ixMik  n(  Ni  *;on's  Optics :  nn.  1755. — 2.  Ob- 
*  servations  on  tlie  Platform  fordividing mathematical  instru- 
ments: 1765. — 3.  Determination  of  the  distance  of  Arc- 
turus  from  the  sun's  limb,  at  the  snmroer  solstice:  176i. 
—4.  On  some  means  of  perfecting  astronomical  ittstni- 
mants :  176'5. — 5.  (Jn  some  experimcata  lalativa  to  dlop> 
tries :  1767.-6.  The  art  of  dividing  mathematical  initra- 
manla;,  I7$8e.r.  Ofaiervatiuna  on  lhe1VMiiH«f  Vteaa, 
Jane  ^  t769^  New  nnthod  of  diiM^  matlmaalicnl 
and  astronomical  intcmmcnts. 
CHAU^E  TRAPVfiS,  or  Calmpt,  or  Oow^fd,  ara 
ID  imtfammUt  of  ipiint  aboat  4  inehca  lone,  mode  like 


*  •  MBTt  in  alicfc  a  aaamer  th'at  whichever  way  iliey  fall,  one 
paint  stands  always  vpsrards,  like  :i  nail.  They  urc  ii,u- 
•Uy  thrown  and  tcotttved  into  moau  aitd  breaches,  to 


•rpoinladivMiiran.  It  it  also  called  <niiipiiilv» 
»,  and  kchieily  nacd  lo  stop  a  bfrach,  ddlieBd 


a  paitage,  or  make  a  retrenchment  to  stop  the  cavalry. 

CHEVRKTTF.,  in  Artillery,  an  engine  to  raise  gont  or 

murtari  into  their  curringe.    Ii  is  formed  of  two  pieces  of 

VM.i.il  oCaliiiti'  +  I'm'  !(iiis,  stnndini;  (i|iri;:li!  iit        ;i  third, 

nfiidi  IS  Mjuiire.  1  he  uprii;htr.  are  nlmu  n  lu<it  aiiinder, 
and  pierced  with  liolirt  e.\;(i  |i\  hjijiiimIl'  lo  one  another, 
to  rrceivc  a  bolt  of  iron,  which  is  put  10  either  higher  or 
Iivwer  111  pleiixure,  lo  -.i-rve  as  a  tttppOlt  lO  a  fcamlipika  by 
which  the  |{un     raided  U]). 

CHEV'Nli  ((itonn  i),  :»  Britivh  phynician  and  mathe- 
matician, was  born  in  Scotland,  Ib71,  and  educated  at 
Edinburgh  under  Dr.  Pitcaim.  He  passed  hit  yoMh  in 
dote  study  and  great  absteroiousnew ;  but  on  coming  to 
Ion,  Ht  d<)  years  of  age,  he  suddenly  changed  his  whole 
of  living  (  which  had  aueb  an  eflect  on  hit  consii- 
tation,  ihat  hia'  body  gmr  lo  an  imneiM  die,  weighing 
kitiaid'^44|poHndt.  From  this  load  of  op|»miionbo«H> 
ow  be  'wat  altefwavdt  in  a  great  meoiare  relieved, 
MWni  of  a  milk  and  vegetable  diet,  which  reduced  hit 
weight  toabout  one-third  of  what  it  had  been,  and/ettored 
him  to  a  good  Mate  of  health  ;  by  which  hit  life  was  pfO- 
loiigcd  lo  the  7'iA  year  of  his  npe. 

I)r-  Chi'vnr  \Mi^  iiu'.hi.ir  'it  \.ini  al^  trcilK  r,l  ami  niher 
tracts,  and  of  a  treatise  on  the  iuverse  method  of  Fiux- 
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inns,  under  the  title  of  Flaxionum  Metbodus  Id^tvi;  hw 
quanliutum  fluentium  teges  gCBenliorcs :  in  4to,  1703. 
Upon  thit  Ipok  Demoivre  wrote  some  animadrenions  in 
■n  8vo vol.  1704;  whicb  were  replied  to byCheynein  1703. 
BeddM  ibb  worii,  he  published  Philcwpbicai  PrinciDlM 
of  Religion,  mtnrni  uid  revealed.  Alie  tho  Eog^  hhr 
bdv.  or  «  TmtiiB  oo  Nerrous  OiiMMt. 

CHILIAD,  «D  Memblage  ofMimwl  tbingi  ranged  by 
tboomds.  It  WIS  portiftnlorljf  appliMl  to  tablei  of  h>§^ 
rHbmt,  bonow  thej  «cmt  fitt  ahride4  Into  ihooMndi. 
Th  in  t^c  year  lS(t4,  Mr.  Briggn  pnblnhed  «  table  of 
KHraiiihnu  fur  ?0  chiliads  orabaoluM  aiinib«a;  afterwud, 
he  published  10  chiliads  rooRj  owl  liHtlj,  OBBmra; 
inalcing  in  all  31  rhiliad». 

CHILIAEDRON,  asolid  figure  hnvin^  a  ih<  u^aruJ  face*. 

CHII.IAGON,  II  regularplane  figure  ot  a  liiyusaint  sides 
•nd  ang!<'~. 

CHORD,  a  rinht  line  connecting  thi  two  extremes  of 
an  arcb ;  so  called  from  its  resem- 
blance to  the  chord  or  ttring  of  a 
bow ;  as  am,  which  it  common  to 
the  two  ports  or  arches  adb,  abs 
that  malcc  up  the  whole  circlo.  The 
chofcb  bwra  aewni  ptopertiei: 

I.  Tho  chord  h  meciod  bjr  • 
petptirileobr  cv  dnwa  to  it  mm 
the  eantWiiM-t.  Choidt  of  oqatl 
■m,  in  the  mom  or  tqMl  CMio, 
are  equal  to  Mcfa  others— 3.  Uneqiud  dwidt  looar 
another  »      ratio  (ban  that  of  their  ores.  i*4.  TkocilOfd 
of  an  arc,  is  a  mean  proportional  between  the  diUMler 
and  ih>  \  I T-.' ri  tine  of  that  arc.  ' 

Scale  (IT  Laic  of  Chord f,    .S«-f  Plane  Scale. 

Chord,  or  Conn,  in  Music,  denotes  the  string  or  line 
by  whose  vibratioii!^  the  senSHtion  of  sflund  is  excited ;  and 
by  whose  divisions  the  sevrrni  degree*  of  tune  arc  deter- 
mined. Chords  of  gold  wire  in  harpsichord-,  yield  a  MUiul 
almost  twice  as  strons  as  those  of  bnv9&  ;  while  dMcda  of 
■teel  import  a  feebler  aonnd  than  thoae  of  brau. 
lb  dtuUi  a  Ckttd  ab  m  de  aioir  staple  tmtoKr, «»'«» lo 

nUUt  Otf  lie  orhinal  cor.corJs. 
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Divide  the  given  lim-  into  two  equal  pans  at  c ;  then  sub- 
divide thi-  pai  t  (  II  iiiU)  iw.  1  <  qual  parts  at  D,  and  again  the 
pan  CO  iiiti>  two  i-ipial  pans  at  k.  Here  ac  to  *b  is  an 
octave  ;  .41  lo  .a  u  a  tif;h  ;  AP  to  AB  a  fnurth  ;  AC  to  AE 
a  griat<r  third,  and  a  £  to  AO  a  less  third;  ae  to  KB  a 
grealLT  si.xlli,  mid  AF.  to  AB  a  less  sixth.  Malcolm'tlYeB- 
tisc  of  Music,  ch.  6.  sic.  3.    See  .Monochord. 

7b  fold  the  number  of  yU>ratioiu  made  hy  a  Musical  Chord 
or  Seing  in  a  given  time;  having  given  iis  weight,  length, 
00(1  tension.  Let  /  be  the  length  of  the  chord  in  feci,  1 
in  weight,  or  rather  a  small  weight  fixed  to  the  middle 
and  equal  to  that  of  ihc  whole  Coord,  and  w  the  tension, 
or  we^t  by  which  tho  chord  u  strctcbod.  Then  ahoU 
the  time  of  one  nbration  be  cupcned  iy 

V         •"■Ml  ceiiMHgiMiitly.A4/!^  will  ho  tho  nmbcr 

of  vibrations  per  second.  ' 

*  Forcxamplo,Mippoaei0B  988OO,  ortbetennoneqnal 
to  I880O  timet  the  weight  uf  the  chord,  and  the  length  of 
it  S  ieet;  then  the  last  theorem  gives  .354  nearly  fur  the 
number  of  vibrations  made  in  each  second  of  time. — But 
if  10  were  14400,  there  would  be  Butde  but  2S0  vibratioiu 


if  t:  were  only  SM,  there  would  be«o 
Mi'iations  per  seeoMl.  ifcomfTncia, 


per  second  ; 
more  than 

vol.  S,  prob.  -il  h       pa.  ?44>. 

On  the  suppoMlkn  tliat  chords  or  strings  are  perfectly 
Hasiic,  the  fullowinf  proportioas  have  been  dcducnl  no* 
thematically.  I .  If  the  leng|tb  of  the  cibotd  and  the  tend^ 
ing  force  be  gpveOf  the  inflectfaig  feice  will  bo  nuMf  oathe 
space  through  wUcli  tbo  cbord  b  bent.  2.  If^  Icaglli 
of  the  striflf  «id  the  tpoco  tknii|h  t^cl^  it  i*  bent  bo 
^ivcn,  tho  inlleetiiif  force  io  ■•  the  icmion.'S'.  li'tfac  tcAd- 
ing  force,  and  tho  apace  through  which  the  chord  if  bent 
be  given,  the  inflecting  force  is  inversely  as  the  length  of 
the  chord.  If  tin  ihami  lt  r  of  the  choril,  iinil  the  icn- 
sion  be  given,  thi'  times  of  vibration  are  as  the  length  of 
the  chord:  on  which  principle  the  nionorhord  is  founded. 
5.  If  the  tension  ami  length  <if  the  choril  bi  given,  the  time 
of  \il)nitiori  is  a»  the  diameter  of  the  choril.  <•'.  If  the  di- 
iimrtcr,  and  length  of  the  chord  be  givt  n,  the  time  of  vi« 
bration  is  inversely  asthc  square  mot  of  tite  tension. 

Cnoan,  in  Music,  is  also  uacd  for  the  uotoo  of  two  oe 
more  sounds  uttered  at  dio MUM  time,  ond  fotming  topi 
tber  a  complete  harmony. 

Chords  arc  divided  into  perfect  and  imperfect.  .  In  the 
perHect  chofd  we  how  the  third,  fifth,  aod  octtw  of  tho 
fimdamenlal  aoandi  they  ore  abo  subdivided,  into  major 
■nd  mliwr,  occotdtiig  os  the  third*  which  enmr  ioio  ihcfr 
compeaitlMi  are  flat  or  sharp.  ln«|ic*rfret  chndi  an  tkom 
ha  whieli  the  tixtb,  inslipod  of  tlio  ftAtf  proMrib;  dnd  m 
gieneral  alt  those  whofo  lowctt  ore  not  their  fiindomralal 
loonds. 

Chords  are  again  divided  into  consonances  and  disww 
imnces.  The  consonances  arc  the  perfect  rboril,  atirl  its 
derivatives.  Every  other  clmril  ii  diNvmsmce.  ,.\  uibic 
of  both,  acrorlui.;  h.  tin  uf  iM.  Ilameau,  maybe, 

seen  in  HousseHu's  Musical  Dictionary  ,  vol.  I,  pa.  i7. 

CHROMATIC,  a  »p«'cii's  of  music  which  proceeds  (>y 
semitones  and  minor  thirds.  The  word  is  derived  from 
the  Greek  jjf  aiuat,  which  signifies  C'dour,  and  [H'rhaps  the 
shade  or  inti-rraeiliate  shades  of  colour,  which  min^eaod 
connect  colours,  like  as  the  small  iaiorvab  ililhieecnio 
conly  slide  or  run  into  each  other. 

Bottbiv  and  Zarlin  a.scribe  the  invention  of  the  chro" 
natle  ganpa  toThnolhem,  a  Milesian,  in  the  time  of  Alen- 
amler  the  Gnat.  The  iiparMm  banisbed  it  their  city  oa 
account  of  it*  •eftnea.  The  eheiacter  of  this  ggiMa,  *>■ 
cording  to  Atiitidee  QuistiUianm,  waa  swcotnA  aa^i 
potbo«. 

CHK0MATIC8,  is  that  port  of  optica  which  oxphins 
the  several  pruportico  of  ibe  colown  of  light,  ami  of  nata«« 

ral  bodieii. 

Before  the  time  of  Newlon,  the  notions  Coiici  rninq  co- 
lour wire  4i  rv  viieur  and  exiravnstint.  The  Pvlliu^ori  ans 
called  colour  the  «ii]i<  rlicie4  of  bucliis  :  f'iaUi  s:uil  that  it 
was  n  rtanie  issuiiiL:  Ironi  I  hem  :  .According  to  Zeoo,  It  is 
the  first  citnhuurLilion  ol  mutter:  .And  Aristotle  said  it  »o* 
that  which  made  bodies  actually  transparent,  nescaclr* 
accounted  colour  a  modification  of  light,  and  he  imagined 
that  the  difference  of  coloUr  proceed*  from  (he  prevulettce 
of  the  direct  or  rotatory  motion  of  the  panicles  of  liftht. 
Grimaldi,  Oechales,  and  many  others,  coiijectur«-d  that 
the  difierrnces  of  colour  depended  on. the  <iuick  or  slow 
vibmtioo*  of  a  certain  daiiie  medinm  pervading  the  um-- 
vene.  Rohaiilt  conceived,  that  the  dMfa«ntcolnm»w«ie 
made  by  the  rayt  of  lig^toMering  the  eya  at  diflbfMK en. 
gles  with  respect  tolhf  eptio  aaik,  And  Dr.  Honha  im»i^ 
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pigcd  «hftt  c.ildui  1>  call^«•li  l)_v  ilie  »rn5«tion  of  the  oblique 
or  iiriex<ri  pu',-^   nt       i  ;  uliicli  being  capnble  of  in. 
varietii-s,  lic  tonciiiiici.1  iliure  coulil  be  nu  more  than  two 
primary  culours. 

Sir  I.  Newton,  in  ihc  year  \666,  b<-gan  to  in*'e<|ia«tc 
tkii  subjert ;  when  lintlini  that  tlif  toluureiH  imago  of  ihc 
tun,  foriocd  by  a  gla»s  priam,  was  of  an  oblong,  and  nut 
ofa  circular  form,  as,  according  to  the  laws  of  equal  re- 
frturtion,  it  ou^hl  to  be,  b«  conjectured,  that  linht  is  not  ho- 
ning* t>cal  ;  hut  that  it  consist*  of  rays  of  ditlerent  coluurs, 
i^iui  endued  witli  divert  ikgrcca  of  refrangibiliiy.  And, 
601a  •  filrtlMr  protectttion  of  hit  experiments,  he  condu- 
dsd  UkU  the  dnereal  coionn  of  bodietaiue  from  tbair  »• 
iectingthit  or  thaf  kind  of  ray*  mtft  csoioiuly.  Th» 
■leduxl  of  accounting  for  the  dilfereni  cohnin  «  bodia 
won  became  getM-rally  adopted,  and  iiill  conimiMt  to  ba 
the  most  prevailing  opinion.  It  is  hence  agreed  that  the 
•light  of  the  sun,  which  to  us  appears  white  and  perfi-ctly 
homoi;eneal,  is  Composed  of  no  IcM  than  ievcii  r>  iil 
colours,  vii.  rcil,  orange,  yellow,  ereen,  blue,  [.lurjili,  ;uiiJ 
violet  or  inJigo  :  ihul  a  boily  which  u|)|>i-4irs  ofa  red  co- 
lour, has  the  propeily  of  re!lf  eiinJ  the  rid  rays  more  pro- 
fuiely  tlian  the  rest ;  and  so  of  the  other  colours,  the  orange, 
follow,  green,  6cc:  also  that  a  body  which  appears  blurk, 
in&tead  of  reflecting,  ubiorhs  all  or  the  most  part  of  the 
imys  t^X  fall  upon  it;  while,  on  the  contrary,  a  body 
irWdl  appaan  white,  reflects  the  greatest  part  of  all  the 
rays  indiscriminately,  without  separating  them  orve  from 
another. 

Tbe  fovndalioD  of  a  ntional  theoiy  of  coloun  bati^ 
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tint  hU,  the  Mxt  inquiry  avait  hjr  what  peculiar  wnAm- 
tmm,  in  the  atmctuia  of  each  MracNlw  bodyt  it  ma  ia> 
dond  capabfe  of  reiectiiv  one  liai  of  ngpk  tMn  than  HW- 

I.ll««taB,todiedn- 


Iheri  uid  thb  ii  «tttUwtodk  hf  Sir  I.  MMrtaB,  to  the  dn- 
nly  of  thcte  bodka.  .  Dr.  Hoohe  hwl  nmiked,  that  tfaia 

transparent  sabstancrs,  particuIarl/M^^««terUowaia«> 

bubbles,  exhibited  various  colours,  according  to  their  thin- 
ness;  and  yet,  when  ihiy  liavc  a  rimsij,  r.iMf  ilr-;nc  of 
tbickneiis,  they  appi-ar  colmirli  s-..  And  Sir  Isaac  iiimself 
bad  also  obs<'rved,  on  G<-lln[lrL^^^lg  two  prisms  hard  toge- 
ther, in  order  to  make  their  sides  (which  bapptntd  to  bo 
rather  convex)  to  touch  one  another,  that  in  the  pliice  of 
contact  they  were  both  perfectly  transparent,  as  it  tliey 
had  been  but  one  <;iJiilinued  piece  of  glass  :  but  round  the 
point  of  contact,  where  the  glasses  were  a  little  separated 
from  each  other,  rin^  of  different  coloun  appeand.  And 
When  he  afterwards,  further  to  elucidate  this  matter,  em- 
ployed  taw  cab/nx  glasses  of  telescopes,  presMii^  their  con- 
.vex  sidea  npon  each  olher«  be  oboermi  several  aerica  of 
circles  or  nqp  of  inch  colotfn,  <lijlhi«nt(  and  of  vatiow 
intcuiliai,  aeeordlm  tn  thdr  diiiaaea  ffott  the  eomnMm 
entnl  pdlidd  point  of  conUcL 

Aa  ihe  cehMua  wen  that  fband  to  vary  accordieg  l» 
At  dHfenat  dittaaoct  bettvccn  the  glass  plates.  Sir  banc 
conceived  that  Ihf^  proceeded  from  the  different  thickness 
of  the  plate  of  air  intercepted  between  tlie  plassrs  ;  this 
plate  of  air  being,  by  the  mere  circ  .;iii^uii  ci  1  ;  ilnr  l!^■>^ 
or  thitknis-s,  di^poM-d  to  rcfh-ct  or  1 1  .umih  t  riif  i  -.ty  ut  this 
or  tliut  particular  colour.  Hence  lir  rm-.d  11  li 'i,  thai  the 
colour*  "1  all  natural  btKitrs  depend  on  thiir  deiiMly,  or 
the  magnitude  of  their  component  particles:  and  hence 
also  he  constructed  a  table,  in  which  the  thickness  of  a 
pJatc  necessary  to  reflect  any  particular  OolOttr,  wet  ex- 
ptassad  in  millioaih  parl>  of  an  inch. 

1^  •  grcit        «f  inch  cqwrioMiiti^  Mid  olaetf*- 


lions  up4in  ihcm,  cur  author  deduced  bis  theory  of  co. 
I  11-.  And  fr..in  which  it  :i[)|ie.<r»  that  every  substance 
in  imluie  is  tiausparc  nl,  provuii  d  11  be  niai^  sufficiently 
tli.n;  MS  gold,  ihetleiiseM  suLstaiiec*  »e  know  of,  whi  n  n- 
duced  into  thin  leave.-,  lirtiisniits  a  hlueish-grein  light 
lurough  il.  If  WC  suiJ|>ost  any  body  then  fore,  as  uold  for 
ins(a<ice,  to  be  divided  iuLu  a  va^st  nmnbei  of  plates,  so 
thin  as  i  t  be  almost  perfectly  trunspHnnt;  it  is  evident 
that  ull,  or  the  grialcst  part  of  the  rays,  will  pass  thrf>ugh 
the  uppiT  plates,  and  when  they  lose  their  force  will  be 
reflected  from  the  under  ones.  They  will  then  have  the 
same  niunbsT  ol  plates  to  pass  through  whiA  tAcy  had 
before  penetrated}  and  thua, according  to  the  number ef 
those  piatet  thraugh  which  they  am  obliged  to  pas*,  the 
aUect  appeals  of  tbi»  or  that  coiaar,  juit  aa  the  ringi  of 
raoors  appeared  dideient  m  thii  expeiiaent  of  the  lira 
plates,  according  to  their  distance  from  one  another,  or 
the  thickness  of  the  plate  of  air  between  them. 

This  theory  of  colours  Im^  bun  illustrated  and  con- 
firnud  by  vnrious  cspi-riineuls,  nude  by  other  philoso- 
phers. Mr.  E.  li.  Delaval  priwluced  sinii'ar  rtwi  tj  by  the 
infusion  of  flower?  of  diflert  nt  rolours,  and  also  by  the  in- 
timate ini.M  <ii  I  111'  \  ^11  imus  linia^  with  glass,  when  they 
are  reduced  to  very  fine  parts  ;  the  denser  metals  impart- 
ing to  the  glass  the  less  refrangible  colours,  and  the  lighter 
ones  those  colours  that  are  more  easily  refreogible.  Dr. 
Priestley  and  Mr.  Canton  also,  hy  layuig  very  thin  leaves 
or  slips  of  the  metals  upon  glaM.  ivory,  wood,  or  metali 
and  paasing  an  electrical  stroke  through  them,  found  that 
the  same  effect  was  produced,  via,  that  the  •ufaatialad  was 
tiitged  with  difcrent  colourii  ananding  10  the  diitaaea 
mn  the  point  of  eapknion. 

Heweiw,  the  AM  iUmu  and  M.  da  Tonr  eontand. 
ed»  that  the  eolawt  hctween  the  glaiaes  are  not  to  be  as- 
cribed to  the  thin  Mratum  of  air,  since  they  n^ually  pro- 
dltccd  them  hy  rubbing  and  pressing  together  two  flat 
glasses,  v»hich  cohered  so  strongly  that  it  required  the 
greatest  iur<  e  ui  move  Of  slide  tbctt ojraT each  ether.  See 

rriC5tiey's  liictory  of  Vision. 

0/  .Vmlon't  8lh  Eipcr.  in  ihe  2d  Book  1^  OfUkt. 

The  event  of  this  experiment,  which  has  been  contra- 
dicted by  repetitions  of  the  same  hy  hI's,  r  philosophers, 
having  been  the  occasion  of  much  controversy  ;  and  rela- 
ting to  a  material  part  of  the  doctrine  of  chromatics,  it 
will  not  be  improper  here  to  give  an  account  of  what  ttaa 
passed  concerning  it.  Newton  found,  that  when  lights  hy 
contrary  refractions  through  different  mediums,  is  tn  cor- 
rected, that  it  emerges  in  lines  parallel  to  the  incident  raya, 
it  continues  ever  after  to  lie  white.  But  that  if  titc  cmefo 
gent  ray*  be  incliiKd  to  the  hicidMt  OMi^  the  whitcmat 
of  Ihe  cneijgbig  light  will,  by  dcgrcob  ia  passing  on  from 
the  place  or  emergence,  become  tinjpd  at  its  edgrs  witb 
eelapn.  And  these  laws  he  inferred  from  experiments 
made  by  refracting  liglit  with  prisms  nf  glass,  placed  with- 
in a  prismatic  vessel  of  water. 

By  theorems  deduced  fritr.i  this  experiment  he  infers, 
that  the  rrfraction  of  the  rays  of  tvery  s  irl,  1  u;  r.|  any 

nudiun>  into  air,  are  known  by  h;>vingthe  ri  liiu  tn  1  the 

rays  of  any  one  sort :  and  also,  that  the  retraction  out  of 
one  inedium  into  anolher  is  found,  «lieiievcr  we  have  the 
refractions  out  <  (  I'l. m  ii  1!,,  into  »ny  third  medium. 

Now  the  same  expei miciii,  having  Xjvrn  since  p<  rfoimed 
by  other  persons,  and  turniiig  out  contrary  to  what  is  sta- 
ted alwve,  has  occasioned  rather  free  reflections  to  b« 
thi««B.on  Nawtoa  coBCcmingit}  hat  which  however  haW 
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•  been  very  wlisfiMtorily  obviated  l>y  Mr.  Peter  DtiUoiut, 
in  s  ptmpblet  on  lhi»  subject;  us  we  «kall  show  below. 

la  the  first  place  ibeii,  M.  Klingenstierna,  a  S*edi>h 
aUUMnihrr,  having  in  (lie  v>'ur  17^^  convideretl  the  coii- 
itovcfiy  between  Kukr  anil  Air.  Joha  Doilond,  relative  to 
tlw  icfmclioii  nf  H||ht»  foiBicd  m  thcMvn  of  his  own,  from 
'gMwetfical  renoninptbf  which  b*«M-iMiiucnl  to  belirra 
that  the  kmiU  vC  Nevion't  cxpernHM  could  not  be  ni  h« 
1m  wpfwrPHJ  3  nicppt  when  (h«  im^fkt  tt  the  ivf rartfaig 
tnediuma tK mnll.  Sr« lb« paper onlhiaiiMttcrbyKliiK 
getvstierna  ia  tit*  panphkl  abm  eiled  by  Mr.  htcr  Dul- 
IkiiJ. 

I  hi>  paper  nf  Klinienslicrna  being  communicated  to 
Mr.  Jirliii  UollutiJ  by  .Mr.  Mullet,  lo  whom  it  wis  wiit  for 
tbiit  |:.iri  "  '  ,  made  Dnllond  cntcrlain  doubts  concerning 
Ni'Mii  ii  >  ri-poit  ,ut  tlie  result  ol  bis  e.\perimenl,  and  de- 
ii  Mii  iii  il  him  to  have  rvcoursc  to  e.xpi-riinents  ol  liin  i>»n, 
wl.icb  be  accordingly  made  in  ibe  y«>ar  I7'>7,  ns  Itillim-*. 

Having;  ccmniiid  twn  planes  t'luetlier  tiy  tlnir 

edKe»,»o  as  to  form  a  prismatic  vessel,  wht-n  clos<'d  at  the 
ends  or  bases;  and  ibe  edge  being  turned  downward,  he 
plact-d  it  in  a  glaM  prism  with  one  of  its  edges  upward, 
fillirtg  up  the  vacancy  with  clear  water;  so  llial  the  refrHC- 
tion  of  the  prism  was  contrived  to  be  contrary  to  that  of 
the  wMer,  io  order  that  a  ray  of  !i|ht,  transmitted  through 
.both  these  refractiag  mcdiuaia,  angb^  be  aflccied  b^  the 
diBbwecc  only  betwcta  the  tw»  refnctions.  As  he  loond 
the  water  l»  refeact  rhm«  or  ha*  ibaa  tlie  glass  prism,  he 
iBminiilted  or  aagmented  the  angle  betweea  the  gUss  plaioi, 
till  the  two  Contrary  refractions  became  eqeal,  which  be 
discovered  by  viewing  an  object  ihroujih  this  double  prism. 
l  kIii  1.  It  appcari-d  ncilluT  raiscil  imr  J'  pressed,  ron- 
ciudiil  n  .ii  njl'mctions  «eri'  i'f|u4l,  ami  that  tlu-enii-r- 
gent  ir>',  s  ui  r.'  i  to  the  inciilrnt  ones. 

Nil'.*,  arci. tiling  to  the  prevHiling  opinion,  he  otm-rtcs, 
that  the  object  ought  to  have  appeared  through  this 
double  prism  m  its  natural  colour;  for  if  the  diflirrenrf? 
of  relVaii^ibility  bad  been  in  all  respects  equal,  in  the  two 
««]ual  refractions,  they  would  have  rectified  each  other. 
Bat  this  experiroeni  folly  proved  the  faUucy  <jf  the  re- 
ceived opinion,  by  showing  that  the  divergency  of  the 
U^t  by  the  glass  prism,  wm  aliaoal  double  of  that  1^  the 
water;  fur  (he  iQiag^  of  the  object,  though  not  at  all  rc> 
fracted,  was yit  ai anich  infected  witb  prismatic  colours, 
as  if  it  ba4  been  nw  through  a  glaas  wedge  aaly»  hanqg 
ii»aiM|e  near  Sddtgntt. 

Hw  e»|ieriaient  it  the  mr  nme  with  that  ef  Hum- 
totfu  above-meatioaed,  imtwitbalanding  the  mall  waa  M 
strikingly  ditferent.  Mr.  Dollond  plainly  saw  hoaevcif 
that  if  the  refracting  angle  of  the  water-vessel  could  have 
a^iiiitled  of  a  sufhrii  lU  increase,  the  ditcrgency  of  the 
colouied  rays  wouM  hhm-  been  grcRily  diminished,  or 
entirely  rectified  ;  uti.l  llmt  thir>  '.vni.ld  have  been  a  vi  ry 
gieal  rrfruclion  witliout  r<ilour,  iis  lic  had  alrcRily  jiro- 
iJutu.l  a  ^ri/.»t  discolounii;;  '.Ml'  iHjt  rrt'i iicii uri  :  Lmt  the 
iricoiivi-ikieticy  of  so  large  an  angle  as  thatot  the  prismatic 
vessel  must  have  been,  lo  britig  the  light  to  an  <c|iial  di- 
vergency witb  that  of  tbe  glass  prisra,  whose  angle  waa 
abml  w)  iitiieu>  rendeted  it  necessary  to  try  MRiia  ex|ie> 
liaeaK  of  the  sane  kind  witb  smaller  angles. 

Accordingly  be  procared  a  wed^  of  plate-glass,  whose 
angle  was  only  9  degrees ;  and,  tiaiag  it  under  the  same 
CttcumitaBces,  he  increaacd  tbe  angle  of  tbe  water-wedge, 
in  wUckit  wa«plaeed,4ilLlhc^«cf8eaf](«f  theii|btby 


ciie  watir  waj  e<juBl  to  that  by  the  glass;  that  is,  till  the 
image  ol  the  object,  though  considerably  refracted  by  the- 
excess  of  tbe  refraction  of  the  water,  appeared  Bcvntba* 
less  quite  free  from  any  rolours  pracceoiilg  (an  die  Af* 
fiTcnt  refrangibilily  of  the  light, 

.Many  mnjectures  were  made  as  IO  the  caoie  of  ao greet 
a  diiiiMence  in  the  result*  of  tbe  Mme  experiflratj  but 
none  tbet  gave  any  great  Mlicfiwtion;  lili  li  wat  aflieih 
wariii  ibown  to  be  probably  owing  to  tbe  nature  ef  die 
glaH  then  nied  by  Newton.  This  conjectare  it  made  by 
Mr.  INftrr  IMIond»ianor  John,  the  inventor  of  the  achro- 
HMlic  telescope,  in  a  pamphlet  by  him  published  in 
defence  of  bis  Isther's  invention,  u^ainsl  ihi'  mtsrrpr\- 
seiilatioiis  of  s«inie  persons  who  hme  vmjusily  attrinptrd 
to  gi\e  the  invention  lo  other  philosophnu,  who  them- 
selves never  imagined  that  ihey  bad  any  just  claim  to  it. 
After  a  full  and  suiisfuctory  vindinlion  of  hia  fctber^  Mr. 
F,  Dollond  then  add^, 

"  I  injw  riinii;  to  a  more  agreeahh'  pan  <it  ihis  paper, 
which  is,  to  endeavour  to  reconcile  the  diflcrent  results  of 
the  {ilh  experiment  of  the  3d  pnri  of  the  1st  book  of  New- 
Inns  Optics,  as  related  by  himself,  and  as  it  was  found  by 
I>olliind,  when  be  tried  tbe  same  experiment,  in  the  year 
17^7.  Newtun  observes,  that  light,  as  often  as  by  Coin* 
tniy  rrlractiuRS  it  is  so  corrected,  that  it  eoMffeth  in 
iian  parallel  la  the  incident,  coniinuea  ever  after  lo  ba 
wUtOi  Now  Dollond  layti  when  ba  tried  tbe  lanaax* 
peiimeMtOnd  made  the  mean  idkaciioiluf  the  watereaBal 
lotfaatof'tlte  glass  prism,  to  that  the  light  enwigM  im 
Unciiianllpl  to  ibc  incident,  he  found  the  divngpacvof 
tbe  light  by  the  glass  prism  to  be  nearly  double  to  what ' 
it  was  by  the  water  pnsm.  'llie  light  appeared  to  be  so 
evidently  colouied,  that  it  was  directly  said  by  some  per- 
sons wh'j  II'  present,  that  if  Newton  had  actually  made 
the  exjM'nmmt,  he  must  have  perceived  it  to  have  been  so. 
\vl  who  could  fur  11  niii^.K'iit  iluuht  iIm'  \fi.:ri[y  mI  Nl-«- 
fon  '  or  tVcl  inditterent  m  vindicating  if  po^^1ll|(  ihe  a»- 
M  ttiou  ot  such  a  character)  Many  conjectures  wore  ;!icre- 
fore  made  by  different  persons.  Mr.  Murdoch  in  par- 
ticular gave  a  paper  to  the  Royal  Society  in  defence  of 
NewtOD ;  but  it  was  such  as  very  little  tended  to  clfdr 
up  the  matter.  Philos.  Trans,  vol.  53,  p.  I93w— Soma 
havatnppoied  tiiat  Newton  made  ate  of  water  strongly  im« 
piegnaied  with  MCCbann  ntamit  Iwcausc  he  mentions 
•omtian  aihig  aach  water,  to  increase  the  .rafiactioiH 
whan  t»  tned  water  pritans  instead  of  glass  priM»  Mew> 
tOBreOptpwfflt-^Andathen  have  tiiought  that  ba  tried 
tbe  Otperireent  with  so  strong  a  peivoaMon  in  bit  own 
nind,  that  tbe  diveig^ncy  of  the  colours  was  always  in  the. 
leme  proportion  to  the  mean  refraction,  in  all  sorts  at 
refracting  mediums,  that  he  did  not  attend  so  much  to 
that  experiment  as  he  ought  to  have  done,  or  ns  he  ijsuaily 
(inl.  None  of  these  conjfciii:us  hftv:n:^  Li[:i|i<arid  at  all 
satisfactory,  1  have  Ihrretun  endeavoured  ty  liiscover  the 
true  cause  of  the  dith  n  r  ci',  and  thereby  show,  how  the 
e.xperimeiit  may  be  made  to  agree  with  Newton's  d^ 
scription  of  it,  and  to  get  rid  of  those  donbCl,  wUch  bam 
hitherto  remairved  to  be  cleared  up. 

"  It  is  well  known,  that  in  Newton's  time  tbe  Englisli 
were  not  the  RRiat  famous  for  making  optical  instrumenia: 
teleacopca,  opera-glatsea,  &c,  were  imported  from  Italy 
in  grrat  nunfaen,  and  (larticularly  from  Venice ;  where 
they  awanfacinrcd  a-kiad  of  glass  wbich  was  much  mosa 
proper  ibr  opdcal  ptuvooss  than  any  made  ia  EngjaiMi  M 
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that  lime  The  gU»»  ro»<it-  at  V  cmci-  was  nearly  of  the 
same  refractJve'qualiiy  ai»  our  own  crnwn-glast,  but  of  a 
lauch  belter  colour,  being  sufficiently  clear  and  trampa- 
rent  for  the  purpose  of  prUms.  It  u  probable  that  New- 
too'i  pri»ms  ntre  made  wiili  Uut  kind  of  glow;  aad  it 

'  •pMOn  to  i>e  the  more  to,  bacMMO  ho  awotiona  the  ipo- 
eifc  fn*ity  of  common  ^joio  to  be  to  water  as  2-58  to  l, 
IfovMi^Opt.  p«S47t  which  nnrly  answera  to  the  tpecilic 
giVHtf  we  find  the  VcMlioD  daii  generally  to  have.  Hav- 
ing* very  thick  plate  of  th'HKind  of  glaju,  which  wa>  pre- 
icDted  to  me  about  25  year*  ago  by  the  late  ProfcMor 
Alleinand,  of  Leyden,  and  which  he  then  informed  me  bad 
been  miidc  many  yran  ;  I  cut  a  piece  from  ihiii  plalc  of 
glass  to  fonn  u  pnsiu,  « liali  I  cuncenul  would  be  simiUr 

■  to  thoie  made  use  of  Uv  Ni  «tiin  ludiM  lf.  1  have  tried 
the  Newtonian  i  xperinuiil  ujlh  this  prism,  ami  jjtid  it 
iiiisweri  »o  ruiirl)  In  w  hut  Newton  relatii,  that  tin;  dif- 
fer iice  winch  ti  niBiiii  may  very  etisjly  be  supposed  to 
uribc  from  any  lillie  difference  which  inay  and  does  often 
happen  m  the  uunc  kind  of  glass  made  at  the  Nnrue  piuce 
at  different  times.  Now  the  ^um  prism  nia>li  u  >  i  [  y 
Dollond  to  try  the  same  experiment,  was  mode  of  llnjjliab 
flint-glass,  the  specific  gravity  of  which  1  have  never  koown 
to  be  leu  than  S'Si.  Tkia  diAacnce  in  the  demitiea  of 
th*  pri«m,(Md  by  Newton  and  OoUond^wM  Mttcieat  to 
GMue  tU  the  dUwcMo  which  opptwed  to  the  two  expe- 
riownlen  in  .tiying  the  Hme  cxpcriaent. 

*'  From  thb  appears,  that  NowloQ  wis  accaiwte  ia 
diis  cjcpcrtmcnt  as  in  all  others,  and  that  hii  not  having 
discovered  that  which  was  di>covercd  by  Uollond  so  many 
years  afterwards,  was  owiiij;  entirely  to  accident ;  for  if  bis 
prism  huii  been  made  of  glass  of  a  greater  -.ir  1<.-S8  denaity, 
hu  would  certainly  have  then  made  the  discover)',  and  re- 
fracting telescopes  would  uut  huve  reiiiuiiiLti  sii  long  in  their 
original  imperfect  state."  See  Achromaik,  and  Tej-e- 
acopt. 

Mr.  DelaUit't  expfruneni  onlhe coloitr$<^' opaque bodiei.— 
Briiides  the  experiraents  of  this  gentleman,  belore-raea- 
tiooed,  on  the  coloun  of  iiunsparent  bodies,  he  has  also 
pobliabed  aa  aeceant  ot  tome  made  upon  the  permanent 
colounofopifaeittbitaBon,.ihediico^iy  of  which  roust 
be  of  the  otiBoit  coawqacace  ia  the  aita  of  coknir^nki^g 
and  dyeii^ 

Tho  chaqM  of  coioitr  u  penaaacttdy  eoloored  bodica, 
'  oiiraothor  olMoraa,ai«  prodaoed  tgr  the  <«ne  laws  that 
take  place  in  tianipaient  colourlcM  rabttaaoet;  aad  the 

experimeol*  by  which  they  arc  invi  stigaced  consist  chiefly 
of  various  methods  uf  uniting  the  colouring  particles  into 
larger  mas>ei,  or  dividing  them  iiilo  iimiller  oin-s.  Sir 
leuuic  Newton  made  his  experiment*  clii<  rt\  mi  iraasparent 
substaiicii ;  unii  in  ihe  f<  "  places  where  he  treats  of  others, 
hf"  acknowlid^cj.  his  vmu!  ol  exjKrinicnti.  lie  makes  the 
lollowint;  remark  however  on  thoM*  boiiu^  which  nflcct 
one  ktiiU  ol  li!>lit  a/id  transmit  another,  vij,  that  if  tJieitu 
gla^^cs  or  liquors  were  so  thick  and  massy  that  no  light 
Could  !;et  through  them,  he  questioned  whetbcrthey  would 
not,  likir  other  ripacjue  bodies,  appear  of  one  and  ihe  same 
colour  in  all  positions  of  thu  though  he  could  nut 

yet  affirm  it  from  ex|x-iiinre.  Indeed  it  was  the  opinion 
of  ibis  gimit  phikMophvT,  that  all  coloured  matter  rcflecu 
the  iwya^f  liihl,  some  reflecting  the  more  rofitsng^ble  rays 
laoBt  copiojnly,  and  othenjb'oic  that  are  lets  so  s  and  that 
this  is  at  once  the  troe  and  only  reason  of  these  coloois. 
He  was  tikewiM  of  opiaiaa  that  opt^iie  hodica  ^a^BCt^ha 
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light  from  tbeir  anterior  surface,  by  some  power  of  tiw 
body  ctealy  diffused  over  and  external  theretOb  Whh  IW> 
spect  lo  trantporem  coloured  bodioi,  bo  dias  expiem^  ' 
himaelf :  "  A  transparent  body  tsUck  looks  of  a^aoloar 
by  transmitted  light,  may  abo  appear  of  the  saiae  Calaar 
by  reflected  light ;  the  liglit  of  that  colaur  lattOed 
by  the  farther  soriace  of  that  hody^or  ^  the  air  hmad 
it :  aad  then  the  tadected  coloar  will  be  diarioiihed,  and 
perhaps  cease,  by  ankiitg  tho  body  very  thick,  and  pitch- 
ing it  on  the  back-side,  to  diminish  the  reflection  oi  us 
&rther  surface,  so  that  the  light  reflected  from  the  tinpcing 
particles  may  predominate.  Ill  such  casea  the  colour  of 
the  reflected  light  wiU  be  apt  to.  wiy  lt«m  that  af  the 

light  I  ran*  1 11  It  ted." 

To  invistijjale  the  trulh  of  ii,iM  i  puiiors,  Mr.  Delaval 
ciileied  upon  a  course  of  experiments  with  transparent 
coluui«d  liquors  and  glasses,  as  well  as  with  opaque  and 
s»'milran5parcnt  (mmJu  s.  And  from  these  experiments  he 
<lii(:ii^<  rtil  .  .L  ial  remarkable  properties  of  the  colouring 
miitt.  r;  particularly,  ih*t  in  iranspaivnt  coloured  sub- 
siuiict-s  it  docs  not  reflect  any  light ;  and  when,  by  1010^ 
cepting  the  light  which  was  transmitted,  it  Is  hiadetcd 
frum  pussiag  thfoagh  aach  sahsianccs,  tbcy  do  aot  miy 
from  their  former  caloitr  to  wmg  ethar,  bat  hecoate  en- 
tirely black. 

Thb  iacapodly  of  the  edoaiiag  particles  of  transparent 
hodiet  to  reflect  light,  being  dedaccd  firom  very  numerous 
eapertmen;^,  may  therefore  be  taken  as  a  general  law. 
It  will  .ippear  the  mote  extensive,  if  it  be  cojisidereu  that, 
for  the  rowt  part,  the  tingeing  particles  of  liquon,  or  other 
transparent  substnnccs,  arc  extracted  from  opaque  bo- 
ilj'.  :■,  thui  thrsr  hi'dir-  owe  their  colours  h>  ihuM'  particles, 
111  the  iMuts  tnaniicr  a*  the  tnuwparem  substances;  and 
that  by  the  lois  of  tkem  thqran  also  dcptited  of  thtir 
colours. 

Notwithstanding  these  and  many  other  experiments,  the 
theory  of  colours  is  not  yet  determined  with  certainty;  and 
it  must  be  acknowledged  that  very  strong  objections  might 
be  brought  against  every  h  y|<otlicMs  on  tUssulnect  that  has 
been  invealcd.  The  di&cuveriei  of  Newton  Cwweveraiw 
sufficient  to  justih  ihe  following  Aphorisiaa. 

Jpkorim  1.  All  the  oolouis  ia  rntara  arise  from  tho 
Bsys  of  Ught.. 

S.  There  an  seven  primary  colours,  namely  red,  orange, 
ydlow,  green,  blue,  iadigo>  and  violet. 

5.  Every  ray  of  light  may  be-  separated  into  ihi  seven 
primary  colours. 

4.  The  rays  of  li^lil,  m  paiMii;;  ilirouch  ihe  same  me- 
dium, have  (iiflereni  decrees  uf  n  fran^ibility. 

6,  I  he  (iitfi  ieiice  in  ihc  r^iloun.  ol  light  arix-s  from  its 
clifi,  1.  Ml  refranj;ibilily  :  thai  which  i»  the  least  r«  frangible 
producing  tvxi;  ami  that  which  is  the  roost  refrangible, 
Molet. 

6.  By  compounding  any  twaof  tho  priaiary,  as  red  and 
yellow,  or  yellow  and  blue,  tin  illUirMtsdiati'  IwloBI.  Oiailga 
or  grxTii,  may  be  produced. 

7-  The  colours  of  bodies  arise  from  thdr  diapmitiom  to 
reflect  one  sort  of  rays,  and  lo  ab^otb  the  other*:  •thuae 
that  n  flvct  the  least  refrangible  rays  appearing  red  ;  and 
those  that  reflect  the  aiost  tdhHigible^  violet. 

t.  Sadi  bodiM  as  lefleet  two  or  more  tons  of  rays,  ap- 
pear of  *ariona  ooloars. 

9.  The  whitencis  of  bodies  arises  from  tbeir  disposition 
10  laflset  ail  the  rays  of  light  ptoniiicaoasly. 
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ip.  Tbe  l>!,ickn<  *s  of  bodirs  proceeds  from  their  inctt- 
'parity  to  rf-fli  ci  iHiy  -li  tin-        dt  liL'hi. —       trom  tiK-n 
tliv*  Ml>w»rbin»  all  tiic  r;i\s  i.i  hglii  that  arc  thrown  upon 
tht  iii,  i<  HiiM-s,  tlut  black  bi>Ll.fs  when  fKpaied  tothcfui), 
become  hot  MJonof  lliun  nil  uilirrs. 

,  Of  theUiaiimic  Scale  of  Coicwr*.— Nvwton,  in  the  course 
ot'  lii*  inratigatioM  ihe  prafHanics  of  ligiit,  diM-uvcrnl 
ihit  the  lengtht  of  the  ipaen  oeeupM  in  ibe  •pcctrum  by 
•  ih«  •Bvcn  primar}'  CQloa^^  exactly  romipocii  to  the 
Irngth*  of  chunU  that  Mund  the  Nveii  notei  ia  the  die* 
trniic  »calc  of  minjc :  which  it  Kwdc  evident  \y  the  fA- 
lovring  rxpoHmfenl. 
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On  a  p4i{K.'r,  in  a  <iark  ciminber,  let 
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a  ray  of  ligti  r  be 

largely  refracted  into  the »p«ctruro  ABCDEr.niBrkingunon 
it  the  preciw  boundaries  of  tbc  Kveral  colours,  as  a,  o,  c, 
dec;  and  across  the  spectrum  draw  the  perpendicalar 
)ine%  bk,  he.  Then  it  will  be  found  that  the  spaces, 
by  which  tbc  5t'vcrel  colours  arc  bounded,  viz,  Mgf  con- 
twniag  the  fed,  aUy  cantaining  the  orange,  keih  contain* 
in|^  tbe  yellow,  ftc^  wiU  he  ia  exact  proponion  to  the  di- 
visiofif  of  s  SMMlcal  dofd  for  the  notes  of  an  octave ;  that 
it,  at  the  intanaiiof  tbete  numbers  i.  |,f .  ^  \, 
ClfSONOI^ICAL,  belonging  to  chronology. 
CiinOMoLOOtcai.  Ckaracten,  are  characters  by  which 
liivioarc  distingiii-'hed.  Of  thcie,  ^mio  art'  iiatunil,  or 
aslroiiomical ;  others  arc  arti/i(  ial  at  hijtorical.  'I  he  na- 
tural cliaractLT",  iul'  su<  h  as  depend  on  the  mt/ti<inv  <A  the 
stars  t»r  himiimnes;  at  cclipsos,  solstices,  cqumoxo,  liic 
different  a-sperts  (if  plain  ts,  &c  And  ihe  iiriilkial  iha- 
raciert  are  those  that  have  been  invented  and  esiabtished 
i<y  riinn  ;  as  the  solar  cycle,  the  lunar  cycle,  &c.  (listo- 
rioal  Chronological  Ciiaracten  are  tlxMe  aupporled.  by  the 
testiponies  of  wttoriaiis,  when  they  fit  die  data  of  cer- 
tain evcntt  to  cenain  periods. 

CHRONOLOGY,  the  art  of  measuring  and  distinguish- 
ing  lime;  with  tbe  doctrine  of  date*,  vpocba,  cm,  dec 
The  mcammnent  of  tfnw  in  the  uuha  early  Mriodi»  wu 
by  nwyni  of  the  taatom,  or  the  revotoiioH  of  the  «m  and 
niooa.  ThetocecnioB  of  Juno's  pricstetirsat  Aqpntened 
I-lfllanicus  for  the  rrgulnlioii  of  his  narrative;  while  Epho- 
rus  reckoned  his  matrcrs  by  gcnrrations.  Even  in  thehis- 
t  jni's  of  Herodotus  iitid  Thucjdides,  there  are  no  regular 
duU»  for  the  event?  recorded  ;  nor  were  there  any  endoa- 
vours  to  establish  a  fived  ria  until  i!»r  time  of  Ptulemy 
Philadelphus,  who  atlemplrd  it  by  rinnpatins  and  correct- 
ing the  dales  tif  the  inpiaJj,  the  ki;if;s  of  Spartii,  and 
tbe  succession  of  the  priestesses  of  Jnuo  at  Argos.  ilra- 
tostheiiQi  and  Apolludonit  digested  the  cvrnts  n>laled  by 
them,  according  to  the  succrestiion  of  the  olympiads  an't  of 
the  Spartan  kings. 
I'he  chronology  of  <the  is  still  more  uncertain. 
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liic  datus  anci  «>pi;ch$  ^<jiii  preci- 


his|orian»  to  H^eoi  iiuii 
sion. 

Henre  it     evident,  how  mes^wuiy JLM^iau  systetu  uf 
elirun>'li>i:v  iiiu>i  he  fur  tbe  right  unde^uuMitM^f  history, 
and  al»o  bow  difficult  it  tnust  bi;  to.  euwfi|l^.t|ich  a  sys-^  • 
tern.  For  this  purpose,  boui  ver,  several  leant^meii  Jiave 
spent  much  time,  particularly  Julius  Airicanuf,  Etitebiut 
ofC-esarea,  George  Cyncollc,  John  of  Aniiocli,  Deiroi^ 
Pruu,  Clavitu,  Calvisiut,  Scalijicr,  Virta,  Newton,  Uaher, 
Simionf  ManAam,  tidvicut,  Vowiut,  StTauchiut,  BMr» 
PJtylbir,  and  Halta.  , 
.    A  tyttem  of  tbii  kind  ii  founded,  Ut,  On  Aiti«D<nnie«l  • 
obaervationi,  ctpedallyof  dieccUnca  of  the  sun  aBil  neon, 
combined  with  calculation*  of  the  yean  and  eias  of  dif- 
ferent nations.    2d,  Tiie  tl-^lim^lrues  of  credible  authors. 
3d,  Such  epochs  in  histut^  »  ;ire  su  well  attested  and  de- 
tfriiiined,  thai  tiny  ha*e  newr  been  o-ritrinetted.  4tL, 
Ancient  ir.edals,  coin,,  monuments,  and  niscri|itiom. 

The  must  obvious  division  id  lNi;e,  i->  derived  foin  tlie 
apparent  or  real  revolution^  of  ilie  luniiaarict,  liie  son 
and  moon.  Thus,  the  apparent  revolution  of  the  sun,  or 
the  real  rulaUoa  ot  the  earth  on  her  axis  causing  tbc  sun 
to  appear  to  rise  and  set,  constitutes  thtt  victaatud/n  ut 
day  and  night,  which  must  be  oirid^  to  the  laost  bar- 
barous and  ignorant  nations.  The  moOQi  by  her  revolu- 
tion about  the  canb,  aitd  lier  chaqgc^  at  naturally  and  ub- 
viowly  forms  month* ;  while  the  arcat  annwi  ,CMae  ttf 
.the  fUi  tfaioqgb  the  aeveral  comtejUatioM  «  t^'^ 
point*  out  tbe  laigrr  division  of  the  year. 

The  Day  it  divided  into  houn,  rainuiet,  &e}  iftile  the 
month  is  divided  into  weeks,  and  the  year  into  monlht, 
having  particular  names,  u;ul  a  certain  number  of  days. — 
Sec  a  phrticulur  account  of  citch  oi  ilicse  under l}>c  respec- 
tive woids. 

Besidt'S  ibtJ  natural  divisions  of  titne  arisiii;  iniine-di- 
ftieiy  from  the  revolutions  of  the  heavenly  br-lics,  there  an- 
oiheni  vi  hich  are  formed  ftom  foniu  of  I*"*"  obvious 
crinse^iieiiCe-  of  lliesc  revolution?,  .livl  ..n'  <  i. I  lid  Cycles, 
or  circles.  Tbe  most  retnarkablc  ol  U)«.-m)  are,  1,  The 
Solar  Cyekv  or  cycle  of  the  sun  "  period  or  revolution  of 
28  years,  in  which  time  tho  d^)*  of  the  nionlbs  return  to 
the  same  days  of  the  wf^k  "he  sun's  pWfife  fe  tbe  same 
tiglis  and  degree*  of  iIk'  i^'iptic  on  the-  same  mnnths  and  ^ 
days,  and  the  leap-yea >«  '"-^^^n  tlie  »  ime  course  over  again 
withnqiMCtto  the^yt  of  t!)c  ncek  on  which  tlwdaysof' 
the  month*  fall.  «»  The  Lunar  Cycle,  or^At  of  the 
moon,  commor^  called  the  ^"Mti  ^j)|i|yiM|Byrririi|ii 
tion  of  19  y(»rs;  in  which  time  the  conjuMnQ^|[J||§qf»- 
tiorw,  and  Jtbcr  aspects  of  ihn  moon,  are  on  the  saw  days 
of  the  nvinths  as  ihc-y  were  l  O  years  before.und  within  on 
hour  '^nd  a  half  of  the  Unie  of  the  day. 

7hc  Miction,  or  Roman  Indictiun,  i-i  a  peri<Ml  nf  l.i 
v/;iis  i!-tdoiily  by  'Uu.'  llomans  lor  mdicatir;^  the  uniesof 
ceituiil  paynuiitv  made  by  li  e  >ubjec;s  to  die  republic. 

The  Cyrle  Easter,  called  also  the  Dion^tian  Pa  u>i/,  is 
a  revolution  of  j3'i  years,  and  is  produced  by  multipiying 
the  solur  cycle  28,  by  the  lunar  cycle  IP 

The  Julian  I'eriotl,  is  a  revolution  of  7^80  ycnrs,  ,tnd  is 


The  rc<«rds  of  the  Romau  were  destroyed  byfheCault;    proilucfd  from  the  continual  multiplication  of  the  tbretr 
htid  Fabiut  Picinr,  tbe  meet  ancient  of  their  btttoriaat,   ntt»ben-98, 1^,  15.  of  tlx  three  former  cycK  t,,  viz,  the 
was  oUigM  to  borrow  the  chfaf  Jiaft  of  bft  information 
fmm  the  OfMhW  In  Other  EumpBan  naifont  the  chnmo- 

looy  is  still  more  imperfect,  and  of  a  laier  date :  and  own 

in  modern  limes  h  con«idi  ruble  degree  of  confusion  and 
inaccuracy  has  arisen,  froio  tbe  waat  of  atlcntiou  tbe 
Vol.  L 


htt»bers-98, 19t       of  the  three  former  cycK-^, 
teiu,  lunar,  and  indiction. 

At  tbcrr  aie  certain  fixed  point*  in  tbc  heavens,  from 
which  a*tTonomers  begin  their  compttUtiOMy  m»  there  an 
ccrttiin  points  of  time,  from  which  htftoiians  bigin  to 
tx-ckoni  an^l  t^*-"*^'  fuinn  or  nwit  of  tia«  are  called  £iaa 
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or  Epochs.    The  most  remarkable  of  thete  arc,  those  of 

the  Creation,  the  Grcclt  Olympiads,  the  building  of  Rome, 
the  era  of  Nabonna*sar,  the  death  of  Alexander,  ihebirth 
of  Christ,  the  Arabian  Hegira,  or  flight  of  Mahomet,  and 
the  Persian  J<>sdi  <;inl.  All  of  which,  with  some  others  of 
less  noti',  have  their  beginnings  fixed  by  chronolo^vrs  to 
the  yean  of  the  Julian  period,  to  the  age  of  the  world,  and 
to  the  years  before  and  after  the  birth  of  Christ. 

The  testimony  of  authors  is  the  sccond,praici]ial  part 
of  historical  chroDolooy.  Though  no  rnan  has  a  right  to 
be  considered  as  infallible,  it  would  however  be  makin;;  a 
very  unfair  judgment  of  mankind,  to  treat  thcin  all  as 
dupes  or  impostors ;  and  it  would  be  an  injury  oflvred  to 
public  integrity,  to  doubt  the  veracity  of  authors  univer- 
sally esteemed,  and  facts  that  are  truly  worthy  of  belief. 
When  the  historian  is  allowed  to  be  completely  able  to 
jadge  )f  an  event,  and  to  have  no  intent  of  deceiving  by 
liis  relttion,  his  testimony  cannot  be  refasrd. 

The  Epochs  form  the  3d  principal  part  of  chronology  ; 
being  tiiose  fixed  points  in  history  that  have  nvvcr  been 
ContesUd,  and  of  which  there  cannot  reasonably  be  any 
doubt.  Notwithstanding  that  chronnloger^  fix  upon  the 
events  wiich  are  to  serve  as  epochs,  in  a  manner  quite  ar- 
bitrary ;  yet  this  is  of  little  Ct»iiscf|uence,  provided  the 
dates  tjf  ihese  epochs  agree,  and  that  there  is  no  contra- 
diction in  the  facts  thems<-Ivcs. 

Mtdab,  Monuments,  and  Inscriptions,  form  the  lost  of 
the  fotir  principal  parts  of  clitonoiogy;  nTtd  tlii^  >tudy  is 
but  of  very  modem  date,  scarcely  more  th.m  2<>o  years 
having  elapsed  since  close  application  has  been  made  to 
the  study  of  these.  To  the  celebrated  Spanheim  we  owe 
the  ^matest  obligations,  for  the  progress  that  is  made  in 
this  meOKid  ;  and  it  i^  by  the  aid  of  medals  that  M.  Viil- 
lant  has  rmnpusud  his  judicious  history  of  the  kings  of 
Syria,  from  fitc  time  of  Alexander  the  Great  to  that  of  Pom- 
pey.  Nor  havt  they  been  of  less  v^riici-  in  elucidating  all 
ancient  history,  ev^nlly  that  of  the  Romans;  afid  even 
sometimes  that  of  tht  niiddle  aijes. 

Besides  the  foregoing,  general  account,  there  are  some 
few  systems  of  chronology  which  may  deserve  some  more 
particolar  notice,  as  fullowt. 

Sacred  CUronohfy.  'ITief;  have  been  various  systems 
relating  to  sacred  chroiiolog)' ;  Wwch  is  not  to  be  wondered 
at,  as  the  three  chief  copies  of  the  Bible  give  a  vt-ry  dif- 
ferent account  of  the  first  ages  of  the  -vortd.  For  while 
the  Hebrew  text  reckons  about  4000  years  from  the  crea- 
tion to  the  birth  of  Christ,  and  to  the  flooj  1656  years  ; 
the  Samaritan  makes  the  former  much  longei.  though  it 
reckoA  from  the  cn-ation  to  the  flood  only  \itYI  years; 
and  the  Scptungint  removes  the  creation  of  the  «iorld  to 
6000  years  before  Christ,  and  2230  years  befoic  the  tnoA. 
Many  attempts  have  been  made  to  reconcile  these  difrr- 
rences ;  though  none  of  them  are  quite  satisfactory.  Wal- 
ton and  Vossius  give  the  preference  to  the  account  of  the 
Septuagint:  while  others  have  defended  the  Hebrew  text. 
Seeun  abstract  of  the  diflcrent  opinions  of  leami-d  men  on 
this  subject,  in  Sirauchius's  Hrev.  Cbron.  translated  by 
Suull,  p.  16(1  and  176. 

The  Oiinete  Oironolnzy.  No  nation  has  boasted  more 
of  its  antiquity  than  the  Chinese  :  but  though  they  be  al- 
lowird  to  trace  their  origin  as  far  back  as  the  deluge,  they 
have  few  if  any  authentic  records  of  their  history  for  so 
long  a  priod  as  500  yean  before  the  Christian  era.  This 
indeed  may  be  owing  to  the  general  destruction  of  ancient 
.leinaini  by  the  tyrant  Tsin-chi-boAng,  iu  the  year  213,  or 


some  say  246,  befoa-  Christ.  From  a  chronotogy'of  tite. 
Chinese  history  (for  which  we  are  obliged  to  an  illustrious 
Tartar  who  was  lieeroy  of  Canton  in  the  year  I7v'4,  and 
of  which  a  Latin  translation  was  published  at  Rome  in 
1730),  we  learn  that  the  most  remote  epoch  of  the  Chinese 
chnmology  docs  not  surpass  the  first  year  of  Gucl-lie- 
wang,  or  424  years  before  our  vulgar  era.  And  this 
opinion  is  confirmed  by  the  practicu  <if  two  of  the  most 
approved  historiiiiis  of  China,  who  adroit  nothing  into  their  ' 
histories  previous  to  this  period. 

The  Chinese,  in  their  computation,  make  nse  of  a  cycle 
of  60  years,  called  kia-tse,  from  the  name  given  to  the 
first  year  of  it,  which  servc-s  as  the  basis  of  their  whole 
chronolosy.  Every  year  of  this  cycle  is  marked  with  two 
letters  which  distinguish  it  from  the  others;  and  all  the 
times  of  the  emperors,  for  upwards  of  2000  years,  have 
names  in  history  common  to  them  with  the  corresponding 
years  of  the  cycle.  Philos.  Trans.  Abridg.  \ol.  <),  pa.  343. 

According  to  M.  Fren't,  in  hin  Essays,  the  Chinese  date 
the  epocha  of  Yao,  one  of  their  first  emperors,  about  the 
year  2I4A,  or  2o57,  before  Christ ;  and  they  reckon  that 
their  first  astronomical  observations,  and  the  composition 
of  their  calendar,  preceded  Yao  150  years  :  whence  it  is 
inferred  that  the  era  of  their  aslronuinicnl  observations 
Coincides  with  (hat  of  the  Chaldeans.  But  later  authors 
dale  the  rise  and  progress  of  the  scieno's  in  China  from 
the  grand  dynasty  of  Tclieou,  about  1200  years  before 
the  Christian  era,  and  show  that  all  historical  relations  of 
events  prior  to  the  rei^n  of  Yao  are  fabulous.  Mem.  de 
rHisKiirc  des  Science,  ice.  Chinois.  vol.  I,  Paris  1776. 

The  Hindu  Chronology.  Hie  Hindus  employ,  in  their 
chronology,  certain  large  perio^ls,  called  Ynogs  or  Yerp. 
These  arc  4  in  number,  the  last  of  which,  calli  d  call  yug, 
or  kalee  yug,  is  only  now  attended  to,  and  began  3101  be- 
fore the  Christian  era.  It  comprehends  within  it  the  fol- 
lowing, viz, 

The  era  of  Bikramnjit.nhicb began  3045 yean Ix-frireChrist, 

 Salabiln,  78  yeats  aftrr  Christ, 

 Bengal,  not  strictly  Hindu,  cycle  of  CO  year* : 

the  present  began  1807  of  Christ. 

Their  solar-sidcrral  year  contains  36b*  fi*  IS"  30",  and 
their  tropical  yi-ar  365*  5*  50*  35*.  They  divide  the 
(odiac  into  28  lunar,  and  into  12  solar  constellations  or 
signs ;  and  their  astronomical  year  commences  when  the 
sun  arrivrs  at  the  first  point  of  .^ries.  The  length  of  their 
months  is  determined  by  the  time  employed  by  the  son  in 
passing  through  each  siiin.and  they  arc  accordingly  longer 
in  the  apogee,  and  shorter  in  the  perigee  ;  that  «hirh  cor- 
responds with  the  hiirher  apsis  being  31*  14*  39",  and  that 
with  the  lower  2y*  S*"  21'".  For  civil  purposes,  they  count 
the  da^-s  by  the  age  of  the  moon  that  happens  to  fall  witliiii 
each  month,  and  often  from  the  simple  phase  of  the  moon. 

Their  fasts  and  festiv.il$,  like  those  of  the  Jews  and  Chris- 
tians, being  regulated  by  the  lunar  revolutions,  they  there- 
foT(v  employ  a  lunar  year.  This  they  make  to  consist  of 
12  months,  of  30  lunar  da^-s,  or  each  semi-lunation  of  15 
days,  ».hich  are  somewhat  shorter  than  the  natural  day. 
The  commencement  of  the  solar  day  is  counted  from  sun- 
rise, and  interval  till  the  next  sun-rise,  is  divided  into 
60  e<jiial  pans,  each  equal  to  24  of  our  minutes.  Tht- 
subdivisions  also  follow  the  sexag^imal  scale. 

The  days  of  the  week  are  denominated  from  the  planets, 
as  with  the  Europeans,  and  their  arrangement  is  the  same 
also,  pri>ceedinc  from  the  sun  and  moon,  to  Mars^Mcr- 
cury,  Jupiter,  Venus,  und  Saturn.    tViday,  or  Vcnus'a 
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iMf,  tfpMn  M  the  fint  of  the  wr«k  in  their  cslculations, 
Md  pniMbly  because  ihc  cali  yu 

,  tbe  imk  it  comidered  by  the  Hindus  a;  be- 


proMbly  because  ihc  cali  vug  U-gtii  uo  tbat  day  i  but 


with  Sund*;*  Fhm  the  vmw  of  thcjr  astrunomy 
ud  diranolofyv  tlM^  tppwr  to  quit*  mUoIvmc*!;  •od 
th^rfiifthtr  apfMiirt*^  th*  iHumi«  «r  •rigiiidi  «f  thow 

For  more  {Mrtlcultr  iDfbrnwtion,  m  tli*  Tliiloi.  Trvn* 

Abridg.  Tol.  16,  p.  749,  and  vol.  17,  p.  t50. 

Babykmim,  Egyptian,  and  Chaldean  Amah.  These,  M. 
Cibert  has  «tti-mptod  to  reduce  to  our  chronology,  in  a 
letter  published  at  Amsterdam  in  If  fcJ.  He  bi-giiis  with 
showing,  bvtheaulhoritieiof  Macrobius,  Euili'xu  -,  \  ,ij  iu, 
Diodoru*  Siculus,  Pliny,  I'lutarch,  Sj,  .A u|jii-.tii,,  iVt, 
that  by  a  year,  the  aucienls  u;' mm  tin'  rcolutn  ti  of  any 
planel  io  tbe  beaveltk;  10  tliaC  it  might  cunsist  sometime* 
4f  only  one  day.  Thai,  according  to  him,  the  solar  day 
was  the  Mtronomical  year  ol'  the  Chaldeans ;  and  so  tbe 
■  bouled  period  of  473,000  years,  av^igned  to  their  obiei^ 
vUaon^  n  ndiicad  to  1^  yean  9  months ;  the  number 
of  ]|iim  «lik^  ■eow^u  la  Ew^us,  clapKd  froai  the 
§tU  diieofenataf  AllaiTa  astnoony,  in  the  M4tii  yev 
of  AbniUm»  to  di*  naitli  of  Alamndar  into  Alia  i« 
yaar  t<»S<aflhe«HM«f«.  AuidttVJOOOymnwiM 
by  Berotot  to  the  obeervatiom  of  the  ChaMean,  redooed 
in  the  samr  manner,  will  give  45  years  and  6  or  7  months; 
bring  the  exact  interval  between  Alexander's  isarcbt  and 
the  tirst  year  1 : 11 1 u  !  C!3d  01yaipi«d«  OT  tbe  tUM  lO  whkh 
Berosus  carriid  ius  history. 

l.pigmius  ttjcribe*  7'.'O,0<j0  yrani  in  t'c..  iibscr .  ariHiiv 
pteservL'd  at  Babylon  ;  but  these,  according;  to  M.  Cubcrt  s 
system,  amount  only  to  1971  years  a  months;  which 
ditii  r  tmm  CallistbcDCs's  period  of  1,W3  years,  allotted 
to  the  idinc  obserraiioDS,  only  by  08  years,  the  poriod 
elapsed  from  the  taking  of  Babylon  by  Alexander,  «hicb 
terminated  the  latter  accotint,  and  to  the  time  of 
Icmy  Philaddphiii»  M>  which  Epigwiae  axieaded  hii  a*- 

4>Mmt>  a 

tan  hat  thawn,  that  the chroaolagy  oiaaciaatfciag|dav«>> 

invoivMl  in  the  greatcit  uncertainty:  that  dia  Banffani 
in  partfCular  had  no  chronology  b«fbre  the  Fenian  eai- 

pire,  which  c iKi-.ini  need  536"  )e8rs  before  the  birth  of 
("hrist,  when  Cyiui  conquered  Darius  the. Mede  :  that  the 
antiquities  of  thf^  Greck«  arc  full  of  fables,  because  their 
Millings  wen'  in  vcnic  only,  till  the  conquest  of  Asia  by 
Cyrus  the  riTbinn;  ^lUu  jt  which  time  prose  was  intro- 
duced by  Fhcrccides  Syrius  and  Cadmus  Milesius.  After 
this  time  several  of  the  Greek  historians  introduced  the 
computation  by  generations.  Thecbronolc^  of  tbe  Latin* 
was  sliU  more  uncertaia :  their  old  records  having  been 
hunt  by  the  Gauls  120  years  after  the  expulsion  of  their 
hingm  or  64 years  before  the  death  of  Alexander  the  Great, 


annrariaff  to  988  before  tbe  birth  of  Chqit.  11m< 
k|iia  «f  Gaul,  Spaiiti  Gcrnany ,  Seylhia.  IwtdM^  BrilaiiH 
andlrdandiareoftilittlatardaia.  ForS^hwheyond 
the  Dannfae,  had  no  letlen  till  Ulphihw,  thair  bishop, 
formed  them,  about  the  year  27^.  Germany  had  noite  till 
it  received  them* from  the  western  empire  of  the  Latins, 
aliout  the  year -W)0.  The  Huns  had  none  m  ihc  davs  of 
I'rocopius,  .itjout  llio  yrar  .526.  And  Swrdt  u  lUifl  Norway 
rec<-ivfd  thrm  slill  later. 

Newtun,  after  a  genera!  account  of  the  obscurity  and 
defects  of  the  ani  iciu  eluonology,  observe*  that,  tlioiii^h 
nuuiy  of  the  ancumin  coropi^ted  by  »u«aii«io|u.4wd  gtoe^ 


rations,  yet  the  Egyptiai*,  Grwks,  aiKl  Latioft,  nokoMd 
the  reigns  of  kings  equal  to  gtoersliona  9f  fli<B«  MmI  A**a 
of  ihvn  to  a  hundred,  and  somctintw  ta  MO  yaaia;  and 
this  w«s  the  foundation  of  their  techdcdl  dmnahiBy*  Ha 
dram  tha  ontinaijr  eotttas  <d  namN^  and  a 
af  kHtariiial  10  iDavthadL 
ntm  aad  gneiatioMi  and  that,  tbaagh  ai 
mtet  to  ton  may  at  tm  average  he  reckonad  a1ia«t  SS 
years,  or  three  of  than  C4|nal  to  tOO  years,  yet,  when  they 
are  taken  by  the  eldest  sons,  three  of  them  cannot  be  ettt- 
mHti  J  :.t  njgrc  than  about  Jj  or  SO  yeiirs ;  and  llie  reigns 
o!  j.in.;'.  are  still  shorter;  so  that  18  or  years  may  be 
alji.iM  li  ii  (Ubt  diuin.  Sir  Isaac  then  fixes  on  four  n-- 
iiiarkable  periods,  llie  return  of  the  Ucraciidx  iniu 
the  Pelopoiini-sus,  the  takirig  uf  Troy,  the  Argonautic  ex- 
pedition, and  the  return  of  Sesostris  into  F.gypt,  after  bis 
wars  in  Thrace  ;  and  be  licttles  the  epoch  of  each  by  the 
true  value  of  a  generation.  To  instance  only  his  estimate 
of  that  of  the  Argonautic  expedition:  Having  fixed  the 
return  of  tbe  Heraclida  to  about  the  l£9tb  year  aAer  the 
death  of  Solomon,  and  tl#  jwtmiloa  of "Troy  to  about 
th«  76tk  year  afkar  iha  MW^period,  he  ahana*,  that  Hat- 
citlw  tfas  AtBonaitt  wMidha  fcthw  of  Hyllw,  Aa  Mmurf 
OanUtia,  the  isther  af  ArittowMlMM,  and  tha  iat|iar  of 
Ariitodarons,  who  conducted  the  Reiaclidv  inlo  Pelopon* 
nesus;  so  that  reckoning  by  \Y.c  chu  fof  tlif  family,  their 
return  was  four  generations  iuter  than  t!,i  Argonautic  tJt- 
pcditioi:,  which  then  1  in  happened  about  43  years  after 
tbe  dentil  ol  Solomon.  This  is  further  confirmed  by  an- 
otluT  HI ';iiniL;,t  .tbCulBpius  and  Hercules  were  Argo- 
nauts: Hippocratfi  WS3  the  18th  inclusively  from  the  for- 
mer by  the  father's  side,  and  tbe  19>h  from  the  latter  by 
the  mother's  side:  now,  allowing  28  or  30  years  to  each 
of  them,  the  17  intervals  by  the  father,  and  the  Uiatm- 
vaU  by  tbe  mother,  will  oaawediam  give  507  yfsn;  and 
these,  rcckoniitt  backfioa  tha  commencement  of  tbe  Pe- 
kwmiawiao  oar*  or  tha  49lit  year  before  Chtiit,  whea 
HippocntM  b«gpa  to  floaiUi,  wHl  alaaa  iha  Aipawitie 
expedition  in  tha  4M  year  atar  thaataAaf  Soiaawiit  or 
SS7  years  befdie  Cbriit. 

The  other  kind  of  reasoning,  by  which  Newton  endea- 
wurs  to  establish  this  epoch,  is  purely  aMronnmical.  Tb«; 

sphere  was  formed  by  (  iiiron  ami  Miisii'Lis,  iVr  the  use  of 
the  Argtinaulic  expedilion,  as  is  piaiiUj  shuwii  by  Kevrrai 
of  tbe  asteri^ir.?  n  ierring  to  that  event :  ami  ut  the  time  of 
the  expi'dit  < HI  the  cardinal  points  of  the  equinoxes  and 
solst.fis  ku  ri'  plaeeJ  in  thfc  middle  of  the  i  iiri>tr;lation» 
Aries,  Cancer,  Chela;,  and  Capricorn.  This  point  is  esta- 
blished by  Newton  from  the  consideration  of  the  ancient 
Greek  calendar,  which  consisted  of  12  lunar  months,  and 
each  month  of  30  days,  which  re(|uired  an  intercalary 
ma«tih.  Of  Qoone  thiuMU'iolar  year  with  tha  iatercaUry 
month,  hi|PR  •omcliiiMa  W9ah  or  two  Ukm  «*  aAar 
thaeaalaagt  orwhtke;  and  hence  tbe  fint  aMroaonan, 
woialMlM  iW  MoH'iBCtfiowd  dispositioBar  thac^ni>' 
noxsaai^  iflWilMt:  andj^^t  this  v«  really  the  A«e,  it 
confirmed  by  the  testiimHiirs  of  Eudoxtis,  Aratus,  and 
Hipperchus.  Upon  the^f  principles  Sir  Isaac  proceeds  to 
nrsue  is  the  following  in.iiiner.  In  the? end  of  the  year 
Ifis;)  the  'larcalleil  the  )'n;-.i,i  .Anrti*.  Ma^s  in  v  CKOil',' 
with  north  latitude  Z'^  t>  >•'>  i  "i"^'  'he  star  i/allvd  the 
LUtimacaudaf  Arirtis  was  in  »  IJy"  .V  4'J",  » ith  north  la- 
titude 2"  34' 5"  I'coim'que^itly  ihe  equiniKtijil  culur,-  nt 
this  time  cut  the  ecliptic  in  a  'i-' 4+  ;  -""^  I  v  'Ins  he 
reckons  tbat  tha  equhtos  had  then  gone  back  36°  44'^ince 
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I  ArgOMUtic  c  X  H  i  tion.  Bu  t  i  (  Kcrdn  SCf 
*  in  Ji  tnti,  and  consrqui-iitly  36^  44'  in 


tb«  liuM  ci  the 
in  n  ymr,  or  I*  in  72  yeai 

S64d  jcwvi  amittaiii  counted  backwards  frunitbe  befin- 
niof  of  ISSH,  wilt  plmn  Uiw  cxp«ditioo  mbout  23  yMn 
>Aer  the  death  nrSotnnwn.  B«C  ■«  tbci*  no  neoeanqr 
fur  nHowihg  ihnt  th«  middio  of  iho  comiriktiaw,  ncconH 
ing  to  the  groeial  account  of  the  aiicienlj,  khould  be  pre* 
cisely  the  middle  between  the  prima  Arietia  and  ultima 
Cuu>ia?,  uur  author  piurrt'ils  to  "  rxairiKic  *hal  wrrc  those 
tljruu!;h  which  HuUhmis  iiiduc  tlit;  colur>;>  lo  pa»)  in 
the  primitiNp  ■'phorc,  and  in  this  way  lo  fix  the  [ositionof 
the  CHrdiiml  puinl*."  Ntnv  frinn  the  tti»'un  of  hw  jilates 
be  finds,  llint  iho  e,T't\l  circle,  which  in  tlic  [j:iniitiM.' 
»phere,  datcribcd  by  Kudoxus,  or  which  at  tiie  lime  (ii 
the  Argonautic  expedition  was  the  equini>ctiHl  coluri',  did 
in  tbr  pnd  of  |6«9  cut  the  ecliptic  in  V  6°  2y'  15".  In 
the  naifir  n.^mner  oar  author  determines  that  the  meitn 
pince  oi  ibf  >oLititial  colure  is  ^  (>o  '28'  46",  and  as  it  is  at 
Tf|btnn|ica  with  the  other,  he  concludes  that  it  is  rightly 
mamm.  And  hence  he  inftn  tlwt  the  cardinal  ijoinb,  in 
Iha  intarvnl  banrccn  that  ncpedili«m  and  the  ^ear 
have  rtci-ded  fiwa  those  coluret  1*6*  3</;  whicht  aUoai^ 
ing  72  yean  to  a  degnv,  aiuoabts  to  9697  years ;  oed 
these  counted  backwards,  a*  nbuve,  will  place  the  ArgiK 
nautic  expedition  43  yeare  after  the  death  of  Solomon. 
Our  author  ha-.,  by  other  methods  aUo  of  a  similar  niiturc, 
establitbeci  this  >  (j<n.h,  und  n-doccd  the  age  of  the  worlJ 
AOOypHiv 

Tlii5>  eiKboratc  system  hus  iiol  CM^ip*'!!  censure;  Mest. 
Frerel  and  Souciet  lii>viii;>  t>olli  ntlii("k<-cl  it,  and  on  much 
the  tame  ground:  but  the  former  baa  confounded  reigni 
and  gcneratioTM,  which  are  carefully  diuinguished  in  this 
system.  The  astronomical  obj«-ctious  of  both  have  been 
anvwercii  by  Sit  Isaac  Newton  himself,  and  by  Dr.  Halley. 
Fhilot.  Trails,  abr.  vol.  7,  pa.  172,  ISl  i  Newton'a  Cbfo- 
nol.  ch.  1. 

CHRONOMETER,  ii  nay  inatraraent  or  mn^ortHed 
-in  ■CHuril%  time  I  tueh  na  dioti,  clodla,  wtM^i,  fee. ' 
Theimn ishowevermotcpociiaiinily  need Ibr •  Umt 

of  ctock,  90  contrived  as  to  meaaaie  a  amail  portSon  of 

tinii',  even  to  t!ic  iGili,  m  llie  40th  )>art  of  a  Second  ;  one 
«l  tlji'>  luiirr  kiml  I  »pc-n,  madq  by  an  ingenious  ar- 
tist ,  Iml  It  roiilii  not  lie  stupped  to  the  lOlh  part  of  the 
jiropiiiril  di'Ljrrt'  lA  Hccuracv.  There  is  ;i  description  of 
1)110  also  111  L>'-sa|5ulicr'<  1-Wperimciitftl  Pliilosopliy,  iruenl- 
ed  l)V  till-  Irtti'  inm'niims  Mr.  (jcorgc  Cinilmm  ;  wi.ich 
init(h(  be  ot  2ri'at  use  lor  rneasiirrni;  small  portions  <>(  time 
ia  astronomical  observations,  the  tunc  ot  the  tall  of  tH>dics, 
tho  velocity  of  running  waters,  dec.  But  long  intervals 
of  time  cannot  be  measured  by  it  with  sufRcient  exact- 
ness, unless  ils  iwnduluia  heiMMe  to  vibrato  in  a  cycloid; 
for  otherwise  it  i*  linbia  to  err  c«nnderal»ly,  aa  ia  the  ca«e 
of  all  ciocka  with  Shott  pandnldau  that  iwing  in  taig^ 
aichN  «f  dick. 

Vnri«iiolherco«trivance>,  6«wde«  clocki,  ha««  been 
wed-^  measuring  ii-\.o  for  sm^e  pattfMhir  mitpirves. 
SeeaiRUsicat  chr»>nomiier  d(  «cribeJ  iri'ffrillEoIm's 'IK  a- 
ti--!.  of  Music,  pa,  407.  1  he  excellent  watchcii  llui  hiivo 
lalfly  tdiii  ramie,  f,ir  liie  |»oriH>M:of  finding  the  longitude, 
Ly  the  ingenioii?  iirii^i'  !l  m  -  i  \:  •,  m.I,  M  atlgc,  Eniery, 
Jlaidy.  *ec,arc  Muneii  ,i  <  Iiiu4ti^<jibt«r9,  alsotime- 

lieepers. 

CIIRONOSCOl'F.,    -v(„,l  MUiH  !i«nw"  «tscd-&i|r^^  |i«n> 

dulum,  or  mac  liine,  to  iriea.niri'  time. 

CUU>:STALUN£.   See  CarfcTALLiXK. 


ClMA,  or  SisiA,inArcliitectun.-,  a  mc<al>er,or  mould* 
ing,  called  also  Uj;ee,  and  cimatium. 

CINCTUUE,  in  Architecture,  it  a  ring  or  lilt  around 
the  shaft  of  a  column.  At  it»  top  and  botloak  * 
CINTRE,  in  Buildii^  the  aameu  Celtic;  which  aee. 
CIPHER,  or  t^pk/tfCae  vi the  namrnl  chafocttn, or  ' 
iigures,  tliue  formed  a  llw  word  ct>mc«  froim  the  Hebrew 
saphar,  lo  number. 

The  cipher  of  itself  tigtdSe*  isothing,  or  imptli>  a  pri- 
vation of  vulue;  but  when  coinbinid  uiih  olltt  r  ouiiutbI 
characters  it  n'li-is  thfir  <.i'ln-  in  ii  i.  ntolil  |irt<i>r)rtioii, 
for  every  cipher  so  .iiiiics.i  il ;  w/,  '.i  licn  s.  t  ;ilii  r  ,i  tiizurc 
ill  roiiunoii  intr'.ii.il  anllin;'  lie,  u  lN^lt•.l^^>  it?  iii 
:iiiil  projiorlioii,  tlojU).'h  i!  li.is  no  i  Hi  1 1  ivlitn  ptvced  Ih:- 
liiri' or  lo  (Ir'  lr(t-li;iii.l  siile  nl  Mich  li^ures;  but  on  the 
conlrnry,  in  ilt  cimat  uriilnnetir,  II  decreases  their  Valuc  IIS 
timt  prtipurtion  when  set  before  the  (ieures,  vet  QMkCS  ISO 
alteration  in  li.eir  >uluc  when  placed  allcr  litem. 
Thus,  6      IS  five, 
hot  50   i*  fifty, 
Mid  $00  klive  buodrtd;  '. 
wheieaa  05,  nr  OOS^  &c,  ia  attll  hut  A  or  Aw. 
Aho'S  "  ii  five  leatite, 
bat  ^5    if  life  hundrvdthi, 
and  "OOS  is  live  ihousandihs  ; 
wln  rea*  '50,  or  •S{)0,  ^\c,  is  siil)  imt      f>r  fivet»nths. 

I  lie  invention  nnd  use  o(  (lie  t  iphrr.  u\  in  rhe  common 
Britlimrtic  ami  iioDition  oi  rnlhl^(  r^,  is  uiu' i 'f  tlir  liappic^t 
di'vicos  that  ran  !«■  iiiiii^mcd  ;  ami  u  ascribetl  to  the  ill- 

liiaiis,  iiv  itir  Arniiians,  by  wh:ini  it  teat  made Itnuwn M 

Luivpc  at  ibe  revival  ot  literature. 

ClRCLb,  a  pUoe  figure,  bounded  by  a  curve  line  which 
returns  into  it!>elf,  called  ils  circuinkrence,  and  winch  is 
every  where  equally  distant  from  a  nrlain  poinL  within,  ^ 
called  ita  centra.  The  circumference  or  |M-riphery  tiBelf 
it  Bomctimtt  calfed  lha  circle,  but  impniperly,  at  that 
name  denotet  the  tpace  contained  within  the  circumfer- 
ennti~A  circl*  ii  dctcrihcd  with  a  pair  of  comp8s»e^, 
hifasg  one  faoi  in  ihaeconTs  and  taming  the  other  tvand 
lo  tnce  out  the  circumference. 

The  circumference  tif  every  circle  is  supposed  lo  be 
divided  into  3(i(l  equal  piirts,  called  decrees,  and  marked 
cacbdiff^ into  (hi  miniit^'s  or  pnmos,  marked';  each 
miiiui^miu  dO  M-conds,  marked '  ;  and  so  un>    So  24°  12' 
I  j"  20",  it  24  degraea  IS  mimitca  1$  tecoode  and  80 

thirds. 

CiicU-s  hR%x>  many  curious  propeities,  MMMOf  ihiemocC 
important  of  which  are  the  following. 

1.  The  circle  is  the  most  capacious  of  all  plain  figuptlp 
or  contains  the  greatest  area  within  Ibe  same  periroelert 
or  has  the  least  perimeter  about  the  same  area ;  UMog  tho 
limit  and  latt  of  all  reguhir  polyfOMy  baviof  the  number 
of  Ita  lidcf  infiaile. 

2.  The  area  of  a  circle  it  alwayt  kaa  than  the  amof 
any  regular  polygon  dmMRteiibed  nhout  it,  and  its  cir- 
cnmference  alwayt  let*  than  ihe  perimetrr  of  the  polygon. 
But  on  the  other  hand,  its  area  is  always  greater  than  that 
of  its  insrribiil  p(il)[;oii,  and  ils  circumference  irrcatcr 
than  tlic  pciimi'trr  of  the  s.iid  iiiNcribed  polyson.  How- 
ever, ihf  urea  and  pt  rinu':i  r  o!  ihc  circlr  .ippriJUeh  al- 
wayti  ntarer  and  nearer  to  those  ot  the  two  polysunt,  as 
the  number  of  the  sides  of  these  is  greater ;  the  circle  ht^ng 
always  limited  between  the  two  p^tlygons. 

9.  Tbc  area  of  a  circle  is  equal  to  that  of  a  triangle  * 
whoie  bate  »  cqtmi  to  the  circtiinliBrencc,  and  pcrpcitdi- 
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utar  rqual  to  the  radlu*.  And  therrfori-  tho  area  of  d-ic 
cii;cl<:  IS  found  by  iDuliiplyin);  half  11k-  circunifcrrnc«  by 
half  the  diameter,  or  the  wholt-  circumlereticc  by  the  whole 
diameter,  and  tukinj;  (lie  4cti  piirt  of  the  product;  n«  dc- 
niuintrBti-il  by  Archnwdes. 

■i.  Circles,  like-  other  similar  plane  figure*,  are  one 
tuiothor,  as  (he  squares  of  iheir  diameters.    And  the  area 
of  the  circle  is  to  thv  square  ol  the  diameter,  as  1 1  tu  14 
nearly,  as  proved  by  Archiinedi-s ;  or  as  -7S54  to  1  more 
nearly ;  or  still  more  nearly  as 
•785398l03J,i);4*fi3O96l,5t)6O8+5819,87572104y2. 
<W3+};84J77.(i+ ■i524373(>, I4«076<).i4l ,oi  57 1  5 5 ."i*, 
S657OOS7O0,3  Ji5i.9'.'6(i9,955 3702 1  G'i.Hi  1 807660 1 , 
7734011  -(-  lo  1; 
as  it  has  been  found  by  modern  mathematicians. 

In  Wullii's  Arithmetic  of  Inftnitesare  contained  the  first 
infinite  series  for  expressing  the  ratio  of  a  circle  lo  the 
square  uf  its  diameter  :  viz, 

Isi,  The  circle  is  to  the  square  of  its  diuncter, 
J  «  4  >  s  »  a  X  7  «  7  fcf  » 
as  I  to  7     ;         6  X  6  X  s  &r*  ?  discwered  by  Wallis 

i?&c,  C 

—  ,  by  Ld.  Brounker; 


or  1  to 


-J  X  4 
9 


IS 

—  X 
14 


eras  1  to  1 


2-I-- 


or  a»  I  — 


J  +  tec. 

I    K  .1 


—  &C  to  1,  by 

Ixl        3x4xS        <ix4<<>K7  ' 

Sir  I.  Newton  ;  or  as  1  —  | ^  —  |  -t-  ^  —  tV^^c  to  1,  by 
Gregory  and  Leibnitz  ;  and  a  great  many  olhcr  forms  of 
series  have  been  invented  also  by  other  authors  to  express 
the  same  ratio  between  the  circle  and  circumscribed  square. 

5,  The  circumference*  of  circles  are  one  to  another,  as 
tinsir  diameters,  or  radii.  Hence,  a»  the  areas  of  circles 
are  proportiimul  to  the  rectangles  of  their  radii  and  circum- 
ferences; the  quadrature  ol  the  circle  will  iherefurc  be 
cfTcCted  by  the  rectification  of  its  circumference ;  that  is, 
if  the  true  length  of  ihe  circumference  could  be  found,  the 
true  area  could  be  deierniined  also.  Hut  while  sc\cral 
inathcmalicii<ns  huv<f  endoavoiirrd  to  investigate  the  true 
area  and  circumh-rencc,  others  have  even  doubted  of  the 
possibility  of  the  Mime.  Of  this  latter  opiiiiun  is  Dr.  Isaac 
Barrow:  towards  thi'  end  of  his  15th  mathematical  lectur^ 
he  says,  he  is  ot  opiniun,  that  the  railius  and  circumference 
of  •  circle,  arc  lines  of  such  a  nature,  as  to  be  sot  otdy 
incommensurable  in  length  ami  square,  but  even  in  length, 
square,  cub<",  biquadrate,  and  all  other  powers  to  infinity: 
fur,  continues  he,  the  side  of  the  inscribed  square  is  in- 
commensurable to  the  radius,  and  the  square  of  tho  side 
of  the  inscribed  octagon  is  incommensurable  to  the  square 
of  the  radius  ;  and  ciHiitequently  the  square  of  the  oclago- 
ual  perimeter  is  also  incommensurable  lo  the  square  of  the 
radius:  and  thus  the  ambits  of  all  regular  polygons,  in- 
scribed in  a  circle,  may  have  their  superior  powers  iucom- 
incnaarate  with  the  co-ordinate  powers  of  the  radius ; 
whence  the  last  polygon,  that  is,  the  circle  itself,  appears 
to  have  its  periphery  incommensurate  with  the  radius  ; 
which,  if  true,  will  put  a  final  slop  lo  the  quadrature  of 
the  circle,  since  the  ratio  of  the  circumference  to  the  ra- 
dius is  altogether  inexplicable  from  the  nature  of  the  thing, 
and  consequently  the  problem  requiring  the  explication  of 
such  a  ratio,  is  imposaible  to  be  solved,  or  rather  it  rci^uin-s 
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that  for  Its  solution  which  is  impossible  lo  b<-  apprehended. 
He  conoludf!)  by  observing  that  thi»  (•teal  mystery  cannot 
be  explained  in  a  few  Mords:  but  if  time  and  opportunity 
hud  p<-rmittrd,  lie  would  faa\e  endeavoured  to  produce 
many  things  for  the  elucidation  and  confirmation  of  this 
conjecture.  Newton  alxt,  in  book  I  of  his  PnncipiN,  has 
attempted  to  liemonstrole  the  impossibility  of  the  geueral 
quiidrulure  of  onuI  figures,  by  tliv  description  of  a  spinl, 
and  likewise  the  impovsibiliiy  of  determining,  by  a  finitt 
( iiuation,  the  inters<ctiims  of  that  oval  and  spiral,  which 
must  be  the  case,  if  the  oval  be  <yiadnible.  Ami  several 
other  authors  haw  attempted  to  ilemonilrate  the  impossi- 
bility of  tbegeniral  quinlruture  of  the  circle  by  any  liicaiu 
whatever.  On  the  other  hund,  many  miilheniulicians  not 
only  believe  in  the  pt»»«iljility  of  the  quadrature  of  the  cir- 
cle, bul  some  have  even  profcaseii  to  have  discovered  the 
same,  and  b««e  published  to  the  world  Ibeir  pretended  dis- 
coveries: of  Which  no  one  has  rendered  bininelf  more  con- 
spicuous than  our  countryman  Mr.  Hobbe>,  though  a  great  ^ 
scholar,  and  of  excellent  understanding  in  other  niattetii  . 

See  Qtl ADRATi;n£. 

n>c  approximate  quadrature  of  the  circle  however,  or 
the  determiiiati<in  of  the  ratio  between  the  diameter  and 
the  circumference,  i»  what  the  muihemiiiu  ians  of  all  age* 
have  successfully  attempted,  and  wiih  different  degrees  of 
accuracy,  according  to  the  improved  stale  of  science. 
Archimedes,  in  his  book  de  Dinunsioiie  Ciiculi,  first  gave 
a  near  value  of  that  ratio  in  sniull  numbers,  being  that  of - 
7  to  2'2,  which  are  still  used  as  very  coDvenirnt  number* 
for  this  purpose  in  cnuiiuon  nieasuremmls.  Other  and 
nearer  mlios  have  since  bc<n  Miccessively  assijjned,  but  ill 
larger  nuiubiTS, 

as  ifXTto  333, 

or   1 13  to  355, 

or  1702  to  5347, 

or  1815  lo  5702,  &c, 
which  are  »>ach  more  accurate  than  the  foregoing:  and  se- 
veral of  these  same  ratios,  as  well  as  other'.,  have  lately 
been  found  in  the  niutheniatical  books  of  the  Hindus,  ac- 
counts of  which  may  be  seen  in  niy  Tracts,  vol-  2,  pa-  1 58, 
&c.  Viela.in  his  Unisersalium  Inspeclionuin  aJ  ranonuin 
Matherauticuni,  publi:>hed  15/9.  meiiii'.  of  the  inscribed 
and  circumscribed  polygoits  of  3932(6  sides,  has  carric<l 
tlie  ratio  to  ten  places  of  figure*,  showing  tlmt  if  the  dia- 
meter of  a  circle  bo  1000  ttc,  the  circumleiencc  will  be 
greater  than  314,159,265,35,. 
but  less  than  314,159,265,37> 

And  Van  Colen,  in  his  b»ok  DeCirculoet  .\dsciiptis,  ha*, 
by  Ihe  same  means,  carried  that  ratio  to  36  places  of  fi- 
gures; which  were  nUo  recomputed  and  coniirmed  by 
Willebrord  Snell.  After  tbt^e,  that  indefatigable  computer 
Mr.  Abraham  Sharp  extended  the  ratio  to  72  places  of 
figures,  in  a  paper,  published  about  the  year  1706",  by 
means  of  the  series  of  Dr.  Ilalley,  from  the  tangent  of  an 
arc  of  30  degrees.  And  the  ingenious  Mr.  Machin  also 
carried  the  same  to  a  hundred  places,  by  other  series,  de- 
pending on  llie  differences  of  arcs  whose  tangents  have 
certain  relations  to  one  another.  See  this  method  explain- 
ed in  my  Mensuration,  pa.  89, 4ih  edit. ;  or  my  new  Tracu, 
vol.  1,  pa.  266.  And,  finally,  M.  De  l-ngny,  lit  the  Mc- 
moires  dc  I'Acad.  17 19i  by  means  of  the  tangent  of  the  arc 
of  30  degrees,  has  extended  the  same  ratio  to  the  astonish- 
ing length  of  128  places  of  figures;  finding,  that,  if  the 
dioxDeiei  be  1000  &c,  the  circumference  will  bii 
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80865,I3272^0664,70938.»46  t-  or  447  — 
From  such  nielhods  as  the  foregoing,  a  varicQrof  MiM 

have  been  <ii»covcreJ  for  thn  length  of  thi?  circamfetencc 
of  »  circle,  »uch  as  the  r  il'  i^  iiy,  viz,  If  tin-  fiiaT.(  t.'r  be 
J,  the  circumference  e  will  be  variously  expressed  tiiu>, 
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4. J       <.7.l'       *i>.'J-t'  l.O.B.ll.a' 
.1  I  1-3  t«.S  , 

♦  «  (1  -  -  -  —  -         -  &c). 

And  m«iiy  "ttuT  serii's  niii^hl  here  br  ailrieir  S^c  my 
Menituratiun  in  several  places;  aKo  iii)  paper  oti  such  se- 
ries in  the  Philo*.  Trans.  1776",  or  my  new  Tract?,  vol.  1, 
pa.SfJS;  F.uler's  Introduclio  in  Analy^in  Infinilnnim  ;  and 
many  otlicr  u\ilhor>. 

6.  Some  of  the  more  reinaiiiible  properties  of  the  cir- 
'       arc  as  follow  : 

If  two  hDM  AB,  CD  cut  the  circle, 

ind  inteneei  witbin  it,  the  angle  of  in- 
tOMCtion  B  it  meuured  by  half  the 
imt  of  the  intercepted  arcs  ac,  dd. 

BHt  if  the  Una  inlenect  without  the 
drcle,  the  Mgle  s  U  MMMtred  by  balf 
th«  dffireiee  of  the  ietcrceptea  arci 

AC,  DB. 

7.  The  angle  at  the  centre  of  a  cir- 
cle is  double  the  angle  at  ibe  circum- 
ference, (landing  on  the  same  arc  ; 
and  all  annlcs  in  the  same  sefrment  are 
equal.  Al-n  the  anple  at  the  centre  is 
measured  by  tiio  arc  it  stands  upon, 
and  the  angle  at  the  circimfcKIMe  hf 
half  the  same  arc. 

S.  If  the  chords  re,  iii  intersect 
each  ellicr  at  right  angles,  the  turns  of 
Aeoppoiite Met  M* equals  vii,rii  * 
01 H  vt  oa. 


,').  If  one  side  no  of  a  trapezium  i 
scribed  in  a  circle  be  produced  out 
tiie  external  angle  lop,  will  be  cqott 
to  the  inicroal  opposite  angle  m 


10.  Any  angle,  as  hq^,  formed  by 
a  lani;<'nt  gii  and  chord  q.h,  is  mea- 
surciJ  liy  iialf  the  arc  of  the  churd  vs, 
aiKl  i«  equal  tn  any  angle  t  in  the  aU 

itc  .segment  QTt. 

11.  If  TV  bo  a  diameter,  and  UT  a  chord  pcrpcadi. 

I  piopoftieiiil  betirMt 


tbe  sepnents  rt,  Tmr.  So  that  if  d  de- 
vote the  diaiiMter  tw,  x  the  absciss 
fx,  and  jr  the  oHtiiate  fs ;  then  i» 
jr'=  <i— «)  X  ««CM^— a*}wludi 
la  called  ibe  eqinden  of  the  drda 


The  cliord  vx  is  a  mean  proporiion.tl  between  the  dia- 
meter vw  and  the  wrsed  sine  v  Jf ;  aiid*the  chord  wx  i»  a 
rocan  proportional  between  the  dittnietrr  and  th>-  \prs«'d 
sine  »  /;  abo  each  versed  sine  I*  pro|)ortlonai  lo  the  square 
of  the  corresponding  chord  ;  vjz,  rz  :  wr 

12.  If  the  diameter  i-y  Ik'  divided 
into  two  parts  at  any  point  u  ;  and  if 
Kt  be  drawn  perpendicular  to  rg,  also 
ET  applied  e<{ttal  to  the  radios,  and  rn 
Moduced  to  the  circumference  at  v: 
Then, bet u'(>en  the  two  keginenttVk«Bi^ 

KT  it  the  antbmelical  otean, 

IS  it  the  atametrieal  rmmh. 

»▼  it  the  MmoiM  iBVHk 

IS.  Whea  two  lines  cut  the  cirele,  «l«Aer  thej  later* 

sect  within  the  circU%  or  without  it,  as  in  the  two  figum 
to  article  6,  the  sepinents  between  the  common  inlertec- 
tiiin  and  the  Iwo  puiiitb  where  each  line  cuts  the  curve, 
arc  rccipiucuUy  prupurttonal,  and  their  rectangles  are 
eqoal;  viz,  ba  :  ec  :  :  ed  :  eb, 
or  r.A  X  EB  =  r,c  *  Ei>. 
14.  In  a  trapezium  inscribed  in  n 
circle,  the  rectaingle  of  tbc  two  diago- 
nals is  equal  lo  the  turn  of  the  two 
recta^glet  contained  by  each  [lair  of 
opposileiidce;  via,  ac  *  BttaAi  x 

BC      AD  X  BC 


15.  if  any  chords  sr,  ec,  drawn 
from  the  satne  point  E  iu  the  circlUB* 
ienUBt,  be  cut  by  any  other  line  hi, 
-  the  KCtangles  will  be  all  equal  which  ^..^H 
•I*  ceBtaiaad  by  each  chord  end  tiw  — "^^^ 
part  inleitefMdbj  diif  Uji^  ail,  «r  *k 

SIS  BO  K  tKaBK*. 


odartoit;  thatitzi  oriTai 


l6.  In  a  circle  whose  centre  is  H 
and  radius  so,  if  two  points  m,  r,  in 
the  radiot  produced,  be  to  taken  that, 
the  threes  »i^«o,  be  in  continved 
propertioB;  Ibnif  from  the  points  x 
aad  r  liitet  be  dimwn  to  any,  or  every 
point  in  the  circumference,  as  q  ;  these  lines  will  be  always 
in  tfic  given  ratio  of  mo  to  ro ;  or  mq  :  pq  :  :  mo  :  po. 

17-  If  vw  he  two  |:  k  k  I'l  the  diameter,  equidistailt 
from  the  centrr  T  ;  and  il  [svu  lines  be 
drawn  from  thei^r  to  any  pniiit  X  in  the 
circuiniert  ncc;  tliesum  of  theirsquares 
will  lie  e<)ual  to  the  sum  of  the  squares 
of  ihi  segments  of  the  diameter  m.idc 
by  either  point;  via,  vx'  ■*■  wx*  = 
av*  -t-  V8*,  or  =  Rw'  -t-  ws*,  or  =  2ht'  -•-  IVT*. 

18.  If  a  line  FC  perpendicular  to  the  diameter  AB, 
:  any  other  chord  co  iu  tbc  point  b;  then  it  av  »  rk 
B  X  BO  BC*. 
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19.  -If  upon  Ibe  !n»Metar  «ii  «f  • 

circle  there  be  formrd  a  rectangle 
GiiKi,  whcwe  breadth  01  or  mk  is  ritual 
to  CL  or  II  I.,  till'  chord  of  a  quadrsmi, 
or  side  of  the  iDscribed  s<juarc;  ihen  it 
fmm  1  and  k  Irnrs  be  drawn  to  any 
point  M  in  tlW!  circhi  omu,  they-  will 
cut  the  dlaoMlcr  ftn  In  mdi  « 
=  oir. 

20.  If  the  arc*  t(),  QR,  as,  &c, 
be  Miwl,  and  thm  be  drawn  tbe 
chorda  »4,  n»  n,  n,  ft^  Oken  it 

»»:»*•»'  MriTttPa 

21-  Thu  centre  of  h  ciicIp  hcing  o,  and  f  a  JKUnt  in  the 
radaiH,  or  in  ilii-  rndiu'.  produd'd  ;  if  the  circ«jrofereBC« 

he  diviiifd  into  as  rauiiy  i-q'aal  f>0ll'i  ah,  BC,  <  !>,  S<C,  at 

there  arc  units  in  2n,  and  line*  be  drawn  from  p  to  all  the 
poiatt  of  dMiioa  t  thm  iball  the  Mntinml  product  of  sU 

C 


ilie  luitiuiii  ',\!.vb,  VIZ,  PA  X  PC  K  PE  4:c  be  s=  J*— Jt* 
when  p  IS  within  tdc  cin  U-,  or  =  -  r'  ^ix  ii  p  h  with- 
out tile  Ciicic  ;  and  the  jiruducl  of  the  Ifit  Ot  the  litics. 
Tit  PB  *  VD  ■>■  PK  I'vic  ^  f  jr":  wherers  ao  the  laffilHii, 
and  x=aor  the  dibtuncc  01  r  from  the  cenlrc 

22.  To  divid«  n  circle  into 
Mgr  number  «f  equal  part»,  by 
mem  of  concentric  circles. — 
AB»  being  half  tbe  given  circle, 
divide  iU  radius  ac  into  the  lilvc 
mimlMr  of  |Mrli ;  at  the  puints 
of  diviiioa  ci«et  the  perpen- 
dicular ad,  be^  cA  nm^H  ^  lemicirclc  Adrfc  in  the 
points  d,  t,  /,  kc.  Lastly,  from  the  centre  e,  discrib* 
circle*  through  the  points  d,  (J,  -^t-.  and  these  will  di- 
vide the  space  in  the  manner  i  <  vjutred,  either  all  equal, 
or  iti  any  ratios  at  tlx-  railais  ac  is  first  ditided  into.  Sea 
my  Tract*,  vol.  3,  p.  j;i>,  Jicc. 

23.  A  circle  may  thus  be  divided  into  any  nunibcr  i-f 
paru  that  shall  he  equal  to  one  another  buth  lu  area  atid 
perimeter.  Divide  the  diameter 
Qlt  into  the  aame  number  of  equal 
pWte  «l  liw  poinu  9,  T>  V,  &c; 
iLen,  on  one  aide  of  the  <!iamett-r 
deicritie'iraueirdes  on  li.o  aiamc 
lot  Ql»  VT»,4|V.  and  on  the  other 
aide  of  it  describe  semidrclet  on 
Rn  K-^,  »e }  M  alieU  Uw  puia  1 7* 
3  5. 5  S,  7  f>  be  aqiMi;  both  in 
my  TracU,  toL  1,  p;  SM. 

24.  To  ddCfAftfOrafc 


•ndpariiBclrirt  See 
4f  ivilAjR  0 


Regular  Potj^^.  Bitect  two  of  its  «ngk^,  or  two  ot  its 
sidt-s,  with  prrppiidiculiirs,  and  the  intersection  of  the 
bisecting  line*  will,  in  diher  caae,  be  (be  centre  of  the 
circlc-s. 

tanM,  or  CMKidMripCiaci.H,Mieiuch  as  are  equally 
diriut  fRNBooeh  otlicrineiieiypajaiiif  their  pcriphenee; 
or  Aitt  iiave  the  t«ne  canUtt.  A*,  on  the  other  hnwl» 
thcN  are  called  the  cieaMnc  diclei»  A«t  k»w  aot  the 
■eae  point  fiir  duir  centaca, 

n*  ftwdbwftiw  ^  tkt  Cncis,  ■»  the  neaner  tti  d** 
Mfibini^  or  ewigpim,  •  eqtMR,  whose  mrlece  shall  be  per- 
fectly e^ual  to  that  of  a  drde.  This  problem  has  exer- 
cised the  geoflietrician*  of  all  ages,  Ian  it  U  no  ^-nerally 
abandoned  as  a  problem  impossible  (o  be  Rtt'ictea,  by  most 
oer^ons  that  have  any  just  claim  to  that  runk,  Descartes 
lUiiista  on  thu  im|ii)Mibility  of  a,  tor  this  n'Hson,  tliat  a 
right  line  ju<i  »  circle  being  of  difiierent  iRUurtB,  there 
cull  be  no  etnct  proportion  between  thi-m  ;  which  Is  not 
iiAii^fuctory.  Dr.  lUrrow  >hi»ws  the  strongest  probability 
i>r  the  sume  thin;;;  iiml  not  «||ly.th||t  the  diameter  and 
circumference  ihemsetvcs,  bii%||iif!«H  powm  of  tlMM  la 
loiiaiQrt  ere  iocg&WWttarate.    '  v 

The  £c»p«rerCh«£  V  ofriired.«  reward  of  100,000 
crowai  to  any  peIKl^■^^ri^lig^iii|i^■mo<r\  crieheMed 
pioMenv  aad  the  Stam  it  HdhBd  also  proposed  a  f«» 
ward  for  the  fame  thins.  See  Qtraoa atv  hp. 

CiBCLBa  4f  tkeHi^  Ordm, 
an  cnrvee  in  which 

WT"  :  Y«"     XT  :  vx, 

or  wv  -  1  vz™  '  :  v :  v.\". 
Wlu'4i  »(  and  n  are  «iich  equal 

Tz  : :  Ts  :  tx,  wiiich  la  the  piwper^  of 


(a  —  x)  anil 


to  I,  then  WT 
the  common  circle. 

Pill  w  r  =  I,  Y«  =.v.  vi  %  =  a 
and  the  above  propurtiiins  becune 

«»    "»  ,        .       w+l  1 

X  :y    :  :jr  :  (a  -  t)  ory  sex 

m      tr,         i»  N     •     M^-ii        as  .11  , 

J  -.y  :  :y  :  (a -i)  ,  ory  ,|be 
equations  to  curve*  of  this  kind. 

Curves  d(  fined  by  thu  oqualioa  will  be  oraUwhebai 
is  an  odd  number.  Thus  sutipoie  m  sat  1 ,  then  the  eq^u% 
tiott  beconMey*a3jr.  —  tx^x*,  the  e^aalioa 
to  the  common  circle.  Ani^if  ma*a,th«  e>q|t«tiaii  it 
y*  3  x\  (a  —  x)  or  oj^  —  r*,  which  dcwMe*  a  «n«a  «f 
the  form  A»,tha  Cut  fig. 


Hut  wln  n  rn  (lenriEi'i  an  even  nurubcr,  llie  curve  v»il| 
have  t>vo  ir.tiiiite  legs.  So  it  m  -  'Z,  liu-  eijii.iliMii  liec  omcs 
y  ^  x'.  la  —  z),  or  ax*  —  r',  tor  a  Ciich'  l  i  the  'JJ  oij^r^ 
and  vvhii  h  ile6nes  one  of  Newton's  ikhetue  liypeibolas, 
bi  inp  111"*  37th  species  of  curves,  whose  ii-\niptutc  is  the 
right  line  EF,  making  an  angle  of  40  degieet.  with  the  ab- 
sciss A  a,  as  in  the  2d  fig. 

CinCLe  qf  Curvaturt,  or  circle  of  cqui-curvature,  is  that 
circle  which  has  the  same  curvature  with  a  given  curve  at 
a  cartaia  point;  or  that  circle  whcee  ladins  ia  «q«al  lo  tha* 
ladiii  of  dirvatiueaf  the  i^vek  cttrra  at  thatpeinl. 
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A  circular  iirc  i«  Ihc  only  curve  lire  that  is  ftqually 
curved  iii  every  point.  In  all  olher  ciirvf  lino'^,  sucli  as 
tbi'  arc  ol  an  pINp'M',  nr  a  piirwbola,  or  all  tiyprrlmla,  or  a 
cycloid,  llii-  I'liivaiurr  1^  liillvrfiil  iii  i.l',t';.'ri'nl  poiiu^.  Blid 
ill*  ikgtev  ut'  curvature  in  any  point  is  eiitiraated  by  the 
eumttticofs  circle  which  is  iwid  to  have  the  same  curvs* 
tvir  u  the pn>poM-«l  curve  line  in  that  point;  by  which  i* 
umicniood  Ibc  circle  which,  having  the  tMgpat  of  the 
prD|HMedciiraiii  ihCj|>id^iat  for  iu  tangcat,  tppRMchoi 
M  naarlr  to  the  cvnc  that  no  oifan  circle  iir1nt< 

ID  be  drawn  between  k  ead  ihnt  cum, 
Thi»  orde  it  alio  laid  to  otcvltUe  the  curve  in 


iliiiFTial  rotuiii  f.  aboul 


of  the  hravt-ns, 
thu  c.irlii. 

CiRci  1.  Etfutmt,  in  ilie  PcolomRic  Aitronoiny,  i»  e  circlr 
de^rnlird  un  the  (iiilre  of  the  eijuant.  ItoCMefnte  hftV 
And  the  vaitaitun  ot  the  lir»t  iii^t^ualily. 

CmcLBS  qf  Eicunion,  are  le»i>er  circles  par.illel  to  the 
ecliptic,  and  at  tuch  «  di»iancr  from  it,  that  the  i  .xcii  nsiiias 
of  the  planets  towards  the  pola  of  the  ecliptic,  may  hf  in- 
cluded •itliiii  them;  bciqgttitMlly  tixed  at  about  lOdegrops. 
It  may  here  be  ohmvcd,  that  all  the  circK:<  of  the 


qlMKt  described  above,  are  tramfcned  ironi  the  heavens 
the  nid  to  tbn  eanh  t  and  thence  eeme  lo  have  a  place  in  geo* 
drcU,**  gtafhy  at  wdl  ai  in  •etroaoaiy:  alt  Ifac  points  of  each 


point,  and  it  therefore  odra  called  the  oKnietny  drek,  n  gp^T  **       **  ^  mtaouamjf :  all  tte  ^wnti 

well  IM  ihVctrtr/e  of  ttful  cvrcahtTt  with  the  curve  in  that  circle  being  ceocelved  u  let  nil  pprpendicutarly  on  the 

point.  And  the  raiiiun  of  this  circle  is  called  the  radivtftf  surface  of  the  terrestrial  globe,  aitd  thus  tracing  out  circloa 

cumUmf  of  the  proposed  curve  in  the  said  point ;  also  its  perfectly  similar  lo  them.  So,  the  terrestrial  t-quutor  i»  a 


ccntlf  lb  culli  il  ine  ri  7U!c  ':f  ciin  alurc. 

No'iV  there  aic  nuine  curve  \ina  s'j  vcr%  luf;iil>  curvnl 
111  particular  pfiints,  that  every  circle,  ul  tinw  Miiail  a  ra- 
dius soever,  having  the  tangent  to  the  r»i\  t  in  one  u(  tliux: 
points  for  Its  tangent,  will  pasis  \nihiuii  u;''  curve,  nr  be- 
tween the  curve  and  its  tungent.  This,  for  example,  is 
the  caae  with  ttte  curve  of  a  cycloid  lit  the  two  points 
Contiguous  l<>  its  base,  as  alio  with  the  ci9S<iid  at  iU  vertex. 
And  in  such  points  the  curvature  of  these  cUTMSiataid 
to  he  ii|^njw»  became  it  is  greater  than  ibe  cnrvature  of 
any  cifele,  bow  •mall  toewr.  Alto  the  radim  of  the  circle 
of  cnmture  in  such  poiata  i»  nothings  the  lenglh  of  that 
ladini  being  always  tnvenely  iir  leapiocaliy  at  the  de- 
gree of  curvature  at  at>y  point* 

The  theory  of  these  circTe*  of  e<^uftl  etirvatarc  with 

CUrvr'>  in  parlit  iiliir  points  wus  first  cultivated  by  Apol- 
lonius  III  1)1^  C'ciuc  Section'' :  and  it  !i,is  >iiicc  been  ciuried 
much  further  \>y  several  sreat  niaiheiimticiiin*  of  modern 
times;  panicularly  l<y  Mr.  tiuygens  in  hts  doctfine  of 
Evolute Curves  nnd  C  urvesof  Evolution, and by^grcnt 
Sii  idaac  Newton.    .See  CrnvATURE. 

CtncLza  of  the  Splxrf,  iire  such  85  Cut  the  mundane 
sphere,  and  have  their  circumference  in  its  tuiface. 
•     These  circles  are  either  fixed  or  movcnfak. 

The  latter  MV.^ihoe*  u  hone  peripheries  are  in  the  move- 
able or  revp^vipjl  iilAcc ;  and  which  therefore  move  or 
turn  wjtfc  it;  as  the  mecidi^m,  &C.  The  fomwryhamif 
their  periphery  in  t  be  imtnoyeable  surface,  do  not  levnlvit 

a>  the  '•jjbltgrflilf*'"*'!  *wl-i>*  pnialMn. 

The  ciQpBnlfeirf^  are  either  great  or  leaicr  dida. 

A  Ontt  C^iSfiit  the  Sphere,  is  that  which  divides  it 
into  iwoeqiMrpnrti  or  hemispheres,  having  the nme  centre 

"  nnd  diiimctcr  with  it.   As  the  honzun,  rnc ridinik| MpMUMt 
ecliptic,  the  colures,  and  the  azimuths. 

<1  Leuer  C'*rr/e  of  the  Sphere,  divide^  the  sphere  into 
two  unequid  part«,  h.aving  neither  the  sanio  centre  n<ir  di- 
ameter with  the  5|-  eri- ;  its  diameter  being  only  soii;c 
cliunt  (li  'J'l^ '.p)«  rr  li  vs  tlian  it?  axis,  ^ucli  are  the  pa- 
ralli  1'  e.f  latitude,  \r. 
CiRCLe<t  qf  Aititude,  or  dlmtKonttiri,  arc  lesser  circles 
■  paralU-l  to  the  horison,  having  their  common  pole  in  the 
scaitb,  and  still  diminishiog  as  tbegr  approach  it.  They  are 
■o  called  Cram  their  use,  whkh  ia  to  show  the  allitnde  of 
a  alar  ahove  the  horizon. 

Ci  kci.es  qf  Dtclinaiton,  nrc  great  cineka  itttBtectiag 
each  othethk  the  pole*  of  the  wuirld. 
^    CinCta  y  PMpiwi'aii,  in  Optici.  Sen  DiainAtlOV. 

r  Cinci,na»  aie  parallel*  to  the  equinocrial,  *np' 


circle  conceived  preci-cly  under  the  e(juinOCtinlliin:,which  ' 
IV  in  the  b<  jnen>;  lUid  sit  ol  tbe  re-.t. 

Hniuiy  ('iK(  I  IS,  in  Diiiliii.,;,  are  the  linev  which  iliow 
the  hoiii'^  on  aittU.  'J  hese  are  vlraii'lit  lines  on  the  dial;, 
but  called  circleb  us  being  the  pn  jeci;<iii~  of  the  ire^  iii  iins. 

//orary  Circle,  or  fifour  Circle,  on  the  globe,  l^  liMnall 
brazen  circle  fixed  to  the  north  pole,  divided  int<i  t  lunirv, 
and  furnished  with  an  index  to  point  them  out,  thereby 
showing  the  difference  of  nwiidinns  in  time,  and  serving  for 
the  solution  of  many  proMMSfi  on  the  ailiicial  globca. 

CiBCLn  ^  tUvmaMkmt  i>  tbnt  imaananr  circle  on  the 
surface  of  the  earth,  which  eepatnlM  tnn  wueunaled  iide 
or  hemisphere  of  the  earth  from  the  dark  *ldc :  and  all 
lines  passing,  from  the  sun  to  the  earth,  being  physically 
parallel,  arc  tbcrefurc  perpendicular  to  the  plane  of  this 
circle. 

CiRCLRS  LatiluiU,  or  S<xondariei  ^  the  Ecliptic,  arc 
great  circU^  perpendicular  to  the  planeof  the  ecliptic,  in- 
tersecting each  utbfF  in  Us  poles,  and  posiir^  thiough 
every  star  and  planet,  &c.— Thest'  are  so  called,  because 
they  serve  to  measure  the  latitttde  of  (be  stars,  which  is 
an  arch  of  one  of  these  diclei,  iotetMCldl  leliiat»  the 
star  and  the  ecliptic 

CiKCLxs  of  LeugUkie,  aic  lesser  circle*  parallel  to  the 
ecliptic,  diminishing  more  ond  more  as  ihtfy  recede  from 
It,  or  »»  they  approach  the  pole  of  that  circle. 

Ihcy  are  to  called,  became  the  loi^iudcs  of  the  ttan 
UK  reckoned  upon  them. 

Cimc&u  Arpemali^ilparltisii,  one  oC  the  l«sser  dr- 
ctes  parallel  to  tht  equator,  deaciibed  by  the  most  noRli- 
cm  -point  of  the  horiion,  mt  the  sphere  levolm  round  hjf 
its  diurnal  motion.— All  the  tin»  indndcd  within  this  cir- 
cle,  are  continnullj  ufaoivn  the  hoiuoHt  nod  consequently 

ne^er  set. 

CiiK  I  E  of  PiTpfluii!  Otcuhiilion,  i^  aniithet  les»er  circle 
al  a  like  distance  Iron)  tlie  ftjuator,  but  on  ihi'  ntlier  side 
of  it,  being  ricicrilNti  by  the  ino^t  southern  point  of  tin- 
horizon,  and  contains  ali  tlto«e  irtam  which  never  appear 
in  our  hemisphere,  or  which  never  riw. 

All  other  sty*,  being  contained  between  these  two  cir- 
cles, do  altemauly  lito  nod  aet,  at  certain  momeals  of  the 
dional  niatian< 

Pnlar(CinCUa,&re  immoveable  circles,  parallel  to  the 
equntoft  and  nt  anch  a  distance  from  the  pole  a*  i»  equal 
to  the  gienteet  dcdinndan'of  th*  tcUptie,  which  ia  now 
ncntly  sa<*  9f.  Thai  neat  the  iwrthcfn  pole  !•  called  ih« 
aivtic,  and  that  nent  Uw  •avlbcnt  one  the  aniarclic. 
Ctnctnt  qf  FnsMsH,  are  diclM  passing  through  the 


paeed  to  be  described  by  the  aeVenl  atnia,  ami  other  potnia  common  inter*ectian»  of  th«  hoiiaon  aod  mciidi&u,  and 
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» through  any  dcgrwr'of  the  ecliptic,  or  tfcc  centre  of  wiy 
»t«r,  or  uthcf  point  ill  tlif  luitvcns;  and  arr  used  fur  find- 
ing (be  iitualion  or  position  ot  any  star.  Thwo  arc  luually 
in  number,  cutiiug  the  cqmiHiciiiil  juti>  I  2  equal  parts. 
CIRCUTT,  Elettricat,  diiiotcs  the  i:nui!«ol  (he  elpctric 
fluid  from  the  cbari;<.cJ  suiluce  of  an  .  lim  ine  bodj,  lo  the 
.oppooite  surface,  into  which  the  discharpi:  is  made.  Some 
electricians  at  first  apprehended,  that  ihc  same  particles  of 
the  electric  Buid  that  were  thrown  on  one  aid*  ol  tbo 

*  cbvited  gl«m  KtaiUy  made  the  whole  circuit  of  the  In- 
l«nnBiaigoaindMtan» and  ■rriiwl  at  llw  opposite  side : 
«r]Mt«H  DnPnaklinTt  theory  «dy  itqiiiret,  that  the  re- 
^iiiidMyf^ecttifalltrontfciedMi^girfMiiMeihiMild 
pw  into  tkoN  hodia  whkh  fera  tl«t  pwt  gf  the  ffacnit 

.  irUch  is  contiguous  to  it,  driving  forward  ihet  portion  of 
the  fluid  which  they  naturally  pane«  s  and  that  the  de- 

/ititiicy  cjf  the  rxhausttJ  ^urt'.ice  should  hv  bupplied  by 
tiie  neighbouring  condutlunt,  which  form  tin-  lust  [nirt  of 
the  circuit.  On  this  supposition,  a  wliraiing  motiuu  i3 
successively  contmunicated  through  the  whole  iciiglh  of 
the  circuit. 

Many  attempts  were  made,  both  in  France  and  England, 
at  an  early  period  in  the  practice  of  electricity,  to  ascertain 
the  distance  Iv  which  the  electric  ahod  inigiii  be  carried, 
end  the  velocitjr  of  its  aotioB.  The  French  philoApbers, 
at  diditrent  times,  caused  it  .to  pass  through  circuits  of 
900  and  eren  3000  toises,  or  about  2  English  miles  and  a 
h«lf  i  end  they  discheig^d  the  Lqfdch  phiel  thriM^  • 
beica  of  water,  whooe  snifcce  wm  •qwl  to  eae  mm. 
N.MoaierfiMnd  thttihcllBi<i,in|HBnag  thro^^aaima 
wire  ef  950toiM8  te  length,  did  not  spend  a  quatter  of  • 
second  ;  and  that  its  motion  was  inslanlaoeous  through  ■ 
wire  of  1319  feet.  In  1747,  Dr.  Watson,  and  other  En- 
glish pbilosopheif,  otter  many  experiiiunts  ut'  a  >irailar 
kind,  conveyed  the  i-lectric  matter  thruuoh  a  nrciiitof  4 
miles;  and,  fn>m  two  several  timli,  they  concluHid  that 
its  pa&sage  is  lo^lantaneuus.  %  all  which  doubtless  is 
mi  am,  ttiuc  its  raolion  is  too  rapid  to  t>e  luea^urad*  Plifllt^ 
ley's  Mist  of  Elect,  vol.  1,  p.  128,  Svoedit.  ,  , 

CIRCULAR,  appertainim  to  •  dvcfe;  M  %  ciia^ 
form,  circttlar  motion,  &c.  ^ 

CiBCVMR  Itutmrnemt  ^R^Uedtn,  or  BM^^fbtg  Gr- 
tkt,  are  such  circles  at,  in  a  small  siie,  by  meant  of  re- 
Iflction,  procnra  at  pkaeore  all  the  advantages  of  Ih*  tjbe 
«f  lai|>  instnUBCiil^  as  wdl  as  diaiwshim  llw  «f 
dnwoBr-Ciicalar  JattmiMMa  aia  in  bet  cinpiidwWa 
inpiWPWWMi  Hidli/s  ocunt,  and  the  Marine  aot- 
taat,  devised  §m  the  saaie  purposes.  We  shall  hel*  4e> 
scribe  the  progrcs>  of  these  ioHtruments  under  the  contri- 
1«nces  of  Tubiaii  Mayer,  Chevalier  Borda,  and  Captain 
Mendosa. 

•  Mr.  Mayer  pxo\n><t-il  to  ctirnplete  the  limb  of  the  sex- 
tant to  a  wliulo  rirrli-,  with  tiic  horizon  glau  moveable 
round  the  centre,  aiiil  \v)iti  mii  additional  inilcx,  which 
may  be  called  the  horizon  lurlox,  lo  iinlmguisL  it  Irom 
the  centre  index,  to  which  the  centre  glass  is  attached. 
Hiis  instrument  is  represented  in  plate  7,  fig.  8 ;  and  the 
manner  of  using  it  it  as  follows :  After  the  index  a  is  set  at 
o  (the  begioiiing  of  the  divisipns)  tb,s  two  glasses  are  ren- 
dered panttel,  m  in  wuy  Uadhsy'*  oiwdnnt,  by  nwriag 
thalmismi  index  a,  iilltSabafiaon«ilbe.sM  (or  thesvn 
or  any  other  olyaeO,  or  ib  dkacie  jMaft,  and  tlM.  itooMy 
Mfleeied  iaiagB  of  Ac  Mwe,  Men  thrmigli  th«  talMPopi, 
coiBCidet  After  fixing  the  horizon  iudex  in  that  position, 
tho  oeirtiv  ndesE  a  is  to  be  nioiied,  ia  ocdcr  to  akeBsaie  the 

Vot.!. 


dtsttnrv  of  the  two  objects  s  and  l  (suppose  the  <iiii  .iml 
moon),  by  bringing  into  contact  the  double  lelletied  1  ru.i 40 
of  the  sun  «ith  the  direct  imugeuf  the  moon.seeti  throu^ii 
the  tcUNcopi .  The  ceutre  image  will  then  be  at  m,  i  .i 
the  arch  0.11  iinglit  give,  as  in  the  sextant,  the  angular  ti- 
slaiice  required  ;  but  the  construction  of  tiie  circle  rm- 
ders  it  easy,  in  this  po»iiioii,  to  effect  sgain  the  parallelism 
of  the  glasses,  and  to  make  another  observation  of  tbo  con- 
lact,  in  the  like  manner  as  from  o;  which  operation  will 
hriug  the  centre  index  to  v.  Ilie  index  will  then  give  uk, 
or  doable  the  distance ;  which  divided  by  ledu^ca  the 
errMS  of  the  instrument  to  one  half.  '  And  k  it  ohvioin,. 
Ihathy  niccMilye  wpedlioMof  the  mm*  pmeMS*  triple, 
quailniple*  Jbe,  (Im  diMwioe  nay  Iw  obtained,  and  the 
saidcfrariurtkar  reduced,  in  the  inverse  ratio  of  tlie  muU 
tiplienlioB  of  Ae  distance,  to  any  degree  of  approximation 
desired.  •  ' 

The  method  of  rendejing  the  glasses  peralb  l,  by  means 
of  [lie  Lorixun  of  the  ica,  is  not  accunito,  mi  uccount  of 
tlie  indistinctnetkS  of  the  images;  and  when  the  sun  is 
VSed  for  that  purpose,  the  observiitioti  ticcnmo^  futi^mnij 
to  the  eye.  'I'he  repetition  of  that  observation  rTmaincd 
therefore  a  considerable  inconvenience  attached  to  ibis 
circle.  The  author  himself  seems  to  have  be«:n  aware  ol 
it,  as  he  proposed  to  provide  the  instruowDt  with  a  diago- 
nal rulsf,  fixed  on  one  of  the  indexes,  so  tha«*the  other 
index  should  touch  it  tslw  tha glasses  werepacrflal:  kaft 
aaa^iutMcntof  thisaatiire  most  besnltieet  toMMtar* 
nn»  and  never  was  adoplad  in  pnieiioe.  Tho  eaeMjiat 
B«da,«iahiagioMiao*a  duitmpMftBten,  contrived a»' 

na^MT  tho  narelleUiM  of  lha  duMfawac  y,  by  s«b> 

ilitwling  Ihc  ohaervBtiaB  af  Uia  aaimiar  distance  of  the 
two  objects,  for  that  of  the  coiiiddenoM  of  th«  images  of' 

the  same  object,  lliis  constitutes  tho  MOOad  JMt  iM» 
provemint  of  the  teflecUDg  circle. 

Ill  Borda's  circle,  the  teU*c<i(;r  is  f]\erl  a:  st  nu-  distance 
from  the  centre,  atvd  the  horuon  giaiis  is  r »ii  ieri  n.  ar  ilie 
bordrr  of  ihc  iii:>lruraciit,  as  in  plate  7 ,  tin.  g.  By  tlii* 
urrungi  rnt-iii,  the  rays  ol'  light  can  arrive  at  the  centre 
glass,  both  from  the  biavt  nly  bodies  situated  to  the  ri^bl 
of  the  horizon  irtdex,  as  and  from  those  situated  to  die 
left,  as  B.  Thus,  if  llw  g|a»ses  are  parallel  to  one  aiw 
other,  when  the  Centre  index  is  at  o,  it  is  obvious  that 
there  are  two  ways  of /HaMaig  the  obyrvations.  WbUa 
the  dinct  iMage  of  tha  aiaoa  l  k  aaen  j||uroucb  the  tola- 
8ea|i%  Aa  apfdnr  diitanen  ito  OeMn,  U  u  t.taay  bo 
MHaoHd  by  novirvg  the  raalw  jadai  to  a^  ia  cader  to 
prndhwe  the  contact ;  or,  if  tbenin  b*  at  iT,  the  same  opo>. 
ration  may  be  perfonned,  by  using  the  contrary  motion  to 
m'.  Tho  fir^t  kind  uf  observation,  M.  Borda  calls  obser- 
vation til  thi'  left  ;  and  the  second  oLrst  i  valion  to  the  right. 
Siippo«i'  novi,  iliat  (the  horizon  indix  being  fixed  in  the 
same  posuiDii)  the  distance  from  I.  iij  s  IS  libstrvcd  to  the 
left,  by  bringing  into  contact  the  double  rt^fli  cted  imai^e 
of  s  with  the  image  of  j.,  soeli  without  reflection  ;  let  us 
then  turn  the  instrument  round,  kee|iing  it  in  the  same 
plane,  so  as  to  have  the  direct  image  of  a  through  the  te- 
lescope, and  thus  make  an  obsisrvaiion  of  the  same  di- 
stance to  the  right ;  the  position  of  the  oeoirc  \nAe%  be> 
ii^  in  the  fiiat  ohaervalifM  at  m,  end  in  the  second  at  m', 
it  is  daar,4lMt  if  o  be  the  point  where  the  parallelism  «ff 
the  fftmea  takes  piaM^'om  .»iU  be  e^aal  to  oa/.  and  ihiu 
the  etch  mas',  dctermhied  to  tbo  two  iwalllmis,  will  give 
double  the  distance  — It  will  ha  MOM  CanMnient  to  hav^ 
•the  csatie  index  at  o,  what  the  tm  alwinrtiiw  »  awde, 
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in  x>nler  to  taltc  the  douUe  ilUiance  ■(  one  reading,  artcr 
llie  M-cond  obs«rvalion.  For  tliiii  purp»»L',  tlic  first  part 
of  the  pr(>€e>a  may  U'  inverted,  by  prrviously  fixing  the 
crntre  index  at  tlif  beginning  ol  ihi:  divibiun«,  and  moving 
the  borifon  index  ii  luwanltt  o,  instead  of  moving  the 
cenln-  index  a  to  m,  or  lowwrds  ii. 

I  he  la>t  liind  of  obicrvatiiin,  in  which  the  incident  ray, 
which  piwluces  the  lir»l  image  on  the  centra  glass,  may 
be  conceived  to  run  double  Ibe  angular  distance,  passing 
in  its  way  over  the  line  of  colliination,  has  by  M.  Uurda 
been  called  the  crossed  observation.— The  tame  process 
may  be  repeated,  by  fixing  alternately  one  of  the  indexes, 
and  moving  the  other,  and  conlinuinj;  successive  sets  of 
observations ;  each  set  of  two  croased  observations,  one 
to  the  right  and  another  to  the  left.  The  angle  given  by 
the  instrument,  will  bo  equal  to  double  the  angular  di- 
st^ce  multiplK-d  by  the  nuidber  of  sets  obM<rvcd. 

Whether  m  circle  is  u«rd  simply,  as  Mayer  proposed  it, 
or  in  Borda's  method,  its  pt^uliar  advantages  chiefly  de- 
pend on  the  multiplication  of  the  distance  sought.  Cnpt. 
Mcndoxa  ha.<i  therefore  turned  his  attention  to  the  im- 
provenienl  of  this  principle,  and  has  accordingly  contrived 
the  I'ullowin^  construction  :  In  the  crossed  observations 
made  with  Bordft't  circle,  the  indexes  move  alternately 
ihrouch  anarch  uhich,  in  the  divwions,  is  equal  to  double 
the  distance:  fir  example,  the  rcntre  index  comes,  in  the 
first  croAed  observation,  from  m  to  m;  in  the  third  crossed 
abterration,  from  m  to  m".  Sec  ;  and  the  horiaon  index, 
,  ia  the  2d  cross<  d  obtervation,  to  A' ;  in  the  itb  croMed 
iih«tr»at:on  toh",itei  and  by  each  of  the  two  indexes 
may  be  found  the  same  multiple  of  the  distance  sought. 
Let  us  now  place  the  noniu*  in  a  circle  moving  round  the 
centre,  over,  or  adjacent  to,  the  usual  limb  which  con- 
tains the  divisions :  then  it  will  easily  be  conceived  that, 
by  attaching  that  circV;,  which  M.  Mendoza  calls  the  fly- 
ing nonius,  alternately  to  each  of  the  indexes,  it  will  serve 
as  nonius  for  both  ;  and  that,  after  any  number  of  obser- 
vations, It  will  give  (he  compound  motion  of  the  two  in- 
■4ejccs.    Thus,  after  the  first  observation,  the  flying  nonius 
will,  at  each  crowed  observation,  advance  double  (he  di- 
stance over  the  divisions,  while  each  separate  nonius,  fixed 
on  the  indexes,  requires  a  set  of  two  observations  to  pro- 
duce the  same  effect  in  Borda's  circle.    The  peculiar  pro- 
perty of  the  instrument  being  that  of  giving  double  the  di- 
''    stnitce,  it  was  thought  proper  to  divide  the  circle  into  36'0 
degrees,  and  not  into  720  according  to  the  nature  of  the 
sextant.    Thti%  after  a  crossed  observation,  the  reading 
.  of  the  nonius  will,  without  reduction,  exhibit  the  measure 
of  the  simple  distance.  Mendoita  has  also  extended  the  no- 
nius round  the  circumference,  so  that,  by  the  coincidence 
of  two  divisions,  theDumbcr  of  degrees  will  appear  on  the 
limli,  aiut  thai  ol  the  niinulis  and  seconds  on  the  flying 
nonius.    See  l'hiK>s.  Trans.  1801. 

For  more  on  the  nature  of  circular  instrument*  of  re- 
flection, sec  Montucln,  Hihtuire  de<i  MathcniuiK|ues,  torn.  3, 
p.  5*^7 :  for  the  computation  of  the  probable  extent  of 
the  errors  to  which  they  arc  liable,  sec  Swonberg,  Expo- 
siticM  dec  operations  faitrs  en  Ijipponie  \-c,  p.  29 ;  and  for 
i  .  a  catalogue  of  papers  &c,  connected  with  such  instru- 
ments, consult  Dr.  T.  Young's  Natural  Philos.  vol.  2, 
p.  350.— For  Sir  Howard  Douglas's  Reflecting  Circle  or 
-<  Somidrcle,  sec  the  article  Rkflectiko  in  this  Dictio- 
nary. 

CiKCUi.AU  Liatt,  a.  name  given  by  some  authors  . to 
-  such  straight  lines  as  are  divided  by  means  of  the  divi»iuns 
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made  in  the  arch  of  a  circle.  ■  Sucif  as  the  Sines,  Tan-  • 

gents,  Secants,  inc. 

Circulah  Sumbert,  are  such  as  have  their  power* 
ending  in  the  rmits  thems«-lves.  As  the  number  5,  who^e 
square  is  25,  attd  it>  cube  125,  6tc. 

Napier's  Circvlar  Parii,  arc  five  parts  of  a  right-an- 
gled or  a  quadrantal  spherical  triangle;  they  are  the  two 
legs,  the  complement  of  the  bypothenusc,  and  the  com- 
plements of  the  two  oblique  angles. 

Concerning  these  circular  parts,  Napier  gave  a  general 
nile  in  his  Logarithmorum  Canonis  Descriptio,  which  is 
this :  "  The  rectangle  under  the  radius  and  the  sine  of  the 
middle  part,  is  equal  to  the  rectangle  under  the  tangents 
of  the  adjacent  parts,  and  to  the  n-ciangle  under  the  co- 
sines ul  the  opposite  parts.  The  right  angle  or  quadruutal 
side  iM-ing  neglected,  the  tuo  sides  and  the  complements 
of  the  other  three  natural  parts  arc  called  the  circular 
paitt ;  as  they  lollow  each  other  as  it  were  in  a  circular 
order.  Uf  llieic,  any  one  being  fixed  upon  as  the  middle 
part,  those  ncM  it  are  the  adjacent,  and  (hose  farthest 
from  it  the  opposite  parts."  Lord  Buchan's  Life  of  Na- 
pier, pa.  fKS. 

This  excellent,  though  very  concise  rule,  including  all  the 
particular  riilesfor  thesolution  of  right-angle<J  spherical  In- 
anglesi^ny  be  readily  applied  to  those  that  are  oblique,  by 
letting  f.ill  a  perpendicular,  exce|)ting  the  two  cases  in  which 
there  arc  given  either  the  three  sides,  or  the  three  angles. 
—And  for  the»e  a  similar  expedient  has  Ijeen  devised  by 
Lord  Buchan  and  Dr.  Minto.    M.  I'ingre,  in  the  Me- 
moires  de  Matbematiqueet  de  Physique  for  the  year  1756, 
reduces  the  solution  of  all  the  cases  of  spherical  triangles 
to  four  analogies.    These  four  analogies  are  in  fact,  under 
another  form,  Napier's  rule  of  the  circular  parts,  and  bis 
second  or  fundamental  theorem,  with  its  application  to 
the  supplemental  triangle.    Though  it  would  be  t>o  diffi- 
cult matter  to  get  by  heart  the  four  analogies  uf  M.  Pin- 
gre,  yet  there  are  few  persons  blessed  with  a  memory  ca- 
pable of  rela^ining  them  for  any  considerable  time.  For 
.this  reaM>n,  the  rule  for  the  circular  parts  ought  to  be 
kept  under  its  prest  nt  form.    If  the  reader  attends  to  the 
circumstance  of  the  second  letters  of  the  words  tangent* 
and  cosines  being  the  same  w  ith  the  first  of  the  words  ad- 
jacent and  opposite,  he  will  find  it  almost  impossible  to 
forget  it.    And  the  rxile  for  the  solution  of  the  two  cases 
of  spherical  triangles,  for  which  the  former  aloae  is  in- 
suflicient,  may  bo  thus  expressed  :  Of  the  circular  parts 
of  an  oblique  spherical  triangle,  the  rectangle  under  the 
tangents  of  half  the  sum  and  half  the  difference  of  the 
segments  at  the  middle  part  (formed  by  a  perpendicular 
drawn  from  an  angle  to  the  opposite  side),  is  equal  to  the 
rectatigle  under  the  tangents  of  half  the  sum  and  half  the 
difference  of  the  opposite  parts.    By  the  circular  parts  ut  > 
an  oblique  spherical  triangle,  are  meant  its  three  sides  and 
the  supplements  of  its  three  angles.    Any  of  the**-  six  be- 
ing assumed  as  a  middle  part,  the  opposite  parts  are  those 
two  of  the  same  denomination  with  it;  that  is,  if  the  mid- 
dle part  is  one  uf  the  sides,  tho  opposite  parts  are  the  other 
two,  and  if  the  niiildic  part  is  the  supplement  of  one  of 
the  angles,  the  opposite  parts  are  the  supplements  of  the 
other  two. — Since  every  plane  tr^nglc  may  be  considered 
as  described  on  the  surface  of  a  sphere  of  an  infinite  ra- 
dius, these  two  rules  may  be  applied  to  plane  triangles, 
provided  the  middle  part  be  restricted  to  a  side. 

"  Thus  it  appears  that  two  simple  rules  suffice  lor  the 
solution  of  all  the  possible  cases  of  pluuc  and  spherical 
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triBnglf*.  Thp$o  rules,  (r<m  Ihetr  ■ratncM  and  the  (nan- 
nerin  whirl)  tliry  nre  cxpKWxIt  annot  Ol' cngniving 
tbiemMlva  deeply  on  ihe  memory  «f  «mjr  one  wbo  i*  a 
litiU  wtwd  in  trifmomrtiy.'  It  ii  •  circtmHlMce  wr- 
thj  of  noti^  ihu  •  panon  vf  t.  very  weak  mitmory  mav 
cairy  the  wbolo  art  of  irisowmif  try  in  bh  hmd."  Napiari 
life.  pa.  102. 

CimcuLAR  Sailing,  u  that  pfrformtd  in  tke  arch  of  a 

pn  st  rircl'.-. —  It  is  chiefly  on  Bccoum  of  the  «hortt:»t  tli- 
sunci;  thai  this  nicihod  nl'  sHilingbi»  bwn  propiwed  ;  and 
tur  tin-  mofix  |>.irt  it  is  ailvnni.igciMufbr  aehiptvieacli  hcr 

[■Hi  t  ijv  tlic  sliortL-«t  cuursi-. 

A-  :hi  liolutiuiis  of  the  cases  in  Morcato!''!  wling  arr 
prrrortiK-d  by  pUiiU'  trianglci" ;  sn  the  cases  in  great-circle 
»uiliiig  ate  resolved  by  the  suluti  ni  of  spbericiil  trianglers. 
But,  after  all,  the  several  caMS  lu  (hi*  liind  of  kailtng  serve 
rather  for  exercises  in  the  solution  of  tpheiical  triangles, 
tbHii  for  any  real  use  towards  th«  imvig8tin$(of  a  ship. 

Cikcular  Spoti,  are  made  on  pieces  of  metal  by  large 
akctrical  explouont.  See  Philoe.  Tram.  vol.  5S,  pa.  68; 
or  my  Abridgncnt,  vol.  13,  p.  510;  abo  Pirieatley's  Hist. 
«f  BtBCtridty,  vol .  s,  sect.  9,  edit.  «w. 

Itew  beautiful  spots,  praduoed  by  tbanoibmle  charge 
ofalaige  battery,  discharged  between  MW  MOOtli  me* 
&cef  of  metals,  or  scrai-metals,  lying  at  a  sma]]  diitanca 
from  each  other,  consist  of  one  central  spot,  and  several 
concentric  circles,  which  arc  more  or  less  distinct,  anil 
more  or  fewer  in  numli  i  ,  ii-.ci:il  on  winch  they  arc 

marked  is  more  easy  or  ditticult  oi  lusiou,  nini  us  a  <;rentijr 
or  less  forci-  is  employed.  'I'hoy  are  comymsi  il  i:t  Hut3  ur 
caviii«a,  which  indicate  a  real  fusion,  ll  thr  ix)iliisii»n 
of  a  battery,  issuing  from  a  pointed  body,  be  rcpt-atcdly 
taken  on  the  plain  surface  of  a  piece  of  metal  near  the 
point,  or  bo  received  from  the  surface  on  a  point,  tbe  me- 
tal will  be  marked  with  a  spot,  consisting  of  all  the  prii>. 
matic  colours  dispoaed  in  circles,  and  formed  by  scale*  of 
theiMtal  wparated  by  tboforcaof  tbaaxploaioa.  • 
'  CiMVJbaft  Krfwlfj,  a  tem  yi  Attn»Nny»  agnifciiy 
dm  vdority  of  •  bImMi  or  lanlring  body,  Midi  k 
■■nwtwd  bytha  WCT  of  a  dida. 

CutcDMtiao  Dtcimmli,  odlad  alio  taetartiiig  or  fe* 
pealing  dedmab,  are  those  in  which  a  fignre  or  tavcnl  it 
gurcs  are  continually  r..  pt  i.f(  il.  'I'licy  are  distinguished  into 
single  and  multiple,  and  du     i^ain  into  ptm  and  mixt/i. 

A  pure  sittgU  circulate,  i*  thai  in  which  one  fkguiaOBly, 
is  repeated ;  as  'Si3  &c,  aiul  is  marked  tlius  -2. 
'  A  pmt  mJtifU  drcolate,  i»  that  in  which  several  figures 
are  continually  repeated  ;  as  -233323  lUt,  marked  "28 ; 
'atiH  -524524  &c,  marked  '57^. 

A  t'iiied  single  tuculale,  li  that  which  tniisi^rv  of  a  U-t- 
miivitc  part,  and  .i  single  repeating  ligure;  as  &c, 
or  +  2.  And 

A  atured  muU^  circulate,  is  that  which  coniaiiu  a  (er* 
Buala  put  with  Mvenl  repeating  figum;  at  4Sr^i. 

Thntpart  of  tha  eircalate  wkicli  repeats,  it  called  the 
repattaa:  and  the  whole  repeiond,  supposed  infinitely 
continued,  is  equal  to  a  vulgar  fracium,  uIioh-  numerator 
i*  tbe  repeating  number,  or  figures,  and  lUi  denominator 
the  tame  number  of  ninet:  lo  *Si*  and  'SSis  ■ 
t):  and -524 its  1^. 

It  seems  it  wu  Dr.  Wallis  who  first  distinctly  cohI- 
dcml*  or  trvatsd  of  iafinita  riwnlatiBf  itrrimalT,  u  he 


himself  informs  us  in  his  Troatiie  of  Infinitn:.  Since  his 
time  many  other  auiburs  have  treated^n  this  part  of  arith- 
metic i  the  principal  of  these,  however,  to  whom  the  art  it 
noitly  indebtad,are  Mcttn.  Brown,  Cuno,  Martin,  Ener* 
no,  Mdcola,  Daon,  and  Ucniy  Clarkct  in  whose  wiitug^ 
tbe  natofo  and  pnctice  of  this  bianeb  of  arithtaatic  may  ba 
fnllyaaen,cmemally  in  the  last-mentioned  ing^iuoiisaawor.* 

CIRCUAiFBReNCE,  in  a  general  letwe,  denotes  the 
line  or  lines  bounding  any  ligure.  But  it  is  commonly 
used  in  a  morr  limited  sense,  to  denote  ihc  curve  line 
which  bounds  n  cir<  ie,  and  which  is  otherwise  called  the 
periphery;  the  omaidary  of  a  right-lined  figun  being  ex- 
prc-sscd  by  the  tprm  |Hrime:i  r. 

The  circumference  of  a  circli:  ii  every  where  <  cjuidi- 
stant  from  the  centre.  And  the  circumfereiici-s  ofdiflercnt 
circle*  are  to  one  another  as  their  radii  or  diameters,  or 
the  ratio  of  the  diameter  tu  the  circumference  if  the  same 
in  every  circle,  which  is  nearly  as  7  to  32,  aa  it  was  found 
by  Archimedes,  or,  more  nearly,  as  1  to  3*1416.  Under 
the  article  Grek  may  be  seen  varioiii  other  approxinaF 
tions  to  that  ratio,  one  of  which  ii  canicd  to  ItB  pkwas 
of  figures,  VU|  by  M.  Oe  Lagny[. 

Th(  drcnnfainoa  of  avasy  dido  it  supposed  to  be  di- 
vided into  3^  equal  parts,  called  degieca.— Any  part  of 
a  drcumftrencc  is  called  an  arc  or  arch;  and  a  n'Bht  lino 
drawn  from  one  end  of  an  ;ir<  to  the  other,  is  calli  il  iti 
chord. — Tlie  angle  at  the  circumkrence  is  equal  to  half 
the  angle  at  the  centre,  standing  on  the  same  UCI  Hid 
thtrefore  it  is  mcasurid  bv  the  half  of  that  arc. 

ClIX'l  MFEHEN  roil,  a  pariicuLr  instrument  used 
by  surveyors  for  taking  angles.  It  cunsi^ls  ui  a  bra:,!!  cir- 
cle and  indt-x  all  of  one  piece  ;  the  diameter  of  the  circle 
IS  commonly  a.bout  7  inches  ;  the  index  about  14  inches 
long,  and  an  inch  and  a  half  broad.  On  the  circle  is  a 
Card  or  compass,  divided  into  SliO  degrees ;  the  meridian 
line  of  which  answen  to  the  middle  of  tbe  breadth  of  the 
index.  On  theiuab,  or  eircumfereoce  of  the  drde,  ia 
sddered  a  biwi  ring;  wbi^,  wittLaaolhir  fltlad  with  ft 
l^asB.  lenat  a  kind  of  bos  fer  the  Mcdle,  «bidt  is  tm, 
pended  on  a  pivot  In  die  eetuie  of  tbe  drcia.  Tbne  an 
also  tWOi^ts  to  screw  on,  and  slide  upand  down  the  index, 
ae  alio  aspaiigle  and  socket  screwed  on  the  underside  of 
th«  drdB)  to  noeifa  the  bead  vf  the  thfa»>leig|id  staff. 


-  lb  lakt,  or  ohiervt,  the  Slutmtiiy  of  an  JngU  ^  the  Cirm 
Cttsi^lrsamr.  The  angle  proposed  being  ekg  ;  place  tha 
instruiMnt  'at  %t  with  Ihe  flower-de-luce  of  the  card  to- 
wards yout  then  diiect  the  sights  to  e,  and  observe  what 
defrost  are  Cat  by  the  south  end  of  the  needle^  whieb  let 
beSSiSt  than,  ttuming  tbe  instnimeitt  aboot  OB  ita  itud, 
direct  Iba  sigbia  to  aating  again  whatdcgicaa  are  cut 
by  tbe  aonni  and  of  dM  naedTe,-wbieb  aaayae  aia  SlA, 
lais^oanhaubtmettlalaiBiinniberfrom  tmgrtotar*  via^ 
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SI  3  from  995,  sum!  the  renMimler,  or  60  itfftu,  it  tb* 
quaiuity  of  tUe  anj()e  BBS  MMIgbt. 

CiauUMOYAATiONt  li  the  ]c«ol«iiig  nothm  of  My 
body  about  Bcennv;  Moif(lMphMieli«bottttbektiii,ftc. 

C1RCUM-PoL«&  Start,  are  tho««  sian  which,  by  rea- 
son ut  ibeir  vicinity  to  tbe  pole,  move  round  it,  without 

CIHCUMSCKIBED  Fi^,  is  a  figure  which  i&dra^vti 
six, lit  Ar.i  thrr,  lo  that  alt  HiMaior|ilaMtniidi  the  lat- 
ter or  ijihiiIn-iJ  figure. 

The  area  and  jicrimrter  of  ert-ry  |H>lygon  that  can  bo 
circumscribed  abuul  a  circle,  are  greater  than  thos4.-  of  the 
circle  ;  and  the  area  and  prrimeter  o(  every  iiMcribod  po- 
lyifirt,  &re  lew  than  thn«e  of  the  circle ;  but  they  approach 
al^vi1y^  ni>aicr  toequfelity  as  the  number  of  »ides  h  greater. 
Aim)  on  thete  pnnciplrs  Archimcdca,  and  toiae  other  an- 
thon  sine*  hit  time,  attempted  the  ^milntiira  of  the  di^ 
cia;;iiihich  is  nothing  ehc^in  cAct»  but  the  ncmwing 
lbs  area  or  capacity  of  «  ditlck 

ClMONSCMau  JO^ttU,  it  one  of  Newton^  (Vr*** 
Mm  of  Mb  Sd  order,  ibat  rats  its  asymptotes,  and  cam- 
tain^  the  parts  cut  off  withrvi  it«  own  space. 

CIRCUMVALLATION,  or  Luie  of  OiratmvuUaiwm,  in 
tlic  Art  rit  War,  is  a  trench,  bordcrrtl  with  a  psraprf, 
thrown  up  around  the  besieger's  caiap,  as  a  securiij' 
against  Any  army  i)iat  may  attempt  10  MlieM  the  place, 
MS  wi'll  »s  to  pri-v('r»t  ile»iTtum. 

ciRC  i  MVoi.i.TfON.  Ill  ArchitectantVetofn  of 

Ihc  •■fvirHl  line  of  ihc  ionic  order. 

CIRSOID,  is  acarfo  line  of  the  secood  order,  invented 
by  Diocles  for  the  purpose  of  finding  two  continacd  mean 
prmiliiAiab  1)etween  two  other  given  lines.  Ibe  g(M> 
now  or  dMciiptioB  of  thla  eiim  ii  fbttowtt 

Onttnaitremity  a-«f  the  diuw- 
ler  as  «f  lib  dreh  am,  titct  the 
iwiillBAe  peipendscoltr  to 
arhidf  ftom  the  other  extremity  a 
draw  sevenfl  lines, cutting  the  circle 
in  i,o,N,  &c;  and  on  ihesr  Imp',  -.pt 
off  the  corrrspondfng  c(\ua.\  iii>tan- 
ces,  vix,  iiM  =  Ai,  ro  =  ao,  and  ci. 
A  AM,  &c ;  then  the  curve  line 
drawn  throiinh  all  the  pniot^  n,  n,  i , 
&C,  i?  the  rissoid  of  Diocles,  who 
wan  au  ancifnl  Greek  geometrician. 

This  curve  is,  by  Newton,  reck- 
oned among  the  defective  hyperbo- 
laa,  berag  the  42d  ^tpecios  in  bis  Etia> 
■eiatio  Linearum  Tertii  Ordlaii* 
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LeUii^  kit  pcrpcodicttlan  *r,  tm.  tarn  w>y*cof^ 
Ihg  pfiaia  I,  Hi  then  ie  af  at  b«,  utd  ah-b 


for  the 


CaMtraetioiw  lioBari,  «t  tttad  of 
hit  AridiincticaUaivvtwUtb  k^vat 
Mielher  elegant  method  oif  Mcft> 
biqg  this  curve  by  the  continual  mo- 
tion of  a  square  mler.  Other  me- 
thotii  ha*e  alto  boCR  devisod  by 

hamc  tillDg. 

TV  Properties  of  tke  Cirsoid  art-  the  followinj;: 

1.  Hie  curve  bus  tiv»  infinite  legs  aMOL,  amo^  raeetiog 
in  a  cusp  a,  and  u  ndtu^  t  ^v.trd^  th«*illiidtaitt  Una  CBO*' 
which  is  their  cominon  s^ymptott. 

2.  The  curvL-  pasf««i  through  o  and  o,  pointu  in  the  cir- 
cle equally  tistaal  fion  a  and  a;  oi  it  bisects  each  semi- 
eiide.. 


4.  At  :  : :  ni^ :  ai^.  So  that,  If  tho  di«Mter  aa 
baaa*,  the  abldll  A*MJr»  and  the  ordinate  pm  ay  ; 
thea k  r:«  —  » :  :y  :  a*,  or  r"  =  (a  —  jr)  »  y*,  which  is 
the  equation  of  the  Cttpre. 

5.  .Sir  haac  Newton,- in  his  last  letter  to  M.  L<j]1>iiiip,  hio 

■•liiin.i  how  lo  find  U  tlijlit  lin<-  rqu.i!  ti>  niit  ni  thr  li^t  ii! 
curve,  by  ni'ans  oi  the  hyperbola;  but  be  tiiere  »up- 

]i;<  Mdtbeiiraati(atioii»«hicbha*«iferMy  beteeainhia  . 

Iluxiiin',. 

t).  'I  hf  whnle  intinitely  Ion"  cifsoidal  space,  contained 
between  the  inlinitc  a^ympiuie  cbd,  and  the  curves  loao/ 
jic.  of  the  ciamd,  is  equal  to  triple  the  gcneratingdicle 
AOB9A. — Sec  more  of  (bis  curre  in  Or.  WaUit't  W«tfca» 
rol.  I,  pa.  a^i. 

CIVIL  1%.  See  Day. 
Cvm.  JAM.  Sec  itfaail. 
Cmt  y«iar,«t  thw^gtl  jear»ariBiwJ  tctoaat  of  tfaw 
which  evcfy  gownaatat  apfoiali  ta  ha  attd  sshhia  Ht  owa 
dominions.  It  is  so  called  in  COBtradistinrtion  from  the 
natural  year,  which  is  measured  exactly  by  the  revolution 
of  the  heavenly  bodies 

CLAlRAL'T  (Alexis  Cla I' UK),  a  cilebrated  French 
msihrniHtK  laii  ai  il  m  inii  mician,  was  born  at  Paris  the  IStJi 
ot  May  1713,  and  died  the  17th  of  Mhv  I7<>-5,  at  5'2  years 
of  a^.  His  father,  a  teacher  of  inHth".  m^tics  at  P.iril, 
was  his  sole  instructor;  and  such  was  the  progress  of  out" 
author  under  him,  that  at  the  early  sgt:  of  4  years,  be 
could  rend  and  write.  The  letters  of  the  alphabet  be 
taught  him  in  the  figures  of  Euclid's  Elements.  Atpyeaa 
of  age  he  studied  Goisnbe's  Applicatiaii  of  A%ibn  toGev 
ntetiy:  at  10  De  rHdpital't  Code  Scctioatf  aad  betswien  ' 
IS  and  13  he  read  a  atfeir  te  the  Aoadfy  af  Baiiaaai 
concerning  4  new  geometikal  canwt  <f  htewwi  laifaiithm. 
About  the  same  ttaM  he  hud  the  first  foundation  of  his 
work  upon  curvet  that  have  a  double  curvature,  which  he 
finithefl  in  I7'-?9.  »I  If>  yfars  cjf  age.  He  was  named  Ad- 
joint-Mechanicmn  to  the  Academy  in  1731,  at  the  sge  ol 
18,  AsiiOCiate  in  iJ.tS,  .mil  I'tiibiomr  in  1738.  I>iir;n^ 
his  connexion  witii  the  Acadtrny,  In-  tmd  a  great  numU'r 
of  learned  and  ingenious  communic«llOll^  uiierird  m  tht  ir 
Memoir*,  besides  several  other  »oiks  winch  he  published 
separately;  the  list  of  which  is  as  follows: 

1.  On  Curves  of  a  Double  Curvature;  in  1730,4lea 

2.  Elements  ol' Geotoetry  ;  1741,  8vo.  * 

3.  Theory  of  the  Figure  of  the  £aith:  tZM^tim. 

4.  Elements  of  Algebra;  If^Sf  tvitk 

5.  Tablet  of  the  Hmmt  l75t, 

His  papertiaieited  in  the  Memainaf  the  Academy  an 
too  numcroas  to  be  particularised  here;  but  they  may  be 
fonnd  from  the  year  t727i  for  almost  eseiy  year  tiUi7$Si 
being  upon  a  variety  afwlfleeta,  aattaaemical,  aMbemt'* 

lical,  optical,  Sic. 

CLARKE  (Dr.  SamiteiO,  h  celrbrati  d  lTi;;li4h  iJiv'.ne, 
philosopher,  and  metapliysirmn,  «as  burn  at  Nurwicti  the 
1  llh  of  (Jet.  Ifj7'>.  Il{  was  the  Mm  r:!  Kdw.irH  Clarke.csq, 
aldciinan  of  that  city,  and  fur  several  years  one  of  its  repre- 
sentatives in  parliament.  He  received  instrootioa  in  classi- 
cal learning  at  the  free-school  of  that  town ;  and  in  169I 
removed  thence  to  Caius-college,  Cambridge,  where  bit 
shiniJV  abilitiet  toon  bcua  Vt/^tpbkj  ibemeelm.'^ 
lh«  philoiopfaj  af  DtHiifcrwai  alfhat  line  the 
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.Rtttbliiind  tyttfrn  of  tba  uiinmtyr^  i^MfMptdty 
•m  diMDmed  its  imp«riectMiM,«odiad||ljB|p^ 
of  (NK  move  solid  and  rational,  vit,  tbe  new  syilam  of  Nrw- 
toni  tkil  Iw  toon  mastered ;  and  in  order  to  his  first  d«grce 
of  ttn%  paiibnMd  m  pnUic  cxefciw  in  tlw  whotris  ufw  » 
qoeiilai  iikm  bon  tk  Ho  gnMly  coiMribittc4  (•  ibe 
cstaUiikimt  of  tho  Nontmiiui  phikaophy  by  an  ex«el- 
lent  inMbtion  irf  Rohwilf  •  Pbytica,  witn  not««,  which  be 
finished  before  be  was  22  years  of  a^,  a  book  which  bad 
been  for  some  time  tbe  system  used  in  the  university,  and 
£t>undcd  on  Cartvsian  principle'!..  Tbis  was  first  published 
ia  the  year  l697.  and  it  »uun  after  went  ibrou<:h  several 
Olbor editioii'i,  nil  with  improvements. 

Mr.  Whiston  rclati-s  that,  in  that  yi-ar,  l6;)7,  wliil*-  he 
w»^  chaplain  lo  Dr.  Moore,  bishop  of  Norwicli,  he  met 
witb  young  Clarite,  tbeo  whdiy  unlinuwn  to  bim,  at  a  col- 
fee-hoote  in  that  city,  where  ibey  entered  into  a  coovei^ 
•botn  ibe  Cartesian  pbiloaophy,  particuUrlj  Ro- 
I  I1ljina»  which  Clarke's  tutor,  a«  be  telk 

■poD  twilifti^    "  The  testth  of  this  eoamnt- 
'  wtj»  WUiton;  **thtt  I  was  greatly  surpriaodlbat 
J  •  iM»«i  Oariio  thM      ibiiuld  know  lo 

crat  to  all  bvt  a  few  pmtici^r  iiwdmiitirii 

I  remmber  (coniinuea  he)  above  one  or  Biio 

whom  I  had  then  met  with,  that  appesrodlOldiMrHtnNidl 
of  that  philosophy  a*  Mr.  Clarke." 

He  artpr wards  turned  his  thoughtsto  divinity;  and  hav- 
ing taktri  iiolyordeni,  in  1698  he  succeeded  Mr.  WLitloii 
as  chaplain  to  Dr.  Moon,  bishop  of  Norwich,  who  vva? 
ever  after  his  constant  friend  and  patron.  Soon  alter  he 
pnbliiihed  Mime  theological  treatises;  and  Bishop  Moore 

eve  him  the  rectory  of  Drayton,  near  Norwich,  with  a 
lureshi])  in  tbat  city.  In  1704,  he  was  appointed  to 
preach  Boylc'e  lectnie ;  and  the  tolHCCt  ho  cboee  was, 
Tbe  Being  and  Attributes  of  God.  He  «icee«M  W  well 
in  thii»  and  gavaoo  amcb  Mtwfcction,  that  be  waaappainC' 
ad  topfaacbthe  Mnalactne  lheoBtjeBr,«hflnhoohoae 
for  bia  wihieoi.  The  BiidwiiK  ef  MaMml  «n4  SmwM 
Votigjian.  fhawNnnontweralintpliniadintiiovolunet, 
in  1705  nnd  1706,  and  conuined  tomo  MWaibe  oa  aucb 
objections  tbat  bad  been  made  by  HoUm  and  Sptnoca.aad 
other  oppowr-  of  natui  il  and  revealed  religion.  In  tbt 
6'th  edition  was  added,  A  Di&courae  concennng  tbe  Con> 
nexion  of  the  Prophecies  of  the  OM  1\MMmM,«ad  the 
application  of  them  to  Christ. 

About  this  time,  Mr.  Whiston  informs  us,  he  discovered 
tbat  Mr.  Clarice  (hani^  rt«d  much  of  the  priroitive  wri- 
tera)  began  to  suspect  that  the  Athanasian  ducint>e  of  the 
Ttinity  was  not  the  doctrine  of  thoie  early  mea;  and  it  was 
farticalarly  remarked  of  bim,  thatbanavor  ie|d  the  Ath*- 
k Creed  at  his  parish  church. 


Inllte  midst  of  his  theological  labours,  Mr.  Clarke  Ibund 
nain  eboii  hie  i«rd  to  nntbeimtiaU  and  pbikiopbi- 
1  nHaMto,«itb  Imcanct  knowkdne  and  il^  in  thiBt. 


knowhdBeaad.i 
AM*llift.lAival  affection  and  eBoncinr  fw 

iiliC|i'4M«  improved  by  tbo  fnandebip  of  Wwrtan ;  at 


wboee  request  be  translated  his  Optics  into  I^lnfa  1706. 
With  this  version  Sir  Isaac  waa  so  hi^ly  pkaae^  thltbe 
presented  him  with  the  sum  ofMOf  or  MWlt»e«(hef  hit 

5  children. 

The  same  year,  also,  "Bishop  Moore  procured  for  him 
the  rectoiy  of  St.  Bennett's,  Paul's  Wharf,  in  London;  and 
•typ  rftw  cmhd  him  to ooMil^ and.umwwiidii  hhn  to 


the  fiivour  of  Queen  Anne.  She  appointed  bim  one  of  hc|' 
chaplains  in  ordinary;  and  aUo  presented  him  10 
tory  of  St.  James's,  Westmiiuler,  wban  it  hecaoR  vaoMtt' 
in  1709.  On  this  otxaeion  he  took  the  dilute  of  b.  b. 
when  die  publio  exerciio  vkkli  he  peffiKoml  for  it  at 
Cbahrid||B  pt»  highhr  admired.  » 

In  1715  nnd  IfJO^  Dr.  ClnrVu  had  a  dispute  with  the 
cclebtaled  LeibBits,'coaccrning  the  principles  of  natural 
pbiiusophy  and  religion;  and  u  colK  tiion  ol  iIk'  papi.  rs. 
which  passed  between  them  was  published  In  1717.  I  his 
work  was  aildre»5cd  to  Queen  C!:irr>l ine,  then  [irincejw  of 
Wales,  who  was  plea.>ed  to  isave  the  coutroversy  p«u 
through  bcr  hand».  It  related  cbiedy  10  the  nibjecta *of 
liberty  and  necessity. 

About  the  year  1718  he  wax  presented  by  tbe  lord  Lech- 
am«  to  the  mastership  of  Wigston'a  hospital  in  Leicester- 
shire.   In  1724  and  17$5  he  published  18  sermons, 
preached  on  several  occasions.    In  1727,  on  the  death  of 
Newioo,  be  had  Jba  offer  of  succeeding  him  as  Master  of 
the  Miflt,  a  ptaoe  !f|lA»frtx"  ^2  to  li  hundred  a  jrcnrj ' 
but  to  this  KCulaefiMllppent  lie  could  not  lecoocilebia- 
ael(  and  tliiBifeii  ,«liiol"melj  nruied  it  In  I7M  9t^ 
oetnin-  nihliihed,  A  Lett*  from  Dr.  Cfairke  to  fAt.  Benjamm  < 
Kor  did    HmM^,  oeeaooned  by  the  Controversy  reluiiiij;  to  the 
'     hopeetion  of  Velocity  and  Force  of  Bodies  in  Motion, 
, which  was  printed  in  liu-  PLllu;^<Jphlc'al  Trunsactiijiis,  No. 
'♦01,    Dr.Clarke  dud  the  IJtiiul  .May,  172y,in  the  54th 
year  of  his  age. 

Queen  CaKjIine  touk  great  pleasun:  in  the  doctor's  con- 
versation and  friendship;  ielduiii  11  week  pii>Md  in  which 
she  did  not  receive  some  pnxii  o\  the  greatness  of  hb  ge« 
uiu!-  and  the  force  of  bi»  underslaiirlinjf. 

As  to  the  character  ol  Ur.  Clarke,  he  is  reprrsralcd  ai 
po<:sefsing  one  of  the  most  amiable  and  aibeiHNnle diapoi^ 
sitions,  rcmarkaii^.tVee  and  easy  in  bis  cunverMtion,  cheer- 
ful and  even  plajbkinhis  manner.  Bitihop  Hare  says  of 
kMa»?^4HnMiMMn^wbo  had  all  tbe  good  qualitiet  tbat 
fl«a«lWm^^  biD.   He  was  po»> 

■■M^ff'ofTO  the  partsygf  laamm  tbat  are  val  uitble  in  »  . 
ell^maD,  in  a  degr^lhat  firw  poteen  any  single  ono> 
'  He  had  jnin««l  tu  a  good  ekill  in  the  three  learned  Ian* 
guHse$  a  grtnt  compass'  of  the  best  pMtosuphy  and  ma-. 

irK-.rn, -.  ;|.- :i|  ;..  ;irs  L \  his  Latiii  works;  an<l  his  Kiiellih 
ones  are  such  a  prQ<;>!  01  his  own  piety  iind  uf  his  know- 
ledge in  divinity,  »l>d  have  done  so  much  str^ice  to  reli<;iuii, 
as  would  make  ony  other  roan,  that  was  not  under  a  sus- 
picion of  heresy,  secure-  of  the  friend-hip  of  all  g<Jod 
churchmen,  especially  the  clerg)', — Much  more  nify  be 
i.eeti.  related  in  his  praise,  by  Utshop  Hundley,  Dr.l^fcei, 
and  Mr.  W  buioa,  in  their  Memoirs  of  his  life. 

CLAVIUS  (CiiaiarorHBa),  a  German  Jesnltr  waa 
bom  at  Bamberg  in  Germany,  in  1^37.  He  became  a  very 
atudioua  matbematiciaa  and  elaborate  writer;  bis  works, 
wben  collecied,.and  cbieelv  printed,  makiqi  5  large  folio 
volumes,  bdngn  oamplete  body  or.catinc  of  nwtbematics. 
Tbcy  are  BMCtly  elementary,  wMi  coBMnoBtirini  on  Euclid  > 
nnd  oth«i^  poeeewng  very  little  of  invenliaB  of  hie 
His  talents  and  writings  have  been  variowlj^  apokcn  of,  and 
it  must  be  acknowledged  that  they  are  heavy  and  elaborate.  ' 
Hi-  was  invited  tn  Rorue,  to  assist,  with  other  learned  men, 
111  the  ret'ormation  of  the  calendar,  by  Pope  Gregory,  of 
which  be  afturwartii  uiuertook  a  defence  a|;ai[iM  Sca- 
ligu,  Vieta,  and  oiiien,  who  attacked  it.   U«  died  at 
the  Ah  of  M«liMys.lffU»nt7«  yem  4|f  ^e,M»er 
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more  thnn  50  yours  cIiim.-  np|)li(Oiinn  ro  ihcmalhcmitdcai 

CLl-.F,  or  Curt,  ill  Mu>ic,  »  mark  at  the  iM-ffinniiigof 
the  line*  of  •  »ong,  which  slu>«ri  ihc  tone  or  y  m  which 
the  piece  is  tn  faq^in.  Or,  it  is  •  Irttrr  marked  on  any  line, 
which  dtpluM  ■mi  ptMntiuui  the  name  of  mil  tlie  real. 

'Ancicntlyt  cveiy  liiie  kwl  ■  letter  marked  Car  sclef ;  hut 
now  •  letlKr  oa  one  line  MfRcM;  lince  hy  thii  all  the  ml 
are  knowm  Kckoniiig  up  and  down,  in  the  order  of  the 
letter*. 

It  called  tlu-  cli-f,  or  key,  bi-causo  that  thereby  arc 
kmnvn  ibc  nanii'S  of  all  thf  nthiT  liii.s  and  spacra;  and 
coujfqucntly  tlii-  fniaiilily  nl  r'.ri\  d.^nvor  interval.  Hut 
hccim^c  CM  TV  mUc  iii  Ihi-  otlavc  is  called  n  key,  ihuupli, 
ill  amitlu  r  hi  iiM  ,  tliis  li  tti  i  marked  is  c:illi-<1  peculiarly  llic 
signed  clef;  since,  being  wrilti-ii  on  any  liiu',  it  not  <inly 
•igns  and  marks  that  one,  but  it  ul^i  cxplaini  all  tiic  rest. 
By  clef,  therefore,  for  distinction  soke,  is  tiuant  tliai  lit- 

•  lcr,ri0ied  on  a  line,  which  explains  the  rest;  and  by  key, 
the  princiiial  note  of  a  sung,  in  which  the  melody  clo»e9. 

There  are  thrct-  of  these  signed  clefs,  c,f,g.  The  clef 
of  the  faigbdt  nait  in  a  tong,  called  trtble,  or  o/r,  is  g,  set 
on  dte  Mcond  liop,  iccfconing  upwards.  The  clef  of  the 
taw^or  Oeloweitpart,  it/,  on  the  4ih  line  nprnrdi.  For 
■y  t&e  «dwr  ttcan  pans,  the  def  iie,  timi^ummom, 
•nd  at  others  on  another  line.  Indeed,  MMna  that  are 
really  tnean  parts,  are  sometimei  set  wi^  the  g  def.  It 
mint  howrvei-  lie  observed,  that  the  ordinary  lignatum  of 
clefs  bear  Ihtb  riH'mblancc  to  iboM-  letters.  Mr.  Mal- 
colm is  <if  o|iini<'\i  thjit  it  would  l>e  wi  ll  if  the  letters  them- 
M>lvcb  were  usnd.  Kepler  lakes  great  pains  to  show,  that 
the  common  siguatufca  are  only  complione  «f  the  letlcn 
(key  represent. 

The  rU'fs  lire  always,  taken  fifkhs  to  one  aiKitber.  So 
the  clef/  being  luweNt,  c  i»  a  fifth  above  it,  and  g  a  fifth 
above  c. 

When  the  place  of  the  clef  is  changiHl,  which  is  not  fre- 
quent in  the  nu  nn  ckf,  Ufa  with  a  design  to  make  the  ays* 
tern  comprehend  aa  many  itoics  of  the  song' as  possible, 
-  and  ao  to  have  the  fewer  notes  above  ur  below  it.  So  that, 
if  there  be  many  lino  Hbo^e  the  clef,  and  few  bekiw  i^ 

*  (hb  purpoih  is  oniwerKl  by  placing  thedef  b  the  first  or 
second  line ;  bat  If  (hrre  be  many  notca  below  the  chC  b 
IS  placed  lower  in  the  system.  In  effect,  aceoidiagio  the 
relalinn  of  the  other  note*  to  the  clef  note,  the  particular 
syMeiii  is  taken  differently  in  the  'cale,  the  clef  Imc  ma- 
king (inr  111  all  the  variety. 

But  sliil,  in  »bale\(r  line  u!  thr  |i,irti<-ular  syslem  any 
clef  is  found,  it  must  be  undepitm";  i  ■  b.  Ii-tig  to  tin  same 
of  the  general  system,  and  lik<  wise  id  the  same  indivi- 
dual nntr  or  sound  in  the  scale.  Uy  this  ri,nMant  relation 
of  clefs,  we  learn  how  to  compare  the  scwral  particular 
lystcms  of  the  several  parts,  and  to  know  bow  they  com- 
maniCBte  in  the  scale,  that  is,  which  lines  are  unison  and 
wUeh  aic  not;  for  it  it  not  to  u-  supposed  that aaeb part 
hat  certain  hounds,  within  which  another  may  never 
enter— sene  noM  e^Tthe  treble,  lor  example,  mutt  be  low- 
,  ar  thanioBieof  tlieincanpartB,oremofthebaia.  ThcR> 
fore,  to  join  topdier  into  one  qrMamalt  the  parts  of  a  eon- 
poiitloa  wTiiten  aepantclj,  the  noleaf  each  particiflar  part 
mtHt  be  placed  at  the  laaie  dktancca  t^oveaadbchHr  die 
proper  clef,  as  they  stand  in  the  separate  sjwlem :  and  be- 
cause all  the  notes  that  are  eoiawnant,  or  beard  together, 
t  stand  diKietly  over  cadi  other,  that  the  BotCB  helai§> 


ing  to  each  part  may  be  distinctly  ascertained,  they  rnay 
be  made  with  such  differences  at  '.liall  not  confound  or 
alter  their  signilicmtions  wiili  respect  to  tiinr,  but  only  show 
their  itJatioo  to  this  or  that  part,  llius  we  shall  discover 
in  what  manner  the  paita  ch^iSP!  and  pam  thn»U|b  ofe 
another;  and  which,  uf  every  ilote,  is  U||bait,.loiifit,  or 


It  mnal  bate  be  ahaertcd,  -that  tar  iha  perfonaanae  of 
any  iiq^  aicM,  Aa  ckf  oa^  scfwa  faracplateiiy  the  10- 
letvals  in  tbe  liiM  a»d  apocest  ao  that  it  need  net  be  re-' 
garded  what  part  of  any  greater  system  it  is;  but  the  (ir^t 
note  may  be  taken  as  bijih  ur  low  as  we  please.  I'or  at 
the  proper  uio  of  the  scale  is  nut  to  liinit  the  ubmluu.'  de- 
prec  of  tone,  so  the  proper  use  uf  li,t'  iif;ned  clef  is  not  \i> 
bound  the  pitch  at  nthich  the  tirst  note  of  any  pnil  is  to 
be  taken,  but  to  determine  the  tune  of  the  rest,  w  ith  respect 
to  the  first;  and  considenuL  ^nl  Uie  parts  together,  to  de- 
termine the  n-lation  of  iheu  several  notes  by  the  relaiiuns 
of  their  clefe  in  tbe  scale  :  thus,  their  pitch  uf  tune  bciof 
determined  in  a  certain  note  of  one  part,  the  other  notes  of 
that  part  are  determined  by  the  constant  relations  of  tha 
letters  of  the  scale,  and  the  notes  of  other  parts  by  the 
lations  of  their  cle(s. 

In  elfea,  6at  porfimnjc  any  aui^  pait,  tie  def  aota 
nay  be  taken  in  as  octave^  that  11^  at  any  note  of  tbe  nmo 
aaaw;  provided  v»e  do  not  go  too  high  or  too  low  for  find- 
ing tborett  of  the  notes  of  a  song.  But  in  a  concert  uf 
ierrrsl  parts,  all  the  clefs  must  be  takm,  ntu  (ukv  m  tbt 
relations,  but  also  in  the  places  of  tia  -ysti  iii  aUtvemiii- 
tiohi  li,  ihbi  every  part  may  he  conipiehended  iu  it. 

i  lie  natural  anil  arlilicial  nole  e.xprenstd  by  tbe  same 
letter,  as  c  anii  c  Jf,  are  both  ^et  on  the  same  line  or  space. 
When  there  is  no  charaeii  i  of  lUi  or  tbarp,  at  tbe  bt>gin- 
ning  with  the  clef,  all  ll<e  notes  arc  natural ;  and  if  in  any 
particular  place  tbe  vrutiaai  note  favnrquired,  it  is  denoted 
by  tbe  sign  of  a  flat  or  sharp-set  on  the  line  a  space  bdSNe 
that 


If  athaip  or  flat  be  placed  at  the  bcyiinitKia  any  line 
or  space  with  the  ckf,  all  tha  notea  oa  that  Ha*  or  space 
are  aililicid  ones)  that  it,  an  to  be  taheaaaanHone  higher 
or  lower  thaa  they  wonM  be  withaat  such  tigii.  And  the 
•aoa  aflacts  all  their  octaeet  abuva and  below,  though  they 
ha  Mt  narked  so.  In  the  couiseofthasong,  if  the  natu- 
ral  note  be  toineiimct  rcqoireci,  it  it  signified  by  the  cha- 
racter h. 

n.F.PS^  DRA,  a  kind  of  water-clock,  or  an  hour-glass 
VI T  Mii^  i  i  mi  asurc  time  hy  the  lull  of  a  certain  quantity, 
cuiniiii'iiiy  out  of  one  vessel  into  another.— There  have 
l>n>n  aUo  tle|>sy(jr-.e  made  with  quicksilvers  aadtheteriB 
IS  al"'!  used  lor  hour-glasses  ol  sand. 

By  th«  instrument  the  I'.gyplians  tiK'asured  their  time 
and  the  course  of  the  sun.  Also  Tycho  Orahe,  in  ao- 
dern  times,  made  use  of  it  lu  measure  the  rootiou  of  tbe 
stars,  &c ;  and  Dudley  used  the  same  contrivance  ia.an^ 
king  all  bis  maritime  observations. 

The  use  of  clepsydra  is  very  ancient.  Thtf  were  pni* 
bahly  invented  in  Mgypiaader  the  PloleBHSithoaajb  some 
atlthort  aieiibe  the  invention  of  then  totha  Oicda,  ami 
others  to  tha  RoHMOs.  Pliny  infmns  us,  that  StrffMO  Na- 
tica,  about  150  years  before  Christ,  gave  the  first  hint  for 
the  construction  of  them:  and  Pancirollus  has  particu- 
larly described  tbcin.  Acrordinc  to  las  account,  the  clep^ 
tydra  was  a  vessel  made  of  glass,  w  ith  a  small  bole  lu  the 
in  the  ^ffv  part  «f  this  vend 
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•  line  was  dra«vn,  and  mvrkrtl  with  the  1 2  hours  :  die  ses- 
tt\  was  filled  with  »at^,  and  a  cork  with  a  pin  fixed  in  it 
floated  on  the  turface^  pmntiiig  to  tM  6tM  liour;  and  as 
tb«  water  sunk  in  th«  voari  bv  iiwiiiig  oot  of  the  small 
hole,  the  pin  indicnW  the  other  houta  as  it  descended. 
Th«  SUM  kind  ot  in»irooi«iit«  were  alao  used  bv  the  Hin- 
dus, f«r  iB(Muniy1«Mh«iidfraat  Um  .in*^M«M»ight 
com*  iaia^ll  iIm  tdfltMmamiittnm  llgjti'fn  my 
Trecu,  vol.  2,  p.  ITV. 

Clepsydras  were  chiefly  iMcd  m  the  winlar;  it  raiiMlialt 
served  for  the  summer.  I'hcy  bid  bo««w  two  great  de- 
fects; the  one,  that  the  water  ran  out  more  or  lesa  easily, 
a*  the  air  was  more  or  U  ss  dcuM-;  lh^^  oilx  r,  that  thr  wa- 
ter floM't'if  moir  rapidly  at  llu'  br^iiiinn:;,  Ihun  tuuurds  the 
conclusion  when  its  quantity  nii  I  picv.iire  were  much  df- 
creawd.  Ainontons  has  inveoifd  *  tili  psydra  whicli,  it  is 
^nld.  IV  free  from  bolii  ihcso  inconveniences  ;  and  the  sami' 
cttect  IS  produced  by  uoe  described  by  Mr.  Hamilton,  in 
the  Philos.  Tranv  »ol.  44,  p«-  171,  or  niy  Al<ridg.  vol.  9, 
pK.  936.  Varignon  alui,  in  the  Meinoirrs del' Acad.  1699, 
dalivsn  •  general  geometrical  mclbod  of  making  clcpsy- 
drtt,  or  waler>cluck»,  viith  any  kind  of  veiwla,and  with 
M>y  uven  orifices  for  (be  water  to  ruu  thfOI|^. 

VitruTiMp  iniib.  y  of  his  Archilcenuie,  ticMa  of  tbew 
HHitruMit»i  awl  Plwy  w  clwp>  COt  ft  wjT*  liM  Sci- 
pi»NMie«  the  lint  wbo  a»t«WHed  lime  M  Rinm  hf 
dCf^ydrav  m  wMer>clocl(B.  Goaer,  in  hii  Pkiid«cu» 
pa.  91,  gives  several  contrivwices  for  these  iiutramciili. 
Solomon  de  Causalso  treats  on  Uiis  subject  in  his  ReaMXM 
of  M  I  .  ;  l:  Forces,  Stc.  So  nUo  dLHt  Oxanam,  in  his  M»- 
therii.uicni  Hecreations,  in  wludi  \%  contained  a  Treatise 
on  Klementary  Clocks,  translal«,d  {\<im  tli<  Italian  of  Do- 
minique Martinelli.  There  is  likewise  a  treatise  on  Hour- 
Glasses  by  y\Tcanj;c1o  Maria  lladi,  called  Nova  Scicnxade 
Horologi  Pulvere.  bets  abu  the  Tcchnica  Curiosa  of  Gas- 
per Scbottus :  and  Amontons  Remarques  ct  Experieucra 
Physiques  sur  la  Construction  d'une  nouvelle  Cleps)'dra, 
exenple  des  li^fauls  des  autrcs. 

CLEHC  (John  lb),  a  celebrated  writer  and  uaivenaJ 
scholar,  was  born  at  Geneva  in  l657.  After  fmiag 
lhnni|)t  tba  oraal  courae  of  syuiy  at  Geneva,  ho  «cM  ti» 
*iVM»  In  \6ttt  but  ntorning  ibe  year  after,  iw  totdi 
Jwly  orders,  la  iSSH  Le  Oleic  «i«t«d  SM0»nit  to  learn 
the  knguage :  but  (he  emoky  eir  of  LeedoB  not  agreeing 
with  his  constitution,  be  loon  ictDiacd  to  Holland,  where 
he  settled ;  and  was  appointed  piofciaor  of  philosophy,  po- 
litu  liicruturf,  iuxd  the  Hebrew  tongue,  in  the  school  at 
Aimttrdam.  Here  he  long  continued  to  read  lecturer  ; 
for  which  purpose  he  drew  up  and  published  his  Logic, 
Ontology,  Pneumaiolcgy,  ami  Natural  Philosophy.  Hr 
publish«Kl  al«)  Ars  Crilici  ;  a  Commentary  on  the  Old 
Testament ;  a  Compendium  ot  Lnivemi  Hwlory  ;  an  Ec- 
clesiastical Histoiry  of  the  first  two  centuries;  a  French 
transiatioo  of  the  New  I'cstaiAent,  and  other  works.  In 
1fit6,iif  btgm,  jointly  with  M.deli^  Cnee,  hit  Bibliothc- 
qeeUhiveraelie  et  Histonqoe,  injoitalioe  of  other  lite- 
niy  journak:  which  wet  eoalinoed  to  the  year  16'93, 
BMki^jigelHMN  In  l7Mbe  eenanMd  UtBsMto* 
theqtteiOiiiine,  end  centinuod  it  to  Stl4i  wltsn  he  tegmi 
enotbcf  ewfc  eniho  aeeie  pha,  celkd  Bibliotheque  Anci- 
cttne  et  Modcniej  which  m  contisacd  to  the  year  1 ; 
all  of  them  joatly  OMecmed  excellent  store*  of  useful  kitow- 
k'dge.  lie  pubUahed  also,  in  171d|»a  small  trnttse  on 
FfMtieel Geemetqri  iaS  f«ii.HB|lt  8ee» «aUed 


dc  la  Geometrie,  stir  le  papier  et  sur  le  terrain.  In  1738 
he  wii^  seised  with  a  palsy  and  fever;  and  after  spending 
the  last  six  years  of  his  Ufe  with  little  or  no  undemand- 
ing, he  died  in  1736,  at  79  ytU*  of  age. 

CLIFF,  in  Miuic,  the  lenc  ea  Qef,  which  aec. 

CLlMACTERlCeCfitlailyeer  io  a  person's  life. 

Accordiiig  to  some,  this  ia  every  7th  year :  hut  oil\rra 
allow  it  only  to  thoae  y^rs  pradnccd  by  multiplying  7  by 
the  edd  tmatm  9,  7>  0>  Thcie  yean^  obaene  thejr, 
bring  with  tKne  ioom  icmarkeble  change  with  reipect  la 
health,  life,  or  fortune :  the  grand  climacteric  is  the  6Sd 
year;  but  some  add  also  the  81st  to  it :  the  other  remark* 
nt.U-  ci  iniuclrrics  are  the  7(h,  Vjlnt,  3Mh,  4yili,  rind  56th. 

CLI.MA  I  £,  or  Ciiau,  in  Gcugraphy,  a  pan  of  the  sur- 
face of  the  earth  bounded  by  two  letter  circles  parallol 
to  the  cquairir;  ami  id  *tich  ft  breudth,  ui  that  llic  longest 
riKV  in  the  pantilci  nearer  the  pole  cxcootls  the  longest 
day  in  that  next  the  equator,  by  v>me  ccitain  space,  as 
half  an  hmir,  nr  an  hour,  or  a  laoiiih. 

'1  he  beginning  of  a  climate,  is  a  p;iiallol  circle  in  which 
the  day  in  the  thorti'st;  and  the  end  of  the  climate,  iS 
that  in  wbj^the  «iiiy  i&^|a:M>ng<'^<.  1  'i''  clicnutes  theve» 
fore  ete  lei^pned  fiomJBEAuatoi  ti>  ihc  pole;  and  lie 
so  meey  mm^-  Uu^t^toiimied  by  line*  f^lel  to  Ae 
oqtMtor :  tlmdi^iA  atntipHi,  there  ere  aeveq^cUmelM, 
or  difleieot  degietfjef  tempeiMure,iq|jiie  bicedtli 

of  one  sooe.  £«iitu4ii«ele  only^diMm frentfb  eontige- 
cat  ones,  in  that  the  leNfMl  day  in  sutimu  r  is  longer  or 
•borter,  by  half  an  hoer^  f»r  insiancc,  m  the  otve  place 

than  in  the  olhi  r. 

A%  liic  climates  COinroenCf  at  the  tqvidlLjr,  l\.c  Licgiiv 
ning  of  the  first  climate,  thai  is  nt  ihc  equator,  the  day  is 
just  12  hours  long;  Ijiit  at  the  cnii  of  it,  or  at  the  begin- 
ning uf  the  2d  climntr,  the  longest  day  is  12  hours  and  a 
half  l(jiiL> ;  and  at  (be  end  of  the  Sd,  or  begiiinit^of  the 
3d  climatf,  the  longest  day  is  13  hours  long;  and  so  of 
(lie  rctt,  as  far  as  the  polar  circles,  where  the  hour  cli- 
mates terminate,  and  iMHiA  cUnatcs  commence.  And  ee 
eik  hour  climate  is  a  space  comprised  betwe^  two  paral- 
lell  of  the  ec|Uator,  in  the  first  of  which  the  longest  day 
cxceeda  that  in  the  letter  Iw  ea  bour;  the  BMnth 
etiNMie  it  efpeee  conteiaad  beiereo  two  eifdet  penllel 
to  jthe  ppkr  atrdesp  end  having  its  longest  day  longer  or 
iheMtQben  that  «f  ili  contiguous  one,  hy  a  month,  or  30 
days.  But  some  authors,  as  Iliccioli,  make  the  longest 
day  of  the  eontiguou*  climates  to  differ  by  half  hours,  to 
about  th<  '„  1  :iM.  1  4j  di';;fet-s;  then  to  dilhr  by  ;in 
hour,  or  suiiieiuncs  'j.  hours,  to  the  polar  circle  ;  and  after 
that  by  a  moatfa  eech.  See  teUce-  of  dinetot  in  Ver^ 
111 u s ,  chap.  93,  prop.  IS, 

The  ancicnl?,  who  confined  the  climuies  to  irlial  I.Kcy 
thought  the  habitable  parts  of  ihc  earth,  rt-ckoiied  onlv 
seven,  the  middles  of  which  ihoy  mudr  to  |>a^^  through 
some  remarkable  placed  ;  as  the  1st  ;!ir>jugh  Meroc,  the 
2d  through  Sienna,  the  Sd  through  .\  Ifx^ndria,  the  4th 
through  Rhodes,  the  dth  through  Rome,  the  6ih  ihroiigh 
Pontos,  and  the  7lh  through  the  mouth  of  the  Borysthe- 
nn.  But  the  modemv,  who  bene  tailed  iiirthcr  toward* 
th«  'polM*  nielte  90  eUmetc*  00  cadk  pde. 

Vulgarly  the  teno  climate  b  hcttowcd  on  eny  conntiy 
or  region  differing  from  another 'clthcv  inrapeetef  tM 
seasons,  the  quality  of  the  soil,  or  even  the  manaen  <lf 
the  inhabitauu ;  without  any  regard  to  the  Icegth  of  tin 
day.  AbulMii  «n  Anfaic  aiuher*  djiiia|{uiahc* 
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the  fint  kinti  of  climate*  by  ihe  lerm  Rrul  I'liinuli-*, 
the  laller  by  that  ol'  A|>|».iri-iil  Climalfv 

CLOCKf  B  macbine  uuw  cui»lruct«l  in  huc  li  a  lUHiiner, 
Ud-IO  rqpdaml  hf  the  unifurm  motion  of  a  p«ncluluni, 
U  to  mtomm  liin«,  and  all  its  subdiviaiuns,  with  gtvaX 
Before  ilie  invrntion  of  the  pendulum,  a  ba- 
not  nnlikr  the  tly  of  a  kitcbeDj■d^  vu  used  in- 
l  of  it.— Thry  were  at  lint  calM  nacnmol  ikh,  to 
k  then  ii«m'^aM«im  tba  boar 

by  the  shoilow  of  the 

The  invtmiiMi  of  titiiritipilli  wheels  ti  aaaibed  to  FIOf 
citicus,  archdeacon  (if  Virona,  in  the  9th  century,  on  tfa« 
cn-dit  of  an  rjiilai'h  i(uotr(l  b\  L'ghrlii,  und  borrowed  By 
him  from  r»iiuiiius.  Uiiitrii  attribute  llic  iuvenlion  to 
Boc'thius,  about  tin-  year  510. 

Mr.  lU-ihiun  howi  vi-r  n  duccs  clock-work  to  a  mucli 
olckr  (iiili  ;  onlv.ni;  Arciiin  i  disV  sphere,  niaJr  '200  ytars 
before  Ctinst,  as  mcutiuned  by  Clauditn,  and  tbat  ol  Po- 
sidunius,  menliom'd  by  Cicero,  among  machines  of  this 
kind:  not  that  either  their  form  oriuc  were  the  same  with 
thoM  of  modem  mechanics ;  but  tbftt  they  had  their  mo- 
tion from  aoBMi  bidden  weights,  or  springs,  with  wheels  or 
pwltcys  or  *on>e  such  clock-work  principle. 

lo  tho  DwqiMiitiBBW  Moooatica  of  Bcaedictua  Hatf- 
i(!n,iAibliihrd  in  limymr  l$Mh  wo  on  iBforatodt  ikot 
clocks  wcK  tnwMcd  qr  SilwMtr  it*  •  aoiik  of  hb  a»> 
dcr,  about  the  yeor  998,  w  DithoMrw  ond  Botio*  how 
alMi  ^houn  ;  for  before  that  time,  tkoy  had  nothing  but  sun- 
dials aiirl  rli'psydrat  for  pointing  out  the  hour— Conrade 

Ge»lii T,  in  hib  ri|ii|ijiii-,  ()04,  4ay»,  lliiit  nirli:ir..i  Vtnl- 
ling(<ird,  an  Engiish  abbot  of  St.  Albans,  »h<j  riourishrd 
in  the  >c^ir  1326,  made  a  wonderful  cloik  by  a  most  cx- 
Cfllkiit  r.rt,  the  like  of  which  could  iioi  Ix'  producni  i'y 
all  Kunipc. — Moreri,  under  the  word  Horologe  du 
Palais,  oU»erY«s,  that  Churlus  v,  called  the  wise  king 
of  France,  ordered  at  Paris  the  first  large  clock  Ui  be 
Bade  by  Henry  de  Vie,  whom  be  sent  for  from  Gcfmaay, 
and  n  t  It  upon  the  tower  of  bis  patoce,  in  the  year 
^Jobn  FroiMart,  is  bit  Uibtoire  vt  Chronique,  vol.  9, 
ck.  88,  tavs,  the  dakc  of  Bourgpgnc  had  a  clock,  which 
1  IMlioiori "  '  '      •     •      -  - 


and  ren>|jjiis  liiraitieiuii  lluuria,  anno  l680,  contends  fo' 
Galil)  u  ;  and  reUies,  tho  .jh  at  second-hand,  the  whole 
history  of  the  iaveation  ;  adding  that  one  Trefter,  clock- 
maker  to  the  &ther  of  the  then  grand  duku  ol  Tuscany, 
made  the  first  pcadulum  cluck  at  Florence,  under  the  di- 
rection of  Galileo  Galilei,  a  pattern  of  which  was  brought 
to  Holland.  And  the  Academy  del  Cimento  cxpmsly 
obierm,  that  the  applicatioo  of  tko  pendulum  to  the 
movemcat  of  a  clock  was  &nt  pramed  fuj^  Colika^  aad 
put  in  practice  by  Ui  aqn  Vicenio  GoUW*  M  Bat 
wkoovor  maj  have  ban  the  iafmlor»te  ^  cortoin  Ant  A* 
invention  newer  flouriabod  till  It  come  into  the  handi  of 
Huygens,  who  intittt,  that  if  ever  Galileo  thought  of  such 
a  thing,  be  never  brought  it  to  any  degree  of  jieriection. 
The  first  pendulum  clock  made  in  LnglandtiaaillthoyMt 
l6(i2,  by  one  Fromanfil,  a  Dutchman. 

Amon^lhe  modern  clocki,  ihciM-  ofStrajburg  and  Lyons 
are  very  eminent  for  the  richness  of  their  furniture,  and 
the  variety  ui'  their  motions  and  figures.  In  the  former, 
a  cock  clapb  his  wings,  and  proclaims  the  hour  :  the  angel 
oprns  a  door,  and  salutes  the  Virgin,  &c.  In  the  latter, 
two  horti;men  encounter,  and  bMt  the  hour  upon  each 
other:  a  door  opens,  and  there  appears  on  the  theatre  Ao 
Viqpn,  with  Jeiut  in  Ikt  annt;  tlic  hlmf,  with  their  retimiet 
in  order,  and  pienatipg  dnir  (ifla}  tw»  tnn*- 
l  the  Wlwlo  to  modmm  the  pweoMjoa. 
TbcM  hpweverore  hr  oxcfllled  by  two  that  l««ofc4dy 
been  made  by  EngHtb  artitta,  at  a  preient  fnm  the  Eat i> 
India  company  to  the  emperor  of  China.  These  tare 
clocks  are  in  tin-  furm  of  chariuis,  in  each  of  v»hich  a 
lady  is  placed,  iii  a  lim:  attitude,  Uiinin^  her  right  hand 
on  A  jiurt  I  I  ilic  cliiuiut,  under  which  iip|iears  a  cluck  of 
curi'ius  ui?jkiiinnslii|i,  little'  larger  ih&u  a  shilling,  that 
strikes  ar.d  rrpi  ats,  and  t^nes  ti>r  ejght  days.  On  the  lady's 
finger  »its  a  bird,  finely  modelled,  and  set  with  diamoods 
and  rubies,  with  it*  winp  expanded  in  a  flying  posture, 
and  actually  flutters  for  a  considerable  time,  en  touching 
a  diamond  button  below  it ;  the  body  of  ifae  bird,  in  whicS 
ore  contained  part  of  the  wheels  that  animate  it  at  it  were, 
it  lets  than  the  l6th  part  of  on  inch.   Tiie  Imdy  holda  is 


V  takw  awmy  from  the  city  of  Conrlngr*  htt  left-hand  naDlda  tnbelillle  lUchcr  thon  n 
intho^oar  13U:  oiitkeaoBethiagitmidby  Wa.Fli-  ob  thotopof  wUcfc  if  ■nolinNndbM»towhicbit 


jodin,  in  hit  Annalet  J>  Boaiyyii 

Clock<iBakcrt  were  ilitt  introdaeed  into  Enghnd  in 
13$8,  when  Edward  ni  grante<l  a  licence  for  three  aj lists 
to  come  over  from  Oelft  in  Holland,  ar>d  practiH-  their 
occupation  in  this  country. 

The  watcr-clock-s  or  clepsydrs:,  and  sun-dials,  iiiive 
'both  a  much  better  claim  tn  antiquity.  The  Fretich  iui- 
nalt  mention  one  of  the  former  kind,  sent  by  Aaron  king 
of  Persia,  to  Charlemagne,  about  the  year  H()7,  which  it 
would  teem  bore  sonic  resemblance  to  the  modern  clocks : 
it  WHi  of  brass,  and  showed  the  hours  by  12  little  balls  of 
tha  tame  metal,  which  at  the  end  of  each  how  fell  upon  a 
Ml,  and  made  a  sound.  "I'facre  were  altO  %ures  of  13 
cnwilien,  which  at  the  end  of  each  luMir  eano  oat  through 
OMlaisopertiiret,  or  wiadowt»  in.die  iMo  of  Ac  clon, 
,  tind  ihuu  Mgfitt,  ke.  . 
lk«  _limotio«  of  pendnloB  dock*  ia  owing  to  4o 
happy  indattry  of  the  17ih  oentniyt  aitd  the  honour  of 
that  diM>veiY  it  ditputrd  between  Galileo  and  Huygciis. 
The  latter,  who  wrote  an  excellent  volume  on  the  .subject, 
V  declares  it  was  fiotpiU  in  practice  in  the  year  1657,  and 

'  '  lof  irpiiaMliB4fiMi  Bocher,  Do  Now  m4 


a  Gsrcahr  ornament  not  hnv  dM  •  tixpence,  tet  with 
diamooda,  which  goes  round  in  Arte  boon  in  a  centiaat 

regular  mutiuu.  Over  the  lady's  head  is  a  double  um- 
brella, supported  by  a  small  fluted  pillar  not  tliickpr  than 
a  quill,  and  undtr  :rii  larger  of  which  a  bell  is  fixed  at  a 
coniidenible  distance  Iroin  ibe  clfjck,  with  which  it  seems 
nut  tu  have  any  connexion;  iyM  U\im  ^^hlch  a  cuaimu- 
nicaiion  i*  secretly  conveyed  to  a  hararaer,  that  regularly 
striken  the  hour,  and  repeats  the  same  at  pleasure,  by 
touching  a  diamond  button  fixed  to  the  clock  bilow.  At 
the  feet  of  the  lady  is  a  golden  dog;  belure  which,  from 
the,  point  of  the  chariot,  are  two  birds  fined  on  apiml 
ipilnilt,  the  wiagt  and  feathers  of  wUcb  on  act  with 
alMM  of  eoiiooa  colottnb  and  they  tppmt  m  if  Ayinc 
Mvqr  wiA  tho  ehnrio^  trineh,  fan  aaowEr  aecnt  oi^ 

tioiw  ii  contrived  to  na  in  aof  difcetioB,  cithi  

or  drrolar,&c;  wfcBoaboy,  tint  lays  hold  of  Ao  i 
riot  behind,  appcart  also  to  push  it  forwards.  Above  tho 
um^-lla  are  dowers  and  ornaments  of  precious  stones  ; 
and  it  termiiialet  with  a  Rying  dragon  set  in  the  .lame 
manner.    The  wimta  is  uf  gold,  most  curiously  executed, 

V  - 
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I  ingniioai  Dr.  Fnoklin  coatrivad  ft  dock  to  (how  Diiqiii(itiami.«~HaTOrng'5  FjiiubiiqMNM  ^Works^— Swlly^ 
tkt  faaiii%  minwltt,  mil  tecondt,  with  «nly.  tbrpe  wheeU  RcglKArf iflcielle  du  T«ni|»,  iS^^^rviiTA  Rencil  d'Ou* 
•ad  twto  piniou  in  the  whole  movfrncnt.   The  diiil-plate  ^  "        -  .     -  -  ..  .  ^..^^ 


had  tho  houn  ci^nveo  on  it  in  spiral  i^pacis  aloiia  two 
diamctm  of  a  circlrt  oonNiinitig  four  (inirs  tio  minutn. 
Hie  index  fum  round  in  (our  houn,  and  points  out  the 
nuiiutps  fiiiiii  ntiy  liour  l>y  wliicli  it  liiu  paSM  ii  i<i  iln  iii  )>t 
lt)l|i!>viiy  hour.  The  sriKill  hiinit,  in  an  arch  ut  Ii.p,  e,in  t 
rcimi'i  once  in  a  liiinult-,  iiikI  showN  lUc  stcoiilI!..  ']  iu' 
clock  i>  wo-.inil  lit)  l.y  n  I'll"  gf>in^  over  u  pulliy,  on  llir 
axis  of  iIjc  i:n-a:  viJii-fl.  iikc  a  rdinninn  30  li'>iir  (irck. 
Many  of  ihiyL-  \cry  •riiiijilt  inuchinvs  Imvc  »incc  Im-n  coii- 
bii  ucictl,  that  medsuti'  iiiiii'  oxcet'dingly  welt.  This  clock 
is  subject,  howevtr,  to  the  incoiivenience  of  rt-qiiiriiiE  fn  - 
quciit  windiii|{,  by  drawing  up  tJie  weight ;  us  nl»o  to  xinic 
uncertainly  as  lo  iheparlicumr  hour  shown  by  the  index. 

Mr.  Fergnoo  propoacd  to  roiucdy  thesM.-  iuconveni' 
oncn  hvanoUwr  caiMirqetion«  which  m  daMvifand  in  hii 
Sdect  Emicint,  pa.  4.  Thk  clack  willi^'-n  wctk  witb* 
o«t  windiqg^  and.  always  shows  the.  piveiie  hour ;  but,  as 
Mr.  F«^pMMi  Ml(nowk'd2<'&,  it  hai  two  dimdivantaBca 
which  do  not  belong  to  Dr.  Franklin'*  clock :  when  the 
minvie  hand  is  adjusted,  Otc  hour  pluii-  must  tiUi>  Ih-  set 
right,  by  rociins  of  n  pin  :  ar.d  iIk:  rr'  ilii'  U  i  ih 

in  the  prodiilum  wheel  will  cauvi  iia  pciiduiuni  ijaii  to 
di-scribc  but  small  arcs  iii  ii>  \  ;  and  tlicret'orc 

Ihi-  tnomeiitum  of  the  bull  wiil  ho  Ir'.s.  uiul  the  times  of 
the  vibrutii  :ir  more  atTccrul  liv  .uiy  iincqual  iiii- 

pulMS  ot  the  pi-ndulura  wheel  on  the  palli-ti.  iicsidcs,  the 
wci^lof  the  flat  ring,  on  which  the  seconds  nre  engraven, 
will  lo«il  the  pivots  of  the  axis  of  tlir  pendulum  wheel 
vwtii  u  great  deul  uf  frictiux,  nhich  ought  by  all  potsible 
means  to  bo  uvuidnl.  Tu  reinuly  this  inconvcnii'tacr',  the 
'WCond«  plate  might  be  omitted.  ;  - 

Mr.  Feigmon  alaii  coqiciyod  a  clock,  ihowilg  the  a|^ 


vngi$  Cufienx.— Deihain'a  XfaffUl'tl^ 
man  IVaiifei  'des  Foren  Moaw)t«.-vAle 

G*l»6nil  dvs  lloroluoics  Also  Trfalise-.  ar 

Clock-niakiniz,  by  iiation,  Cunung,  dtC,  Ate.  ^ 

(  I.OLT),  a  visible  collection  of  vaponn,  aiMp«(3Ui^.in 
ill'  :(:ii!0*pheri'. 

i  lioi;:;';  It  be  nenor.illy  ai;'nv.  <i  \]:A[  clouds* are 
lornit'd  til. in  the  aqueous  vupijuri,  n'jcli  U  h.re  were  511 
iloselv  united  with  the  atmosphi  re  a^  !o  be  Invisible;  il 
i>  However  not  easy  to  uccount  for  the  long  continuance 
of  sotnc  very  opaque  clouiK  tviiliout  dissolving;  or  to  as- 
sign the  r(  ;'>ou  «hy  the  vapours,  when  they  have  once  be- 
gun to  cuiulenie,  do  not  continue  tO  do  SO  till  they  at  last 
&U  to  the  ground  in  the  form  of  rain  or  stiow,  &c.  It  is 
now  known,  that  a  separation  of  the  latent  heat  tVoiu  the 
water,  of  which  vapour  is  compoaod,  it  attended  with  a 
condematioh  of  that  vapenr  in  nno  dagnwi  fa*  •nehCMe, 
it  will  fint  appc(tf  ai  •  uuju,  mist,  or  fog ;  wUeh,  if  in- 
terpoaed  between  the  ran  and  earth,  will  Ibrra  adou4: 
and  the  same  causes  conlinningto  operate,  the  cloud  will 
produce  rain  or  snow.  It  is  however  abundantly  evident 
that  some  other  cause,  be>ides  1ne:e  hi  at  (  r  r  ild,  is  cun- 
Cerned  in  the  I'oiiiuttiuu  of  clouds,  ami  lla:  ciaiiieiisatioii 
ol  atiiirjupherical  Mi|mui'i.  'I'his  cause  is  esteenird  m  a 
great  measure  the  electrical  fluid,  indei  d  eSeetricily 
ii!iw  50  generally  admitled  as  an  iii;cnt  in  all  i.'.e  i;n m  ope- 
rations of  nature,  thst  it  is  no  wonder  lo  find  the  iorma- 
lion  of  clouds  attributed  to  it;  and  this  has  accordingly 
been  given  by  Ueccaria  as  the  cause  of  the  formation  of 
nil  elonda  wnatMMter,  whelfaer  ef  ihnnder,  imia,  hail,  or 


But  w  hether  the  clouds  arc  produced,  that  is,  the  at- 
iphcik  vaponis  lendned  visible,  bg  aieani  of  ekctfi- 


paraat  diomal  alilMiftnr^  sun  and  moaii,tlw  afrand  citjr  or  not,  it  is  carlain  that  thi^  do  often  conUda  the 
phases  of  iJie  BwiiK<jsHk|lW  tine  of  her  coming  lo  the  Metric  iiaid  in  pt«digio«s  i|o«otiiies,  and  many  (eniUo' 
— ..  ...      J  jjitnictlvc  accnkjils  haTB  heea  occasioned  by  dotids 

wnry  highly  ehcnitied.  'The  nmt extraoidiMtry  IMI^^ 

of  tbiskii 


BMvidisn*  and  the  tkllipitflfiihigh*  and  low  water ;  and  all 
this  hf  hasiinf  willy  liitt^lilMMs  and  a  pinion  ndded  to  the 
'coaimon  movement.  8m  ftb  Select  Uxcrcisrs  before  men- 
tioned. In  this  clock  the  figure  of  the  sun  serses  as  an 
liunr  inde.x,  by  going  round  the  dial-plale  in  ^4-  hours; 
and  a  liu'iiie  nl  the  moon  goes  round  in  CVh.  50}  nun. 
(he  Imu  ol  her  going  louiul  111  li.e  lica\eus  lr<ini  any  me- 
ridian lo  ilie  sami-  meriilian  again.  A  cluck  ol  tins  kiiul 
adapted  by  Mr.  I'lrgusiin  10  the  movement  of  an  old 
watch.  Jsei'  also  a  (lesciiption  and  drawing  of  an  nstro- 
iiomical  cbx-k,  showing  the  appan'nt  daily  motions  uf  the 
son,  moon,  and  smrs,  with  the  times  of  their  lising,  south- 
ing, and  Setting ;  the  places  of  the  sun  and  moon  in  the 
ecliptic,  and  the  nge  nnd  phus<-s  of  the  moon  for  every 
day  in  th«  year,  in  the  same  book,  p.  19> 


itid  iieriiaps  on  recorcl  bappooed  in  the  island  of 

.l^iv  i,  in  il.c  La^-.-liitlies,  in  Auuu>t,  1772.  On  the  I  lih 
o(  that  month,  a:  midiii^iit,  a  biiglit  cloud  was  observed 
covernio  a  iiicuiKair.  in  llie  district  called  Cheribou,  and 
NCveial  repoits  like  those  of  u  emi  were  heard  at  the  same 
time.  The  pniple  who  dwelt  on  (lie  upper  part  o\  the 
inoiiiitHin  not  In  able  to  (ly  (i^<  >  iiuugli,  a  jjreat  part  lA 
the  clouii,  eiith;  i>r  nine  nllle^  rfi  circuiiiterence,  di  tached 
itself  under  them,  and  was  seen  at  n  distance,  rising  and 
falling  like  the  waves  of  the  sea,  and  emitting  globet  of 
fire  V)  luminous,  that  the  night  became  as  bright  us  day. 
The  efli-ct*  of  it  were  astonishing;  every  thing  was  de- 
stroyed for  ?0  miles  round  ;  the  houses  were  demolished^ 


1  iu  a' have  been  several  treatitca  upon  docks;  thepria-  pfawtationa  were  buried  in  ilie  earth;  atid  2140  peopb 
cipal  of  which  ar«  the  followiu:  Hiaranymos  Canfain,  wit  their  lives,  besides  IMO  head  of  cattle,  and  s  «Mt 
de  Variftalc  Rerum,  libri  17.— (Snnde  Dasypodius,  De»  number-  of  horst^  gpats.  &c.    Anodwr  remaifcaUa  in- 
stance of  the  dreadful  efii-cts  of  electric  clouds,  whidi 
happened  at  Malta  the  29th  of  October  17 i7,  is  ajsp  re> 
lated  in  Drydone's  Tour  through  Malta,  .  ,v-" 

The  height  of  the  clouils  i-  no;  usually  great;  thesum-' 
nill^  of  high  mountains  beiiii;  comnioniy  quite  free  from 
theiii,  as  many  travrllors  huiiuexpeiienci  d  uipasMiig  these 
le.ou  l',a,Il^  it  is  louiid  that  the  most  hl^l.ly  clectrilled 
clouils  descend  lowest,  their  height  being  olteo  not  more 
than  7  or  800  yards  above  the-carth's  surface;  and  sonic- 
tiu,  ubi  de  Construcliwie  Uorulugiorum.— Hoiokigical   times  thuiHkr-clouds  appear  actuallj^t^  touch  the  ground 


tUotolopi  Astmnomici  Argentiiiensis  in  suninia 
Tsmpli'Cfeeti.o^uidu  runcirollus,  Antiqua  depeiditn  et 
nova  leperta. — L'Usagc  du  Cadran,  ou  de  ITIorloge  Phy- 
sique Lniveiselle,  par  Galilee,  Mwthematicieii  ilu  Due  de 
Florence. —  Oughtred's  (Jini'c  .la  .Matheiiiatica. —  H;iy- 
gens's  Horologium  Osciilali  num. —  I'cndulo  perpeluellc, 
par  I'AbLe  de  llautefeuille. — J.  J,  Ucehin  I'heoila  et  L.x- 
penefitia  de  nova  Teioporis  dinieliendi  lUtlioue  et  Horo- 
logiuruin  Coiistruclionc.— Clark's  Oughtrcdus  explicri- 
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rtdfln;  but  tbegdwralit/uf  dniubftn  gmgntifieaUiieiniwMb  facility, 
•  hc^t  oTa  mile,  or  little  aKM«,abon  the  man.  fwuth,  Kngiiih,  Owich,  hoi 

anl  Bolirfliian.   Oa  hit  fetara  to 


VIZ,  (irri  k,  Latin,  Oet» 
Imliun,  Hungarian,  Piotith,. 
Leyden,  h«  tauf^t  then 
with  great  applaue ;  and  died  i«  l<%3,  being  only  43  year* 
of  ngtt  jnttly  ««terH«d  tb«  fim  geognpber  wh»  had  put 
bis  resi-nrrhn  inwdnvaml  rrdoccd  ttinni  to  certain  prio- 
ci|>l('s.    \U-  WM  anthorcfieferal  iofeniott^ wniu  in  gieo- 
grnpliy,  viz  :  I 
1.  IK-  ^nlJ^l^  I'hc  iii  Alvei», 

(u  !  IIllir.1,1  .\litli|ll«. 

3.  ItJilln  \iit:(|U.i,  Siiili.i,  S.mliiiia,  rl  Cnrilcii.  • 

4.  Introdurtio  iti  Liiivci-iam  (jri)'^rii|)!iiani. 
C'OA'S'1 1  y(.> ,  ii  lliut  p«rt  lit  NuMj;ttlion  in  which  th<- 

p)llr('^  HTi'  ni'i  l:i<  itsuii(ii'r,  su  that  It  -ship  nky  >ailin$igbl 
nl  land,  <*r  \vitt;in  «oundin|;s,  bctwcfn  lln-ni.  1 
COCHLEA,  one  oftbe  tin-  Mechanical  powrr«,  otber- 
wIm  called  the9erew;  being  s-i  nanud  irom  the  rcoeiif 
in  a  caim  aiid  warm  day,~miaU  clonda  aie  oAes  eeen  ineM-  Uanoe  a  terew  bran  to  the  cdi  ral  shell  of  a  maii,  in  Latin 
ing  each  other  in  «|iponia  diinctioukand  taning o«t  ftam  Cochlea.  See  Screw,  and  MECuamcAL  Aami. 
such  <.hon  dbtMOM*  dwt  it  canMt  ha  loppoaed  that  any      COCK  4f «  DM,  the  pin,  ttile,  or  fiHMMn. 
opposite  winds  are  the  eaoie.  Such  clood^  when  thnr     COEFFKIBNTSk  in  Algebra,  arenvmbert,  orgiren' 
mi'ct,  instead  nf  rorming  a  larger  one,  became  mnra   qwaatitka,  oraalty  prpfi\">l  tn  letten,  or  uiikrvown  quan- 
smalliT,  unit  somciimi-s  t-niircly  vanish  ;  a  circuimtance   title*,  by  which  it  i«  suppoM  d  they  are  multiplied;  and  m, 
iM(i--i  pii.liiililv  Tuviiig  to  ih<-  llI^cIlaroe  of  opposite  flcctri-    wUh  such  k'ttcr*,  or  (imimiiit-s,  maiiiiiga  pradncir  or  OH. 


wiih  oneof  Adir 
•lupcndedal^ 
canh. 

The  motion*  oftbe  clouds,  though  often  ditpcted  by  the 

wind,  art-  not  always  so,  t'5.pcciully  whtn  thunder  is  about 
to  cn^iie.  In  thi^  cnsp  th(  \  are  seen  to  more  Tery  4|<iwly, 
ort.'.ii  [>i  :ir  .|Uii..'  -■;itii;i;;i;;,'  f'  r  siiinc  time.  The 

rcMcii  ul  prob.ibl^  ilu.t  itiey  are  impelled  by  two 
uppoiilte  ilreamM  nl.ijir  marly  of  equal  !iliiji;;tli  ;  ami  in 
such  casw  it  appears  that  both  the  iielial  currents  nscelld 
to  a  considerable  hi  i^hl ;  lur  Messrs.  Chai  U  v  ami  llobcrt, 
while  endeavouring  to  avoid  a  thundi  r-clnud,  in  ooe  ol 
their  aerial  voyages  with  a  balloon,  n^uhf  rind  no  nllera- 
lion  In  the  course  of  the  current,  though  they  a»ccndc<l  to 
the  height  of  400n  feet  above  the  earth.  In  some  ra«es 
the  motions  of  the  clouds  evidently  depend  on  their  dec- 
tridly,  independent  of  any  current  of  air  whatever.  Thw, 


efficient  proiluction  ;  wln  iice  the  name. 

Thus,  in  3a  the  roetlicieiit  i<  3.  in  bi  it  is  b,  and  in  ct' 
it  i«c.  If  a  f|uaiitily  have  no  number  prelixcd,  unity  or 
I  |H  under^tuiHl  ;  us  n  is  the  same  as  la,  and  be  the  samoaB 
\U\    Tlie  iiHine  cinflicietit  was  tirst  gu<"n  by  Vieta. 

In  any  r<)uation  so  reduced  as  that  its  highest  power  or 
term  has  1  for  its  coefficient;  then  the  coethcicnt  of  the 
'Jd  term  is  equal  In  the  sum  of  all  the  roots,  1 
and  negative  ;  so  that  if  the  8d  terra  i*  wanting  in  an  i 


run  s  I'.tii  <a(h  (ithi  r.  Auil  t(iH  serves  also  to  throw  sonic 
light  1111  t!.i  true  >  ituse  <if  ihe  formation  ofchnuls;  for  if 
two  cli'iiiN,  Ih:  r.iii-  ctectnln  il  plr^iTively,  ar,d  the  other 
negaliveK  ,  lU'^iioy  larli  otlii  r  nn  cdiitatl,  it  lollnvw  that 
any  qiiaiuiiy  of  vapour  sus(veiided  in  the  atmosphere,  will, 
Willi  t  r.  laiiis  its  natural  quantity  of  electricity,  remain 
invisible,  but  becomes  u  cloud  when  electrified  either  plus 
or  nvinus. 

The  shapes  of  the  clouds  are  als<j  probably  owing  to  their 
electricity;  fur  in  those  seasons  in  which  a  great  coromo-   tion,  itic  sum  of  the  poaitive  roots  of  that  equation  isc^jnal 
tion  has  been  excited  in  the  atmospherical  electricit«»  tha  to  the  snm  of  the  negative  fooM,  aathqf  nntaally  bawioe 
douda  an  Men  aanning  itraMe  and  whimrical  fbrim,  ud  caned  each  nthej^  AJw  the  oaoCcsnit  of  tho  3d 
that  arc  continually  vatyTng,   'litis,  as  well  as  the  meet-    term  of  an  equation  is  equal  tO  the  SWn  of  all  iho 

ing  of  smalt  aloads  in  tu  air,  tad  vanishing  upon  contact, 
is  a  sure  indication  of  thonder. 
The  niei  of  the  clouds  are  evident,  as  from  them  pro> 

ceeds  the  rain  that  fructifies  the  earth,  and  without  which, 
according  lo  the  present  state  of  nature,  (he  whole  surface 
of  the  earth  would  si>on  become  a  mere  desert,  'i  hey  are 
also  useful  as  a  srn  en  interposed  between  the  earth  and 
the  score  ir:j  r  .ivs  of  the  »uii,  which  are  iifleii  so  power- 
ful as  to  destroy  the  grass  and  other  tender  vegetables.  In 
the  more  secret  operations  of  nature  also,  where  the  elec- 
tric fluid  is  concerned,  the  clouds  bear  a  principal  share; 
and  chiefly  serve  as  a  medium  for  conveying  that  tfuidfrum 
the  atmosphere  into  the  earth,  aiMi  from  the  euith  into  the 
BUaospbcre:  In  Mug  wUdi,  when  electritied  to  a  great 
.  degree,  thay  aomctimaa  produce  eery  terrible  eflfecto;  an 
imlBiiee  of  whidi  It  rdaled  above.  Sae  the  artidea  At> 
MoarBHUCAi.  ELten»etrT,£vaM«Afiov,R*nr,&6. 


angles  arising  by  the  muttiplicathM  of  evaiy  tWO  of  fh« 
roots,  how  many  ways  soever  they  can  he  combined  br 

twos;  as  once  in  the  quadratic,  S  limes  in  the  cubic,  o 

times  in  ilu-  liii.nadratic  equation,  &c.  And  the  coefln 
cient  of  the  Uh  l<  rm  of  an  equation,  is  the  sum  of  all  (h6 
viliils  made  by  the  Continual  niultipliCHlmn  of  every  three 
of  the  mots,  how  often  *oevt>r  such  u  ternary  c«n  be  had  ; 
as  once  in  a  cubic,  4  time*  in  a  l)ii|u;idralie,  10  timt-s  in  an 
equation  nf  5  dimensions,  &cc.  And  thus  it  goes  on  infi- 
nitely. 

CoerriciENT!)  qf  (Aeasme  Order,  is  a  term  soroctimea 
nscd  tor  the  coefBcienis  prefixed  to  lha  laaae  mhoown 
quantities,  in  difiercnt  equations. 

r  ox        -*-  cz  a  ai^ 
llius  in  the  equations  J  dz    «  -t-Jk  as  n, 

    the  aMAdCBlB«,ll,f,«fB  of  the  •ama  order,  hehiBdMi 

'  CLOUTS,  in  ArtilhMy,  are  thin  plain  of  iron  nailed  on  cnellidenti  of  the  aama  letter  « ;  also  A,  e.  A,  are  of  the 
(hat  part  of  the  axle-tree  of  a  gun-carriage  which  comes  same  order,  being  the  coefficients  of  y;  and  so  on. 


through  the  nave,  and  throujjh  which  the  Mnspingoes. 

CLUVIER,  or  C]  I  vi  Kirs,  (Piiit.if),  n  rilehrated 
geographer,  was  boniat  Duntxic  in  I.ii^n.  Al;er  an  ecln- 
cation  at  home,  he  trsvclletl  iutu  rulnnd,  (.i  im;iii\,  ii-  .i 
the  Netherlands,  to  improve  himself  in  tin  r,  n  uvU  dirc  of 
(he  law.  lUit,  wlifti  a!  Li-'i  II  i:,  'i'  '  :  ^i  M'i-<T  p'-rv';.!- 
deil  him  to  i;ive  waytn  his  rjcniiis  Inr  eeography.  In  pur- 
suance of  this  iidvxe,  Cluvi(  r  \  isiled  the  greatest  part  of 
the  European-  states.   He  was  well  tlcilled  in  many  Ian- 


0)p/>osf/e(.'oF,rriciF.!«T<»,  such  a*  are  taken  each  from  a 
difl'ereiit  equation,  and  fr  nn  a  iirt.  ri  nt  order  of  riK^tficu  nis. 
Thus,  in  the  foregoing  (qiialioiis,  «,  f,  k,  or  a,  h,J,otd,  b,k, 
iVc,  an-  opposite  coeflicients. 

CfF.I.KSTIAL.  Se<-rKl.rsTMi 

COFrr.R,  in  Architecture,  a  sii'.!, II I  il,  I  :»:~^^lre  or  ».iii<- 
ing,  in  eaich  interval  between  the  tiKMliHioii,  of  the  Corin- 
thian cornice;  usually  filled  up  with  >\  rusag 
with  a  pomegranate,  or  other  enrichmcat. 
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CorriR,  in  Fortification,  donotrs  a  hollow  ladf>inent, 
athwart  a  dry  moat,  or  7  'In-p,  and  1 6  or  18  brnad. 
The  upper  part  of  it  \i  madv  n\  pit  cc->  uf  limlMX,  raised  2 
feet  aliove  the  level  of  the  moat ;  the  elevation  having  hur- 
Mvs  ladtn  with  earth  ibr  its  Covering,  and  serving  as  a  pa- 
rai>cl  witii  etnbrttaure». 

Tlie  cuHrr  nearly  the  same  with  the  cap<mierc,  except- 
ing tliut  thii  lail  i>suMietime«  made  beyond  the  counterscarp 
oil  the  glacis  and  the  coffei  aluajs  in  the  moat,  taking  up 
its  whole  breadth,  which  the  caponieK'  ditn  not.  It  dif- 
fen  from  the  lruver«:  and  galli-iy,  in  lliat  ihesie  are  made 
by  the  be»iegei»,  iind  the  cutler  by  ihi'  be>ieged. 

'I'he  besieged  coianioiily  make  use  of  CitStn  to  repulse 
the  beticgert,  when  they  endeavour  to  pass  the  ditch.  And, 
un  the  oilier  hand,  the  lKiie|{er>,  lo  save  themselves  from 
the  rin-  of  these  cotTers,  throw  up  the  eanb  on  that  sido 
towards  the  corier. 

Co»  ruH-Duffu,  or  Batardeaui,  in  Bridge-building,  are 
incloiutf^  liiinu'd  lur  laying  the  foundation  of  pior«,  and 
for  other  works  in  water,  to  exclude  the  surrounding  water, 
and  bo  prevent  it  from  inierrupting  the  wurknu-u. 

'1  liuM  inclosures  are  sometimes  single,  and  »nmetiine$ 
double,  with  clay  rammed  between  them;  sometimes  they 
are  made  wit)i  piles  diiven  close  together,  and  sometime* 
the  pile<i  are  notched  or  dove-tailed  into  one  another;  but 
the  mu>t  ubual  method  i.'i,  to  drive  piles  with  grooves  in 
them,  at  the  distance  of  live  or  sue  fcrt  from  each  other, 
and  then  boards  uie  let  down  between  them,  after  which 
the  water  is  pumped  out. 

COGGl^HALL'S  Sliding-flHU,  an  instrument  used  in 
Gauging,  and  fX)  called  from  its  inventor.  See  the  descrip- 
tion aiTd  use  under  Sl.iDlNG-iZii/e. 

COIILSION,  in  Natural  Philosophy,  as  distinguished 
frura  adhesion,  is  that  species  of  attraction  which,  uni- 
ting particle  to  particle,  roiiiins  together  the  compoiK-nt 
parts  of  the  same  mass  or  kind.  Or  it  it  that  action  or 
power  by  which  the  homogeneous  particles  of  bodies  are 
kept  atuched  to  each  other. 

This  power  was  first  considen-d  by  Newton  as  one  of 
the  properties  essential  to  all  matter,  and  the  cause  <>l  all 
that  variety  observed  in  the  textuie  of  dilTerrnt  terrestrial 
bodies.  He  doe*  ik>I  attempt  lo  in\<-stigate  the  nature  of 
this  |Kiwvr,  but  wisely  conienis  hmisell  u  iih  culling  it  a 
mutual  attraction  peculiar  to  the  particles  of  matter.  His 
word*  are  as  follow  :  '*  The  particln  of  all  hard  homoge- 
neous bodies, which  touch  one  another,  coherewith  ii  great 
force;  to  acrnuni  for  which,  some  philosophers  have  re- 
course lo  a  kind  of  hooked  aloni'>,  which  iu  rflect  is  no- 
thing else  but  lo  beg  the  thing  in  ((Ueition.  Others  ima- 
gine that  the  particles  of  bodies  arc  conm*cted  by  rest,  i.e. 
in  etTect  b^noihing  at  all ;  and  others  by  conspiring  mo- 
tions, i.<.  bv  a  relative  rest  among  ibemselvis.  Tor  my- 
self, it  rather  ap(>ears  to  me,  that  thr  panicles  of  bodli-s 
cohere  by  an  altractise  force,  wherrby  they  tend  mtitually 
toward  each  other:  which  force,  in  the  \cry  poinl  t'f  con- 
tact, is  very  great ;  at  little  distances  I*  ltisa,und  at  a  little 
farther  distance  is  quite  iiiseiisiljle." 

It  i*  uncertain  in  what  proporlioli  ihis  force  decreases 
as  the  distance  increases :  Ue.<inguliers  conjectures,  from 
<iome  phenomena,  that  it  drcrea^tA  a»  the  biquadratic  or 
4th  power  of  the  distance,  so  that  ut  twice  the  distance  it 
acts  |6  limes  moie  weakly,  Uc. 

"  Now  if  compound  bodli»  he  so  hard,  as  by  experience 
WIS  tind  some  of  them  lo  be,  and  yet  have  a  grevt  many 
hidden  pores  within  them,  and  coiibist  o(  parts  only  laid 


together ;  no  doubt  tboa«,«impl<  particles  which  have  no 
pore.i  within  them,  and  »hich  were  never  divided  into 
(tarts,  must  be  va.slly  harder.  For  such  hard  puriich-v, 
gathered  into  a  moss,  cannot  pi^s&ibly  touch  in  more  thuii 
a  fow  points;  and  therefore  much  leM  force  is  rcfjuircd  i<> 
sever  them,  tiiun  to  break  a  solid  particle,  whose  ptitls 
touch  throughout  all  their  surfaces  without  any  intemii- 
diate  pores  or  interstices.  But  how  such  hard  particles, 
only  laid  togcth<.'r,  and  touching  only  in  a  few  points 
should  come  to  cohere  so  tirmly,  as  in  fact  wc  hiid  tlu  y  do, 
is  inconceivable;  unless  there  be  some  cause,  whereby  (hey 
arc  attracted  and  pn-ssed  together.  Now  the  smulhst 
particles  of  mutter  may  cohere  by  the  strongest  atlrac- 
tions,  and  constitute  larger,who»eattracting  force  is  fccLlt  i : 
and  again,  many  of  theM*  larger  particles  coherinp,  may 
coiMtitute  others  still  larger,  whose  attractive  force  u  still 
weaker;  and  so  on  for  K'veral  successions,  till  the  progies- 
sion  end  in  the  biggest  paiticle,  on  which  the  operatiuiib  in 
chemistry,  and  the  colours  of  natural  botties  depend;  ulid 
which  by  cohering  compose  bodies  of  a  sensible  magni- 
tude." 

Again,  the  opinion  maintaiiM-d  by  many,  is  that  which  ■» 
so  strongly  defended  by  J.  Bernoulli,  De  Ciravilate  illthe- 
rii;  who  attributes  the  cohesion  of  the  purls  of  matter  tu 
the  uniform  pressure  of  the  atmosphere  :  confirming  this 
opinion  by  the  known  experiment  of  two  polished  marble 
planes,  which  cohere  very  stoiigty  in  the  open  air,  bul 
easily  drop  asunder  in  an  exhausted  receiver.  However, 
if  two  plates  of  this  kind  be  smeaR-d  with  oil,  to  fill  up  ttic 
porta  in  their  surfaces,  and  prevent  the  lodgment  of  air, 
and  one  uf  them  be  gently  rubbed  upon  the  other,  they 
will  adhere  so  strongly,  even  when  suspended  in  an  ex- 
hausted receiver,  tliat  the  weight  of  the  lower  plate  will  not 
be  able  to  w-puratc  it  from  the  upper  one.  And  though 
this  theory  might  serve  tolerably  well  tu  explain  the  co- 
hesion of  compositions,  or  greater  collictioos  of  matter; 
yet  it  falU  fur  short  nf  accounting  for  that  first  cohesion 
of  the  aioiiib,  or  primitive  corpuiculcs,  of  which  the  par- 
ticles of  hard  Uwlics  arc  composed ;  fur  h  body  lioe*  na( 
fall  ill  pieces  Tu  tlie  exhausted  receiver. 

Again,  some  pliilosopbers  have  positively  assorted,  that 
the  powers,  or  means,  are  immaieriiil,  by  which  matter 
coheres;  niul,  in  consequence  of  this  iiuppositioil,  they 
have  sn  refined  upon  attractions  and  repulsions,  thiU  their 
systems  appear  but  little  short  of  scepticism,  or  denying 
the  existeiKe  of  matter  altogrtlier.  A  system  of  this  kind 
is  adopted  by  Ur.  Priestley,  from  Meurs.  Bo^covich  aud 
Michi'll,  lo  solve  some  ditlicultics  concerning  the  New- 
tonian doctrine  of  light.  Sec  his  History  of  Vision,  vol.  I, 
pa.  392.  "  The  easiest  method,"  say  s  Priestley, "  uf  stdving 
all  difliculties,  is  tu  adopt  the  hypothesis  of  \lr.  Boscovich, 
who  supposes  that  matter  is  not  impenetivble,  as  has  been 
perhaps  universally  taken  fur  grantt  d;  bul  that  it  con- 
tials  of  physical  points  only,  endued  with  puu(i»  of  jl- 
Irartion  and  repulsion  in  the  same  manner  as  solid  matier 
is  generally  supposed  to  b<- :  provided  therefore  that  any 
body  moves  with  a  sutficient  degn«  of  vi  locity,  or  has  « 
sufficient  inoinentum  to  overcome  any  poners  of  repul- 
sion that  it  may  meet  with,  it  will  find  no  difficulty  in  not- 
king  its  way  through  any  body  whatever;  for  ndlhing 
else  will  iNriietnile  e«ch  olhvr  but  powers,  such  as  wc 
know  do  in  fact  exist  in  the  same  place,  and  counter- 
balance  or  over-rulfe  each  other-  I'he  mae>t  obviuus  dit^ 
ficulty,  and  indeed  almost  the  only  <iiie,  that  attend*  thin 
hypothuM,  as  it  suppiisci  the  rontual  pcni'trability  ot 
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matter.  aTi»r<i  from  the  idea  of  the  mture  <if  mnltrr,  and 
the  peqilf.vity  wc  irnvt  with  in  iittL-mpting  lo  force  two 
bodin  iiito  the  «4rac  fUmeo.  Bat  it  is  denmumhlc,  that 
the  fiittobitruction«'iMifrm«oaciiiilcniiietoriiwto 
tcr,  but  ftom  mcfe  pmven  oT  RpvMoih  Tbw  dMkwIiy 
#0  «n  oTcrcone:  ud  faaTiag  gpt  within  one  ipltere  of 
ripuhion,  wc  fancy  lh»t  ■«  wow  iniprdcd  by  ihctolid 
nuiitcr  iliclt'.  But  the  very  »ame  i*  the  opinion  of  the 
gencriilitv  ni  mankind  allli  n  -in  c  t  t.i  lln  tirst  fibslnitlioii. 
Why,  thi  !c!(iri-,  ni:iy  imt  tin-  lu-xt  Lie  iiur>:licT  ■>|)lnTi-  ol 
rrpulsion,  « hicli  niav  or.ly  icn  inr  :i  grcutfr  ttircc  than 
wc  can  apply  to  timki'  il  yielii  without  clisordennj;  llie 
mrranf^cmi  lit  ul'  llik-  cnnstitiic  nt  pBrticl«'s  ;  but  which  niny 
be  ovcrcotnp  by  a  body  moving  with  (he  aitoni»hiM<;  ve- 
locity of  light." 

Other  philosopher*  hare  fupposed  that  the  powers,  both 
of  gravituiion  and  cohesion,  arc  material  ;  and  (hat  (hry 
•re  onljdifiemil  aetiona  of  the  ether«':il  fluid,  or  rlrmen- 
tary  fira.  In  proof  of  this  doctrine,  Ihcy  allege  the  rx* 
perimcnt  with  the  Magdcbuiy  hcmisphiim,  as  thcjjr  are 
elilM.  The  piMMii*  of  tho  olaoopherp,  we  Icnow,  is,  in 
ibik  caw,  camhie  of  fiodadng  a  very  $tron<;  cohesion ; 
and  if  thi>f«  no  in  nature  any  Aiiid  more  penettaiing,  m 
well  ns  more  powerful  in  itsHTrcts,  than  the  air  we  brmthe« 
it  ii  possible  that  what  Is  called  (he  attraction  of  colMtion 
may  in  some  measuie  lir  an  etTi  ct  nf  the  action  of  that 
fluid.  Such  a  fluid  as  lliis  is  the  i  lrioent  of  fin'.  Its  ac- 
tivity ii  <uch  as  to  pelH'^tc  all  imilu-s  whnlcvrr  :  and  iii 
thf  itafc  in  which  it  is  cnmmnnlv  callpd  fin-,  it  acts  ac- 
tording  to  the  quantity  •  il  vilnl  n;;i-r(  r  i  uii-,.iiifd  in  the 
body.  In  this  state  it  i*  c<>p«lile  <it  dissolving  the  strong- 
est cohesions  obserred  in  nature,  I'lie,  therefore,  being 
able  to  dissolve  cohesions,  must  also  be  capable  of  causing 
tbcm,  provided  its  power  be  exerted  for  that  purpose, 
n/Uchposubly  it  may  be,  when  we  consider  its  various 
moMw  t^pcanoon,  via,  as  fire  or  beat,  in  which  slate 
it  cooaotnes,  dtttroyi,  and  dinotwa;  or  ai  lifhtt  when  it 
■ecnis  deprived  of  ihal  dcttnictlw  powcri  and  i»  dbt 
oloetfic flaid, when  It  attracts, repels, andnHwes hadia» 
in  ^'gicat  «aric^  of  wayt.  In  the  PInloa.  Ttm.  far  1777 
this  hypothesis  is  notieed,  and  in  tome  meosare  adopted 
by  Mr.  Henley.  "  Some  gentlemen  (he  observes)  have 
supposed  ihiit  the  t  Irctric  matter  is  the  cause  of  the  co- 
hesion of  the  piirticles  of  bodie?.  If  the  elerrric  matter 
be,  as  1  suspect,  a  ri'.ll  cli  ni^  nt,i:v  fin  uiliL'rr;,!  ill  all  bo- 
dies 'bat  opinion  may  pri-lmbly  hu  well  lounde<J  ;  und 
perhaps  si ijilrn;;;:  > ;■  rncijils.  and  the  crmenlation  of 
iron,  by  tire,  may  be  considered  ns  strong  proofs  of  the 
truth  of  their  hypothesis." 

■  But  whatever  tlic  caiis<  of  cohesion  inay  be,  its  efiects 
areavidenc  and  certain.  The  diffennt  degree*  thereof, 
(Somthutc  bodies  of  diflerent  forms  and  properties.  'I1ius, 
Mewlon  oliaer^es,  the  panicles  of  fluids,  which  do  not  co- 
hete  too  strrnigly,  and  are  small  enough  to  render  tlicm 
maoeptible  of  tboee  agitaiionf  which  keep  liqnoN  in  % 
flaor,  are  most  easily  sopaiaicd  and  iwoicd  into  vapmr^ 
and  anhe  what  the  ritemieii  call  volalite  bodic* ;  bdnc 
raiciied:  with  an  easy  heat,  and  again  eoadetticd  wiih 
a'  Mbdefbte  cold.  Tboso  diat  bavo  groner  particles, 
aiid  so  arc  less  suKopbble  of  ugitation,  or  cohere  by  a 
stronger  attraction,  anTnM^parable  Without- a  greater 
dej;rcc  of  heal;  am!  i-mi'  of  them  not  without  fermenta- 
tion ;  and  these  c>-tisti:ut.' what  the  chemists  call  ti.vcd 
bodies. 

.  ^' Air,  in  its  lixcd  slate,  possesses  the  interstices. of  wiid 


substances,  and  probably  serves  as  a  bond  of  imioa  lo  their 
constituent  parts ;  for  when  thesi-  |>arts  are  sepaniedi  lilO 
air  is  diacbargtsd,  and  recovers  iia  claatici^.  Anil  tbia. 
kliid  of  ntiraeiioii  if  erinccd  liy  a  vat iely  of  fanilhir  fs- 
parimcnts :  as.  by  the  onion  of  two  coaitigiBotM  diop*  of 
mercury  ■,  by  the  mttiual  approach  of  tsro  pieon  of  coii, 
lloaiiiig  ncor  each  other  in  a  bason  of  water ;  by  ihe  ad- 
hesion of  two  leaden  balls,  whose  surfaces  are  scrap<-d  a4id 
joiiiid  tnr-iihfr  »iih  ii  gentle  twist,  whirh  i-t  so  cArisidera- 
bli  .  ihiit,  Il  ihr  Mirliu  es  arc  about  a  (Hiaiti-r  of  an  inch  in 
diaiiioter,  rh.-y  mil  not  In-  -i>|iaraled  by  a  weight  of  100  Ih, 
by  the  .Lsci  lit  of  nil  nr  vvaii  r  bctviivn  l»o  <;laM  planes,  *» 
its  tn  f.  iriii  the  bypt  rli'ilic  curvi-,  when  ihev  ari-  nia<le  lo 
loiirh  on  one  snie,  and  kept  sepunUe  ii(  a  kniall  dislane,- 
on  Ihe  other;  by  the  depression  of  iiiereury,  and  by  ibe 
rlM-  of  water  in  capillary  lubes,  and  on  the  side*  of  glasfc 

ve<>M'|s ;  also  in  siit-nr,  »|KingF,  and  all  pofoiM  •Nbatanccs. 

Anil  where  this  riihesive  attraction  ends,  u  power  of  rv» 
pulsion  bepiis. 

To  determine  the  force  of  GaAemM,  in  a  variety  of  diflleieat 
•ubstances,  many  experiments  have  been  made,  and  par- 
liculaily  by  Profeiaor  Muacbenbioeh.  The  adhesio*  of 
polished  planes,  aboot  two  iadicB  in  dfaimrter,  healed  in 
boiling  wHti  r,  and  smeared  with  gftaaB,  nqiUfcd  dw  fei> 
lowiii"  vreights  til  s<-paraie  them  : 

CoM  (im«:  Hot  Gmis 

Plane  of  (ilass  -        1301b        -  3001b 

Brass  -        150  -  $0O 

Copper        .       200  -  850 

Marble        -       9t$  -  Goo 

Silver  -       1*0  -  250 

Iron  -        300  -  i)iO 

But  wbcn  the  bras*  piancs  irere  made  to  adhere  by 
other  sort!  «f  MttCT,  (he  ivaaht  were  aa  in  dm  JbllonrHig 
table: 

WittWater 
Oil 

Vnke  Torpentine 
lUlow  Oandla 

Roein  -  •      8S0  • 

Pitch  -  140O 

In  estimating  the  Absolute  Cohesion  of  solid  pieces  nf 
bodies,  he  applieil  vvei-'hts  to  si-parale  them  iicc  crditir:  '^^ 
their  length  :  his  pieces  of -wood  were  long  --Mimro  p^irnU 
it  l(i]ii|M-iions,  each  side  of  which  w.-is  "Sfi  of  an  i:  rh,  m- 
about  i,  and  they  were  drawn  asunder  by  the  folluwinj^ 
wciglilt:  • 

Fir  *  6'OOlb 

'    Kim  -  »  950 

Alder  •  -  looo 

Unden-trce       •  •  MKK) 

Oak  iiso 
Beech  •  •  •  1250 

Aih  •  -  1140 

He  tried  ahowiiaa  of  aaalal,  1-IOih  of  •Rhinfamd  ineb 
iadiancWr:  tfaanefali and weighttwcMas follows: 

Of  Lead  -  •       39i  lb  . 

Ttai  -  .40} 

Capper  -  -  299} 

Yellow  BraH     -  •  360 

Silver  -  ■  -  .370 

Iron  -  .  450 

Gold  •  •  -  MK) 

He  then  tried  the  Relative  Cohesion,  11, ■  force  with 
wbicb  bodies  resist  an  action  applied ^lo  ibcw  id  a  diractiiMa 
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Sv  bb£leni.  Nat.  Philos.  cap.  19. 

The  inqututive  reader  mayfurAcr  cnnsult  Riiter  on 
Cobnion;  Gilbert'i  Jooniali  iv,  I;  Ikntrnlicrg  on  Co- 
hnlon»  xvi,  76;  FontaM  on  Solidity  and  Fluidity,  Soc. 
Ilai.  i,  89:  ami  Dr.T.  YottDgaaiheCobnioDof  Fluidi, 
in  Ibe  Pbihw.Tnn.  1805,  or  in  tbe  Sd  vol.  of  bit  Mot. 
pyioK 

-  <K>iOIIET  (MiCBAU), »  orrinroa  iNi*i|Miaa,  ull  • 
mthte  of  Antwerp,  who  tMfMiod  ta  tba  latter  pott  of  ibo 
itflh  eentory,  and  died  in  lfi93.  He  published  a  wtnic 
on  navigation  in  the  Klcmith  language ;  which  was  aftcr- 

waids  t  nlius^i  (I,  niul  ynililislu'd  ill  Frrnch,  under  the  titlt 
of  "  liisiiuciion  niiinillf  <li'<  I'oiiilis  plus  excrllcnls  ct  nc- 
C05•(al^<.•^  louchiuit  I'Ail  dr  Na-i)t,T,"  This  Mrvcil  ks  ii 
suppU'iiioiit  to  Mi'diiia's  i)iMik  tin  the  same  subject,  w  hos<_> 
miMiike?  arc  well  exposed  by  Coignet.  In  itcaliii);  of  ihc 
•un'?.  declinulioM,  lie  took  notice  of  tlie  ^railual  iJicivase  in 
the  obli(Hiii\  i  l  ihi'  ecliptic,  a  point  lon;^  ilisjiuted,  but 
now  settled  i'rom  the  thrury  of  attraction,  us  well  as  lung 
•baervotfoo.  He  alio  deacribed  the  cnM-alair  wilb  three 
Imiivme  piec<>«,  which  he  mentioned  as  being  then  in 
COdUWm  use  among  mariners;  but  he  preferrwl  tbttof 
OeBBoFririua.  He  meinioiwd  libewiae  aowa  i 
of  bla  oeto  InftfUljon,  which  hoiwowf  nwnw 
At  the  old  MOpttble,  above  nolkedt  en«d  i 
In  advancing  towards  tbe  polei*  be  aetdlown  another,  to 
be  used  by  such  as  sailed  beyond  tbe  fiOtb  degree  of  farii- 
tnde.  At  the  emi  of  tbe  book  b  ddifeivd  a  netbod  of 
sailing  on  a  parallel  of  latitude,  by  means  of  a  ring  dial, 
and  a  54  hour  j;la?,s ;  on  which  the  author  very  much 
values  bim'ielf. 

COI.n,  the  privation  of  heat,  or  the  opposite  to  it. 

Ai  it  IS  4upj)"vi  (i  iliiu  lirat  f  iinswt-.  in  a  particular  mo- 
tion of  the  parts  ol  a  hoi  iMidy,  lu  ncc  the  nature  of  col<l, 
which  is  its  opposite,  is  deducid  ;  torn  isfouml  that  coM 
cxtiiigubhcs,  or  rather  abater  heat ;  hence  i(  would  wi  in 
to  follow,  that  those  bodies  are  cold,  which  chi-i  k  and 


of  •  apheralo  of  wnter  only  on*  incb  in 
lo  omeome'n  raMuM'of  more 
than  17(000  ponnd^  or  13  torn  and  a  ImU.  Sw  also  ex- 
periments on  bunting  tbick  iron  mortaMbelitjnrfreeaiiw 
water  in  them,  by  Major  Edward  Williams  of  Oe  fi^d 
Artillery,  in  the  Kdinb.  Philos.  Traits,  vol.2. 

Such  a  prodigious  power  of  expaiuion,  almost  doublo 
thai  of  the  most  powcrliil  nteam-en^inea,  and  exerted  in  so 
small  a  mas*,  s<iiiiiii^iy  Lythi  turn-  d  told,  v\a-.  ihouglit 
a  *ery  puwerful  arguniint  in  favour  of  those  who  sup- 
posed that  cold,  like  heat,  is  a  Jxwitive  substance.  Dr. 
Hl.-if  k's  cli'iCDvery  of  latent  heat,  however,  has  now  al- 
iorJt  ii  a  \i  ly  easy  and  natural  explication  uf  this  phr- 
iiumenon.  i\it  has  shown,  that,  in  tbe  act  uf  congelation, 
water .iajtoCsBooled  nore  than  it  was  before,  but  rather 
nbii^c  that  u  nnch  heat  is  disdiaiged,  md 
a  latent  to.n  atmible  aUte,  as,  bad  it  beni 
10  wnler  iii  its  fluid,|im>^uld.  bnw  bnled  il  to 
:n  tbis-praclM,  the:^pjigiion  ii  oeoastoned  by  a 
gnnt  niamberof  minute  linbftbioddcnly  produced.  Hir- 
■erly  ihc*^  were  ca^ectnnNw  be  cold  in  the  abstract ; 
nnd  to  be a^^nbiiltv thnt, Innnuating  themselves  ini  j  iIm 
substances  of  the  Bold,  ihry  au);menlcd  its  bulk,  ai  tin 
same  time  that,  by  imjxdmg  tin-  iiioii..n  of  il-,  particles  on 
each  other,  lliiy  chaiis:cd  il  fr4jin  a  liuiil  to  ii  solid.  Uiit 
Dr.  niack  sli(i«>  that  these  are  only  air  i.Mriraled  duiiii>; 
the  conEi  liuion  ;  and  to  the  extricalinn  of  w  hich  iic 
asciibts  the  great  e.\pdn:,ive  force  exerti  d  by  fueling  «a- 
ler.  'l  lie  only  question  therefore  now  remaining,  a,  by 
what  means  this  air  comes  to  be  extricated,  and  to  take 
up  more  riKiin  than  it  naturally  does  in  the  fluid.  To  this 
it  may  be  answervd,  that  pernapa  part  of  the  heat  which 
is  discharged  frum  the  freraing  water,  combines  with  the 
air  in  its  unebslic  stale,  nnd,  by  restoring  its  dasticity, 
giTCB  it  that  axlnM^iaMiy  forces  ns  is  aon  nbo  in  tlw 
case  of  nir  suddenly  extrioind  in  the  oxphMion  of  guii- 
'■><"--,  / 

ranll*  lands  to  nwke  bodies  eincttic,  which 
iff  nnd  to  iiwnaai!  tbe  electric  proper- 
tics  of  mch  as  are  so.  Aiid  it  is  farther  found,  that  ull 
substances  do  nut  transmit  cold  with  t  ii'.i.il  lacilny  ;  but 
that  thebckt  coiuliiclorsof  eleciricit\ ,  nn  tah.  Hie  uho 
the  best  condurlois  i,l  fuUI.  It  nmy  laithi  r  bi  added, 
that  when  cold  ha^  bei  n  raii.<  il  nurb  an  eMieiiiity  as 
til  n-udri  liny  ljod\  an  eh  tine,  il  then  ci-i^^s  to  cimduet 
the  cold  so  well  as  U  lore.  '1  Ins  Is  e.xcinplihed  in  the 
practice  ol  the  Laplanders  and  bilH-iiiins;  where,  to  ex- 
rlu<le  the  e.xti'einc  cold  uf  tbe  sgulrrs  from  their  habita- 
tions the  mure  elTectually,  ami  to  admit  at  the  same  lime 
a  small  portion  of  light,  they  cut  pieces  of  ice.  which  in 
the  winter  season  must  always  be  electric  in  those  coun- 
tiice,  nnd  place  them  in  their  windows ;  which  they  find 


mtnin  the  motion  of  the  particles  in  which  heat  consists. 
•  In  general,  cold  coatmcis  most  bodies,  and  beat  en* 

pnndsdiem:  thou^  Aon  nin  some  instances  to  Ihe  con-     ,  ^  

Innr,  ci^ccinlly  in  (he  •Mrame  cnses  or  stales  of  tbcae  to  bnao4*  mora  cflectnnl  in  keeping  out  the  cold,  than 
i|«nHti(t  of  bwUca<  Tbw,  tboi^  iron,  in  eomman  with  ' 
MfanI  boihss  expand  with  bent,  yet,  when  mrlicd,  it  is 
afamyt  fennd  to  expand  in  cooling  again.  SoabtS  though 
watoralways  is  found  to  expand  gradually  as  it  n  healed, 
and  toeoaMct  as  it  cools,  yet  in  the  act  of  frrcsing,  it 
suddenly  expunds  again,  and  that  with  a  most  enorraoos 
force,  caj-Kbh'  ol  rending  rocks,  or  burstiltg  the  very  thick 
shells  of  iiiital,  iSfC.  A  computation  of  the  force  of 
frifzing  water  h.xs  lie<ii  niKdi-  by  the  Florentine  Acade- 
mician<,  trom  the  bursting  of  a  M^ry  strong  brass  globe  or 
shell,  by  freezing  wnier  in  it ;  when,  trom  the  known 


any  oraar  sansmnco.  '  ^  ja>       .  • . 

Cold  w  the  destroyer  of  all  vegetable  life,5nMffnna«iuc<i 
to  an  excessive  degrre.  U  i>  found  that  many  garden 
plants  and  flowers,  which  seem  to  be  very  stout  and  hardy, 
go  oflTat  a  little  incieasc  of  cold  beyond  iheurdinRry  stan- 
dard. And  in  severe  winters,  nature  has  prusidtd  the  best 
natural  defence  for  the  c^irn-lields  and  i;ikrdens,  li\  u  cu- 
vering  of  snow,  which  preservis  such  paits  green  and 
healthy  as  are  under  ii,  wiule  stich  as  ara  Botcoseiod  by 
it  are  either  killed  or  greatly  injured. 

Dr.  Clarke  is  of  opinion,  that  cold  is  owing  lo  certain 


thicbfcss  and  tenacity  of  tbe  ni||^  it  was  louud  that  the   nitiousk  and  ether  saline  particles,  endued  with  particular 
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ligure?  projxr  to  prtKliirc  such  rffecU.  Honce,  s»l-am- 
raoniec,  sul[|H'irt ,  or  salt  of  unnc,  and  muy  oiIkt  volalik* 
and  alkalliottc  salts,  mixed  With  water,  vmy  mncb  increue 
ii:>  dcgixf  ui'  col.i.   In  die  Philos.  Tram,  uimbcf  S74» 

CiuOni)  relaicft  some  lenmrkable  experiments  wilb  !•> 
fftrd  III  tlif  priniuclion  of  cold.  Four  ouncce  of  «tkui« 
moniM  diseolvcd  in  a  uinMC«nuer,  made  fan  thwinwMter 
dncendSinclmnnd  |  i^SiwAKO  ISBimitei.  AnovncB 
of  the  nno  wit  ptu  into*^  ««qe»  of  4MU«d  wunr, 
■nwlCidw  (hennwiuPler  deimid  9  indice  mul  ].  Half  «■ 
ounce  of  sal-uimnoniac  (iiixed  with  3  ouncm  of  ipirit  of 
tlioc,  inudc  llie  (iii'rfnuiTU.-lcr  dcscpnd  i!  inches  end  .^i 
Ixit,  nil  ii^mc  "-i'lr.!  of  vUriiil  liiiUail  "\  iiiin-,  it  ■-link  2 
liiiln'i.  mill  i.  I:-,  iliiii  liuit  rxpi'iiiufht  it  wus  rtruarki-tl, 
tliat  the  \a|»oiir-  li  i-i  M  u>jin  the  mixluii-  tiud  a  consnli-r- 
ablf  di'ljri'L' <i(  Su  .n,  iliKunii  tin-  lii^uiil  iib<  it  « Mnwtrt'iiu'- 
li^culd.  Four  miiiije-.  at  Kiitpi'lrir  iiiixcd  vMtti  .1  i.iiil  <it 
Wtftcr.  sank  tbc  (iiciintimctiT  an  inch  and  ^  ;  liui  a  like 
queniity  ol  ■^cn  tjlt  ^aniv  it  only  ^  of  an  inch.  Acid>  al- 
wa>-*  produced  htat,  uvea  common  talt  with  its  oMrnnpirit. 
Volatile  alkaline  salts  produced  coUinprapottioB  to  thdr 
parity,  but  fixed  alkalies  htat 

But  A  fur  greater  degree  of  cold  produced  by  the  mix- 
ture »f  lalu  and  aqueous  Aoids,  was  that  shown  bj  Horn- 
Itafi  who.gvet  the  fiiJIowing  ireeipt  for  making  the  w 
pennumt:  .Thke  a  pouiid  of  oorniise  aabllBale,  and  as 
much  saMramoniac;  .pqwdar  dwm  septretclyt  and  mix 
the  powders  well;  put  thecetxlvre  into  a  phial,  pouring 
upon  it  a  pint  and  a  half  of  distilled  vinef^^ar.  shakin;  all 
togplher.  'I'liii  coiii|>iiMtiiiti  li<  ruiir-  -  vi  i  .  0:1,  ll;ut  it 
CAH  scarce  be  held  in  the  liaaiil  111  suimnci  ,  iirid  it  imp- 
pcned,  as  M.  Homberg  wu»  makinc  the  expiTiinenI,  ilut 
tbc  matter  IVnstc.  The  »aine  ilun-i  cnct-  tmpjn  nn!  t:i  M. 
Oeoffroy,  in  niaking  an  expennu  111  u  nii  lal-aninionuK.  and 
water,  but  il  iievir  was  in  his  powci.  to  iimke  it  »uccfed  a 
Mcond  lime. 

if,iiH(cad  uf  making  thi'M-  o\periint-nts  with  lUiid  water. 
It  ba  taken  in  its  cnngoiiled  state  of  ice,  or  rnther  snow, 
ilaywi  of  cold  will  Ih-  produced  f;reatly  superior  to  any 
that  hi««  yet  been  mentioned.  A  mixtor*  of  aaow  aad 
otmaioii  salt  sinks  e  Fahtenbeit's  themMwaeier  la  0  »  pai> 
aahct  and  ponndad  ice  sank  it  %  degraaa  telhart  -two  a£> 
Anjons  af  aphit  of  laltaa  poosded  ioei  nnk  it  14i  belmr 
O;  and  by  repcalad  alMaataf  spirit  of  nhre  M.  Fahfen> 
hgit  sank  It  to  40"  beloar  0.  This  i*  the  ultimate  degree 
or  cold  which  the  mercnrtal  thermometer  will  measijre; 
lor  the  mercury  itself  b<  then  !n  coiit:i  a!  ;  und  there- 
lore  reeiiutx'  most  HlurM-ards  he  IjikI  to  ^piri^  ol  wine, 
naplitlia,  '<i  ^ninc  oilier  lliiiJ  tliiunill  mil  i:  ;.u-al.  The 
f^i.'.iti'st  <ir[;rci'  (>!  Ciild  iwthcno  pn.duciil  i)y  urtiAciHl 
inrans,  h-i^  tni'ii  ifH"  Iji  Km  0;  «liicii  "a»  done  at  Hud- 
son!" Bay  hy  nuMiii  of  snow  and  vnriulic  aciil,  the  itier- 
monieter  stamting  naturally  at  '2lfl  below  0.  In<leed 
groatcr  degrees  uf  coi<l  ihun  this  have  been  suppoM-d:  Mr. 
Martin,  in  bis  Treatise  on  Meat,  relates,  that  at  Kireii^a  ia 
Siberia,  the  mercurial  ibemiumcter  sunk  to  118''  below 
0;  and  Professor Braun  at  Petenburg,  when  he  made  the 
lirtt  axpeiimcnt  of  coogiiaUog  i|uick*il«cv,  iixed  the  point 
«f  coaaelaiioB  at  930"  beloMr  O;  b«t  ffan  later  esperw 
■ants  It  has  been  mora  accurately  determinad,  that  40'' 
below  0  is  the  freeaioc  point  of  quiekailwr. 

The  most  reiaarkaUe  (*.\perimentiKniofer  wss  made  by 
Mr.  Walker  of  Oxbrd,  with  spirit  of  nitre  poured  on 
Glauber's  salt,  the  Effect  of  whicli  was  found  to  besinii!iir 
tu  thai  of  liic  tame  spirit  poured  uu  ice  or  soow ;  ami  ihc 


^kililitioQ  of  saUammoniac  x-miercd  the  cold  still  more  in* 
tense.  Tiie  prop<Wioas  nt  these  ingredients  recosnmended 
by  JMi.  W$0fg^mt»  «eaci|atmt«d  mtroua  acii)  two  paru  by 
wc^ti  iniMrvae  pan';  of  this  mixta  re,  c«K>lcd  to  ibe 
teapfliwtuie  of  tbts  aimospberc,  18  ounces ;  of  Glauber's 
ail^  a  poaod  and  a  half  avoirdupuisc ;  and  of  sal-ammo- 
nhc,  tt  ounces.  On  adding  the  Glaubei's  mlt.  to.tha 
trons  add,  tbc  thtiatometar  fell  53*.  via,  from  50  to  — S; 
and  OM  tha  adiBtiaii  tf  tha  aaknmaeniac  k  Ml  l»  -  jt. 
Thus  Mr.  Walker  was  aUo  to  fRcie  qoicUilw  withoni 
either  ice  or  snow,  wbeo  the  tbcrroometcr  aiood  at  4^e. 
viz,  by  putting  ibe  ingredients  in  4  dilTeteiU  pans,  und  in- 
cli>sing  these  within  i  .irh  iihi  r 

Ivxcessivc  dcgrcei  of  cuUl  aiau  occur  naturally  in  many 
parti  of  the  <;lolje  ni  the  winter  sejison. 

1  hough  the  therinonieli-i  in  this  country  wldoin  dc- 
sccikU  so  low  as  O,  yet  in  the  xsml  r  il  17S0,  Mr.  W  Mmhi 
of  Cilasgow  observed,  that  a  iherinunicter  laid  on  the  snow 
sunk  to  '25"  below  0;  and  Mr.  Oerhnm,  in  tlir  year  1708, 
observed  in  England,  that  the  rocrcury  stood  within  oim- 
tenth  of  aa  incli  of  its  station  when  plunged  into  a  mix« 
ture  of  snow  and  salt.  At  IVtcniburg,  ia  173'2,  the  ther- 
mometer stood  at  26*^  below  0;  aikd  when  the  French  aca- 
deniciaae  wintered  new  the  polar  ciicle«  thtM  obsatred 
the  thamotMlar  at  hilaw  Ol  and  in  tha  and 
Amriieaii  continenti  atill  greater  liagtina  of  cold  nia  afian 
observed.  Lately,  Proleatar  laalie,  of  Ediabuigfa,  has  {n>< 
len  water,  merely  by  evaporation  in  the  exhausted  receive* 
of  an  air-pump ;  and,  it  is  snid,  he  can  frccsv  mercury  iii 
tlic  same  way.  JJovcury  has  also  U-cli  fn>seu  by  Dr. 
Marcet,  by  the  evaporation  of  ether.  Sec  Nicholson's 
Journal,  v.34,pa.  1 1;);  aho  tin  urtJili  Fri  i  ziNii  in  this 
Diciioiiruy,  FuriluT.  a  paper  of  lij.  Marcit'swas  read  at 
tljc  Kll^,.li  >tj(:i.  li,  IiiK  s.  on  the  intuiiH-  degree  of 

Cold  producttJ  !jy  the  sulpnuret  of  cnrbon.  From  the  au- 
thor's experiments  it  Bp|>ear»  that  thi^  liquor  is  the  most 
cvaporablc  of  all  known  iluid»,  or  at  least  to  produce,  by  it', 
evaporation,  the  most  intuue  degree  of  cold.  If  the  bulb 
of  a  spirit-thermometer,  closely  enveloped  in  fine  flannel, 
or  cotton  wool,  be  moistened  w  ith  the  fluid,  its  ten^Kralure 
falh  to  about  0;  but  if  the  thermometer  be  expoted  to  tha 
ellKt  af  a  saeuttni,  by  being  encloaad  in  tha  raoeiscr  af  a 
juod  air-pumps  it  rinks  to  —  80",  in  a  ininnto  or  two.  The 
coagaktioii  of  narcury  in  glass  tnbea  nsay  therrfinv  be 
most  quickly  and  easily  performed  by  this  process  at  all 
seasons  and  under  s'ny  atmospheric  temperature. 

In  the  l.ist  Lulli  tin  of  the  retreat  of  the  French  from 
iSlottow,  in  NoM  inbi  rand  December  I  SI  *,  the  cold,  there 
staled  at  Id'  anrl  IH  bi>low  freezi  ii;,  i~  jH  rhaps  to  be  under- 
stood B5  b<  iiiE  on  the  scale  of  Rtnu nur.  The  thermometer 
iiio>-t  111  U'c  ihrouoh  r.ngland  is  1  alin  lilu  it 's  ;  and  upon 
tliat  scale  the  Cold  ab'jvc  mentioned  by  the  Kreiith  would  U) 
from  «  to  1 1  U-low  *oro;  a  degree  in  Eugland  very  rarely 
known,  but  common  enough  amidst  the  horrors  of  Russia; 
wlicie,  in  1773,  the  l£mpre»s  Catharine  made  the  famous 
experimdnton  tbo  onlnaoce  shell,  of  the  largot  dmnu  ter, 
18  tnclm.  Tha  ahell  was  filled  with  water,  in  her  pre- 
sence, as  she  slalcat  and  in  le!>^  than  an  hour  iJie  wbole 
was  ao  froien  as  la  bant,  and  « ith  no  small  aaiplaaioo  l«> 
"  Avet;  bcaucoap  dafracaa!"  Some  few  yean  bcAiic^ 
there  had  been  nnothcr  cniiouB  axpcriiaent  6f  Prince  Or> 
liitf,  who,  in  a  fonndalMin  <«r a  nmiiiy  brkk  coach  gateway 
to  lif^  court-yard,  in  a  soil  so  loose  and  wrt,  that  piles 
hu  li;  vr  l.ccn  driven,  filled  so  many  coriespondliig  ta- 
vititk  wi;i>  water,  on  which,  when  tutrntd  by  tiie  frusi  into 
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roliinin^,  Ke  raNrd  the  projected  tnperstrnclnK !  And  at 
that  iim<-  (\77->)  ii  hnd  lft«t<'d  fitnry«»r»,  and  »o  nii^ht  be 
likely  to  Intt  for  f ver  !  The  words  ut'  thi-  rf  port  are, "  Une 
portp  rocheri*  voui*c  en  briqucf,  ct  tr«ys  sulidc  I  Elle  ex- 
rslc  dc^)ui%  quatre  an«;  rt  ello  exiittera,  jc  croii,  ju»qu'a 
CP  qu'nil  I'abattc!" 

Thp  eflrcis  ol  ihpM-  exirrmo  degreoi  of  cold  are  very  »ur- 
pri^in^.  Tmrt  arc  bunt,  rucL*  rent,  and  nvvn  and  lukit 
fn'Zcn  sovrnil  fti-t  deep:  meiallic  iub»tancf»  blifirr  the 
skill,  like  rcd-liot  iron:  the  air,  when  drawn  in  bv  breath- 
ing, hurts  the  tutig^,  and  excite*  a  co'ugh :  ewn  the  effrcta 
of  fire  in  a  great  titt'tisure  teems  to  cease;  and  it  it  observ<<d, 
that  ttiotjali  metaU  arr  kept  fur  a  considerable  time  before 
a  stroni;  tire,  they  will  still  freese  water  when  thrown  upon 
thero.  When  the  French  mathematicians  wintertd  at  Tor- 
nea  in  I^plnnd,  the  external  air,  when  suddenly  admitted 
into  their  ronnis,  converted  tbc  moisture  of  the  air  into 
whirls  of  snow  ;  their  breasts  seemed  to  be  rent  wbett  they 
breathed  it,  and  the  contact  thereof  wasintolcrablo  to  their 
bodies;  and  tbc  spirit  of  wine,  which  had  not  been  hif^hly 
rectified,  burst  some  of  their  thermometers  by  the  cunj^e- 
latinn  of  the  aqueous  part. 
•  Extreme  cold  oAen  proves  fatal  to  animals  in  those 
countries  where  tlie  »»inter*  ar«  very  severe;  thus  7000 
Swedes  perishe<<  at  once  in  attemptinf;  to  pass  the 
mountains  which  divide  Norway  from  Sweden.  But  it  is 
not  necessary  that  the  cold,  in  order  to  di^troy  human  life, 
fbould  be  so  very  inteiMC  a*  has  just  been  mentioned ;  it  is 
only  requisite  to  be  a  lillle  below  33°  of  Fahrenheit,  or  the 
freecin^  point,  accomp«nied  with  snow  or  huil,  from  which 
thrlter  cannot  be  obtained.  The  srK>w  which  falls  upon 
the  clothes,  or  the  uncovered  part*  of  the  body,  then  melts, 
•nd  by  a  continual  evaporation  carri<-s  ofT  the  animal  heat 
to  such  a  degrt-e,  that  a  sufficient  quantity  is  not  left  for 
the  support  of  life.  In  such  cases,  the  pertain  fir>t  frels 
himself  extremely  chill  and  uneasy  ;  he  turns  listless,  un- 
willing to  walk  or  use  exercite  to  keep'himself  wann,  and 
at  last  turns  drowsy,  sits  down  to  refresh  himself  with  sleep, 
but  awakes  no  more.    See  Fltuuii«e. 

A  striking  illustration  of  these  effect*  of  cold  is  n-lated 
by  captain  Cook,  in  an  occurreikce  which  took  plare  du- 
ring a  bolaniml  excursion  of  Sir  Joseph  Banks  and  Dr. 
"Solander  ainont;  the  hills  of  Terra  del  Fnego.  The  party, 
consisting  of  1 1  persons,  were  overtaken  by  darkne»s,  and 
oblisred  to  s|iend  the  night  on  the  hills,  dunng  extreme 
cnld.  Dr.  inlander,  who  had  more  than  once  crossed  the 
tnoutitain^  which  divide  Sweden  from  Norwiiy,  well  knew 
that  extreme  cold,  csMClally  when  joined  with  fatigue,  pro- 
^rfuces  a  toqinr  and  sleepiness  that  arv  almo*t  irresistible; 
be  therefore  conjured  the  company  to  keep  moving,  what- 
ever pains  it  mioht  cost  them,  and  whatever  relief  jhey 
might  be  promised  by  un  inqjination  to  rest:  "  Whoever 
•its  down,"  said  he,  "  will  sh-ep;  and  who«!ver  slet'ps,  will 
wake  no  more."  Thus  at  once  adinnnished  and  alarnted, 
theji  set  forward ;  but  while  they  were  still  upon  the  naked 
Tock*.  and  before  they  had  got  amon"  the  bushes,  the  cold 
In-cami'  suddenly  »o  intense,  as  to  pr'.»duec  the  effect  that 
had  b'-rn  most  dreadi  d ;  Dr.  Solander  himself  wt-;  the  first 
who  found  the  inclination,  against  which  he  had  warned 
other?.,  irtt-sistiblr,  and  insisted  upon  being  suflered  to  lie 
down.  Mr.  Banks  entreated  and  remonstrated  in  vain; 
^duwn  he  lay  upon  the  ground,  though  it  was  covered  with 
Mow ;  and  it  was  with  great  difficulty  that  his  friend  kept 
him  from  sleeping.  Richmond  also,  (me  of  the  black 'ser- 
vants, began  to  hitger,  having  suffered  from  the  cold  in  the 
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same  manntr  as  thr  Doctor.  .Mr.  Banks  there/ore  sent  S 
o(  the  company  forward  t<i  gf  t  a  hrr  ready  at  the  first  n^ii- 
vcnient  place  they  could  find;  and  himself,  with  4 others, 
n-mdiiied  with  llu:  Mocior  and  Itichmond,  whom  partly  by 
persuasion  uiid  eiitiriiiy,  and  partly  by  force,  they  broui(ht 
in;  but  when  they  huil  pol  through  the  greater  part  of  the 
birch  and  swamp,  ilu  v  Imlti  declared  lliey  could  go  no 
farther.  Mr.  Hanks  I  ad  ri-coursr  B<;ain  to  entreaty  and 
expofiulatiot),  but  tbey  produced  no  effect.  When  Rich- 
mond was  told  lliut  it  he  did  not  go  on  he  would  in  a  short 
tunc  be  fr<>2<-n  to  death,  he  answeriul  that  he  dt*tired  no- 
tliint;  but  to  lie  down  and  die.  The  Doctor  did  not  so  ex- 
plicitly renounce  his  life;  he  said  he  wai  willing  to  go  on, 
but  that  he  mast  first  take  some  sleep,  though  he  had  be- 
lop-  told  the  company  that  to  sleep  «as  to  p  nsh.  Mr. 
^(Hiiks  and  the  rest  found  it  impossible  to  carry  them,  and 
there  being  no  remedy,  they  were  both  suffered  to  sit  down, 
iK-ing  partly  supported  by  the  bushi-s,  and  in  a  few  minutes 
they  tifll  into  a  profound  sleep.  So(jn  alter  some  of  the 
|Hsn>le  who  had  boi-n  sent  forwanl  rftunietl  «ith  the  wel- 
come news,  that  a  fire  was  kindled  about  a  quitrter  of  a 
mile  farther  on  the  way.  Mr.  Banks  llien  endeavoured  to 
wake  Dr.  Solander,  and  happily  sucret  ded;  but,  though 
lie  had  not  slept  live  minutes,  he  had  almost  Inst  the  use  of 
Ins  limbs,  and  thi  muscles  were  sO  shrunk,  that  his  shoes 
tell  from  his  feet; — he  comenlcd  to  go  forwaid  with  »uch 
.issistunce  as  could  tie  given  him ;  but  no  attempts  to  relieve 
poor  Richmond  wire  successful.  He,  togethi  r  with  ano- 
ther black  left  with  him,  died.  Several  others  began  to 
los<'  their  sensibility,  having  lieen  exp<i>ed  to  the  cold  and 
snow  ncjir  an  hour  ;'.nd  a  hull',  but  the  fire  ncovcred 
them.  Si-e  C:iptniii  Cuuk's  first  Voyr^je;  aUo  KiTs's  Cy- 
riop.-edi.i,  art.  Ci>ld. 

COl.l.KCTOR,  in  Kleclricity,  is  a  small  appendap;  to 
the  prime  conductor  of  the  electrical  machiiu',  and  gene- 
rally consisting  of  pointed  wires,  affixed  to  that  end  nf  the 
prime  rondiictor  which  stands  contiguous  to  the  gla<s 
globe,  or  cylinder,  or  other  electric  of  the  machine.  lis 
office  is  to  receive  the  electricity,  whether  positive  or  ne- 
gative, from  the  excited  electric,  much  more  readily  than 
the  blunt  end  of  the  prime  conductor  W(>uld  be  able  to 
receive  it,  without  that  appendage. 

COLLEGE  (RoVAi.  Militarv),  *ibs  instituted  in 
1799,  under  the  direction  of  12  commissioners,  a  governor, 
and  professor  of  roathcniutics.  It  conjints  of  two  depart- 
ments; the  senior,  established  first  at  High  Wycomlie,  and 
(he  junior  at  Great  Marlow,  in  Huckioghamshirr,  each 
under  the  care  of  a  commandant,  superintcndant,  and  ad- 
jntnnt,  and  under  the  instruction  of  a  number  of  able  ma- 
Vters  in  different  branches  of  sciencre.  But  in  the  vear 
1813  the  senior  de|iHrtment  has  been  removed  to  Furnham, 
and  the  junior  to  Sandhurst,  near  l^agthot,  Surrey.  The 
pupils  in  the  senior  depnrlmrnt  are  young  officers  who 
hnve  received  their  commissions  ;  those  in  the  junior  de- 
partment an'  gentlemen  cadets,  amounting  to  about  or 
40<)  in  number,  are  educated  and  fitted  for  commissions 
in  the  army,  each  cadet  paying  a  certain  annual  sum;  to- 
wards  the  e.xpense  of  his  education  and  maintenance,  &c.  • 

Cott.Enr,  Nbval,  the  new  name  of  the  Nav-ul  Academy 
at  Portsmouth.    See  AcAPr.MV. 

COLLI MATION,  Line  qf,  in  a  telescope,  is  a  lineposa^ 
tng  through  the  intersection  of  those  wires  that  are  fixed 
in  the  focus  of  the  object-^ass,  and  the  centre  of  the  same 
glass.' 

COLLINS  (JoHii),  an  cmtncut  uccuuntant  and  matlie- 
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imtUikn,  WM  bora  ot  Wood  liAlon  near  Oxi(iT<i«  Mwth  i,  »l>ilc  hft<a||iiM|M|yB« '(o  wake  known  «vcTy  new  »ud 

l6S4.    He  recfivrd  his  rducaiioo  from  hit  btkni  k  dit-  usH'uI  iB»iiliiiit  h*  wploywl  m\\vT»  to  improve  ihrm. 

tenting  miniit«r.  Mil  at  l6  yi«n  nf      watpatai^mi'  SomciMm  he  i^ii  peculiarly  u»rful,  by  Uto«ing  whVm 

lice  tu  ■  booksctier  M  Oxfor^ ;  liat  ■cno  aficr  tlw  cm-  tba  'Mbil  was  in  »my  meM  branch  uf  scienct-,  pdnling 

mtneetman  uf  tint  eivitjmM^  liecane  a  clerk  of  tlie  oilCfcfc»»/<lifllcultit-«  ultcnding  th*  iiiqoiry,  and  »t  oihw 

Prince  of  Wakf**                     Htuatios  be  wat  vndcr  tfiii«[iMjM  fuftb  the  ■dwMgMi  ind  kei'pina  up  a  spirit 

the  wipprtBwndrncc  (|d|rABl«rr,  a  good  matbrauTirian.  aod  waoPtfraipr  for  {nprMrincat.  '  Mr.  Col&at  waa  also 

iind  faiuous  for  the  dO^j^ff  which  be  adoraed  the  hing|*«  at  it  were  tiie  tifiitcr  of  all  the  new  inprovement't  made 

Hanit^iu,    >'rom  hi'iico  he  truvviU'd  alipKiii,  lo  prosecute  in  (he  iimthriiiaiical  kcit-nccs  ;  liic  mugajdne  to  which  the 

Ills  luvouritc  itudy  ;  Knd  uii  hit  rrturii  he  luok  upon  him  curious  had  frequrnt  ix'course  :  in  su  mttch  ibat  he  ac- 

I      [■ii>Il-~iuii  111  ;ri  .!<  (.MUiilaiil,  :nui  iiubli>(.t'>),  III  [lie  yi-ar  i|'jircil  ttio  appcllutittn  ol"        ilnsilsb  M«'t-  iiinJ>.    Il  '<nii' 

1         M  liii^t  v*uf  1»  k  iiu;  icil .  All  liUtoducllon  U'  .Mv  u  ti;»ins  ul  lii>  c«>rr<-*poildclil>  lin.l  imt  oljliapd  him  111  coiic.  ,il  tlifir 

A<Tompt»;  uhich  was  iullim id  by  s«veral  olbcr  puliliia-  coiiinniiiKiiiiniis,  tl.i  ir  > mi Ul  Imm'  bivii  i:ij  liirputc  al>oiit 

Imiii  on  diiri'r<:nl  braiichc!.  wl  accounts.    lu  l(>;VH,  li<-  pui-  tin-  |)riuritv      iln'  i:ui  j.lum  ut  ii  iiu  iIi.kI  ot  aimly^js,  ihc 

liNbcd  u  trvatisc  calli-d  'I'he  St-ctor  oil  a  Quadr-.uit  ;  ikh-  [uukiui nl  ^^lllltI  im.i. mlv  k'lon^v  (n  Ni.»i.iii  ;  a-,  upfjiars 

tauiiiig  tht'  d<^riptiun  and  u»('  of  four  teverai  tjumirants,  undeiiiubly  from  th(.<  pApm  printed  iii  the  Crinimerciuni 

*  eacli  acconiniodaird  t>>  ihr  makin;;  of  •un-diaK,  &ic  ;  tu  Kpistolicum  D.  J<Ninni»  Collins  I'l  oliurum  de  Analyn 
»bitb  he  afurniiid)  kIcUiI  an  :l]l;>^  lKh^  cnnccraing  rc-  proiooia;  juMU  SocictntitlicgMB  in  ittcem  cditum.  1712: 
rltrted  diulling.  (i<  Ml  t  <:Ia»^  pl  tcoi  K'clniiii>:.^ln  l6t9t  n  work  that  waa  compoted  friMB  the  letters  m  the  pot- 
he  published  bit  Civnu  niul  IJiallin^   and  tiw same  year  teai>i<>n  uf  our  author. 

nl»#  bit  Moriocf'a  Plain  beak  at^wipiained^MCoiiink  now  Collihsis  OuaJrant.   See  Qqadbakt. 

hecMMaFdhm  of  the  Ra]ffl:8aciety  inUmdoOi  to  which  COLLISION,  ia  the  percuaion  or  itiiluug  of  bodies 

'  he  made  vMont  '"~~"~**i*jir~l  -pHticoltilj  WNnc  ii^-  iigilnU «edi  other.  Stiiklqg  bodice  ii*  coBiidei«d  dtber 

KnhNW  chrofWloipcal  rulet  ifi  ^  >cal«»clar,  printed  in  at  elaitic,  or  noll-^Iattic.  Thtjr  mf  aUo  be  either  both  • 

the  Philoa.  Tniu.  number  46i1(Hr  April  166$:  olio  *  cu*  in  motion,  or  one  of  them  In  motion  and  the  other  at  icit. 

rii>U!>  dis«ertation  concrriiing  the  resolution  of  equations  When  non-elastic  bodivsstriko,  they  adhere  together  8»  one 

in  numbers,  printed  also  in  ihc  'l'runs.  fi>r  Murcii  l671  :  mass;  which,  after  collision,  eiihei  remains  at  n-st,  or 

an  elegant  conittrucuun  uf  liir  iiiiums  im.uuin,  IlaMnq  uioxcs  I'orwHrd       luif  ImiU.    Out  when  cla»trc  biHjics 

givi'n  the  mutual  distances  of  ilircc  ob|i.-cis  m  a  plane,  wn'n  strike,  lljtv  ntways  separate  after  the  strokt'.    'I'he  piiii- 

the  angles  nmilc  by  ili<  >ii  hi     loiuiii  (Hurc  in  iliai  jilutu,  cipal  theorems  rekltitg  to  iho  coUiuiao «f  bodHS»  mi:  the 

to  Cod  till-  diMAiict'  lit  this  place  from  each  of  the  three  foilowing  : 

former,  vol. 6,  pn.  2093 :  and  ihoilghta nbOMt tOUB  dtfectl  1.  If  any  body  iiiiping(  i>r  nrt  obliquely  on  a  pl»n<  s  n- 

in  algebra,  »'■!.  14,  pa.  374.  face ;  the  fmce  or  energy  of  the  stroke,  or  action,  is  «»  the 

Collins  wrote  also  several  comnvcrcini  tracts,  highly  ac-  sine  of  the  angle  of  incidence.  Or  the  force  upon  the  sur- 

ci'ptablc  tu  ilm  public;  viz,  A  I'lca  for  bringin<;  over  Jriah  face,  is  to  tlic  same  wltcn  oottog  perpendicularly,  as  the 

cattle,  and  keeping  out  the  ti^h  caught  by  foreigners: —  sine  of  incidi'iice  is  lo  ndiua. 

Foe  the  pnirnxficn  uf  ihe  Kiiglish  tishery : — Fur  the  work-  2.  If  one  body  act  on  another,  in  MW  dircclioll,  and  by 

tng  of  tht  rin-iii!:ii.'s  : — A  discourse  on  Salt  and  Fishery,  any  kind  uf  force ;  the  uctiou  of  thtt  mito  oil  tbetcooDil 

He  wat  frequentijr  contuiird  in  nice  and  critical  casce  of  body  »  mode  only  in  •  direcitMt  |ierpendicular  to  the  tar- 

«wG0VBii»  M  coauMRni  iml  engpaeerin^  On  one  «f  thew  fiiee  aa  whkfa  it  acta, 

oecarione,  bein|(  appointed  10  impecl  the  gtound  for  cut-  3.  If  the  phinr,  adad  on,  be  not  al»olutely  iixad,  it 

ting  a  canal  or  riveir  between  the  tii«  attd  the  Avon,  he  con-  will  move,  after  the  ttroke,  in  the  direction  perpcndicuht' 

•tracicd  a  ditordtt  ^by  drinking  ddcr  when  hi'  was  too  tu  its  surface. 

.  warm,  «hich,4n)ml)  jn  his  dcilh  the  lOth  of  November  4.  If  a  body  a  strike  anoilur  body  b,  which  it  eilbcrat 

Ifisa,  at  59  years  of  age.  u^l,  ui  rl;..  in  nuHinii.  either  lowBrds  .*  or  from  it;  ibcB 

Mr.  ('ullinn  v,a\  a  very  useful  man  lo  liic  scii  im  s,  '^cf^,.  (he  moin>  riia.  m  i|ii.miiti«rs  of  motion,  of  the  tafo  bodin, 

ing  lip  a  c:(iiist:uit  t'ormpondcncr  wuli  iik'  riii.'it  lc;trni-d  estimated  in  ;uiv  oiii' il  ii*;iiiii,  uill  be  tho t«ry  MIUC  aftvt 

men,  bi';>i  ai  Ikuik  ami  abioiid,  aiiij  [jukikiiihi;  iii<  |i:iLili-  the  atruke  thai  (iiey  wei<:  Ul«ire  it. 

CilliiJll  (if  in.iiiy  M,l-.l;ili|r  niirj,s,  whii  li,  li-.it  I'm  l.im,  would  A                '         Ii              '          C  • 

never  have  heen  inlroduceil  tu  the  public  ;  particularly  O"  *>~   • 

I>r.  Barrows  optical  and  geometrical  Lectures;  hisabridg-  Thus,  first,  if  A  with  11  moiiientuin  of  10,  strike  ts  nt  nt.l, 

mint  of  the  Works  of  Archimedes,  Apolloniua,' and  Theo-  and  communicate  lo  it  a  nioiiKnium  of  4,  in  the  dinciiun 

dosius;  Branker's  translation  of  Rhfunittt't  Algebia,  with  ab.    Then  then  will  remain  in  \  only  a  nioinenium  iA  (i 

'     Dr.  Pell't additions  ^c;  which  were  procarcd  by  hi*  fre-  in  that  direction:  which  logeiiur  «iih  the  mumeiuuni  of 

qUCnt  loliciUlions.  a,  vix  4,  makes a|i itUt  (he  tame  momentum  Ixlwern  ihem 

After  a  considerable  time  had  eUpicd,  hit  papen  wete  as  before.— But  if  a  were  in  nioiion  beliire  the  atruke,  with 

•  nil  delitreivd  into  tha  hands  of  the  kamed  and  ingeniou  a  momeotinn  or5,  in  ihetamc  duection.  iiud  receive  from 
&lr.  Willitm  Jonet,  r.  it.a,  among  which  wen:  found  ma-  a  an  addilioaal  motneatam  of  2:  then  tha  motidn  t>f  A 
nucriptt,  on  mathemalkal  tubjcct>,f  f  Briggs,  Oughtred,  after  the  itroke  will  be  8,  and  that  of  »,  7 1  which  toge« 

>    Banow,  Nawton,  PcU,  and  many  otbera.  Froro  a  varte^  ther  make  IS,  the  tunc  at  10  and  i,  the  moiiunt  Mora 

of  Ictten  from  these,  and  many  other  celebrated  matho  the  stroke.— Lastly,  if  the  hodmt  now  in  opposite  dirco- 

raaticians,  it  appears  that  C<<lIill^  ^[luri'ii  tiuiilu-r  icili.s  Mur  ikjus.  uml  mef  t  each  other,  namely  A  with  a  motion  of  10, 

expense  to  procure  what  tundt  J  to  pmniuir  ual  stuiici'  .  itnd  b,  ot  j ,  and  a  communicate  lo  B  a  motion  of  6  in 

and  even  inaay  of  the  late  iliscuvxrii-s  m  physical  kmm  -  the  direction  .\  v.  ol  ii^.  iiuiiiiui :  i!.<  11.  Iiefoi  t  the  stroke,  the 

ledge  arc  indebted  to  him  for  their  improvvment;  tor  whole  motion  from  both,  in  tiieuireciion  as,  is  tU —i.i-r 


COL 


C 


.5 :  but  »fter  the  stroke  the  motion  of  a  is  4  in  the  dirac- 

lioD  AH,  mid  the  motion  of  8  ft  6  ^  5,  or  I,  in  the  tame 
(■in  c  iiur;  AB  ;  thvri'furi'  ibu  iiuni  4 -«-  I,  ord,n*tiU  the 

suim  iii  itioti  fruin  both  as  it  wns  before. 

Ii  ;i  hnrJ  and  fixed  jilaiiu  bi'^tnick  litiK  r  Ijy  a  softer 
a  liarii  unrlaslic  body;  lliu  biidy  udlicrr  t'l  it.  But 
if  the  plant-  bt-  >trtick  liy  u  juTli  ctlv  i  li.^dt  h.jJv,  it  will 
rebuuiul  Irum  it  wuli  ihcsanii-  vi  loi  ity  \y\th  » rh<  .'i  it  struck 
the  plane!. 

6.  'I'lie  elleci  of  the  blow  of  the  eliutic  Utdy,  upon  the 
plant-,  is  doable  to.thkt  of  the  non-e|Mtie  one ;  tuvela- 
citjr  and  mass  facing  the  Mme  in  both. 

7-  Hcoce,  non-clastic  budiea  lose,  their  cjllision,  but 
half  the  motioii  that »  knt  by  ciaitic  bodiek ;  the  aMmn 
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8.  If  an  elastic  body  a  impinge  upon  a  finnpIuieDKtt 
the  point  B,  it  will  rebound  from  it  in  an  angle  equal  to 
liiBt  in  wbich  it  Mruclt  i  t ;  or  tiie  angle  of  incidenee  will  bo 
equal  to  the  angle  of  nflection :  inndjr,  the  angle  abd 
memm. 


M?  )  GOL 

in 'one  and  the  lame  direction.  So,  if  the  elattic  body  it 
mof»  with  the  vHocity  v,  and  overtake  the  elustic  tHHiy  0, 
moving  the  Mine  ^vay,  with  the  velocity  t>;  ttx  n  ttieir  il  - 
lative velocity,  or  tliat  with  which  they  «trikr,  Is  only 
V  —  r;  and  It  is  with  this  saiin-  velocity  llinl  lln  v  scparalc 
flora  eucli  iitlu  r  afli  r  the  stroke:  but  if  thev  rmi't  each 
other,  or  the  body  mnvf  c<iiur,!r\  lo  ihc  ludy  ii ;  then 
thrymeet  and  slrikcwiih  liic  vilocity  V  r,  und  it  iswilh 
the  same  vidocity  tiii.r  tin  y  vparalc  n<;aiii,  am!  recede  from 
each  other  after  the  stroke  :  in  likf  inantur,  they  would 
teparate  witii  the  rdocity  r  of"  n,  it'  b  were  at  reit  bvforc 
the  stroke.  Alto  the  sum  of  the  velocities  uf  the  one  IkkIv, 
is  L'cjiiiil  to  the  sum  of  the  others.  Uul  whether  they  move 
forward*  or  backwards  after  the  impuUe,  and  with  wliat 
ponlealar  *efa)ciltcf»  are  circumtlaocca  that  dqiend  on  the 
wariotM  maiaca  amdhnlacjliei  of  the  bo^  befefe  ttw  *lnkv, 
and  anaaipeclficd  i»  UiO  iieit  Aeorcn. 

II.  Jf  tM  tHrolilaatic  bodies  Band  i  move  dirvvily  to- 
wards each  olber,  or  directly  from  each  other,  the  former 
with  the  velocity  v,  and  the  latter  with  the  velocity  t; 
then,  after  their  meeting  and  iinpuliej  the  respective  velu- 
cities  of  B  and  b  in  the  direction  ■€«  Wt  the  three  ca^of 
motion,  will  be  as  follow:  vis, 

?f.:^JiIU«wlodlyifB.         :•  ■ 


T 


If  tlie  non-elaslic  b<)<Iy  ii,  iirr,  ng  uith  the  velocity 
V  in  the  direction  b6,  and  the  buiiy  t  with  the  velocity  r, 
strike  each  olh<T,  tli  ■  diieclion  of  ibc  mo;i..ii  being  in  the 
line  BC  ;  then  tbey  will  move  aflcr  tiie  stiokc  with  a  com- 
mon velocity,  whicji  will  be  more  or  less  according  as,  be- 
fore the  stroke,  b  ni«v(d  towards  a,  or  from  a,  or  was  at 
rest;  and  that  connKWTd«dtjr»lB«wltof tlMiecaii%w01 
be  as  follows:  viz, 

M"^.  when  6  moved  from  b,  * 
when 6 moved  towanU  », 

when  5  was  at  rest. 

Fur  example,  if  the  bodies  or  weights,  b  and  h,  b<-  5lb 
and  31b ;  and  their  velocities  v  nnd  r,  tiO  feet  and  40  (cet 
per  second;  then  300  and  120  will  be  their  momenta  »T 
and  ks,  and  S  s  a  •«•  i  the  sum  of  the  we^U.  Ctooie* 
qoently  the  common  velocity  after  tho  ilMhe,  in  t^  thieo 
case«  above-mentioned,  will  be  thus,  vij, 

.100  ■+  110         4  J0         ,  , 

—  =       or  5'2i  in  the  tirst  case, 

aw  -  1  JO      iM      , .    ,  ,  • 

.—  '  .        =  —  or  2'2l  in  the  st  rnnd  rose, 

aao 

—  -    -   -   or  37i  ta  the  third  case. 

10-  If  two  perfectly  ehttlk  hodica  impinge  on  each 
other  i  dicir  iclati«e  velocity  is  ihetMM'lwth  before  and 
aiker  the  inpubet  that  is,  they  tiriU  lescdo  fnm  «acb  other 
with  the  nmo  wlocilty  with-  which  tbey  appmwhtd.and 
net. 

It  is  not  meant  however  by  ■'  unni,  ;]iat  mth  body 
will  have  the  very  same  veL.cHy  mIU  i  ih.  jmpuise  il^  it  had 
before;  for  that  will  be  v.uud  according  to  tin-  rr.  i.  '  :i  mi 
the  masses  of  the  two  bodus;  but  tiiat  the  m  iocily  of  the 
one,  alter  the  stroke,  will  be  so  much  incn  H>ed,  and  the 

Other  decreased,  as  to  have  the  nme  difiactice  as  before. 
Youl.  . 


thovdodtyof  1^ 


•  ••■» 

when  the  bodies  jiolh  ittoved  towaida  e  before  the  itnhet 

and 

■  -g.Itha^lyofB. 

!ll!_tlz.iL'thew!ocit,irf», 

when  BBOecd  tonrardtc,  Midi  towards  Bbdbre^  stieke; 

also, 

N  V  the  edflciqr  «r  B. 

~y  K  »  the  Telocity  off, 

when  i  was  at  rest  before  the  8trok< . 

12.  The  motions  of  bodies  after  impact,  that  strike  each 
other  oUlqudf ,  are  thiw  delemined. 


Let  tbc  two  bodies  b,  h,  move  in  the  obltquedirection» 
MA,  i«tandstrilm  each  other  at  a,  with  vdodtics  whidi 
are  in  proportion  to  the  lines  aa,  ta.  Let  cam  icptewdt 
the  |riane  in  which  the  bodies  touch  in  the  point  of  eon. 
couiio;  to  which  draw  the  pcrpcadiculat*  BC,  to,  and 
complete  the  rectangles  cs,  or.  Mow  the  motion  in  aa  is 
icsottad  into  tbc  two  ac,  ca;  and  the  motion  in  bA  is  rr- 
solved  into  the  two  to,  da;  of  which  the  antecedents  bi  , 
io  are  the  velocities  witii  v,'uch  thiy  directly  meet,  and 
the  Consequents  CA,  ua  ari'  f)RralIel,  and  thrrefore  by' 
thisi'  the  bodies  do  not  iin|ii:  i;>  "ii  '.  .icli  olhi  r,  and  ci)ii>c- 
quently  the  tnolioii5  according  lo  these  dircrfii.n^  will  nut 
be  changed  l.y  ll.c  impulse;  so  that  (In  v  jlr  ci '.us  ui'ii 
which  tiic  bodies  meet,  are  as  ac  or  ea.  and  Ao  or  #4, 
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The  notion  ibmfMC  of  the  bcHiies  b,  6,  riirectty  sinking 
cMh  other  with  thccthiitiei  1a,  fa,  will  be  di-termmrd 
In  art  It  or^rOecaHing  aa  tho  bodioi  u««laaiic«ir  Neif 
«iiiitk;  wkwh  being  done,  let  M  be  tho  wlociiy,  ao  de> 
lemineilt  of  one  of  tbt>iiii  aa  a  ;  Util  »im<  ihrre  mnaim 
•lao  in  the  Mme  body  a  totte  of  novtii^  in  the  dircciion 
purallrl  to  bk,  with  a  velocity  ai  BE,  mako  ati  equHl  tu 
BF,  iiihI  coiti]i)iti'  tlie  nctangle  on  :  then  thr  two  mo- 
11  1,1  Hi  <l  AO,  or  iii,uri;  compoundrH  intii  the  tliit- 
guiml  ,» I,  Villi'  fi  thircfore  will  (xr  the  pslh  ami  cilfjlly  nl 
tiw  body  B  alii  r  It,,  ^(ti  kt.  Ami  alU-r  lin-  sainr  iiKdiixr 
if  the-  moliuu  ij'l  itie  uthcr  body  i  drt(  i  (ijtint  tiiu  i  thr  ini- 
|lUCt. 

13.  The  Mate  of  the  cotninon  centre  ot  gravity  ol  boditt 
it  not  oAcled  by  the  collision  or  olhrr  actiorvs  of  ihoM 
bodiai  on  each  other.   That  is  if  it  wire  ai  ml  before 
'their  collision,  k>  will  it  be  alto  at  re»t  alter  culliaioa:  and 
,  if  itmre  aaovi^g  in  any  directioo,  and  with  any  wloCityi 
bcfhn  coUinttBi  it  will  do  the  very  tame  after  oolliaon. 
ScenwcMi  tbiasnbjict  under  the  article  PKneiraaio*> 
COLONNADE,  a  {leiistyleef  ndicularigttra;  Crk 
•eriei  «f  catunna  diipcaed  in  •  riicle^  and  imtlaied  wilbi»> 
tide. 

COIX)l'lt,  a  prop»Tty  intiofcnt  in  light,  by  which,  ac- 
Coniins;  to  ihc  vHrioll*  MZi's  ot  it>  parts,  or  from  soineothi-r 

cauM',  II  t  NCiUfs  iSifli  rcnt  vibrations  in  ili'  r  nrrvc  ; 
whuh,  propa;4aUil  l:>  the  wHMiri'jiii,  atii  ri  tin  smnd  with 
diffrrcnt  Sfn»iiti(iiii-  the  il..(  trii;i'  >il  colours  lully  ex- 

plained un(Ji*r( '/iromn/ics.  bi-L-aUoOPl  iC'ijAtJiiioMATic, 

nndTsLEscoi'i.. 

COLSON  (Joum),  a  rctprctablo  mathi-matician,  who 
toiniahad  about  the  b^ntung  of  the  isih  century,  and 
who  appears  to  have  br«n  ft  Cambnrig''  scholar.  \Vo  first 
notice  biro  as  author  of  some  papers  in  the  Philos.  Tran*. 
vtatOOein  voL25  (an.  1707)  on  The  Univcml  Resolution 
ofCaUcandBiquadfatic  Equationt;  aaecond  in  vol.34, 
on  Kqptiee^lmnatita  Arithmetie;  and  Sdly,  in  voL  S9, 
«li  UwCoMtractioB  and  Uia«r Spherical  Mrai.  Hcwtt 
alio  anlhor  of  aeecial  aeparate  workt;  at,  The  Biitiih 
Hemlaphere,  being  a  map  of  a  new  contrivance,  in  the 
form  of  a  halfglohc,  uf  about  16  inches  in  diameter,  but 
Comprehending  liic  uiiule  known  surl'acc  of  the  habitable 
earth,  tht-  city  i  t  I  .,  : .  i  m  being  the  centre  ur  vertex  of  the 
map.  In  17^6  lie  pulilislied  it  trmislatioii  iVom  the  I^rin 
of  Sir  Isaac  Nc.vtou's  Mellmd  of  Mum'mis  an<i  liilinilf 
Serit'S,  with  a  larjre  Ci mmelit  un  tin-  wliole  wmk,  cmiiist- 
ing of  anniKalli  I:-,  illustrations,  and  supple iiu  nt*.  At  the 
dale  of  this  publication  Mr.  Colson  was  in  tlie  .situation  of 
ma-Mer  of  Sir  Jteeph  Williamson's  free  inalliematical 
tchool  at  Uoche>ter,  and  a  r.  a.  s.  Thn^e  years  alter  this 
we  find  he  succeeded  Mr,  ^jandenon  aiLurasian  Professor 
of  Mathematics  at  Cambridge,  a  aituation  which  he  held 
for  SO  yenri,  after  which  he  was  succeeded,  iu  1759,  by 
Dr.  WiMfavi  though  Mr.  Ccdion  Ihred  till  DecSO^  IftO, 
The  dMfactar  of  our  ««ther  Menia  to  btva  been  c^cdf 
that  of  minute  preciaiM  Md  fUkM  lafaorieua  indottry. 
His  paper  on  the  solntion  of  culnc  and  htqnadimtic  equa- 
tions obove-mentionetl,  is  founded  nearly  on  the  idea  of 
the  solution  by  Descartes,  by  assumini:  the  biquadratic  as 
equal  to  the  product  of  two  quiidratic*.  with  inaorcrininaic 
coefficierit*.  The  coustrtjction  ol  tin'  cijiKitmiis  also,  by 
mean»  of  the  circle  and  parabola,  in  immitmn  nf  the 
like  construction?;  ff  Dt-^cartiii  in  his  ('ctnuti  y,  anil  ot  Mr. 
Baker  Ml  Ills  (ii  i  iimnral  Key.  Mr.  ("•iImih,  it  seems,  was 
SO  well  plce*ed  with'ihe  Analytical  inuiiutions  of  the$ig- 
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non  Agvetif  that  he  made  an  entira  lranahiti«iiV|if  thai 
lady'a  work,  from  lb*  Italiih,  tbecopy  of  which  wa«  found 
antMf  hit  papery  and  pubUahad  at  the  expense  of  Mr. 
Baron  Mafvm  isS  eolniaei  4to. 

COLUMBA  JlbaeAi,  Noah's  Dove,  a  «mall  consieliatimi 
in  the  southern  beKisplu-re,  consikiukg  of  lOttan. 

CULUMN,  in  .'Hrchiti'cture,  js  roond  psilar,  Bade  t* 
support  or  adorn  a  building. 

'I'lic  roluiim  IS  the  prinrip.Tl  par:  of  an  aichileclnnical 
order,  and  is  Coinposed  of  three  parts,  the  ba.vt ,  li-.c  shaft, 
uriil  lilt  cajillal  ;  rni  li  jI  which  IS  subdivided  intii  a  nnUk* 
hiT  i/f  Uivsei  parts,  lailinl  memlien,  or  mouldings. 

(  itlunins  are  dilieient  actordiiij^  to  the  diUerent  ordi  rs 
in  which  ibey  aie  used  ;  and  also  according  lo  their  mat- 
ter, coRstrtirtion,  tunn,  disposiiioD,  and  purpose.  The 
proportion  of  the  length  of  each  to  its  diameter,  and  the 
diminutif>n  of  the  diameter  upwards,  are  diver&ly  staled  by 
diflieretii  authors.  The  medium  of  them  ia  nearly  ai  fol- 
lows : 

The  Tuscan  hitheiimplcttaiidahoirtettof  aU:  iuheiglht 
Si  diaMden,  or' 7  modukt)  and  it  diminiabea  }  part  of 
iia  diameter.  _ 

The  Doric  it  nora  delicatr,  and  adorned  with  flutmgs ; 
its  height  7\  or  8  diameters.  ^ 

The  Ionic  is  more  delicatfr  still,  beinj;  9  diameters  long. 
It  is  ilistinmii-hi'd  Irom  ihc  nut  by  the  volutes,  or  curled 
sciolis  in'its  cnpilal,  iind  by  it*  base,  which  is  peculiar  to  it, 
Tlie  Coriiitliiiiii  is  i|-ip  niiiist  and  !'!,i»t  <ii.lM;,iir  ol  all 
the  ciiluinns,  bi-in^  10  diameters  in  Icngti),  and  adorned 
with  two  rows  ofleuvc's,  audttalka  orateUM,  frou  wbenoa 
spring  out  small  volutes. 

The  Composite  column  is  also  10  diameten  long,  ita 
capital  adurncd  with  rows  of  leaves  like  the  Corinthittl, , 
and  with  angular  volulea  like  the  loinct 

COLURES,  are  two  great  circles  imagined  to  intenect ' 
at  right  angles  in  the  polist  of  like  woHd,  and  to  past,  the 


I  through  the  e<|uinoctialpoiiit»  Atiat  and  libra,  and 
the  other  thruueb  iheioUtitiBl  poiim  Cancer  and  Capri- 
corn; whence  th«ruf*  called  the  Eouinoctial  and  Solsti- 
tial Colom.  By  thut  dividing  the  ecliptic  into  four  eqoal 

parts,  they  intuk  the  four  seasons,  or  quarters  of  the  year. 

it  li  i\  matter  of  dispute  over  what  part  of  the  back  of 
Aries  the  equinoctial  cnlurf  passed  in  the  time  of  Hip- 
parchus.  Newton,  in  his  Chronology,  take*  it  lo  have 
l>e<.[i  over  the  iniiidie  (if  this  Conslt  ilntiuii.  Souciet  insi&ls 
that  It  pas.s4>d  over  the  dcHk'catriiionon  of  Aries,  or  mid- 
way between  the  rump  and  first  of  the  tail.  i  In  :<'  are 
some  obseivatmns  in  the  Philos.  Trans,  number  406,  con- 
cerning ihi'  position  of  this  colore  in  the  ancient  sphere, 
from  a  draught  of  the  constellation  Aries,  in  the  Arat»a 
puhlithed  at  Leyden  and  Amsterdam  in  l653,  which  ap- 
pears to  confirm  Newton's  opinion ;  but  the  aniiqui^and 
authority  of  the  original  draught  may  still  he  quettioaed. 

COMA  BaumcBa,  Bertideift  Bmr,  a  aodera  con- 
atdlation  of  the  aorthMS  hemitphetet  composed  «ltw> 
iuciMd  Mm  bM««M  tha  Lka^  tail^uid  Bomb. 

It  it  aaid  that  dm  eomtalhtioB  wai  fonaed'hy  GonaB, 
an  astronomer,  to  console  the  qticen  of  Ptolemy  Euefgetes, 
for  the  loss  of  a  lock  of  her  hair,  which  was  stolen  out  of 
tlic  temple  of  Venus,  where  she  h»d  di  diraleditou 
count  of  a  victory  obtained  by  hrr  hiisliaiid. 

1  In  ^fa^s  in  this  constellation  arc,  in  Tychd's  cata- 
logue 14,  in  Heyi-lius'b  21,  and  in  the  Britannic  cata- 
logue 4M. 

COMBINATIONS,  deaole  the  allenutions  or  vaxia- 
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linns  or  any  number  of  quantitiM^  Mten,  wunds,  or  tin 
like,  in  all  possible  way*.    Menenne  {Kiv(■^  the  cumbina- 

tioii>  of  kM  tli(>  i]!it<  s  if.d  iounils  in  music,  iis  l«r  at,  6i; 
thr  sum  ol  which  atuoiiiits  to  a  number  i  xpics'vfd  by  i)0 
jiliicos  i)f  lijiuri-'i.  And  tlif  ii'.iiiiit  r  ol"  possit)]!-  Cdiiiljiiiii- 
ttuiis  lit  tlie  \ii  It'ttiTs  of  tilu  alphabet,  taken  lii»t  imu  by 
two,  then  three  Ij>  i  i i  : e,  and  to  on,  McocdiBg  to  Pmlet's 

Calculaliun,  atmiunis  In 

1 3il  1 7  i + 'J  S  I,  S  8  r  -J  r..!9y91'25 1  '2  H  ♦93402'iOO. 

Fatbcr  Truchet,  in  Mem.  dc  rAcad.  tkows,  ifaat  two 
sqiutt  piMes,  each  divided  disgunally  into  two  colourt, 
may  be  ami^eii  and  combined  o4  different  .ways,  M  aa  tu 
form  a*  many  different  kinds  of  cboqner^work  :  a  circum- 
■Mactt  worthy  the  attratioo  of  .nrnom,  pavioutv,  kc. 

DKtriKg  qr  CoHBiii  ATion. 
^  h^Hairiij^^pt0t  oy  waofcer  qf  tkhigt,  odrt  i»c i 

1.  Jnoi  ooi|f  iwo  on  ( 
-   One  thing  adniti'M  no  combination. 

Two,  a  and  6,  admit  of  one  only,  viz,  ah 
Thrpe,  a,  6,  c,  admit  of  thice,  viz,  nb,  uv,  be. 
Four  lid  111  It  'if  »ix,  vix,  ab,  ac,  ad,  he,  bd,  cd, 
Fivi-  admit  of  ten,  viz,  nb,  ac,  ad,  ae,  be,  bd,  be,  cd, 
ce,  de. 

VV'liciicc  (t  apprars  that  the  number*  of  combiuntions, 
of  l»o  and  two  only,  pruceed  ari  i nlina;  to  the  triangular 
nuniber»  1,  3,  6,  10,  15,  '^l,  &c,  which  are  produced  by 
the  coutinuiii  udditjim  of  the  arithmetical  mtics  0,  I,  'i, 
it  *t  it  ^c.  So  that  if  a  be  the  number  of  thin«,  then 
ifco  iirncnl  Ibnniln  fw  •xpraung  the  wm  of  «l  their 

eombinfiions  by  two^  will  be  "   "  ~ ' ' 


Thai,  if* 

Ifi»3B3;  it  ii 


2;  thi» 

•1  .  J 
a 


I  .  3 
9  .  I 


If  N  31  4;  it  is 


aoau 

=  fi.  &c. 


2.  When  three  are  cnmhined  l»gelher ;  (Am 

Three  tijinjjs  H<lniit  of  iiiu'  <ir<icr,  abc. 

Four  admit  ol  ♦ ;  via,  abe,  ebd,  acd,  bed. 

Fisv  admit  of  10 ;  tit,  obp,  af>d,  abv,  acd,  ace,  ade,  bed, 
ice,  bde,  cde.  And  m  on  according  to  thi'  first  pyramidal 
numbers  1,  4,  lO,  SO,  &c,  which  arc  formed  by  the  con- 
tinual addition  of  the  fimncr,  or  trianigular  numben  1>  9, 
6t  1<H  &e.  And  tbe  gtmral  fbribvla  for  wqr  nvmber  » 

•f  oomMoitioni,  taken  by  thrwib  >i»^  * 


If*  «a  4;  it  1*^4:^  «  4. 

If  a  a«  5j  it  is  = 
FrocMding  ibiM,  it  ia  fnand  thM  a  general  formula  iitw 
ally  Mimber  ■  of  dunim  comUnad  by  ai  at  each  time,  ia 

a  a— 1  a— I 
a--a-— a  — 


X  *^*&c,continucd  torn  factori. 


or  terma,  or  till  tbe  last  bctor  in  the  danoounator  be  wu 
8o,  in  6  lldiiig^  combined  by  4's,  tbe  namfaer  of  foo* 


I .t.S.4 

3»  By  adding  all  thrM>  scries  togMber,  thdr  wn  will 
be  the  whole  number  of  pouible  combinations  of  a  tbinp 
.Combined  both  by  two*,  by  throes,  by  four',  &c.  Ami  as 
the  niud  »erie4  are  eridently  the  cocfiicicitu  ol  the  power 
isol  abiponial,  wbntiitf  only  the  fint  two  1  and  «;  thnn- 
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f»r>  iIk  ,Nid  vum.  Or  whole  nvmber  uf  at)  sucb  o«mhin»> 

lloils,  will  fie 

U  —         1  .  or  J"  —  n  —  1  .    TliU'>  if  the  number 

i/t  Itlllip  U-  ;■>  ;  then  3'  -  5  —  I  =  32  -  b"  =;  Ki. 

II.  7b  ft'iiY  ihe  titi/iibei  of  C<t(m;jf«  and  Alt  i  i  innt  u'iiVA 
any  number  oj'  ijuuitiidei  can  undergo,  tLhm  coi  'ni'cl  in  tU 
pauible  varieties  •>/  u«y>,:u</i  themiehet  and  encfi  <it!irj ,  b/ub 
at  n  the  ihingt  thcmteii  et,  and  the  Order  or  Potition  of  them. 

One  Ihini;  iidinils  but  ol'  uni-  or<ler  or  position.*  . 

Two  things  may  he  varied  four  ways;  thus,  ea,  idt. 
All.  bb  ' 

Three  quantities,  taken  by  twos,  may  be  varied  nine 
wnys ;  thus,  axi,  ab,  ac,  bo*  fiOi  lift,  Ac,  ct,  CCS. 

In  like  manner  fuur  tbiagtj  tafcoB  tytwos^maybc  varied, 
4*  or  l6  ways;  and5  thtngi,  hf  twoi^$*or  95  ways;  and, 
ia  gienecal,  ■  thingi,  ttkoi  by  twos^  way  bo  cliangiiil  or  va> 
ried  aP  diflemit  wmyt.  • 

For  tbe  stM  'leMOQi  when  t^an  by  thrce«.  thu  changes 
will  bo  ■*}  md  when  taken  by  fours,  they  will  be  n' ;  and 
so  gem^ally,  when  taken  by  n's,  the  chang^t  wilt  be  n". 

Hence,  then,  adding  all  these  together,  ihe  whole  num- 
ber of  rlmuges,  or  combinations  m  'i  liniigs,  taken  fmth  bv 
by  3'k,  by  &c,  to  n's,  uili  be  tbe  sura  of  tbe  gL-«>- 
metrical  saiist,  a  i>  iF  +  ai*  ^  aP,  wbicb  sum  ia  m 
«•  - 1 

  K  H. 

a—  1 

Fur  example,  if  the  number  ol  thin^>  n  be  4;  this  gives 
— -»4=  — x4»340. 

4  —  I  d 

And  if  n  bo  24,  tho  number  of  bttoti  ia  the  nlpfanbct; 

the  theorem  gives 

«  24 -(24*-  I)  x  = 

94  —  1  *  '13  • 

I39l7'M'2S8S872o099.94-2.'il  :8  f93-U):?no.  In  -n  iv.my 
different  way»,  therefore,  may  the  ?4  leliei»  ot  the  alphas 
bet  be  varied  or  combined  among  (heinselvps,  tirtOaway 
diflerent  words  may  be  made  out  of  them. 

COMBUST,  or  CoMnu»TtoW,  is  said  of  a  planet  when 
it  is  in  eonjuMtion  with  the  sun,  or  not  distant  from  it 
above  half  their  di.«C.  But  arordin);  to  Argol,  a  planet 
is  Conbnat,  or  in  Combostion,  wbeo  it  is  within  of 
thr  aun. 

OOHBUSTION,  in  Chemical  and  Natural  Philosophy, 
a  (arm  denoting  the  dcconipogition  of  ceitain  sobstucet 
accompanied  by  light  and  liMt> 

When  a  stone  or  a  brick  is  healed,  it  undergoes  no 

change,  eseep;  an  augnienlatioii  of  temperature;  and  whea 
left  to  its<^^li  it  >iH»n  cools  again,  and  becomes  as  at  first. 
But  witli  coinluiHtible  bo<lics  tbe  ca^e  is  il;lTerei>t. 
\Vlitn  hcited  to  a  terliiin  degree  in  tlie  open  liir,  they  sud- 
denly (jecmiie  fiurh  hotter  of  ihnnselM -,  ;  continue  for  a 
consideiulile  tune  intensely  hot,  sendiii;;  out  a  copious 
stream  of  r.il'iru  rind  li^iht  to  the  surrounding;  bodies.  This 
emisuon  niter  a  certain  period  begins  to  dimimsb,  and  at 
last  ceases  allngetber.  The  combustible  hai  now  under- 
gone a  complete  change;  it  is  converted  int<i  a  substance 
possesMiig  very  dtflerent  properties,  and  no  longer  cafAble  _ 
of  combustion.  Thus,  when  charcoal  is  kept  fur  some  time 
at  tbe  temperature  of  about  800'>,  it  kindles,  becomes  in- 
tensely hot,  and  contintMS  to  emit  Kgbt  and  calotic  for  a 
lone  time.  When  tbe  esmmion  oeaeet,  the  chareoal  has  all 


long  I 

disappeared,  except  an  inconaiderabk  residnam  of  asbes; 
being  almost  etitircly  converted  into  carbonic  add  'gas, 
w  iiich  make«  its  escape,  unless  tbe  expei imcnt  be  conduet> 
ed  in  proper  veskeU.  If  it  be  collected,  it  is  found  to  ex* 
cced  ficatly  ia  waight  tin  wlwle  of  tbe  charcoal  conraned. 


L/iyiiizeo  by  Google 
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PffViou*  to  the  I7tli  cciilury,  (lie  theory  ol  f  nmbustmii    suit  calls  h  pruettiil  of  cov. j ,        iiii.iiiluina  thai  i-vcry 
w«  but  little  uiider<itorKl  or  attended  to.    Since  ihal  \w-    such  pnnluct  i*  nli.i  i        i ,  .  i  a.i  in  iii,  m  »      laUic  o.\- 
riod  the  labours  of  Bacon  and  Boyle,  onil  Uooke  unci    ide.    11'  ^uliiiK' iinli  i  o  i '  .i:  i;Ut  i  b.  lIu\ m  niiiiim-^  nuike 
Muyow,  lo^clticr  with  those  c  1  Si.ilil         l^ivtiisi.-i ,  luiie    thi  ii  .i|  |n  i.r.ii.<\  uui  .ri_  t  Mnt.i;  (icn ;  but  iilhr[n»  tlml  tin m-, 
4hr(jwn  much  light  on  the  subject,  p>rlicul«rl)  tlii.-  tl  '-ory    un  exuitiin.iiioii,  uill  i)>-  louiul  i.i  uher  In  be  pro'lucis,  nor 
of  Lavoisier,  which  is  by  far  the  most  ralinnul  that  have    io  havr  uniiergune  c«llibu^l^oll.    htr  Nutu  Ni/ii'it  Jounialt 
yet  been  offered  to  iLc  public    He  corrects  liie  rrrort  of  vd.  '2,  2<i  »rrir«;  iils<i  l>i .  rnoiusun't  Ciit.-ii»i%try. ' 
his  predecnaon,  and  kn  «d»mccd  before  tbem  m»  wiy      COM  i  T,  n  hi  au  nl^  iHdy  m  ike  plauetary  rrgioa,  an- 
important  ?tep ;  bat  OMliy  new  tlept  are  Ktill  wanting  tu   gearing  tuddciily,  and  uguin  diMppmring;  aiid  during  IM  , 
render  bis  theory  of  coffibuatioD  eamjAtw.   It  rxplain*   tiaw  ^  ii»  Rppranincc  moving  in  a  prayer*  ibw^  v«fy . 
'indeed,  in  a  ikiiifeclofy  manner,  wby  daring  liwpraocH  of  excentric  orbit,  like  a  piawt. 

enmbintion  the  bttnring  body  g^nally  wMln  kway :  but  Cuimt*  are.vulgpirly  callrd  Blaidiv  Suits,  and  ha«e  this 
ltgjvnnoe.\ptanWdnnaftbncnnflant«ttiMion<^lmuand  to dikiingnish  tiiem  rromoiher  stars,  ihui  ihiy  are  usually 
lif^t,  though  a  cirenoilaAfleaf  worthy  of  attention  at  the  atlmled  with  a  ioiijt  train  ot  li<|,ht,  tending  hImbvs  oppo- 
wasttng  of  the  body.  sitow  thc<rfin,an(l  heixk^  of  a  fainter  luMre,  the  huther  ic 

Dr.  Thunson,  ad  milting  the  iriitli  and  srcuracy  of  the  is  from  the  body  ol  ihe  comrt.  And  henre  aiins  a  |i<i- 
Ijivmscrian  ihefjiv  a^  l.i:  n-  i:  ; n  i  i  >  :-,  iliiuKstlie  iMidies  ps.hir  liiMMiiii  111  roniets,  into  thive  kind»,  vjz,  L  iiulid, 
which  occupy  the  attentiuu  ol  cheniisl*  into J.  Com-  (iiiUil,  riinl  haiiy  timu  ts  ;  though  in  reiility,  iLib  ilivisiun 
bustlbles;  2.  Stlpporlen  of  Comhintion;  and  3<  InCOOi-  r.:il).  n-lurt".  ii>  thi-  ^eserul  circunisluikci'S  ol  thi'  same 
bu»tilile«.  Ci  iiHi,  ili.ii)  Io  till'  |)ln  tititui  iia  <ii  siv<  rul.    Tlius,  iihiii 

Thi'  comt>u^;ih!e.i,  or  those  bodies  which  in  coiiiiuun  llin-  tlu-  loniet  is  eastward  ol  [hr  mim.  aim  incivcs  Iroiii  him,  it 
gua^-  ail-  saiti  tu  burn,  li^ay  bv  div;d<  d  in:o,  1.  hiiiiple  is  said  to  be  heurdt  d,  because  the  li^hi  pn  cedes  it  in  the 
Combustibles;  2.  Compound  combustibles;  and  3.  Com-  manner  of  a  beaul  :  ulien  the  comet  is  westward  of  the 
bustible  oxidn.  Simple  CumbuMiblett/iif,  sulphur,  phot-  sun,  und  sets  after  him,  it  i»  laid  to  be  tailed,  because  the 
phorus,  carbon,  hydr^gEii,  and  all  the  inculs,  except  per-  tram  of  light  folluwt  it  in  tha  manner  of  a  tail :  and  lastly, 
naps  gold,  lilver,  and  marcuty.  Compiund  combustible*  when  the  sun  and  eomet  are  diametrically  oppasiie,  tha 
ooniiat  of  oomponndt  fiirm^  by  the  simple  combustibles  earth  being  between  them,  the  train  it  bid  behind  the 
nnitmg  tufrthvr  two  and  two;  and  combustible  oxidca  are  body  of  the  comet,  excepting  the  extremities,  which,  he* 
cnmpoeed  of  oae  or  mora  ample  combtntibirs  combindl  ing  bmsdrr  than  the  body  of  thecomet.  nppcar  as  it  warn 
with  a  doMi  of  oxy|^  Tfaeie  oxides  may  be  arraiupd  around  it.  like  a  bolder  of  hair,  or  coom,  fiam  which  it  it 
vnder  two  hnds:  vis,  those  containing  only  a  single  Mse  callM  hairy,  and  a  comet.  But  there  have  been  comets 
combined  with  oxygen  may  therefore  be  termed  simple  whose  disc  was  es  dear,  nnadi  aad  wdl  defined,  as  that 
Xonbusiilile  o\ides ;  und  t)io'<>  containing  more  than  one  of  Jupiter,  withont  either  tait,  beard,  or  coroa. 
'base  may  iIilmi lore  be  termed  compound  Combustible  ox-  Of  the  Satutt  qf  Cornel: — Phil(<sophers  and  astrono* 
ides.  The  simple  ciinlniitihle  o.sides  ate  only  fgur  in  mcrs,  ofull  ajje-i,  have  tx-en  much  divided  in  iheir  opinions 
number;  namely,  nxide  of  sulphur,  oxide  of  pho«(;h<jni<,  as  to  the  nature  of  ^<lnl<(^.  Thiir  stranii'  aji]i(uruncc 
•charcoal,  und  c:arb<inic  (j\uj<'  ^as.  All  the  simple  cum-  has  always  tuen  matt-,  r  ul  li  rror  to  the  vulpir,  who  have 
buMitile  (jxuhs  are  by  CoiiibliMmn  con»ertc<l  into  acids.  ijiii:ni  ml  ■■  i  u.:-iilercd  them  as  evil  i/nn  ns,  niul  ItiU'iumiers 
The  ciim])oiind  frmbm-lihle  oxides  include  by  far  the  ul  war,  pi  ■.uieiice,  \c.  1 'mkIiuus  biculus  and  Apolliiius 
gn-uler  number  of  foniLiusliblc  bodies;  for  iiiniost  all  the  .Mynilujs,  in  Srura,  inlorm  u«,  that  many  of  the  ChaU 
animal  and  veg<  table  bub'<tunce$  beloit^  to  them,  and  the  deans  held  them  to  be  lasting  bodiet,  having  stated  revo- 
dovUe  ha»e  is  U'-ually  carbon  and  hyrlrngen.  lulions  as  will  us  the  phutcls,  but  in  orbits  vastly  more 

The  MporTcTf  of  combustion  are  a  set  of  bodies  which  extensive;  on  which  account  tlicyarc  only  visible  while 
are  not « themselves,  strictly  speakiuL',  capable  of  under-  near  the  earth,  but  disappear  again  when  they  go  into  the 
going  combustion,  but  which  are  absolutely  necessary  lor  higher  n  gions.  Utbers  were  of  opinion,  that  the  oomeia 
the  process.  All  the  supporters  known  at  present  are  six ;  w  t  re  only  meteors  raised  very  high  in  Ihe  air,  which  lilaie 
'  via, — 1.  Oxyi^  gat ;  8.  Air ;  S.  Gaseous  oxide  of  aiote;  for  a  while,  and  disappear  when  the  mailer  of  which  ifaqr 
4.  Nitrons  gas;  J.  Nitric  acid  i  and  (.  Oxy-muriatic  acid,  coniiit  ii  consumed  or  diipcned. 
There  arc  oihrr  substantrs  to  which  the  anther  gisca  the  Some  of  the  Greehs,  befine  Ari-itotle,  supposed  that  n 
name  of  partittt mpportert;  but  all  kupporlers  contain  one  comet  was  a  vast  lieap  or  assemblage  of  very  smaU  stara 
common  principle,  namely,  oxygen.  mealing  together,  by  reason  of  the  inequality  of  their  mo- 

The  iiKOmbusiihte  bodiet  are  neither  capable  of  undci^  tiuns  »nd  so  uniting  into  a  visible  mass,  by  the  union  of 
going  combuiiii'ti  llu  m»i-l\e>,  iKir  of  supporting  the  com-  sH  their  small  lnhls  ;  which  niu'.t  ugaiii  disappear,  as 
bustion  of  biMliey  that  are.  Of  rini.'M?  they  arf  not  imme-  lho»e  stars  separated,  and  each  proceeded  in  its  course, 
iljalely  ei  nr.c  ctul  with  rnmbiisii  in ;  bii".  lb<-y  are  iioMei  d  I's'.hagoras,  however,  accounted  lh''in  a  kiln)  of  planets 
here  because  -(imc  ul  the  alkalies  ami  I'l-.rtbs  wbieli  bi  haig  "t  wandering  stars,  disappearing  in  the  superior  parts  of 
to 'this  clas.^  p<nvi>^  iirlain  proprrtas  hi  omnion  wiin  ll><<;  "i>'itS,nild  hCCOmil^  Visible  Ollly  ill  tbC  loWCf  pactt 
combuslibies,  and  iiie  capable  of  exhihuiiii;  plienomena    ul  !tjem. 

somewhat  analoaoiis  to  combustion;  phenonuiia  whirh        lint  Aristotle  Inld,  that  comets  were  only  n  kind  of 
Dr.  Thomson  describes  under  the  title  of  aemi-comtmiition.    transient  drcs,  or  meteors,  crtntisling  of  exhalations  ratsrd 
From  thrsr  iibM  rvations  it  is  obvious,  that  in  every  caM:   to  the  upper  rrg^  of  the  air,  and  then  let  on  fire ;  fu 
of  combustion  there  must  lie  present  a  combuitible  and  a    IheIow  the  eoiine  of  the  moon. 

supporter;  and  Lavonier  ascertained  beyond  a  doubt,  tbot,  Seneca,  who  lived  in  the  fint  century,  and  who  had  seen 
during  the  nroorm,  the  cmshoslibta  always  uniUt  with  the  two-or  three  comets  himself,  plainly  indinates  that  ha 
exygsn  «f  Mm  lapporter.  This  new  compound  Dr.  Thon-  lhou|^i  them  above  the  morni }  aad  aigmca  itrongjly  agwinst 
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tlloM  who  ^iippoiicd  litem  to  be  niett-urs,  or  inatntainc-d 
older  iib«tiiil  iijiiuiumi  ccho'rnitu;  them;  dixUring  be- 
lief that  tlie\  Here  nol  fir»^  suddchly  ItiinlUd,  ljut  t:>c 
etcrtial  pici.iiiclii'n".  ol  iniliiti.'.  lie  [>I;in!^  <'Ut  iiK.i  llu' 
only  wa>  4;ni'  mi  u  < .  riainly  on  tlii'<  ii.l-n  rt,  m/,  \>\ 
collecting:  «  h'iihIht  <>I  utiM-rvntiuii^  cuKCerniiii;  llx'ii  a|>- 
prarancvi  in  i  r.ler  to  liiH'Kvcr  whvther  they  ivlurn  [x  ii- 
wlirally  vr  noi.  "  For  this  purpos*-,"  be  ob»i'r\»'>,  "one 
age  i*  nutkufficirot  :  but  ihc  time  will  come  whi  n  the  nu- 
lurvof  Cumeu  imd  their  mngnitutk-s  will  be  demoi»irat>'<l, 
and  the  ruutM  tbey  take,  y  difTereni  from  the  plant  t*.  cn- 
pbiMd.  IViMerity  will  ibiiti  wonder,  that  the  pnceding 
agptalwuld  be  ignorant  of  natimwplaiaaad  eaajr  to  M 
kMwn."  • 

fttt  •  kmg  time  tbn  pfcdictfpii  of  Senm  ■HMvd'not 
Ukaly  Ut  ke  fuUllfd ;  and  l^clm  Bnhc  waa  the  Ant 
MiMM|(  the  RKxtcrnt,  wbu  n^ornil  the  comett  to'their  Irao 
raok  in  th<  cT>  ..iii<Mi:  f  r  after  diligrntly  obicrving  the 
comet  of  l;'>77,  nnri  tili'.iiiu  that  it  bud  naiicn»ible  diurnal 
parallax,  he  jih^i^h  ii  it  It',  truo  place  in  the  plaitctary  re- 
gion;^.    Scr  his  biwik  De  Cmiii  U  mini  1477- 

Ml  I  M-«,  liii«tsi-r,  tlieif  were  \  Al  irus  opinions  con- 
ccrnint;  ilicm.  In  lh<  iluik  .iiid  super^tlllou»  nge!-,  cotnet* 
were  lu  li!  li>  lie  I  Ml'ru(lll■  ^^  I'l  every  kind  <if  Ciilaiiiily, 
and  it  was  sujipoMii  l!  <  \  h.id  liitlcriiil  d'ltriis  nl  nialu  - 
aity,  according  to  (lu-  bliii)>r  lliey  iisMiiiu  il  ;  wlimrraKu 
they  were  diHereiilly  deiumiiimted.  I  hus,  it  wut  siiid  tiiat 
ioin«  were  bearded,  otheiii  hairy  ;  that  »uiiie  repn-M-iiled 
ft  btam,  awofd,  or  spear;  iithei>  a  target,  &ci  whereas 
HMideni  attraaomeiii  ackmi»le<l^e  only  one  ipeehaof  cv 
meu,  ami  accqoAt  for  their  difiiuirnt  appaawcea  from 
thdr  dMrefent  tituationa  with  mpeet  to  the  ami  ami  the 
earth. 

Kepkr,  in  other  lecpeCta  •  wiry  great  g^niM,  iiidBl(id 
•  the  moat  catimmmt  co^jrctmea,  not  only  coneetniflg 
cometi,  but  the  whole  ayrtem  «f  Mttun!  in  gamiH.  The 
planets  be  inwgincal  were  buga  animals  swimming  roond 
*  tba  sun ;  and  the  comets  monstrous  and  uncommon  aai- 

'   mals  ^eiu  r.tti  il  ill  llii- CI  le»tial  »paces. 

A  Mill  mure  r^diculou^  iipiiiiun,  if  pmsible,  wan  that  of 
John  IVidiii,  a  h-arned  Freiichiiniii  in  th«-  Kuh  ctruury; 
who  muintiiitied  It. at  loiiicts  "arc  spn its,  « liich  liaving 
lived  on  the  eiu  tll  i.  iiimii  ralile  aj:e>,  uiid  lieiii;;  at  last  ar- 
rived on  the  coiitincs  i>l  dinlh,  Celclirate  iheir  last  tnuiiijih, 
or  arc  recalled  to  llit  firiiianu  nt  like  sinning  ^t.^r^ !  1  h  ^ 
is  followed  by  lamine,  plague,  6:c,  because  the  cilie-.  and  . 
people  destroy  the  goTernrir&  and  chiefs  who  ap|Miii>e  the 
iriatb  of  tiod."— Other>  n^ain  have  denied  even  the  exist- 
(Vf  comela^and  maintained  that  they  were  only  fal»e 


their  light,  cannot  Vi  ■  p  il  .  ir  jihice>,  liul  are  enrried  off  by 
the  vorticcii  of  the  ciiriiiuiaceiil  utars  ;  and  in  piopi  rlu.ii 
Iti  their  iiiannituile  iiiul  solidity,  moved  in  such  a  manner, 
as  |.i  be  limupht  ih  hkt  the  orbof  Syluin;  and  ifiiia  ci-m- 
inp  wiibiii  leach  of  the  »un\  llulit.  leiii'.i m'  iisible. 

Hilt  lh(  iihsiirility  ol  all  ihisr  hvpolhises  now  abun- 
(IhhiIv  ii|;.,  iirs  from  the  uhvrvj-d  pheixnuena  of  comets, 
UDil  Iroiii  [lie  docirine  <>f  New  ton,  whu  h  li  as  tbllows: 

'1  he  cimieN,  he  says,  sue  Compact^  solid.  Axed,  and  dll> 
ralile  bodies;  in  fact  a  Itind  of  planets,  which  move  iu  very 
oblique  and  excentTtc  orbits,  rveiy  way  with  the  grralctt 
freedom ;  penevering  in  their  motions,  even  a|niimt  .the 
course  and  diieciiou  of  the  planru :  and  their  tail  is  a 
my  thin  and  akadcr  vapour,  emitiod  by  the  head  or  ou- 
cleus  of  the  conat*  tgnitrd  or  heated  by  the  aun.  Thia 
theoiy  of  At  ca«»e|»  at  «nce  aoim  their  principal  pheno- 
metwt  whldt  we  aa  below.  - 

ne  fifibttipal  Pkaomaa  ifOt  Comtu. 

1.  flrtt  then,  those  comets  which  move  according  tfi 
the  order  of  the  signs,  do  all,  a  little  b.  1<iir  iliey  disap- 
pear, either  aiKante  »ln«er  tliun  iisirnl.  •>!  i  l-e  co  ri  tm- 
graile,  if  the  i-artb  h'.  In  r  ,■, .  i  ,  ,m  iiml  -im;  but  irn.  : 
siviltly,  if  the  eartli  Le  pi. mo  Ui  a  <  •  i.;  r.u  _\  pai  r.  On  I  Ik  ■ 
olher  hand,  those  wlncb  jiii.ceeil  emu  .\\\  )i,e  order  of  • 
tbe  sign>,  move  mure  suiuly  tlian  ij-m  i:.  a  il,r<iii;h  t»" 
betwetn  them  iilnl  the  sun;  un<l  r.i"n  sl..'K,.i  il-cn- 
irograde,  when  theearlh  is  m  a  i  ciiaii'iy  puil. — For  since 
this  Course  is  not  amone  the  tiM  il  v;iirs,  but  amoi^  the 
planets;  as  ihe  moiion  i  f  the  earth  either  con>|>ir*-s  with 
them,  or  goes  achinst  them  ;  their  ap|>tuiuiice,  with  nv 
spect  to  the  earth,  must  be  chang^  s  and,  like  the  pl*> 
Del*,  they  must  sometimes  appear  (ft  moM  tviitor,  aome- 
tifflca  slower,  and  SMoetimea  ivtrognde,. 

2.  So  long  aa  their  velocity  is  inereaard,  they  nearly 
SMwe  in  pwat  drcleai  b«t  lowarda  theand  (if  their  conne, 
tiMy  drvtale  frun  tboaa  rirdca  ;  and  when  the  eartb  pro* 
eecda  one  way,  they  go  tbr  contrary  way.  BecnuH*,  in 
the  end  of  their  course,  when  they  reci  de  almost  diieeily 
from  the  sun,  that  pan  ol  the  apparent  niotina  whieli  a- 
rises  from  the  parallax,  must  bear  a  greater  piopnrlion  to 
the  whole  apparent  motion. 

3.  The  comets  move  iti  ellipses,  having  one  of  their  fo- 
ci iu  the  cenlie  of  the  sun;  and  by  radii  drawn  to  the 
sun,  describe  ureas  proportional  In  the  times.  Ilerause 
iluy  do  not  «aniier  precariously  (rom  'i-.e  lieiiiious  vor- 
tex to  another;  but,  making  a  part  of  the  solar  system, 
return  perpetually,  and  run  a  constant  tound.  Hence, 
their  elliptic  orbiu  being  very  long  and  excentric,  they 
become  invisible  when  in  that  part  which  is  most  remote 

appearances,  occasioned  by  the  reftaction  or  reAeciion  of   from  the  sun.    And  trom  the  curvity  of  tbe  paths  of 

l^ht-   — '   l-.J—      .1.  I,_.L  J!„  .1^  

HevcUus,  from  »  great  number  of  ohaerationi,  pra- 
poaed  it  aa  iua  opinion,  that  the  eoroeiB,  like  the  aolar  mm* 
culm  or  apots  are  lui  mod  or  condenaad  out  of  the  noner 
exhalations  of  bis  u»ly  ;  in  which  he  diflba  bnl  UttHefram  • 
tLe  opinion  of  Kepler. 

Jaroes  Bernoulli,  in  his  Syslema  Comctarum,  imagined 
that  comets  were  no  other  than  the  satellites  of  some  very 
distant  planet,  which  uat  itself  invisible  to  us  on  account 
i>f  Us  distance,  as  were  aUo  thesateUitca  unlesa  when  in  n 

terluin  part  ol  their  crbils. 

Descartes  ;.il.;,ri(i,  aimilier  opinion:  He  conjecliires 
that  cumrls  ar«  uiilj  stars,  tormerly  (ixed,  like  the  rest, 
in  the  luavens;  hut  wliicn  iHComing  gradually  covered 
•lib  maculas  or  spots,  aud  at  tengib  wholly  deprived  of 


Ncwtun  Concludes,  that  when  tfaey  disappear,  they 
are  much  beyond  tb«  orbit  of  Jupiter:  and  that  in  their 

Biihelion  they  frequently  dcaeend  within  the  orUn  of 
aia  and  the  inferior  pfamela. 

4.  The  light  of  their  nuclei,  or  bodies,  increases  as  they 
raOedefrOB  thecarlh  towards  the  sun;  and  on  tbe  con. 

tniy,  it  dcrreaaes  as  they  recede  fiom  the  sun.  B<-cnuse, 
as  they  are  in  the  n  giuns  of  the  planets,  their  access  to- 
wards the  sun  biais  a  consideiabk  pro|M>rtioi.  to  their 
whole  ditliince. 

5.  Then  tiiiK  appear  the  largest  ami  biighiesl,  imme- 
diately atti  r  111.  ir  transit  through  ibc  region  »it  the  sun. 
or  after  their  perihelion.  Because  then,  their  lie.ids  tr  my 
the  most  heated,  vvili  <  mit  the  me-t  vap-ui-.  fun  i|,e 
ligbt  of  Uk  nucleus  wc  udtt  ibeir  vKnuty  lo  tbe  eunb. 
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uml  that  tliey  Rrc  by  n<>  itpuus  ii»  tlu'  ngimi  <it  lUv 
tian,  Rb  some  have  imueiniil  ;  aiiice,  lu  that  catc,  tlicir 
hfuJs  woulil  in-  ii.>  inurr  il UiliUlilltMl  by  Uu  idU,  thill  tjw 
plurn  t'i  nri-  bv  itii-  Iim  J  sUrs. 

((_  I  'j-  Id!-  always  dLXline  t'luiti  a  Juit  opposition  to 
lilt  Sim  iiHvaiiK  thcw  p»r(»  whicK  the  ihkIci  i.r  Ixuiics 
puss  over,  in  their  proijn-is  thrmigh  their  oilnis,  IWcauso 
all  smokr,  or  vapour,  rmitlctl  from  a  body  in  inution, 
tends  oblujut^ly  upwwdiy  ftill  teccdiiig  from  that  pan  to- 
wards which  the  sraoUng  bvdj  praoMil*. 

7.  Thia decliiMiion,cat«rispkriblii,isthesmall«itwhcn 
the  nuclvi  apprcwch  nnmat  the  auo :  and  it  is  aim  leu 
near  the  niicleHi,  «r  Iwaitt  than  towanb  the  cKticmity  of 
tb«  tail.  Becauaa  the  wqwur  aaceodt  more  awifdy  n«iir 


[    ;iv  ;',nt  Ilfvrliu*  form«(l 

Ku  luuLUio;  or  spof»  formed 


the  head  of  the  coaet,  than  in  the  higlbcr  cxlreniiiy  of  iu 
tnili.nnd  sho  when  the  omet  ia  neaiar  the  am,  tlum 


when  it  n  fanbcr  off. 

a.  The  lailt  arc«oiuewh)it  brighter,  and  more  distinctly 
di-fiiK-d  in  ihi  ir  rtxnrx,  than  in  their  Concave  part.  Bo 
C.r.j-i  r  li.'  '.  IU  r  11,  t  .i  -  CUM  vc  >.  |iia  !,  wbich  gi>«  (irst,  bi-itig 
Suiiifwiiat  (iL'iiirr.iii.l  1 1  in  sot  n'tli  els  I  ho  light  more  copiously. 

9-  Thi-  liiils  aliMi)i  upp<-ttr  brouder  at  their  upper  ex- 
tremity, than  near  the  centre  lA  (ln!  fim«'t.  Because  tlio 
■  vapour  III  a  Irte  kpacc  cuiiMiimII',  r,ii>  lu-s  aad  dilaU-s. 

10.  The  tails  are  alaiays  tran>parcni,  aad  the  anwllest 
stars  ap|H'ar  through  then}  beeaua  thay  wmiiitof  infr- 
nitely  thin  vapour. 

The  Phtues  </  Comet$. — The  nuclei,  which  aic  also  call- 
ed the  hauls,  and  bodies,  of  comets,  viewed  ibroiigh  a 
lilwcope,  exhibit  faces  very  diifmnt  fnm  thoat  of  the 
~  itai*  or  jplaaala.  Thqr  an  liable  to  anpamt  alle- 
a,  whieh  Nateton  meribea  to  changes  m  the  iun|o> 
■phere  ofcanicli :  and  thla  opinion  wn  confinnnl  by  ob* 
lamtiont  of  the  coeMt  in  1744;  Hnt.  Acad.  Sdenc. 
1744.  Sturmius  lays  that,  observing  the  Co  mot  of  i6'R0 
with  a  telescope,  it  appeared  like  a  coal  dimly  flowing,  or 
a 'rude  mass  of  inuttor  illuiiiinati'd  \tilh  a  <I',]>kv  funiid 
light,  Imi  sensible  lunards  the  ejtireinev  ihatt  in  the  mid- 
dle ;  wheicMa Star  eppoan  with  a  round  diie,  nnd  a  vtvid 

''8'>'-  ... 

Ol  the  comet  of  I(i6l,  Hcvclius  obx-rvos.,  that  its  body 

was  of  a  v>'ll"»'^'  colour,  vi-ry  bright  and  (on^picuaus, 
but  >vitliuuL  any  ::liili  !ini(  lii  hl:  in  the  iniddit-  was  a  den^ 
ruddy  nucleus,  almost  equal  to  Jupiter,  onconipii»t><l  by 
•  BOCh  fiunter,  thinner  mailer.  February  5th,  its  hi  iul 
was  somewhat  lai;ger  and  brigbu>r,  and  uf  a  gold  colour ; 
but  its  light  male  du»ky  than  that  of  the  stars:  aad  here 
the  nucleui  appeared  divided  into  wsveral  part*.  Feb.  6th, 
the  disc  was  lessened ;  the  parts  of  tlie  ntwleus  still  ex- 
'  ielad,  though  less  than  hefnnt  ona  of  than,  oit  the  lower 
part  of  the  disc,  on  the  Mk,  tonch  defaser  end  brighter 
Ibaa  the  icst;  il»  body  round,  and  n  preM-niingnveiy  i(i> 
cid  small  star:  the  nudeus  still  encumpam-d  with  ano- 
tbiT  kinil  of  matter.  Feb.  lOlh,  the  head  somewhat  more 
obscure,  and  the  nucleus  mure  confused,  but  brighter  at 
top  than  boltoin.  Vrb.  I.jth,  ihr  hiiid  diminiUied  much 
both  111  suf  iin.l  siili  ndor.  Mart  li  .'<1,  us  rnundl>c^K  a  lit- 
tle iinpiiired,  and  its  <  il:;cs  iHCrmtcd,  &c.  March  28th, 
very  pale,  nnd  e\cn  diii!;  t.'iiii;  it>  nuitler  much  di^pcrspd; 
and  no  distinct  iiin  li  u.s  at  all  ii|  ;ii.'.irit.^. 

Weigelius,  who  saw  the  comet  oi  HtO>,  as  also  the  moon, 
and  a  small  cloud  in  the  horizon  illuminated  by  tlie  sun 
at  the  same  time,  observed,  that  through  th»!  telesco^K-  the 
noon  appeared  of  aconlinued  luminous  surtacc:  but  the 
;  vay  difisicM;  being owctly  lilus  the  snail  doud* 


And  li'  in  tlii  sr  observ alioris 
his  opinion,  thai  cornels  ,iie 
out  ol  the  ^o!ar  e.xhahitions. 

0/ ('if  .Masnilude  of  C'lmets — The  cstininli'%  that  have 
Inm  given  o(  the  majjuMiuU  •  i  i  .  inn  is  by  'I  yclio  Urahe, 
llevelius,  and  olhei  u-irunonx  rs,  are  nut  »ery  accurate; 
;is  It  di>i  s  nut  appear  that  they  distinguished  betwtvn  the 
nucleus  and  thii  »urroundiii);  atmu«phere.  Thus  Tycbo 
computes  that  the  tine  diami  tei  ol  (ht  comet  in  1677,  was 
in  proportion  to  the  diameter  -d  the  earth,  as  3  to  M; 
aiul  Meveluis  made  the  diameter  of  the  comet  of  l6S2,  to 
that  of  the  earth,  as  52  to  100.  But  the  dfauneler  of  the 
atmosphere  is  oftea  10  or  15  times  as  nnot  aa  tlwl  of  tlw 
nucleus :  the  ftirmer,  in  the  comet  of  ilii98»  was  meaanted 
by  FlaHMeed,  and  found'  to  he  ^ ,  when  the  diameter  of 
the  Dudana  «hme  was  only  1 1  or  IS*.  Though  some  eo- 
meti,  estimaled  by  a  comparison  of  their  distance  and  ap- 
parent magnitude,  have  been  reckoneil  much  liiri;er  than 
the  moon,  and  even  equal  to  some  of  thu  primary  planetn. 
1  he  iliaineli  r  .it         .1  when  at  the  distance  of  the 

siin  fr<im  us,  mr.iMnci  ;t  loul  i',  which  makes it»diaroeter 
about  three  tinu^-  iliut  ni  the  earth  :  at  another  time  the 
diaineler  ol  Its  nucleus  was  nearly  i-<{ual  to  that  of  I  lie 
pluni  t  Ju|iilcr. 

Of  the  J'hiIs  of  Ciinieti. — There  have  been  various  con> 
jcclures  alioiii  the  nature  ol  the  tails  of  comets,  the  prtll« 
cipal  of  which  are  ihoio  of  Ni  wton,  and  his  followers. 
Newton  shows  that  the  atmo$plieres  of  comets  will  furnish 
vapour  sufficient  to  form  their  taib.  This  he  argues  from 
their  wonderful  rarefactiuii  in  our  air  at  a  distance  from 
the  earth ;  whidi  is  such  that  it  cubic  inch  of  commoa 
air*  expanded  to  the  nri^  of  ifani  nt  the  distaaco  of  half 
the  aanli's  diameter,  or  400O  miiei,  wodd  fill  a  space 
laigar  Ana  ibe  adtote  rqgioa  of  the  stars.  Smee  then  the 
coHMfCrMmosphere  of  a  comet,  is  ten  times  higher  than  i  he 
sariice  of  the  nucleus,  from  the  centre;  the  tail,  ascending 
still  much  higher,  must  necessarily  be  immenvly  rare:  SO 
that  it  is  no  woniler  the  stars  are  visible  thrcmgh  it. 

Now  the  ascent  ol  v.ipoun  into  the  tail  of  the  comet, 
he  supposes  to  be  occasioned  by  the  rarefaction  of  the 
matter  of  the  alinospbere  at  the  time  of  the  perib<  lion. 
Smoke,  it  is  olmerved,  ascends  the  chimney  by  the  impulse 
of  the  air  in  which  it  floats;  and  air,  ru relied  by  heat, 
a»cends  by  the  diminution  of  its spocific  gravity,  carrying 
up  the  smoke  along  with  it:  in  oie  saBM  ttaaher  ilien  it 
may  he  Mii  piised  that  the  tail  of  a  comet  is  railed  by 
the  ^Ull  • 

The  uils  therefore  thus  produced  ia  the  perthelions  of 
comets,  will  go  off  along  with  their  head,  ioto  remote 
gioos;  and  cither  ntam  ffom  thence,  tugethcr  with  tlw 
cnasais,  after  a  long  seritt  of  years;  or  mther  be  thetw 
lost,  nnd  snnish  by  Tittle  and  liule,  and  the  eomet  be  h  ft 
bare;  till  at  its  return,  dtseending  towards  the  snn,  some 
short  tails  are  again  gradually  produced  from  the  head  ; 
which  afterwards,  in  the  perihelion,  descenduio  jntu  the 
sun's  atmosfdieie,  will  be  liiiicei'sely  iiicre.u.  ij 

Newton  liiither  id>~  rvr~,  ilwit  th(  v .ipom ^,  »  hen  thus 
diUteil,  raretieii,  nnd  diliused  ihrtaiiih  all  the  crii  siiiil  le- 
gions, may  pndjiibly,  iiy  iiie.ins  ol  ttieii  own  gravilv,  be 
graduallj*  iiHr;icti  d  iluviii  to  the  phim  i^,  and  become  in- 
termingled with  ihi  ii  iitinosphert'^.  ll>  adilii  that  thi>  in- 
terniLVture  may  be  iis<  lui  ;ir,.!  necessary  lor  the  consena- 
tion  of  the  water  and  m<.i:iture  ot  the  planets,  dried  up  or 
consumed  in  Tarious  wa^s.  And  I  suspect,  adds  our  au- 
thor, that  the  spirit,  whicji  makes  the  liaest,  subtiicst,  and 
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best  part  of  our  air,  and  wbtcb  is  ftb6akiU:ly  rcquwie  for 
the  bfe  and  hmg  of  alt  tbingt,  it  derivnl  princi|^ly  ftom 
tte  cocnctl.  I  On  this  principle  (licrn  inny  iippcir  to  be 
Hmo-fctmiktion  for  tbc  popular  opniiun  u(  preiiun froD' 
oomcts;  since  the  tail  oracMBd  (hut  luiwuiimpcd  with 
ovrMmmphcrr,  tnny  prodvco  cbaDgcs  vi  ry  MOttUe in oni-' 
mal  and  vrgctablc  bodies. 

k  may  here  be  iidcled,  that  another  use  trhicb  Nrwlon 
co.i|(rlurrs  coniots  may  be  (U-si!;ihiI  tu  icr»i',  is  thiit  of 
rcti  iiilini;  lilt- iiiii  witli  ln  >li  liu'l,  and  ri  paii mc  flit  ron- 
sui!i|>(ii.':i  III  l.plil  hy  lln'  -  ;i'  'm::\  iniitiiiiuilU  miil  liirlli 
iHiTiry  tliit'ctuiii  Irmii  iliat  uiim n.i i y.  In  »u[>[!Oit  i>l  lbl» 
ti)!i|icturi-  he  observes,  that  t  uuu  t«  in  iheir  |)cribplion 
Diuy  suffer  a  dimiuuliun  ol  (beir  prujectilf  lorcc,  by  the 
r»istance  of  the  solar  atiniMpliere  ;  so  tknt  by  dcjiri-cs 
their  gnvitalioii  towards  the  sun  may  be  so  iar  increaicd, 
n  to  pMdpiute  ihc-ir  fall  into  bi«  body. 

VtrioM  opiniom  have  b<ca  tatcrtaini'd  re«pectin(;  the 
feiNfStion  0<  the  taiU  of  cometo.  Apian,  Tyrbo  Brmhe, 
■tml  tiMio  olhMi,  tbink  they  we  pioduced  by  the  aun'a 
nyt  tnamilHd  thivugh  tho  irachm  of  the  comet,  which 
they  suppoaed  ma  tnuuparairt^  and  iheie  nfnctod  ia 
a  glass  IHH,  w  at  to  fitra  a  bcaa  of  ^|ht  behind  the  «^ 
met.  Ocaeartn  Bccawited  for  the  pfawmenon  of  the 
tail  by  Ibe  refraction  of  light  ftmn  the  head  of  iba  comet 
to  the  spectator's  i-ye.  Mairan  supposii  that  the  tails  are 
foriwd  from  the  luminous  matter  Composing  the  >un'»  al- 
mujpbrrc  ;  nnii  M.  Dt;  Lalamlo  Combines  thiii  hypotiiols 
with  that  ol  Ni'Utou  recited  above.  But  Mr.  Ho\viiiii<;, 
not  MtiafiMl  with  Newton's  opinion,  acmtitiis  for  (be 
tit  comets  in  the  fulluwin^  manner:  It  is  well  known,  suyi^ 
he,  that  when  tin'  >uir>  light  pasies  tlirougb  the  atm;>- 
iphrre  of  any  body,  as  the  earth,  Ibat  which  passes  on  one 
side,  is  by  the  refraction  made  to  converge  towards  that 
which  passes  on  the  oppOHlo  aide;  and  this  convorgcncy 
is  not  wholly  efected  either  at  llie  entrance  of  the  li^hi 
into  the  atmosphere,  or  at  its  egression  from  it;  but  be« 
giaBing  at  its  ciuraace,  it  increaaes  in  every  poiiU  of  iH 
pwytii;  It  ia  alio  agiced,  thi(t  the  atBMMphana  of  Ike 
comatt  wm  very  largt  nnd  denaaf  ho  thcvtfore  wppMei 
ihM  hy  nch  UnoaatheMght  of  the  sun  haspaMadthraigdi 
a  GouvdafaUo  part  of  lha  atmosphere  of  the  comt,  lia 
rays  are  so  far  refracted  towardb  each  other,  that  ihfy 
then  begin  sensibly  to  illuminate  it,  or  rather  the  vaptiun 
Hiiiilin;;  in  it  ;  and  so  render  that  pari  llicy  have  \ct  In 
pass  throuj^h,  vi»ible  to  us  :  Alid  that  ibis  portion  oi  the 
atmosphere  of  a  comet  thus  illuminated,  uppeurs  to  m  in 
form  of  a  beam  of  the  aunt  light,  and  passes  lisder  the 
denomination  of  a  coMtV  luL  fi«irtii«|^a  Nat  PhUoi. 
part  4.  chap.  1 1 . 

M.  Euler,  Mem.  Berlin,  torn.  3,  pa.  117.  thinks  there 
is  a  great  affinity  between  the  tails  of  comets,  the  sodiacal 
light,  and  the  aurora  borealis,  and  that  the  common  cause 
of  ail  of  them,  h  the  action  of  the  sun's  light  on  the  atmo- 
•phncaof  the  comets,  of  the  sun,  and  of  the  earth.  He 
Mppoaei  Ibat' the  impuiaa  of  the  my»  of  light  oo  ttie  at'- 
flwqtheie  of  a  comely  nay  drive  aone  of  the  6ner  paiti- 
atoaf  that  alaaaphafa  ht  hmnd  hi  Ifaoits  ;  and  that 
lUi  itioe  <if  impiUM  eomhiaad  «^  that  of  i^vity  to. 
warda  the  comet,  woold  produce  a  tail,  which  would  aU 
ways  be  in  oppoMlion  to  the  son,  if  the  comet  did  not 
move.  But  the  motion  of  the  comet  iri  l^s  .rl  ii.  and 
about  an  axis,  must  vary  the  poaition  and  figure  of  the 
pSt,  pxiag  it  •  cnnninfa,  ud  danaiiaafimn  a  linejoia- 
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ing  the  cfitirrs  uf  the  lun  and  comet  j  and  ikat.this  devia* 
tion  will  be  givater,  aa  the  evfait  of  the  comet  hat  the, 
greaivr  curvature,  and  as  the  motion  bf  the  comet  i*  move 
rapid.  It  may  ewu  happen,  that  the  velocity  of  the  co- 
.met*  iu  itt  peiihelion.  may  be  so  great,  that  the  force  of 
the  eun^  ray*  may  produce  a  new  tail,  U  ft^re  ihr  old  one  - 
can  follow;  in  which  cioe  the  ctinut  niiol,-  },■..'.,  twu  or 
more  tails.  The  posMbility  of  this  is  conlirnud  bv  the 
comet  <>r  i74-t,  uiiii  li  »a>  ubtervcd  to  hava  ■cvaral  tails  ■ 

while  it  »a^  iii       |iit ilielioi. 

Dr.  Hamilldii  .ii  sjes  scm  ral  olijortinn*  a^iuiiit  ihi'  New- 
tt'iumi  h_Vi>ialie»i» ;  uiid  coiicluue>  thai  tin-  tail  <it  a  comet 
is  formed  ol  matter  which  has  ivit  ilu-  |>o«ir  vi  ufract- 
lUfl,  or  reflecting  the  rays  of  light ;  but  that  it  is  a  lucid  or 
self-shilling  substance:  luid  from  its  similari^  totheau- 
runs  borealis,  that  it  is  produced  by  the  same  cause,  aiul 
ii  piopetly  an  electrical  phenomeiiun.  Dr.  Hulley  like- 
wise  was  doubtless  inclined  to  this  hypbtbe^ii,  when  ha 
said,  that  the  »tre«in>  of  light  in  on  uuroia  borealii  so 
much  icMmbled  thelong  taib  of  cometib  that  at  lint  ligbt 
thqr  might  well  ha* taken. fiitt  vnchi  and  that  ihii 
saeBM  to  have  a  gtaaiei.aflbity  to  that  which  lha  eflaivis 
of  elaelm  bodies  et^  in  the  dark.  Philm.  Trans.  Na 
949,  Hnmillon's  PbikM.  Ena^B,  pa.  91. 

He  Motion  qf  CmtU. — If  it  be  supposed  that  the  paths 
of  comets  arc  peifeclly  parabolical,  as  Sdine  have  ima- 
gined, it  will  fiilknv  iliat,  biiiit;  iinpelled  towards  the  sun 
by  a  teiilrlpclal  lorn  ,  tiiey  di  sci  nd  n>  from  spuri's  inli- 
nilely  disiunl  ;  nmi  'Ami  by  ir  tails  i\\vy  urrjuire  such  a 
vilocity  iii  carr_>  ibeiii  oil  again  into  llie  lunotest  re- 
gions, never  more  to  rel  in  M.  But  rlu'  luijin  ncy  <if  their 
appearance,  and  their  degnx  ot  vu  li  c  ity,  « li:<  li  dues  not 
exceed  what  they  might  acquire  by  tbt  .r  gravity  towards 
the  tun,  aoem  to  put  it  past  doubt  tliat  tluy  move  like  the 
pl.inets,  in  elliptic  orbits,  ib(iu;;h  exceedingly  cxcentric; 
aiiiJ  so  retain a^n  after  very  long  periods. 

The  tmareat  velocity  of  the  comet  of  1472,  as  ob- 
asrvcd  if  BagtoiaonuHitts,  was  web  aa  to  carry  it  through 
40>or•4pcntcirc^4«,•M|||F:  «>4  ohicmd 
thatthe  coaMtof  1770' mowMunNifh  move  than  49>  in 
the  last  iS  boon. 

Betpecting  the  return  of  comets  tbne  have  been  dif- 
CiKnt  opinions.  Newton,  Flamsteed,  Ilalley,  and  other 
Fnglith  astronomers,  appear  quite  satisfied  of  the  return  of 
iIk-sc!  biHlics.  Cassini  and  some  of  the  French  think  it 
li.jiljiy  probable;  but  De  la  Hire  and  oiiiers  oppcic  it. 
I  hose  on  the  aflirmativc  side  Mippose  that  the  comets  d&- 
sn  ibe  orbits  prodigiou»ly  e.vceiiliic,  insomuch  that  v«e  can 
'Ij-  r\(  ibera  only  ui  a  vi  ry  lotall  part  of  their  revolu- 
tion :  out  of  thi*,  they  an-  liM  m  the  immensity  of  space* 
hid  not  only  from  our  eyes,  but  our  telescopes :  that  stnaH 
p«rt  of  their  orbit  next  us  parsing  soraetipie*  within  those 
ol  ull  llie  inferior  planets. 

Cassini  gives  tbe  foUowing  reasons  in  favour  of  the 
turn  of  comets.  1.  It  ii  bond  ibat  they  move  a  coiisi* 
derable  time  in  tha  web  «f  •  gimt  dKle,  when  referred 
to  the  fiacd  atBi%  that  is,  a  circle  whose  plane  passes 
thfott||h  the  caatn  of  iba  amth  j  deriatn^  but  a  little 
fAiB.  It  chiefly  towafds  ^  end  of  their  appaaiaiKe ;  a  dc< 
viation  however  common  to  them  with  the  planets. — 2. 
Comets,  OS  well  a*  planets,  appear  to  move  so  much  the 
fasti'  1--  thi  y  an  near<  r  the  larth ;  and  when  ihey  arc  hi 
equal  disianct:s  from  their  pt^rigce,  their  velocities  arc 
neariy  the  ma».  By  snbtiacUng  Hmni  Ifacir  motion  the 
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ity  occtMooed^tbeirdiflireBt 
hum  tlw  «wth,  tbcir  eqad  NiMian  might  be 

I:  kMm  should  not  »tiH  be  ccrtitin  that  this  U  their 
trua,  HMtion $  Utauh-  they  ininht  have  cohnidcrnblc  in- 

eqMlilks«  not  ()iMiii:;':iMiabIr  in  tlmt  sm;il!  pHi"  ot  thr^r 
orbit  vhiibli-  to  115.  It  iv  ralli<  !  probable  that  (lu  ir  n  ul 
niiiiinn,  Hi  vn  I!  a,  ilmt  i>l  llic  pluiu'ts,  i»  unequul  m  iimIi  ; 
■iiii  lifiico  «L'  liuM-  a  ri  iiMin  why  thr  rib-x-rv.'itmn  maitc 
durilV2  till'  apfK-.iiaiiO'  of  a  comet,  cannot  eivi-  the-  iu>l 
p(  rii>J  of  its  i'( \(iluti«n. —  i.  1  lu-r«'  aii'  111  Ivmi  rtilli  ri  lit 
planets  «  lii'se  orbits  rut  the  ecliptic  in  the  same  .-injli  ,  :iriil 
whoM-  nofle*  »te  in  (be  Miinc  points  of  the  ecliptic,  and 
havinj;  the  s«inr  apparent  velocity  in  their  perigf* :  con- 
Mquentljf,  lira  tomcu  lecn  at  dilfc'ivnt  tirooi  yet  agrwing 
in  atl  thtiK'  three  circamtanm,  can  only  he  one  Sai  the 
tame  comet.  Not  tliat  this  rxart  agrranent,  in  tlcae  cir- 
cumttanccs,  is  ubsulutcly  m-cessary  to  detrrmine  their 
idmtity :  for  the  nnwn  (wrielf  ia  itrr|iular  in  nli  of  thaaa, 
to  that  it  oppean  there  may  be  caan  in  which  tlie 
comet,  at  diwicat  period*  of  levolation,  may  " 
these  points. 

As  to  the  abjections  against  the  return  of  comets,  the 
principnl  is  that  of  the  unfrrquency  of  their  iip[>earance, 
frith  riiMiil  r  I  till-  iiimiber  nf  revolutintis  a!bii;neil  t"  them. 
In  tht  re  w.i-  a  comet,  nr  rather  the  tail  of  one,  »een 

Bt  Rome,  which  M,  Cussini  takes  lo  be  the  same  with  thai 
ob*erve<l  by  Aristotle,  and  again  lately  in  the  year  l6(j8; 
which  would  imply  a  perifMl  of  ;H  Mar>;  Now,  it  may 
appear  strant;e  that  a  star  which  ba»so  short  a  revolution, 
■  nd  of  coii»eqiience  such  frequent  returns,  <(hould  be  so 
seldom  seen.  Aglin,  m  April  of  the  same  year  I70'2,  a 
comet  wiu  obsencd  iiy  Mcsans.  Bianchini  and  Maraldi, 
which  the  latter  supposed  wiu  the  tame  with  that  of  1664', 
both  un  account  of  its  motion,  velocity,  and  direction. 
M.  d«  la  Mire  ibouebt  it  had  some  relation  to  another  he 
had  obWTved  in  1698,  which  Cassini  refen  to  that  of  l6Si ; 
nMth  would  make  it  a  period  of  43  months,  and  the 
mmher  of  rewlution^^betwrai  l6S9  and  l69t«  14:  now, 
it  ia  liard  to  snftposp,  that  in  thit  ige^  when  the  heavens 
are  so  narrowly  watched,  a  starshoald  maiie  14  revolu- 
tions unperceived  ;  especiMlly  such  a  Mar  as  this,  which 
might  apjM'ar  Hb"\c  n  mcmh  topclher  ;  and  ronsecjiit  ntly 
Itr  often  <iiseni>a5<d  irom  il.i-  1  l<|  iivcijla.  Koi  :  isr..i<i»n 
M.Cassim  i?  \erv  re««Twil  m  niiimianuiii;  the  h_\  |H)rli(  ".is 
of  tile  u  till  II  of  c  omets,  and  unly  |ir<i|i(i%es  tiiose  for  pla- 
Uel*  .vheir  the  nin!ioi»\nrc  erisy  urnl  simple,  utid  arc  solved 
witli'iKil  HiMiiiiii;;,  or  aliouii.jany  irret;iilarui<"S. 

M.  tit;  la  Hire  priip'jSfs  one  uenfrul  tlifliculty  n^uinst  the 
Vfhole  <.ysten)  of  the  return  of  comets,  which  would  seem 
to  prevent  any  Comet  from  returnittg  a»  apbnet;  which 
b  ihiS}  tiMt  by  the  ilispalMnll  tHKressanly  given  to  their 
courses,  thry  ought  l'>  np|M-ar  as  small  at  fint  as  at  last ; 
and  alwa\s  iiicreiue  till  they  arrive  at  their  nearest  proxi- 
mity to  liiB  earth ;  or  if  tlu-y  should  chance  not  lo  be  ob- 
Ber«e<i(  M  soon  as  they  arecapaUeof  being  seen,  ittsyat 
hanHy  ponUe  hot  Ihey  mast  ofken  show  themselves  faa> 
fore  they  have  arrived  at  their  lull  mag nituda  and  bright- 
ness :  bat,  adds  he.  none  were  ever  yet  observed  till  tfafy 
had  arrived  at  it.  However,  the  aopearance  of  a  oomift 
in  the  month  of  October  17 tS,  while  at*  gjiaatdiatance, 


(   M4  ].  COM 

•o  at  to  be  loaamailaMl  dim  to  ba  finred*«iAaat  a  tete- 
icopew  at-  well  the  ohaw ? itjat  of  tatand  odien .  since, 
may  tcrva  to  taoova^obMade^  «id  let  tha  €omeu  still 
on  the  same  fooling  with  the  planets. 

It  i^  a  cnnjerlure  of  Ne«ton,  that  as  those  planets 
whicii  are  iirarest  to  lla  sLin,  and  revolve  fn  the  Uast  or- 
bit*, are  the  hiiialle^l  ;  ani'iii;;  the  i.oniets,  such  as  in 
their  (>ei1belion  ronx  nearest  th<  Min,  are  ihu  sinaileSI,  UmI 
revolve  in  the  leant  orbitit. 

0/  lilt  HVi/iii^j  and  Liiu  0/  Comets. 
There  have  been  many  writings  on  the  subiecl  of  co- 
mets, beside  tht;  noticvs  of  hisionuns  a-s  to  the  appearance 
of  certain  particular  ones. 

Ke^iomontanus  tirst  showed  how  to  I'lnd  the  inagnitudo 
of  cornet?,  their  distance  from  the  eaiili.  ami  their  true 
place  in  the  heavens.  His  >6  problems  DeComctx  Mag* 
nitutlinc,  Lungiltidinri  nC  Loco,  arc  to  be  found  in  a  bow 
published  in  &ib  ^car  1544,  with  the  title  of  Scrqita  Joai»> 
nb  Regiomontan* 

Peter  Apbm  observed  aiui  wrote  on  the  comeb  of 
l£s«.fcc.  Other  writers  areiyeho  UiahC,  in  hit  Pro* 
gymnaemata  Astronomic  Instauratx. — Keplnr,  of  the  eo* 
met  in  the  year  lfi()7,  and  de  Coinelis  Lioetli  tlOb— Ric* 
c^'  l  .\  Ml  Ills  Almage^tum  Novum,  published  itfSt,  eOB* 
ron  atei  1 0  V  comets  cited  by  historians  down  to  the  yeat 
lOl  8.— Ileveliui'>i  I'rodruiiius  Comrtn  ii>,  coiUaiinng  tha 
history  i,j  the  cornel  of  the  year  Kid  t.  Also  his  CometO* 
f;r;!|>.'  1.1,  —  Lohu'nie;/,  in  a  iargc  folio  work  expressly  on 
this  sLilijcct,  published  1(367,  extracts,  with  immense  la- 
bour, from  the  passages  of  all  liisloriuns,  an  account  of 
415  comets,  ending  with  that  of  1665. — Dr.  iiooke,  in  his 
Posthumous  works. — M.  Ciissini's  little  Tract  of  Comets. 
— Sturiiiius's  Dissertaiio  dc  Comeiarum  Natura. — ^Mcw- 
Ion,  in  his  Principia,  lib.  3  ;  who  first  assigoed  their  pro- 
per orbits,  and  by  calnilatiooa  compared  the  oiiacrvati«ia 
of  the  great  comet  of  l6SO  with  bis  theory. — Dr.  Halley, 
in  hb  SyBopsis  Ctometica,  in  the  PhiloB.  Tiaua.  N«.S18« 
tec ;  who  oooiputed  the  demcnta  and  orUti  of  S4  comets, 
.and  who  Afrt  ventured  to  predict  tha  Rtura  of  one  in 
1759.  which  happened  accordinf;ly.— De  Lalaode,  Thet»- 
ric  desCometes,  175;) :  alxo,  ii>  his  Astrononiie,  vol.  3-^ 
Clairaut,  Thiorie  du  mouveiiu-iit  dcs  Cometes,  1760.— 
D'.Membeti,  Opuscules  Mathimatiqucf ,  vol.  2,  pa- 97. — 
M.  .Alberl  tliler.  176;.'. —  Scjour,  llssai  aur  les  (.'onieds, 
177  j. —  Hesiiifs  im;,  n  icli ,  L),-  la  tM,iri;;i',  I.>c  la  Place, 
Fiisi,  IjfM  I,  llarker,  Hancocks,  Cole,  witii  many  others. 
— And  M.  Pringj^'s  (  ointtographie,  in  '2  w.i|s.  4ri),  17fe4; 
in  vrhicb  is  contained  the  moat  ample  list  of  such  coniet« 
OS  have  bi-en  well  observed,  and  their  elements  coniput<-d, 
to  the  number  of  67.  And  accounts  of  a  very  few  mure 
that  have  been  observed  since  that  time,  may  be  seea  in 
the  Mem.  de  I'Acad.  and  in  the  Pbilos.  Truju.  A  very  in- 
genious and  ample  work  on  comets  is  also  published  by 
Sir  .Henry  £a^&eld,  entitled.  On  the  dclerminatioBa  of 
die  OrUta  of  ConMi. 

The  whole  Ibt  uf  comelt  that  have  been  nolioed,  on  ie> 
cord,  amount  to  upwards  of  500,  but  the  foUowiag  is  a 
complete  list  of  all  that  have  been  properly  obtenred,  and 
.  tbt^r  elements  computed,  the  mean  distance  of  the  earth 
from  tha  nu  being  tappoaed  -lOOyDOO. 
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M.  Facio  has  !iigf;i'!c<l,  ihiit  some  of  the  comets  have 
thi'ir  nodw  »o  very  near  uiinuai  oibit  of  the  earth,  that 
if  tlic  I'arlh  sliouKi  h.ijj]K(i  1o  Im-  fyuiui  in  that  part  iu:xt 
the  n<i(ii'  al  ihr  lime  of  ii  ronn't's  pausing  by;  Hi  the  ap- 
parent rm  Ln  :,  of  the  comrt  'vill  In  immciiiLly  s«ifl,  it> 
pnralla.\  iKCorae  very  itiisiibli  ;  and  lis  proportion  to 
that  of  the  sun  will  be  yiveo:  whence,  such  transits  of 
comen  will  afford  the  best  means  of  determining  the  dis- 
fUOe  between  the  earth  and  sun. 

The  comet  of  1472,  for  instance,  had  a  pknllax  abo«« 
90  times  greater  than  the  sun's ;  and  if  that  of  l6l8  had 

 down  io  the,  bunoing  of  March  to  its  d^ioending 

i|  wovM  ham  dmb  nmch  nemt  the  nrtl^  mnd  its 
n  nrach  'now  not^le.  Bat  hitherto  bcnm  hea 


tbmtenel  the  cMrth  with  a  aeiMer  e,]>pttlM  (baa  thet  of 
1580 :  for  Dr.  Halky  finda,  by  calculetton,  that  Nov.  t  Itb, 

at  1  h.*  6  mm.  afkemoon,  that  comet  was  not  mom  tlian 

on<  Hi  iriii!i:inn  [(  r  of  tlif  ranh  to  the  northward  of  the 
earth's  paih  ;  ut  which  time  had  the  earth  been  in  that 
part  of  its  orliit,  ttie  cornet  woulil  li:ive  liiid  n  parallax 
equal  to  that  of  the  moon. —  \\  hat  might  have  been  the 
consequence  of  50  near  an  appulse,  a  Contact,  or  lastly,  a 
shock  of  these  bodies.'  Mr.  Whistou  says,  a  deluge! 

7b  determine  the  Place  and  Cowrie  of  a  Comet. — Observe 
the  distance  of  the  comet  from  two  fixed  stars,  whose  lot>- 
gitudcs  and  latitudes  arc  known :  then  with  the  distances 
(hu«  figiud,  calculate  the  place  of  the  comet  by  spherical 
tfkDOMMtiy. 

longprnontanos  shows  aa  easy  method  of  finding  and 


earth.  Since  that  time  the  distance  of  the  comot  from 
the  sun  ha»  increased,  but  it.s  distance  from  the  earth  will 
dimini'ii  tdl  the  middle  of  Oelob<  r,  w  'lww  \\>  hfa>t  distance 
will  excee<l  41  million*  ol  lea^uet.  It  rmt  |iiobable 
tli.it  the  ciimet  wiU  l>ic<inie  more  Msible,  as  it  Ioms  .some- 
what more  of  its  light  1  y  retelling  from  the  sun,  than  it 
gains  by  approaching  nearer  the  earth.  In  genenil,  tbc 
orbit  of  this  comet  is  such,  that  it  can  never  approach  vciy 
near  the  earth.  The  body  of  the  coract  appears  tu  be  se^ 
|iarated  from  the  luminous  matter,  which  surrotiods  it  in 
the  shape  of  a  parabola.  This  phcnotneoooii  whic^  has 
not  been  pcroeivod  in  other  conets,  has  been  aaeertaincd 
by  the  ofaaervatians  of  all  the  astronoacn  ia  Ptoi^  and 
wtthoiit  doBbt  will  aot.eieape  the  notice  of  other  attro- 
nooian.  It  does  not  fallow,  bpwever,  that  the  body  of  the 
comet  is  wholly  separated  from  the  luminous  appearance^ 
as  the  spncc  that  seems  empty  may  be  tilled  Dp  by  parti- 
cles  less  luminous  than  '.).' 

COMETARIUM,  n  niin  hi.ie  adapted  to  give  a  repre- 
sentation of  the  n  uilii-idii  i,t  comet  about  the  Min.  It 
is  so  contrived  a;-,  by  t  liipucal  wheels,  to  show  the  unequal 
motion  of  a  cornet  in  e\ery  part  ol  its  orbit.  The  comet 
ia  represented  by  a  small  brass  ball,  carried  by  a  radius 
vector,  or  wire,  in  an  elliptical  gro<jvc  about  the  suu  in 
one  of  its  foci ;  and  the  years  of  its  period  are  shown  by 
an  index  moving  with  an  equable  motion  o^'era  graduated 
silvered  circle.  See  a  particular  description,  with  a  ligure 
of  it,  in  FcrgusKon's  Astron.  8vo.  pa.'400. 
COMMANDlNfi  (Frbbbriok),  a  cdebrated  mathe> 


toaeiiig  oat  the  places  of  a  comet  Bm^aolcaliy,  which  ia,  oiatieiaM  and  lingaiiit  wae  bora  at  Urbino  in  Iiaiy,  in 
to  lind  twosuisiti  th^«anieUiiewitktheeMMl,byrtnteh»  1509»  and  died  ia  1«7^  at  6li  yeats  of  aft.  Ha  waa  fa 


ing  a  thread  before  the  eye  over  idl  the  difce;  then  do  the 
'  same  by  two  otiier  <tars  and  the  comet:  this  done,  lake  a 
celestial  globe,  or  a  planisphere,  and  draw  ft  line  upon  it 
first  throu;;h  tlie  !  rriier  two  stars,  anil  thin  through  the 
latter  t«o;  so  shai.  the  intersection  of  the  two  lines  be  the 
place  of  the  comet  at  !■  1;  mim  H  this  be  repeated  from 
time  to  time,  and  all  the  iioirit'-  of  intersection  connected, 
it  will  show  the  palii  of  the  comet  in  the  heavens. 

■The  last  comet  which  lia^  been  observed,  was  that  of 
r?07.  It  was 'distinctly  seen  by  the  naked  eye  for  many 
wivks  in  ise)itcmber  and  October.  Its  elements  are  as  re- 
corded above;  to  which  it  may  be  added  that  tit  diaflMtnt' 
aft'ording  to  Dr.  Ilcriichel,  is  538  milt's. 


mons  for  his  leaning  and  knowlc^  in  the  sciences.  To 

a  great  depth,  and  just  taste  in  the  mathematics,  be  joined 
a  critical  skill  in  the  Greek  languagi',  a  happy  conjunction 
that  well  c|ilall(ie<l  ;;ir:\       1 1 ,1  ii- l:itini{  anil  r.xpounding  the 
writincs  ot  the  Greek  nialhi  iiiaticians.    Ami  accordingly, 
with  a  most  laudahle  zeal  and  imlustry,  he  translated  and 
published  several  of  th(  ir  woi  ks,  to  «  hich  no  former  writer 
had  done  that  f;oo<!  oliice.    On  vshich  account,  Francis 
Moris,  duke  of  Uibum,  who  w.ts  very  conversant  in  tho*c 
sciences,  proved  a  very  Rllectioniite  patron  to  him.    He  is 
neatly  applauded  by  Uiancbonus,  and  other  writers;  and 
Se  justly  deserved  tbeir  encomiums. 
.  OThiaown  worka  he  poblished  the  following: 
The  following  observations  on  this  cofoethawe  alia  been      1.  CaaHMBtarivi  in  Planiiphsriaa  PlolaiMii:  Mi/t^ 
published  by  M.Uurckhardt,  of  the  Institnle»on  Sept  33»   lD4ta.  t 
I8O7.  "Thaconet  approached  ncaicat  the  son  on  the  I  fth      &  OeOeilisOfavlliiai  SoUd.  Bano*.  IgSit  in  4(o. 
of  SeptCQbar^at  iDociock  in  tite  evening;  it  was  then  dis«      9.  Hoiologioffaai  DiKriplio:  Ron.  15l!S;ia  4ta. 
taat  39  nfllioM  ofkapws  ffom  die  inn,  aikd  54  from  tho      Hetnnlatad  aad  Ulntnled  with  nataiy  the  followi„j> 


oyiii_uo  L,v  Google 


COM  '  [ 

wtM-kft,  roott  of  them  brautil'ully  printed  in  4to,  by  the  cclc- 
bnilcJ  pi  liner  Aldus: 

1.  Archimcdis  Circuli  Dinielisiui  tic  Linri»  bpiraiibusi 
Qviudraturu  PitraboL-r ;  deConTtidibutetSphaWOMiilnn; 
Ari'iia-  NuiiuTo; 

<J.  I'lulcm^i  riaiiispha'riuin;oiPlaiibpb.Joiduu: 

3.  Ftnti3iB«  Analcmtna:  I56'2. 

4.  Ardumedit  de  in  qux  vi-huntur  in  aqua:  li6S. 

&  ApoUonii  Pcrg»i  Conicoriun  libri  qwtuor,  uiw  cum 
Psfpi  Alexi^rini  LrmmtUiua,  «l  ConuMntMin  E^'lodi 
AfcmaitB,  &c:  1666.. 

&  Macbometci  Bigdiidiitut  de  Sopcriicierum  Diviiioni* 
bos:  ISro. 

7.  Bknmil*  BdcKA:  IS71.  « 

8.  ArotudMU  dm  AbgntudioilMM  ct  DiHuitiw  Solii  ct 
LmiB:  157«.  '  . 

9.  lleronis  Alexandrini  Spiritiftliurn  libcr:  1583. 

10.  Pappi  Alexandrini  Collecliont-s  Malhem.  1588. 
COM.MAN DING  Ground,  \r.  Fo:  tiiicalion.an cmiitcnce 

or  rising  ground,  overlooking;  uny  yo-,t  or  strong  place. — 
This  is  of  three  sorts;  Isl,  A  I  roiil  Cnimnandini;  drnund, 
or  a  height  opposite  to  the  fucc  ol  thi-  p<ist,  wlnth  batters 
upon  its  Ironl:  2dly,  A  Reverse  Conjinaii<iiiio  (irouikd,  or 
an  ciniurnce  thul  can  play  upon  the  rear  or  back  of  the 
post:  .idly.  An  V.nGlude  Commandiiii;  Ground,  or  an 
emiuencir  in  llank  which  can,  with  ila  niiut,  Kour  ibo  whole 
length  of  a  straight  line. 

COMMENSt  RABLH;  amakm,  or  Momuimhi,  an 
raeh  a»  liavo  tome  common  aliquot  |ion,  or  imkli  umy  be 
nicamred  or  (Utrided,  without »  remainder,  by  oneamf  tlm 
lame  OMamf*  or  Jivinr,  caliod  thoir  common  mcnwrD. 
TIhn,  •  foot  MDd  •  yafdaKCommcmunblc,  becauie  Ihera 
it  a  third  quantity  that  will  meature  each,  viz,  an  inch; 
vrhich  is  li  limes  contained  in  the  foot,  and  3^  times  in 
the  yiird. — Com roensu  rabies  arc  to  each  Other,  as  one  ra- 
tional whole  luiiiiber  !■>  I.)  another;  but  incoinnu  n-  ji .iljlos 
arc  not  jo:  uiui  tlicnlore  tin  ratio  of  coBineiisurublcs  is 
rational,  but  ihut  ol  iiKomiiu  iisuraijks,  irnitional j  hence 
■Uo  the  e.\[>oiietit  ol  llie  ratio  .it  coinnicnsurablcs  is  a 
rational  number. 

COMMtlNSL'UAULE  i^'umhert,  whether  integers,  or 
fractions,  or  surds,  are  such  as  have  some  other  number, 
which  will  mrasura  ot  disuie  th*:m  exactly,  or  without  a 
wmaindBr  Thus,  6  and  8  are  commensuntble,  because 
2  meaturm  or  divides  them  both.  And  \  and  j,  or  ^\  and 
^  arc  commonnuahle  fractions,  because  the  fraction  ^  or 
di^  will  aMnn  tham  hoih;  and  in  this  sense,  all 
ftaetions  may  ba  mid  to  be  oommansanlilek  Also  tfao ' 
surds  i^/i  and  S^/S  ara^ammoMuaUe,  Jbeing  mcaiwml 
by  y/Z,  or  being  to  eacl;  other  as  2  lo  d.' 

CoMMExsvRABLE  III  Pmocr,  Euclid  says,  right  Unes 
are  commensurable  in  power,  when  their  squares  arc  mea- 
sured by  one  and  the  same  space  or  superlicic.. 

CO.MMON,  is  fipplied  to  an  angle,  linr,  incu<urr,  or 
the  like,  that  belongs  to  t^niji  nv  n i- tlmiu-Mir  i  Liungs. 
A»  a  common  angle,  a  roniriujn  siili",  a  roniumi!  base,  a 
common  measure,  <.Vc. 

Common  MaAHiittE, or  divisor,  is  that  which  measures 
two  or  more  numbers  without  a  remaindeb  So.ofSaadlS, 
a  common  measur(<  is    and  so  is  4. 

7%»gttaieU  Com  mon  iMieamre  is  the  greatest  number 
that  can  measure  two  other  numbers.  So  of  8  and  \Q,  the 
greatest  common  memmaia*. 

Tojmd  iktpiuim  riwiaiiiiimiiMiwnf  ttroouabwi.  DU 


»(>  J  *  com' 

vide  the  j;realer  t'eriii  by  the  less;  ibtii  cbiiid'  ibi'  ili>iKir 
by  t/if  i  i'inaiiidiT,  il  ll^i  ie  br  .iii^  i  and  m>  mi  (  oiiiniiiiilly, 
always  dmuuij;  the  last  divi»ur  by  the  lust  rcrouioder,  till 
nothing  remains ;  then  is  the  la«t diviior  the  gnatest  com-* 
moo  measure  xiught. 

Thus,  to  iiad  the  ciaatett  common  mewun  of  8 10  and 
J488. 

8lff)14«8(l 

8lfi 

672  )  8 1  h"  C  I 

('7'.;  • 
l44  )  6'  '2  (  i 

96  )  144  (  1  « 

Ibe coamon  nmnure,  48  ) SKi • 

Therefore  48  is  the  frnitnt  common  meaame-of  Bl6  and 
1488,  thus:  ! 
'    48)8t«(17  4SJ14S8(S» 
48  .       •  144^ 

3"'i  IS 

The  common  meaauro  is  useful  in  fractions,  to  reduce  a 
fraction  to  its  least  leran,  1^  dividing  those  tlmt  nre  given 
by  their  grwicsl  cAmaon  mcasufo.  So  -^'f^  reduces  to 
4li  by  dividing  810  and  1488  both  by  ibeir  greatest  «nn> 
mon  nwasufe  48. 

COMMUNICATION  ^MMkm,  that  «:l  of  t  moviof 
body,  by  wMch  it  fives  motion,  or  tmnsiers  iu  motion  to 
another  body.  Father  Mallehnmebe  considers  the  com* 
mimicnion  of  asotion  as  somethii^  iueuphysic.il ;  thai  in. 
as  not  neccuarily  arising  from  any  physical'  i<rincipU-!i.  or 
any  pi'operii>  s  ol  bodws,  but  flowing  from  the  immcdiattt 
agency  ui  Ciu<l. 

The  coiiiriiuiiicalior>  ot"  iin  tuiii  :i-viut>  liom,  ami  nn 
pviiK'iiCi-  ol  till'  iiiijienclrabilits  .in. I  iiK  rti.i  ol  matti-r,  as 
suv;i  ;  uhli  -.^  \if  aillull  tbe  by |  i  ■'.i.esis  .  t  llie  pelietrsbility 
ot  matter,  advanced  by  poiCoiicla  and  Michell, aiid  a>rribe 
to  the  piivver  of  n'pulsion  tlioie  effi  i  ts  which  have  been, 
usually  sichbed  t*  its  solidity  and  acLuul  tenstancr. 

Newton  shows  that  action  and  reaction  are  equal  and 
opposite ;  so  that  one  body  striking  or  acting  against  nnu- 
ther,  and  thence  causing  a  change  in  its  motion,  doi'<i  itself  • 
undergo  the  very  same  chai^  in  its  ownmutiou,  the  con- 
trary way.  And  henc^  a  mowiy  body  striking  directly 
another  at  mt,  it  losn>jtHt  as  much  of,  its  mction  ns  it 
communicates  lo  the  other.  For  tb«,U«s and  quantity  of  • 
motion  so  communicated,  cithAr  in  aklticornoo-ahHiiie 
bodies,  sec  Col t.i!«t ox.  ■  • 

CO.M  .MUTATION,  Ans^le  </,  is  the  ,listar:cc  I  rluien 
the  soil's  true  [ilaee  voen  trom  tbe  earlh,  and  ibr  pbice  of 
H  pUnrt  reducid  to  tbe  etliplic:  wbith  llu:<'b>ri'  is  fovind 
by  taking  the  diU'etcnce  between  the  sim"5  lungUude  ni;d 
tLf  bi  liocentric  longitude  dd  thi  planet. 

CO.Ml'AN^',  Rule<ff,  Rule  (tf  Fcllouthip,  in  Ariih- 
tnclic,  is  a  rule  by  which  arc  determined  the  true  sharea. 
of  profit  or  loss,  due  to  the  several  purtncri,  or  associates, 
in  any  enterprise,  or  trade,  in  due  proportion  to  the  »iock 
contributed  by  each,  and  the  tiUB.it was  employed."  To 
do  which  properly,  sec  the  Riik  ^lUhuiAip. 

COAIPAATMCNT, »  dc»igpt.ctNaiwicd  of  savenl  di&. 
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fcrtnt  ligure*,ili»p<r<(<<)  with  symmetry;  to  wlorn«p«rtwi», 
n  cu'liiij,  piiiiin  1  (ii  |.)iBi  ry,  or  the  like. 

roXIPARTI HON,  til." useful  and gnicelul distribution 
til  llic  whole  gruii.iii-i'lot  uf  nn  ctj i ties,  into nWBIofoflicc, 
ami  (if  r<-ct-ption,  <ir  I  nliTduniniTit. 

COM  PA>!>,  "r  Mtit iti<r'.\  Cumpaa,  is  an  instriimi  iit  iiseil 
nt  sea  by  muriiiors  lo  direct  and  a»ccrlain  tbo  c.Jiirsc  of 
tbcirship*.  It  consists  of  a  circular  bra»  bu\,  which  con- 
tAim  a  rapcr  card  with  the  32  point-i  of  the  corapau,  or 
winds,  imd  on  a  aiagnetic  nmilc  that  always  turns  to  the 
north,  excepting  a  ^mM  deviatioo,  which  ia  wi»Ue  at 
different  places,  and  at  the  aune  phce  at  dUemt  tWMh 
Sec  Vamatiom  ^tke  Cimpaii. 

llw  naedle  villi  the  card  tam  w  ao  upri^t  pia  fixed 
in  thcPeontie  of  the  boat.  To  the  Rdddle  of  the  aeedle 
is  fixed  a  bms  conksl  soeket  or  cap.  by  which  the  eavd 
hanging  on  the  pin  tarai  freely  round  ibeccrttfb 

The  top  of  the  box  is  covernl  with  a  glan,  to  prevent 
the  wind  fr  nil  (Ii-.  iliini;  the  motion  of  the  canl.  TiiC 
whole  is  incliiMil  m  aimlhcr  box  of  u<M>d,  where  it  iisus- 

Mill  iL  Ijy  gimt>»U,  r)i  liiHst  hoops,  to  ktrfp  the  Card  in  a 
hori/toiilal  [»i»ilK'n  during  tlir  various  iiviiious  of  the  ship. 
The  whole  ought  to  be  so  phicni  in  the  jhip,  that  the 
middle  section  of  the  box,  parallrl  to  its  side^,  may  be  pa- 
nilel  to  the  middle  section  of  the  slii|>  ulung  its  keel.  . 

The  invention  of  the  compass  is  aicribed  by  some  wri- 
ters 10  Flanio  GiolB,  or  Flavio  of  Malphi,  about  the  y^ar 
1304 ;  and  hence  it  i»  that  the  lerHtoty  of  Piincipeto,  the 
part  of  the  kingdom  of  Naples  where  he  was  born,  hu  a 
compass  for  its  arms.  He  divided  his  compam  only  into  • 
poinls.  Odien  are  of  epiaiim  that  the  invention  is  due  to 
the  Chinese;  and  Ollbert,  in  his  book  Oc  Magm-tc,  aflirms 
that  Marcus  Paulus,  a  Venetian,  malting  a  journey  to 
China,  brought  back  tho  invention  with  him  in  I2(k).  What 
strengthens  this  conjecture  is,  that  at  Anl  thry  used  tht> 
coinpass,  in  the  same  manner  as  the  Chinese  still  do,  vir, 
letting  It  (loaf  on  a  small  piece  of  cork,  instead  of  suspend- 
ing it  on  a  pivot.  It  uUii  aikii'il,  tlmi  thr:  r  I'liijicrorChi- 
ningut,  a  celebrated  astroiopi  r,  had  a  k.niiwl(>(J;;c  of  it  1 120 
years  "before  Christ.  Tlie  Chinese  divide  their  compass 
only  into  24  points.  But  Ludi  Vcrtumanui  aifirms,  that 
when  he  was  in  the' East  Indies,  about  the  year  1500,  ha 
saw  a  pilot  of  a  ship  direct  his  conne  by  a  compass,  las- 
Icned  and  fraftied  as  thi/se  now  commonly  used.  And  Bar- 
low, in  his  hook  called  The  Navigator's  Supply,  anno  155)7, 
nlbrais  as,  that  ia  a  personal  cooiiircMC  with  two  Eiit 
Indians,  they  aflitoMd,  thai  taslsad  «f  our  compass,  thqr 
use  a  magneuoal  acadld  of  $  iBehas,  and  hmgcr,  upon  a 
pin  in  a  dish  of  while  China  earth,  filled  with  water ;  in 
the  bottom  of  which  they  have  two  cross  littes  for  the  4 
principal  winds,  the  rest  of  the  divi,! In  ing  left  to  the 
skill  of  their  pilots.  Also  in  ihf  saiiiu  buuk  he  observes, 
that  the  Portuguese,  in  tlnir  first  discovery  of  the  East 
Indies,  got  a  pilot  of  Malnmle,  wh"  hrou]ilit  them  from 
thence  in  33  da;,-,,  ml^IiI  i  .f  Cjiliciit. 

But  Fauchttte  relates  »<iine  verses  of  Guoyot  dc  Pro- 
vence, who  lived  in  France  about  the  year  1200,  which 
seem  to  make  mention  of  the  compass  under  the  name  of 
Marinette,  or  Mariner's  Stone;  which  show  it  was  used  in 
Fiance  near  too  years  before  either  the  Malfite  or  Vene- 
tian (me.  The  French  even  lay  clahn  to  the  invention,  from 
the  Aear  de  lis  with  which  meet  people  distimnish  the 
north  poiat  of  the  card.  With  as  macs  reason  m.  WalBt. 
aierthss  it  to  tbaCn§|Ui»'fnm  its  oaaMCon|iaM»  by  «Udi 
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nana  most  amfamivdl  it,  aad  which  he  observes  is  used  in 

maily  parts  of  England  In  signify  a  circle. 

The  marine's  compssi  long  continticd  very  rude  and  im- 
perfect, but  a;  Ir  ni^th  ri  t  rived  i;reat  improvement  from  the 
invention  and  cxpcriinents  of  Ur.  Knight,  who  di.stovered 
the  useful  practice  of  niakinj;  urtiticiul  magnets;  and  the 
further  eraendalion*  of  .Mr.  bliieaioii,  and  Mr.  M'Cuilorh, 
by  which  tiie  liL'edles  are  larger  and  stronger  than  former- 
ly, and  instead  of  swinging  in  gimbals,  the  compass  is  sup- 
pMrlad  in  its  very  rcntre.upon  a  prop,  and  the  centres  of 
motion,  gravity,  and  magnetism,  arc  brought  almost  all  to  ' 
the  same  point. 

^  After  the  discoveiy  of  that  most  oseful  property  of  the 
iagfM,  or  loadstone^  vte,  its  giving  •  polanty  to  wudeaed 
iron  or  fled,  the  eoaspiM  was  many  ]|wn  in  use  befiire  i^ 
was  knowa  in  anywise  to  deviate  fnn  the  poles  of  the 
world.  Aboat  the  middfc  of  the  l6ihccRtury,so  confident 
were  lorae  penons  that  the  ne>edle  invariably  pointed  dtie 
north,  that  they  treated  with  contempt  the  notion  of  the 
variation,  which  about  that  lime  began  lo  he  suspected. 
However,  careful  observations  soon  disfuvemi  r...ii  m 
England,  and  its  ni'ishboiirhood,  the  nei-dle  inniui  a  to  tin- 
Cil^1wH|■li  iii  tlie  true  ii<jr:h  litiu  ,  ii:,d  iLl  (CJitutily  of  this 

deviation  being  known,  rnanners  became  as  well  satisfied 
as  if  the  compass  had  none;  because  the  true  course  could 
readily  be  obtained  by  making  allowance  for  the  true  va* 
ria(ioiii% 

From  socceediiif  observations  ;t  was  sAerwards  disco- 
Wfcd,  that  the  denaiion  of  the  needle  from  the  north  wa« 
not  a  constant  qoaatity,  but  that  it  gtadoaUy  diminisbed, 
aad  at  last,  namely,  aboal  the  year  1057»  it«ae  Ibnadehat 
the  needle  pointed  d«a  awth  at  Lowlon,  aad  hat  ewr 
sinoe  been  going  to  the  westward,  dll  now  dm  variitHM  is 
upwards  of  two  points  of  the  compass:  indeed  it  was  22* 
41"  about  the  middle  of  the  year  1781,  as  appears  by  the 
Pliilii-.  Trun'i.  |ia.  '2J.f,  iVir  tl  .it  year,  and  is  probably  now 
ionievvhut  more,  which  it  would  be  of  consequence  to  know. 
So  that  in  any  one  place  it  may  be  suspected  tlir:  uiria- 
tion  has  a  kind  of  libratory  motion,  tmvcrsing  through 
the  north,  to  unknown  limits  eastward  and  westward.  Hut 
the  settling  of  this  point  must  be  left  to  time  and  future  ex- 
perimenla.  Since  ue  above  was  printed  in  the  ibrmercdi* 
tion  of  this  work,  the  magnetic  ot»ervations  have  been  psr> 
tially  resumed  by  the  Royal  Society:  in consct^uence,  the 
variation  of  the  needle  was  there  fiMmd  to  be  (in  September 
lltl)  atf  14'  fMB^  aad  the  d^  or  iBcUntioB  70^  3SI'. 
See  V«aniaTt«|,  atan  brouirATiov,  aad  Dm.  Also  Ibr 
a  ftitther  dcseriptioa  oCdWHUM  eompttMai  aad  their  oscs, 
see  that  niffal  book,  RoheMnnTs  MavigrtiaB,  vol.  ^  pa.* 
831. 

The  .■/zw:ti!h  f,  1^1  TAss  .'litTi  rs  from  the  common  sea  com- 
pass in  this,  that  the  citcunitercnce  of  the  card  or  boN  is 
divided  into  degrees;  and  there  is  fitted  to  the  bo.\  an  in- 
dex with  two  kiphtJ,  which  are  upright  pieci-s  of  bntss, 
placed  diametrically  opposite  to  eac  h  <itlier,  hnving  a  slit 
down  the  middle  of  them,  thmugb  which  the  sun  or  star 
is  to  b<-  viewed  at  the  time  of  observation. 

ne  Vt  <^ tht  Aztrnuh  Compau,  is  to  take  the  bearing 
of  any  celestial  object,  when  it  is  in,  or  above  the  hoiisen, 
that  from  the  mi^giiciical  axiaath  or  amplitude,  the  vatia> 
tian  «f  Aa.ntidlB  nqf  ha  hmmu  See  AaiMtmi,  aad . 
AvruYvna. 

Tha  figitia  of  tha  compass  cardi  with  die  namea-of  the 
9fipoisii«rwlad%ai«a»laigi5t  platefii  where  other 
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I  are  alio  exhibited.  See  alfo  «  ww  one  in  die 
Sttpplnaent  to  GftTillo'f  IVeadM  od  MHgnetiaoi.  * 

'At  there  we  32  whole  points  quite  around  the  cirde* 
which  wotaim  3$0  deoivc*,  then-fore  each  point  of  the 
compass  contains  thv  2id  part  of  360,  that  is  1  lldcgn-vs, 
or  11*  15';  consoquetuly  the  half  point  is  3*  37'  30",  and 
the  quarter  poiiii  0"  4n'  ifc'. 

The  points  ol  lljf  ciirapass  arc  othrrwisr  called  rhumbs; 
and  tlic  numbers  of  iicj;rci.>,  iiiIiiuUt>,  and  5i'C<jmJ''.  niaJr  liy 
every  quarter  point  with  the  meridian,  are  exhibited  in  ihf 
fbHowiRgtaUe: 

^T.vni  K  f/  Rhumbs,  showing  the  Degrees,  Minutes,  and 
Seconds,  r'>a<  every  Point  and  Stuwler-poinl  qf  the  Compass 
maka  with  the  Meridian. 
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'  Compass  Dials,  are  small  dials,  fitted  lu  Imms,  fur  the 
pocket,  ti)  show  the  hour  uf  the  day  by  tin*  <iinction  of 
the  needle  tliat  imiu  iir'.  In. a  m  place  them  right,  by 
turning  the  dial  about  (ill  the  cock  or  stile  stand  directly 
over  the  net-dlc.  Hut  these  can  never  be  very  exact,  lic- 
of  the  vtiriation  of  the  needle  itself;  unless  that 
he  ■Howed  fer»  hi  mhiag  and  fUmaag  tha  ia- 


GOUPASSES,  or  Pair  qf  Compasset,  a  tnatheisatical 
imtraMnt  tor  tlacribiiif  citala»  meaauring  and  dividing 
lioM  or  figorea,  ftc 

The  oooMOOD  cooipatt  coomt  of  two  ihMpifdiDted 
bruichet  or  1^  of  iron,  tteel,  broH,  or  olbor  mota], 
joined  together  at  the  top  by  a  rivet,  about  which  they 
move  as  on  a  centre.  Those  compasses  are  of  the  best 
kind  in  which  tlic  [liii  ur  nxlc,  on  wlilch  lln  jmi.t  tiir!i5,  is 
liiadi-  of  bti-cl,  anil  ;,lsi.  I.alf  the  joint  itscjf,  as  tin  lipiLnsitt 
metals  wear  mon-  (-(jiKilly:  pi, inls  should  ;iisij  bu  made 
ol  hard  slcri,  ivrll  polishi'd  ;  und  the  joint  ihuuld  open 
ana  siiu;  '.u:h  a  smooth,  i-as.y,  and  uiiilorm  motion.  In 
some  compasses,  the  points  are  both  &xed ;  but  in  others, 
oM  it  MOO  CO  tako  oat  ooGMioiiidlyt  and  ■ 


or  pencil,  put  in  its  place,  l  iieic  are  in  u«c  cotapowa  of 
various  kinds  and  contrivances,  adapted  to  the  mriom 
pnipoaet  they  are  intended  for ;  as, 

COHPaUlSj^  Three  Legs,  or-  Trianfpitar  Cimptuteii 
the  conatraetion  of  which  it  liiie  that  of  the  i  omroon  com* 
passes,  with  the  addition  of  a  tliiivl  leg  ur  point,  which  has 
a  motion  e>-cry  way,  ,  Tlieir  use  is  to  take  three  poiijls  at 
ouce,  and  so  to  form  trianglas,  and  lay  down  three  'po- 
sitions of  a  map  to  be  copied  at  (jncc 

Bfoni  Compasses  cuiistsi  of  ii  lo;ig  straij^hl  btara  or 
bar,  carrying  two  Ihus.s  curMirs  ;  oni'  of  tlii-se  being  fixed 
at  one  end,  iIm'  oiIht  sliding  along  the  lni»ni,  with  a 
screw  to  fastin  it  on  occasionally.  To  tlic  cursms  may 
be  screwed  points  of  any  kind,  whether  steel,  peiKlU,  ur 
the  like.  To  the  fixed  cursor  is  lonictimes  applied  an 
adliilsling  or  micrometer  screw,  by  which  an  extent  is 
obtained  to  very  great  nicety.  The  beam  compasses 
are  used  to.dimw  laiga  circlei,  to  take  0«at  e«t«nla,or  iho 
like. 

CoMPASsKs,  or  Bows,  aie  a  mall  tort  of  com- 
pa»>  s,  that  shut  up  in  a  hoop,  which  scTfcs  for  a  handio. 
Theirwo  ii  todaactiho  arcaoi  ciicninfenaicoa  witha  very 
small  fadina. 

Ca/iW  CoMFASsKs.    See  Caliber. 

Clockmakers  Compa&sks,  are  jointed  like  the  common 
compasses,  with  a  <iuadr;int  or  bow,  like  the  spiini;  com- 
passes, only  of  liiUcrent  use,  serving  hi  re  to  knp  the  in- 
strument rirm  at  any  opening.  They  are  made  very 
strong,  with  the  points  of  their  legs  of  well-tempered 
steel,  as  being  uRod  lo  dmw  Or  c«t  liiMs  in  paaielipard,  or 
copper,  &c. 

Cylindrical  and  Spierical  Compasses,  consist  of  four 
brunches,  joined  in  a  centre,  two  of  them  being  circular 
and  two  flat,  a  little  bent  at  the  ends.  The  use  uf  ihrm  is 
to  take  the  diameter,  thicTcncss,  or  caliber  of  round  or  cy- 
lindrical bodies  ;  as  cannons,  balls,  pipes,  6tc. 
Theic  are  alio  spherical  compaasea,  diffrriif  in  nothing 
am  iho  eoaioioii  ones,  bat  that  thdr  1^  are  arched ; 
tar^  10  take  the  diameters  of  round  bodies. 

Anotheriort  of  compasses  also  has  lately  beca  invented 
for  measuring  the  diameter  of  routul  bodies,  as  balls,  \r, 
which  consist  of  two  flat  pieces  of  metal  set  at  right  anpli'S 
on  a  straight  bar  or  beam  of  the  same  ;  the  one  piece  be- 
ing fixed,  and  the  other  sliding  then'on,  so  far  as  just  to 
receive  the  rodnd  b.,j.:l\  uri'.vvttL  tlu/ni  ,  i^imi  i;-.  di- 
ameter, or  distance  beliiecn  the  t»oplLCe-^,  is  shown  by 
the  divisions  marked  on  the  beam. 

ElLplical  Compasses,  arc  used  to  draw  ellipses  Of 
ovals  of  any  kind.  The  instrument  consists  of  a  bean  aS 
(Plate  8,  >ig.(>,)  about  a  foot  long,  bearing  thrrocuson; 
to  one  uf  which  may  be  screwed  points  of  any  Idlidt  and 
to  the  bottom  of  the  other  t*o  are  riveted  two  diding 
doee-laiU,  adjusted  in  graom  made  in  the  mm  bmnchea 
of  the  beam.  The  dove>l^ls  having  a  motion  every  way, 
by  lurninf  about  the  long  branch,  they  go  badtwaid  and 
forward  along  the  cross ;  so  that  wh<-n  the  beam  has  gona 
half-way  round,  one  of  these  will  hii\e  m<ived  the  whole 
length  <jf  one  of  the  branches;  anil  «Ii<m  the  be.im  has 
gone  quite  round,  the  same  dove-tail  has  gone  back  the 

whole  length  of  the  bMich.  The  lOBijt  IS  tindaMoed  of 

the  other  dove-lail. 

Note,  the  distance  between  the  twosliding  dovr-tails,  is 
the  distance  between  the  two  foci  of  the  ^Upse ;  so  that 
tydwcUipiavill  he  notecticttbr 
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«r  (lender. '  Under  the  cndj  of  ihc  branchos  of  tbe  croM, 
aittolaced  four  ttwt  pointt  lo  keep  it  fui. 

IIk*  u!c  of  tiiis  compass  is  euy:  bj  tiifiiiq|  roiad  tbe 
long  branch,  tin-  |M-n,  iH-iicil,  or  other  poiok  wiU  drtw  the 

cllijisr  IlijUiri'd. 

Ii»  lii'uic  >h<jws  both  its  iBC  and  construction. 

6'CT-man  Com  r  \  ss!  s  lia\r  tfu  ir  U'ss  a  little  bi-nt  out- 
»"arJ»,  mwr  ihr  tii[> ;  m)  liiut  shut,  the  jioini*oii!y  iin-ot. 

/^fi.i  CoMrvssts  arc  iC>  coiilrui  d  uiihmsnli'  hy  a 
small  aiijuitir.;;  strew  to  one  <if  ihc  K  l'^,  a*  to  lakf  an  ex- 
tent to  a  hair's  btvailth. 

I^vportional  Conpamm  arc  tiiose  wliosc  juint  lii'S. 
not  at  the  end  of  the  legs,  but  betwi  i  n  tlip  points  tornii- 
aaiidgeach  If'g.  lliesc  arc  either  sintplc,  or  compound. 
In  the  femer  kind  tbe  cohtn*.  or  place  of  the  joint  k  fixed ; 
•o  that  one  pair  of  thc^ic  serves  only  for  one  |woportion. 

CumpOmi  Froportionul  CoMPASSHi  ham  the  joint  or 
ccntie  nuneaUe.  Thcjr  oonaiit  of  turn  potto  or  ndes  of 
braia,  which  lio  upon  eaeh  other  •oenctly  aa  lo  sppear 
but  one  when  Ifaqr  M*  ihtit  Theia  ridct  eatily  v^n, 
.  lod  move  almut  the  centre,  which  f>  itielf  moveahle  m  s 
hollow  canal  cut  through  tlie  grpatiiit  part  of  their  len^l). 
To  this  centn^  on  each  side  i>  lixed  a  sliding  piece,  of^i 
kinull  length,  with  a  fine  line  drawn  thereon  nerving  as  an 
i;tdfv,  tn  he  >et  against  other  lin<•^  or  divisions  placed  up- 
iiTi  th.L  I  ini[i;i^><"H  on  liutli  ^Kll■^.  Tliesc  lines  are,  I,  Aline 
(rf  iines  i  a  line  of  supcfticii ^,  areas,  or  planes,  the 
numbers  i>ii  «liicli  answer  to  the  square)  of  those  on  the 
line  of  lines  ;  3,  a  lin«  uf  »olid«,  the  numbers  on  which 
answer  to  the  cube*  of  those  on  the  line  of  lines  ;  4,  a  line 
of  circle^  or  rather  of  polygons  In  be  insciibcd  in  circles. 
HmH  Bliea  tie  all  unet|uully  divided,  the  first  three  from 
1  to  SO.  and  the  last  from  o  to  2a  TbI  use  of  tbe  first 
b  to  divide  a  line  into  any  number  of  equal  poAa ;  by  the 
•  2d  and  3d  are  bund  the  rides  of  like  pleneiOT  wUda  in 
any  given  proportion;  and  by  the  4th,  ciielet'we  ifindsd 
into  any  number  of  equal  parts,  or  asy  polygons  inscnlied 
in  them.    See  Plate  8,  fig.  7- 

Spring  CoMPAssKs,  or  Dividers,  arc  made  of  hardened 
sttel,  will)  an  arched  head,  which  by  its  spring  opens  the 
l<  !;s  ;  the  i.]i<  nin<;  biing  directed  by  a  circular  screw  fast- 
ened to  one  tif  the  li'gs,  let  through  the  other,  and  worked 
with  a  Aut. 

Ti'iKCtin^  CoMTASSES,  fnr  the  tris6cting  of  anijles  me- 
chanically, for  which  purpme  they  were  inventi  d  liy  M. 
Tarragon.  The  instrument  consists  of  two  central  rules, 
Odd  an  arch  of  a  circle  of  l^Odcitrccs,  imrooveabic,  with 
its  radios:  the  radius  is  faatened  with  one  of  the  central 
roles,  Khe  the  two  legs  of  a  sector,  that  the  central  rule 
nay  be  carried  through  all  the  points  of  the  circomferenoe 
of  the  arch.  The  ladiui  and  role  should  be  as  thin  m 

KniUe;  and  the  role  (Mlened.to  the  ladius  shotild  be 
mmered  cold,  to  be  nore  elastic^  and  the  breadth  of 
tlie  other  central  rule  mtist  \n'  triple  the  breadth  of 
the  radius :  in  this  rule  also  is  a  groove,  with  •  dove>tail 
f.l^teIll«l  on  it,  for  its  motion ;  ttwre  must  also  he  •  hole 

in  llie  centie  •>!"  each  rule. 

Tnm-np  ( i-A\-,  M  lull'  cmiti ;'.  I'  '"'  lo  save  the 
tr..ui  !'  (i|  r  li.iiiging  llie  prtinti ;  thi'  liml)  I  ke  the  eom- 
tii  III  <  i'ni|;;'.»>v'v ;  uud  towBrds  the  bol!  nn  i  ■'.  tin'  lr^>  with- 
ouLside,  an-  ml  i  il  two  other  point>,  Im  >hIi  •>  rhe  u>unl 
on«  ;  llie  one  carry ini;  ;i  d run  ing-p<-n  point,  and  ihc  other 
a  port-crayon ;  boib  being  adjusted  to  turn  up,  to  be  UKd 
01  not,  aa  oecasloa  nay  requjia. 


,  is  what  is  wantiag,  or 
certain  qiiantity  w  ihhig. 


COiMPLCMENT  in 
nc&ssary,  to  complete 
Ahtbe 

Cl»vnSMS«T^  «N  ««l  or  angle,  as  of  pO"  or  a  qna> 
drant,  hi  what  any  ^vcn  arch  or  anole  wants  of  it ;  so  the 
complement  of  SO"  is  40",  and  the  complement  of  100"  is 
—  XCP,  a  negative  quantity. — 'Wie  ci/iiiplcmiTU  (n  IHO"  is 
Usually  calU'd  (he  supplement,  to  ili'tliiiijuisli  it  I'lOlu  the 
C'iiii[.U-:rii  iit  lo  ;>(>",  properly  so  cuUcil. — The  sine  of  the 
conipii  nieut  of  an  arc,  is  contracted  into  the  woid  cosine; 
the  tungent.of  tin  r  rnenl,  into  cotangent  ;  &c. 

Arithmetical  Complement,  is  what  a  number  or  loga- 
ritliin  uaiits  of  unity  or  1  with  some  number  of  ciphers. 
It  is  found,  by  beginning  at  the  left-hand  side,  and 
subtracting  e%  cry  figure  from  y,  e.\cept  tbe  last,  or  light* 
hand  figure,  which  must  bCsubttacted  from  10. 
So,  the  arithmetical  coqp.  of  the  lo|^  9*5389714, 
fay  sttbtiaetiag  from  9*8,  fte,        is  0-4670S«tf. 

The  arithmetical  eomplements  annuoh  lAed  in  opera- 
tiaw  by  kgprithNw,  to  change  subtractiona  into  additions, 
which  are  more  eonvenimtly  performed,  especially  when 
there  arc  more  than  one  of  them  m  the  operation. 

CojjPi.R.MP.NT,  in  Astronomy,  is  used  lor  the  distance 
of  a  star  Ir-iiii  l\\v  /cnilii  ;  or  the  afc  CoMailiud  between 
the  reniili  iind  ilie  place  of  a  star  which  i%  abuvc  the  ho. 
rizon.  It  is  the  same  as  the  complement  of  the  altitild^ 
or  co-altitude,  or  the  zenith  distance. 

CoMPLEMFNT  of  tht  Coutte,  in  Navigation,  is  the  quan- 
tity which  the  course  wants  of  90P,  or  8  points,  Tix,a<|uar- 
ter  of  the  compass. 

CoMKaiiuiT  qf  tht  Chrtaai,  ia  Fortificatton.  is  that 
part  of  the  aatetior  aide  of  the  cartiin,  yrhich  aafcea  the 
demigoige.  • 

Com  n.*u  bn  tb  (Ac  lAie  efDefiiiee,k  lh*  leoHaiidetof 
that  liae,  after  the  aqglk  of  tbe  flank  ii  taken  away. 

CtKlHHBMBaTa  qf«  FuraUelogram,  or  AlAflmiMgraai, 
are  the  two  lesser  paialMocraros,  made  by  dnming  two 
fight  lines  parallel  to  each  side  of 
the  given  parallelogram,  through  the 
same  point  in  the  diagonal.  So  p 
and  g  are  the  coniplenWBtS  in  the 
paralielopram  ahcd. 

In  every  cas<-,  thi'se  cumplemmts 
are  always  ciiual,  vi^,  the  parallelo- 
gram p  =  «. 

CoMM-J.MKXT  of  Life,  a  term  much  us«l,  in  the  doe- 
trine  of  Life  Annuiiie*,  by  De  Moivrc,  and,  according  to 
him,  it  denotes  the  nnmbcr  of  years  which  a  given  life 
wants  of  86b  this  being  thi  age  which  he  considered  as  the 
Utmost  pn^aUe  catent  of  life.  So  56  is  the  conplemcnt 
of  aOirand  90  is  the  complenient  of  S6. 

•That  author  supposed  aA  M]nal  annual  decraaeat  of 
life  throng  all  its  stages,  till  tbe  age  of  96.  Thns,  if 
there  be  56  persons  living  at  30  years  of  ag»,  It'is  supposed 
that  one  will  die  every  year,  till  they  be  all  dead  in  56, 
years.  This  hypothesis  in  some  cases  is  near  the  truth, 
lor  the  value  of  single  lives.  Denioivre  bad  another  hy- 
pothesis, that  ol  lite  d<  civasing  m  <;romi'trical  progression, 
for  calcultlting  tin'  \:i\ue  of  joint  lives;  but  more  inac- 
curate than  the  fonm-r.  See  Lt/<r  AxKUlTiEs;  De  .\loi- 
vre's  Treatise  on  Annuities,  pa.  83  ;  Simpson's  Life  An- 
nuities; Price  on  Revernoaary  Payasmtl^  pa.  9;  and 
Baily's  Life  Annuities. 

C0MF08ITE  Maakr,  b  one  that  is  cotapouadcd  of, 
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or  made  up  by  the  multiplication  of  l^vo  oihc-r  numben, 
grwtw  thtn  t,  or  M  luch  can  b«  mejuurivd  by  iomo-  otliT 
number  grratrr  than  l.  As  13,  which  is  cumpoted,  or. 
rampouhded  of  '2  »nd  6,  or  3  and  4,  vix,  by  multiplying 
-toj^thcr  2  and  6^  or  3  and  4,  bolli  products  making  tlia 
aame  number  Hi  wiucli  tiierrfbrt  ii  a  compoiite  number* 
Coittpoutrt  aie  oppoaad  to  prime  nvroben,  or  pilmc*^ 
«l|kb  cannot  bo  exadlly  liiCMiiml  by  anv  other  nnmber 
mnepit  wntjri  «r  h»  praltwed  hy  mnliiplyiiv  tofedier  tw» 
oAerikctan. 

CoMroiiiTeA'tMi^tteftiieaitAcMMAMitaMtliVsanewltli  - 

Commensurable  numbers,  or  such  as  liav«  a  common  raca" 

ture  ur  raciiji- ;  u-s  1  .'i  iiinl  whicli  hiwv  llic  ciniinion 
toi  ni  3.  The  Juctriiic  of  Prime  and  Compo6ilc  numbcr» 
h-  pn  iiy  fully  treittd  in  iheTlbiunl  9th  bows.of  £iiclid% 

t'.lciiini  15. 

C'oMi  risiTE  Sitmhert,  in  musical  cnlculatioiH,  nrp  such 
as  arc  conipuseii  by  the  multiplication  of  the  prime  in- 
tegers 8,  3,  5.  All  primes  larger  ituiii  ihoe,  or  coni- 
pnite  numben  into  which  iuch  enter,  arc  not  muticat 
mmbeflt  but  are  irrational,  or  surd,  in  a  musical  sense. 

CoMlMiTB  Order,  in  ArchitectiiiH',  is  the  iH^t  of  the 
-  fiveofden  of  columns;  and  is  so  caliid,  because  its  capital 
h  cwapcaed  out  of  those  of  the  olher  ordtnk  Thus,  it 
ImmwB  nquarleMonnd  from  theTmcanaad  Doric;  a 
double  row  ef  leaves  from  the  Corinthian  ;  and  volute* 
fnm  the  Ionic.  lit  cornice  has  single  modillions,  or 
deaiils ;  and  its  column  is  10  diameters  in  height.  This 
fltdcr  is  also  called  the  Roman  order,  and  Italic  order,  as 
•  twTing  been  inM  ntrd  by  tlu- Ilumani,  like  as  the  otlii  r 
orders  are  dcnomniulcd  Irom  the  penplc  iiinunu  whuiii 
they  hiiil  lhr:r  rise. 

Com POSrn(.)N,  is  a  species  <j1  icaMiinng  ijy  whitli 
we  jirorei  il  in.i.'.  iIik.^s  tliat  are  known  and  given,  step  by 
h:ep,  till  we  arrive  at  Mich  as  were  bcibrc  unknown  or  re- 
t]iiiK(i  ;  viz,  proceeding  upon  principles  self-evident,  on 
detinitKins,  pustulate?,  and  uxioms,  with  a  previously  do» 
nronstrated  serifs  ol  prupnsitions.'step  by  step,  till  it  gives 
tt  clear  knovtlcdgcpf  the  thing  to  hic  known  or  demon- 
strated. Composition,  otherwise  called  the  synthetical 
neihod,  is  opposed  to  Resolution,  or  the  wmMk^f^mar 
thttdfUiid  it  chietty  used  by  the  aackntHM%4):Apol« 
looluvt  &c.  See  PAmt ;  aim  the  term  AHALTtn. 

CoMTOSiTios  tffjbita,  or  (fmotkm,  b  the  uakw  or  a^ 
semblage  of  several  forces  or  motions  that  are  oblique  Vo 
one  another,  into  an  eijuivalcnt  one  in  another  direction. 

J.  When  scveiiil  fi  re  ;  ~  n  motions  are  united,  that  act 
in  the  same  line  of  direction,  the  combined  force  or  inotiuii 
will  h<-  in  the  same  lit»c  of  direction  alto.  l$ut  wlurv  ob- 
lique forces  are  united,  the  rumpoiindcd  force  (.Tkesiincw  di- 
rection, ditl'erent  from  boilj,  ami  ;s  i  ii.li  .>.  r  .::.t  lim  .)r  a 
curve,  according  to  the  nature  of  tlie  lurces  compounded. 

2.  If  two  compounding  motions  be  both  equable  ones, 
whether  equal  to  each  other  or  not,  the  line  of  the  com- 
pound motion  will  be  a  straight  one.  Thus,  if  the  one 
Cfuahle  in  thjS -direction  a  a  be  sufH- 
cicnt  to  carry  a  body  o\cr  the  space 
AM  ia  aiqr  daie,  and  the  ether  etjoable 
motioBinflldcnt'topMi  over  ac  in  the 
aanwtinie;  then  hy  the  compound  mo* 
tion,oeboA  acting  on  the  body  together, 
it  would  in  the  same  time  pass  over  the 
diagonal  a  n  of  the  parallelogram  a  bdc. 
For  because  the 
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any  spaces  \!>,  \c  passed  over  in  the  same  lime,  are  pro- 
portiiiiKil  to  the  velocities,  or  to  aB  and  ac  ;  and  conje- 
quenily  all  the  puinu  A,  4t  d,  D,  of  the  path  are  in  the 
same  right  line. 

3.  And  though  the  compouading  motions  be  not  eqnac 
Ue,  but  variable,  cither  accdeniled  or  marded,  provided 
th^  do  but  vary  in  a  similar  maagser,  the  compounded  mo- ' 
tkm  will  sUII  be  in  a  stiaightliae.  Thus,  suppose  for  in- 
stance, that  the  motioflii  both  "Vary  in  such  a  manner,  as 
that  tiie  sp.tcespasMsd  Arerin  theMmetime,  whether  they 
be  equal  to  each  other  or  not,  arc  both  as  the  same  powi  r 
n  of  the  time;  then  ab"  :  ac"  :  :  Ab"  :  ac»,  and  hence 
>r    M    :  Al>t  AC,  and  thcftbrQ,«s  before  Addts  is  Still  fe 

nf;iit  iine, 

4.  Hnt  if  the  compounding  niolioin  be  not  similar  to 
each  other,  as  when  the  one  is  equable  and  the  other  va- 
riable, or  when  they  are  vurieii  iii  a  dissimilar  manner, 
then  the  compounded  inotion  is  in  sotne  curve  line:  so^  if 
tin-  motion  in  the  one  dircctitjn  tf  be  in  a  less  proportion, 
with  respect  to  the  time,  than  that  in  the  direction  eg  is, 
then  the  path  will  be  a  curve  line  bAh  — 
conve.\  towards  Kt;  butif  ihomolionin 
r  r  be  in  a  greater  proportion  than  that 
in  fi»,  ttwn  the  paith  of  the  conqraund 
■oiiMi  will  be  a  cvnie  wtm  concave  ^ .. 
towards  iv:  that  is,  in  general,  the'V . 
csrvillncal  path  is  coavex  tow^b  that 
direction  in  which  the  inotion  is  in  the 
less  proportion  to  the  time.  Hence, 
{<r:  a  |i;iiticuUir  iii'luiice,  if  thi-  mo-  ^ 
'1'  r.  HI  the  dirirui  n  rj  he  a  motion  of  pcojcclion,  which 
1^  ^iii  equable  motii  n,  an<l  the  motion  in  the  direction  EO 
sii.it  arising  from  ;;raMly,  which  is  a  uniformly  accelerated 
motion,  or  in  proportion  to  the  squares  of  the  times;  then 
is  EO  as  Gil',  and  Ejf  as.jA',  that  is  EC  :  Eg  :  :  oh' t 
which  is  the  prop<>rty  of  the  parabola  ;  and  therefore  the 
path  eAii  of  any  body  projected,  is  the  common  parabola; 

5.  If  there  be  three  force*  united,  or  acting  against  the 
same  point  a  at  the  same  time,  vis,  the  force  or  weight  « 
in  the  diiectioo  ab,  and  the  fbrces  or  tensions  in  ihe  di- 
rectioaBAC,AD}  aadif  these  three  i^ccsmutually  balance 
each  other  so  as  to  keep  the  common  point  a  in  equilibriOp 
theit  are  these  forces  directly  proportional  to  the  rtmcetiee 
sides  of  a  triangle,  formed  by  drawing  lines  paralltl  to  tho 
dircctioiu  of  these  forces;  nrindced  perpendicular  to  those 
directions,  nr  makint;  any  one  and  the  same  angle  with 
them.  So  V  ii,  if  lu,  ilruwii  piiiiillrl,  for  instance,  to  AD, 
and  un  i  t  (  a  pioiiurrd  in  r,  furuiing  the  triangle  abb,  then 
are  the  three  forces  in  the  directions  ab,  ac,  AH^ 
lively  proportional  to  the  sides  ab,  ab,  be. 


And  this  Ibeoran,  with  ils  catpolltriai.  Dr.  Keaobsinvti 
itha  JtamiaiioDaCidi  thMMW  uedMiiieiof  iI.yarignoit) 
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ky  ht  lp  of  which  niB)  the  fnrcf  of  the  mu»rl<-«  be  com- 
puted, and  roo»t  «if  thr  mcchmiic  theorem*  in  IVirrlli,  I'c 
Motu  Animalium,  mxy  imiiietliately  be  dcduo'il.  And 
hence  alio  nutjr  Wty  numbiT  of  forcr*  lie  compounded  to- 
■niMr  iaU)  one  oa\y.   Stv  Collimom,  Cowpnptim  of 

CtfKNUTtOV  «f  KtaiAen  and  ikMtitks.    Set-  CuM- 
SIITATMV. 

Otuvosmo*  tfpnpeitumt  uecoi^ng  to  dw  UA  if 
fiahmi  of  the  5th  hook  oTBudid**  EliOMli^  h  wbm,  of 
4  propartiooiilt,  thetuin  of  the  Ittoiid  Sdbto  theSd,M 
the  cum  of  the  3d  and  4th  b  to  the  4A: 

as  il  it  be    a    :  b  : :   c     :  4f, 
then  by  composition  a  -t-  b  :  b  :  :  e  •*'d  :  d. 
Or,  in  nuinUre,  if      ii    :  *  :  :    9     :  18,  " 
tlirn  by  conijHfsilion    6    :  4  :  :    17    :  18. 

Composition  of  /ij/nj,  is  the  atidinp  of  ratlot  toj;c- 
thff;  wbicii  is  |nr!urm<il  liv  multipU  inj  together  iheir 
corresponding  ti'rms,       the  amrc<  d(  ri;-,  (n^vtlici.  mui  (in- 
Cuaae«|ueiiu  together,  for  the  anCeceUent  and  come^urnt 
of  (be  compounded  ratio;  liite  as  the  addition  of  logarithms 
is  the  tame  thing  as  the  multipliaUkm  of  llicirforrccpoiKi- 
in^  numbers.    Ur,  if  the  termt  of  the  ratio*  be  ptaccd 
ffaciioD-wi*e,  then  the  additioo  or  compoutnn  of  the  i** 
tint  it  pciibniMd  hj  nultiplying  the  AactUmi  Ciifether. 
Thm,  the  ntio  qf*  « :  1^  or  of  S :  4, 
•Medtolkenuioofci  «|;orof  tf:8, 
makes  the  ntio  of  «c :  lv,vt  of  M :  3St  awl  •»  Die  !«• 
tio  of  «K  to  hf  u  aatd  to  be  compeanded  of  the  ratios  of 
a  to  b,  and  c  to  d.    So  likcwive,  if  it  were  required  to 
compound  together  the  thtve  ratios,  v'u,  of  «  to  i,  c  to  d, 

mad  tto/t  tiien    >  '  X    =  ^  ua  the  tenai  of  the 

compound  rali  i ;  r  i  ihr  ratio  ol  aci- lo  Ai// ii  compounJed 
or  riiiult*  lip  i>:  tin-  r.itii  s  of  a  to  b,  c  tn  d,  und  f  to  f. 

llt-nri  ,  li  iIm  I-  III-' ijucnt  of  rac h  riiliii  be  the  sHinc 
the  antrcedcnl  ot  the  jinctding  ratio,  ilun  is  the  ratio  ol 
the  first  term  to  the  la»t,  cump-niiidcil,  or  made  up  cf  all 
tlie  other  niti<i8,  viz,  the  ratio  of  a  lo  e,  equal  to  ibc  aum 
•f  all  the  ratios  of  a  to  6,  of  f  to  C»  of  C  to  df  and  of  tl  to 

e;  for  ^  X  ^  X  ^  X         tlie  teraw  or expoacnli  «f  the 

compounded  ratio. 

Hence  also,  in  a  series  of  continual  proportionals,  the 
ratio  of  the  first  term  to  Ibe  third  is  double  of  the  latioof 
the  first  to  the  second, . 

aad  the  ratio  of  the  1^  to  tiic  4tb  is  triple  of  it, 
and  the  ntio  of  the  i«t  to  the  5tb  is  quadruple  of  it, 
and  to  on ;  that  it,  the  exponcntt  an>  douWr,  triple,  qua- 
druple, &c  of  the  first  e!(>H»nent:  as  in  the  series  1 ,  u,  a', 

<f,  a*,  &c;  wheiP  ilic  ratio  I  to  «'     double,  of  1  to  a' 
triple,  Acc,  of  the  ratio  of  I  to  a;  or  the  ixpoiirni  of 
a',  «*,  &c,  lioaliK',  triplf,  <[iijdni)il',',  iVc,  <,\  a. 

COMPOUND  ifTTEKEST,  CalUd  ul»o  IiUacsl  h/iod  In- 
lereu,  is  that  which  is  reckoned  not  only  upon  the  |i:inci- 
pal,  but  on  the  inten-st  itself  forboni,  w  hich  thus  In  c  <jiiifs 
a  sort  ol  seLoiidaiy  principal. 

If  r  be  the  amount  of  1  poaud  for  1  year,  ihal  is  ibc 
tnin  of  the  principal  and  interest  t^giither  for  ooe  year; 
Iheo  it  1*  the  amount  for  <  yean, 
and  r*  the  amount  (or  8  ftan, 
and  in  general  H  the  aiaouat  for  I  years ;  that  it  r'  it  the 
SUMS  or  total  amount  of  all  tlw  piiacipal*  and  iaieraua  lo« 
gather  of  If  for  the  whole  tine  •rnunfaer  «f  yarn  <;  can* 
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sequently,  if  p  bo  any  other  principal  sum,  forborn  for  ( 
yi-iit^,  then  ilt  aiMMint  in  that  tine  at  oompnnnd  itttemt, 

is  a  =  pr'. 

"Die  Rule  therefore  in  words  is  this:  lo  one  pound  add 
itt  inlerett  for  ui>e  year,  or  half  ^ear,  or  for  the  tii^t  time 
at  which  the  interest  it  reckoned;  niae  the  sum  r  to  the 
power  denoted  by  the  tine  or  Qumbor  of  terma;  then  ih^ 
power  multiplied  by  the  principal,  or  firtt  tnm  lent,  will 
produce  the  whole  amonnL 

For  example.  To  find  how  much  Mt  will  amount  to  in 
5  y«aiaa»5  percent.  peraoBun;  compound interpst^ 
Here  the  intmtt  of  II  for  I  year  is  *05,  and  therefore 
r  =  I  -05      ;  hence  the  5th  power  Mt 
it  for  3  years,  is  r'  =  1-270'3S  &c; 
multiply  this  by  p  ur     -  .>() 
gives  the  atnouiu  7)1'  or  O'J  M-li 
or  6M  \6i  .:.\d  I  'I  :!u'  uinount  sought. 

If  the  coiDuound  inierot,,or  amount  uf  any  sum,  be 
re(|uired  for  ttM  paria  of  •  year,  it  may  he  determined  at 

f<illov\  V  : 

I .  W  lien  the  time  is  any  aliquot  part  of  a  year. 

Hult.  Find  the  umounl  of  1/  fur  1  yiar  ns  btfon-,  and 
that  root  of  it  which  is  denoted  by  llie  aliquot  part  will 
be  the  amount  of  U  for  that  lime;  wtych  mullipUrd 
by  the  principal,  will  he  the  amovnt  )»f  the  given  ram  n- 
qulied. 

9,  Whan  the  time  it  not  an  uliciuut  part  of  a  ytar. 

Mde,  I.  Reduce  the  time  into  days,  and  the  365lh 
root  of  the  amount  of  1/  for  I  year,  is  the  amount  of  the 
sftiiii'  sum  for  nni  cliy.  -2.  liaise  this  amount  to  that 
power  whi  M'  )iide.\  \s  ri[\ial  to  the  numlH-t  ol  ihn«,  iiiid  il 
will  be  the  lUiiouiit  ol  1/  lor  tiie  given  tiriii'.  5.  Multiply 
thib  amount  by  the  |>rincipal,  niid  it  will  Ih'  lUt-  amount  of 
the  given  sura  required. 

A'ore.  n)e  readiest  way  of  oMracliiig  (he  rootn,  evji,', 
cially  high  ones,  is  by  logarithm*,  thus  :  Divide  llu-  loga- 
rithin  of  the  rate,  or  aniouut  of  1/,  for  a  year,  by  the  do- 
n<iminHtor  of  the  given  aliquot  pnrt,  and  ue  qtWlicnl  Will 
be  the  logarithm  of  the  root  aougbt. 

But  Compound  Inlerctt  for  any  given  number  of  vrhole 
years,  ia  beat  eompuled  by  meant  of  tucb  a  table  as  the 
following,  hcing  ihe  amounta  of  If  ibr  any  number  of 
ycoia,  and  at  tcmml  ratn  of  eomjpound  interest. 

At  an  example  of  die  naa  of  thn  table,  suppose  it  wen 
requited  to  find  the  amount  of  fi£Of  for  95  yeart  at  4  per 
cent,  compound  interest. 

In  the  column  of  4  percent,  and  line  of  3!i  \<nr*, 
it        <■  ,       .  -  -  3-!)ibo,0, 

which  multiplied  hy  the  principal       -  '250 

gis-e*   -  986-62  .'iO 

or  9861101 5|4. 

which  it  the  amount  lought. . 

.Vole.  By  n  bare  inspection  of  tbit  lable»  it  appoara 
how  many  years  arc  n  quired  for  any  tnm  of  money  to 
donble  ilidf,  at  any  r.ite  uf  compound  iaiemti  vix,  by 
looking  in  the  columns  when  the  amount  bccomrt  the 
nnmher  2.  So  it  it  found  thai  at  the  several  rates  the  re«' 
spective  times  requisite  for  doubling  any  turn*  are  neatly 
thus;  viz, 

Rate    .1     ;U    +     t»    :,  6 

Ycais  W4  2oj  I7i  15i  l+i  l« 
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Taulk  ttftke  ^momm  ^       Cbwyyirf  AlovK  /or  many 

y'c'iij  u/ji/  icreral  Rales  Interfti. 


at  J  per 

i<  .r 

4  per 

>  per 

0  I**  I 

3 

friie. 

fCt»  I. 

ecu. 

crnl. 

L'riit, 

cell'. 

1 

I'UJWU 

,  1-(M00U 

1 -04500 

1  -oiuoo 

l'Ot>lu>0 

2 

I'oaiGo 

1 -Oil  203 

1  - 1  W.">0 

I'ljibo 

s 

I-C0S73 

1  M94W 

I-Nlir 

l-I  j7f>  l 

I-I9103 

4 

iiaul 

M475V 

1  M6986 

1  19252 

1  21151 

1  -2634« 

5 

liaS27 

I-U769 

i-2iu(;:> 

1-24618 

1-27  628 

1  33393 

6 

IIIMOS 

1  2i92<i 

1 -26132 

1  -.10/26 

I'34otn 

1-41852 

7 

1  ■.'/»*(  7 

1  •27228 

I-Jli93 

l-3CotiG 

I-1II7H) 

'   1  '503*>4 

t| 

l-.'iji.i,'? 

i-M'tiT 

1-42210 

1-4774', 

l-.'.93?)i 

9 

i-acaso 

1-42331 

1  •486 10 

1-55131 

l-b'M948 

10 

1  14392 

1 -41060 

I-48034 

1-55397 

1 -6289U 

1-79085 

1 1 

l-t'*-»2.1 

I-45M7 

l>M*45 

1-62285 

1-71034 

l-«0830 

12 

1  -iiitjli 

107 

1-60103 

1-69548 

1-70586 

V-OI-iW 

13 

}■:>>',  vjr, 

l'Gl).Vi7 

1-7TJM 

1-88565 

3-13303 

M 

1-7  tICiK 

1-K5I94 

1-97993 

2-26090 

lis 

i-iirj!.-; 

1  -tlWi  1 

l-'JShJH 

2-07H9! 

2-39656 

16 

1-73*99 

2  02237 

2-l82ii7 

2-.i403i 

17 

1 -6.1 

1  ■T94Ctl 

1-9  J  "90 

2-1  1  '.i* 

2-29202 

2-WJ7r 

IB 

I-70.'4I 

1  H..749 

2-02.'.K2 

2-.'iiKia 

2  I0602 

2-K5414 

19 

t-7S  !r>i 

l-!»i'2M) 

2- IOC*!  3 

2-3ti;n*i 

2a2«i9,S 

20 

IvtOI,!  1 

1  !)h979 

2<1-)II2 

2-41171 

2-6S1:i<i 

.i-2ori4 

1\ 

I'«e029 

2-nj94J 

2-27ii77 

2»52U34 

3-;8o>C 

3-1JI!ljli 

21 

t-9ICIO 

S>I315I 

3^)3365 

»ri&»6 

3-()0,ij4 

2  1 

1  973S* 

3-30CII 

3-4M79 

3«7IS3 

3-H!97S 

■J  ( 

J.03379 

3-28US 

347601 

3-mio 

1-11489) 

ia937»t 

2-36SM 

3-00648 

••3MSS 

4  2'JI<;7 

2S 

2IS6S9 

2-4459G 

2-77247 

3- 14068 

S-SSS67 

4-54938 

27 

2-22129 

2-S31:i7 

2-Ht<,i37 

3-38201 

3-73346 

4-82235 

2H 

2-28793 

3'fi20l7 

2-!>9«70 

.1-42970 

3-r2'>i3 

5-11169 

n 

3-3jb'57 

3-71 188 

3-11865 

3-.1M404 

4-1  lfjl4 

5-41839 

so 

a-43726 

3<80e79 

3-24340 

3-74512 

4-32194 

5-74349 

31 

2905O3 

3  ir  !i  i 

1-91.1i*!; 

4-.>3HtM 

G-<'neio 

33 

3-S7&0e 

3-OOC7I 

3-50B06 

4-08998 

4-76494 

6-45339 

S.I 

J  ^5334 

S-IIIM 

3-6483* 

4-37403 

5-OOtl0 

C«4063 

34 

2  73191 

3-320M 

S-794S3 

4-46636 

&-3S33S 

745109 

31, 

2-HI3Bb' 

3-33359 

3-94609 

4-66735 

S-SI6Q9 

768609 

36 

2-89828 

3-45037 

4-10393 

4-87738 

S-79183 

8-14735 

37 

2-!t>'521 

3-.>rioi 

4-2G*U9 

6-08141 

8-63fi09 

3R 

3-or4rH 

.i-r.^iCii  1 

-I-41KHI 

;-'.)2f;22 

H-38548 

••1M38 

.19 

3-li;7n;1 

f  3-H7S37 

ir,\f\')7 

!.-.Sfi490 

6-70475 

9-70351 

40 

3-2G2tt4 

3-9;.5l-2b' 

4-Mlll.' 

.'.HI  63*; 

7-U3B99 

10-28572  1 

41 

3-35990 

4-09783 

4-»93C« 

6-07810 

7-39199 

iO-90386 

4i 

3'4*)70 

4-34126 

5-19278 

6-35163 

7-76 1!.9 

11-55703  1 

43 

3-S64i2 

4-38970 

S-400SO 

6-63744 

8-14967 

12-35045  1 

44 

4-S4334 

S-61653 

6-93613 

••557 15 

12-91548 

4i 

3-78160 

4-70236 

5-841 18 

7-a48as 

••nsol 

13-76461 

46 

4-86694 

6-07482 

7-57442 

9-41496 

14-59049 

47 

4-01 190 

&'aH728 

6-31782 

7-91527 

9-90597 

15-4fa'S92  ' 

4H 

4-13225 

G-S70j.1 

8-27146 

10-40127 

16-39387 

^9 

4-2i(;22 

(.K3i3S 

H.64367 

10-93133 

17 -37760 

SO 

4-38391 

5<5a4»3 

7-10668 

9-03364 

11-46740 

18-42015  1 

COUFOUMD  JHMtn,  dMt  molioB  wUch  it  llw  dkct 
of  scvernl  conapiring  powtft  or  tiUOKl^  ^  inch  foKH  h 
•ra  not  directly  opposite  to  Mcb  Other!  U  whou  the  ra- 
dius of  a  circle  is  considered  u  revolving  about  a  centre, 
and  at  the  same  time  a  point  moving  along  it ;  which  pro- 
duct'* a  'iMml  ol'.i  5|>i  I  ;il  :  ir  tin'  p;Hh  nf  ihi-  |)i:i!it.  And  lietiCC 
it  is  caiiU  ]K  rcii».,  ihni  nil  curvilinvdr  motion  is  oin- 
(<,;und,  or  1 'u-  efK  ct  i>f  Iwu  i>.'  more  forCMg  thoq^  OffCiy 
comfKJund  motion  is  nut  cm vil irn  iir. 

It  is.  a  popular  tlicorcm  in  Mcrhiin:("s,  tli  r  m  i. inform 
compound  motions,  tlw  velocity  pniduecd  by  the  con- 
apiring powcn  or  forces,  is  to  that  of  cither  of  the  two 
ComDOUMing  powers  teparately,  tiii  the  diagonal  of  A  jp*- 
ralloafrMit  oecording  to  the  direction  of  whote  Mf  OWy 
•el  arpmtcly,  is  to  eitktr  of  the  lidw.  See  Co  m  rosiTiOM 
^AfotfaHi  and  Colluiov.  . . 

CoMrovsD  JAmkM^lbaie  conMed  ot  ihe  multij^* 


cation. oi  two  or  mi)ri'  huihImts:  as  12,  composcil  (•!  ;5 
tiinr»  4.    Sn'  Co  m  i-osn  K. 

CoMF(iLNi)  I'nululum,  tli;it  «}iich  consist!  of  srveral 
« rij;li[!>  tuii>iluli!l)  kii  piiii;  tix-  >iuiic  dsstancr,  Liotli  from 
each  oilier,  iiiiil  Ironi  tiit-  tu.trc  at>out  which  they  oscil- 
lulr. 

CoMroi;ND  HuaniUin,  in  Algebra,  arc  Mich  u  an-  con- 
'  aected  toj(«tlier  by  the  nignt  or  — .  Tbu>,  a  b,  or 
«  — c  -»-  d,  or  an  —  Co,  are  compound  qoaniiiie*.  Cam- 
pound  quaniitie*  oic  cL»tint:ui!ih<  d  into  binomial*,  tr>> 
RooiiKU,  qsedriiMuniiiU,  Acc,  occordiog  lo  lite  nnmber  of 
terau  in  them ;  the  binomial  having  two  term*  j  <bo 
iriaomial,  tbive »  the  tpw^rioomial,  4 ;  Itc  Alto,  ihoae 
that  have  man  tiiaa  two  tmn,  ate  called  by  the  gmeral 
aaroe  of  mtthinomialvi  at  alio  polynomiaU. 
CoMPOUVD  Ratio,  is  that  which  is  made  by  adding 

trto  i.ir  rilurL'  r.itiu-,  to^-tbcr  ;  viz,  by  inu!tii;!i  ;iU 
tln-ir  itii!i-ci-ili  iii»  to-iitht-r  for  iIk-  .iiilcci-<kiii,  unci  all 
ilir  coiiMinii-nK  iiii;i'i;K  r  toy  til*'  consequent  of  the  com- 
pound ratio,    bo  ()  to  72  is  a  ratio  compounded  of  thu 

raflb  S  to  6,  aiKl  3  to  IC;  became     s=  *  x  : 

also  ah  to  cd  \s  a  ra;io  compounded^  the  latio  of  a  toe. 

rii       a  k 

and  A  to  rf  ;  for      =  ■  x  -.  SeeCoMnvsiTioS  o<'llc<»«f. 

id        i  d 

COM  1^11  IISSION,  ihc  act  of  prci>Mn«,  or  squeezing 
somclliing,  H<j  us  t-i  biing  it*  |Mirt»  nean-r  together,  and 
make  it  occupy  space.  Compression  diAers  from 
Condensation  aj>  the  cause  from  the  effect,  compression  be* 
ing  the  action  of  any  force  on  a  body,  without  legarding 
its  ctTects  whereat  condensation  denote:!  the  state  of  a 
body  that  io  acttially  icduccd  into  a  k«»  bulk,  and  it  an 
(fleet  ef  compraMoOf  thoi^  it  may  he  cftctcd  alto  by 
other  ■aau.  Ncveithelwii  eompieiiioa  and  ftwdcmathai 
ai«  oftca  conlbanded. 

Puipei  ivhieh  the  nncic-nts  imagined  to  act  by  suction, 
do  la  reality  act  Ly  comprcsiiou ;  the  piston,  in  working 
in  the  narrow  pipe,  compresses  the  inclosed  air,  so  at  to 
enable  it,  by  the  force  of  its  incn-Hscd  elasticity,  to  raise 
till-  •■iiUe,  and  make  its  escape;  on  which,  the  bjliince 
being  destroyed,  the  pmture  of  the  atmosphere  on  the 
stagnant  surface,  forcee  the  mter  ia  the  pip«^  thll3' 
evacuated  of  its  air. 

It  wris  Ion"  thought  tliut  wafer  was  not  compressible  in- 
to less  bulk  :  and  it  was  believed,  till  lately,  that  after 
the  uir  bad  been  purged  out  of  it,  no  art  or  violence  was 
able  to  preat  it  into  lets  space.  In  an  experiment  made  by 
the  Academy  del  Cimento,  water,  w  hen  violently  tqueceed, 
made  itr  way  through  the  (inc  pore*  of  a  globe  of  gold,' 
ther  than  yield  to  the  comprettlon. 

Bat  the  ii^emova  Mr.Oanton.  attentively  coosideriog 
this  experiment,  Cvnd  that  it  trae  ant  somcieufy  acciK 
late  to  jiH%  the  oonctoaioa  which  had  alwvc  been 
drawn  from  h;  trace  the  Flotvntine  philoeaphen  had  no 
method  of  determining  that  the  alteration  of  figure  in  their 
globe  of  gold,  occasioned  such  a  diminution  of  it*  internal 
capucilv,  as  uas  exactly  equal  to  the  i]ii.intity  of  water 
forced  iiiln  It's  ij;iii-s-.  To  bung  this  mailer  therefore  tr>  a 
iiii!i<  acciir.itc  aihl  >lnisiw  trial,  he  procureil  a  small 
glass  tube  ol  about  itso  ii  i  t  lon^,  with  a  ball  at  one  end, 
of  an  inch  and  a  quarter  in  ilitiiiu  ler.  lUving  tilled  the 
ball  and  part  of  the  tube  with  mercurj,  and  brought  it  . 
exactly  to  the  heat  of  5(fi  of  Fahrenheit's  thermometer, 
he  marked  the  phice  where  the  nufcury  ttood  in  the  tube, 
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wMchwai  about  «ix  inches  anti  a  halfabovp  the  ball ;  hv 
then  rui*til  t!i>'  nuMCUfy  Ly  heat  to  the  top  of  ihc  ttil  < , 
and  ihi-re  st'alciJ  the  tube  licrinttically ;  the  n  on  rcdutnii; 
the  mrri;ury  to  the  same  degrrc  of  ht'at  as  before,  it  stood 
in  the  tuhv  of  an  inch  higher  than  th«  mark.  The 
Mine  e\(uriinent  was  repented  with  water  exhausted  of 
air,  insleail  of  niercnry,  and  the  wnter  stood  in  the  tube 
^5  of  an  incli  above  the  mark.  Since  the  wi  ;;;lit  of  the 
■tmotphere  on  Iho  uuttide  of  the  ball,  wiibuui  any  coun- 
tccbaiance  froa  widiin»  will  compyess  the  ball,  and  equally 
raise  both  the  mercury  tuid  water,  it  appcani  that  the 
water  e.\pands  of  an  inch  more  than'  the  mercury  by 
reimmiig  dw  weight  of  the  atmosphere.  Having  thns  ir- 
tarmlnen  thnt  w»t«r  ia  really  compmrible,  he  proccMtoil 
toestin.ale  the  decree  of  condensation  correipoiMliag  t0 
any  gi\en  wetjiht  For  thi<i  purpose  be  prepuvd  another 
ball,  with  a  tube  joint  d  thi  reio :  and  finding  that  the  mer- 
Cur>-  in  -/^^  of  an  inch  of  the  tube  vra%  the  handn!d  thou- 
sundth  putt  of  that  contained  iti  tlie  liall,  In'  dividcil  tin' 
tube  accordingly.  He  ihen  liilcd  tin'  li  ill  ritul  part  of  tin* 
tube  ^vith  walt-i  exlun  ii  ii  t  !  nir;  ami  Uavins;  the  tube 
open,  placed  lliis  appaiatiis  under  the  rcci  iver  of  un  nir- 
pump,  liiui  (il>MTVid  the  di-Lirt'C  uf  expoDsion  of  llir  w.itt T 

answering  to  any  degree  of  rarefaction  of  the  air;  and 
again  by  puttin<!  it  into  the  glau  receiver  of  a  condensing 
engine,  lie  nolvd  the  degree  of  condensation  of  the  water 
corn">pondin^  tiv  any  degree  of  condensation  of  the  air. 
He  tbua  found,  by  repeated  triala,  that,  in  a  temperature 
of  50*,  and  when  the  mercury  faiw  been  at  ita  mean  height 
in  the  haromMrr,  the  water  expands  one  |i«rt  in  SI740; 
•nd  ia  at  much  compn^sed  by  the  weight  of  an  udditioiMl 


He  also  further  infurmi  us,  that  this  rppellinppowpr  i» 
stronger  and  ittoie  sensible  in  air,  than  in  i  i.odirs 
because  air  is  nenerated  out  of  very  tixed  bodirs,  but  not 
with. i  .t  ;;r<at  (iiiy.c  uliv ,  and  by  the  help  of  fermentation  : 
nil'.'.  V  |iiiiliiUv  uUvays  recede  from  each  other  with 
till-  ijii  iinst  VII  l(  111  !',  and  ore  compiesM^d  with  the  greatest 
dilhciilty,  »liicli,when  coniiguoui,  cohere  the  most  atroogly. 
Sec  AiH.  Attrmtioit,  Cmhsioii,  DttATATiow,  and 
lU.rvLsioN. 

COMPUTATION,  the  tMnrnrof  accounting  and  esti. 
mating  time,  weights,  measures,  money,  tec.   See  CaL>  . 
CI7LATI(IN,  which  it  is  aUo  used  for. 

CONCAV£,ana|wetfaUMiou»cd  inspeaklngof  theiMMr 
aur&ce  af  hollow  bodiei,  more  ccpcdally  of  spherical  or 
drciilar  nnrs. 

CnitcATK  glaiirs,  lensei,  and  mirror*,  have  either  one 
iidc  or  both  sides  concave. 

The  properly  of  oil  concave  lenses  is,  that  the  ray.  of 
li^lit,  IK  ]iassiiT^  tliroii'jli  li.rin,  are  deHrcIid,  or  iiiailr  lo 
ri'(  I'di-  It' mi  iiiiL-  utiiillii-r;  as  in  coini  \  Icn-cs  tlu  y  me 
liiili  tii  d  (lAMiid'-  I'acli  iilhiT  ;  atnl  llu-.t  llu-  mnrr  iiv  the  r>ii|. 
iMMty  nr  ci'nvr\U_>  lias  a  Miialii  r  i'.;dui>..  HiTirc  parallel 
ravs,  »■>  tlid'c  (i|  the  iUii,  by  p  i-mii:;  tliin;j;li  a  concave 
lens,  become  diverging;  di\erf!iiig  rays  are  made  to  dj- 
verge  more;  and  converging  in)b  arc  made  cither  to  con- 
verge less,  or  to  become  paral  Icl,  or  go  out  divriging.  And 
hence  it  is,  that  objects  viewed  through  concave  lenm, 
appear  diminiihod;  and  the  more  ao,  as  they  aic  pottioaa 
of  lets  tpherea.  Sec  Lex  a. 

Concave  mirrors  have  the  contrary  eflect  to  lenta: 
they  rrdect  Ae  rayt  which  (all  on  ihcm,  so  at  to  make 


;  or  the  compre^ssion  of  water  by  twice  the  «  thm  approach  more  to,  «r  recede  from  each  other,  thai» 
._ —  •  — .«._•_   before»ecconll»g  to  the  •itwatieii  of  the  object ;  and  that 

thcmoroaa  the  concavity  is  greater,  or  ax  ilic  radius  of 

concavity  is  less.  Hence  it  is  that  concave  mirrors  mag* 
nify  iilijecls  that  are  presented  to  tliein;  and  ifoit  m  a 
greater  proportion,  ni  tlicy  areporiions  of  snialier  spheres. 
And  hence  a  in  cut  casc  mirror'.  Iiuvc  the  eflect  of  bumillg 
glnsises,    S<^f  Mirror, and  lU  nxiNO-C.  i.asi. 

CONCAVITY',  tiiat  Mdr  ut  a  tij^iiieur  body  which  is 
hollow. — An  arch  of  a  curve  has  its  concavity  tarncd  alt 
the  same  way,  when  the  right  lines  that  join  any  two  of  Iti 
points  are  all  on  the  same  side  of  the  arch. 

Archimedes,  intending  to  include  in  his  definition  such 
line»  M  have  rectilinear  parts,  says,  a  line  has  its  concavity 
tnrntd  one  way,  when  the  right  lines  that  join  an^  two  of 
it*  pointit  are  cither  ajl  on  one  aide  of  it,  or  while  aome  ' 
Ml  np«n  the  Itm  itadf;  none  fUl  oo  the  oppoiite  mJe. 
Afchim.  de  Sphar.  el  Cyl.  Oef.  S;  ud  Madauria'a  Flux- 
ions, art.  IflOu 

When  two  lines  that  have  'their  concavity  turned  the 
same  way,  have  the  same  extreme?,  and  the  one  includi". 
theothvr,  ''V  lui^  i;^  Conravity  l.m  iriU  ;l,  i'.-  [ii  iiii  efi  r  of 
that  which  incluilcj,  is  greater  tlum  tli^a  u  incli  is  included. 
Archira.  ib.  ax.  3. 

CONCENTRIC,  havinp  the  inmr  r<  ntre.  It  is  opposed 
to  oceiilric,  or  having  ihil  iiii;  li  ni  e*.  The  word  ia 
chiefly  u>«d  in  speaking  of  round  bodies  and  tigures,  sUch 
as  circular,  and  elliptic  ones ;  but  it  may  abo  be  used  for 
polygons  that  are  drawn  parallel  to  each  other,  from  the 
sancccatre. — Nonius's  method  of  gieduating  instruneots 
consists  in  describing  with  the  Mine  i{nadraut  45  coucen* 
trie  arches,  dividing  the oateitaoat  into  90  equal  pafU^  the 
next  into  99$  ud  •»  g>- 


wekht  of  the  atmosphere,  is  one  part  in  10870  of  it*  whole 
bolli.  Should  it  be  objected,  that  the  compr^ibility  of 
the  water  was  owing  to  any  air  which  ilraight  be  suppfised 
to  contain,  be  answerN,  thiil  more  air  would  ii:  il. i  ;t  iiioie 
compressible;  he  thircfore  let  into  the  ball  a  bubble  of 
air,iiiid  found  ;ha!  the  water  wMOOt  moie  CWmpWiWd by 
the  siuiie  wei'jht  than  before. 

In  some  tuithei  experiments  of  tlie  samekind,  Mr.Cnii- 
ton  deterniiin  <l  lh.it  water  is  more  compressible  in  winter 
than  in  siunna  r;  but  he  observed  the  contrary  in  spirit 
of  wine,  and  oil  of  olives.  Tho  following  table  was  form* 
ed,  when  the  hantneler  wet  at  Spiwha  and  m  hilff  and 
the  thermometer  at  50  degrees. 

Cu^nprco'mnaf  Milliixtth  pts.  %We.giav. 

Spirit  of  wine  -  66  -  846 
on  of  dive*  4»      •  018 

Habwdler  46  1000 

S««  water  .--40     •  loes 

>fercury  -  3  13595 

He  infers  that  these  fluids  are  not  only  compressible,  but 
elastic;  and  that  the  compressions  of  them,  hy  the  same 
weight,  are  not  in  the  inverse  ratm  <if  their  densities,  or 
5pccifiegravities,a?is:ii;lit  t>e  «upp(i?e<).  Phil, Tim*. voLlti. 
art.  103;  and  vol.  liv.  1 7(1.1,  nrt.  +7- 
Tile  eompn-'sinn  ut  the  air,  by  its  own  w'eii>ht,  is  sur- 
prisingly great :  but  tlie  air  may  be  still  farther  compress- 
ed by  art.  See  EJusticit}/  of  Ala.  This  immense  com- 
pression and  dilatation,  Newton  observes,  cannot  be  ac- 
counted for  in  any  other  way,  but  by  a  repelling  force, 
with  which  the  perUcles  tS  air  are  endued i  by  virtue  of 
which,  when  et  libcriy,  they  BUtinll;  recede  from  «idi 
ether. 
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CONCHOID,  or  l^oscnii.r.s,  the.  iiftmc  of  a  curve  in- 
vented by  Nicimiede*.  It  was  much  um  iI  by  the  ancnnts 
in  the  construction  of  »olid  problems,  upiu  ars  by  what 
P;tp|)us&«x s. — It  IS  thus curiMructed  ;  Ai>;m:l  Kn  lieingtwo 
lines  inters*  elin^  at  rii;lil  .iiii;U  s ;  l'r<iin  h  cir.ivr  n  number 
of  other  lines  PFor,  iVc,  on  uljith  t;ike  always  DE  DF 
sAnnrnci  ao^hall  the  curve  line  drawn  through  all 
the  |Miint^  e,  e,  k,  be  the  first  conchoid,  or  that  of  Nico> 
nedes;  aiul  the  curve  drawn  tbroQch  all  iba  otim  poinD 
p,  7,  r,  is  called  tlie  second  conehmi}  dim|^  ia  nalitjr, 
are  both  Imt  parU  of  tbe  lame  curve,  hiving  the  mmo 
pole  F,  Mid  (bur  infiitita  legi,  to  which  the  lint  DID  it  % 
commoa  myaptote. 


The  fixed  point  r  u  called  the  pole  or  centre  of  tlie 
conchoid.   And  the  line  an  it  called  thediiectrix. 

To  detemiae  the  eqvatioa  of  the  carve :  put  a  a  aa  ac 
sDK=oFaac,  raaat,  aaaBBM',  and  aiHBB 

= y ;  then  ike-rauaiion  to  the  fint  eonchoM  will  be  » 

{b  +  j)^  +  *»/  =a*  «  (*  +jr)*,  or  *•    aM  +  ^. 

=  li'b'  -*■  'iii'bi  ■*■  a'x';  and,  changin;;only  the  si^n 
of  J,  as  being  nesative.in  the  other  curve,  the  equation 
to  the  2d  conchoid  will  be  i'  x  (b  ~  i)'  ->■  s  y  -  ^  x 
(6  -  J)'  or  r*  -  2ir=  -♦-  6V  -t-  z'y-  —  n'A-  -  ■:u'ln 
•V. 

Of  thi'  whole  conrhoiil,  expressed  by  thetM*  two  equa- 
timi'!,  Ill  mlbcr  one  e(|uation  only,  with  diAfVlft  (^gpt^' 
there  are  thac  case*  or  specirt ;  a»  (irst, 
when  BC  i*  lew  than  bp,  the  conchoid  will  be  as  in  fig.  1 ; 
when  BC  t»  c(|ual  to  ar,  the  condioid  will  be  as  in  fig,  2; 
and  when  BC  it  greaMr  thaa  bf,  the  conchoid  will  he  at 
in  lig.  3. 

Newton  approves  of  the  ate  cf  the  conchoid  for  trisect- 
ing laglci*  Of  fiadiug  two  meaa  nmpoftioaalt,  or  for  coo* 
itiactiag  other  lofid  pnhkaa.  Thoti  ia  the  LiataF  Con- 
Mnctiaii  of  equationa,  lowudt  the  c«d  of  Ua  UaitaBil 
Afithaictic,  he  says,  "  The  eaaeatt  at  fint  endeavoared 
in  vain  at  the  trisection  of  ay  angle,  and  the  fiitding  of 
taro  mean  proportionals  by  a  right  line  and  a  circle.  Af- 
terward* they  Ix  z  ■  '  t  I  t  iin^iiler  several  other  lines,  as  the 
conchoid,  the  cisvmJ,  and  the  Conic  section*,  and  by  some 
of  tlii-se  to  solve  theiM:  problems."  Again,  "  Kilher  tlure- 
fore  the  troehoid  is  not  to  be  admitte<l  at  all  into  ji'o- 
roetry,  oi  el-c,  n;  the  construction  of  proLl..  nis,  jt  is  to  be 
preferred  to  ail  lines  of  a  more  dilhcult  description  :  and 
there  is  the  same  reas(jn  for  other  curves ;  for  which  rea- 
son we  approve  of  the  trisections  of  an  angle  by  a  con- 
choid, which  Archimedes  in  his  Lemmas,  and  Pappus  in 
hit  Colleciiom,  have  pielenad  to  tiie  invenliont  of  all 
othert  in  (hit  cat*}  bccante  we  ought  ddMr  to  exdiide 
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all  lines,  besides  the  circle  and  n^iil  \:nr,  out  of  ceonirlry, 
or  adiriit  lliein  .lecording  to  the  simplicity  '  i  thi  ir  ih  sctip- 
tiorLs,  in  ^hieh  casi'  the  conchoid  yield*  to  none,  except 
the  ciiele."  Lastly,  "  ri:.il  is  ai  .thmetieally  more'  sim- 
ple wliitli  is  il(  i.  iiiiinid  by  (he  more  simple  equations, 
but  that  I..  s;f''""^tiically  more  simple  which  is  determined 
by  the  more  simple  drawing  of  lines;  and  in  geometry, 
that  ought  to  be  reckoned  best  which  is  geometrically 
inoit  simple :  wherefore  I  ought  not  to  be  blaaiedf  if,  w>>h 
that  prince  of  muthematiciaivs,  Archiinedci,  and  other  an- 
cients, I  make  use  of  the  conchoid  lor  the  cotntruciion  of 
solid  problems." 

-  .  CONCHKTl!:  JAMikn  ate  those  that  aw  aiiplied  to  tie 
praia  or  denote  aay  pellicular  tttlgect:  at  9  taen,  9  poundi, 
dte.  Wheccait  if  nothiug  he  connected  with  a  number, 
it  it  taken  abtttaeledly  or  universally :  thus,  4  sigmlies 
cmly  an  ag; refate  of  4  units,  without  any  regard  to  a  par- 
ticular subject,  whether  men  or  pounds,  or  any  thing  else. 

CONCURRING,  or  Cdvcuu  F.NT  /V-nro.  ,n  tieu- 
metry,  arc  such  a»,  Ikimi;  laid  u[iiiii  one  unother,  do  ex- 
actly correspond  to,  and  rover  one  niiotluT,  and  tonse- 
quently  must  be  e(|ual  amoni;  iheuiM  Ui-.  I  bus,  Iriaii- 
f;les  h.ivlnj;  two  sides  and  the  contiiined  ■anule  e<|Ual,  each 
to  cach,are  congruent  or  equal  to  each  otlier  mall  respects. 

CONUA.MINIi  (Ciiahi.es  Makic  i>e  l.v),  a  Krenrh 
mathenmticinn,  and  chevalier  of  the  order  af  St.  Lazare. 
lie  WHS  born  at  Paris  in  If  01 ;  and  began  hit  career  in 
the  military  service;  but,  soon  yielding  to  his  inclination 
lor  n.-itiiral  curiosities,  he  travelled  over  the  tftit.  After- 
wards, in  I73i,  1736,  &c,  he  wat  employed,  along  with 
M.  Godin,  Bougucr,  and  other  matbematiciant,  to  aea* 
Mua  the  meridian  in  Peru,  near  Quito ;  from  which  ha  la- 
tnmed  by  the  river  Anaaoo,  through  vast  dangeia  and 
diCcnlties,  as  may  bo  seen  in  the  account  he  pubtithed 
of  the  voyage,  which  yras  not  finished  under  the  course  of 
ten  yean.  After  in  some  degree  recovering  his  health  he 
travelled  through  Italy  and  England,  &c,  and  died  in  1774. 
(.'oiidamiiie  was  adiiiitti  d  into  the  Academy  oi  Sti.  iilcs 
in  I7'i0,  the  French  Academy  in  1700,  and  also,  a 
iiK  ii.bcrot  sev(  rat  fureigaaeadamics.  11iepttbU4|ipl|ll|ikt 

ot  C-ondamine  are,  ,      li*^  ■ 

1.  Voya:;e  dar.s  TAmcnque  Meridionalc^  l745f  tvO> 

2.  l  iguie  de  la  Tcrrc,  I74y,  in  4to. 

3.  Voyage  a  I'Equateur,  avec  le  Supplement,  et  I'Hi- 
ttoirc  des  Piramides  dc  Quito,  1751  and  17 M,  2  volt.4to. 

4.  Three  Mcmotn  on  becuhtion,  and  Lotlert  on  tha 
same  subject. 

Besides  numerous  st  ii  ntific  articles  in  most  of  the  vo- 
ItMies  of  Mcfflotrs  of  the  Academy  of  Sciences,  from  the 
year  1791  to  17fil  incluiively.  - 

COHDBNSATION.  is  the  compnating  or  redmsihg  a 
body  into  a  1cm  hulk  or  space ;  by  which  meaaa  It  n  Ra> 
dered  more  dense  and  compact.  Comprestion  aad  COa- 
den.sation  (though  sometimes  used  the  one  for  the  Other) 
difler  in  this;  viz,  that  the  former  denotes  a  diminution 
<i\  bulk  occasioned  by  the  application  of  cxtcnml  force; 
wlierea-,  the  latter  expresses  the  same  eirect  when  pro- 
duced without  that  external  application,  as  is  the  caws 
with  111' "■I  b  i'iii  s  i:i  (  (iuliiiL'.  liut  ilieword  Cundeiisiiion 
has  been  more  commonly  used  for  denoting  the  conver- 
sion of  vapour  inti}  water,  or  of  vapoQis  in  gcaeial  iata 

liquids. 

Notwtthltanding  thb  definition,  it  is  to  b«  remarked, 
tliat  ia  every  cate  ol^^ondenalion,  or  of  the  contraction  of 
a  bedfy  inio  a  aanuwar  qiae^  Oa  cflbct  it  produced  by 
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ibe  nespe  of  MMMliinji; ;  ami  in  \ioAWt  winch  nppear  to 
be  itie  siiT)pli->l  ill  tmtiirr,  contraction  which  lliry  uii- 
CvtjiO  in  ciToliii!;,  is  occiMom-il  by  tr-.e  rtc.n>o  u(  the  ch- 
luric,  wli;:i.  'Ill-  I  iir  >i.iic  i.:  |iiiili,-.  .iihii';il  kmm  Icrigr 
reckons  iinniiia  '  1<  ni' iitiir',  ■■ l.-Mm  i ■^.  lint  lla'  rc- 
ViTM'  I 'I  til  IN  !•>  »'>t  ill'-vavf  In.c  ;  >  i ' ,  I  ml  us  nrr  ii"!  inu  \  « 
rimlmckiJ  m  t'icir  dinn'ii-iuu-.  v<lu'ii  tin-  calin  u;  t'-.(  :i|irs 
triim  them;  Hiii  such  li.is  In'i  ii  fmiiul  in  Ic  iiir  a^c  «ith 
walir,  «ith  mm,  ami  vnUi  bomc  cilu  r  subjluiici*  in  crr- 
taiii  ifinpcrvturcK. 

It  it  h<rwrv«r  evident  that  rondcniiation  in  gcncrul  can- 
van  in  bringing  the  parts  cUner  to  ea<>h  other,  •■d  iiicn.«- 
ling  ihdr  contact,  whatever  may  bi-  ttn-ir  furro  or  slate  of 
previous OKHlencc,  or  tbr  nunns  by  which  it  i!>  fueled: 
ia  onwilion  to  tatebction,  whicb  rcoden  the  body  lighter 
and  MMwar,  Iqr  lettfng  the  fwrli  hither  eMiader,  and  di- 
■daiililqg  their  amtKCt,  and  of  eoMequenw  their  coheiion. 

Atr  cnndentM,  cHher  bjr  cold,  or  by  priwire,  but  raaeh 
more  by  th(  latter;  and  m<i«t  of  all  by  chemical  praccM, 
Water  condenM>»  abo  under  the  same  circvi instance*  of  «c- 
tt  n  ;  h:\t  it  suildi'nly  expands  by  congrliilii  n  :  iniitrd  al- 
niuat  ull  niiitu-r,  both  M>lid«  and  flui<l<<,  hits  Die  ?anie  pru- 
piTty  of  condi'Hsation  by  those  meana.  Sir  Compueji- 
•  lUN.  Soalh-i  vapour  is  c'lndciisiHi,  orconvi'f  (cii  into  w  ator, 
by  distillation,  or  imturull}  m  il.c  clouds.  The  way  in 
which  vapour  commonly  condciis<Ti,  is  by  the  escape  of  the 
caloric.  On  touching  it,  the  vapour  parts  with  this  he.tt: 
and  on  doiag  so,  it  inuBcdiutely  lum-s  the  proper  charac- 
ttftelci  of  vaponr,  and  bccume^  water.  But  Ihouglk  dii$ 
be  the  moel  common  and  uaual  way  in  which  vaptMir  ia 
general  is  condenaed,  yet  nature  certainly  praoacdt  nAer 
another  manner;  tince  we  often  obtem  the  wponre  mait 
pientifoUj  oondeated  when  the  weallier  it  icaiiy  wanner 
than  at  oibcr  limm^Most  bodiei  are  taiceptiblc  of  thiea 
■uceettive  itatn  of  exiitance;  namdy,  the  solid,  the  U* 
4{nid,  aDd  the  elastic  or  vaporous ;  and  all  these  are  ef- 
fected by  the  introdtKtion  of  caloric.  During  every  one 
of  thoiic  star i  a  rlsircrt  nt  degree  of  condensation  is  )irri- 
duced  by  tlu'  u  N  rmrdiate  !;rudations  of  temperature,  viz, 
surh  xs  an  n  il  i|.:iic  sufficient  to  induce  a  ditKreiit  state 
cri  xistenri'  in  the  body  concerned.  Thus,  a  quantitv  of 
t.'iL-  vapnur  of  water,  vrbich  at  the  temperature  of  J+S" 
{Fiilireniiiit's  thermometer),  and  under  the  mean  gravity 
of  the  atmosphere,  (vccupiis  the  ^pace  of  .3()(>0  cubic 
inches;  if  it  be  gradually  ci>oled  until  the  temp4:rature 
bi-comrs  equal  to  atjout  CI  its  bulk  will  be  contracted 
so  as  to  occupy  the  half  of  the  space  it  did  before,  via, 
about  INOO  cubic  inches.  If  the  temperature  be  lowered 
belowSia^,  the  vapour  will  be  condensed  into  liquid  «atsr» 
which  will  occupy  the  space  of  not  more  than  a  tingle  en* 
hie  inch*  If  the  cooling  be  continued,  the  water  will  be 
COMiaCteJ  in  its  bulk,  Mt  not  very  regularly  (that  is,  the 
deeraments  of  bulk  wiU  not  be  exactly  proportional  to  the 
decrements  of  heat)  vtmSi  the  temperature  descends  to  a> 
bout  i'2°.  B<'low  that  degree  the  water,  instead  of  con- 
tracting iu  bulk,  15  expanded  hy  further  cooling;  vii,  hy 
a  further  abstraction  of  cjK  ik  .  I  i  i',  is  a  very  rcinark- 
abte  property  of  watiT,  on  wJiitli  mihil-  inlt  resling  pheno- 
1111  11'  I  t  II, aim  are  (l<'[)eni]ing.  The  water,  though  CX- 
poniiinj^  bi  low  the  temperature  of  42",  sliU  continues  fluid, 
as  tar  as  about  the  temperature  of  3.3'' ;  but  below  this 
la&t-mentioncd  point,  by  further  cooling  it  becomes  a  solid, 
namely,  ice ;  and  in  tbis  fonn  water  occupjai  a  gitaicr 
space  than  it  did  in  a  Itqoid  stale. 

Sbwi  the  colaigBawat  of  the  bulk  oiT  water  vemmmen 
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at  .about  the  toatpeeattna  of  iV,  whicl^  tea  degrees  f  bove 

the  point  nf  melting  ice,  commonly  called  the  froexing 
point,  svhich  u  32",  it  is  evident  that  the  particles  of  water 
begin  to  arrange  themselves  in  a  particular  order  long  be- 
f:.iie  the  f r<  I  .iin  ;  takes  place.  And,  by  following  the  ana- 
lop_k,  it  in;  ,  ;ir  mi  iposi'H  itiat  in  i  very  state  ol  eM--ti'iice, 
the  particles  ot  Lmilies  have,  more  or  less,  a  Imileucy  to 
arrange  themsehes  in  a  Certain  order;  Iu  uhii  li  :i  ndency 
the  ii  re^ularitie»  in  the  condcn;>atioiis  ol  bodies  urv  pro- 
bably  to  be  allribuled 

CUNDbNSKK,  a  pneumatic  engine,  or  syringe,  by 
which  an  evtraordinary  quantity  of  air  may  be  forced  Into 
a  given  space;  so  that  frequently  ten  •tmutpheres.  orfca 
times  us  much  air  as  the  space  naturally  contains,  wilhou 
the  ei^ne,  may  be  thrown  in  by  means  irf  it,  and  its  agtcss 
prevented  by  raivee  properly  dispoeed. 

Tbe  cononMcr  is  made  either  of  metal  or  pui^  mm! 
either  in  a  cylindrical  or  jjlobular  form,  into  which  tae  air 
is  thfown  with  an  injecting  syringe.  The  receiver,  or  ves- 
sel containing  the  condensed  air,  should  be  made  very 
strong,  to  bear  the  force  of  the  air's  elaslicily  thus  tn- 
crea*<Ml ;  for  which  reason  it  i»  commonly  made  oi  brass. 
When  glass  is  Ubr(i,.it  will  not  bear  so  great  u  condensa- 
tion of  air;  but  then  the  experimeat  will  be  inore  enter* 
taming,  .-ws  ilie  irii  < :  -..ly  be  vicwad  of  the  coodemed  atr 
upon  any  sublet  put  therein. 

COMDITlpN,  Ettoanom  4f,     the  Imepral  Cul- 

culut,  bre  c<Tinm  equations  of  ihu  (orm,j  =  -,  useful  in 

ascertaining  wheih<  r  apropovnl  fluxion  will  admit  of  finite 
integration,  or  a  finite  Ihunt.  '1  Ins  method  vras  given  by. 
M.  Clairaut,  in  the  Memoirs  of  the  Academy  of  Scicnoea 
Ibr  the  year  1740,  and  amy  be  exnlai&ed  m  ibia  mannrr. 
When  a  given  flnxioaal  C(|uation  Vs  eaiy  complait,  it  it 
nAcB  diSinltto  detennine  whether  it  be  intrgnialeoraot; 
the  olgect  of  this  method  is  then  to  ascertain  that  paiat. 
In  order  to  which.  Clairaut  demotutrate?,  that  if  there  be 
a  lluxional  e(|uation  of  the  first  order.  e.\pressed  generally 
by  these  two  terms  +  nr,  where  a  denotes  ail  the 
terms  or  quantities  tliiii  iiiiili;|  ly -^j  and  »  all  those  tliat 
multiply  jf,  being  fluxuias  ot  x  andji;  and  if  in  such 
equation,  there  be  taken  the  flu.vion  of  a,  makinc  y  only 
variable  ;  next  in  like  manner  the  fluxion  of  b,  making  x 
only  variable  ;  then  if  that  liiixion  of  A  when  divided  by 
7,  give  the  sanyB  result  as  the  tluxiun  of  B  nhcn  divided 
by  X,  the  proposed  equation  will  be  integtated.  Suppose, 
for  instance,  the  general  proposed  quantity  be  ox"^:  its 
fluxion  is  awx"^ji'ji  +  fliyr*'*^.  Here  then  a  is 
anv*^'jf",  aad  a  is  Now,  by  tailing  the 

fluxiflwof  tbew  two  quantiticiMiln, making  only  y  vari- 
able ia  A,  and r  only  in  stiuaim«ttt>in  ikefonoarr* 
aad  «  Iraai  the  latter,  tlieia  icsnW  tba  same  qnaniity 
arnni^]^.  Tbis  rule  is, expressed  more  briefly  by 
these  kinds  of  symbols:  if  Ute  fluxion  of  ajt    lyr  be  inla> 

gtaUcj,  then  mnst  ^  =  J.  that  is,  (ha  flntlon  of  a,  making 

only  y  variable,  and  dividing  by  v,  w  ill  be  i  qual  to  the 
fluxion  of  B,  making  only  x  variable,  and  disidiiia;  by  *. 

Clairaut  shtiws,  in  like  manner,  that  in  a  ll.jMi,t;a.  ox- 
prcssion  from  three  vaitables,  jc,  jr,  s,  thus  expre^ised, 
A«  4-  %^    OR,  ia  atdar  lhatit  may  be  inlc|mbk,  theia 

and   mji  wheaca  itii  Mfldeaay  mgieiiled  tkalif  thci* 
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be  •  fltixional  CTprr-^sinn  from  Aiur  variabUs,  it  mutt  be 
Mljlfied  by  ^^x  such  rqtiulinii..,  vij>,  as  manyu  lie  the 
combiiuUion*  of  4  thiii^p  bys  «t  a  timej  and  so  on  for 
moK  eofflplcx  «m«.  Ami  thi*  i»  what  It  meant  by  £(|ua- 
tioiM  or  Conditivn. 

For  exi^ple,  sugpoae  the  fluxional  cxpimion  x,^y  ■+■ 

^  '^^  -V^*  —  ^  be  proposed,  whidi  ia  tuSeicntly 

coinplrx  not  to  be  easily judgi  tl  uhfthcr  it  be  inti':;i,i!)|p 
or  nut.    Mere,  taking  all  the  terms  that  multiply  x,  tbcy 

fgm  v^jrt-^  s  A,  and  all  tlie  tcnnt  that  nultiplyi  giie 
—  «^jr  s  B.  Hicii  takin;;  the  fluaion  of  a»  maUnf 

aalyjrvariaUc.kndauppniaiiigiitivi-s  ^-  -  ^:aBall^ 

taking  i!k'  fluxion  of  a,  makii^  onljr  x  variable,  and 
dividing  by  gives  also  —  ~,  the  tame  as  the  for- 
mer ;  (*int     ^  =  *,  and  oaniequ«Btly  the  pvopoaed  «x« 

|lr<■^•^}(lll  li  qniKinible. 

llenCf  H:c  iiil»i;r.iii(iii  is  cisy  and  evident,  for  it  is  only 
to  inte{<raie  eitiier  a-^  milking ,y  constant,  or  making*; 

that  it  either  x^  'y  -  -^*or  -'\  ay{^'t  hoth  of  which 

;:ive,  by  !!i(  ir  iiilcgnilion,  the  same  quantity  x^jr  —  ny 
^i,  which  ■<>  therefore  the  fluent  of  Ihc  proposed  fluxioa 

COND01«;ET  (Joiiv  Akthowy  Nicholas  de  Ca- 
RlTAT,  MarquU  of),  meinler  of  the  Inotituteof  Bologiuij 
of  the  Academies  of  Turin,  lierlin,  Stuckholoi,  Upaal,  Plii> 
ladelphia,  Petenburg,  Padua,  ftc,  and  teevafary  to  the 
Acaoemy  of  Sdancca  at  Paris,  was  bom  at  Ribemont  io 
Pieardie^  the  I7tb  of  September  i7«l.  His  early  atMcIn 
Bflot  to  theaeieucei,aml  proj;rfs»  in  them,  tooo  leiiawtd 
Wim  A  conpicuoas  character  in  the  commonwealth  of  li-t- 
ters.  He  was  received  as  a  member  of  the  Academy  of 
Sciences  m  '25  ycnrs  of  u'-e,  namely,  in  March  I'rtt),  ai 
Adjunct-Mechanician;  afti  rwariK.  he  became  Asvx  IhIc 
ill  1770,  Ail|iiULl-Si  cretury  in  1773,  anil  soli' '>i'crvtury 
»i>oil  after,  whu-li  iie  eiimycd  (ill  ilcutli,  (if  nil  Uic  <li»- 
soliition  of  (he  .AcuiU'iny  by  the  Convi  iiuon. 

Condorret  vnn  In  (  arne  an  iinthor,  and  thai  in  the  most 
sublyne  braiiclK  s  i>\  nuUhiniulK  •..  lie  iiublislied  his  Hs- 
sais  d'Analyoc  in  several  p'irts;  (ho  hrst  part  in  l/bj,  at 
2?  vears  of  age ;  the  second,  in  I7'>7;  i>nd  the  third,  in 
176k.  Thiie  works  are  chiefly  on  the  Integral  CalculuSf 
or  the  fimling  of  Fluents,  and  make  one  volume  4-10. 

lie  pnblithed  the  Elogei  of  the  Academicians  or  mcm- 
bert  of  the  Academy  of  Scicoecs,  from  the  ]|rear  l6(i6  till 
1700^  in  several  voIaoMs.  He  wrate  also  auilar  EhMt* 
of  the  Aeadcniciant  who  died  daring  the  time  that  1m  di$p 
chanted  the  Important  ofF.ce  of  Secretary  to  the  Academy; 
as  well  as  the  very  useful  histories  of  the  different  branches 
of  science  commonly  prtlixi  d  to  the  volumes  of  Memoirs, 
till  thu  volume  fur  the  year  I7S3,  when  it  is  to  be  la- 
ineiit<'il  that  so  usefal  s  pait  of  tbo  plan  of  the  Academy 

uao  disrontinued. 

His  other  memoi  rs  contained  IB  the  volnmes  of  the  Aca- 

dcmy,  ure  the  following. 

1.  Tract  on  the  Integral  Calculus;  \76i. 

2.  On  the  problem  of  Three  Bodies;  1767» 
J.  Observations  on  the  Integral  Calculus;  1767- 
4.  Ob  ^  Natun  of  Infinita  Sciict;  on  the  lixwax  of 
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the  Solutiam  which  they  g;ive ;  ami  on  a  new  method  ■  I  A  n- 
pfOitimalionlbrpillcremial  EquationnofallOnkrs;  i7(>9. 
5.  On  Equations  for  Finite  Difl'crenc e«. ;  1770. 

On  Equations  for  Partial  UifTeri  nces  ;  1770. 
7%  On  Dilferential  I-,<]uati(ins ;  1770. 

8.  Additions  to  the  fi)«'i;oinff  Tnicf!  ;  1770. 

9.  On  the  1J(  tri  iiiinalioii  ol  Arbitraiy  1  unrij  ^m  which 
cnterthcIntcgralsotL<jUU[ioii!,tuFailiari)ifb-ifncc»i  1771. 

10.  H,  ilexiono  on  the  Mitluidf  of  Appn.xitnaiioB  hi- 
therto known  ftir  Difl'ervntial  Lquation^  ;  1771. 

11.  Thi"orem  concerning  Quadratures  ;  1771. 

12.  Inouiry  conccrnin|{  the  loMqtral  Calculus}  177J. 

13.  Calculation  of  Probabilitica,  part  i  and  S;  Vjni. 
l  i.  Continuation  of  the  tamc^  part  3}  I7SS. 
15.  Ditto,  part  4i  1713. 
10.  INttO|,nrt5;  1734. 

Coadomt  had  the  ehatacter  of  being  a  very  worthy 
hOMtt  man,  and  a  respeelabla.atttbor,  though  perhaps  not 
a  arst-rate  one,  and  produced  an  excellent  set  of  FJoges 
of  the  deceased  Academicians,  during  the  time  of  bis  vc- 
Cretai^-sbip.  A  late  French  poliiical  writer  has  observed 
of  him,  that  he  laboured  to  snccee  i  t.i  thi:  literary  throne 
of  d'Alembcrt,  but  that  he  cannot  k-  ranked  iinnin;^  illuj.- 
trious  authors;  that  his  ivoik^  have  neither  aiuniariuii  nor 
depth,  and  that  his  Mylu  is  dull  and  dry  ;  that  some  bold 
attacks  on  religion  and  declamalions  a^jainst  despoliin 
have  chiefly  giMii  a  degree  ol  lame  to  his  writings. 

On  the  breaking  out  of  (he  troubles  in  France,  uur  au- 
thor took  a  decided  part  on  the  side  of  the  people,  and. 
steadily  maiiilained  the  cause  he  had  espouud  amid  all 
the  shocks  and  intrigues  of  contending  parties}  liU,  uiuier 
the  tyranny  of  RolKspicrrc,  be  was  dnven  ftom  A*  eoii> 
veuioii,  faoiqg  one  of  those  men&ben  proacvibed  «n  the 
3M  of  Ifay  1793,  and  he  ifiad  Alaich  33, 1794.  The 
mMiar  of  Ui  deoth  is  thus  described  by  the  public  prinu 
of  that  thMk  H*  was  obliged  to  conceal  himself  with  the 
ireMcpt  CBl|t  fi>r  the  purpose  of  avoiding  the  fate  of  Bris- 
set  and  the  other  deputies  who  were  executed.    He  did 
not  however  attempt  to  quit  Paris,  but  concenled  himself 
ill  the  house  of  a  female,  who,  though  she  knew  him  only 
liy  iiamf,  dill  not  hesitate  to  ri^k  h<  r  o«ii  lik  |..t  the  pur- 
p'lM'  ul  prtMr\iiig  that  of  C'ondnrcct.    In  lirr  houv  he 
ninaiiied  till  the  month  of  Martli  17.'U,  wIk  m  it  wiu,  ru- 
Mi'Uired  that  a  domiciliary  visit  was  In  be  made,  which 
obliged  him  to  leave  Pans.   Th(iUi;h  he  had  neither  pais- 
pori  nor  civic  card,  be  »-»c»pod  through  the  barrier,  and 
arrived  at  the  plain  of  Mont  ituuge,  where  he  expected  to 
find  an  asylum  in  the  couiitry-hnusc  of  an  intimate  friend. 
Unibitnnataiy  this  friend  likiii  k<h  out  for  Paris,  wlienho 
was  to  ranuB  for  thvq|J|||sr''>^i«  *U  *hk  PoMs 
Condorcet  wandered  ■hoviSr Mda  and  in  the  woedi, 
net  dariitt  to  enter  as  Ian  on  account  of  nut  havim  • 
chric  card.  Half  dead  with  hanger,  laiigue,  and  fear,  and 
Karecly  aUe  to  walk  on  weount  «f  b  wuMd  in  hia  iiB0|;» 
he  pastied  the  night  under  a  traa. 

At  !eni;th  hi-r  friend  rerurned,  and  received  him  with 
great  cordiality  ;  but  as  it  wii»  deemed  imprudent  that  he 
sbi'iiM  fnti  r  Ihi'  house  in  the  diiy-liU''  ,  1)^  rttiiriicd  to  the 
v»oods  nil  night.  In  tins  shnrt  ;jiteivii  tK-tween  murning 
and  ni^it  his  caution  for»ook  him,  and  he  went  to  an  inn 
at  Chnurs,  where  he  ordered  an  omiettr.  Hi»  luru 
clothes,  (n>  duty  caji,  his  iiitajjic  and  pale  rountriiauce, 
and  the  i;ree<line»s  with  which  he  devoured  the  omlette,' 
fixed  the  atti  ntion  of  Ibe  persons  in  the  inn,  among  whom 
was  a  iacffli>cr  of  the  icvolaiionary  committee  of  CJair 
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man.  This  man  conceiving  him  to  be  Condiircct,  ulio 
had  cfli'clcd  his  cscnp*-  from  the  Biccirr,  nski-d  him  «hi- 
thrr  he  was  !;oin<;,  and  whether  he  had  a  |)ai^IJu^t.  Tiie 
confused  mnnncr  in  which  he  replied  to  these  questions, 
induced  the  member  to  order  him  to  be  conveyed  before 
the  rommidee,  who,  alter  an  examination,  M'nt  him  to 
the  district  of  Uoury  h»  Heine.  !!<•  was  there  interrogated 
•gain;  and  the  unsatisfactory  answers  which  lie  ^ave,  de- 
termined the  directors  of  the  district  tu  avnd  him  to  pri- 
son on  the  succeeding  day.— During  the  night  he  was  con- 
fined in  a  kind  of  duutzmn.  On  the  ne^t  morning,  when 
his  keeper  entered  with  some  bread  and  water  for  him,  he 
found  him  stretched  on  the  ground  without  any  »igns 
of  life. 

On  inspecting  the  body,  the  immediate  cause  of  his 
death  could  not  be  di>c<ivered,  but  it  wuh  conjectured  that 
be  had  poisoned  himself.  Condorcet  indeed  alwayk  car' 
'  lied  a  diise  of  piison  in  his  pocket ;  and  he  said  to  the 
friend  who  was  to  have  received  him  into  his  houM-,  thai 
he  bad  been  ufteii  tempted  to  make  use  of  it,  but  that  the 
idea  of  a  wife  and  daui;hlcr,  whom  he  loved  tenderly,  re- 
strained him.  During  the  time  that  he  was  concealed  at 
Paris,  he  wrote  a  history  of  the  Progn-ss  of  the  Human 
Mind,  in  two  volumes. 

Ct)Nl)L"C'l"()U,  ill  r.lectricily,  a  term  first  introduced 
in  this  science  by  Dr.  Detagulien,  aiSd  used  to  denote 
those  subftanres  which  are  capable  of  n^ceiving  and  trans- 
mitting electricity  ;  in  uppMiilion  to  electrics,  in  which 
the  matter  or  virtue  of  electricity  may  be  excited  and  ac- 
cumulated, or  retained.  The  former  are  alio  called  non- 
electrics,  and  the  latter  non-conductors.  And  all  bodie* 
are  ranked  under  one  or  other  of  thoM;  two  classes,  though 
none  of  them  arc  perfect  electrics,  nor  perfect  conductors, 
so  as  wholly  to  retain,  or  freely  and  without  resistance  to 
transmit  the  electric  fluid. 

To  the  class  of  conductors,  belong  all  metals  and  semi- 
metals,  ores,  and  all  fluids  (except  air  and  oils),  togetiit T 
with  the  substances  containing  them,  the  effluvia  of  (la- 
ming bodies,  ice  (unless  very  lurd  frozen),  and  snow,  most 
saline  and  stony  substancc-s,  charcoals,  of  which  the  best 
arc  those  that  have  been  exposed  to  the  gn'utcst  heat, 
smoke,  and  the  vapour  of  hot  water. 

It  seems  probable  (hat  ihi'  electric  fluid  pasnes  through 
the  substance,  and  not  merely  over  the  surtare*  of  metal- 
lic conductors;  b<'CauH',  if  a  wire  of  any  kind  of  metal 
be  covered  with  some  electric  substance,  as  resin,  sealing- 
wux,  &c,  and  ajar  be  discharged  ihruugh  it,  the  charge 
will  hq  conducted  quite  as  well  as  without  the  clectiic 
coating. 

.Some  fhtloiophers  have  cMm  alleged,  that  electricity 
will  pervade  a  Vacuum,  and  be  Iransraittc-d  through  it  al- 
most as  freely  as  through  the  substance  of  the  best  con- 
ductor :  but  Mr.  Walsh  found,  th.it  the  electric  spark  or 
shock  would  no  more  (ws*  liirongh  u  perfect  vacuum,  than 
through  a  piece  of  solid  glass.  In  other  instances  how- 
ever, when  the  vacuum  has  been  made  with  all  possible 
care,  the  experiment  has  not  succeeded. 

It  may  also  be  observed,  that  many  of  the  foremen!  itnied 
substances  are  cnpabic  of  Iwing  elcctritied,  and  that  their 
conducting  power  may  be  destroyed  and  recovi-rcil  iiy  dif- 
ferent processes:  for  example,  green  wood  is  a  conduc- 
tor; but  baked,  it  beromrs  a  non-conductor;  again  iu 
Conducting  power  is  restored  by  chairing  it;  and  lastly  it 
il  destroyed  by  reducing  this  to  ashes. 

Again,  many  electric  substances,  as  glass,  resin,  air,  &c, 
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become  conductors  by  being  made  vtry  hot:  buwever,  air 
heated  by  glass  must  be  excepted. 

Sec,  on  this  subject,  Priestley's  Hist,  of  Electricity, 
vol.  1  ;  Fniiiklin's  Letters  &c,  pa.  Qli  and  Cfit?,  edit.  I76<); 
Cavullo's  Complete  Treat,  of  Kleclr.  chap.  2  ;  Henley  i 
I'.xpcr.  and  Obscr.  in  Electr.  also  I'hilos.  Trans,  vol.  (»7, 
p.  ;  .-ind  elsewhere  in  the  different  volumes  of  the 
Transactions. 

Prime  CosnvcToa,  is  an  insulated  conductor,  so  con- 
uccted  with  the  electrical  machine,  as  to  receive  llieclec- 
tiicity  itiunediately  from  the  excited  electric.  Mr.  Grey 
first  employed  metallic  conductors  in  this  way,  in  1734; 
Hild  these  were  several  pieces  of  metal  suspended  on  silken 
strings,  which  he  charged  with  electricity.  M.  Du  Fay 
fastened  to  the  end  of  un  iron  bar,  w  hich  he  uscdashisprimu 
I'imducltir,  a  bundle  of  linen  thrt'ads,  to  which  he  af- 
plied  the  excited  tube;  but  these  were  al'terniirds  changed 
liir  small  wit»-s  tuspindcd  from  a  common  gun-barrel,  or 
other  metallic  rod. 

In  the  present  advanced  state  of  the  science,  this  purl 
of  the  electrical  apparatus  has  b<-en  considerably  ini- 
proved.  The  prime  conductor  is  made  of  hollow  brass, 
and  usually  of  a  cylindrical  fi^rm.  Care  should  be  taken, 
th&t  il  be  perfectly  smooth  and  rouii<l,  without  points  and 
sharp  edges.  'J'he  ends  of  the  coiiilucior  are  spherical ; 
and  it  is  necessary,  that  (he  part  most  remote  from  the 
electric  should  be  made  round  ami  much  larger  than  ihe 
rest,  the  better  to  prevent  the  electric  matter  from  escaping, 
which  it  always  endeavours  must  to  do  at  the  greatest  di- 
stance from  the  electric  :  and  the  other  end  also  should 
bo  furnished  with  several  pointed  wires  or  needles,  either 
suspended  from,  or  fixed  to  an  open  metallic  ring,  and 
pointing  to  the  globe,  or  cylinder,  or  plate,  to  collect 
the  electricity.  It  is  liest  supported  by  pilldrs  of  solid 
glass,  covered  with  sealing-wax  or  good  varnish.  Prime 
conductors  of  a  large  sixe  are  usually  made  of  paste- 
board, coxered  with  tin-foil  or  gilt  paper;  these  being  use- 
ful for  throwing  off  a  longer  and  den«<er  spark  than  those 
of  a  smaller  size:  they  should  terminate  in  a  smaller  knob 
or  oLtuse  edge,  at  which  the  sparks  should  be  solicited. 
Mr.  Nairne  prepared  a  ctmductor  6"  feet  in  length,  and  I 
foot  :tt  diaineter,  from  which  he  drew  electrical  »parks  ut 
the  distance  of  17,  or  18  inches;  and  Dr.  Van  Ma- 
rurn  still  far  exceeded  this,  with  a  conductor  of  8  inches 
diameter,  and  upwards  of  20  feet  long,  formed  of  dift<-rent 
pieci-s,  oikI  applied  to  the  large  electrical  machine  in  Tey- 
ler'it  Museum  at  Ilaerlem,  the  most  powerful  machine  of 
the  kind  ever  yet  constructed.  But  the  «i»'  of  the  con* 
ductor  is  always  limited  by  that  of  the  electric,  there  be- 
ing a  maximum  which  the  size  of  the  former  should  not 
exceed ;  for  it  may  be  so  large,  that  the  dissipation  of  the 
electricity  from  its  surface  may  be  greater  than  that  which 
the  electric  is  capable  of  supplying. 

Dr.  Priestley  recommends  a  prime  conductor  of  polish- 
ed copper,  in  the  form  of  a  pear,  supported  by  a  pillar  and 
a  firm  basis  of  baked  wood  :  this  receives  its  fire  by  a  long 
arched  wire  of  soft  bras.s,  which  may  be  easily  bent,  and 
raiM'd  orlowereil  to  the  globe  ;  it  is  ii-rininate<l  by  an  open 
ring,  in  which  some  sharp-pointed  wires  are  susjiended.  In 
the  body  of  this  conductor  are  holes  fur  the  insertion  of 
metalline  rods.  This,  he  observes,  collects  the  fire  per- 
fectly well,  and  retains  it  equally  every  where.  Sec  Phi- 
losoph.  Transact,  vol.  64,  art.  7  ;  and  Hist.  Elect,  vol.  2, 
§  2. 

Mr.  Henley  has  contrived  a  new  kind  of  prime  conduc- 
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lor,  wliicli,  ffiini  iis  u<.r,  i-i  t«lU  il  I'uv  tiirir.iii'U's  conrluclor. 
It  con«iNt«  of  u  r'.a>>  Uil><-  ISimliOs  I'lug,  riji<i  C  iiirhe* 
tliami  tcr.  Thi'  tube  is  furiii>lu-<i  at  both  vntis  uiili  brass 
Clips  and  fl■l^ult^  about  'i  lliclii  <i  loii'',  rcmeiitcJ  niid  niude 
•ir-tiglit,  and  tcrminittcil  by  bni>,s  lulls.  In  one  of  tboM 
•cap*  IS  drilird  h  <tiiiall  bole,  which  is  curcred  by  ftXroog 
.fulvc,  Bud  MTvn  fur  rxhau*tiu;(  the  tube  tif  iis  air.  Within 
the  lub«  at  each  end  tlieic  it  •  knobbed  wiiv,  prujrding  M 
tlie  ilistwm  of  8  inclica  mhI  »  half  fn»  tlie  Imin  cap*. 
To  vna  of  the  Mil  i>  annmeil  a  li«»feinl»d  witwibrre' 
coifing  and  collecting  the  deciricity,  and  to  the  other  a 
*ire  with  a  knob  or  boll  fur  diKhargin-j  it.  The  coik^- 
tor,  thus  prepared,  is  tupportcd  c,u  pillars  nf  sruling'Wax 
or  the  common  purposes  of  a  prime  con- 

ductor to  an  i  ll  rtrini!  rimcii'.ii>  . 

exhibit  anii  ascrrlain  ti.c  <linctii>ri  ot  ilif  i-Utikc  i^.tttcr 
initspasMg<;  through  it.  Sec  d  liJure  i  f  ihu  condiictur 
in  thf  Pliili»s.  Trari'i.  viiih  h  (Jl■^crl|  ijun  of  fsjicnraciits, 
Jtc,  with  it,  vol.  tii.       4(1  ) 

Co  X  UUCTORS  <j/' Lig'ifmn^,  arc  poiiUed  mflallic  rods, 
Axed  to  the  upper  parts  of  buildings,  to  secure  them  Irum 
stri>kos  of  lightning.  'Iliete  were  invented  and  propospii 
by  L)r.  Franklin  for  lliii  porpoie,  tOOn  after  the  Identity 
of  eieclricity  and  lighlning  was  ascertained;  and  they  ex- 
hibit a  Tcry  imporiaDt  and  useful  application  of  modern 
diMoireriot  in  this  scienoe.  Tbi*  iMnuom  philotopbcr, 
baviog  found  that  pointad  bodict  an  Better  ttlad  t»  if 
ceiviag  and  throwing  off  the  elactfie  five,  than  mdi  aa  am 
Uirniaatrd  by.  Uoill  ends  or  fiat  sur&crt,  and  that  Mclab 
are  the  ivadicat  and  bent  conductors,  mmmi  diseowrrd  that 
lightning  and  electricity  re^embh-d  each  other  in  this  and 
other  distinguishinai  propcrtii  s  ;  ho  (hi  rrfore  recrnnitieiidcd 
a  pointed  nu  Inlliliv  rod,  to  be  riuM  d  some  iV-el  above  the 
highest  part  nt  a  i  tiiUUn^',  unci  to  Ik-  continued  ddwn  into 
the  ground,  or  the  m  aie-t  vvati  r.  li^ihtniug,  ^ln)^Jld 

it  cMT  come  within  a  ci Ttain  distance  of  this  rod  or  wire, 
would  br  ntrracted  by  it,  and  pits',  through  It,  preferably 
In  any  other  part  of  the  hiiildiii!;,  anil  be  conveyed  into 
the  earth  or  water,  and  liicre  dissipated,  without  doing 
any  damage  to  the  buililiiig.  Many  facts  have  occurred 
to  evince  the  utility  uf  ibia  simple  and  apparently  trifling 
apparatus.  And  yet  MNBO  rirctricians,  of  uhorn  ^lr.  Wil- 
ton «fas  tbo  cbief^  bare  objeined  to  the  pointed  lermina- 
tion  of  this  conductor;  prpfcrring  ralber  a  btant  cod: 
becmwv  they  pretend,  a  imm  invitee  the  eleclmiiy  from 
the  clouds,  and  attracts  it  at  a  fticater  distance  than  a 
blunt  conducinr.  PhiU ».  Traits,  vol.44,  pa. 934|  toI.6S, 
pa.  4?) ;  :ind  vol.  6s,  pa.  252. 

This  subjprt  has  iiuki  il  In-i  n  very  Hfc  urali  ly  examined 
anddiscusvd;  and  pointed  conduclort  aw  nlmasl  uiii- 
sersalls ,  an'l  lor  tlif  hcst  rravoiis,  i  i  c-iiiinn  ndcd  as  tlie 
most  |jr"jn  r  and  rii:>iblc.  A  sharp-poinii'd  cunduclor,  ai 
it  aitr^itt*  tin-  ilirti.c  niattir  of  a  cloud  at  a  greater  di- 
Miinci-  than  ll.c  olhei,  draws  it  ofl' gradually  :  and  by  Con- 
vex ui^  II  awa\  pi  nliv,  and  in  acontinued  stream,  prevents 
an  accumulation  and  a  stroke;  when-as  a  conductor  with 
a  blunt  termination  n  celves  the  whole  discharge  of  a  cloud 
at  once,  and  it  much  more  likely  to  be  exploded,  when- 
ever a  dmd  ddniin  within  a  striking  distance.  To  this 
may  be  added  eiq^trieiMf  {  for  buildingi  guarded  by  cither 

natural  or  artificial  COBdactwti  tamrilMliiv  in  a  point,   pass  tbrougli  the  point  t,  turning  oo 
Imvc  venr addoai  hat*  ilrack  by  ]lghtidi«i  Iwt  others  thatpointas  ajoint,  and  tbekiUPtr 
Jtoving  fttt  or  Unt  faminatiant,  have  often  been  Mruck'  part  of  it  be  carried  nmid  the 
•nd  daoagad  by  It.  cumfermce  a  bc  of  a  eifcle)  then 

Tbebcttcondnclor  for  this  purpose,  is  a  ro<l  of  iron,  the  space  inclueod  between  ihatcircla 
Vol.  I. 


or  rather  n|  copjii  r,  as  bring  a  b«tler  condurtnr  of  .  1.  fv 
tricity,  .ind  k%i  li.Tide  to  rust,  about  3<jliaileis  nf  an  lurK 
thick,  which  is  iiiiier  to  be  fastened  to  the  walls  <>l  a 
building  by  wooden  cramps,  or  supported  by  wooden 
posts,  at  the  di^riiiiLe  of  a  foot  or  two  from  the  wail  j 
though  less  may  ^  ii~  upper  end  should  terminate  in  • 
.  pyiaatidfel form,  witJi  a  sharp  point  and  edges  ;  and,  whett 
•ude  of  inm,  gilt  or  painted  near  the  top,  or  else  pointed 
with  cepoer;  Mid  be  ekeatcd  5  or  GfeetahowB  the  highest 
parrot  the  buiMiif,  or  cimnDeys,  to  tehich  it  may  be 
fastened.  The  lower  end  ahouU  M  driven  6  or  6  feet  into 
the  ground,  and  directed  from  the  foundations  of  the 
building, or  continued  till  it  communicates  wiili  tl.,  xjcarot 
water:  and  if  this  part  be  luade  of  lead,  it  will  U  l.s,  ajit 
to  dci  .iy.  When  the  cnmlueior  is  t'ormi  d  uf  diui  lei^t 
[>:ei.n  ol  mit:il,  care  should  be  lakcii  llmt  ihey^  ale  will 
jollied  ;  ais  j  11  1-  larther  n coniiiiend* d,  that  a  conimuni- 
taliun  bonii.  Ii  I;  111  the  Coiiiluclor  by  platf^  of  lead,  8  or 
10  inchti  1  :  .1  ',  Aiih  the  lead  on  the  ridges  and  gutters, 
and  w  ith  the  pipes  that  carry  down  the  rain,  which  should 
be  Continued  to  the  bottom  of  the  building,  and  be  mada 
to  communicate  either  with  water  or  moist  earth,  or  with 
the  main  pi[:e  which  supplies  the  hone  fritb  water.*  If 
(he  building  be  large,  two,  three,  or  mote  coodocton 
should  be  applied  to  dlferent  parts  of  it,  in  proportion  to 
ittoclent.  Phikw. Tiana. vol.04,  pt> 403. 

Chaini  have  been  uard  aa  condactora  Ibr  preserving 
ships;  but  aa  tlie  electric  mattiT  do<s  not  pass  readily 
through  the  links  composing  them,  copper  wires,  a  Utile 
thicker  than  a  grMtsc-qtilll,  have  been  preferred,  and  are 
now  generally  uaed.  They  should  reach  2  or  3  teet  above 
the  l^i!;he^t  nia^l,  and  be  conlinued  down  in  any  coiivn- 
nient  din  etion,  so  as  always  to  touch  the  sea  water,  Phi- 
I<is.  I  rans.  vol.  52,  pa.  ()J3.  See  lU  >  I  i  iiikliii's  I^etters &c,» 
l(0"y,pa.65,  124, +*)),  i-Vc  ;  and  (.'mallo's  Klectr.  ch.  9. 

For  the  Ci/n.iK-ULttun  ami  iiianai;enunt  ol  EUcttiial 
Kiia,  and  CondiKfan  or  Muchinet  for  drawing  electricity 
from  the  clouds,  w-e  Priostieyli  Hilt,  of  Klecin  fd. «, 

pa.  103,  edit.  1775- 

CONL,  a  kind  of  round  pyramid,  or  a  solid  body  hav- 
ing a  circle  for  its  base,  and  its  sides  formed  by  n{g|it lioea 
drawn  from  the  ciretMnJcTenrc  of  the  base  to  ft  poiM  at 
lop,  beliij;  the  vertex  or  apex  of  the  cone. 

Kuclid  defines  a  cone  to  be  a  solid  figure,  whoae  bOie  ia 
a  circle,  and  it  produced  by  the  entire  revplution  of  • 
right-angled  tiiaagle  about  lit  perpendicular  leg,  called 
the  aiMi  af  the  cone.  If  tUt  Ic^  «r  axis,  be  gnaier  than 
the  biM  of  the  triangle,  or  radiut  of  the  circular  bas<>  of 
the  com-,  then  the  cone  is  ncute^nglrd,  (bat  is,  the  angle 
at  its  vertex  is  an  acute  nn^le  ;  but  if  the  aait  be  less  than 
the  raiiiii>  of  llie  liriM',  it  1-  .m  1 ; :)Ul>e-angJed  1 
if  they  be  e<]Ual,  il  is  a  n^hi-aajikd  cone. 

But  Kucliil's  delinition  uiilv  ex- 
tends to  -Arig/il  cone,  that  ii,  to  a  cone 
whose  axis  is  pi  rpendicular  or  at 
right-angles  to  Its  bate;  and  not  lo 
oblique  ones,  in  which  the  axis  is  in- 
eliried  to  the  same,  the  georntl  defi- 
nition, or  descriptimi  of  which  may 
be  this :  If  a  line  va  cootinually 
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ami  tVif  patb  uf  the  liiip,  is  a  cone,  'llw  tirck>  ABC  is 
liic  bi.M  of'thc  COM';  V  IS  Its  vtTU  %  ;  imd  thf  line  VD, 
(nini  ihc  viTio  to  the  cciiirt-  ul'  ibc  base,  ■(  iho  axis  of 
the  cwic.  Also  the  other  p«rt  of  the  ic-volving  liiir,  pro- 
dared  above  T,  will  describe  «nutb«r  cone  voct,  called 
tbe  oppoMte  cone,  and  haviitg  th»  Mine  OMMiOll  k»i> 
pmiac«d  Dvtf,  and  vertex  v. 

Bnffmtka^ tAeCoXE.— l.TK'  are*  or  sur(i«cc  of  errry 
fi|^  cone,  exdiuiwe  of  iti  bcw,  ■  ecjunl  lo  » ttian^le 
whoM  htwl*  <fe>  prripbny,  and  its  heii^t  the  timt  aide 
•f  ibe  coMi.  Or,  ibe  cnmtDperfinn  of  •  fif^i  cmw^  it 
M  Ike  am  of  ill  circtobr  buc^  t>  ilia  riMit  ilde  ii  lo  the 
raAtit  «f  the  hawb  And  tbenfci*.  the  aeiM  cwm  «e'f» 
im  of  the  cone  it  eqaa)  to  the  lector  of  a  cirde  whoR 
radius  i»  tho  sIami  sitU  ,  and  its  8i<chei|Ul  to  the  diCUHH 
fcrcncc  of  the  baic  of  i)u'  cone. 

2.  Kvcry  coiir,  whether  riijht  or  oblicjue,  ii  equal  to 
one-third  part  of  a  cylinder  ol  iqunl  base  and  ultitude; 
eod  therefore  the  soltd  c.jiiIim  is  found  by  multiplying 
the  base  by  thr  niiitwlc,  luid  taking  ^  of  ibe  product ; 
Bod  hence  alto  all  OMM*  Of  dM  OHM  AT  O^OOl  hoiBOMl 
altitude,  are  equal. 

3.  Thoqgh  tho  solidKy  of  an  obKifOc  cmie  be  obtained 
M  the  OUae iMHKwr  H  Cbat  of  a  t'xe^x.  orve,  it  is  otherwiie 
«illl10BMdtBlh*fM4kce,  iiiiicf  this  cannot  be  reduced  W 
the  BMOtnic  of  ft  HoMr  ol  a  circle,  because  all  the  lio« 
dtkwii  (tool  the  Wrtm  to  liie  boie  arr  not  equal.  Sre  a 
MaaMirea  thinalijeet,  hy  M.Ealeis  ia  the  Moav.  Meoi. 
4e  Petoibaii^  wl.  \.  Dr.  Barrow  hat  ^eaatiaied,  ia 
hit  Lecttonet  OeometriCTe,  that  tolidity  of  a  coaa 
with  an  etHptic  base,  forming  part  of  a  right  corns  it  eqori 
to  liM  product  of  iti  aurface  by  a  third  part  of  one  of  dw 
|)erpendjcular»  drawn  from  the  point  rn  which  the  axis  of 

•  tbe  right  Cone  intersects  the  liiip-t  ;  n:id  tlint  it  is  also 
equal  to  \  of  the  height  (  I  the  coik-  mulaplird  by  tlic  el- 
liptic ba-SL^  :  cony<nif fitly  tliat  the  perpendicular  lu  the 
height  of  the  corH-,  a.i  the  elliptic  bate  it  to  the  cur\'e  nir- 
face.  For  the  curve  iu  rfecc  of  all  the  abliqae  pan*  of-a 
cone,  see  my  Mensur.  pa.  174,  &c. 

4.  To  fimd  the  Curpe  Surface  qf  Me  Frtumm  qf  a  Qmc. 
Multiplj  half  lh«  tuoi  of  the  oifcamfarcDoet  of  the  two 
ca4^  Ijr  Iho  diat1M^  or  diMiioe  betwoea  lhciacirc«Bi> 

«,  'AriA*  flWMiM  V  AgBmUmn  of  a  aoac,add  inio 
eBB«am-tiHaRai«f  llietieoclidtead  the  meaa  prapor- 
lioaol  hctliom  dM^  anltipty  Chat  ma  by  the  petpeadl- 
cnhr  bii|^,  had  4  af  the  product  will  be  the  wiidity. 
teeolte  tmj  MeiWitMua,  pa.  ia6,&c. 

6.  ThcCcntreofOiavi^af  aooneiilaf  iheaxiadi- 
ttant  from  the  rertc^c. 

CoSBt  <if  ihe  Higher  Kindt,  art  thovc  whdsc  liases  are 
circles  of  the  higher  kinas  ,  uiid  arc  gi:u(.r.it(d,  like  the 
tniiiinijn  cone,  by  cimcru in^  a  line  turning  on  a  point  or 
vertex  on  high,  and  rcvulvini;  round  the  circle  of  the 
higher  kind. 

Cone  ofRigft,  in  Optict,  includct  all  the  several  rays 
wi.irti  : all  from  any  pout  oIF  a  loifanit object, oa  the  eov- 
face  of  a  glait, 

DwWt  CoMS,  or^HMtfe,  in  Mechinics,  is  a  sali<l  furin- 
cdDf  two  equal  conei  joined  at  their  batet.  If  this  be 
)aid<OD  the  lowrr  partoiF two  falen,  laahiag  an  an^e  with 
eacb.other,  and  elevated  la  acartaia  dcgiee  above  the  ho* 
finatal  ploae,  the  conte  iril¥Bll  ap  taaaide  die 
endi,  and  appear  to  MOnidi  tboiqpi  io  l«alil|y  ill 
uf  gravity  descends  perpendkalaily  lower. 


CONFIGt  U  ATION.  the  exterior  iurtaccor  shape  that 
bounds  bodies,  and  f!,nvf  them  their  particalaf  ^WV, 

rONFr.SKl)  Ki.ion.    Se<-  Vimox, 

CONCiKLA  l  K)N,  i>r  I  ixeezixo,  thi  act  of  fixing 
the  tiuidity  ol  Miiy  liquid,  by  cold,  or  the  application  irt 
cold  bodies  :  in  which  it  imen  from  coagulation,  which 
is  produced  by  other  cauica.  See  Fseezing,  FHi»«r, 
and  Ice. 

CONGRL'ITV,  in  Gcanelry,-  ia  applied  to  lines  and 

Slice,  wliich  exactly  coneepoad  when  laid  over  eadi 
er;  at  haviog  tbe  teaw  termi,  or  bounds,  h  itae> 
iB«cd,  at  an  a»ia«,  that  thoee  things  arc  cqaai  and  liM- 
lar,  betaeta  «rhich  theie  it  aaoagruiiy .  Luclid,  and  moat 
gfometficiem  after  him,  dnaomtnite  threat  piirt  of  their 
eli  nn'iiiii  fiom  the  principle  of  conjjruity:  though  Leib- 
nit/  and  VVollius  substitute  the  notion  of  Similitude  in- 
stead of  that  of  cot^uily. 

CONIC  SeCTIOKS,  are  tbe  ficuns  niiidi-  by  cuuiiig  a 
cone  by  a  plane 

2.  According  to  iln'  iJil'in  nt  posinriDs  ut  the  cutting 
plane,  there  ari»c  five  rlitii  rcnt  il^urts  or  sections,  vis,  a 
Triangle,  a  Cirdr,  an  lUliptc,  a  Farubola,  ami  aa  Hypi 
bola :  the  last  thfN  «f  Midi  «alf  an  pocwiiiily  call 
-ooeic  aectioiM, 


So  If  the  catting  plane  past 
^fcfondi  ike  tnitax  of  the  ciiae,  and 


ler- 
IM 


ttfonib  MM  tmiu  at  u 
•w  iHWt  of  the  bawk  tbe 
wSleittly  be  a  Triat^}  aa 


vaa. 


4.  If  iliu  |_ilLit;f  rut  tiic  CLiic  pa- 
railt'l  to  the  base,  or  make  do  angle 
with  it,  tbeeeciloB  will  he  a  Ciide, 
as  A»o. 


S.  The  section  pab  is  an  Ellipse, 
when  tbe  cone  is  cut  obliquely 
throaeh  both  lidat,  or  when  the 
flMolt  indintd  latbe  bate  ia  alc« 
ai^^  thaa  the  aide  «f  the  coae  ia. 


6.  The  section  is  a  Parabola,  whea 

the  cone  is  cut  liv  a  iilanc  parallel 
to  ihi'  iidt',  or  wni  nthc  Culling  plane 
aiiil  ibr  side  uf  the  COncaiei 

angles  with  the  base. 


7-  The  section  is  an  Hyperbola,  when  the  cutting  plane 
makes  a  gieeter  angle  with  (he  base  than  the  side  of  the 
cone  iott.  And  if  the  plane  be  continued  to  cut  the  op- 
poiite  coae^  thit  latter  aoctioa  is  called  tbe  oppoiitc  hyper- 
bofaiiD  the iMMori  aaifac. 


C  O  N 

8.  Tin?  Vertices  of  anj'ni'Ctjon,  are 
thf  points  wln'i'r  thu  Liiili,-;.;  pliilic 
meet*  thf  oppoHijr  !.ul.  ■»  1)1  lUe  roiif, 
or  the  tide*  of  the  n  rliral  Irianaul.ii 
SMtion  ;  as  a  and  b. — Ik-nci-,  llic  el- 
lipse ami  tlic  oppofitp  hyprrboliu 
have  Mcli  two  vertici-s ;  but  the  pa- 
rabola only  one  ;  unU-M  wc  consider 
iIhi  other  u  M  an  infinite  di*ianc<-. 

9.  The  Axil,  or  Tramvene  Dia> 
meter,  of  a  conic  MCtion,  it  the  line 
or  diiuucc  At  between  iJm  wrticct. 
■■iiMawce  tlieuiaoCa  pUabote  ia  »• 
fimiein  langlh. 


Ellipae. 


[  a®  ] 
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10.  The  Centre  c,  is  the  middle  point  of  the  axis.— 
Hence  the  centre  of  a  parabola  is  infinitely  tlijtant  from 
itu' \ iTlex.  And  of  an  ellipse,  the  a.Nis  :inii  trntni  lie 
witiiin  the  curve;  but  of  an  hyperbola,  without. 

1 1.  A  Diamiti-r  is  imy  right  line,  as  ab  or  DB,  drawn 
through  the  centre,  and  terminated  on  each  side  by  the 
curve:  and  the  extremities  uf  llu-  diameter,  01  .is  irit<  r- 
seclions  with  the  curNO,  are  '\U  Vertices. — Hence  all  the 
diameters  of  a  parabola  ure  panillcl  to  the  axis,  and  inti* 
nite  in  length  ;  because  drawn  through  the  centre,  a  point 
at  an  infinite  distance.  And  hence  aUo  every  diameter  of 
the  ellipae  md  hyperbola  hw  two  verticn ;  bul  of  the  Mp 
rabola,oalyaac}  anki*  woeomMfrlhaotlMr  w  at  m  Mi- 


lt. ThaCoBjnplBioMijrdiaMtar,  It  thvlhw  tem 
thi— tfi  the  CMrtre,  — j  fumUl  to  the  tam^af^fcacanre 
at  the  vertex  of  the  4hnieln'.  So  ra,pan1M  to  thetaa- 

gent  at  v,  is  the  conjugate  to  oe;  and  hi,  parallrl  to  the 
tangent  at  a,  is  ibr  conjugate  to  ab. — Hence  the  conju- 
giile  II  I,  of  the  iixis  AB,  is  perpendicular  to  the  same ;  but 
the  conjugHti-s  of  other  diameters  arc  oblunu-  to  them. 

13.  An  Ordinate  to  any  dlameUr,  is  a  line  |i,ir,iiii  I  10 
ilk  conjugate,  or  to  the  taiigetil  at  its  vertex,  «nd  ti  rim  ujii  d 
by  the  diann  i-t  ;ind  curve.  So  dk  utid  t:  l  iin  nnlinan  s 
to  the  axi*  .\n  ;  and  mk  and  ko  ordiitates  to  ihediuineier 
ca. — Henri'  the  ordinates  of  the  axis  are  also  perpendi- 
ctiiar  10  ii ;  but  of  other  diameters,  the  ordinate*  are  ob- 
ISque  to  them.  ' 

14b  An  Absciss  is  any  part  of  a  diameter,  comaiaed 
hKaHMI  iU  vertex  ami  an  ordinate  to  it;  as  ak  or  BlfaMl 
an  or  Wi^Hcace,  in  the  ellipae  and  hnwrbola,  every 
owllile  haatwo  ahaciiaen  hat  ia  the  pamiola,  only  one  j 
the o(h*r«crtes«fthe<tianelirhiNgMliiitaly  distant.  . 

lA.  The  Pkrameler  of  any  diaaaaier.  Is  a  third  propor- 
tional to  that  diameter  and  in  coiyagalc,  in  tbe  ellipse  and 
hyperbola,  or  to  any  absciss  and  its  ordinate  iu  the  para- 
bola. 

16.  The  Focus  is  the  puitit  in  the  axis  where  ihe  ordi- 
nate is  equal  to  half  the  pprnnu  tur  :  liv  h  nr.d  L,  wlirir  hk 

or  KL  it  equal  to  the  teiniparametcr.— Hcticc,  liiu  ellipse 

MdlgipcihiitelMWMMlttiMMi  tatthejenbotoeolj 


one^The  foci,  or  baming  poiati,  were  socalletl.  becAu«e 

atl  rays  un- united  or  rc  flecti'd  itilo  one  of  id -m,  m  |i  u  1.  p  ,. 
Ceed  I'ruru  (heutijerfucus,  und  are  reflected  tdiintli!  cuive. 


d 
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17t  If  DAjt.  rao,  be  twe  Opimile  hyperbolas,  having 
A  a  for  their  first  or  tFanavene  axis,  and  for  their  aafted 
or  conju^icaxis;  andif^Bt^yty  be  two  other  ^petite 
hyperboiat,  havtM  the  mmm  «itca»  biu  in  the  OMtf^  or< 
dtt,Th^aAtMrintMM,aBdASthetrMcetMl;  thaDthna 
two  latliir  euncB  datjiig,  are  called  the  Coi^iupite  Hy 
perbolas  to  the  tomm  two,  das.  rio;  4nd  each  pair  «i 
eppoiite  curves  mutually  conjugate  to  the  other. 

18.  And  if  tangents  be  drawn  to  the  four  vertices  of  the 
curves.  Or  citrenii:-.<'3  t-f  ilie  a\ls,  furmitif;  the  inscribed 
rectangle  jiikl;  the  diij^  uLaii  lu  k  and  ici,,  of  this  rect- 
angle, are  calh:<i  llie  A^vinptulc-i  ul'  (he  Curves, 

Scho!ni)ii.  'y\)c  r.Ttangle  itt!>cribed  between  llic 
four  Conjugal'  (i)  [>li  liulxs,  is  similar  toa  rectangle  circum- 
scribed aUout  an  ellipse,  by  drawing  latigcnts,  inlike  man- 
ner, to  the  four  extremities  of  the  two  axes;  also  ih« 
asymptotes  or  diaeonals  in  the  hyperbola,  are  analoflOIH 
to  those  III  tlie  elUpM-,  cutting  this  curve  in  similar  poHtlSi  * 
and  making  thf  pair  of  eoual  coi^jugAta  diaiacle|i«  lltNOr 
over,  the  wMe  tifft^t  loraied  ^  the  fau  hyperhda^  i». 
as  it  waw»  en  <lnpw  tiiineilnide  out,  cut  open  at  the 
oJitiitiRllita  »t  r»  of  the  mi  equal  conjugate  4iv 
motani  aM  theae  inir  points  drami  out  to  an  infinite  di- 
flMCCs  the  cttfiHtwe  being  turnad  the  COQtrary  way,  h|it 
the  a.\ct,  and  tlie  nctaagle  passing  thraoigh  Uiasr  «XtJ»> 
aities,  remaining  fixed,  or  unaltered. 

Furiher  if  iliric  placi'd  '  t  cimjoined  fuur  cOnes,  io 
SUcii  a  niii;iin  r,  ;i»  to  have  hII  their  verl.t-i-s  niec!  in  H  com- 
mon poiiil,  als.)  rill  their  axes  m  tr>.  smii-  [ilftiif,  imii  ilnif 
tides  touchini;  and  coinciding  lliruugii  their  Mboitkn^th, 
in  tuo  liiKb  cn^vviii^  iij  the  bald  common  verle.x  point;, 
then  if  ihise  four  cones  Ik-  nil  cut  tiy  uue  plane,  parallel 
to  the  common  plane  of  their  four  axes,  the  section  will 
exhibit  a  very  iMtiutiful  appearance  uf  four  hyperbolic 
sections,  of  which  e  ach  pair  of  opposite  ones  are  eqiiail»« 
and  each  pair  has  also  tbie  resemblance  of  what  are  usu- 
ally calkW  the  conjugates  to  the  other  ptlri  but  are  not 
teuly  ao^  except  only  wbsik  Hie  fcpr  com*  am  all  equli; 
invhkh  caie  the  CDarhypetMUiMliaBaareall  eoualalaeb 
Frt  m  the  IbiiyiwiAaaMeMWaeiaydtg^adtteMi; 
lowing  general <««ellitriei  la  the  aaatMNM^  ■  ■■■>'-7^^ 
fnipae.  Hyperbola. 
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20.  Curol.  1.  In  ihi-  tlli|Hir,  rlie  5«inicuiijiii;aU»  axis, 
I'D,  ur  cr.,  is  h  mctrn  pri  [■  rtloiial  Liitwci  n  Co  ami  t  p,  tlie 
paiU  ol  the  diami  ter  of  ui  a  i  ireular  st  riKni  of  the  tune, 
rfrawn  lliruygli  the  centre  c  of  die  <  lhp>e.  aii<t  parallel  I  j 
the  bs^^  tif  the  cone.  Fur  v  i.  \>  ii  tli>uble  orilinate  in  tlii» 
circle,  heiliy  pel  lielulituUir  tti  tip       Well  us  tUAB. 

■Jl.  In  like  m;iiincr,  in  the  hyperbola,  the  length  of  the 
v^micuiijugalc  axb,  CO  or  CE,  is  a  mean  pruportlonal  be- 
twviit  CO  xnd  CP,  drawn  purKtU-l  to  the  biuc,  and  nit  ecing 
ibeiidCAof  the  cune  in  0  and  p.  Or,  if  ao'  bv  drawn  pa- 
tAM  10  the  tide  vb,  anri  meet  rc  produci'd'ia  o',  making 
co's  CO;  mm!  on  tbi>  tliaini'tri  o'p  a  circle  ba  dnwh  p»- 
nllc)  to  tfae  ba«e:  then  the  fraiironjugate  CB  or  ck  will 
b«  w  mdinata  «( thw  circle,  being  pvrpcodicubr  to  o'r  m 

we'll  U  to  AM, 

Or,  in  both  fignrps,  the  whole  conjujiatc  axis  n  it  ■ 
mean  proportional  between  Q.t  and  bk,  parallel  lo  tbs 
b«s«  of  the  cone.    See  niy  Conic  Sections,  pa.  6. 

In  the  parubola,  both  the  tr.tnsver-e  and  ^onjugftlo  m 
iafinitp;  tor  ad  and  rr  nrc  both  intinitr. 

Corol.  C  111  all  the  H-ctions,  AO  will  be  Kjiial  Ir) 
the  paianietei'  (if  the  axis,  iC  QC  lie  drawn  making  flu-  atiLih' 
A<i(.  i<)u;il  t  1  the  angh'  u.\K.  In  like  iniinner  B|»  will  Ue 
equal  ti>  the  same  parameter,  if  Kg  be  drawn  to  make  the 
an^le  n«g  =  the  angle  a  bq. 

33*  Corot.^S.  Hence  the  upper  hyperbolic  Mcticm,  or 
Me&w  of  the  awMHlte  conr,  i»  eqoal  and  sioillsr  to  tlw 
lower  one.    For  toe  two  MCtions  have  tfafe  mm*  tcuwvcne 

'  or  lint  a.\if  a  b,  and  the  aatne  coajugato  or  ■ceond  axb 
DB,  wbidt  iatho  mean  proportional  between  AO  and  BK| 

.  wd  Iter  hate  niio  equal  patauelen  ao,  Bf  .  8o  that  tbe 
two  oppoiile  lectiom  mtlw,  m  h  were,  but  tha  t«oa|ipa- 
■tlecBibaroBB«Mhf»ieeti<Miirbyp<>rb«la,  tha tw»  being 
cvBty  where  tButully  equal  and  iimilar.  lite  die  two 
b|lm  of  aa  el]ip«e,  with  their  ends  tamed  the  contrary 
way. 

2*.  Cont,  4.  And  hence,  tb(iui>h  boih  llie  traii^verse 
and  conjugate  axi?  in  the  parabola  be  infinid  ,  m  ;  (he  for- 
mer i^  inliiiitelv  rreiiter  than  the  lutler,  or  hn^  rm  iiitiiiitc 
ratio  Hi  it.  J  'l.r  llie  ,iii--\ers.'  Iins  the  -.iiiu'  ratio  to  the 
conjugate,  ai  ttie  conjugate  has  to  the  parameter,  that  i», 
M  an  infinite  to  a  finite  quantity,  which  i%  an  infinite  ratio. 

The  peculiar  propertien  of  each  particular  curve,  will 
•be  be*t  referred  to  ibe  particular  words  Ellipse,  Hypeii- 
BOLA,  Para  BO  I.  A ;  and  iberefbre  it  will  only  Jle  profier 
here  to  notice  a  few  ttf  the  properliat  that  ai«  dommoB  to 
all  the  conic  sections. 

Some  other  Gateral  PnperiUi. 
From  the  for«!gpii9  d^nitiaBi,&c,it  appcan,  ttat 

cvrm,  nttnially  allied  to  adeh  otberTanTthat'one  it 

changiMl  into  another  perpetually,  when  it  i<  cither  In- 
creased, or  diminished,  in  infinitum.  Thus,  the  curvniure 
of  a  circle  beinft  ever  so  little  incrensed  or  dimini-hi  d, 
.  passes  into  on  ellipse  ;  and  ic.'iun,  the  centre  of  the  ellipse 
ftoini;  r.f  iniiiiilrl  V,  .i:.''.  the  c.i:v;iteri'  bei:ij;  ihciehy  dimi- 
nUheil,  ii  thanked  nun  a  pur.dj  ilji  ;  and  Iiutly,  the  curva- 
tun'ofa  parabola  beingewTsii  little  changed,  there  ariseth 
the  fu'-!  (if  the  hyperbolas;  the  Innumerable  species  of 
wh;ch  will  all  of  them  arise  orderly  by  a  gradual  diminu- 
tinii  oi  the  curvature;  till  this  quite  vanishing,  the  last 
hyperbola  ends  in  a  right  line.  Hence  it  is  maidiiEiti  Uiat 
every  rrgular  curvature,  like  tiiat  of  a  ciid«,  from  tlw 
.  chtieiticlftoariglitliiN^  bacMicd  cvrvMiHi,  «ad  b 


distinguished  with  its  pecuHariuffle,  according  to  the  divers 
iie<;rce>  of  thai  Curvature. 

'Jo.  Tliut  iiM  diitineterB  in  a  circle  and  ellipse  interMTt 
one  iiinith>  I  in  ;h  renlre  of  ihi  fiLiure  wilhin  tiie  MTtinn; 
[h.it  111  the  p;.i<iLi>jia  they  ;iie  all  par.ilU  1  ainung  ihera- 
^elu  V,  un.l  (i>  the  but  in  the  hy]H'rb<jln,  they  iiitip- 

w-cl  a:ii.;het,  without  the  fissure, in  the  common  centre 
of  the  op(K>>,jn  and  conjugate  sections. 

27.  In  llie  ciiiie,  the  latus  rertuin,  or  parameter,  is 
double  the  di«tance  from  the  vertex  In  the  focus,  which  is 
also  the  centre.  Uut  in  ellipses,  the  p4irBmeters  are  in  alt 
proportions  lotliat  distance,  between  the  double  and  i|ua- 
druple,  according  to  their  difiiireni  species.  While,  in  the 
parabola,  the  paramrtrr  it  just  <|Uadru(^  that  dbtanttti 
Aad« lastly,  in  byperb  >bs  the  patainciers  are  in  all  pn>« 

Gniont  beyond  the  (|u:ti!niple,  according  to  their  luious 
ids. 

S8.  The  first  gPnml  property  of  the  conic  scctiontf 
with  regard  to  the  aCsri^ses and  ordinates  of  any  diameter, 
is,  that  the  rix-Inn^les  of  the  ;il)acisses  art'  to  each  cither, 

as  the  squure>  ofl  eii  eoii' -luliii'^  onJiiiati  s.  Oi,«liieli 
is  the  same  lliiuj.  that  the  square  ol  miy  liianu  ter  i-.  to  the 
M]U,'re  uf  (Is  (-1  Mij iiiiale,  as  the  recl.in:ile  of  iwv  absci>se» 
III  (hat  diameler.tn  (he  square  i>f  the  ordinate  u  hich  dividi^ 
llieii),  ■]  hat  1%,  in  all  the  figures, 
thereat.  Ac.cB:iect.  al  .  eb  :  :  cu':  er' : 


But  as  in  the  parabola  the  inhnites  cb  and  f.d  are  in  a 
ratio  of  equality,  for  this  curvethe  same  pri-periy  becomes 
AC :  AE  :  :  ci>"  :  kp*,  that  is,  in  the  parabola,  the  abscisses 
are  as  the  squares  of  their  ordinates. 

Or,  when  one  of  the  ordinales  is  the  seosiconjug^e  om, 
dividii^  the  diameter  aqually  ia  the  ccatrc,  the  i 
kal  property  beco|niei« 


,  GB  or  AB* 


:  AC .  CB  : :  oit* .  etf. 


ae. 

or    ab' :  iii*::ac.cb  :  cd*. 

Hence  is  derived  the  equation  <)f  tha  cunwaaf  the 

tiiiK  V  clions;  thus,  putting  the  diameter  AB  Itecon* 

lugitte  111  =  c,  absciss  Acr^i,  and  its  ordinate  CB«jr; 

thi  II  is  the  other  abscisb  tB  =  </  —  x  in  the  clli[>se,  orrf  ■+■  x 

in  the  liyptrbola,  >>r    in  the  parabola;  and  hence  the  lust 

analogy-  above,  becnnies  i."  :  c'  :  ;        T  -r)  <"■       ^  '  ■  V  , 

or  d'^  —  e'\di  ^  r  )  i>  the  general  equation  for  all  tic 

Conic  sections ;  ami,  :ri  |.;.:  lituhir  itii 

d^'  =  t*(dx  —  J-)  in  the  t  Uipse, 

rfy  =  c'(<ix  -i-x')  in  the  hyjwibula,  and 

(<y  s=  c^dx,  or      ac*x  in  tbe  parabola:  Or  the  tlirvo 

equations  may  b«  olherwiae  expreiaed  that : 

/  =  jX<''  —  s*)  in  <lia  alUpie. 
j,<  =  ^(dc  4-     in  the  hypcrliioila»  and 
=  ^jr  ar  ^f*  ia  tha  panhola>  when  the  puaaicter 

third  proporiionat  to  tha  diameter  aad  its 

Gon|unte»  by  the  definition  of  it. 
AnifiBm^  ona  gawnl  impOMlMW  alone,  which  ia 


p  =  J  the 


i^y  i  ..u^  L,v  Google 
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pa&ily  derived  fnm  the  section  in  iho  »olid  cone  itself,  to- 
gftber  with  thr  delinitiuns  only,  n$  laid  iju^n  atxivc,  all 
Che  nther  pru|>ertiM  of  all  the  M-ctiaiis  muy  easily  be  de- 
rived, without  any  t'unhcr  relifrence  to  the  cone,  and  with- 
out mechanical  descriptions  uf  the  curves  in  plnno ;  hs  is 
June  in  iny  Treatise  on  Conic  Seetiuns,  for  the  use  of  the 
Royal  Mil.  Aoid.;  in  which  nl>o  all  the  siinilnr  proposi- 
tions in  the  ellipse  and  hyperb<j|:i  are  curried  on  word  for 
word  in  them  both. 

'I  he  more  uncient  inathrraaticianv,  before  the  time  of 
Apolloiiius  I'tTgasu!!,  admitted  only  the  rii>ht  cone  into 
their  ucumetry,  and  they  supposed  the  section  of  it  to  be 
made  by  a  plane  perpendicular  to  one  of  its  sides  ;  and  as 
the  vertical  ani',l«  of  a  right  cone  may  be  either  right, 
acute,  or  obtuse,  the  same  method  of  cutting  these  several 
cone^t,  vix,  by  u  plane  perpendicular  to  one  side,  produceil 
all  the  thni-  conic  sections.  The  parabola  was  called  the 
s»'Ction  of  a  ri;;ht-an;;led  cone;  the  ellipse,  the  sectinn  of 
the  acute-an^ili'd  cone;  and  the  hyperbola,  the  section  of 
the  ubtuse-ant:led  cone.  Hut  Apollonius,  who,  on  ac- 
count of  his  writinjis  on  thissubj«-ct.  obtained  the  appella- 
tion of  jVrtjjnm  Geometra,  the  Great  Geometrician,  ob- 
sei^ed,  thai  these  thi)-e  sections  might  be  obtained  in  every 
Cone,  both  obli<|ue  itinl  right,  and  that  they  depended  on 
the  differeiil  ini  linations  of  the  plane  of  the  section  to  the 
cone  itielf     Apullun.  Con.  Halley's  edit.  lib.  I,  p.  9. 

Instead  of  consideiinj;  these  curves  at  «ertiuns  cut  from 
the  solid  cone,  which  is  the  true  ((enuine  way  of  all  the 
ancients,  and  of  tlie  most  elegant  writers  amon:;  the  mo- 
derns, Descartes  and  some  others  of  the  moderns  have 
given  arbitrary  constructions  of  curves  on  a  plane,  from 
which  constructions  they  have  demonstrated  the  properties 
f>f  these,  and  have  afterwards  proved  that  some  principal 
property  of  them  belonos  to  such  curves  or  sections  as  are 
cut  from  tt  Cone;  and  hence  it  is  inferred  by  them  that 
those  curves,  so  described  on  a  plane,  are  the  same  with 
the  conic  sections. 

The  doctrine  of  the  conic  seclion<i  is  of  great  use  in 
physical  and  geometrical  astronomy,  as  well  as  in  the 
physico-malhemalical  sciences.  It  has  been  much  culti- 
vated by  both  ancient  and  modem  Geometricians,  who 
have  left  many  good  treatises  on  the  subject.  The  moat 
ancient  of  these  is  that  of  Apollonius  I'ergaius  himself, 
containing  8  books,  the  first  4  of  which  have  often  been 
)tublisbrd  ;  but  Dr.  Ilalley's  edition  his  all  the  eight. 
Pappus,  in  his  Collect.  Mathem.  lib.  7,  informs  us,  that 
the  f\Tst  four  of  the!ie  were  written  by  Euclid,  though 
perfected  by  .Apollonius,  who  mlded  the  other  4  to  them. 
Among  the  modems,  the  chief  writers  are  Mydorgiiis  de 
Sectionibus  Conicis ;  Gregory  St.  Vincent's  Quadratura 
Circuli  et  Sectionuni  Coni  ;  Luhire  de  Sectionibus  Co- 
nicis; Trevigar  Elem.  Section.  Con.;  De  Witt's  Elementa 
Curvarum;  Dr.  Wollis's  Conic  Sections;  De  I'llospi- 
tal's  Anal.  Treat,  of  Conic  Sections  ;  Dr.  Simson's  Sec- 
tion.Con. ;  Milne's  Elementa  Section.  Conicarum;  Bos- 
covich's  excellent  treatise;  Muller's  Conic  Sections; 
Steel's  Conic  Sections;  Emerson's  Conic  Sections;  Dr. 
Hamilton's  elegant  treatise;  my  own  treatise,  above  cited  ; 
and  ray  friend  Dr.  Abnun  Robertson  of  Oxford  has  also 
published  a  curious  work  on  this  subject,  containing  not 
only  a  treatise  on  the  science,  but  a  history  of  the  writings 
relating  to  it. 

CON  ICS,  that  part  of  the  higher  geometry,  or  geometry 
of  curvt-s,  which  considers  the  coiie,  lud  tbc  several  curve 
lines  uriiiug  from  the  scctioiu  of  it 
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CONJUGA'rEilru,  or  Diawe/er,  in  the  Conic  Section*, 
is  the  axis,  or  a  diameter  parallel  to  a  tangent  to  th« 
curve  at  the  vertex  of  another  axis,  or  diameter,  to  which 
that  is  a  conjugate.  Indeed  the  two  are  raututUy  conju- 
gates to  each  other,  and  each  is  parallel  to  the  tangent  at 
the  vertex  of  the  other. 

CoNjuo.s  rB  H  vrcaaoLAS,  also  c»\M  Adjacent  Hypev' 
boltu,  are  such  as  have  the  same  axes,  but  in  the  contrary 
order;  the  tirst  or  principal  axis  of  the  one  being  the 
axis  of  the  other,  and  the  Jd  axis  of  the  f>riner,  the  Ut 
axis  of  the  latter.    .Sec  art.  17  of  Conic  Skctiok*. 

CONJUNCTION,  in  Astronomy,  is  the  meeting  of  the 
stars  and  planets  in  the  some  point  or  place  in  the  heavens; 
and  is  either  true  or  apparent. 

True  Conjunction  is  when  the  line  drawn  through  the 
centre*  of  the  two  slurs  posses  also  through  the  centre  of 
the  earth-  And  Appareni  Conjunctioij  is  when  that 
line  does  not  pats  through  the  earth's  centre,  but  having 
only  the  tame  apparent  longitude. 

CONOID,  is  a  tigure  n'seinbling  a  cone,  except  that 
the  slant  aides  fnim  the  base  to  the  vertex  are  nut  straight 
lines  as  in  the  cone,  but  curved.  It  is  genemted  by  tl»e 
revolution  of  a  conic  section  about  its  axis ;  and  it  i« 
therefore  threefold,  answering  to  the  thn-e  sections  of  the 
cone,  viz,  the  Elli/niciil  Conoid,  or  spheroid,  the  HgperMK 
Conoid,  and  the  I 'arnbolic  Conoid.  \ 

If  a  conoid  U-  cut  by  a  plane  in  any  position,  the  sec- 
tion will  be  of  the  figure  of  some  one  of  the  conic  srctions; 
and  all  parallel  sections,  of^he  same  conoid,  are  like  and 
similar  tigures.  When  the  section  of  the  solid  returns 
into  itself,  it  is  an  ellipse;  which  is  always  the  case  in  the 
sections  of  ihr  spheroid,  except  when  it  is  perpendicular 
to  the  axis  ;  which  position  is  also  to  be  excepted  in  the 
other  solids,  the  section  being  always  a  circle  in  that  po- 
sition. In  the  parabolic  conoid,  the  section  is  always  an 
ellipse,  except  whi  n  it  is  parnUel  to  iho  axis,  when  it  it 
a  parabola.  And  in  the  hyperbolic  conoid,  the  section  is  an 
ellipse,  when  its  axis  makes  with  the  axis  of  the  solid,  an 
angle  greater  than  that  made  by  the  said  axe  of  tbeiolid 
and  the  asymptote  of  the  generating  hypi'rbida;  theMCtion 
being  an  hyp<'rbola  in  all  other  cases,  but  when  those 
angles  are  equal,  in  which  case  it  is  a  parabola. 

But  when  tbc  section  is  parallel  to  the  fixed  axis,  it  it 
of  the  saine  kind  with,  and  similar  to  tbc  generating  plane 
itself;  ll^  is.  the  section  parallel  to  the  axis,  in  the  sphe- 
roid, it  an  ellipse  similar  to  the  gcm  rating  ellipse  ;  in  the 
parabolic  conoid  it  is  a  parabola,  similar  to  the  generating 
one;  and  in  the  hyperbolic  conoid,  it  is  an  hyperbola 
similar  to  the  generatii>g  one. 

Ttie  section  through  the  axis,  which  is  the  generating 
plane,  is,  in  the  spheroid  the  greatest  of  the  parallel  sec- 
tions, but  in  the  hyperboloid  it  is  the  least,  and  in  the  pa- 
raboloid those  parallel  sections  are  all  equal. 

The  analogy  of  the  sections  of  the  hyperboloid  to  those  . 
of  the  cone,  are  very  remarkable,  all  the  three  conic  sec- 
tions being  formed  by«utting  an  hyperboloid  in  the  same 
positions  as  the  cone  is  cut.  Thus,  let  an  hyperbola  and 
its  asymptote  revolve  together  about  the  transvrrse  axi.s 
the  former  describing  an  hyperboloid,  and  itt«  latter  « 
cone  circumtcribing  it :  then  let  it  b*'  supposed  that  thr-y 
ari^  both  cut  by  one  plane  in  any  position;  so  shall  the 
two  sections  be  like,  similar,  and  concentric  figure* ;  tha't 
is,  if  the  plane  cut  both  the  sides  of  each,  the  sections  will, 
be  conceixtric  and  similar  ellipses ;  but  if  the  cutting  plane- 
be  parallel  to  the  a»ympiut< ,  or  to  the  tide  of  the  cone,  the 
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the  mme  whHe  the  Hlicck«««  and  ordinatM,  or  tke  ■.me*, 
laugiMili,  \t,  HU'  varmi/lo.  The*c  are  Mimi  iiivii-s  Ciillvd 
>(ivpn,  or  iiimiiiilile,  or  permum-nt  t)UttJitilu'i.  ;  au^  in  al- 
gebra it  is  nrnv  ii  uaI  lu  ri'|ircMMit  ttiriu  by  the  h-adinf( 
letters  ol  llie  Blpimbf!,  ii,  b,  r,  \c;  while  variable 
ones  are  lifimtiil  by  the  lu^t  Itiu  i^,     y,  x,  &c. 

CONSTKLI.A1  IONS,  ceriiun  iiiia^ittar)*  fiKorcs  o} 
birds,  beasts,  fishes,  and  other  aniinala  ia  the  beavcMi 
within  which  are  arranged  certain  stars.  These  assemblages 
are  also  sometimes  called  asterLtiiis. 
The  anckoU  poctioacd  out  the  firnwmeat  into  anwa) 
pfoUein,wilich  Ardiiawdci  icreifod  with  aMMatetiMi,  poru^oroooiMUlloui  redaciagaerrlaiairanbcrof  ilin 
obwrving  they  oo^t  to  ta  pabfiilMl  wbila  Cobdb  wm  under  the  nepmantatioB  of  corlaiit  iw<yi/lo  miM  the 
liviiig,  for  becoaipvelienda  tb«  nidtonak  uri  cio  imaginatioaiM  awoiy,  to  concdy  pr  fctein  tkttr  nun* 
proper  deraonstration  of  them.  her,  oidoi^  tuti  dfapwition,  m  Mcs  to  «Uida|uiiii  dm  vir- 

At  anither  time  he  laraents  the  km  of  Comb,  thw  ad-  toes  they  attribnted  to  them, 
miritii;  liii^  ^rni  j^ :  "  Hiiw  many  tht-orema  in  georaetry,"       The  division  of  the  heavens  into  constellations  is  wry 
ta.s'i  lif,  ""hich  at  (ir>t  seemed  imptjwible,  would  in  timo    ancient;  being  known  to  the  most  eaily  aui]ior<,  whether 


4ecti(m«i  will  U  parabola* ;  ami  in  all  other  positions,  the 
sections        bi-  •iiniiUr  «nd  ronrtntnc  ti)  |n  rb.iU<i. 

Atid  till*  aiisli'uy  I"'  tl'c  ^-ctions  wdl  n.ii  appear  slrangc, 
when  It  i>  I'liiviiKTcil  tli:ii  :i  ii  sj>ecies  ol  tin:  hy- 

perlHiloid  ;  or  a  triannlc  a  <.prtirs  of  the  byptTboia,  tiic 
axe*  bein«  intinitrly '^nmll.  See  iny  Mi  M&uraliuii,  prop.  1, 
part  3,  sect     p».  .'01  ;  or  my  Tract),  vol.  'J,  pa,  137. 

CONON  (o/  Samou),  a  respectable  mnthematiciau 
iMd  pbiloaopber,  wlm  t)nuri«hed  aboot  the  130th  ulynplad, 
I  •weoMeniporary  and  friend  of  Archimedes,  to  whom 
connanicaivd  hU  wriingi,  aod  scut  hia  < 


havi'  been  l;:r<m;:li*.  lo  pfi Irrtiiin  !  Alas!  Conon,  though 
he  invciiifJ  m:iny,  <Mth  w/iic  h  he  punched  geometry,  had 
not  time  (i>  porfi'tl  ihtni.  but  Irtr  riiar.y  u"i  tho  ilsirk,  being 
prevented  by  death."  He  had  an  luici.mmoa  &lcill  in  nia- 
thnnaticj,  joined  to  an  exlrRordinury  puiiciicc  and  appli- 
cation. This  is  farther  confirmed  by  a  letter  aent  to  Ar- 
chimedes by  a  friend  of  CoiKjn's.  "  H««in||  haftrd  of  Co- 
Hon's  death,  with  who&e  friendship  I  was  bonourcd,  aikd 
with  whom  you  i^ept  an  intimate  correspondence ;  as  he 
was  thoroughly  wmd  in  Monwtiyi  I laoicBt  tho 
km  of  a  linom  fiAtwIf  mm  pvm  of  Mrpridng  kiwi** 
tedft  to  natbiMlia.  1  dim  delenHiMd  to  send  to  yoa» 
M  f  had  befbi*  doM  to  him,  a  (bwreoi  in  geoii»etry,  hi* ' 
therto  observed  by  no  one." 

Conon  had  some  disputes  with  Nicotcles,  who  wraM 
a^in^t  him,  and  ireatrd  him  with  too  much  contempt. 
Apolloniui  confesses  it ;  though  he  acknotkledges  that 
Conon  wrtf>  not  fortumili-  m  lob  deiu'initrationj. 

Our  tiutlior  inventrd  a  kind  ol  xiiule,  or  spiral,  dif- 
ferent Ifim  timt  iif  DinostratusL  bur  Ik  r.'tiiM  Archimedrt 
explained  the  prupertii's  of  it  more  clearly,  the  naroc  of 
the  inventor  was  forgotten,  ua4  h  WW  MM  odM  Ar* 
chimedes's  volute  or  ipirak 

CONSECFARr,  or  CbnUtoy.  a  «aiMl|MMO  Mocad 
ftom  some  fori'doing  priaciblea. 

CONKQUKNT,  is  tl*  Mier  of  the  two  terms  of  a 
ratio ;  or  that  to  whidr  jbvantecedent  is  rcfenoAand  coai* 

ruod.  tlMkito  Aantioar^orotoi,  ihelattvlam 
MwMriN^iiBd  a  ia  tha  aalceedenu 
~  ^OtlKin&CtaUliiik  a  lann  naeh  ated  hy  Mr. 
Boyle,  JbrtuehaaaraiimallycalM  flni,oriMd  Mdicas 
in  oppoiiilaa  to  fluid  onet. 

CONSOLF,,  in  Architecture,  is  an  ornament  cut  upon 
the  key  of  an  arch,  having  a  prc>|ectu>e  or  jetting,  and  oc- 
casionally acnrinf  to  rapport  hmH  oomicai,  buil^  aad 

CONsnXANCK,  in  Music,  is  commonly  used  in  tho 
lamt  sense  with  concord,  vii,  tor  t4ie  union  or  agreement 
of  two  Miunds  produced  at  tti>'  Mmv  time,  the  one  ri«*e, 
the  other  acute,  which  is  compounded  together  by  such  a 
proportion  of  each,  as  proves  agreeable  to  thf  ear. 

An  unison  i>  the  first  conaonaDce,  an  eighth  i»  the  td, 
afifth  isthe3d;  and  then  iii>Uowtlialblildl,«{tlldbathM 
and  lixlhs,  major  and  minor. 

CONSTANT  Sumtitiei  are  such  as  remain  invariably 
dw  Maes  whila  otban  iacicaae  or  decicaaa.   Thui,  die 
■offtciidaiiaoMaati|«antityt  foitnauto 


sarrc-d  ur  profane.  In  •.'•.<'  lie-  k  Job  ibr  n.inH  ,  of  some 
ot  them  are  mentioned  ,  \»i1]r-s  that  iubliuieo.xpoiiulation, 
"  Canst  thou  restrair.  th<^  vuei  t  iiiHueiice  of  the  Pleiades, 
or  loosen  the  beuuts  of  Oriuu  {"  And  ibe  same  may  be  ob- 
r^  ed  of  thaaUtrt  aaMQg  tto  iMalh^  «fil«%  Hedod  and 
Homer. 

llie  ancients  in  their  diTiiion  took  in  oalv  the  viiibla 
firmaineAt.  or  so  much  oa  came  aitder  their  notice,  aa 
viaiMe  to  the  naked  eye.  The  fitat  or  earliest  of  these,  is 
COtitaed  in  the  catalogue  of  Ptoleaiy,  fitrca  in  tha  7di 
baakof  hit  Alraageai,  prepared,  aa  he  airaitt «,  fnm  kit 
awB  ohaBnadoMW  oomparcd  with  thoae  of  Hipparchus, 
aad  Aa  atfaar  andaat  astraaoinen.  In  thia  catalogua 
PlaiWMy  hm  fiMaad  48  conslellatioos.  Of  ibeMT,  1«  ate 
abont  tho  ^iptie, commonly  called  the  12 signs;  21  to 
the  nonh  of  it;  and  15  to  tho  south.  The  northern  con- 
stellations are,  the  Little  Bear,  the  Great  Bear,  the  Dra- 
gon, Cepheus,  Uoi.ii-s,  the  Northern  Crown,  Hercules, 
the  Harp,  the  .Sw.iij,  ( '.isiiopria,  l'<  rscus,  Auriga,  Opbiu- 
cus  or  S<Tp<'ntary,  trie  Seriien:,  ihc  .\rruw,  ihc  Eagle, 
the  Dolphin,  the  Uonx-,  l'i-ga»u»,  Andromeda,  and  the 
Triangle. 

The  constellations  about  the  ecliptic  are  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  Viigo,  Libra,  Scnrpio,  Sagiltariui, 
Capricorn,  Aquarius,  and  risros:  or  according  to  tha 
En^iih  naroea,  the  Ram,  the  Uull,  the  Twin*,  tbe  Crah^ 
the  Lion,  theVirjpn,  thcBahkncc,  thcScorpioa,  the  Archer, 
the  Goat,  the  Water-bearer,  aad  tha  Fiihn. 

The  Southcn  conMallativiw  aic^  lbs  Whdt^  Oftoa,  the 
Scidanw,  die  Haic,  tha  Gnat  Ooy,  the  Littk  Ik|^  iba 
Ship^  tha  Hvdia,  tlia  Cup.  the  Raven,  the  Centaur*  iho 
Wolf,  the  Aftar,  dia  Soutbcm  Crown,  and  tha  Sottlbera 
Fisb. 

The  other  stars  not  cnmprebendcd  under  these  con- 
stellations yet  visible  to  the  naked  eye,  the  aiiriems  railed 
Informes,  oi  .S'porade»,  some  of  which  the  modetii  nilro- 
noraers  have  siiico  lediic*'*!  into  neiv  rii;uros,  or  corutella- 
tions.  But  on  the  modi-rn  ^■elt■^^l»t  globes,  the  constella- 
tif;n»  are  niadi  to  irtluiL'  »li  ilie  utilormed  stars.  I'to- 
Icroy  has  set  dou  ii  the  loiuituiie  and  latitude  of  all  tlicae 
stars  to  about  tho  year  of  Chiiat  147«  aaaaatiag  to  ^ 
nomber  of  1022,  via, 

in  the  oortbrrn  constellations  •  360 

in  the  sodiacal  oomtcllatioDt  •  H6 
todnnaaenetHMttlladow  Sl6 
in  all  of  Ptolemy's- catalogue  -  lOCJ 

Among  the  modem  astronomers,  Tycbu  Drahe  is  ibt 
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£a|  who  (ietermtmH),  with  c\ac(nPH,  anJ  in  coBsequ«acc 
o)  nib  own  ob*<Tv«tio:;',  ihi  long.  »nJ  lut-  of  the  fixed 
•l«r«,  out  of  which  he  fornxed  43  cotntFllatiom ;  of  tb«a«, 
4S  wcrr  of  ibe  old  one*  dr»rribt^  by  Ptoicmj,  to  which 
Tjrcho  MiJded  the  Coma  OcrenicM,  and  Antinout ;  but  he 
vaili  5  of  the  old  goutbcrn  Oimtt-llalions,  vii,  the  Ccn- 
teur,  the  Wolf,  the  Altar,  tlicSMitheniCrawn,udSoMh- 
crnFith;  which  he  could  natT 
norilimi  latitade  Uranihoiin 

After  TWdw,  Bayar  |pm  tbel^^nw  oMD  I 
wy  cRutly  Hf|iHniiiwi»  and  wiib  tab 
wld«4  to  the  4S  «ld  onu  of  Piakny  th«- following  It 
about  the  aouth  pole;  vn,  tht  Pmcock,  the  Toiic«a,  th« 
Cram-,  »b<>  Phtrnix,  the  Dorado,  the  Flying  Fwh,  the  Hy 
ilr.i,  llu-  riianirli-1,1;,  tb.  ]!n  .  the  Bird  of  Paradise,  the 
Ti i.iiiL^Lc,  iiiirl  the  liidiuii.  hcsulcs  accurately  di»tinp(M»h- 
ing  iii<  i<  iutlve  »iic  and  aitualton  of  i*vi-r<.  >t,u,  Bhnct 
ini«rk«  th>'  ktars  in  each  conitellation  with  the  l<>ttrrs  of 
the  Greek  and  Roman  alphabets  totting  the  first  letter  a 
■  to  tlic  first  or  principal  »tar  rneuch  cotiMt-lUiion.  &  to  the 
3d  in  order,  y  to  the  3d,  and  so  on  ;  n  vrry  Uiilul  inrlhod 
•f  noting  and  dcscribuii:  thv  slNr>,  which  ha&  Uvn  UM>d  by 
all  Mtronomers  since,  an<l  who  have  farther  enlarged  this 
nctliodt  by  wUing  thie  ordinal  numbrri  l>  S,  3,  &c,  to  the 
odtor  ttan  duamfti  HRCe  bis  titne,  when  any  constclla* 
twit  c— iann  ■on  ihHi  ma  hm  anrked  by  tlMtwoal|A»- 
tata.  Tbt  mniber  ani  vadnr  «f  tb# 
ty  BigKr.  aw, 
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vern,  reduced  into  ♦  tables,  witti  u  catalogue  ol  the  fixed 
•tarv  f'lr  (he  yvar  1700.  'I  n  \\ie  stnn.  msfked  by  Beyer, 
be  adds  a  number  of  stars  nut  before  seen,  with  ntJten  ta- 
ken from  the  table*  of  Riccioli,  and  tKit  meatiotted  by 
Bayer:  he  also  formed,  out  of  the  unformed  star*,  eleven 
other  cointeiiations ;  five  of  which  are  to  the  north,  and 
ancallcd  the  Ginflc,  the  River  Jordan,  the  River  T%ria, 
AaScaiMc^aililllie  Flower-de-luce;  with  6  on  the  tooth  ' 


jmt,  WMch  «n  IIm  Dove,  thn  Unkora*  tha  Croa,  tlw 
CnatOoad.  iteUttkCkMd,  aod  tba  ~' 


ilwaeoftlw 
iiland  of  Bt>  lliilana> 


To 


•ihH  work  Bamr  ha*  Joined  llw  <  . 
atan  obaenwd  fay  Or.fiallcyat  tba  i 

Heveliua  hu  also  iiaprovvd  on  the  labonn  of  tbeae«h« 
went  before  him,  and  collected  together  several  ilm  of 
the  before  unfonned  claw  into  some  itrvt  constellations. 
Tlii-M'  are,  the  Unicorn,  the  CHinelopiirdBlis,  di-scribed  by 
Ilartscliim,  tin-  Sextant  of  Uniiiia,  the  I)<ig*>,  the  Little' 
Lion,  the  Lv"-^'  'hi'  Fox  mid  t.JooM",  tht-  Sfibte^ki's  Crown, 
the  Lisard,  Iho  Li[t!i-  'l  i  mn^'ji',  «ci<i  lln'  d  rb.  ru- ;  «  hit  (i 
<»rej!ory  h;i>  acidcil  thv  King  and  the  .•\rniilla.  .Stimt  .1,1 
tb«-»«-  new  constt'llations  h<i«rvi  r  answer  to  th'Mi:  of  U<j><  r, 
a«  the  Camelopardal  to  the  Giraffe,  the  Dof  s  to  the  Ri«er 
Jordan,  attd  the  fox  to  the  River  Tigris.  The  latilndei 
aad  longiiades  an-  addad  for  the  year  I7'00. 

iaalqri  Flam»teed  bai  H^tMa  a  oata!a>gue  ^  the  fixed 
I,  not  only  mocb  owre  correct,  but  much  iupr  than 
any  of  those  that  had  apycarrd  beiifoeB  hb  tnaa.  He  bai 
aatd««ratbeliio^tnd«kMkadrttlghtaeecnMo«t,  and  polar 
dirtanoa  ef  t9i%  mam,  m  tiMy  ««•  at  the  beginning  of 
a^iJOk  aU  dtienniavd  ft«M  Mi-awa  ataanaiioB*.  Hedla- 
tiagaiihaaaM  the«ianmloMVBncliiae*,orordanof  ma^ 
nitude,  diitiiiguishin>  those  of  Bayer  by  hit  Ictten,  luid 
marking  their  variation  m  right  aaccnaion,  for*ahowtng 
their  situation  la  tha  WMeeeding  yeaw.  flaelkalaiBCA- 

T«  I.OfU'E. 

Tills  rat.ilo:;iir  w  af-  followed  by aa  Atlai  C<Blcsli»,  puf;- 
Inlii-d  at  l../r,i1iin  111  thi-  year  1729'  describing,  in  si  \i  rnl 
fcrhenifs,  tlif  lii;iiri->  d  tlie  cori'itoihuiurjs  svi  n  in  nur  hcmi- 
splH-re,  with  the  exact  poiiti n  d  tht-  iixrd  stars,  with  re- 
•pect  to  the  circles  of  tlio  spii<  r.  ,  .i>.  lesuiting  tVom  the  last 
catalogue  corrected  by  Flamsteed.    And  still  later  obwr- 

   vatioM,  made  with  farther  improved  teleicopct,  bave 

h  the  w  iofor  ftkcMi  iHiUiabed  hit  Aitranoiinr  B»>  enlarged  the  number  and  accnnc;r  of  the  alan ; 

rtaed,  tMlaiirfng  a  eantegaa  of  the  atan  in  St  coMld-   Ml  *e  nomber  of  the  conildlMkiaa  ranaiM  (he  lame  aa 
~    '  -         ...  -      -  above  dewnbedf  axeept  that  an  aiMapt  «ai  afterwaidi 

laada  by  Dr.  Hill  m  add  to  tba  Ikt  14  acw  ohm,  fennad 
om  «f  Hwre  of  the  cliMitfi  «f  iMlbnMd  aiani. 

BcAb  tha  literal  laavht  af  the  ttara  intmdwad  by 
Bayer,  it  ia  usual  alio  to  dMoguish  them  by  that  part  or 
the  conttelfation  in  which  they  are  placed;  and  many  of 
them  liavi'  their  ptculiar  nanus;  as  Arcturus,  bi»- 

twfi  n  ihi  knees  of  l?<jote»;  Cu  mina,  iir  l.ucida,  in  the  Co- 
rona Sepli-i'riiii;il>.  Ill  Northern  Crown  ;  Pnliiiiium,  or 
Aldebaraii.  111  tin  Hull's  i^ve,  Pleiades  in  his  nrck,  and 
HViUJ'.-s  m  Ills  Ion  hi  ail  ;  (';istOTand  PoIIun  in  IimhIs  m| 
Gettiini;  Capi'H»s  w'lli  the  Hoidi  in  the  shnuhler  oi  Au- 


ofdialati 
«f  Ibe  fd  magnittida 
of  die  Sd  nagnitude 

of  the  4th  magnitude 
of  the  5th  magnitude 

of  till  fith  mti^nitiido 
of  Uic  unformed  start 


in  all 


ir 

191; 

415 

348 

3n 

1706" 


After  Bayer,  a  catalogue,  with  new  constellations,  vru 
publithed  by  Schiller,  in  l637,  in  a  work  entitled  Caelum 
Stellatum  ChristianuB,  the  Christian  Stairy  Heaven,  in 
which  he  subttitutet,  veiy  improperly,  other  figures  of  the 
canitrllatioas»  and  namea,  taken  from  the  aacicd  aciip* 
turn,  iniiaad  of  the  old  oitci. 


lations,  vis,  the  5o  of  Bayer,  with  the  Coma  Berenices  and 
Antinous  of  Tychn.  He  distributes  the  stai^  in  all  the 
constellations  into  four  classes.  In  the  irst  of  thi>r  cla<i*es 
are  contained  thoic  stars  determined  by  his  own  oLscrN  a- 
tions,«nd  ihu^c  of  Gi  ciiuilrti.  In  the  second  are  thu<r  stars 
which  had  been  as.ci  riuiru  d  by  Tvcho  nrahi  and  Ki'pli  r. 
In  the  third  are  ihr  stars  dcli  r::uni  d  liy  Hipparchns  and 
Ptolemy.  And  the  4th  class  consists  of  those  of  the 
southern  hemisphere  discovered  by  navigaton,  who  have 
astXTtained  their  places  in  a  more  or  less  accurate  man- 
ner; in  which  he  has  marked  tbe  longitudes  and  latitude-i 
for  the  year  1700,  the  period  to  which  be  has  re<luced  all 
his  observations.  This  catalogue  was  followed  by  a  num- 
ber of  celestial  schema  and  naps  of  the  hcavem*  publiiili- 
ed  in  1679  by  Paidiee,  who  has  lepicaeMad  my  enefully 
all  the  comtellations.  with  the  stan  ihtgr  contain.  After 
thVVil*li*  published  acatalogtie  of  the  fixed  stars  In  Iris 
Tables  of  the  l^rimum  Mobile,  in  which  their  longitudes 
and  latitudes,  with  the  right  ascensions  and  declinations 
arc  ^■■■i  iluvMi  for  the  yejir  lf>75. 

tiomc  (iine  uit£t  this,  Uuycr  pubUtbed  maps  of  the  hca- 


riga;  Regtilus,  or  Cor  Leonis,  the  Lion's  Heart;  Spica 
Virginis  in  tiie  hand,  and  Vindemiutrix  in  tlie  shoulder  of 
Virgo;  Antares  or  Cor  Scf>rpioniJ,  the  Scorpion's  Heartj, 
Fonalbaul,  in  the  mouth  of  I'iscis-Australit,  or  Southern 
fleb:  Regcl,  in  the  foot  of  Orion;  Siria*,  in  the  movih  of 
Oaaiill^ar»  the  Great  Dog;  Pfacynn,iB  tha  hack  afCa. 
•is  Mloar.  ihalitlkDog;  andthelHiier  *  ' 
the  tail  of  Una  Minor,  the  Little  Bear. 
The  e«Bek  aad  Ramaa  poets,  fran  thfri 
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g1v«  wild  anil  romanlir  falili-s  abuul  llu-oriftin of  (he  con- 
iitilUiHijii*,  prolMlil)  diTivciJ  from  llio  liii'rugljphrcs  <if  the 
E.(i)ptiaiis,  and  ii.«iiimitl«"d,  with  winif  altcraimus,  Irom 
thcin  tu  ihf  CiKx  kv,  wlio  probably  i>b«curi'd  thnii  |>riatly 
with  thiir  own  l.ibK^.  ^f■^•  lly!;inii»'»  P«xlicuu  A&troii.; 
llictioli  .Viiiiiigi'>i.  1)1'.  (>,  r;.|).  I,  4,  5;  Shclburnc'i  Note* 
lipon  Maiiiiius  ;  lUiilly't  AiitK  Ml  A^trunimiy;  anil  (ivbc- 
lin^  Monde  Puinuil,  vol.  4:  fritni  the  whule  of  which  it 
«pp««n  probable,  that  ihc  invcnlion  of  ib«  *ig|u  of  the  so- 
diac,  and  probab^  of  mi«t  of  the  Other  eOMtelbtiaoa  of 
the.  spbcru,  11  to  l>e  asirribed  to  mnie  very  ancient  nation, 
iahabitiitg  the  northern  Ipniprnio  wme.  probably  what  is 
,ao*  calkd  Tartar/,  oi  the  part*  to  the  northward  of 
Ptnia  and  China;  and  fnm  thence  tnpnnittcd  throng 
China,  India,  Babylon,  Ai^bia,  l-Igypt,  Graec«»  &e. 

It  to  a  very  probable  coiijcctun-,  ibat  the  Agant  of  the 
■  tigni  in  the  sudiac  are  descriptive  of  ibe  seattons  of  the 
year,  or  months,  in  the  »un'»  path  :  thus,  the  first  sign 
Aries,  dcnotw,  that  about  thi   tiivr.   nhrri  the  sun  ( titiT?. 
that  [lan  of  the  ecliptic,  the  lambs  bct;in  lo  (oilow  ihc 
sliei'p;  that  on  the  tun's  approach  to  the  .!<l  coiuteilHtion, 
Taurus,  the  Dull,  is  abriut  ihr  time  of  th<*  cows  bringing 
forth  their  young.    The  tliii>l  m;>ii,  now  Gemini,  was  ori- 
ginally two  kids,  and  si^iiiln-il  uif  time  of  the  goats  bring- 
ing forth  their  young,  which  arc  usually  two  at  a  birth, 
whila  the  former,  the  sherp  and  cow,  commonly  produce 
only  one   Tbc  4tb  »ign,  Cancer,  the  Crab,  an  animal 
that  goe*  tideways  and  backwards,  was  placed  at  the 
northern  solstice,  the  point  w  here  the  sun  begins  to  return 
hack  again  from  ih«  north  to  the  aouthward.  The  5th  aigpi, 
Leo*  ike  Uon,  aa  bdnga  «ay  foricnn  aniawl,  waa  thought 
lo  denote  the  hca*  and  fuiy  of  the  handiw  mn,  when  he 
haa  left  Cancer,  and  enierM  the  next  tign  Leo.  The  rao- 
Ceediqg  camHlaiion,  the  6ih  In  order,  recoivcil  iheanat 
the  time  of  ihe  rippnin>;  of  com  and  the  approach  of  har- 
vest; which  ua>,  iiptly  e.Nprcssed  by  one  of  the  female 
reaper?.,  with  an  <;ii  nl  corn  in  her  hand  ;  vij,  Virgo,  the 
niiiiii.    Liljru,  or  tin-  lialaiicr,  whirh  i>  the  loliowing  sign, 
evKirntly  ilinoiis  ihe  equaltly  ul  dH\^>  uiiii  mulils,  ihiit 
takes  place  at  tliat  sra?on:  and  Scorpio,  the  next  m  onler, 
denoteo  the  tune  of  gathering  in  the  fruits  of  the  miih, 
which  being  generally  an  unhcillhy  M-aion,  is  r('|jn  >rnlnl 
hv  thi-.  venomous  ;inimal,  extending  Ins  lung  claws,  threa- 
tening the  mischief  that  is  likely  to  follow.  Tbo  fall  of  ibe 
)mi;||ie  leason  of  the  ancient  hantiDg;  for  which  rea- 
l^f^.f^eaaMeUatipM  Sagittaiyreptceentaahontsman  with 
Miaiiwwaand  his  club,  the  wcupons  of  destruction  for  Ibe 
Cfeatnrea  he  pur»ui-s.   llie  rrason  of  the  Guot'*  being 
«boM«  to  flMipl^  the  aooihem  sobtice.  when  Ihe  «in  hai 
Mtainad'UfMMtNne  limit  in  that  quarter,  and  hegiiw  to 
rrtuin  andjn^nt  again  lo  (ha  nenhwainl,  it  ohvidaa 
enooch )  the  ^wiaffier  of  that  aninal  helng^  that  it  it 
moitUy  found  climbing,  and  «6cendin<>  knrc  loonntain,  as 
it  browies.    There  yei  remain  two  of  the  -ligiis  of  the  zo- 
diac to  he  riinsiili'icil  v\itlj  re;;iir<i  lo  li.i  ii  (irij;ui,  ••>/.,  A(|ua- 
rius  and  I'isces.     x\s  k.  the  lormer.  it  i^  In  Iji  Kjn>uirrt<i 
that  the  winli'i       :i  '^i  l   I'l.l  uiicuniliTlabli-  he.ison;  this 
therefore  w«^  i  xpn-ssj  ii  by  Aumirius,  (he  timm-  of  a  man 
pouring  out  water  from  an  uru.    The  last  ot  ilu'  /uiliucal 
constellations  was  Pisces,  n  couple  of  hshes,  tied  together, 
that  had  been  caught:  The  lesson  was,  the  severe  si-asonit 
over,  your  Aoclu  do  not  yet  yield  their  itore;  but  the  teas 
and  riven  ai«  ufm,  and  thei«  yon  may  .lnha  in 
.nbuodance,,  ■.-.A.-.^.^'t': 
.  ji^hnMi^'a  vain  aad  Uind  m1»  nmiar  than  ftma  taf 


love  for  the  sciitKC,  some  perscms  have  been  indue  i'<^t<s 
alter  i  iiln  r  li  e  figures  of  Ihi  idiivti  Ihitions,  or  their  s. 
'j'hiw,  VI  lii  ruble  IWe,  iiiitciui  of  ilu'  )>ri>fane  nsrm  s  i.uil 
figures  of  tlie  tui  lvc  zodiacal  coii^Ii  ll.itK  i;*.  vul)«lilii;ed 
tho>c  of  the  \  !  apoilU  -  ;  whu  li  eNalni  b  Wii»  luliowed  by 
Schiller.  »1mi  « im;|ili  ti  il  llu'  n  t<  rniution,  and  gave  Scii|>- 
ture  names  to  ail  iIk  cun%iellations  in  iiie  iieasens.  Thll^, 
Aries,  or  the  Hum,  was  chiinged  iulo  I'l  ivr ;  '1  uurus,  or  the 
Bull,  into  St.  Andrew  ;  Andromeda,  into  the  >epulchreoi" 
Chn^!;  Lyra,  into  the  Manger  of  Cbrisl;  flercuh  s,  into 
the  Mngi  cooiing  from  the  iCiisi;  the  Great  Dog,  into  Da* 
vid;  and  so  on.  And  Wtigel,  pruCmor  (  f  maibc^atica 
in  the  iinivcnity  of  Jma,  aMda  a  new  order  of  cointcllap 
tionc}  changing  the  firtttamcDt  into  n  Cotlum  UvfaMiamti 
and  inmdaang  the  nmw  of  all  the  prince*  in  Europe,  by 
way  of  comtvllatiom.  Thw  Urui  Major,  the  Great  Bear, 
lie  transformed  into  the  elephant  of  ibe  kingdom  of  L'cn- 
mark;  the  Swan,  into  the  Ruta  uith  s»oids  of  the  House 
(it  Saxony;  t)phiuchus,intolhiCros>  (it  Cologne;  tlieTri- 
iingle,  into  Compasses,  which  In'  calls  the  Siy  mbtil  of  Aiti* 
liceis;  and  the  Pleiades  into  tlu>  Abacua  FythagpttCW^ 
which  he  calls  that  of  mi  ichaiils;  &c. 

Ual  the  more  judicious  anioi-.j;  a>tioiionuTs  iieM-r  ap- 
proved of  these  innovations;  as  th<  (,  cMily  lend  to  intio- 
(lure  confusion  into  the  sciencf.  'I  he  old  coiislellatiolis 
arc  therefore  Slill  retained;  both  becau»c  belter  could  nut 
be  substituted,  and  also  to  keep  up  the  greater  corres|Min- 
dence  and  unif'irmiiy  between  the  old  aiUroooaiy  and  the 
new.    Sec  Cat  .M.o(.u  E. 

CONSTRL'Cl  ION,  in  Gcomeiiy,  the  nrt  oi  manner  of 
dinwing  or  describing  figurei,  adiemcfi  the  linea  of  a  pro* 
hlentoriocb  lihr. 

Conarnvcnov  SjMCiom,  in  Algehra,  it  the  finding 
the  roota  or  tinknown  ^nantitin  of  an  equation,  by  geo- 
metrical comtruction  of  right  linea  or  curses;  or  the  it- 
ducirvg  gi*en  equations  into  geometrical  figures;  which  is 
effected  b>  liiK-s  or  curves  according  to  the  ordi  r  or  i  ai.k  ol 
the  cquatKjn 

1  lie  roots  of  unv  cipiation  may  l)r  tit  "i  iniineil,  l!  at  i^, 
the  ei|Uiilii>ii  ii/ay  bf  coiisinirteo,  li^  thi  iiitemclioiis  of  a 
stiai^lit  line  «illi  anolhii  lii.e  or  curse  ol  the  sailit  dl- 
ini  i.Mons  as  llie  t  ijualimi  to  1  ..  coiiviructid  :  for  the  roots 
of  the  equation  are  the  ordinalesof  the  curve  at  ibejHtiots 
of  intersection  with  the  riuht  line;  and  it  it  awl  known 
that  a  curve  may  be  cut  by  a  right  line  in  as  manypcnnt* 
us  its  diraeiisiom  amoont  to.  Thus,  llirn,  a  simple  equa* 
lion  will  be  conatrocied  by  the  inttrsection  of  one  right 
line  with  another:  a  quadratic  rquaiion,  or  an  adecicd 
e(|ttation.»f  the  Sd  rank,  by  thr  intetMiCtiuoi  uf  n  right  line 
With  a  circ1«>,  or  any  of  the  vonic  lectin nt^  which  are  all 
lines  r.f  till'  Qt\  urder;  and  which  nay  hecttti  hy  thcrighl 

line,  III  iwii  points,  thereby  givitii;  thelWO  nKMt  of  thequn* 
diatic  equation.  A  cubic  rqiialion  may  becomtrucled  by 

the  intersection  of  the  ri;.'ht  line  with  fl  line  of  the  3d  ordt  r : 

and  so  on 

Hut  if.  in^U-nd  of  the  rii;lit  ,  Minie  >  ti  er  line  of  a 
liiplii  r  oilier  be  list  (1;  ti.t  li  ilu-  Cil  llln  ,  "  hoM-  inti  rM  c- 
tions  with  the  foriiier  ate  to  tied  iiinne  tlie  roots  of  the 
equation,  miiy  he  taken  as  nmus  (iiim  i'.sv.n-  lout-r,  lis  the 
former  is  taken  higher.  .And,  in  general,  an  (<|uaiion  of 
any  degtcc  will  be  con^'tructi d  by  the  iniersecbons  of  two 
line*  whose  dimensions,  multiplied  togetber,  produce  ibe 
dirocntion  of  ihe  given  etjnatiMi.  Tbui,  the  intcrwclions 
of  n  circle  with  the  conic  accilan%  or  of  iheM  with  nch 
Mhcr,  will  conitraci  biipindtatic  cqnntianii  or  tboie  of 
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t1i<*  4th'[>ower,  bocausp  2  x  2  =  1;  and  thf  iiUrnortions 
n(  On'  circle  or  t^tnic  scriiom  w  ilh  n  lint-  ot'  ihr  3il  Krd.T, 
will  conNiriict  <>(iuiitiun»  of  ibe  5th  and  (ith  powrr;  and 
%u  "II. — F<ir  eNiiniplc, 

To  ctm^lrucl  a  Simp!f  Eqiintion.  Thin  is  dnno  by  rr- 
»olving  tlio  ijiven  siiniilf  ciniation  tiilo  a  pTtipiirliun,  <ir 
tindtijg'a  third  or  fourth  |>riip(>rttortal,  &c.  Thus  !•  If  the 

rqualK'U  he  ai  =  be;  ihi  n  a  :  b ;  :  c  :  x  m  —,  the  fourth 

proporlionul  to  a,  bi  c, 

2.  If  ax  =  6' ;  tlitii  u  :  b  :  :  b  :  x  =      a  third  propor- 

t\oP:\\  to  '<  and  b. 

J.  li  ar  SB  i-  —  c' ;  then,  since  6'  —  c*  =  (♦  c) 
«  (6  —  c),  it    ill  be  (I :  A  -t-  f  : :  6  —  c  :  I  =  i  ->■  c  x  t  —  r^ 

a  fiHirth  proportional  to  u,  A     c  and  b  —  e. 

•i.  Ii  ux  =  b'  -r-  c';  ihen  coiittruct 
the  ri][ht>-anglcd  tnanj(1c  aoc,  whuac 
b.i'ie  is  6,  ami  prrpcmlicuLir  i»  c,  %o 
kliall  the  st^uaro  i<(  the  hypolhvnu&e 
be  y  ■*■  c',  which  call  A^;  tben  ibe 

equation  Uni  =  A',  and  x  =  -,a third 

pioportional  l»  a  anJ  A. 

To  coiuii  uct  a  Quadratic  Equation. 

1.  If  it  be  a  simple  riuadnitir,  it  may  be  reduced  to 
lbi>  f'TiT)  r'  =  /iA;'HnJ  hftice  a  :  s  :  :  j  ;  ^,  or  x  =s^ab 

•  mean  proportional  between  a  and  ft.  IJ  " 

Tjicn-fore  upon  a  straight  line  take  I  • 

AB=a,  and  bc=&;  then  upon  the     /     I  ^ 
diameter  AC  descrili*  a  »fniicircle,    /  ^  |      f,  \ 
and  raise  the  perpendicular  bd  to    A      B  C 
meet  it  in  d;  so  shall  bd  be  =  r  the  mt-an  proportional 
•ought  between  ab  and  lie,  or  between  a  ami  A. 

S.  If  the  quadratic  bcr  afl(*eted,  lit  it  tint  lie  i*  * 
2«T  =  A';  then  form  the  ri|;hl-angled  trianole  Anf,  whose 
base  AB  is  u,  nnd  perpendicular  bc  i«  A;  and  with  the 
c«'ntre  a  and  radius  ac  describe  the  semicircle  dce;  so 
■hall  DB  nnd  be  he  llic  two  roots  of  the  given  quadratic 
equation     ■+  Cm  =  A'. 

3.  If  the  qundnitic  be  J*  —  Sir  =  A*,  then  the  con- 
struction will  bc  the  very  same  as  of  the  preceding  one 
x'  +  2<«  =  b'. 
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4.  But  if  the  form  be  2«x  —  x'saA':  form  a  right- 
angled  triangle  whose  hypoihenuse  ro  i*  a,  8n<l  perpen- 
dicular on  is  A}  then  with  the  nuiius  rc  and  centiv  r 
drscribc  a  semicircle  igk  ;  tusbaH  IM  nnd  ilK  Ix' the  two 
Tools  of  the  given  equation  3ftx  —  x-  =  A',  or  x'  —  Sox 
=  —  A'.  See  Madaurin's  Algebra,  part  3,  cap.  2,  and 
Simpson's  Algcbia,  pa.  267. 

To  coi\aruct  Cubic  and  Bi^itiadmtie  Ei/uatimu, — These 
are  construclt-d  by  the  intcncctioits  of  two  conic  sections ; 
lor  the  equation  will  ri«e  to  *  dimensions,  by  which  arc 
determined  the  ordiiiaics  from  ihe  4  points  in  which  these 
conic  sections  may  cut  one  another ;  and  the  conic  sec- 
tions may  be  assumed  in  such  a  manner,  u  to  make  this 

Vol.  I. 


equation  comcide'with  nny  pro|i 
the  oHinotes  from  these  4  in: 
the  roots  of  the  proposed  hiquuilraUi.', 


inti- 


'laiitatic :  so 
^  will  be  equal  I  i 
^Vt^cn  one  tif  lb  - 
IH  of  the  cfunic  M'clion  falls  upo;i  the  axis,  iheii 
'  ordiiiolt's  VHiiUihe-,  Hiid  the  eodation,  by  which 
I  ..ins  are  delerniitied,  will  (hen  be  of  3  durn  n- 

.  or  a  cubic;  to  which  itrn  proposi-d  wjbic 
<  ,  may  be  accoinniiHjR^d.    Sn  Oit^  the  tlircieto'  - 

iiiainin^  nrrliuatet  will  be  tin-  roots  of  that  pr<'jiosed  cumc. 
The  crwiic  sections  fia  this  purpi>se  vhoiild  lj»-  Mich  luare" 
most  easily  described  ;  the  cirtio  may  he  on^and  the  pa- 
rubulu  is  usually  assuinei.  for  tiie  other. 

Vieta,  in  his  Caiioiiica  Recensione  KfTcctionura  Gconic- 
tricarum,  nnd  Ghitiildtis,  in  his  Opus  Posthumuin  dc  Ite* 
solutinne  et  Com(iosilione  Malhetnatica,  as  also  Di-scarlt^,' 
in  his  Ueoinetria,  have  shown  how  lo  construct  simpli> 
nnd  quadratic  equations.  IK-scartes  hiis  bImi  shown  hou 
to  construct  cubic  nnd  biquadratic  equations,  by  the  in- 
tersection of  n  circle  and  a  parabola  :  Alid  the  same  has 
been  done  more  "enerally  by  Uaker,  in  his  Clavis  Geoiur- 
Irica,  or  Geometrical  Key.  Hut  the- genuine  fuundati'xi 
of  all  these  constructions  was  first  laid  and  e.Nplained  l>y 
Slusius  in  his  MesoKibium,  part  2.  lliis  doctrine  is  alsu 
pretty  well  handled  by  Lahire,  in  a  small  treatise,  calU 
ed  Iji  Construction  dcs  liquations  .Analytiques,  annexed  to 
his  Conic  Sections.  Newton,  at  the  end  of  his  Algeb(B, 
has  given  the  construction  of  cubic  and  biquadratic  «-<]ua- 
tions  mechanically  ;  as  also  by  the  conchoiil  and  cissoid, 
as  well  as  the  conic  sections.  See  also  Dr.  Halley's  Con- 
struction of  Cubic  and  Biquadratic  Equations;  Colson's. 
in  the  Philos.  Trans. ;  the  Marquis  de  rHospital's  Trail* 
Analytique  dcs  Sections  Coniqucs  ;  M^flaurins  .Algi-bra, 
part  3,  c.  3,  iSfC. 

CONTACT,  the  relative  sfatei  of  two  things  that  touch 
each  other,  but  without  cutting  or  entering;  or  whose, 
surfaces  join  loeitch  other  without  any  intentice. 

The  contact  of  curve  lines  or  surfaces,  with  either 
straii;ht  or  curved  uim,  is  only  in  poinl;>;  and  yet  these 
(Mints  haxc  difteri'nt  proportions  to  one  another,  as  is 
shown  by  Mr.  Ilobarles,  in  the  Philos.  Trans,  vol.  27,  pa- 
470;  or  my  Abr.  vol.  5,  pa.  6/6.  Because  few  or  no 
surfaces  an- capable  of  touchijis  in  all  points,  and  the  co- 
hesion of  bodies  is  in  proportion  to  their  contact,  thosu 
bodies  will  axihere  f;Lstcst  together,  that  are  capable  of  the 
grt-alcst  contact. 

Angle  <if  CoSTACT,  is  the  opettin^  " 
between  a  curve  line  nnd  a  tangent 
to  it,  particularly  the  circle  and  its 
tangent ;  as  the  angle  formed  at  a  be- 
tween BA  and  AC,  at  the  point  of  con- 
tact A.  It  is  demonstrated  by  Eu- 
clid, that  the  line  Ca  standing  perpen- 
dicular on  the  radius  da,  touches  the 
circle  only  in  one  point:  and  that  ik>  rigjit  line  can  bc 
drawn  between  the  tangent  and  the  circle.  Hence,  the 
angle  of  contact  is  less  than  any  rectilinear  angle ;  and 
the  angle  of  the  semicircle  between  the  radius  da  and  the 
arch  AB,  is  greater  than  any  rectilinear  acute  angle.  This 
seeming  paradox  of  Euclid  has  exercised  the  wits  of  ma- 
thematicians: it  was  the  subject  of  a  long  controversy  be- 
tween Peletarius  and  Clavius;  the  former  of  whom  main- 
tained that  the  angle  of  contact  is  heterogeni-<ius  to  a  rec- 
tilinear one,  as  a  line  is  to  a  surface ;  the  latter  maintain  ,1 
the  contrary.    Dr.  Wallis  has  a  formal  treatise  on  the 


CON  [37 
•ngle  of  cuQlact,  and     ihi'^icmicircli;'',  wiirrv,  vriili  ullii  r 

^n-at  matbaiiMticiiiii,  heappramoCtlM  opiaioa  of 

UriiiH. 

CONTKN  T.  a  ttrin  often  um-iI  Uir  tlic  tiuasurvmcnl  of 
b()di(-«  and  surlacis,  wlnllirr  soiid  ur  <.ii(hi riciul ;  or  ihi- 
CSpacilv  <il  »  vrsM'l  uini  lliL-  ana  of  u  5|>hCC  ;  bi'ing  thi! 
qiiiiniity  oillicr  uf  iiiuUcr  ur  space  included  within  certain 
b<jun(l>  or  lii!Jt>,  • 

CONTICJl'M  Y,  ihf  rc'Iniioa  of  bo^iic^  ruucbing  one 
anodur. 

CONTIGUOUS,  a  relative  term,  understood  of  things 
lo  il»|ioeed,  thai  ihciriuifacei  touch  each  other. 

Co»TiODOV»  AmUt,  ere  iUch  ■>  have  ooe  1^  or  iwte 
eoMiBon  to  each  angw ;  and  mro  oilwrwife  calleil  adjaeent 
angleii  in  contra(ii>ilnctiantoihoM;  nade  byeoatiiiuii|g 
their  through  ili<-  |x>int  of  contact,  wbka  are  called 
uppntilr  or  vertical  angles. 

CONTINENT,  a  terra  firina,  inaiQ-land,  or  a  large  cx* 
lent  ot  cr>uii;iv,  lint  iiiiiTrnpied  byaoai:  to calied^ io «p- 
posiliiJii  ti>  rsl.in',  |i<  riiiiMiU,  &c. 

Ourcartli  is  lI^uHllv  iilc  li  Into  uvo  f;r.uiil  <  ^  ■  i  im  nts, 
tlio  olil  iits'!  ihf  1,1  vv  :  iliu  olJ  ci>ntiiK'nl  i.s  n.U  l^u- 

io|M\  Am.i,  uiiil  Africa;  llic  lu-w  Cuntii;i  la  Ldinjiirl.ful.'* 
Nui  lh  mni  bt-iUlli  Aim-rica.  Since  the  iliicuv*  ry  i>l  New 
liullaiid  and  New  Stiulh  WaK  s,  it  i^adoulit  »itli  many 
nhetiirr  tu  cull  llial  vu«t  country  an  isiund  or  a  contnient. 

CONTINGENT  Line,  the  same  with  tangent  line  in 
Diallingj  being  the  iiiterscclion  oi  ihe  planm  of  the  dial 
and  equinoctial,  anil  at  rigbtaaglct  to  ue  lufaitilar  Una. 

CONTIMUAI^  or  CoKTtMVED  PkOioaTioirAt>t  «i« 
«  Kiiei  of  tbiee  or  moiv  4{uantitiva  compared  tOMthcTt 
.  •»  that  the  natie  it  the  taiM  factwtCB  evoy  two  afyaeent 
tRiiiB,«ii,  bctweelftha  Ittaad  2d,  the  SdandSd,  theSd 
and  4tli,  Ice.  Aa  1, 2,4,  8,  IS,  &c,  where  the  trnm  con. 
tinually  incrraie  in  a  doabU  ratio;  or  )3,  4,  *,  where 
the  termn  decrease  in  a  triple  ratio.  A  series  uf  continual  or 
continued  proportionals,  is  olhert*i>*-  called  a  Progression. 

CoKTivi  En  I'luctiimJ.    See  Fractions. 

CoNTiNt.  Fi)  Hunnlily,  ur  Body,  is  lliiit  wb(.".e  p.'irls  arc 
joined  uml  united  li>i;t  iher. 

CoKriNUKD  Piopmti'JH,  IS  that  in  which  the  cons*"- 
nuciil  uf  the  fli^t  rutiu  is  the  same  with  the  antecedent  of 
the  second  ;  as  in  these,  3  :  6  :  :  6  :  12.  Sec  Costincal 
Ptrjiorlinn. 

On  the  contrary,  if  the  consequent  uf  the  first  ratio  be 
diflbrant  from  the  antecedent  uf  the  second,  the  piopor- 
titM  ia called  Discrete:  as  3  :  6 : :  4 :  8. 

OONTHACnON,  in  Arithmetic,  is  the  sh<irtenins;  or 
contracting  certain  operations,  as  in  Multiplication,  Divi>- 
sioa,  Eatnction  of  iba  Sqnan  Root,  Stc :  tba  method  far 
which  me  under  the  KKipectiva  heads. 

CONTRA^HaftiioirieAL  JViywfieii,  thnt  idation  of 
thffc  leriHp  in  which  the  dilfcicace  of  the  lint  and  second 
is  to  the  dilRrtcnro  of  the  Sd  and  3d,  as  the  3d  is  to  tlw 
(irM.  Thus,  for  invtanre,  3,  5,  and  6,  are  numben  cao> 
tra-harnionirally  |irojTOrtional  ;  f'lr  2  ;  1  :  :  fi :  3. 

CONTRA-Mi'  II  r,  in  I'liuirK  nUuu,  is  a  li;ile  wall  built 
brfoK'  iiniiilier  piirtilion  lo  stri  iii;i|i<  n  ii,  ^l/  tli:it  it 

may  ren  ivi'i.ii  itiiinai;!'  Ironi  the  mijaceiil  ijiiililiiijis. 

CO.N  TRATlvW  iirLi,  i»  (liut  wheel  in  ^^Htch<■^  wliich 
U  nexl  (o  thecroi\n,  whose  liH  th  and  ho  ■))  lie  contrary  to 
those  of  the  other  n  lierU  ;  from  whence  ceiiiii!>  its  liutne. 

CONTRA VALLA  I  ION,  /.jne  o/,  in  I  c.rtifieation,  is  a 
trcQch,  jjuarded  with  a  parapet;  being  made  by.thu  bv 
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tiegers,  between  thrni  and  the  place  bi-sieg^-d,  to  'ocure 
thenisi  ivrs  on  iliai  *ide,  and  stop  the  sallies  of  the  garri- 
son. Il  tb  made  beyond  iho  reach  of  rnu»ket-!.hot  from 
tlic  town  ;  iiometimrs  goii:^  ijuile  art  iMnl  ■[,  ami  some- 
times not,  as  occasion  mxy  requiie.  i  he  bi-sicgers  lie  be- 
tween the  lines  oi  circumvallatiMi  and  coittnvdlaten: 
but  it  IS  now  seldom  used. 

CONVERGING  Ciirt^K.  SteCunvr.. 

Cum VKaeiito,  or  Cokvekccnt  Lines,  ia  Geometry, 
are  thoic  that  Continually  approximate,  or  u  boiv  dillancp 
becomes  continually  less  and  Icsa  tbeiisrtber  they  an  con- 
tinued, till  they  meet :  in  oppoeiiioit  to  dlvergtmt  tines, 
whoee  distance  becomes  continually  |reater. 

Unas  that  converge  tbe  one  way,  diverga  the  other. 

CoimnoiMO  iCqis,  in  Optics,  ant  stiCb  as  incline  to- 
wards one  another  in  th<-ir  passjige,  and  in  Dioptrics,  are 
those  rays  which,  in  tbdr  passage  out  of  oiw  mrdiua  into 
another  of  a  diflerent  density,  aie  refracted  towards  one 
annther ;  so  that,  if  iar  caoiigh  continued,  they  will  neet 
in  a  point  or  f'Tli*. 

Con  vt  ik.i  .\(.  if,  a  sei  ii->  itf  terms  (>r  ipianiilie*,  liiat 
alu uv*  d,  t  u  the  tiirllier  I Ik  v  proreed,  or  w  liith  ttiid  lo 
a  Certain  niai^nitiKle  nr  limit  :  in  r.[i|ni'-itnni  to  divcroiiig 
senes,  or  mkIi  us  l<ecuiiie  lurgei  aud  laii;er  corttinuallj. 
See  Sratrs. 

CONV'LltSK,  A  proposition  is  said  to  be  the  coDveise 
of  anuther,  when,  after  dniwillg  a  conclusion  from  SOOM* 
thing  first  supposed,  we  retum  again,  by  making  a  MWpo* 
silion  of  what  bad  befm*  been  coaclnded,  and  draw  mm 
thence  as  a  concitnion  what  befera  was  made  the  supposi- 
tion. Thus,  when  it  is  sspposed  that  the  two  sides  of  a 
triangle  are  c<qaal,  and  tbento  dcmonsttala  ot  conduda 
that  the  two  angles  opposite  to  those  sidra  an  cqtMl  also ; 
then  the  convene  is  to  suppose  that  the  two  angles  of  • 
triangle  arc  equal,  and  thence  to  pruve  or  conclude  that 
the  sides  opposite  to  iboM-  anjiles  art  also  equal. 

CONVI  RSION,  or  Con  verti  Nbo,  ii  when  there  ate 
four  ]jr<)[uir)ii'naU,  ami  it  is  inferreil,  llial  llie  fir^t  ii  to  its 
e.\ce>»  ttUitw  the  ^d,  as  the  3d  to  Its  exceu  above  llie  .Vlh  : 
acdirding  i<i  lluclid,  lib.  4,  def.  17. 

'I  bus,  il  i!  U-  -  -  S  :()":;  4:  J, 

then  conserlendo^  or  by  COnveiSoa,  -  8  :  e  : :  4  :  >. 
Or  if  there  be  -  -  •       a  :  0  ::  c  :  d, 

then  convertendo,  Or  by  Conversion, « :  a—b  -.   c  :  c—d. 

CON  VLX,  round  or  curved  and  protuberant  outwards, 
as  the  outside  Dt  »  alobuQir  body. 
CimvKX  Lent,  Minor,  tic.  See  Lbhs,  MiBftoa,  ttc 
CONVEXITY,  the  exterior  or  outwaid  turlace  of  » 
convex  or  round  body. 

-  COORDINATES,  in  the  H{g|ber  Geonetiy,  is  the  gene- 
ral tsm  used,  when  the  absciss  and  ordinates  of  a  curve  are 
coMideicd  connretadly,  whether  they  are  at  right  angles 
with  each  other  or  not ;  and  the  natuvs  of  a  cum  is  do- 
term  ined  by  the  equaitun  between  its  coordiimtcs. 
COPKHNICAN,  soActfaiag  relntiitg  to  Copcnucus. 

Ai,  I  be 

Copehkicas  Sphere.    S< e  Sfii tui:. 

Cnpr.RJJlCAN  Syslrm,  is  that  system  ol  ilie  world,  in 
^vhlcb  it  is  supplied  lhat  the  sun  is  at  le^t  in  the  ceiitie, 
and  the  earth  and  plmiets  mII  moving  ar<ni:;<i  liiin  in  their 
own  orbits.  Here  it  is  suppusid,  llmt  the  lieaxn-i  and 
stars  arc  at  rest;  and  the  diuinal  luution  which  they  ap- 
jieur  tu  have,  from  east  tu  west,  is  impotvd  tO  ihocaitii'a 
diurnal  motion  from  west  to  cast. 
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f  ^tU*  «yMcm  wn.  iriMMnoil  'l^  Mhny  of  the  ancicntt  | 
fwrticulnrlv  F.cphuiltti,  SclrNeiN,  AfifMrchni,  Pbilolau*. 
Clc-anihn  Saniiui,  NkctM.  Heniclidn  Ponticiu^  PlalOi 
and  l'ythafi<»ra<:  fronj  the-lait  of  whom  it  was  moiently 

called  the  Pyliiagoric.  or  Pythagorean  System.  TheMme 
$ysU'm  was  also  iii-UI  l)y  Arrhimcdm,  in  hin  b<K»k  of  the 

iiuiiiLii  i  111  \\\v  friains  i-l  Sund  ;  but  «(><  r  limi  it  IwCiiiiic 
Dc^jlicti'ii,  .iiul  t  vi-n  forgutton,  tor  many  ;  till  almiit 
300  v<'iir-  nil.  1  .  wlicii  Copernicus  rnvivi  d  it ;  from  w  hnfii 
It  tuuk  ilii-  iH  w  name  of  tbc  Copeniican  Syiicni.  See  lliv 
IK.M  article. 

COPERNICUS  (Niritot.As),  an  emim>tit  sitronomer. 
wa»  Iwrn  at  I  liorn  in  I'rusii.i,  Jan  iary  IJI,  117  1.  Hi' 
wai  instructed  in  the  Latiu  and  Cirri'k  lHnv;u.is;c<.  at  itomp; 
and  aAerward  tent  to  Cracow,  whcrp  Itc  studird  philo- 
Mphy,  mathcmatici,  and  mrdicine:  ihoush  hiii  genius  was 
naturally  turned  to  tnailirmaiic*,  which  he  chiefly  tttt> 
4ieil«  aiid  punued  ihrotijeh  all  its  various  branches. 

Il«  Mt  oat  for  Italy  at  33  years  o(  age ;  »u>pping  at 
Bdogna,  that  Im  might  coBvcne  with  tha  celebnitcil  a»- 
traowiMff  of  lint  plaetk'  Daminie  Muia,  whmn  heimiiledi 
ftr  MiM  tine  in  iMkiiig  Ut  obNnmtiant.  From  benee 
Im  paned  to  Rome,  wifei*  he  wai  prmeRtly  eomtdared  m 
not  inferior  to  the  famous  Regiomontannt.  Htn  he  Mion 
acqoirrd  so  jtreat  n  reputation,  that  he  wa$  chosen  pm- 
fes^ur  of  mathematics,  which  iie  taught  then-  fur  u  loni; 
tinte  with  the  grrattut  upiilauv ;  ai\d  hiTC  aUo  he  matle 
•Oine  astruncimiciil  i.b^erviiti  his  ;ibi;ul  the  year  I '>0O. 

Aft»  rw«r<i,  r(  turning  to  his  own  country,  he  U'^an  to 
apply  Ills  lund  of  observations  and  matheniniical  know- 
ledge, to  Correcting;  the  lystem  of  astronmny  which  ihen 
pri'vailrd.  He  set  ahout  collcclinj;  ail  the  bu  rk»  iliiit  hiui 
been  written  by  philosophers  and  astronomers,  ami  to  ex- 
amine all  the  various  hypotheeet  they  had  invented  for 
the  solution  of  the  celestial  phenomena  ;  to  try  if  a  more 
symmetrical  onJer  and  constitution  of  the  parts  of  the 
•orloi  covld  not  ba  diaoovatcd,  and  a  more  ju»t  nn<l  ex- 
ifBiiiN  imrmoay in  itt  motioM  eatablishcd,  than  what  the 

Smaomew  Ifaoaa  timaa  lo  MBenlly  admitted.  But 
all  their  bypotbeict,  none  picaard  Um  «r  mII  the 
Pythagorean,  wh  cK  raada  ihetttn  lo  be  the  cail»'«f  Ihfl 
system,  and  :>u|j|»jM-d  the  earth  to  move  both  roQiMl  the 
^un,  and  also  round  its  own  a.Ms.  Ht-  thought  he  dis- 
cerned  much  b<nuliful  orrler  arvi  f^nipurhon  in  this;  and 
ihu:  tip'  i  inlii'.iTiivs-.ii  iii  -in:!  pcrplcjiity,  from  epicvcli'i 
and  o.sci'iitric»,  which  uiiLnJed  the  Ptolemaic  hypotbcins, 
would  here  be  enurfly  removed. 

He  b«^!iii  lo  coii«i(|cr  this  system,  and  to  write  upon  it, 
when  in-  wiiv  aoi/ui  1  j  y(  ar>  nf  age.  He  carefully  con- 
templated the  phenomena,  rnadc  mathematical  calcula- 
tions, examined  the  observations  of  the  ancients,  and  made 
new  ones  of  hi*  own  ;  till,  after  raoro  than  20  yearn  chiefly 
■pent  in  this  manner,  he  brought  bis  scheme  to  pi'rt'eciioM, 
a<Bltliihiii||.  that  system  of  the  world  which  goes  by  \m 
aMHr«Ml.i*:nB*«nt«ena%r*eei«cd  by  all  philosophers. 

3CWNyjlWP  Imwaeei  waa  at  fim  considered  as  a  most 
daBtmM-JttWijP,  and  kia  work  had  long  been  finished 
■lid  parfcetidt  before  he  could  be  prevailed  on  to  i^ve  it 
lo  IM  wartd(»  notwidtstandin^  being  stroitgiy  urged  to  it 
by  his  frieudb  .Al»leagth,  yieldiiig  to  their cntfeaties,  it 
was  printed,  aiid  be  bad  but  jost  iveWved  a  perfect  copy, 
will  n  lie  died  the  S+tb  of  May  15*3,  at  7"  years  of  age  ; 
by  which  It  is  probable  he  was  happily  relieved  from  the 
vMlaitt  fiuiatical  petMCtniont  of  the  ebnrrih  whkk  w«i« 
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bbt  too  likjfly  'lis  folbi  tlia  nulil&Uair  of  hi*  a<i«»iio- 
tnical  onifiionf :  and  wkidi  indeed  was  afterwanis  the  M 
tit  Galileo,  for  adopting  and  defrndiiu  thiini.  Tliis  work 
of  Copernicns,  first  pnntt-d  at  Ncirinilierg  in  folio,  !543, 
and  of  which  there  have  been  otIuT  eiiitlon*  since,  is  in- 
titled  De  Revolutionibu?  Orbium  Ca  iestium,  being  a  l.TrRi- 
body  of  Ji'ttrnnomy ,  in  U  hnnk-.. 

When  Rlifiii  Ub,  U.c  discipK'  of  uur  author,  returned 
out  of  Prussi.i,  he  brought  «:tli  Kim  a  Iran  of  Coperni- 
cus, on  plant'  imd  spbiTicnl  iriuouctnelcy,  wliich  he  had 
printed  as  Noi iniln-rj;,  and  which  rjnUintd  A  iT 
sin<"s.  1 1  alterward  pi  UiU-d  at  the  end  of  tin'  first 
lionk  of  tlic  Kov'ilutions.  An  edition  of  our  author's  great 
ivorti  »a»  also  published  iir  Mo  at  Anuterdaro  in  lCl7, 
under  the  title  of  A^^^ononlia  liistanrata,'  illiMtfaled  with 
notes  by  Nicolas  Mnler  ol  Gruningen. 

COrBllNlCUS,  the  name  of  an  astronomical  instru- 
ment, invented  by  Whiston,  to  show  the  motion  and  ph»- 
nomena  of  the  plattcts,  both  primary  and  secondary.  It 
ia  founded  on  the  Copcrniean  tyttem,  and  ibeteCan;  called 
by  hi*  name. 

COPPER,  ia  a  malleable  and  ductile  metal,  of  a  pale- 
red  oolottr,  with  a  tinge  of  yellow.  It  is  soluble  with 
cflerveioence  in  nitrous  acid,  to  which  it  gives  a  »ky-lilue 
Colour:  on  the  addition  of  liquid  ammonia,  n  green  pri- 
cipitale  is  thrown  cinvvn,  \\liirli  l>  rrsolnblr  in  ah  ■  %rr-» 
of  ammoniu,  iKrinnij  vrrv  rich  purplish-blue  ilu.d,  .mil 
from  this,  if  sli;jlitiv  fuprrsaln ruled  with  tiiurialu  atid, 
the  copper  is  again  precipitable  in  its  metallic  furni,  liy  a 
bar  of  clean  iron.  See  Aikin't  Chemical  Oictiottaryt  Ai^ 
tick-  CoppF.n. 

COU  ("aroi.i.  Ciiurlrs's  Ilriirt,  n:i  oxtra-con-li  llalid 
star  of  the  'id'iniignitude  in  the  northern  hemi-pln  ri ,  be  - 
tween the  Coma  llerenices  and  Ursa  Major;  so  c-i  I  1  y 
Sir  Charles  iicarborou^h,  in  honour  of  King  Clu.rb  ;>  I. 

Coa'  Hydr«,  the  Hydra's  Heart,  a  Hai  of  ihc  3d 
magnitude,  in  the  Heart  of  the  consiellatioo  Hydra. 

Cur  Lkomis,  Lion's  Heart,  or  RegnlnSf  a  atar  «f  the 
6t»  magnitade  ia  ibe  conuellation  Leo. 
CoK  ScOa^.  Sec  Ahtakr*. 
CORBEILS,  in  Fartiflcation,  arc  litlfa  baskets  about 
a  loot  and  a  half  high,  8  inches  broad  at  the  bottom,  and 
12  at  the  top;  which  being  filled  n  ith  earth,  are  set  against 
one  another  on  the  parapet,  or  elsewhere,  leaving  ccr- 
luin  purt-holeit  A^m  whdMe  to  lire  onder  Cover  nppo 
the  er.eniy.  '  *  ■ 

CORnFJ,  in  Architecture,  the  n  [)resentalion  o^a  hn^ 
ket,  Sometimes  seen  on  the  heads  of  caiyaiides. 

Connr.i,  or  (_'ordii.,  is  liUo  used,  in  Kuilding,  fur  a 
short  pier.-  of  tmilier  placed  in  a  wall,  with  its  end  pro* 
jcctini;  (uii  G  or  K  inches,  as  oc^pi&>ti  senrcs,  in  Umji^ih 
ner  o(  a  shouldering-picce. 
CORBET,  the  same  as  CoRBSL. 
CORDON,  in  Fortification,  a  row  of  stones  jutting  out 
between  the  ram  part  and  the  basis  of  the  parapet,  liLu 
the  tore  of  a  column.  The  cordon  ranges  round  tha 
whole  fortress,  and  scnrs  to  join  the  rampart,  which  ia  a> 
slop<*,  and  the  parapet,  which  (s  perpendicular,  more  a- 
grceably  togetlier.  In  feililitsatkMia  raised  of  earth,  thit 
space  is  filteii  tip  with  pointed  aMkes  instead  of  a  cordon. 

CORDS,  in  MiHie,  are  tbe  soundi  produced  by  an  in* 
strument  or  the  voice. 

CORirH)R,  or  Corridor,  in  Furtifi(atioii,  ti  the  co- 
v«rt-way  lyitig  entirely  nmd  tbe  »hole  conupan  «f  tha 
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wifrkt  of  u  pluce,  bcturH-n  the  uutsiilc  uf  the  moat  aiiU  th« 
palllMdcMS,  being  a>Kiul  20  yanls  l  roii>l. 

CoaiDOR  i*  alto  uwil,  in  Arcbiicctunr,  fur  a  g«ll»ry, 
or  loof  u»l«t  woumi  ■  building,  toditig  to  wverul  cbam> 
ben  at  a  dialiince  from  each  nthcT,  ttinieiitni's  wholly  io> 
cUiard,  and  itointlimcs  open  on  one  ndc. 

CORINTHIAN  Order,  of  Archihcture,  i<  the  4tb  in 
'order,  or  the  5th  and  laat  according  to  ScMmiui  arvd  Le 
CIcrc  11ii<  ordar  htm  iiivcnieil  by  on  Atbeniap  •jcchi- 
Icci,  and  is  the  richest  and  most  deucoic  of  them  all;  ill 
capital  i^  iidorned  with  rows  of  leavtt,  and  of  ft  wtalMt 
«thich  support  the  abactis.  The  hdght  of  its  oolomn  Is 
1()  diaii'.c'U'iv,  and  its  cornice  is  snppurlcd  b)  mo<lillions. 

COliNEA  Tuaha,  the  second  coiit  of  the  eye;  so  Call- 
cii  from  ils  sulsi.mct  I'  sor. blmg  iliu  horn  of  a  lunlirn. 
I  his  is  situated  iu  ilie  ion-ptirt  i  and  is  turrounued  b) 
the  sclerotica.  It  ir.s  n  greater  convexity  than  the  rest 
•<)(  the  eye,  and  is  a  portion  of  a  small  sphere,  or  rather 
»pbrriiid,  uiul  ccnsulidatt b  the  whole  ije. 

CORNICE,  CoRNiciiE,  or  Coknimi,  the  third  and 
oppenoMt  p«rt  of  the  entablature  of  a  column,  or  tho 
upper  most  ornatncnt  of  any  wainacotiDg,  &r. 

COfiOLLARY.  or  Co}.  iiect  a  n  y,  aconsc()ucncc  drawn 
from  some  prupusitioti  or  principles  already  advanced  or 
demonstrated,  without  the  aid  of  any  other  proposition  : 
thus  from  this  tteoteu,  That  a.  triai^  wbicli  has  two 
equal  sid«s»  baa  also  two  eqiMl  ang^  lUa  oonae^aanoa 
may  be  drawn,  Thtt  a  triangle  whidPhalb  the  thmaiiica 
equal,  has  aliO  ill  Ukfte  angles  tquaL^WhiA  is  now^caU* 
ed  a  coroUaiy,  waf  by  tbo  oarliar  leomaMp  aanini  • 
Porism. 

CORONA,  Crnv;n  or  Cioiinmi;.  in  Archilccturc,  the 
flat  and  mu^l  aiiiur.ced  pnii  of  tlie  cornice;  so  culietl  be- 
rause  it  crowns  thu  r nniu  ar.u  cni.ililaturc:  by  the  work- 
TDcn  it  is  called  the  tlnp,  lu  sermi;.'  by  its  projeciure  to 
screen  the  rc»t  of  the  luiiKiing  from  Uie  rain. 

CORONA,  in  Optic»,  a  luminous  circle,  usually  C9- 
lourcd,  which  is  seen  louad  tbt »vii»  mooo, ot )ai|mt  pla*. 
nrls.    Sec  Halo- 

CoRoiTA  Borealu,or  Septentrionalis,  the  Norlltern  Crown 
or  Garland,  a  coo&trllaiion  of  the  northern  hemisphere, 
hoing  one  of  the  48  old  ones.  It  contains  8  stars  accord- 
ing to  the  rntnlogue  of  Ptolemy,  Tycho,  and  Hcvclim; 
boit according  tu  the  Britannic  Catalogue,  'il. 
'  OimmA/kutraU^o$Mm4ieitali*,tbBSmhtrmCnwH, 
a  eonitcllaliaa  of  tbe  aoulbem  berotsphcio,  wboie  ilan  ia 
'  Ftotemvli  catakgne  an  iSj  in  Ibe  Siitidi  catalogue,  IS. 

00KPUSCL1!,  the  dioinvtiTC  of  cofptn,  uicd  to  ex- 
pma  the  minute  parts,  or  particles,  that  constitute  nafu- 
nl  bodies ;  meaning  much  the  same  as  atoms.  Newton 
^hows  a  method  of  drterniinil^  tlwsiMB  oCdwcarpuioka 
Cif  bodies,  from  their  colours. 

C'ORPUSCL  L.AR  AUrnclion,  d.  notes  that  power  by 
»hich  the  iTiiniKe  component  piirtirlej  of  bodies  arc;  uni- 
ted, and  udhiTe  to  cucii  othf.  k  ;r.ay  hi  distinguisheil 
into  ottiaction  of  aggregaliiin,  vi?,  ibiit  power  by  which 
the  honiogenenus  particles  of  bodies  are  united  ;  and  at- 
Iraciion  of  affinity  or  of  cninposiiiun,  vis,  that  power  by 
which  the  heterogeneous  particles  of  bodica  an  united. 

CoRPuacvLAR  PkiloM^t^,  that  scheme  or  system  of 
physics,  in  which  the  phenomena  of  bodies  arc  accounted 
for,  from  the  motion,  rest,  positioD,  tic,  of  the  corpusckt 
or  atom*  of  which  bodies  coosi^. 

'rhe  CorpiucM^I  philoaapby^  which  now  flounshm  uii> 
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diT  the  name  of  llie  riiciliiinical  philosophy,  is  »erv  nii- 
eienl.  I  i  ucippus  iiiui  Deiiiotiilus  taught  it  in  Greece; 
from  litem  I'.picurus  received  it,  and  improved  11;  and 
bom  him  it       culled  the  Epicurean  Philosophy. 

•  Leuci|>pus,  it  is  said,  received  it. from  one  Mochus, « 
Pbcoician  physiologist,  before  the  time  of  the 'I'rojao  war, 
and  the  fiiw  who  philosopluwd  about  atom* :  which  Mo- 
chus is,  acoHding  to  the  opiaion  of  Mme,  the  Moiei  of 
the  Scripturw. 

After  Epicgint,  ifca  oorpwoular  philowphy  gave  way 
to  the  peripaMljc^  which  became  the  popular  system. 
Thus,  instead  of  atoms,  wrre  introduced  specific  and  sub- 
stantial forms,  qualities,  sympathies,  &.'C,  nhich  Hmtised 
the  world,  till  Cia.ssendus,  Charlcton,  Desciuies,  Iknie, 
Nf  wion,  Biul  otlnTB,  retrieved  l'..-  <  onyciiiariiin  hvp'i- 
ibcsis;  wbicii  i»  now  become  the  Oasis  ol  tlit-  inechwiical 
and  experimental  pbilo»o|)hy. 

Uoyle  reduces  the  principles  <if  the  corpuscular  philo- 
sophy to  the  4  followi]ij;  )ii-;;ils. 

1.  That  there  is  but  one  univi-rsul  kind  of  raaWer,  which 
is  an  extended,  ini|iiuiietrable,  and  divisible  substance,  com- 
mon to  all  bodies,  and  capable  of  all  forms. — On  this 
bead,  Newton  tely  lemants  thus:  *>  All  things  conai* 
dered,  it  appears  probable  to  me,  that  God  in  the  begiu- 
ning  created  matter  iu  solid,  hard,  impeaetrable,  more- 
able  panicksi  of  inch  siioa  aad  tguics,  and  waUiancli 
other  propertiea.  as  meat  condnocd  Id  the  and  Ar  whkli 
Ite  fbimed  them  and  that  thew  finmiliveputidis,  Mug 
•oUda,  are  incomparubiy  haidar  tftaa  any  of  tbo  Mmible 
poMNia  bodies  ceoipouBdcd  of  them;  evra  so  hard  as  never 
to  wear,  or  break  in  pieces :  no  other  power  being  able  to 
divide  wh^t  God  made  one  in  the  hrst  creation.  While 
tJiese  corpuscles  remain  entire,  they  may  conipo.se  bodies 
ul  oiu'  the  same  nature  ana  d  viii'v  in  .ill  ugcs  :  but 
shouid  liiey  near  away,  or  break  m  pieces.,  the  miture  of 
things  depenilin;^  on  them  would  be  channrci  :  wfttrr  un  I 
earth,  composed  of  old  worn  panich  s,  ol  fragments  oi  par- 
ticles, would  not  be  of  the  same  nature  and  texture  no«, 
with  water  and  earth  composed  of  entire  particles  at  the 
beginning.  And  therefore,  that  nature  may  be  lasting, 
.  the  chaogm  of  corporeal  tbioga  aie  to  be  pwoad  only  in 
tbe  wwiuuB  leparaiiuiiis,  aud  Mw  aMOdaliaa^  oifllniapw 
roanent  corpusclee," 

■2.  That  this  maair,  io  order  to  fenn  tha  vast  variety 
of  aatuial  bodica,  motf  bn«e  motioa  in  aoma^  or  aD  its, 

Sawimnhlf  gartaj  mi  that  tbit  motion  waaghen  to  maitw 
Ood,  tbe  emtor  of  all  thing* ;  and  has  all  manner  of 
uctiom  aad  lendencifs. — "These  corpuscles  (says  New- 
ton) have  not  only  a  vis  ineriLr,  en:  ( orapanied  with  such 
passive  laws  of  inotiou  as  uaturtuly  ii-sult  from  that  force; 
but  hIiiO  .ire  moved  by  certain  active  principles  ;  such  as 
that  (if  gravity ,  and  that  which  cause*  fcrmenlation,  and 
the  cohesion  of  bodies." 

3.  That  matter  must  al»o  be  .ictually '''^'(ii'd  into  parts; 
and  each  of  these  primitive  part  r  li  s,  tn.^menu,  or  atoms 
of  matter,  must  have  its  proper  magnitude,  ligure,  and 
sh.ipe. 

4.  That  these  diOiBreotly  sised  and  shaped  particles, 
have  dt  fie  rent  Olden,  positions,  iKimtions,  and  i>o»tures, 
from  whence  all  tbe  variety  of  onatpoond  boditaaiiaak 

COHRl'CnON  <2^a  AmM.  SaeFlow. 
CORRIDOR.  SeeComiBOK. 
COKfBA  (M Aaiflir),  a  Sfrnkk  MtboT'On  Mavigpiion, 
wJtoflpurithcriiitlM middle  allhalAbcaMOfy.  I*  IMI 
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wu  pnbliihcd  »t  Sevillr,  -bis  book  entitird,  Breve  dc  la 
Sphera  y  dc  la  Arte  dc  Nnucgnr  con  nueuos  Instrumento^ 
y  Reglas;  which  ho  Days  he  cnmposrd  at  Cadiz  in  1^45. 
in  the  dtxlication  to  thr  omiH-mr,  Curt<^  boasts  that  he 
wa»the  (ir^t  »  ho  hn<l  reduced  navigation  into  a  Comprn- 
dinm,  Mjlargiiiv  much  on  what  he  had  prrfomtrd.  lie 
briefly  and  cJi'arlye.Npowd  the  errors  of  planc-chnrls,  and 
aeeiiicd  to  ledect  on  what  had  been  said  against  ihi-  varia- 
tion of  tkr  compass  by  Medina,  when  he  advised  the  mari- 
ner, rather  to  be  guided  by  experience,  than  to  mind  sub- 
tle reitsoninffii.  ft^ides,  he  endeavoured  to  account  for 
this  variutiou,  in  imagining  the  M<-<-dle  to  be.  influenced  by 
•  magnetic  pole  (which  lie  called  the  Point  Attractive) 
diSrrent  from  that  of  the  world  ;  a  notion  which  has  been 
farther  prosocutcd  by  others, — A  translation  of  Cortes 's 
book  by  Richard  Kdcii,  was,  on  the  recommendation  of 
that  great  navigator  Steven  Burrough,  and  the  encourage- 
raenl  of  the  Snciely  for  m»king  di»coverin  at  sea,  pub- 
luhed  at  Ixindon  in  15^1. 

CORV'US,  the  Haven,  a  southern  constellation,  fabled 
by  the  Greeks,  us  tnki-n  up  to  ht-a\en  by  Apollo,  to  whom 
it  tattled  that  the  beautiful  maid  Cortmis,  thr  daughter  of 
Pblrgeos,  and  mother  of  Lsculapius  by  Apollo,  played 
the  deity  fal>«  with  l«cliy«,  under  a  tree  upon  which  the 
animal  happened  to  be  perche<l.  I'hc  stars  in  this  con- 
stellation, III  Ptolemy  '*  and  Tycho's  catalogues,  are  7  >  but 
in  the  Hritannic  catalogue,  V. 

COSf.CANr,COSINK,COTANGENT,COVF.RSF,D 
SINE.,  ar«  the  secant,  sine,  tangent,  and  versed  sine  of  the 
complement  of  an  arch  or  angle  ;  Co  bring,  in  this  case,  a 
contraction  of  the  word  complement,  and  was  first  intro- 
duced by  Gunter. 

COSMIC AI.  Aspect,  among  astrologers,  is  the  aspect 
of  a  planet  with  respect  to  the  earth. 

CoHMiCAL  Ritinp,  or  Seuing,  i*  said  of  a  star  when  it 
rites  or  sets  at  the  same  time  when  the  sun  risei. 

But,  according  to  Kepler,  to  ri»e  or  set  cosmically,  is 
only  simply  to  rise  or  s<>t,  that  is,  to  ascend  above,  or  de- 
fend below,  the  horiaon ;  as  much  as  to  say,  to  rise  or 
M-t  to  lh<'  world. 

COSMOGON  V,  the  science  of  the  formation  of  the  uni- 
verse ;  as  di>iinguish<'d  from  cosmography,  which  is  the 
science  of  the  parts  of  the  universe,  supposing  it  formed, 
and  in  the  state  as  we  behold  it ;  anil  from  cosmology, 
which  reasons  on  the  actual  and  permammt  slate  of  the 
world  as  it  now  is;  whereas  cosmogony  reasons  on  the 
variable  state  of  the  (voild  at  the  lime  of  its  formation. 

COSMOGRAPHY,  the  description  of  the  world;  or 
the  art  that  teaches  the  construction,  figure,  disposition, 
and  relation  of  all  the  |Mirts  of  the  world,  with  the  manner 
of  a-presenting  them  on  a  plane.  It  conttsls  chiefly  of  tw  o 
parts;  via,  Atlronomty,  which  shows  the  structure  of  the 
heavens,  with  the  dis|)oftilion  of  the  stars;  und  Geography, 
which  shows  tbo«c  of  the  earth. 

COSiMOLOGV,  the  science  of  thr  world  in  general. 

COSS,  Rule  <(f,  meant  the  same  as  .\lgebra,  by  which 
name  it  was  for  some  lime  called,  when  tirst  introduced 
into  Europe  through  the  Italians,  who  named  it  Rrgolade 
cos.i,  the  Rule  of  the  thing;  the  unknown  quantity,  or 
that  which  was  rp<]uired  iu  any  question,  being  called  cosa, 
the  thing;  the  terms  whence  we  have  Coss,  and  Cnssic 
numbers,  &c. 

COSTARD  (Geoeoe),  was  born  m  Shrewsbury  1710, 
and  educated  at  WadbaiB-collcge,  ONford,  of  which  he 
became  a  fellow  ami  a  tutor;  iw  dic^l  at  his  vicarage  at 


Twickenham,  Jan.  10,  1782,  in  the  72d  year  of  his  apd 
Mr.  Costard  was  a  man  of  great  learning;  deeply  read  in 
divinity  and  astronomy  ;  well  versed  in  the  Greek,  and  a 
perfect  roaster  of  the  Hrbrew  and  other  oriental  languages. 
— His  private  character  was  amiable,  and  his  correspon- 
dence with  the  literati  was  extensive  both  at  hone  aud 
abroad.  He  hud  a  great  veneration  for  the  Greeks  and 
their  literature;  and  was  generally  skilled  in  the  learning 
of  most  of  tho  ancient  nations.  Besides  various  publica- 
tions  on  divinity,  &c,  he  was  autlior  of  the  History  of 
Astronomy,  4to,  I7<>7.  with  its  application  to  geography, 
history,  und  chronology.  His  conimunicatiuns  to  tlje 
Royal  Society,  which  are  chiefly  on  astronomical  subjects, 
are  contained  in  vols.  43, 4-^4S  and  68of  tho  Philosophical 
Tninsacii<ins. 

COTES  (Roger),  a  very  eminent  mathematician,  phi- 
losopher, and  astronomer,  w;ls  born  July  10,  l682,  at 
Burbach  in  Leicestershire,  where  his  father  Robert  was 
rector.  He  was  first  placed  at  Leicester  school ;  where, 
at  I'i  years  of  age,  he  discovrrrd  a  strong  inclination  to 
the  raatheniaticr.  This  being  observed  by  his  uncle,  the 
Rev.  Mr.  John  Smith,  he  gave  him  all  the  encouragement 
he  could;  and  prevailed  on  his  father  to  send  hira  fur 
some  time  to  his  house  in  Lincolnshire,  tliat  he  might 
assist  him  in  those  studies:  and  here  he  laid  the  founda- 
tion of  that  deep  and  e^tensive  knowledge  in  that  science, 
for  which  he  was  afterwards  so  deservedly  famous.  He 
was  hence  removed  to  St.  Paul's  school,  London,  where 
he  made  a  great  progn-ss  in  classicul  learnin<{ ;  and  yet  he 
found  so  much  leisure  as  to  support  a  cnnstant  correspuii- 
dence  with  his  uncle,  not  only  in  niotheroiilics,  but  aho  in 
metaphysics,  philosophy,  and  divinity.  His  next  remove 
was  to  Trinity-college,  Cambridge,  where  he  look  bis  dc> 
greet,  and  became  fellow. 

Jan.  1706°,  he  was  appointed  professor  of  astronomy 
and  experimental  philosophy,  on  the  foundation  of  Dr. 
Thomas  Plume,  archdeacon  of  Rochester;  being  the  first 
that  enjoyed  that  office,  to  which  he  whs  unanimously 
chosen,  on  account  of  his  high  reputation  and  merits.  He 
entered  into  orders  in  1713;  and  the  same  year,  at  the 
desire  of  Dr.  Beniley,  he  published  at  Cambridge  the  sc«- 
cond  edition  of  Newton's  Mntheniaiica  Principia  ;  insert- 
ing all  the  improvements  which  the  author  bud  made  to 
that  time.  To  this  edition  lie  prefixed  an  excellent  pre- 
face, in  which  he  pointed  nut  the  true  method  of  philoxo- 
phizing, showing  the  foundation  on  which  the  Newtonian 
philosophy  vvus  raised,  and  refuting  the  objections  of  tho 
Cartesians  and  all  other  philosophers  against  it. 

The  publication  of  this  edition  of  Newton's  Principia 
added  greatly  to  his  r(>putution  ;  nor  ua«  the  high  opinion 
the  public  now  conceived  of  Inm  in  thc'least  diminished, 
but  rather  much  increased,  by  severul  productions  of  his 
own,  which  afterward  appealed,  lie  gave  in  the  Philos. 
Trtinsactions,  two  papers,  vix,  l,  Logometria,  in  vol.  '29  i 
and  a  Description  of  the  great  fiery  meteor  tliiit  was  seen 
March  6,  I71t>,  in  vol.  31. 

This  extraordinary  genius  in  the  matlieinatics  died,  lo 
the  great  regret  of  the  university,  and  all  the  lovers  of  the 
sciences,  June  5,  17lb,  in  the  very  prime  of  bis  life,  being 
not  quite  34  years  of  age. 

Mr.  Cotes  left  U  hind  him  some  very  ingenious,  and  in- 
deed admirable  tracts,  part  of  «  hich,  with  the  Logoroetriu 
above  mentioned,  wen-  published,  in  1722,  by  Dr.  Robert 
Smith,  his  cousin  and  succes^or  in  his  profiussorsliip,  iifler- 
warda  giastcr  of  Trinity-college,  under  tbc  lillc  ut  Har- 
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monU  MaiMiranm,  wbicli  conlainmnanibcr  of  very  in- 
KeoioQv  and  Iturned  work:. :  Sir  ilic  Inlroducliun  tu  my 
iLi^^tlum.  H«  nrnilo  aUo  n  Compemliuni  «(  Ariili* 
nwtiet  on  Ac  RnolvtiiW  of  Eqauium;  uii  Dio^uiic^; 
•nil  on  the  N»iaiv  oT  Chphh.  Bciidn  iImw  pircm,  ho 
drrw  op,  in  the  time  aT  bit  Iccivmi  a  touns  of  iI>-dio- 
itatioal  and  Pncumaiical  Lrciumi,iii  CngUah,  wbicti  wm 
publi^hi-d  alsu  by  Dr.  Smith  in  8vo,  1737,  and  ok  held 
in  qrcal  i-^limatinii. 

So  lii'h  an  opinion  had  Sir  Isaac  Newton  of  our  an* 
t1inr%  crii  iis,  lhat  Ik-  ns'  tl  tu  oay^  "  If CoMihad  Uvodt wc 

nii;;l.I  liBM-  kniiuu  SLim  lhina." 

CO  l  l'.SI  AN  i'leorcm,  in  C5oonulr\ ,  af>  ion  Unci! 

for  an  rli;;aii!  pn>|>t  ity  of  llif  rirck-  <li?.<  uvcn  il  Uy  Mi. 
ColCi.    The  lliiMii  in  .  ir  '.iic  lutlorb  ol  llii-  bMnmiial 

ifit^i*bc  n-quircil,  the  index  c  being  an  integer  number. 
With  (he  centre  o,  nnd  nditts  Aosa,  daacrtfa*  »  ciicle, 


and  divide  it*  circumferrnce  in(o  as  many  c(|ubI  partsi  u 
ihrrc  arc  units  in  3c,  ut  thr  points  a,  b,c,  0,&c;  then  in 
liie  radius,  produced  if  neceisary,  lake  or  =  x,  nnd  from 
the  point  r,  tn  nil  tliu  ]hjiim-.  of  division  in  tin-  tiicuni- 
fcrcncc,  <lrH»  ihrlinrs  r  a,pb,  f(:,&c;  so  »hull  tbcw  liim 
nlicn  iiltrrn.iti  ly ,  in-  the  factor?,  iouglit;  ns^ 

TB  «  i-i)  «  !•^  \c  =1     +  J*^,  iinii 

l-A  K  PC  X  IT  \'r  =  u' ~  j"^,  \  iz, —  <ii  —  u*, 
according  us  the  point  v  >->  wilhin  or  «ilhoul  the  circle. 
For  iiMtancr,  if  c  =  5,  divide  the  circumf.  into  10  equal 
paits,  and  tlir  point  r  lacing  within  tlie  circle,  then  will 

oa'  -4-  op'  =  bp  k  bv  m  rr  »  Hf  »  sr, 
and  o a'  — OP* SAP  x  cp  k  ifw  or  »  ir« 

In  liiic  manner,  if  c  =  6,  hawing  divided  the  circum- 
ference into  1 3  equal  parts,  then  will 

OA*  ^  Oil's  (P  K  DP  «  rr  X  HP  »  BP  »  MP, 
OA*  —  0>*s  AP  K  CP  K  BP  K  CP  a  IP  M  Vr, 

ThodcNMmMiatMm  of  this  theorem,  may  be  seen  in  Dr. 
Pcmhertrali  tigku  4k  Catiaii  inrntia.  8eo  alio  Dr. 
Smith's  Theorcmata  Logorattrica  and  Tiigooomctrica, 

iidilfd  f')  Cotii's  Iljirm.  Mens.  pa.  114;  De  Moivre  Mis- 
cel.  Anidyt.  pa.  17  ;  Waring's  Letter  to  Dr.  Powell,  pa.  39, 
nnd  Simpson's  Ks^ys,  p.  113. 

By  nuiiiis  nl  tlili  iheonni,  the  acute  anil  i  li  ;;tiiit  f.i- 
ihor  "lis  i  iKibli  cl  \i>  n;;ilM'  :i  iartlier  progress  in  tin  um  r^c 
method  nl  riuNii  H'.,  lliiiri  had  been  done  before.  But  in 
(he  applic  alioti  ol  ln^di>cn\ery  ilien-  still  remained  a  li- 
mitation, whicii  was  reraovcd  by  Denmivre.  A'fdu  ut 
tupra. 

COVERT-Wat,  in  Fortification,  a  space  of  ground 
level  with  theadjoinil^  country,  on  the  outer  edge  of  the 
dilchi  ranging  quite  round  all  the  wurk&.  This  it  other- 
wiee  c^lcd  the  Corridor,  and  has  a  parapet  with  it*  ban- 
qnette  and  gbcii,  which  form  the  height  of  the  parapet.  It 
btonetimet  also  called  the  CooMencarp,  because  it  it  on 
the  edge  of  the  scarp,«-On«  of  (he  grcatcat  diftcolikt  is 
a  siege,  it  to  maheatodgneat  OBdiecoi«rt'>waj^  j  bccauw 


it  is  usual  f(>r  the  besieged  lo  paltsa^le  it  alon"  the  mi<ldii*r 
and  undermine  it  on  all  tides. 

COVINO,  in  Bunding,  i»  wbco  houict  arc  built  pro> 
jectingpvex  the  ground  |i)olr  nod  tba  tummi  pn^eetoi* 
formed  into  an  arch.  , 

CoviKo  Gtmicrt  b  om  that  ha>  a  laige  caiiwiate  or 
hollow  in  il< 

COUMT-Whssi,  ii  a  wheel  in  dm  ttrikiag  part  of  a 
dock,  noviof  ruundonca  ia  Iflor  Mhoim.  kitwmr' 
timet  catkd  ue  lockii^wheel,  became  it  hai  uaualiy  1  ( 
notches  in  it  at  nneqaal  dislucw  from  one  anoth«r«  to 

moke  the  clock  strikis. 

C'OUN'rLH-AppKOACiiF.'i,  in  Fortification,  lities  or 
In  iicln-s  liuiiii  by  the  besieged,  where  the>  come  out  to  iit» 
lack  tin'  liiii>  iif  the  be»irj;eri  in  I'nnii. 

("oti  X  T  KK-b<»  1  l  EliY,  a  balii  ry  u.i-  .;  to  piay  on  ,in- 
otber,  to  diiuiount  the  guns,  ice. 

Coi'Mi  ii-UHE.\bT-WoUK,  the  >anic      Fuum- lhii>/e. 

CoLN  Itll-lottTS,  Bun  KENS  LS,  or  Si- I  K.,  J  llldis 

of  masonry  iicrviog  to  prop  or  suhluui  «iill'«,  or  terrace>, 
subject  to  bulge,  or  be  ihrovrn  duwn. 

C'ouKTEii-Fi.'ovB,  in  Musici  is  when  fugues  proceed 
contniry  lo  one  another.  '  , 

CouxTCRXiUAao,  iti  ForiificatioD,  a  work  cororaonljr 
serving  to  cover  a  batttion.  It  i'>  composed  of  itra  facea, 
fonning  a  salient  a^gla  bclurc  tba  flanked  aag|c  of  a  bat* 


Co«liTaii41*BiioiticAX<.  8eeCoMTitA-HAKMOKic.\L.  • 

CbuMTan'MiHi,  a  rabterraneoiu  passage,  made  by  ibo 
besieged,  in  search  of  the  eiK-my's  mine,  tog^vaairto  it,  to 
lakcdv«ay  the  powder;  or  by  any  other  meut to fnittiata 
the  eireit  i.t  it. 

C'oi  ,srt.u-I'.»UT,  a  terra  in  Music,  only  denoting  that 
one  part  ii  o|ipr>siti'  to  another:  lOk  the  iNut  and  tmbia  am 
counter- put  li  to  each  other. 

CottxriiR  PoiNT.in  Music,  the  art  of  i  c  ni|  iMug  har- 
mony ;  or  disposing  and  coliccf tini;  sewral  pai  is  so  toge- 
ther, as  that  they  may  make  an  agreeable  »  hole. 

CouKTKR'Puiai,  any  thing  serving  to  weigh  against  an- 
other; particnluly  a  piece  of  metal,  usually  of  bram  or 
iroMi  nakii^asi  appeitdageto  the  Romun»tatera,orttoi'l- 
;fard.  It  ie  toatiived  to  slide  along  the  beam;  and  from 
the  diriiton  at  which  it  koept  the  balance  in  equilitmo, 
lb«  wakht  of  the  body  it  deUrmincd.  It  it  tomeiinwt 
called  tie  Pear,  on  account  of  its  flgtm;  aad  Mass,  by 
reason  of  ita  weight.  Ilopc-danoert SBakc  nie  of  apoieby 
way  of  counierpvise,  to  keep  their  bo&»M  c«ttiiUbrio> 

COUNTERSCARP,  h  that  side  of  the  ditch  that  it, 
next  li.e  rouiiliy;  or  propi  rU  the  tHlui  that  supportttho 
tarili  ol  the  to\crl-uay:  ihnugh  by  thiiwoid  is  often  0»- 
der>Ioi.:cl  the  \»  hol<  f<.veil-vvuy,  vi'illi  i  :^  r  n-.i  (it  l  i.iid  j^lacts, 
.'\rid  so  It  iin.st  hi'  iiiui< Titood  v^hen  it  li  saal,  l  i  e  <  iietny 
ludteil  tlu  ruhi  Ki  s  (  ii  the  count)  iscarp. 

.CoitSTEk-iswALLows-i  All.,  IS  an  out*v(nk  in  lortifi- 
catinn,  in  form  of  a  single  tenuillo,  wider  to«arih  (he  place, 
or  at  the  gorge,  than  at  the  bead,  or  ne.xt  ilie  country. 

CouHTBK-TeNOH,  oneof  thefflean  or  middle  jiarttof 
music;  so  called,  at  bci^g  oppoiite  lo  ibe  tenor. 

COURSi^  in  Navi^tioot  tbe  point  of  ihe  compass,  or 
boriion,  which  a  ship  stecirt  on;  or  the  angle  which  tbe 
rhumt>-line  on  which  it  lailt  makci  with  the  meridian ; 
being  aoaMtimca  Kckemd  in  degtces,  and  totnetinwi  ia 
poinit  of  the  coniBii. 

Whan  a  chip  mhIb  either  duo  north  or  touth,  ifaaMilaon 
a  atoidiaii,  mahes  no  departure,  and  her  diMMce  and  difr 
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Herrncc  nf  laiiluiic  arc  the  tumr.  VVbt-n  die  saifn  due  mt 
or  west,  h'-r  course  maJiet  righMAglct  with  Ibeawridim, 
ami  «he  mIIs  either  npm  the  eqiwtor,  or  ■  paraltpl  to  it; 
ill  wbick  case  she  malMt  nil  dmience  ot  lulituJi-,  but  her 
disMiiM  and  departure  are  the  same.  But  when  the  thip 
wila  bat  ween  the  cardinal  point>,  on  a  conrao  making  ul- 
Wft  the  same  oUiqaa  angia  with  the  meridian*,  her  path 
i»  tlkCB  the  loxoilroaiic  ctinre,  being  a  spiral  rntlins;  all 
tlieiBeridiMUia  dWtamr  annU-,  and  terminating  in  the  poiA 

Hence  arian  a  ftiad  (>f  gc ovraphical,  or  nauticai  para- 
dox ;  nl  least  to  thoaa  who  liave  but  a  limited  Icnowlrdge 
of  tho^c-  sulijcct^  :  which  ia  this,  if  we  suppose  tnu 
places  liii%it,^  <llrtiT<-ii'.  latiiudes  and  longilutd  s.  uii'l  that  a 
jwi«in  li  iivrs  (  lie  of  th()s«"  plam  on  a  rrrtJiin  point  of  tin' 
conijiafs,  ticiirii'i;  ilincily  towiirils  llic  olh'  r ;  ami  Imviiii: 
arrivLil  iIm  tc,  l<ilv.■^  this  last  place  u|><in  tin-  dirti  t  (.p|n)- 
aite  piiinl  id  the  conipuss  to  thnt  on  which  he  tlr>t  »  t  uut, 
it  will  be  Ibuiiii  un  Ins  pursuing  Ihif  C(iur<><',  iliat  Ik-  will 
never  ri-lurn  aijain  to  thi'  pUcc  whencp  hp  first  ci  iiarltil  ; 
but  will  leave  It  more  or  less  on  the  rij>lit  or  U  It,  according 
to  the  relative  situiitions  of  the  two  plaice*. 

The  caowof  this  deviation  from  his  original  track  is 
however  aadly  CXpluinrd  :  fur  in  the  first  case,  at  the  tra- 
twUrr  M  auppoacd  tu  gn  directly  from  one  plaiw  tt>  the 
othcTi  hm  doM  ant  eoatinae^  in  any  t«a  moccaiiva  in> 
•ttiiMti,  ti>  ]Hume  tfa«  aame  point  of  ilie  conpui}  where* 
ae  oa  kie  ictaiii,  be  it  cdluidnvd  aa  cuMtantly  otoeraiiig 
.tlie««N*poiiitf  and  hence  ariao*  llie  deviation  in  queaiion, 

Ptir  tiie  tame  reason,  if  a  veiael  depart  from  a  port  situ- 
ated in  north  latitude,  and  ciin^iantly  punue  the  same 
norlh-easlrrly,  or  north-weslrrly  course,  it  will  continually 
approacii  l<uviir<l»  the  iKJrtli  p<i|c  in  a  spiral  traced  on  the 
ti  rrcstrml  suiliicc,  hut  it  v\ill  mcm  t  nrnve  there,  however 
lir  thi>  Noyage  may  l>c  pursutil.  AnJ  cxncily  the  i^ame 
iliin  :  will  take  place  with  ivipect  to  the  south  p<ile,  if  the 
conr^e  bo  rlirecteii  towards  the  south  tlW,  Of  tWUb-Weit. 

COUUTAIN.    S«-CuttTiN.     .-    ■  : 

CRAB,  in  Mechanics,  an  engine  OiedfarnMNIBfinfgnn 
«n  their  carriages.  SecCiiK, 

6aab,  on  ship-board,  is  n  wooden  pillar,  having  its 
lower  end  let  down  through  the  ship's  decks,  and  resting 
on  a  socket,  like  the  cap4tai>:  in  its  upper  end  are  three  or 
four  holOt  at  diderenl  facigbts,  through  the  middle  of  it, 
one  ahove  wiether,  to  receive  long  bars,  agairtsi  which  men 
art  by  Miebiog  or  thmtling.— It  ia  employed  ^o  wind-in 
the  cable,  and  far  oiber  potpeete  rnjuiring  a  great  mcchn* 
nical  power. 

The  Crab  with  fbrre  riawa  It  wed  to  laaneb  ships,  and 

lo  heave  them  into  the  dock,  or  off  ibe  key. 

CRAB'I  REK  (Wm.),  an  ingenious  l-^igli^h  astronomer, 
who  rr^iilrii  .11  Uroushton  near  .Midichoti  r  in  I  jiiirashire, 
in  the  (  ally  [  iir!  ui  the  I7lh  crnlury.  Hi-  was  the  trit  n(i 
of  ihc  ciitiseiMal  vmny  H^lrtindint-r  llorrox,  israr  l.ivcr- 
pnol,  -.u'h  w  hom  liccErtH'il  mi  a  learned  ;i<>trriivinircnl  cor- 
rci>p<iii(Jcn<:r  h(M  hi- m  v,  ra!  yt  ai  s  I6';U),  \(y^7,  Ki.lH,  Ki.iO, 
|64U  ;  by  v»l)irh  means  he  "as  very  ioiiiruinenlal  iii  en- 
eottraging  Mr.  Horrox  toproinTute  lii«  nti  fiil  ailronomical 
obtrrvHtions  and  writings.  A  collection  of  those  of  Mr. 
Cruhtrce,  mostly  for  the  same  years  as  those  Hbovc,  wiis 
published  by  Dr.  Walli*,  along  with  the  works  of  bi»  friend 
Hi>rrox,  in  one  vol.  4to,  l672.  A  lang  and  learned  letter 
of  biato  lir.Ga(cai||M  (tlw  inventor  of  Iba  Uicrometer), 
«n  the  nnlnre  and  appearand  of  tbeidar  i^ts,  in  the 
philut.T'nHis.  vol.  97,  and  in  my  Abridg.  vol.5,  pa. 686. 

CBAIC  (Btv.  Joan),         a  respect8ble,Scolcli  dt- 


vine  and  malhe matirian,  who  it  seems  settled  some  lime 
at  Cambridge,  hut  v,at  ufterwurrfs  vicar  of  Gillingham,  in 
Uorsclshire,  whence  he  comnunily  addressed  his  letlrra  to 
the  Ruyal  Society.  In  1()S5  he  had  a  dispute  with  Jolin 
BemooUij  on  iltc  qnadrature  of  curve  lines  and  cvrvili' 
near  ligmvs.  He  bad  ahw  anotfaer  diflctencf  with  Aat 
great  malbemntidan  on  an  aWbraiceoaatian ;  but  after- 
wBlds  finding  himielf  wrimg,  he  candidly  acknowledged  it 
in  the  PbilaMpbical  TnnsHctionx.  1 1  r  v.  r  i  re  several  good 
piccta  OB  mathnnatical  subjects,  pnnly  published  sepa- 
rately, and  several  published  in  the  Philo*.  1  runi.  as  al^o 
the  translation  of  ihein  from  the  Latin  in  my  Abridgement, 
»h<  re  a  cattiloijne  <if  tlicrti  may  be  seen,  in  the  iiulrx  at 
the  end  of  tlir  ISih  or  I.Lst  mUinte;  beinp,  t.  Quadriiiures 
ol  OlJr^es  ;;eiiriieliiculiy  irrntioiuil. — '2.  Cjuudrature  of  the 
h^i;;irithiciic  cor»i>. — .1  On  Ihi- curve  ol  (|UK  k<  it  di-^cenl.— 
•I  On  ih''  lolhi  "■,  !,-ii-.t  resistance. — 5.  Method  nt  ileter- 
miiiinij  the  quiidntture  of  figures — 6.  JShIuikpii  ol  Ber- 
noulli's prohlem  on  curv«. — 7.  On  the  |eiii;i|i  di  curve 
hues. — 8.  Method  of  making  logaiiibros. — 9. On  the  hcitd 
of  a  moiuitrous  calf. 

And  his  separate  publications  are,  I.  Methodus  iigu- 
rarum  quadratures,  &c,  an  DO  1683,  4io — 'J.  l>e  quadra- 
luris  ft  iecis,  tte,  an.  l693,  4tu. — .).  De  calculo  Kuenti- 
«n,  at  de  Optica  analytka,  &c,  an.  17  is,  4to.— 4.  Thc« 
lo^Chriitianc  prinopia  maibematka,  i69JI,*and  after- 
wards primed  at  Lcqiaicwiib  a  learned  prebce.  Thcob- 
Jevt  of  thia  enrioos  tract,  k  to  apply  matheuaatical  cikiH 
latkm  to  the  cicdibility  of  the  Gospel  history ;  and  on  this 
principle  be  maintains  that  the  C'hnsiian  religion  must 
end,  according  to  the  doctrine  of  ciiances,  annodom.3I.SU, 
at  which  liini'  Clirist  will  make  his  scci/iul  appeaiarice. 
l  itis  viork  v(  ail  .ins" ered  hyihe  albe  I  luult".  il le,  in  a  piece 
Ontllletl,  'I'lie  ChiMian  jin  -.i  .i  liy  tiicl5. 

CltAMI'.R  K^Aiuiiri  I,  '-iiiimiit  Swi^s  mathemali- 
cian,  ua-  I  .  rii  ;il  (.i  r:i  >,i  le  miil  died  1752.  Hc 

was  made  proi'esvir  ol  iitaihcmaticb  at  1 9  years  of  age,  and 
wasavthorof  several  ;'.ood  works;  as,  his  Theory  of  Curve 
Lines,  1750,  4to;  he  sinipiified  the  art  of  reilucing  the 
equations  of  a  problem  to  the  smullest  nunihcr  possible. 
To  him  the  world  owes  the  useful  labour  of  collecting  and 
publishin:;  the  works  of  James  and  John  Bernoulli.  lie 
poisesied  a  fuitd  of  knowledge  in  physics  and  the  belles 
ietires,and  rendered  fairasrlf  famous  tbroogbMit  Eurof*. 
by  bis  progrese  and  skill  in  maihemaijcs. 

CRAJNU,  a  maehinc  uaad  in  tHiiI<ling,and  in  coeAnere*^ 
for  raiMM  latgiealDoea  and  other  weightu 

■  Perrni^  ia  his  notes  on  Vitrtnlus,  wakes  de  crane  the 
same  with  the  oorvtis,  or  raven,  of  the  ancirnts. 

The  modem  crane  consisis  of  several  members  or  pieces, 
the  principul  <  f  which  is  a  stroii^  uprit-ht  beam,  or  arbor, 
(irmly  fixed  in  the  j;niuml,  and  »u^talne<l  by  l•i^;ht  arm^, 
Corning  Iniin  the  exiri  ::'.uie!i  of  lour  pieces  of  wood  laid 
oerii'^s,  tliroiiph  the  midille  of  svhich  the  foot  of  the  beiim 
■,1,1^'-.."^.  Ar  i.dt  the  innidle  of  (he  arbor  the  amis  iiiei  r,  nuti 
are  inorlised  mlo  it :  its  top  ends  in  an  iron  pivr.;,  on  »  h.ich 
is  borne  ii  transverse  piece,  advancing  out  lo  .i  (jood  dir 
stance  like  a  crane's  neck;  whence  (he  name.  The  inid* 
<ile  and  extremities  of  this  are  again  sustained  , by  ama- 
from  the  initldle  of  the  arbor  :  and  ov<  r  it  pastes  a  rnfe, 
or  chain,  tuone  end  of  which  the  weight  is  fixed;  the  other 
is  wound  abnut  the  spindle  of  a  wheel,  which,  turned, 
diBwi  the  rope,  and  that  benvcs  up  the  weight :  to  be  at- 
Inwmrds  npplied  to  any  side  or  quarter,  by  the  mi>l«iliiy'w& 
Ibe  iiueireiae  pkc*  on  the  piwt. 
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S»»verttl  impro\cni*TH»  i  i  'hi^  iistl'ui  inHtKim'  arc  infii- 
ri'iiK'd  ill  J)cMi(ilil<cii.S  F..\|K'r.  Pliiiu!!.  ]m.  1  7  S  iV  ji  ir- 
lirularly  how  10  |iri'voiit  llie  inronvrnii-iiccK  unkiiiji  Icuio 
sud(Ji-n  j<-ik«,  u»  l^t■ll  Id  iiicnaw  its  turcc  by  Uttngm 
double  axil  in  pcriiruchio,  nnii  two  )iuii<l>' s. 

Ilie  Crane  i*  of  two  kiudi ;  in  iho  tii>l  l«iiul.  ciiiltil  llic 
mi'taikid  CfWCi  the  whnlr  iiiurlMiH-,  with  tlx-  loail,  turn!) 
upon  •Slroag  axi*:  in  the  m-coikI  l^intl,  ihf  '.ibbri  uloiic 
novo  no  iu  axi*.  Si'c  Di'vat-ulu-rs  a.-*  uhtivr,  tor  a  par* 
ticahr  ■oeount  uf  :hv  ilitt'crcnt  rraiu*-'.  and  ut  thi-  giadiul 
iiiipfin-fi««Ma  thov  have  mt-iveil.  alto  th«  Suppl«- 
menl  tu  FcfRWiM^  Iicctum*  ft,  9,  lie;  or  Philm.  Tniu. 
vol.  Ml  pa.  S4<,  for  a  d«Mri|Mimi  of  a  new  and  lafe  craai^ 
with  tmr  diflvrent  powm  adapted  to  dMrfcat  wai^ta 

ClUNS  fa  the  mune  of  a  wnthero  CMuteUatiaa.  See 
Gavi. 

Caava  fa  alio  ai|M>pu1ar  naine  fur  a  syphon. 

CRANK,  a  eontnvancc  in  machinos,  in  ronnncr  of  an 
ellx)«,  only  ofa  square  form;  projecting  out  from  an  axis, 
ur  spiudlo ;  and  icrving,  by  its  rotation,  (o  r.usi'  itiid  lalt 
the  piiiloiit  of  ervgino  tor  tui'-m^  walof,  or  ihf  liko. 

CKATtR,  the  Cup.  .1  consifll.ition  111  llu:  soulhcrn  hi- 
niiipbt-ri' ;  whotv  »tur^,  in  t'lolrniy's  catalogue,  are  7  i  m 
TycLo's,  8;  in  Ht  \('liu»'^,  lO;  and  in  the  llritannic  cuta- 
wguc,  .'31. 

CREblK,  n  port  of  a  haven,  where  any  tinnj^  is  lamli  d 
from  the  sea.  It  is  alM>  eaid  to  be  a  shoro  or  liank  on 
Vfhicli  the  water  (>eat»,  runTiing  in  a  small  channel  from 
any  part  of  the  sea. 

CtttPUSCL'LUM,  runligkt:  the  time  from  the  fir»t 
^hwB  or  appearance  of  the  morning,  to  the  rising  of  the 
MID ;  and  agaiu,  bettmicn  the  aelting  of  the  »un.  and  the 
last  renains  of  day. 

The  Crepnaculwa,  or  t«iU||h^  it  fa  rapposedt  oHwIly 
hagitw  and  cmh  whao  the  nn  fa  ahoat  IS  degrees  hriow 
the  horiaw;  far  then  the atan  of  the  €tk  mifpiitnde  dia* 
appeur  in  the  iBoniii!|^  and  appear  la  the  evening.  It  i* 
of  lunger  diiraiion  in  the  loUtices  than  in  the  equinoxr*, 
but  it  i»  longer  in  an  oblique  >pb«rf,  than  in  a  right  one;  be- 
cause, in  th(>M-  ca-ses  the  sun,  by  the  obliquity  of  his  path, 
is  longer  in  aacendms  ihniuph  IS  degree*  of  altitude. 

TAlli^Ilt  l^  oCCIl»iollfd  by  tin 
almosplKri',  .inil  iillrrtrd  Iroin 
eye.  For  let  .\  be  1I  i-  (  hue 
of  un  obM-rvcr  <u)  the  eurtli 
A  1)1.,  .\B  ibe  <.i  nsible  hori- 
zon, iiieenn;;  in  B  the  Circle 
cnM  bounding  thai  part  of 
the  atmosphere  which  h  ca- 
pable of  refracting  and  re- 
flecting light  to  the  eye.  It 
It  plain  that  when  the  sun  fa 
under  thii  Itoriion,  on  direct 
lays  can  cobm  tu  the  eye  at 
A :  b«t  the  tun  being  in  the  refracted  line  cc,  the  patrii* 
cle  c  will  he  iUuminated  by  the  direct  rays  of  the  nn ; 
and  that  partkk  ougr  nflect  thaie.ifys  to  a,  wbiSn  they 
enter  the  eye  of  the  spectator.  And  thus  the  ma's  l^fat 
iliunlnatillg  an  innumerable  multitude  of  particle*,  may 
tffi  all  reflected  to  the  spectator  at  a. — From  b  draw  bd 
touching  the  circK'  adl  in  n;  and  let  the  sun  be  in  the 
line  Bl>  at  s  :  Tln  n  tlic  ray  SB  will  bo  n'8eeted  into 
and  wil  I  I  II  I  I  ho  i-yc,  because  the  angle  of  int  i  l  ;v,  >  1.  hk 
equal  to  the  angle  of  reflection  abb  :  And  tlii>  will  bv 
the  fiat  nf  that  feadM  the  qfoln  the  I 


rt  rniCli-d  in  our 
>iinick-s  of  It  to  llii; 


du«  p.iug  bfninst  or  the  last  that  falls  upon  the  eypnt  night, 
tthen  the  -hi  11. <i  :  for  when  tin-  ••nn  t;<.i-(  lower dOMI( 
the  p:iflicii-s  ill  H  ^riii  lie  no  longer  illumisiated. 

K(  pier  indeed  H*^ii;n<i  another  cause  of  the  civpusruluin, 
MY,  the  iuinuif>u*  tioiiter  or  atmosphere  about  the  sun; 
which,  arising  near  the  horizon,  in  a  circular  ti^ure,  exbi- 
bill!  the  crepuiruluii: ;  in  no  wiiK-,  iie  thinks,  owing  to  the 
ri'liaction  of  the  ;i  1  n  ospheie. — 1  he  sun'a  luminous  attno* 
sphere  indeed,  iliouch  neiiher  ibp  tola  nor  piincipal  CBUM 
of  twtli|;ht,.  may  h  neihen  it*  duation,  by  illumioatiiiig 
•ur  air,  when  the  sun  n  loo  low  to  reach  it  with  hb  own 
light.   Grcgor.  As'ir.  lib.  2,  prop.  8. 

The  diprSuum  ^  ik»  tim  Mam  tie  kmitem,  al  Un  h^/fa 
aay  4^  Mk  MiernAv,  er  Md  ^ile  («mAi|;  AvtfMt,  fa  delar- 
minrtd  in  the  sanw  aaaaer  as  the  areb  of  viMoa;  vti,  by 
ohierving  the  momeat^brn  the  air  fiist  bepa  to  sbiae  in 
the  mornin<>,  or  cease*  in  shine  in  the  evening;  then  find- 
ing the  »an'&  place  for  that  moment,  and  thence  the  time 
till  his  rising  in  the  horirnn,  or  from  his  setlini;in  il  in  the 
cvcnina.  It  is  now  generaliy  ii;;ri'ed  ilial  tins  depth  ic 
about  IH  de<;ree»  upon  an  avira^<  . — AlliMwn  lounil  it  to 
l.9«;  Tyclio,  1/0;  llotlimanii,  '24";  Stcveniui,  180; 
Ca^sin:,  1.4";  lUccioh,  m  ihi' equinox  in  [hr  mninnig  lb", 
in  llie  tu  nmu '20°  30';  iuthesumraei  voKlict  in  the  mnni- 
iiij:  '^Vi  ii',  in  the  winter  Hd»tice  in  the  niorniiio  170  Ub'. 

Nor  1)  thi!>  diiTerence  among  the  deierminationa  of  astro- 
^onl<'r^  to  be  woudered  at ;  the  caute  of  the  crepuiculum 
bein|  incontiant :  for,  if  the  exbaiations  in  the  atnio^bere 
be  cither  mote  copious,  or  higher,  than- ordinary ;  the 
mbmine  twiU|^rwill  begin  tooncr,  aad  the  evening  hoM 
longer  tbaaaPdlMry:  forthe  more  COpfamsthc  e&balationt 
are,  ibc  more  ray*  will  they  reflect,  comequently  ihe  maaa 
will  they  $hine:  and  the  higher  they  arr.-tiici  sooner  will 
tbcgr  ba  iUnninaied  by  the  snn.  *0n  thfa  acoonnt«ao»  the 
esMiagtwiiigbi  faloBar  tlMn  the  ncmii^g,  at  iheiaaM 
tiBM  at  the  jpiHr  h  ii»  turn  plac»  To  this  it  may  he 
added,  that  in  a  denier  air  the  refractlen  is  greater ;  and 
that  not  only  the  brigbtness  of  the  atmosphere  i«  vatiaMei 
but  al<o  its  height  from  the  earth:  and  iberrforc  the  twi- 
light i>  loncer  in  weiitln  r  lb«n  in  eobi,  in  'Uinnu-i  llian 
in  winter,  and  nUo  in  hut  lllUIlt^Ie^  tiian  in  culil,  i>lber  cir- 
runisiiinci-.  l  .  ,  11;^  [111' ■■lime,  iiul  iIi  -  clii<  t  <ii::i  u-nces  are 
owma  to  the  (iifieri  nt  situations  ol  places  on  the  earth,  or 
to  the  diflereiice  of  the  sun's  place  m  the  hea\en<i.  'Ibii>, 
the  lwilif>ht  is  lon«>etr  in  a  parallel  vpbere,  and  shurlcsl  in 
a  right  aphen*,  and  loiiscr  to  places  in  an  oblique  sphere,  in 
proportion  as  they  an'  ii<aitr  lo  one  of  ihe  poK>;  a  cir- 
cumstance which  afl'irdH  u  lief  lo  ibe  inbabiianis  of  the 
more  northern  couniiies,  in  iheir  long  wiatcr  iiighu.  And 
the  twilights'  are  longest  in  all  plate*  of  north  latitude, 
when  the  sun  is  in  the  tropic  «f  cancer;  and  to  tho»<-  in 
south  latitude^  when  be  is  in  the  tropic  of  Capricorn.  The 
lim  of  the  shofleit  twilight  fa  abo  different  in  di&rent  la- 
tilD^  i  in  Engjland,  it  fa  afaoat  (he  beginning  of  October 
and  of  Naidb  when  the  sun  is  in  the  sign*  a  and  X> 
For  tha  method  «f  daterminii^  it  by  trigoiioroetry,  sea 
Gregor.Astroo.libkti  prob.41.  SceaboRobertsaa  sMw' 
vigaiion,  book  5,  prob.  13.— Heooe,  from  what  has  been 
said,  it  appc-ars  that  whim  the  difference  belwei  n  the  sun% 
declimilion  and  the  depth  of  the  equator  is  les-s  than  1 8",  so 
that  the  Bim  does  not  descend  more  tliun  lb"  below  the  ho- 
rizon ; 

IS  the  Case  in 
22d  of  July. 


the  crepusculum  will  continue  the  whole  night,  as 
Eipglaad  from  about  the  2«d  of  jday  to  tlie 
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10  Jfnd  ihe  b^imun/^  qf  tke  momfnf ,  md  emd     the  nenuig 
twiligh.  —  In  t!i''  nb'.ii]'u-:iii-:,Hl  !iphrncMl  triug)*. CF9( 
arc  given  zp  (he  colntauiic,  i-.s  the  ct>- 
ilfcliiialion,  and  zs  sz  10h*>^  being  lliu 
sutn  u(  QCfi  (hi-  quixliuiil  aiul  18°  the 
di'prruion  at  (hi:  i       n  ity  oi  the  twi- 
Ikgtit.   Tlic-n,  by  hpberical  trigonomo 
try,  calculHtc  the  angle  zrs  the  hour- 
•^glc  from  noon;  which  changed  into 
time,  at  the  rate  «r  IS^  for  M  hour, 
gives  (he  time  froin  noon  at  the  begin- 
ning or  end  nf  twilight.    See  Kobtrtson,  ubi  lupra. 
Of  theUcifhtof  theMnaiUeAtinMphefe,MdeMrinineil 

kcirt  Aitraii.  Ltct. 


fiRMa  dw  AimtiMi  o(  twili|{hl« 
kct.  90,- pk.  t95k  ed.  tfii  i  or  Lm^s  Astron.  vol.  i, 
pa.  860 J  whtnk  u-dtlnmwd  Ihat.ibe  height  at  which 
|li««H»Mphcie  ■  d«w  ecMiii^  10  nflict  tlM  f»ya  «f  light, 
U  ftbout  43  inilca.  ' 

CRESCENT,  tbenew  moon,  which, a*  it  begins  to  ncade 
from  the  lun,  shows  a  imall  rim  of  light,  tcnaiuitU|  io 

h':inn  ><r  )i<>iiilN,  vtl'iicli   ilHlfMH  llll  jl  hfirCllftni  ftlW.  >IMI 

round  ill  the  i>j>po!.itiim. 

The  term  is  someiimes  also  useJ  for  the  same  figure  of 
the  moon  in  her  wane,  or  decrease,  but  improperly;  both 
because  the  horns  art  thin  tunu-d  towards  wcit,  and 
because  the  tigurc  i^t  on  the  decrease  i  ihc  Creaceut  pro- 
perly signifying  increase,  from  cracOt  i gHHtk, 

CUONICAU  ScttACROKICAL. 

GBONOS,  a  name  |if  «n  tFiUam  by  Mim^  «f  die  old 
attronoroical  writers. 

CROSIER,  four  itart,  in  form  of  a  cross ;  by  the  help 
of  ttrhicb,  thoie  that  tail  in  the  loathcrn  hemisphere  find 
the  antarctic  pole. 

CROSS,  in  Sufwyti^  is  an  instrument  coariuiqg  of  a 
bnat  circle,  dividetl  ioto  4  eqtial  parts,  by  two  liaet  Cioh- 
ing  each  other  in  the  centre.  At  eacli  extienuty  <4  Ibcie 
line*  is  fixed  a  perpendicular  sigh  I,  withsniall  bole*  below 
each  slit,  for  the  better  discovering  of  distant  objects.  The 
cross  in  luountrd  on  a  staff,  or  stand,  to  fix  it  in  the  ground, 
and  IS  Mf,  iiM  tul  for 
taking  otl-icts,  &:c. 

£l.  .SuppOM:  it  be  ref|uired 
with  the  Cross.  .Meiisuic.ikiiig 
the  diagonal  line  k<  ,  and  -ib- 
M;r»e,  with  the  Cross,  vUit  u 
you  are  perpendicularly  op- 
posilc  to  the  coiners,  «!>  nt  r, 
a,  n,  and  from  thence  nu-a- 
toM  the  perpendiculan  ra, 
OBftiD.  When  yon  think  yon 
are  nearly  opjKwite  a  corner,  set  up  the  cross,  with  one 
,of  the  ban  or  croas  Imcst  in  the  direction  ac  ;  then  hmk 
lhr9«g|r  the  lights  of  the  other  crow  bar  fur  the  comer, 
■a  iflt  ko  Hen  thraugb  dKBt  ibe  crosa  ,is  fixed  in  the 
tigbt  plnce»  if  not,  tike  it  im  and  move  it  backtward  ur 
lonwid  in' the  lia*  ac,t}U  Ih*  paint  s  bo  icfn  through 
fbwetigbist  andt|wiymhM«th«inM|itofeortbaper- 
peodkukr. 

ImmtioH  qfthc  Cnos!^,  Jnvntio  Ciiici;m  ancient  featt, 
which  IS  still  retiiiiied  in  our  calendar,  and  solemnized  on 
the  3d  of  May,  in  nwniory  of  the  findi:  <it' rhr  ;nit  rmss 
tif  Christ,  it  is  &iiid,  deep  in  the  ground,  on  Mount  Caiva- 
rj,  by  St.  Helena,  the  ranthiT  of  Constantine ;  where  she 
erected  a  church  for  the  orcMrration  of  part  of  it:  the 


■nail  piacaa  of  lM(l»«Bd 
10  wiwy  (be  SeiiMCBS 


test  being  bniiight  (i/  Ronii',  uiid  deposited  in  tb»  fiiiirrh 
of  tbc  lli^ly  Cm-,--,  lit  Jrf  iisai'.  jn. 

Eiaiiiu,i»i  of  ikt  Cuoss,  an  ancient  feast,  held  on  the 
14th  ot  S(  |;i,  ruber,  in  nieinory  of  this,  that  Hcraclitus  re- 
stored to  .Mount  Calvary  the  true  cross,  in  (>42,  which  bad 
been  earned  ofl,  I  ^  years  before,  by  Cosroes  king  of  Pei^ 
sia,  on  hit  taking  Jerusalem  from  the  empemr  PbOCtS.  .< 
This  (east  is  still  retained  in  our  calendar,  on  Sapt^  14,  nO* 
der  the  name  of  Holy  Rood,  or  Holy  Crow. 

Ci(o^i«-.Mi;LTiPLic.\Tioii,  a  method       9^  lOiOc. 
used  chiefly  by  artificen  in  multiply ing  feet      6  8 
and  inchct  by  fiset  and  tncbci,  or  the  Tike ;         '  o 
ao  called,  bccaniBdiefiwlaminaHillipUcd      6     (7  8 
cimimm,  tho.:       *  65     6  H 

Ckos^-Staff,  or  Ffirr-Stqf,  was  a  nautical  instru> 
mcnt  of  box,  or  pear-tree,  consisting  of  a  tquara  ttMf,  , 
of  about  S  feet  loni^  having  each  of  iti  Ihoet  divided  likon 
Nae  of  tamentit  and  bavins  4  crou^  pieces  of  unequal 
lengthi  to  fit  onto  the  naff,  the  halm  of  these  being  as  tho 
nuw  to  the  tangent  lines  on  the  &ca  of  iba  |ta£— Tho 
inatmnMnt  wu  nied  in  taking  the  aldtudot  of-dwcdntial 
bodieiatieB.  It  accaa  to  have  been  ^ret^  ancient,  Mkiwia 
deaeribed  by  John  Werner  of  IfMrembeig,  in  his  AnnoloF 
tions  oa  the  let  book  of  Finlcniy's  Geograpby,  printed  in 
1514,  recommending  it  for  observing  the  diitanca  bctwe^ 
the  auHMt  and  some  star,  for  the  poipoio  of  datenUnim 
h  e  longitude.    See  FoRE-STArr. 

CROt'SAZ  [loriv  I'riKK  V't],  n  linrnii!  philosopher 
and  mathrinaticiun,  was  born  at  Lausaiuie  in  Swilzerlaild, 
April  13,  1663;  w  here  he  died  ii\  17  at  8.5  yei.rs  rl 
age.  Hiving  made  gr«-at  progrc>^  in  iiiatln  n:H(ic>  and  the 
pliilovi|  i; V  iif  Dcscartci,  he  (ravelled  into  (n  iK  ^a,  Hol- 
land, and  Frmice.  lie  was  successively  pro(es>or  in  ievc- 
rnl  universities  ;  and  at  length  was  chosen  governor  to 
Prince  Frederick  of  HcsMr-Casscl,  ntphew  to  the  king  of_ 
Sweden. 

Cruusas  was  author  of  many  works,  in  various  branches  { 
bcllei4ettres,  logic,  philosophy,  divinity,  &c,  &c;  but  the 
most  esteemed  of  them  are,  I.  His  I.<n^c;  Ihe  best  edition 
of  which  is  thHt  of  1741,  in  6  vols.  8vo.i— 2.  A  Treatise  CQ 
Beauty.— S.  A  Treatise  on  £ducalion.  9  «ob,.lSBio.— 4b 
A  'mntiH!  on  the  Hnaan  Undciatudingi!— 15.  ^veral 
iVeetisas  on  Phihiaophy  and  Mnthenadcsi  as  a  IVraiiw 
on  Hoiion,  &c,  with  several  n^is  inisfled  in  the  Mcmoin 
of  the  French  Academy  of  Scicnors. 

CROW,  in  Mechanics,  an  iron  lever,  made  with  a  sharp 
point  at  one  end,  and  two  claws  ut  the  dther.;  being  uScd 
in  heaving  and  ptirrha^ing  great  weiglits,  ice. 

CROWN,  in  A-Ir<  :  <  v,  a  name  given  to  ttfO  COntd^ 
lations,  the  soutliej  II  auii  the  nurll'.em 

Ckowx,  m  C'eometry,  a  plam  r-.n^  inrl.  ili  .i  l.r;.M-i-ij 
two  parallel  ur  cpncentric  periphcrus  01  usu  ijiikl  iiircli  ,. 

The  area  of  (lii^  i«  obtuiiied,  by  iiiultiplyiii^  itv  bieJidlh 
by  the  length  of  a  middb^  periphery,  which  J*  an  iirithme- 
■ticaJ  mean  between  the  lui>  piTiphcties  that  bound  it ;  or 
by  multiplying  half  the  sutn  of  the  circuinferiwicrs  by  faa|f 
the  difference  of  the  diameters;  or  lastly,  by  Rtulliplying 
the  sum  of  the  diameters  by  the  didcrence  of  the  diaaeleist 
and  this  lu>t  product  by  .  Ssvmy  MenundaOtpn. 
110^4tb.cdit. 

Cmwv-Fh*^  b  «  M»t  b>  sofw  baiMiiig^  standing  vpf 
ri|^t  in  tbe  middle,  batwccA  ovq  priacqpnl  nttmi  aad 
from  wUcb  pRwecd  itntKor  bnoai  to  the  middle  of  each 
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tttl'lrr.  It  i5tithi.  rv»l«-  a'.  I  led  ;i  Kinj^-ptftt,  or  KingVpier*, 
VI  iopglt-piicc. 

tliow  «(-<(  '«*■/.  <it'a  SVuitb,  li  llie  upper  whci-l  n.'xt  l!ic 
bklano  ,  u    ili.M  «tiirli  liriMs  ihv  biilaiici-, 

CRyw  N-f* wi.  III  Korlificiiiioii,  i»  an  nut-nork  runninn 
into  tlic  lii'ld  ;  iltM-^iu'd  tu  kn  |i  >>li  tlu-  incniy,  gam  t^nuc 
bill,  or  adviinla^-oui  \Knl,  aiui  c<>«cr  the  uttit  r  uoiks  ul 
tbe  place.  U  con<>i»u  of  two  (lLMni-t>a.i(iont  at  tbv  t-x- 
ircmiliL-s,  aiid  an  rnlire  baitioQ  in  (lie  middle,  with  cur- 
Uin*. 

Crow  n  to  Horn-work,  it  a  horn-work  with  a  crown* 
work  befun-  it. 

CRYSTALUNC  Hummr,  it  a  thick  compact  humour 
«f  theejF,  in  fona  of »  flatthii  convex  len»,  placed  in  the 
aiiUle  of  the  cirei  and  aerviot  to  aiaka  that  Reaction  of 


]  t  U  B 

ring  the ipaee contained  in  it.  nr'tindin;;  the  solid  Lmiiiat 
of  It,  or  tindnigB  tube  c(|Uul  in  i:. 

'I  hi'  cubaluu-  iei;aid>  the  (oiufiito^a  boiiy,  iii  iho«ju»- 
dniunL'  duel  the  sui  <  rtu  ifs  or  an-a  of  a  figure. 

CL  UE,  a  rcguUrsolid  btidy, inclosed  by  six  rqaal siifca 
CI  lari'-i.  uliich  nre  square*. — A  die  is  a  »niall  cube.  It 
it  u^su  called  a  hi-xacdrun,  M-eausc  of  its  six  side*,  and  W 
the  2d  ot  tlio  live  Plnloiiie  or  HeyiiUr  borhvs. 

The  cube.is  AU|ipeecd  to  be  geiwratnl  by  the  motioo  of 
a  square  plane,  aloog  »  llto  oqiwl  and  perpedHcMltr  to 

Oite  ul  itn  Mdes. 

To  describe  a  Rete,or  Net.  forfbroMagacubetor  wiifc 
which  it  majr  be  covemi.  See  Boat  (n|^dbr). 


Ifce  imyt  of  light  wbkh  b  Btcwary  to  liivo  IIwb  ncet 
tha  *aii«a,aMl  Ibm  an  iMft  there,  hjf  wbidi  vtskw  nay 
be  perfefflWd. 

CaiOTALLiNS  Hearent,  in  the  Old  Astronomy,  two 
orbs  imagined  bctwwn  the  primum  mobile  and  the  firma- 
ment, in  ih(  !';n|,  iii.nc  sjsteni,  which  siippdifd  the  Lea- 
veni  solid,  and  uuiy  su>cr|it>blr  (/f  a  sincKi  motion. 
King  Alphonius  of  Arrapini, 


of  liply  one  aide  by  iiaeif,  which  ariUgieaaiiviqtwn  or  boe: 
in  tbea  thie  nulriplicd  fay  6,  the  oaBbor  af  fiiMf»  win  §pi« 


introducid  the 

Crvstailinet,  t<i  explain  uimt  »bs  cttllcd  the  raulinn  of 
tn  piddtiun,  nr  tilubatiuii.— The  first  Crystalline,  accord- 
ing  to  K('i;iou)»nlHnus,  &c,  screes  to  account  for  tbe  slow 
notion  of  the  fixi'd  stars;  by  which  ihi-y  advances  dtv 
^ne  in  about  70  years,  according  to  the  order  of  the 
mum,  or  from  west  to  <-a*t ;  whidi  occanoin  a  preceasioB 
of  the  equinox.  Ihe  2d  serves  to  Account  for  the  motioo 
of  libration,  or  trepidation  ;  by  which  the  celestial  sphere 
libra trs  from  one  pole  towarda  tbe  oiber,  ceasing  a  difler- 

ence  in  the  tan's  grcaMot  dcclinalioB.  a*  -     s  9«'    3ai  f  I, I  Ji<r.„„-„ . 

CrCSIBIUS,or<>rMKBU,  a  mathematician  of  Alcxan-  f*-  f^9^  1,J 
Aia*lrhowilpGoalrmporary  with  Ptolemy  king  of  Egypt,       *  '    ***   "  ' 


the  whole  s()rfac«.  At(o  moltiply  oae  lidcv  twice  byfbell., 
that  is,  cubi-  it,  which  will  gjve  the  soliil  oonient. 

Duplication  of  a  Cubs.    See  Uvplicatiom. 
CvBP.K,  or  C'vBic  Numba-M,  arc  formed  multiply' 
ing  any  nifhib<-rs  twice  by  thi  iiiifteci    So  the  CO  bee 
ol    1,  2,  3,    4,     3,     6,  Acc. 
are  I,  R,  27,  iU,  125,  2l6. -&c. 

The  third  dilTrrenccs  of  the  cubes  of  the  nulural  niiin- 
b»-r>  Bre  nil  i  inud  to  cacli  other,  bun;;  iho  runsluiit  i;  .  ^i 
berti.    For,  let  m\  n\  fr,  be  any  ihnc  adjaceitt  cubes  io 
the  natural  series  as  above,  that  is,  whose  rooMa^a* 
have  the  common  difference  I  i  then  berauMt 
asm     1,  ihvrcf.     =        3«i*         f-  I, 
^  aa  a     1,  thcret  p^sa'-t-Sa*  '¥  3»  -*>1; 
the  diflerenorhetwocii  iba  lataaiSi,  and  beta 
and  3d  cubai,  are 


lhatd 


la  At  lft|lh«^pad,  about  120  years  before  Christ.  He 
waa  pnaMHod  of  a  very  great  strength  of  imagination, 
which  plaoed  him  at  nnce  in  a  situation  much  above 
that  which  hi;  birth  otherwise  entitled  him  toexpect,  being 
the  vii]  i  f  a  liirber  in  ihut  city.  \\\s  memory  rs  particu- 
larly clurtiiicd  ii»  tilt  inventor  of  the  puni|i.  He  also  in- 
vented an  hydraulic  oig»n,  though  the  circumstances  that 
led  to  the  <ii  covfry  were  purely  accidonlal.  On  lower- 
ing a  liiirnT  iii  his  father's  shop,  hr  obbcrvcd  thLit  thi  n  un- 
terpoisc,  which  wu-  included  in  a  cylinder,  produced  a 
found,  by  driving;  [hf  iur  Ijcforcit;  and  on  examining 
the  pfacoomcaou  more  strictly,  he  conceived  tbe  idea  of 
flMitiag  an  ilMmiaent,  in  which  sounds  should  be  proda- 
cad  by  aaMW  of  the  action  of  water  diiving  the  air  before 
iti  wlHdl  inmaliDii  was  afterwards  carried  into  effect  by 
the  oneror  Neros  Cteiibiiis  waa  the  inveator  likowiic  of 
the  dppejrdia,  ori«ater<lock»  by  laeaaa of  watar  MSm%  ' 
inlbn  a«heel,oratnfai«f«bMib  which  were  loracdhy 
it  Tha  whaeb  comBaaicatad  ihair  aiotiaa  «•«  imA 
wooden  imafe^  which*  by  beiag  giadoaily  raiaed,  pointed 
with  an  index  to  the  pmprr  hours,  that  were  engraved  on 
acolumn  near  the  machine. This  invention,  it  is  bijthly  pro- 
bable, led  to  that  of  hour  glasses,  or  sand-jjlassei,  for  mea- 
fiuring  tim  which  •■i  riiis  an  imitation  of  the  clepsydm. 
Ctrsibuis  vviiv  uKii  author  of  a  treatise,  "  Geodesia,  or  the 
Art  of  dividing  and  nuasuring  Bodies,"  wlilch  it  aid  tolia 
preserved  in  the  library  of  the  Vatican. 
Cttmb  I  us' Pump.  ScePlTMP. 

CUBATl'RE,  or  Cubatioh,  of  a  solid,  is  the  mcatu- 


aadtb«dir.oftheaa< 

3(a«  -«•)  +  5(n-a0^9(» '«•«»)  •  ("-*)  » 
(is  —  m),  or  linca  n  —  m  a«  I,  k  hceonwe  3(a  m)  -t-i 
=  3(n     H  -•-  1)  s$(ai  -«-  I),  the  2d  difference. 

In  like  manner  the  next  2d  dif.  is6(a  ■*■  I):  hence  the 
dif.  of  these  twr>  Oil  difiv  i,  6(n  —  m)  =r  6.  which  is 
therctorc  the  constant  3d  dith  roticeofall  thts»  rtfso(  cubet. 
And  hence  ihe  !«rie->  of  cubvs  will  be  formed  by  aiiditiois 
only,  vi?,  addiiip  iihv:iy>i  tlit  .'^d  dit'.  t)  It)  find  the  column 
fir  M-ries  of  2d  diiii,  then  tht-5e  adiii-d  nlwisy^  lur  tbe  ht 
difls,  and  lastly  ihcse  always  added  tor  the  cubes  them- 
sdnn,! 


9d  Difs. 

2d  Diis. 

Ist  Difs. 

6 

6 

1 

0 

6 

12 

7 

1 

6 

IS 

i9 

8 

6 

24 

37 

27 

6 

30 

6i 

64 

6 

36 

91 

125 

6 

42 

127 

916 

6 

4S 

MS 

Po'rtarius,  among  various  speculations  cottceming  square 
and  ciiiiic  iiuiT.ben,  shows  that  the  continual  sums  of  the 
cubic  i-,ijin Ik  r>,  whose  roots  are  1,  2,  3,  &c,  form  the  se- 
ries of  squares  whose  roots  arc  1 ,  3,  6,  10,  ii,  '21,  Aic» 

Th«t»  1=    1=  1'. 

1  -^   8  =  9=3', 
1       8  -•-  27  =  36  =  6*, 
1     8  1-  S7     (>4  s  100  s  10^  Ice 
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Or,  iiigem-rftl,!'  ^-  2» 3'  +  4'&c,,  (ow»a»  (l  •*■  i 3 
-»-+...  n)',  «  liosc  rwit  is  [»  .  (n  -t-  I). 

It  is  «l»a  H  pwtry  proptTlj-,  mat  any  nuiiibtr,  and  the 
cu!>e  of  it,  b«Miig  divided  by  6,  le«»fp  tin-  same  rcmainrtcf ; 
the  icriM  of  rewundLr*  bi  ing  0,  l,  2.  3,  5,  coniinuully 
iTpCTHid  Or  that  the  diffLrcnces  between  tht-  nnmbcn 
md^thMr  cabec,  diridcd  by  t>,  le«vealw»yt  0  rvnwining; 
u4  the  quoiientu,  with  tbeir  succcstive  difliMnoeii 
letenl  order*  of  6guratc  numbers.  Thus, 


1 


CUB 


Num. 

Cuba 

1  U<f 

1 

1 

1 

0 

0 

0 

0 

2 

8 

6 

1 

I 

1 

3 

27 

24 

4 

3 

2 

4 

64 

60 

10 

C 

3 

5 

135 

120 

20 

to 

4 

6 

216" 

210 

3  J 

li 

5 

7 

3*3 

336 

66 

21 

6 

See  «  Urge  table  of  mbvscnd  tqum,  with  their  rooti, 
&C,  in  the  fir»t  volume  of  my  Tract*,  at  the  end. 

T%e  Cube  of  a  Binomial,  I?  equal  to  the  cub«  uf  the 
two  parts  or  members,  losrthi  r  w  V.h  triple  nl  the  IwO  pa- 
rallelopi|M.'dons  under  each  p<irl  and  the  eiju.tre  of  U>0 
other;  via,  (o  ■♦•  sa  a'  -t-  3a'b  -c  3«*'  b\  And " 
the  common  method  of  extracting  the  cube  rool«' 

Cubic  l^'p'Htiytu, ure  ihoae  in  which tb* 
tities  rile  to  three  dimensioiisi  »»  x'  ssa, 
or     -•-  «r*  =  b,  or  x' t-  ax*  •*■  bx^c,  &C. 

All  cubic  equations  may  be  reduced  to  this  form, 
S*  <*•  pgm^i  viz,  by  taking  away  the  2d  term,  «be9 
Ikmisone;  which  b  duac  by  tttbsiituting,  in  the  gjhmi 
•qaation  a  —  ^  for  x 


OBBRA.    The  rule  is  this :  Put  ass-^p,  and  A  =  if  ;  -tlirn 

by  Cardan's  method  tlie  tool  is 

X  =i/[i  -f-t/L*  -v^(*' -»•«')]!  or  if  Ihtrc 

bcputi=i/[6  +  v'(t'  H-  «')],atidd  =i/(*-vi'(ii«*««)J, 
then  s     d  =  X,  ihe  in  or  Cardan's  root, 

md  -  ^  ~  ^V'-S  is  ibe  3d  nrnt 

Nj.v  the  first  of  these,  of  Cardan's  root,  15  always  b  real 
root,  though  it  is  not  «lwa_vs  the  greatest  rdoi,  it 
been  COinmi;iilv  i.n-t.-.krii  .And  '.i.t  tills  mil'  alv.:i\-. 

exhibits  the  roul  id  the  form  of  iin  imaginury  quantity 
when  tJic  equation  has  no  imaginary  roots  ut  all ;  but  in 
the  form  of  u  real  quantity  w  ben  the  equation  bai  two  ima- 
ginaiy  roots.  See  the  reason  of  this  explained  in  my 
Tnct  above  cited,  art.  47,  A"!  to  the  other  two  roots,  vir» 

«» *— j-v^— 3,  though,  lu  their  general  foim  they 

have  an  imaginary  appearance;  yet,  bj  aubitiiuting  ccr> 
tain  particular  numbcis,  tlwy  eone  oat  in  a  real  form  im 
all  such  cases  as  tbry  ou^to  iHtOi 
BttW«fiiuthefint  r^otitffiiw^lf  Gwdta'snlB,  dw 
t«»  foots  may  be  fbund*  or  otUbiled,  ia  anrntl 
dimmt  waji;  MM «r oMdi  are  as  follow: 
'  LaCcdcMMo  the  lit, or  OudooTs  root, 
and  0  ud  w  the  «tber  two  nott : 
djeo  'ttv  -t-wst  —  r,  and  rwr  =  9 ; 
aad  the  resolution  of  two  equniion^  will  gi«o  the 

other  two  roots  v  and  u  ,  by  a  quLidratic  equation. 

Or  rpsolM'  till'  i-,ni-i:J:a'.ic  eq'.MlMll      +■  rf^t*  <¥pmQt 
and  its  t|tfo  roots  will  be  those  iuught. 
Or  the  same  two  root*  will  be 


AU  caliic«qu«i}OMhaT«  tbrteMOto;  wbickoioetlhw  eilhet— |r  •<-ivf(— 1»  — ^)uid  — {r- l^(-;t~''), 
aUiHd,oreheoMonlyii  ndtaadjIwtttiMr  twoinui*  '  ' 

M|gfooltf««btecoMia^poU7|^ foin.  or      -  f  r  +  Wir'  ~  f )  and  -  {  r- iy^Cr*  -j). 


_  e  tho  msnw  of  the  toon,  o>  to  led  on  d  imaginary,  is 
known  portly  from  the  sign  of  the  coefficient aod  partly 
Atim  the  relation  between  p  and  q  ■-  for  the  equation  has 
•Iways  two  imaj;ioary  roou  when  p  is  positive;  it  has  also 
two  imaginary  roots  whenp  is  negative^provided  ({p)'  be 
Ic4»  (iy)',  or  \p'  less  thuti  27'/';  olln-i«ibe  ilr  roots  are 
all  real  ;  namely,  whrncver  p  is  negative,  and  4/)'  either 
equal  to,  orgreLiii  r  llinn  279*. 

Every  cubic  equation  of  the  above  foriB,  vis,  wanting 
the  '^d  Icnn,  has  both  positive  and  nc^tive  roots,  and  the 
greatest  root  is  always  rqaal  to  tlic  sum  of  the  two  ]e!>s 
routs  ;  vix,  either  one  positive  root  equal  to  the  som  of 
the  two  negative  ones,  or  else  one  oeig^ve  root  eqoel  to 
the  sum  of  two  smaller  and  positieo  onei.  Aad  ttoti^ 
of  the  greatest,  or  single  root,  is  positive  or  ntyiisf, 
cording  as  9  is  positive  or  negative  when  it  ali  ' 
right-hai^  aide  of  the  equation,  thi|»  ^^pxss^ 
the  twQ  fJlir  jooli  he*e  always  Ae-contmry  sign 


or-  ir  *  V(l  -  -^-)  «.d  -  i  r-  lrv/(  I  - 

El.  1.  it  the  equation  he  r*  —  15r=:4;  here  ;>  = 
-  15,  9s=4,  a  =  -  5,  hence  ^ {b*  f  a')  = 

v/(4-  125)=v^-  121  =  11  v/-  1,1=^(2  121) 


-  :  +  v/-  «.  end  d  =  i/{-2 


-121)  sS-^-i: 


therefore  r=ie-t-d  =4^  the  1st  root}  and 
-^±'-7^\/— S=—  8  ^ys.Aeothortwofooti. 

Er.  '2.  If  r"  -  fix  =  4 :  here  o  =  -  »,  and  *  =  J  ; 
therefore  y'C*'  -f  «')  =^(4  -  8)  =^ ^  4  =  2y^-  I, 
#=^(2  +  I)  =  -  1  ■^V'-I,  OBd^aeV'C*-* 

y/-  1)  c=  —  I  — y'-.  I:  iMtee  then  r  =  «      :s  - 
niv  first  root ;  ad  1         the  other  two  roou. 
£r.3.  Ifx'f  Iteaefi:  here 0 a: (>, end » s 3 i  then 

^12:  there* 
M  mot, 


ac-      isx.3.  iix- iHeaeO:  hcTeoa!0,endfrs 
on  the  V(**  -^«')=v'(9  +  aifi>sv'«3=iJ5,*=>^' 
}t  and    a^/lS,  and  d  si/(S  -  I5) 
SO  tu  f.   fonrsiti-  dss^is-yiiiat  •aSWS,  the  ) 


ue  iwQ  laaner  jooa  ne*e  aiweys  ae-commry  sign  tu  f.        rs*-«-as^i8— ^{2ai  *a9I9t9,  me  ut  mot, 

So  thot,i*|MgNM]»  the akn  of  p  determines  the  netufo  mid*.41i2dKl2  J.il!£Ja!^  j   -   —  ^-  •  * 

<ir  the  nott»  ZlTnol  «ir imaginary ;  and  the  sign  of  1      *      /  «*« 


I  the  oflectioa  of  the  roots,  as  10  positive  and 
_  ilivr  Sn  my  Tract  on  Cubic  Equations  in  the  Philos. 
Tmm.  for  1780,  and  in  ray  new  Tracts,  vol.  3,  tract  28. 

"So fern     Valua  <tf  thtHootn^ Cubic  EqvatUm.  I|eviac  pcars'theirthcl 

mduced  the  equation  to  this  form  -k as f , id  i«el  u  fellow-  vii 
may  be  found  in  various  vroys:  the  Hist  of  these,  isfhit'  .„  '  ,  ' 
wtHcb  is  cdled  Cardan's  Rui^  by  whiMB  it wu  flntM^  *  \       Ytif  ~  i 

Inbedf.but  invcaied  ^  FqwMs  vaA  Tkrtabi.'  8n  Aif  for  dio  M 


roots. 

S.  AnoAer  method  for  the  roots  of  the  equation 
'*'px"^r  is  by  means  of  infinite  series,  as  shown  at 
eri,  oS,aDdseq.  of  my  Tract  above  cited ;  wheeoe  itap- 
A-  roots  eieeBhlhiledMir"^ —   


.6. 9. Hi* 


sea 
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/■  llf"  UL!'*._  itc)  wdteeants,  in  my  Couri«  of  Mathematics,  vol.  3,  p.  tsr, 

*^           *        a. 54-        .1  6  y  .i  vi*       '  185,  &c. 

A  ^     »  (l-t.                '  '              4c)  *•  Again,  the  fce»«Tal  inethoil*  of  approacli.or  iij>pro\i- 

c—tT    ■       I.                                   1.     .        J  mation,  tui  li.L  roots  of  all  afSfCtpdrqutlions,  which  have 

te^liroirthrr  TtMItr:  Wbewaaf^  *f  fV'*"'''/^  be.n  „«.,i  nMun-.u.  «a>.  bv  S,evin,V.:t..  Newton,  ilall.  v. 

•Su«i.ms  «-«« •taoei«pl..}«-a  by  M.  Uibrawuf  Hinover,  „,,ih.Hj  of  TruU-and^rror. 

m  the  y  .iv  1677.                 uth.  r  sc-r.cs  for  the  same  p.^L)!.  PuMUun,  one  of  the  «,.«t  and  b«l«f«ny. 

purp.m'  ..iaj  uUo  be  M«>n  in  my  1  ract,  »o  ofttii  Ulore  of  lhi»  .nrlhu^.  K  l  tl.crt-  U-  taken  ,hr  |,„  cXM^k,  ««, 

'   ,  ■  .  ,1       I    .r     .            ^  -I-  18x  =  0,  in  whiLh  it  i<t  fvidtni  that  xi  wi»  aetihr 

3.  A  third  method  for  the  r«n»  of  cubic  cquufon.  is  ,„      ^ut  a  littU  lc»;  tali«  it  thercfgw/. '98  j 

by  uff-ular  MCt.o,.*.  «u,i  tlu-  table  of  Mur,.     Ir  ...  <  ,  ,,  ^.  ^       .  .vy75.)37.  but  4»»uld  be  6.  mi  tbocl 

Uitued  by  l!oinb.  lli,  at  his  Algcl.ia,  ih.il  mynkf.  ar.  :r.^.  rii  d  ,^^^1  the  error  i(  -024063  Ul  dvfcct. 

by  the  r.  v.lulinn  ol  cubic  (  quation^.    Attri  wunU  Vm  |»  MppOM  x  aa  "Si;  tbca  X»      1  Sir  a  5'l M30«. 

gtw  thf  riviliiiion  ot  cubic-,  vind  the  higher  iqualiom,  by  which  is  '1^9304  in  mocal. 

iin.'.ilaiM  i -i.         Ni-xr,  A|i<  rt  Girurd,  in  his  Invention  14  x  MMAa-t' ■<«  x 'isgm  co7S2 

NouM  ili   t-n  I'Al^ebte,  ihow>  how  to  renolve  the  irieJu-  I  hcrrturc          TT^oni     'l»qiU4         ~  Isjjfi;  ™  '3313, 

ciljli-  I    ■  uicubico  by  a  tablo  of  nines  :  and  he  also  con-  the  root  as  b'fore  very  nearly. 

fUuct!^  tii<'         or  fiixls  ibr  10  .14,  bv  the  imerseciiun  of  lite  lueiliad  af  icmlving  all  the  CMca  of  cubic  equation* 

the  kyriHrbola  and  Click     ll;.!:..  ,  an  I  DeiiioivFc  «iIm  bythrUblctofiiMh1iB«nt*,imltMUUa.Meihu«.'imi 

gave  nilei>  uiul  exain|jles  ol  (lie  Mme  jund  of  nwulutiuM  f!y  Dr.  Miwlwlyor,^!.  S/tTuyMB LogMMun*. 

»»y  »  '"b  '  =>""^    And,  lastly,  Mr.  Amlmny  Tbackvr  «Th»  fbUomi^  method  itadaptedlosCabic  equuiu  n, 

iMvented^  and  Mr,  WiUi^a  b*iiwn  oonpated,  •  hugb  tn  nuliag  Ibe  neoond  term;  tfaerc&iv,  if  the  oqiiatioii  lia!>  tlie 

•rnmgar  uMn,  for  rifwlvmcnAKted  qwinrtiCMdcubnP  tecond  tprni,  it  mutt  be  fir>t  taken  away  1  n  the  u>ual  mtn- 

equations,  with  tbnr  npiMiCMiM  tD  tkt  ranhitlM  of  bi>  licr.  'I  hi  le  arc  liuut  forms  ol  cubic  el^.J.llIull^  huiuiiiv  tlie 

quadratic  flneik    twe  UtHUKrCtSLS  Gw*    Abo  the  tic-  tecunu  term,  whose  roKts  according  to  known  rulei  equi- 

wlntloB  of  thme  cum,  by  the  ^aUl»  of  ainti,  taqgeuti,  vidrni  to  Cardan's  are  a*  follow  : 

.i«.x»*,w-,«o   e^t'-^^(';..f^)]-^t-?^^{^^t>3,  ^ 

?*]a*pmO  •.  

3d.  ."-ji.-.jBO  t.,«  ^ 

4th.x'-pr^,=0  

The  root>^  of  the  fini  and  second  forms  are  negatives  of  signs  belong  to  the  third  form,  and  the  lower  lignt  to  Um 

each  other  ;  .m  l  iiLM^,:  i,t  the  third  and  lourib  are  alM>  ne-  foertb  fenb 

l^tivca  of  t«ch  other.    The  int  Aod  aecond  forms  have  „  , 

only  one  nrnteecfa.  The  tbini  end  fiNmbfoms  have  also  ''r  ^ 

only  one  root  each,  when  ibe  qoadratic  surd  ^(^  - ^) i*  ^""^ Log.  1  -1- 10  -  j  *  leg.  J  »  log. 

poMibie;  but  have  three  r<iots  each  when  that  aurd  is  ira-  tan.s;  and      '"^      -ji)  -i-oo  _       -^^^  , 

foniUe^  ' 

Th*  loots  of  ell  the  four  fornn  m»f,  ia  all  cuts,  be  *  =  i  log-  j-  -*■  I"?  coi.  Qu-iO  ;  and  i  will  be  afTirma- 

eMityoompmcd  MfeBoMi  :  tiec  in  tJie  first  form,  aud  ntgaiive  in  the  second  fonn.. 

BmmUimiU,  PM 1 1. « tna. <| e«l4rt.  i  »  loj.  J  *  IO-log.l  beingh* 

Vt«M. (450 -I. Then,  =  ±v'?K  cot.  „ t, Jm)  « log. ,0 -  i  »  i,,. 

Sat  where  the  ■paersuif'beloiil*  to  the  fiistfooB,  ood  '                          *  * 

Ibe lo»«rijVi  to &o second fena.  ^  brfig leai than  ao (which is eiM Sd)  >b  ^g. c«e. c 

Am,Uma4ik  Pmix<-)»ifta.iha.a«^  QMeisfc'^""t**;-»»*"»kH-.a.  ThNtlog. 

oAecroeitincipfocall  i>  (i)i«co*.i.  Tfaea,  r=.|kg.it*  io-log.eia.««saad«willio.BrBa. 

Chir Ui.-^  K  (K-)>  •«  aa^y.  Pat  Vt^a.  (4S*  —  |  e)]  ^'^        "^■'^            negative  in  the  4di  hrm» 

ailMl.«.   Thenr  =  ±v'*^  «  cosec.  2a ;  where  the  up-  ^  ^'^^    Here  x  has  three  raluea. 

per  sign  belongs  to  the  third  Ibrai,  and  the  lowcrsigato  ^  ±  '  =i'*'8-  T  *  '"8-      I  " 

theterth  fonn.                                              .  :p   ^  ,          ^  ^^  _ 

0MrM.-ii^)«>wd9.  ItenyhaathNevaluesia  ' 

^                       ,  3d.  Log.  qp  i  =  i  l"R.y      log.cos,  (tioO-i-jj-lO; 

•           ^  »*»  ±V  ,  It  COS.  J  «            >«  «ot.  where  the  upper  signs  belong  to  the  third  fbfa,  ead  the 
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trtlurs  negative  ;  and  the  first  vnlue  of  s  in  the  fovrllt  form 
is  negative,  nnd  its  *econ>l  anu  third  witaiNaflimtivc**  ' 

i$«cal!io  Ikrboucislc  Cute, 

For  the  ctmitffuctiofl  at  culm)  cqwtioni.  Me  Gov* 

STkDCTION. 

Cubic  hioi,  ol  •tiiy  (tiin!>.  is  so  luuch  of  It  b  COB- 
ttirved  in  ii  rubo  wbuae  ciite  is  one  foot. 

Cd  bic  Hyptrbokif  ii  a  fi};ure eapnaiM) by  lbr  rquHtion 
jtjf*  3  a,  ImvinH  two  ««yta|Koie»,  and  conmtingof  two  hy- 
|Mrbola<!.,  lying  in  the  adjoining  anjjlei  of  tb«  nsymptcMcs, 
wui  ooc  ia  tiie  opposite  «ngla,  like  iho  ApoUnnlBn  hy^ 
fMMaj  bring  othcrwiie  callnl  by  Nfwton;  in  hit  Vmt' 
mniio  UtiNfttm  Tertii  Orduiiti'Mi  bjparfaiiliMitt*  of  a 
lHH»bol»;  andntbifiStbiiMcicioflMiiiliiMtaoeontiBg 
'tnbiiB. 

1 


[   J81    3  CUM 

Cubic  Root,  «jl  any  numbiT,  or  q\i:iiilitv,  i 
quantity  as  being  ciilifil,  or  i«icc  mukipljcd 


/ 


Cubic  Parabola,  a  curve,  as  Bcn.  of  llie  3d  order,  hav- 
ii^  two  inliiiitc  li'g!)  CB,  CO,  tending  contrary  ways.  And 
if  Ihtt  ab»ci!i9,  AP  or  X,  touch  ibe  curve  In  C|  ibe  relatioD 
between tbvabsciu  and  ordinate, ax,  and  PM 
natpiVMed  by  the  cquaiiun  ~  bx'  -t-  ex  d ;  or 
wbcn  A  coincides  with  c,  by  the  equation  y  s  or*,  which 
i$  the  kimpk-U  form  of  the  equatinn  of  this  curve. 

If  the  right  Um  a*  (Aa,  g)  cut  the  cubical  purubolu  iu 
ttnepuiiM  A»  atCs  uudfroiBaiiyptiinttlheMbtdimwn 
Um  right  lino  or  «tdimte  ni»  eutiii^  the  cum  iu  am 
|NMUt  H  only:  Aen  wilf'TH  be  alwujn  aa thetolid  av  » 
X  cr  {  which  is  un  csM-ntiitl  property  of  ibis  cur  r. 
And  hence  it  is  e«»y  to  construct  a  cubic  equation,  m 
X*  ■+•  a'j  —  b',  by  (he  inti  TM  CiKin  of  this  cur»e  and  a 
right  line.    Src  the  ('(instruction  of  a  cubic  pqualion  by 
means  of  the  cubic  parabola  .tnd  a  ii|;ht  line,  by  Dr.  Wal- 
lis,  in  his  Algebra :  A«  aUo  the  Construction  of  i  qualions 
of  6'  dimensioiiN.  I>v  tTiiran»  of  the  cubic  jjarabola  and  acir 
cic,  by  Dr.  Hulh  y,  in  a  lecture  formerly  read  at  Oxford. 

T'le  i-artt  nj  ;t.-iriib<'tii  Liiirxit  be  n-flirinl,  not  even 
by  rrieana  oi  the  conic  ><>ctions.  Bui  a  circle  may  be  found 
equal  to  tlio  Curve  Surface,  ftcnrruted  by  the  rotation 
of  the  curve  am  about  the  tangent  At  to  tht*  principal  ver- 
lex  A.  Lm  MV  be  an  ordinate,  aad  MT  •  tangent  at  the 
point's)  ud  let  nt  bepwullrl  Ift  A».  Divide  mn  in 
<b*  point  o»  so  thut  ao  m  Id  w  ui  tk  to  m.  Then  a 
'flMuapmpnttiunlbetwcmttt  ^  •»  Mid|of  au  wiUbe 
the  radiM  crs.«iMHwhfiMtfNi»eqml  lo  theiupetA- 
 1  bj  ihuimMian*  vitrflf  AH  about  ay. 


TU  Aieo  ^  m  Qiinc  Parabola  is  j  of  its  drcunucribiag 
ptnUdograni. 


IH  Mich  z 
by  itsf  l), 

shall  procluce  iljal  uhii  h  v,a>  (;ivri).  Su.  ibe  cubic  root 
nf  8  IS  '2,  because  J  iif  •  x  'i  x  J  is  et|ual  to  8. 

The  euiiiiiioii  ini-thiid  nf  extracting  the  cube  tOOtt 
f<)Utuled  (in  the  properly  giwen  abcive,  vi«,  (a  ^  tlPwid* 
-♦•  Sa'h  •*■  j<i6'  b\  is  fiiund  in  every  hooh  of  common 
arithmetic,  and  i»  as  old  at  Icatt  a»  LoMS  d(>  Buiflo,  where 
it  is  fint  met  u  iih  in  print.  Other  melhndk  tor  the  cube 
root  may  h<' »e(  n  under  the  article  ExTKACTIoN  ofRoOtS, 
particulurly  tfii!,  one,  \n,  \\w  cube  root  ot  n,  or  l/nsa 
fts-i- 

^  *  a,  very  nearly,  or  'la'  -t-  n  :i*  •¥  a^::a:^» 

the  cube  rout  of  #imriy}  where  s  Is  any  number  gpwn 
whose  cube  not  i»  lottght.  and  it  tin  nnrat  conqlcle 
cube  to  «,  wbethw  greater  or  1cm. 

For  csampti^  Suppose  it  wew  pnrposfd  to  d'luble  the 
cube,  or,  wbkh  aimre  to  the  same  tnini;,  to  extract  the 
mot  of  the  number  2.  Here  llu-  ncnn  st  r uIk^  is  1 , 
cube  root  is  1  als<>,  that  is,  =:  1,  and  a  =  1,  also 
as 9;  thi-Dfore 
a«*  -t-  «       -f  o 

*  j       :  :  I  :  i  =  I  25=  J/2  nearly. 

Btit,  lor  a  nciirer  valui  , assume  now  </  =s     or     =  y  » ; 
IS  '2,r  4-  n  =  Vi°      3  =         and  in  -^      =  i  ^ 


then 


jifj*  =  W  ;  henee  378  :  381  :  :  ^  :  4»J  or  l-.'59i)21  = 
1/7,  or  the  culie  loot  ol  2,  which  is  true  in  the  last  place 
of  decimals  — And  tiiis  i>  the  simplest  and  easiest  method 
for  the  cube  mot  of  any  number.   Scails  invwiigatioa  in . 
my  new  Tracts,  vol.  1,  pa  210. 

Every  number  or  qtMSIily  has  thrtv  cubic  root*,  one 
that  is  real,  and  two  Imaginary :  So.  the  cube  root  of  1  is 

ddier  I,  or  or  -  aud  if  r  be  the 

icd  root  of  any  cute  r*,  the  two  imaQinary  Cttbic  roots  of 


it  will  he 


I  -f-y^—  i 


■r,  and  — 


I  — t/-a 


lor  anyone  of 


a       •  3 
these  being  cubed,  gives  the  same  cube  r*. 
C  u  B I  NO  ^a&ttf.  SeeCuBATOaa. 

Cu  Do-cu  as,  the  (>tb  powp|. 

CuBo-cuBo-cvat, the 9ih power.  ■ 

CUBIT,  a  mcHure  e^ual  t»  the  distance  froni  the  elbow 
of  a  man  id  the  extTcmily  of  his  fingers ;  and  comroonly 
•atinMllei  at  kaVa  yanl,  <>r  1 8  Inches. 

CULMINATION,  the  pii»ii<^e  of  a  star  or  plmiet  over 
the  meridian,  or  that  piJini  of  its  orbit  which  it  is  in  at 
its  (rreutest  altitude.  I  knee  a  star  is  said  lo  culminate, 
when  It  pas«>»  the  meridiiui 

To  find  the  time  of  a  Sinr't  culminating.  KsUmate  the 
time  nearly;  and  find  ttie  nghl  ascension,  both  of  the  sun 
and  star,  corrected  lor  this  esliraattd  time;  then  the  dif- 
fcrcnri  between  these-  right  ascensions,  converted  into  solar 
time,  at  the  rate  of  1 5  degrees  lo  the  hour,  ^vcs  the  time 
of  xinthing.  Sec  nn  example  of  ibit  Calculation evciyycar 
in  White's  Ephcmcris,  pa.  45> 

CULVERIN.  wMtllhaune«rapNw.ororiniaoeilnit 
is  now  disused. 

CUNKTTE.    SeiCu^TW.  - 

CUNEUS.  SeeWaaot. 

CUNITIA  (MAaiAl.ala4r«fSil«l^«liOwiB6BMni 
for  her  axtentm  ktwwledtt  in  nmqr  bianehrs  of  leartni^ 
but  mote  particularly  in  matbamanct  and  astronomy,  on 
waiek  tin  wrote  several  ingenious  treatises ;  pariiculurly 
ow  tOlidnd  Urania  Propiiia,  printed  in  l650,  in  Latin 
aad  Oemaa^nd  de4icetc4  lo  FerditiaadliiBSd,  emperor 
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rtf  C'ormnny.    In  tlii-<  vvr»rk  nre  contained  :i5iiuuriii.icii! 
laUl  >  I'l  ^rcHt  t'.i.i^  :iiui  accunicy,  fuundeJ  uii  Kr^jK  i  s 
potlii  s<s.    lUit  iii)ivrilli-<tan<liti;>  tier  incrit  shineti  wilhsucii 
peculiar  liWiL'  UN  to  ii'lli-ft  lionour  sm  i;.  r  v.x,  tiistoiy  lloet . 
i|0(  miomi  u>  ul  tiiR  time  ot  bcr  biitii  ur  di-alh. 

CLIKKl'^K'l',  a  kcri'iini  or  Hux  of  w*ter  in  any  dirvction. 
The  Setting  ol'  the  currcati  if  tluU  \mnt  of  Cb«  coro{>Mi 
uwanis  which  A»  watm  ma;  mad  the  Drift  of  a  correirt^ 
i«  the  race  it  runs  an  huur. 

Currents  in  the  sod,  arc  cither  naiuml  and  general,  at 
ariii^  from  dm  diuinal  luution  of  t^-  carih  on  iu  axii, 
or  dia  tidai,  4c  t  or  acddcntal  and  ^wtrticular,  cauMd  hy 
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CUR 


1!  btiiig  it  thfrf  hi  the  tafiic  timr  as  i  lllie 
lilt  firi;  and  as  tin-  ciirri-nt  ntillier  hrlps  nor 


ciirronl  w 

un;.f  illJ 

hiiKlccs  Il.r  ^lul)  from  roimiig  luuards  tlic  lim-  nn,  iht-  wind 
will  bring  it  thire  iu  Ibe  f»ine  tiiiif  as  il  lin-  nin<  iil  did 
not  net :  tlle^'fo^^  the  iibip  mu^t,  at  tiie  tikI  of  that  time, 
b«  fuund  III  buth  lho«e  linea,  tliat  i.«,  in  their  mcrtiiif;  u: 
con»eqaenily  thr  «hi|i  mutt  ha«'e  (Hu>ed  tri)tn  a  tn  d  in  (he 
diafconal  AO.    iS«v  Composition  of  Forces. 

See  the  Sailing  in  Cutrcnu  l^igely  exeinplific-d  4n  Ro< 
brrtson's  Navigatiort,  vol.  2,  booh  7i  wt.  8- 

CuftRMTi,  Uii4er,  arc  iboM  comau*  which  ran  at  • 
ctnain  depth  below  the  mfiite  of  tho  water,  and  i»  a 


tb«wa(mVcingdrivcnii^piiim|inMiwntoriesarialogaM  ifbntiwy  dbeciian.  Dr.  8Milb»'ia  tbv  Htb  vol.  of*lke 
aodtttai^tt;  wiwncetMy  are  fiwced  took,  and  that  aii>  PhiieioaUeal  Trnni 


t  tttai^tt 
tarb  the  natural  flax  of  tKe  Ma. 

The  curtrnu  are  to  violent  uadrr  die  equator,  where 
the  motion  of  tlic  earth  k  greatest,  that  they  hurry  vessels 
\ery  speedily  from  Africa  to  America,  but  absolutely  pre- 
voiit  their  ['turr.  ihr  same  way:  so  that  ship*  are  forced 
tu  ruii  iii  iai  as  the  +Oth  or  45tii  drj>re<-  of  north  latitude, 
to  fall  into  the  return  ot  (he  i  iini  Til  a;;uin,  to  bring  then 
lionic  to  Lurope. ,  It  \i  shmvn  by  ttoveriior  I'owiial,  that 
thii  current  perform!,  a  coMiiiiual  cirrulaiiun,  selling  out 
from  the  Guini'a  roust  in  Africa,  for  example,  tl#ncc 
cro«stng  siruiulit  ovrr  the  Atlantic  Ocean,  and  m  setting 
into  the  Gnlph  of  Mexico  by  the  south  side  of  it;  then 
nwccping  round  by  the  bottom  of  the  Gulpli,  it  issues  out 
bj  the  north  aide  of  it,  and  thence  takes  a  direction  north- 
eailnlyito^lha  ontot  of  North  America,  till  it  arrive 
near  Newfooadland,  where  it  it  turned  by  a  whirling  mo- 
tioa  hockwaid  aawtf  tha  Atlantk  o|rint  opoa  the  coasts 
of  Europe,  and  iheuce  ■ovthatHl  to  tha  coait  of  Aftica, 
rhichit 


TmimetiMt,  rrlatce  an  experineat 
la  the  &ltic  Soond,  which  was  coiitrounicated  to  htai  hgr 
an  able  seaman,  who  was  pm«nt  at  the  lime  i{  was  Made. 

Being  at  that  place  in  one  of  his  mnjraty's  frigates,  they 
went  with  their  pinnace  into  the  miil-»trean),  where  they 
were  CHrrird  anay  violently  by  the  current,  li.  t  h;i»i«j^ 
sunk  a  large  basket  by  means  of  iron  *hot  jiUu  til  in  li, 
and  having  at  the  same  time  a  rojtc  affix-  1  tn  it,  the  mo- 
tion of  the  boat,  which  was  then  drifting  with  the  ciirn-nl, 
was  chi  cked  ;  and  by  sinking  the  baiket  itill  lower  ainl 
lower,  the  motion  of  the  boat  wns  more  and  more  n*- 
tarded,  until  it  wa*  tinally  driven  in  a  contrurv  directimi 
10  that  of  the  upper  current,  which  last  did  net  appear  te 
extend  to  a  greater  depth  than  tbtt  of  Ibur  Or  nt«  A- 
thoms ;  and  as  the  uppi-r  current  was  stranger,  the  tteaier 
it  was  to  the  »urface ;  so  the  under  current  appeared  to 
be  more  rapid*  as  tbi^  depth  increased.  Dr.  SmiUi  derives 


another  argument  in  iiiTOur  of  an  under  curreot  at  tlie 
StiailH  from  the  oaiag  hctwcea  the  -aorih  and  iMth 
FMd«if,trfiefttk  mntide  and  half  ddei  vis, it  neither* 
In  Ibe'ttfcightt  of  Gibraltar,  dia  oinntt  let  in  by  the   ehb  or  load  ia  that  part  of  the  Downs,  three  hotin  brlbi« 
ymh  side,  eweep  along  the  coast  of  Africa  to  E|;ypt,  by  it  it  so  olf.  at  sea;  •  certain  sign  that,  though  the  tide  of 

flood  runs  above,  the  tide  of  ebb  must  run  below,  that  i», 
close  to  the  grotind ;  and  on  the  contrary,  when  it  i^  ebb 
tide  above,  it  will  be  flawing  below. 
CuaRENTS  qf  Ait.  Sec  Wl\D. 
CURSOR,  a  small  piece  ol  bia-A  k<:,  ibnt  ^lidi-s  ;  as. 
the  piece  in  an rquinrKTtial  rinjgj  uial  llmt  -lidrs  to  the  day 
of  the  nioiitb  ;  or  the  little  ruler  or  lain  i  lit  lu  iiM  sliding 
in  a  nnmve  along  the  middle  of  anotbc&label, representing 
the  hon/iin  in  the  aaalcmma;  or  lha  point  n^t  alidca 
along  the  beam  compass ;  &c 

CURTATE  Dimamx,  w  the  dittance  of  a  planet's  place 
from  the  sun,  reduced  to  tile  ecliptic ;  or,  the  interval  be- 
tween the  sun  and  that  point  where  a  perpendieidar,  let 
fall  frora  the  plaaet.  meets  the  ecliptic.  « 

CURTATION,  the  interval  between  a  planet^  distance 
from  the  awit  mmI  the  cnitaie  distaaca.  Pram  the  fcro^ 
going  article  it  ii«My  toiltd  tho  cmtMo-dialtneei  wheneo 
tlv!  manner  of  CMiaimcti«|  taUctof  cttitadon  Is  obriont ; 
the  (luantity  of  inclination,  ndoction,  and  conation  of  a 
planet,  depending  on  the  argtipicnt  of  ladtudc.  Kr  pier,  in 
his  Rodolphine  Tables,  reduces  the  tables  of  them  all  into 
one,  under  the  title  of  rabiiI.T  l^tituilininis. 

CURTIN,  Curtain,  or  Cou  rtivk,  hi  Fortification, 
that  part  of  a  whII  or  rair,p;*r:  llial  |i  ins  iwn  h.tjtions,  or 
lying  between  the  tliink  ot  unv  and  that  ot  iiiinthcr. — The 
riiit.ini  I''  uiuuUv  biiFLliTctl  wiiii  a  ]i.ir.ijH't  'i  feet  high; 
behind  which  the  soldu  is  slund  to  fire  upon  the  co^crt- 
way,  and  into  the  moat. 

'  CURVATUII£^a  line,  is  its  bending,  or  Aexuia ;  by 
srideh  It  bteonaa  a  jciivc^  of  unf  pecoliar  km  and  fnro- 


r:ilc  »tinc,  and  return  by  the  northern  side,  or  Eui 
toasts,  and  issue  out  again  by  the  northern  side  of  the 
streights.  In  St.  (iciir^i  \  Chaiu  i  l  too  they  usually  set 
eastward.  The  gn  iil  t;cc  and  danger  ot  the  sea  in  the 
i^treighis  "f  Magi  H.ni,  i-,  iUtnhuted  to  two  cor.rrnry  cur- 
rents bi'ltii's  Ul,  one  from  the  south  and  the  other  fiont 
the  iinrth  ii-tt. 

Cnrrcnis  are  of  some  consideration  in  the  art  -  f  navi- 
gation, as  a  ship  i:i  either  accelerated  or  retarded  I  y  ili<  m 
Ml  her  cibrae,  according  as  the  set  is  with  or  against  the 
Miffl  motion.  If  (he  «h)p  sail  along  the  direction  of  a  cur. 
rent,  it  is  evident  that  the  wloclty  of  the  current  tnust  be 
iidd<  d  to  that  of  the  veaiel  asob^rved  by  the  log,  because 
in  tl^is  eatimatiao  the  water  is  suppoRcd  to  be  at  rest ;  but 
if  her  couite  he  diitctly  against  the  current,  it  must  for 
the  warn  natoa  he  snblracied :  and  if  the  sail  athwart  it, 
her  motion  will  be  conpoondcd  with  that  of  the  ctwrent; 
and  her  velocity  atigmcnied  or  retarded,  accordiaig  to  tho 
angle  of  her  direction  with  it;  that  is,  she  will  proceed  III 
the  diagonal  of  the  parallelogram  formed  according  tO^dlO 
two  lines  of  dirtciiuii,  and  will  describe  or  past  over  that 
diagniial  in  the  same  tunc  Ir.  nhich  'he  \vijiild  have  de- 
sL-ribcd  either  of  the  sides,  by  llie  sj-pnrate  velocities. 

For  suppo-r  A  1  iir  be  a  parallelogram, 
the  dip.^o!Uit  ol  whirh  is  a  d.  Now  if  the 
irind  alone  wtMild  drive  the  ship  from  A 
to  B,  in  the  s.ime  time  as  the  current 
alone  would  drive  it  froro  a  to  c :  then, 
a*  die  wind  neither  helps  nor  hinders  the 
•hip'Aim  otmlhl  HMNwdadiellaecD,  (he 
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poilif*.  Tliui,  tilt  nalurc  of  tli«  curvature  of  a  circle  in 
»uch,  BM  ihut  every  point  in  tlic  pi  njjhcry  i>  equally  dibian; 
fioni  u  |K>int  within,  railed  ihv  ct-iitrc;  ar.d  so  the  turv;i- 
:'.:\r  tA  the  sanic  circlo  l^  cwjy  uiu  rc  iIr  iiiinc;"  but  the 
ciirvaturt'  id  all  ulln:i  cunt*  lb  fKUUuually  \arying. — The 
curvature  ^  a  circle  is  much  the  tuun-,  u&  ith  rudiui 
is  UflOf  betlU  always  rtcijircicali)  m  thv  radium,  fur  the 
ClirnKura  <n*  circle  is  it!>  (Icviauon  from  the  laiig<  in  ma 
very  Mltell  arc  ;  attd  this  cleviatiun  i»  cquiil  to  the  vt  r^-d 
■oe  ti  the  arc,  wbick  it  recipri>cally  »s  ibe  rddiu*.  And, 
ia  liliB'Bmier,  llw  curvature  of  other  curra  ii  mcnurrd 
by  the  reciprvcal  of  ibe  ladim  of  «  circle  hatrii^i  tbe  mam 
degree  of  curvatiua  u  itMlf,  at  mme  o  rtuin  p«Dt. 

«ik«iry  curtf*  notdcf  from  il>  uugi  ut  ittcurvatar^ 
Um  Minire  of  wbicfa  i«  ibe  mow  u%  ibat  of  lh«  ai^  «f 
coBlact  formed  by  ibe  curve  nod  Ungeot  Now  the  tune 

tangent  A i~     < '  mnion  loau    ^  ^  

infinite  nuiiibi-i  '*l  circles,  iir 
other  ciiives,  all  luuchiiif;  it 
and  each  other  in  the  »aniu 
point  of  contact  c.  So  that 
any  cur»e  dck  may  be  luuch- 
td  by  an  iiirihile  luKiiber  of 
ditlerent  circles  at  the  same 
point  c;  and  aomvuf  these  circles  fall  wholly  within  ii,lx- 
ing  more  curve«i,  or  having  a  greater  carvatun-  than  that 
canv;  while  others  fall  wiihoot  it  Dear  the  point  of  con- 
tact, or  bet  wren  the  coivo  and  lainpin  at  tliiil  p>uot,and 
being  thus  less  deilvctcd  from  the  talent  linn  the  cum 
is,  they  have  a  lew  dcoree  of  cunararp  tbereb<  Conse- 
quently  than  ia  oart  cf  ilut  iafiniie  Bumbar  of  dichii 
vhKh  ndAcr  Mb  bckiw  it  nor  above  it,  hat,  bd^ 
equally  deflecM  fiwB  tha  tangent,  coineiilci  with  ft  moat 
intimately  of  ail  the  circle* ;  aod  the  radios  of  thia  circk 
is  called  the  Radius  of  Curvature  of  the  carve ;  also  tlie 

circle  itM-lf  is  ci.lkii  Iir-  CitlIc  of  Cur'.at-jrc,  or  the 
Osculatory  circle  of  that  curve,  tecautu  U  touches  it  so 
closely  that  no  other  dide  can  he  diawa  bolwaaa  it  aoil 

the  curve. 

Ay  a  i  ui'.r  »  M>|)aratcd  from  its  tungctit  its  flexure 
or  curvature,  so  it  is  separated  froni  ;h('  osculatory  circle 
by  the  iocrease  or  [l>ci<a^(>  <i|  ;t>  curvature;  and  as  its 
curvature  is  greater  or  less,  according  at  it  is  more  or  less 
Mkctcd  from  the  tangent,  >o  the  variation  of  curvature 
ia  greater  os  less,  according  as  it  is  more  or  less  separated 
JiNMB.tlw  Ciacle  of  curvature. 

It  appears  however,  from  the  demonstration  of  geo mo- 
ttle ians,  that  circles  may  touch  curve  lines  in  such  a  man- 
■er,  tiwt  there  may.  bo  indefiniie  degrees  of  more  or  less 
tBtimai>.CMilta|Lb»twA  Aa  euna  and  its  osculatory  cir- 
dat  and  tharacoaic  scctioa  may  be  describe  <l  that  shall 
bam  the  laaM  carvatun  whk  a  ffm  liaa  at  a  given  point, 
and  the  sane  variation  of  euivatare,or  •OORtact  of  iha 
same  kind  with  the  circle  of  carvatore. 

If  «r  f  onci  nc  the  tangent  of  any  propose«l  curve  to  be 
a  base,  and  that  a  new  line  or  curve  be  desrrihcd,  whose 
ordinate,  on  the  same  base  or  absciss,  is  a  .'id  pruportionul 
to  the  ordinate  and  base  of  the  first ;  this  new  curve  will 
deli  rniioe  the  chord  ol  the  Circle  ot  curvature,  by  its  in- 
tersection with  the  ordinate  at  the  point  of  contact ;  and 
it  will  also  measure  the  variHtion  of  curvature,  bymeans 
of  ihu  tangent  of  the  angle  in  which  it  cuts  that  circle  : 
le»»  this  angle  is,  the  closer  i$  the  contact  of  the  curve 
and  ciKleof  eunaiarai.apd  of  .tUa  ooatact  thflna,iiHOr  ha 


For  example,  let  swit  be  any  curve,  to  which  ti  i»  a 
inngent  at  the  point  t;  then  let  there 
be  always  taken  Mr  :  rt  :  :  et  :  tk, 
and  thr>>iii;!i  all  the  pointii  K  draw 
the  curve  bwr ;  then  from  the  point 
of  coiitKCt  E  draw  eh  parallel  to  the 
ordinate  tk,  meeting  the  last  curve 
ia  a;  and  finally,  dcKribe  a  circle 
iBQB  through  the  point  s  and  touch- 
ing kt  in  s ;  and  it  shall  be  the  otctf* 
laiDiiy  circto  to  the  given  curve  aaa. 
And  the  contaet'of  iti  and  aa  is  al- 
ways  the  closer,  tha  kaithaaiule,K*<i  is.  See  Maclaurin's 
Fluxiau,  ar(.9S6.  ,.'V 

Hence  it  follows,  that  the  oqfilac^ar  Oa  cnvauiu 
and  its  osculatory  circle,  is  closest,  when  the  curve  ax 
touches  the  arch  bi,'  n  w,  tlip  angle  bet  being  given;  and 
it  is  furlhist  fioni  ihn,  or  inoit  open,  when  BK  touches 
[\iv  n^lit  hue  B  t  III  B. 

Hence  hUo  there  may  be  imlelinile  decrees  of  more  and 
■nore  intimate  (onruti  between  a  circle  ■rf  -  <i  curve.  The 
first  degree  ik  when  the  mme  nglit  line  touches  tlirm  both 
in  the  same  point;  and  a  contuct  oi  lhi>  >ort  may  take 
place  between  any  circle  and  any  arch  ni  a  curve.    '1  tie 
id  is  when  the  cune  emu  and  circle  erb  have  the  same 
curvature  and,  tlie  tangfints  of  the  cuive  Bxr  and  circle 
B(ta  inlencct  eais  other  at  b  in  any  a.ssignable  angle. 
Ihe  contact  of  the  Curve  SM  and  circle  of  curvature  mm 
at  K,  is  of  the  3d  degme,  ar  order,  and  their  usculattod  is 
of  the  ad,  when,  the  curve  ssr  touches  the  circle  aQS  at 
a,  but  ae  as  not  to  have  the  aaaia  cuivatnv  with  it. 
The  eaiitactii«ribc4tiidi|nfv  or  order,  and  their  flacn- 
laiioo  of  the  3d,  when  the  carvp  axr  W  tba  mme  cana> 
tare  with  the  circle  bqe  at  b,  but  so  as  that  their  contact 
ia  oaly  of  ibe  2d  decree.    And  this  oradation  of  more  and 
more  intimiitc  t  iini.irl,  ii:  nl'  Hjijin i\iir;alion  towards  cuiii- 
Cldelice,  111,1)  be  cuiiliiiui.  d  liideliiiilrly ,  the  Contact  ot  £U 
und  ER  a!  F.  Im  uim;  iilniiys  of  an  order  two  degrees  closer 
than  that  ol  ak  and  ug  at  b.    There  is  also  an  indefinite 
vanclv  comprehended  under  each  order:  llms,  when  em 
and  LH  have  the  same  Curvature,  the  angle  formed  by  the 
tangents  of  bk  and  ng  admits  of  inde^nite  variety,  aiid 
the  contact  of  en  and  eh  is  the  closer  the  less  that  angle 
is.    And  when  that  angle  is  of  the  same  magnitude,  tne 
conuct  of  em  aad-sa  is  ihe  closer,  the  greater  the  Circle 
of  curvature  ia.  Wmi  aX  and  *q  touch  at  a,  tbqr  may 
touch  on  DiR  same  or  oa  diSerent  sides  of  their  coipmoB 
tangents  aiid  tho  an^of  conuct  kbq  may  admit  of  thtf 
same  vaiic^ty  iMi  ihe  ai^  of  contact  mek  ;  but  as  there 
is  •cliaBatjaarieii  lipr  oonehlaflng  thoee  higher  degrees  of 
mon  latiaiaie  coota^  of  the  cam        and  airde  of 
cvnratimuB,  Maclavfhi  call*  the  icdMwi  oroocnlation 
of  the  same  hind,  when,  the  chord  eb  and  angle  brt  being 
^vcn,  the  angle  contained  by  the  tangents  of  bk  and  eg 
is  of  the  same  magniludr. 

When  the  curvature  o!  emu  increases  from  z  towards 
II,  and  ruiisei|Uii'iUl\  c<ii  ii  ^piiiiils  to  that  of  a  circle  gradu- 
ally less  and  ti.e  arch  EM  falls  williin  tR,  the  arch  of 
the  osculaiorv  circle,  and  BK  is  within  ag.  The  con- 
trary hnppem  when  the  curvature  of  km  decreases  from  a 
towards  ri,  and  consequently  corresponds  to  that  cf  a 
circle  which  is  gradually  greater  and  greater,  the  arch 
BM  falls  withottt  la,  and  as  is  without  ag.  And  ac-  ' 
"  _  I  tba  cttivstaie  of  bm  warin  man  or  less,  it  if 
or  Um  inlika  t»  tbt  aniibrm  curvature  of  a.  circle 
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the  mrHi  «f  tlw  curve  bm  ii  scparatn  mora  orlns  froni  tbe 
KTCh  of  the  oiiculfitory  rirric  erb,  anil  the  un^le  combined 
by  ihc  tangcnii  ol  iikt  biiH  rui;  at  n,  isi  grcutrr  nr  U-->s. 
Thus  tlic i|uiili(y  I  I  V  iiiv         n>  It  i>  ijilUil  l>^  Ni  v.t  in, 

drprnd".  on  llir  aiij,li  cniilaincil  l>)  llir  laii^ciits  ul  bk  and 
iig  ill  n  ;  mill  ilit.-  iiiinturi-  ot  ihr  incquubility  or  varialiuii 
of  curvuiun-,  is  as  tin-  l,in -cut  of  this  anpU',  the  rattius 
ing,  JJ'**'".  ""d  'ht'  atigli  I  F  I  III  ing  n  right  ofu-- 

Thi-  radii  uf  cursuiuri'  ot  siraiUr  arcn  in  similar  figures, 
an-  iu  tiic  kamc  ruiir>  m  any  hucnnloguus  linn  of  lhe*e 
ligurrs;  and  the-  variation  of  coi^alure  i*  tbc  tame.  Hee 
Alacltturin,  art.  370. 

When  the  pTap<iM-d  carve  kmii  is  «  conic  section,  the 
MW  line  MCr  is  aImi  a  conic  section  ;  and  it  is  a  right  Une 
when  xHB  h  m  parabola,  lu  iba  axia  of  wbicb  Ibe  ordi- 
nate? TK  are  paralkL  asr  ii  iIm  •  ri^t  Hiiawhn  nis 
if  an  hyperbola,  to  am  aiyiiiptole  of  wbkh  die  «nliiMla 
It*  i»  piiralleli 

Wbcn  ibe  ofriinate  sip  at  tbe  point  of  contact  r,  in- 
•teaii  of  meeting  the  new  curve  bk,  b  an  aaympioic  to  it, 
the  curvature  u(  em  i«  lets  than  in  any  circle  ;  uiul  thh 
is  the  case  in  which  it  is  said  to  be  intinitely  small,  or 
that  tin-  ratt  u,  i  |  mriuturc  is  infinitely  great.  And  of 
this  kind  IS  ilie  curvaturf  at  the  points  uf  contrary  flexure 
in  lint'S  of  the  3d  order. 

When  the  cunc  bk  passes  through  the  point  of  contact 
e;  ibe  cur\uuiri  iv  k;n  »iei  iliin  in  any  circle,  or  the  ra- 
diu!i  of  curvature  vanii>hes ;  and  in  this  case  the  curvature 
h  said  to  be  infinitely  great.  Of  this  kind  Mthccunmtim 
at  tbc  cuipa  uf  tbc  line*  of  the  3d  order. 

At  to  the  degree  of  curvatorein  linesof  thi-3d  and  higher 
Olden,  MM  Maclaurin,  an.  379  ;  also  art.  380,  u  hen  tbe 
fwyned  curve  it  mechanical. 

i«,Cttn«s  which  paw  throtiflfi  tbe  aame  point  have  tbe 
wiM  Canfml  when  the  fint  ivxiow  of  the  ordin&tes  are 
ewial,  m  they  have  the  aame  curvauuewhan  the  3d  flaxxim 
«f  the  ordtnaie  ate  IHwwiie  equal ;  and  half  the  chwd  of 
the  Mculuinry  circli>  that  b  intercepted  between  (bepoiMa 
where  it  intersects  t hi- ordinate,  ba  3d  proportional  to  the 
ri^lu  I  nv-  ill. it  measure  the  ?d  fluxion  of  liie  ordinate  and 
lint  fluM'in  the  curv»',  the  base  being  iu|y>ose<l  to  flow 
unildnnly  \\  hen  a  ray  revolving  about  a  pivi-n  point, 
and  tetiinnateil  Liy  the  cur^c,  becfimi-»  perpt'iulicular  to  it, 
the  fir>l  (luxiiiii  of  the  radius  viiiii^hn;  and  if  its  2d 
fluxion  vanish  ut  the  same  lime,  n  at  |K>iiit  must  be  the 
centre  '>i  curvuture.  The  same  may  be  said,  when  the 
angular  motion  of  the  ray  about  thut  point  i>  equal  to  the 
angular  luoiion  of  the  tangent  ot'  ilie  curve  ;  as  the  ao* 
guiu  motion  of  the  radtu*  of  a  circle  about  its  centre  la 
alwayi  equal  to  the  angnler  UMtion  of  the  tangi-ni  of  tha 
cifda.  ncace  the  variooa  pcwpenict  of  the  circle  aay 
sugKtt  aemai  thnrem*  for  wtemiiiiiiig  the  eeaire  w 


See  aft  996  of  Ihe  laM  book,  alie  the  inlloirii«,  oon- 
cemiqg  thecunataie  «f  litm  that  are  described  by  nwans 
of  right  Km  rewlviag  ahont  gtv«n  poiet,  or  of  angle* 
that  either  rlvolwe  about  MCb  polet,  or  aic  cfiiied  along 

fixed  %nct. 

It  is  to  l>p  ol>served  that,  as  when  a  right  line  intersects 
an  arc  of  n  c  urve  in  two  points,  if  by  varying  the  poMllon 
of  that  line  the  two  intersections  unite  in  one  point,  it  then 
becomes  the  tangent  of  the  are;  so  when  a  circle  touches 
a  rur%e  in  one  [xiiiit,  nt;ri  ir.t! T'^'  rt»  u  iii  ;iiuit!,er,  il,  by  va- 

r¥ing  the  ceatte,  this  intenectioo  join  tbc  point  of  contact, 
iladid*  baa  Ibn  the  cIcaMtcaniMS  wMi  tbaai^airi  ba- 


comn  the  circle  of  curvaiurr;  bat  it  atiti  continuce  to  ii^ 
ter*ect  the  cur\e  at  the  Mime  point  where  u  touches  it,  that 
is,  where  the  snnie  ri-jht  line  i<.  tlieir  cominun  tangent,  un- 
l<  s>anoiher  inlerMi  tinn  ]  jin  limt  point  at  Itie  uanie  lime. 
In  general,  tiie  circle  ol  curvature  initr»tct>  tlic  curtc  at.^ 
Ihc  poiitt  of  osculaii'in,  only  when  the  numb«)i^of  the  suc- 
cessive orders  of  fluxion*  ol  tbe  radiui  uf  curvataue,  ibot 
vanisli  when  this  radios  conea  10  the  paint  of  oiCttlalion,  H 
an  even  number. 

It  has  been  supposed  by  tome,  that  two  points  of  con- 
tact, or  four  intersections  of  the  curve  and  circle  of  curve* 
lure,  must  join  to  form  an  osculation.  But  Mr.  James 
Bernoulli  justly  insisted,  that  the  coalition  of  one  point  of 
contact  and  one  intersection,  or  of  thrre  intersections,  was 
•Bfllcient.  In  mUeh  ame,  and  in  gtseial,  when  an  odd 
mnher  of  iMeneciionl  anty  join  aneb  other,  tbc  point 
whcR  tbqr  caiadite  coatwuca  to  be  aa  InieneciMHi  of  the 
curie  and  dide  of  cannlutt^  aatMUaaapaintof  tb«|r 
mutual  contact  Md  tacnlatioini  Siaf  MndMUin'a  Flnx. 

art.  4.93. 


Tma  tbew  ptinciplct  nay  he  deiennincdl  tha  eirde  of 
canalMie  at  any  point  ofaconicseciion.  Tbua,  luppoM: 
ASKRO  be  any  conic  etction,  to  the  point  ■  of  wbldithe 
diele  or  raditti  of  curvature  is  to  lie  found.  Let  bt  be  a 
langrnt  at  a,  and  draw  eob  and  the  tangent  HI  parallel  lo 
the  chords  of  the  circle  of  ciuvaliire;  then  take  IB  to  EO 
as  El'  to  Hi';  or,  when  the  seenon  h.i*  .-v  centre  o,  as  m 
the  ellipse  and  hypi  rlmlii.  a^  '  h.  '.'|a;ire  ol  tlie  .vim-diume- 
ter  oa  parBllel  to  r.  r,  iv  i  i  ih.-  -.jiiiie  of  the  8eini-<tiame* 
ter  OA  jiarrtlli  i  II,  r  !i  ;  and  ;i  riirlr  f.B  described  on  the 
chord  rh  thai  touches  ET,  will  be  the  circle  of  curvature 
•ouijht. 

When  HI  T  is  a  right  angle,  or  r.B  is  ll»e  diameter  of  the 
circh-  ol  curvature,  M  will  be  the  axis  of  the  conic  section, 
and  BB  will  be  ihe  parameter  of  this  axis  ;  also  when  the 
points,  whei«  the  conic  section  cuis  r.tt,  and  the  point 
B,  are  on  the  fame  aide  of  m,  then  bmo  will  be  an  elUpeit, 
and  TM  the  gnntcr  or  km  aaia,  afleoniim«t  tm  k  f^tttee 
or  leas  than  an. 

The  prgpoHtiona  wiatiiif  .to  tbe  can«tni»  of  4ha  conie 
McimH,  commonly  gitwn  by  anthoiat  fuHour  wilhoat 
much  diflictil^  from  thii  eonitmciion. 

I.  When  the  chord  of  curvature,  thus  found,  passe* 
through  tbe  centre  of  the  conic  icction,  it  will  then  bo 
Ckjual  to  the  parameter  of  thediametflr that  pamaatlu«Nvh 
the  point  of  contact. 

'J.  Ttir  ■-r|u.in'  ut  tin  ".i  nii-diameter  ofl,  is  to  tbc  rect- 
angle ot  hail  ihc  irmisM-rsc  and  half  the  conju«ate  axis,  a* 
tbe  radius  of  cunmuie  i  l  is  to  lu.  And  theietore  th(« 
cube  of  Ihe  5<  mi-diaineter  no,  parallel  to  tbc  laagent  tr, 
ise'jMiil  ui  (he  solid  containetl  by  the  radiui cf  CMiniBW 
ca,  and  tbe  rectaagle  of  tbe  two  aemiaxei. 

S.  The  peipcadfenlir  to  eilbct  uii  bieccli  tbe  ta^ 
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c  hnr  l  ui  curvature,  and  the  cnmmon  (angvnt 
L     Liiin  and  circle  of  curvature, 
clioid  of  iKc  (ncuUiory  circle  liiat  patsrt 


made  by  tin 
of  the  conic 

4.  Ttif 

through  the  focus,  the  diameter  Cu^jUgBte  19  ttiat  wfakh 
pM&n  through  iho  point  uf  contact,  and  th«  tr«iisvcrsc 
■xi> of  ibe  fignn-,  arc  in  mntinurd  proportion. 

5.  Whm  the  KClion  is  an  cllipae,  if  the  circle  of  cam^ 
tore  St  s  meet  m  in     the  iquue  of  md  will  be  tqmA  to 
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iue  of  (he  raUiu«  of  curvature  for  any  point  t,  the  ordinaM 
to  which  cuts  uti  the  absciss  asst. 

HiTicr,  when  x  or  the  absciia  i*  nothing,  the  last  expr«»- 


Ve 


ss  la  sr,  for  the  radiut  of  cur- 


vature at  the  vertcs  ofthe  pmbolft|  th«t  ii|  the  

twieetheiqaaraoroii.  Henw  Rtf :  im  :  :  1.  Which  of  the  circle  of  cnrwtBn  at  the  fcitex  of  •  pMsbda,  it 
am  an  fasy  method  oTdeicrauiiiag  tin  ciicio  of  cur  vatnn   equil  to*  the  yuinetorgf  the  axit. 

SeeCtacM  4|f  On'iwftn, 
FcrvMiMq^CvBTATVKi.   See  ViiBiATtov. 
JMfeCt^ftVMOmB,  i>  UMd  for  the  curvature  of  a  line, 
which  twlilt  so  that  til  the  parts  of  it  do  not  lie  in  the 
same  plnnc.  Such  as  the  rbumb-line,  or  luxodromir  curve. 
CURVE,  a  line  whosr  several  parts  procn  d  bowing,  or 

tfiiiJ  'iiilirtiit  v,;-lv^,   I'pusitioii  to  a  itraight  in 

rtbtiic  parlh  liiivi:       -.anic  cuursc  or  cHireciiun. 

The  (kictiiiic  ot  curves,  and  of  the  figures  and  solidi  ge- 
nerated iroiQ  then),  ronntitutt:  what  is  called  the  higher 
geometry. 

In  a  curve,  the  line  ap,  which 
bisects  nil  the  parallel  lines  mn, 
is  called  a  Diameter;  and  the 
point  A,  where  the  diameter  meets 
the  curve,  is  called  the  Vertex  :  if 
AO  bisect  all  the  parallolfat  right 
angles,  it  is  called  ibe  Axis.  The 
parallel  lines  M  K  are  called  Ordi- 
iiatei(er Applicatei ;  and halves,  pk,  or  rafSeni-oirili* 
I.  Theportioaof  thedianeler  a r, between tjievenny 

any  I 

ot  }i 


to  any  point  e.  when  the  tewKliuncter  M  it  ^«CD  in 

magnitude  ill  d  position. 

.Vvcral  other  propi-rties  of  the  circle  of  curvature;  and 
methods  of  ilriemnmng  it,  when  the  section  is  given;  or 
\ir  virs.i,  :  :  (Ic'teriniiiing  the  s«clion  when  tin-  ritcle  of 
curvature  is  gi>en;  may  be  seen  in  Maclaurin  ^  Mux.  ur:. 
J}7j.  Sec  also  the  Appendix  to  Miulaunu't  Almbra,  Mct  I. 

7'o  determine  the  Riidiui  aaut  Circle  of  Cm-vuiure  hy  ilic 
Method  of  Fluxionf.  L<  I  Ate  !»•  miy  lurvu,  concuvi-  tf)- 
ward  its  axis  ad;  draw  ,i  i  ordimite  nr.  to  tlie  point  B 
where  the  curvhiiirc  iv  khuiihI  |i>  (i>\iin\  ;  and  suppose 
EC  perp'  ndicular  l«  the  curve,  ami  equ.il  to  the  radius  of 
the  circle  BEe  of  curvature  souglt ;  l.otly,  draw  paral- 
lel to  AD,  :ind  de  parallel  and  indeliiiitely  near  to  PE  ; 
thereb  y  making  Ld  the  Huxion  or  increment  of  the  absciss 
AD,  aUo  de  th>'  tluxion  of  the  ordinate  dk,  and  ce  that  of 
iha  curve  AE.  Now  put  x  =  ad,^  =  dk,  s  =  as,  and 
rm  CB  the  radius  uf  curvatnn}  then  it  st(  =  x,  dir  aw^ 
and  te  =  ti. 

Now,  by  turn.  tri.  the  3  linca        -    Md  ,   de  ,  we  t 
or      -     '  t  jr  I  B  > 
dy  aathothnee         -    a*  ,  ««  ,  -~- 
-    «e  .  . 
and  tSe  liiadoB  of  this  Ia«t  equation  It 

cc  .  jr  -t-  oc.i  =  OE  .y -t- CE^, 

or  heoHUC  ob  B    M,  it  is 

ac.*  M  .XMoa.y  <f>  o'b 
Btttj^noethe  tm  cnrra»AB  and  »b  have  the  ■amecniw 
tttfa  at  tho  iMint  a,  their  afaetiiHt  and  oidinatea  haw 
theaamellaxioM  at  that  ppiDt,  thai  H  aif  or  « ii  dio  Aox- 
ion  both  of  ad  and  ao,  and  dt  «tj  ia  the  tnadaa  both  of 
BBaad  OB*  In  the  above  equation  '^erelbre  inbatitute  x 
for  da,  wadj  for  ^s,  and  it  become 

OC  .  i  —  i*  =  ov.  . y  -I-  yy  , 
or  -  oc  .  f  —  OE  .  y  =  a'  -».  y  or  i*. 

Nnw  mulL  the  three  terms  of  this  equation  respectively 


any  other  fixed  point,  and  an  ordinate,  ia  called  the  & 
acta*:  aliolheconconneofaIlliK£aincteffi,tf  they'ncet 

all  in  one  point,  is  the  Centre,  This  definition  of  thedia* 
meter,  as  bisecting  the  parallel  ordinales,  re&pccts  only  the 
conic  sections,  or  such  cunws  as  are  cut  only  in  two  points 
by  the  ordinati-s ;  but  in  the  lines  of  the  3d  order,  which 
may  be  cut  in  throe  poim.s  by  the  oniinates,  then  the  dia- 
meter is  that  line  which  cuts  the  ordinales  so,  that  th« 
sum  of  the  two  parts  that  lie  on  one  side  of  it,  shall  be 
equal  !o  the  part  on  the  other  side  :  and  so  on  for  curves 
of  <t  iir<li  r-.  ilie  sum  of  the  [■I'.rr-.  "1  the  ordinate*  on 
one  suit-  I  I  tly<  ihuraeter,  bcini;  always  equal  to  the  sum  of 
the  parls  im  '.he  other  side  of  it. 

f'urvi-  ]ir.L'5  arc  di5tinE;uished  into  Algebraical  or  Geo> 
mrtiical,  ;iiid 'rrani>cendiTitul  or  iMi'Chaiiical, 
Aigekraical  oz  Gtometncal  Curves,  are  ibote  in  which 
by  iheaethnfc  quantities,  4,  ^,  ^,whichar«equal,and        relation  of  the  abscisses  ap,  to  the  OfdiaMet  ra,  r-- 
•  J**         "  .  be  expressed  by  a  coraaaon  algebraic  equatton. 


it  beeenes    —  w  s»-Trt     —i  andbencer  =  :  , 

ra'      r  7^— 

which  is  the  pi  iier.U  value  of  tlie  radius  s  i  curv  iaire  for 
all  curves  «'li.Urvpr,  in  terms  of  the  fluxions  ct  (lie  absciss 
and  ordnj;i-.c. 

Farther,  as  in  any  case  either  z  or y  may  be  supposed 
tn  flow  equably,  that  is,  either  x  ory  constant  quantities, 
or  «  or  y  =  to  nothing,  by  this  supposition  either  of  the 
terms  iii  the  denominator  of  the  value  of  r  may  be  aaade 
to  vanish.  So  that  whet)  x  Is  contlant,  the  value  ofr  is 
t'  ,  . 

- — but      -TT-  whenj'  is  coikstAUl, 
-*»  J ' 

For  example,  suppeae  it  were  iMaited  to  find  the  ra- 
dius or  circle  ofcarvatnra  to  any  point  of  a  paTaboh^  its 
rartei  bciac  a,  andaxia  av,*— Now  the  cquatioa  of  the 
curvais«xB>*;  bcnct>«»«%|l»»aadasst?\iuppo- 
i  hroce  r  or 


And  Trajocendental  or  Mtekaittcal  Curva,  are  such  al 
cannot  be  SO  defined  or  expressed  by  an  algebraical  eqna- 
tJon.   SeeTaanscF.NDEMTAi.  Cheve. 

Thus,  luppoae,  for  instancy  the  c«r«a  be  the  circle' 
and  ihattharadiiiiACBr.ilM 


Vot.L 


r,  and  the  onK- 
ijr;  then,  bocaaw 
the  aataieof  the  circle  is  luch. 
Chat  the  rectangle  ap  k  pb  is 

always  =  therefore  the 

e(]uation  is  x  .  (2r  —  j)  =t 
or  2rjt  —  a' =^",  dclininj^tliis 
curve,  which  is  therefore  an  algibraical  or  geoinelrical 
line.  Or, suppose  (  F  s=  jr;  then  i'^  I  M  -  rr  =PM  .tbat 
ia  r'  —  ay'i  which  is  another  tunn  oi  the  equatiwo 
aflhacuva.  ~' 

Si) 
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The  doctrine  of  cmw  litii»  in  roik-imI,  as  exprt  sst-d  by 
■Igebrairttt  ^■<^u:lIluli^,  first  nitroduced  by  Descarltn, 
wbo  c»ll«f<l  al;;t:ljrni( ttl  curvi'i  j(t'omi*lriral  onr»  ;  asnrfmii- 
ting  none  cIm-  iiiio  the  construciion  "it  prubloms,  nor  cvu- 
Kt|Uvntly  into  geometry.  liut  Newton,  and  attcr  hini 
L«ibiiitx  and  W'ollius  arr  of  uiiotlier  opinion;  und  think, 
tlMt  in  tke  coMtruciinn  of  a  pra^lciu,  one  curve  it  nut  io 
be  parfbmd  to  another  fur  itt  Mag  defined  by  a  more 
limple  deviation,  but  iur  its  being  mote  easily  de>crib«J. 

Algebraical  or  gronetrical  lines  an-  be»t  dwtinguubed 
inlo  onien  accoRiing  to  tli«  niinibar  of  dinmuona  oi  ihc 
cqualKMi  opRwiai  iho  Khtkm  kctwen  in  ordinatM  and 
•btfinab  <Mr»  vUoi  il  tbe  wme  tbinit,  according  to  the 
aw»l«c  |oial»iii«liwh  Ihcy  na>  be  cut  by  aright  line. 
Aad  cmvaaCllnauM  Uad  oi  otdariMC  iImmb  vIkiw  eqna* 
tioiM  rae  to  tba  taaw  Hmuman.  Hcner,  of  the  lint  or- 
d«r,  there  is  tb«  ri|t)it  'line  only  -,  of  llie  '^d  order  of  lines, 
or  the  first  order  of  curves,  arc-  the  circle  and  conic  src- 
tionk,  being  4  species  only,  viz,  ds  —  jr^  =  y'  ihv  circL  , 

-^.(d*  -  r*)=/tlir<  lliiKi-,  .  (ilx  t")  =yihc  hy- 
perbola, and  di  =  y  sho  parabulu;  the  iim-s  v(  the  .Td 
order,  or  curvesnf  the  2il  oult  r,  art' expre»>ed  l>y  hii  iqua- 
tion  of  the  .3ii  dcprcr,  havin;;  three  roots;  and  so  nn.  Of 
these  lines  of  iht-  J<l  urdi  r,  Nevt  ton  wrolc  an  t.\|:iri.'S'>  lu-a- 
tisc,  undi  r  tl:e  title  of  Knunieratio  Unearum  Trrdi  Ordi- 
nis.  shouing  their  distinctive  characters  and  properties,  to 
tbc  number  of  72  different  species  of  curves : 'but  Mr. 
Stirling  afterwards  added  four  more  to  that  number;  and 
Mt.  Nic.  Bernoulli  and  Mr.  Stone  added  two  m->re. 

Curvet  of  the  2d  and  other  higAer  kiHdt,ticvitoa  obvierves, 
bave  parti  and  propertiet  wmilar  to  those  of  tbe  lU  kind : 
TbttSi  as  the  coaic  aectioM  have  diameters  and  axe*;  the 
liMs  biMctad  by  ihcie  are  ordinatrt ;  and  the  intefMctioa 
of  tbe  cnrteaad  diameier^  the  vrricx :  lo,  in  axrm  of  the 
9d  Vmd,  aay  Vm  pwaikl  nA%  liais  being  drawn  to  meet 
Ifee  Ciir«»  iftS  |muH*&  •  riffit  Una  cutting  these  panlleb 
•0,  ibat  ifce  mm  of  the  two  paru  between  llie  iccant 
aad  tbe  curve  on  one  side,  h  C4)aal  to  the  3d  part  termina- 
ted  by  the'curvc  on  the  other  side,  will  cut,  in  the  same 
manner,  all  olht-r  right  lineti  parallel  to  tbrse,  and  that 
meet  thi^  ciirvf  in  tline  pninls,  llial  i*,  '•o  O'*  thiit  the  sum 
of  the  two  puns  on  orii-  M<!c,  will  slill  be  equal  to  the  M 
part  on  the  oIIht  shIi  I  Ih-so  three  parts  iberelore  thus 
eqtinl,  may  bv  chHmI  Om1]ii.i;cs  or  Applicati*  ;  the  cut- 
tjnj^  'ill'  Diameter;         H:...ri'  :i  i  n^,-.  driiiniiti's 

Ht  right  aiiji;!' 'he  A\w;  llu'  iiili  rM  c  lion  of  rlie  dh.im  icr 
and  tbe  curve,  tiic  \  ertix;  and  the  contourx  of  f,>i>  di- 
ameters, the  Ccnia' ;  ulho  the  concourse  ol  all  the  diamo- 
Icr*,  the  Common  or  General  Centre. 

Again,  as  an  hyperbola  of  the  first  kiitd.bfts  two  aaym- 
ptote» ;  Ihiit  of  the  2d  has  3  ;  that  of  the  3d  has  4  ;  ttc  : 
and  a»tbe  parts  of  any  rii'ht  line  bttweert  the  conic  hyper- 
bola and  it<  two  asymptotes,  arc  equal  on  either  tide ;  so, 
in  hyperiiolaa  of  the  2d  kind,  any  tight  Um  cultiag  tbo 
arm  aad  its  three  aiympiotci  ia  duree  poioto;  iba  imnt 
of  tbe  two  parts  of  that  right  line,  extcodrd  frOB  nff  two 
a»ymptoic«,  the  wme  way.  to  two  points  (rf  the  cvm^inU 
be  equal  to  the  9d  pan  extended  iiroB  the  9d  laymileM^ 
tbe  contrary  way,  lo  tbe  3d  point  of  the  curve. 

Again,  as  in  tbe  conic  sections  that  are  not  parabolical, 
the  square  of  an  ordinate,  i.e.  the  rectangle  of  the  ordi- 
natcii  drawn  on.  the  contnu'.  Mrli  s  of  the  diaraetti .  is  1>< 
tbe  rectangle  ot'  tbe  parts  oi  ii»e  «iiajncter  terminated  at  the 
vwdccaof  as  ellipM  or  bjporboi^  io  the  HBt  pHfOftiiak 


5  ]  c  V  n 

0-1  a  given  ]uiv  called  liir  ijitu.s  rectum,  is  to  thai  p;irt  of 
:liL  diunulir  which  lies  Ih-1  jven  tfie  verlios,  culled 
till-  lulus  iruMsvcr»uiii ;  m>,  id  curves  nf  the  'Zd  kiud,  not 
paraUilicol,  the  pro<luct  under  three  ordinate^,  is  to  the 
product  under  the  three  parts  of  the  diaiialer  cut  o0  at 
the  ordinate*  and  the  three  vertices  of  the  figure,  in  a 
given  ratio  :  in  which,  if  there  bi-  lak  ihn-e  ri^ht  lin^ 
titlUUed  at  the  lhr«'e  part»  of  the  <liani(  t  r  l,<!»een  the  ver- 
tices of  the  Agtire,  each  to  each  ;  then  these  three  right 
line*  may  be  called  the  latere  Recta  of  the  figure ;  and 
the  parts  of  tbe  diamdar  between  the  vertices,  the  Lalen 
TlMffUlMi 

Aadf « ia  m.caaie  Bmfaok,  which  bas  only  one  tnux 
10  one  and  the  nme  dfaunctcr,  tbe  rectangle  under  the  Of 
dinatcs  is  equal  to  tbe  rectangle  under  tbe  part  uf  the 
diameter  cut  off  at  the  oidinates  and  vertex,  and  a  given 
right  line  calhd  the  latus  rectum  :  so,  in  curves  of  the  2d 
kind,  which  have  only  two  virliKs  ti>  (In  same  diamett  r, 
I  lie  (iroduct  umli  r  thnv  onlinati  s,  IS  1  i:  ii.il  ;m  the  product 
under  two  purls  of  the  iliiirnitrr  cut  i.ll  u!  llic  ordinate!^ 
and  tbe  t»>>  V('ttiee^.  un<l  a  n  ri'/ht  line,  which  may 
therefore  be  callril  ihv  l^itus  rrai)s\(  ixini. 

Furtiier,  as  in  liie  cimic  mtIujus,  where  Hvo  pBrHllels, 
terroinalt'J  on  each  side  by  a  curve,  art*  cnl  h\  i»m  <i;iier 
parallels  terminated  on  each  Mde  by  a  rurvi-,  the  Nt  by 
the  3d,  aiid  the  2d  by  the  4th  ;  the  rectangle  of  the  parts 
uf  the  1st  is  to  the  rectangle  of  the  p«rl«  of  tbe  3<l,  as  tbul 
of  tbe  2d  is  to  that  of  the  ^ih ;  so,  when  four  such 
right  lines  occur  in  a  curve  of  the  3d  kind,  each  in  thrro 
poinu ;  the  product  of  the  parti  of  the  I  »t^  wilt  be  to  that 
of  tbe  paru  of  the  3d»  at  that  of  tbe  Sd  totbatof  the4th. 
.  Latoy,  tbe  Icgi  of  carvc>i  both  of  the  lat»  Sd,  and 
b^bcr  biadi,  are  cither  of  tbe  paraboNc  or  hyperbolic 
kind:  an  hjperboKe  kg  being  that  which  apsniubea  iu- 
fiailely  tewaidtMibeaaymploiCi  und  a  parabolieone,  that 
which  has  no  asymptote. 

These  legs  arc  best  diMingiiishetl  by  their  tanpc  nis ; 
for,  if  the  pi  iiil  <il  I  iiit;n  •  t;o  oft  to  an  intinitc  di'lanco,  i  ■ 
the  t«ngent  <if  the  liNpeibi  hc  left  will  coinciile  wiih  li  e 
asymptote  ;  and  thai  of  the  p-irii  Iml  ic  iet',  iec«  ile  Mjtini  :e!y, 
and  vanish,  'llieiesorc  the  asyniploie  of  any  leg  is  itiuiid, 
by  seeking  (he  tan-fent  of  that  leg  to  a  point  intinitely  di- 
slunl ;  and  the  direction  of  an  infitiiti-  leg  is  f(iHn<!,  by 
seeking  lb*:-  pusition  of  a  right  line  par^illel  to  the  liili!;enl, 

where  the  point  of  contact  is  infinitely  remote,  for  this 
line  lends  that  waj  towards  which  the  inRnite  !((  is  di« 
rc<3tcd. 

Newton  reduces  all  curm  s  of  the  3i  kind  to  four  cam 
of  cquatinnK,  expressing  the  relation  bctwecR  the  ordinate 

and  abscis,s  viz, 

in  the  Isi  case,  xy'  ->-  ty      iir'  +  bx^     ex     d ; 

in  the  •  r  v  —  "r'      bz*  -*■  cx      d ; 

in  the  .'5d,  -  ~  at  '  ■*■  cx  *  </  ; 

in  the  4th,        -        y  —  u  t^  +       ■*-  '^^  *  ■  ' 

See  Newioo's  Entimeraiio,  secU3;  and  Stirling's  Liia-a-, 

dw,^83. 

EmniMni/ioii  aftht  Chms  rftke  ?d  kind. 
Under  these  four  rases,  the  author  brings  a  arcat  num- 
ber of  iliffrrel^t  forms  of  curvi-s,  to  which  ht;  ui^cs  LlittTniI 
names.  An  hyperbola  lying  wholly  wiihiii  tlie  iini;le  <if 
i!ir  :isymptotes,  like  a  conic  hy|ierbol.i,  In  .-.•h-  .in  In- 
scribed Hyperbola;  that  which  cuts  the  iuyinptuies,  and 
coBOun  nw  patti  cut  off  within  ia  own  gcxi|4wry,  a 
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CircunMcribed  Hyperbola;  that  which  has  ohp  of  its  iu- 
finitt'  legs  iti-^cribi-d  and  the  ulhrr  circumscribed,  he  calls 
Ambigeual ;  thai  whose  1^  tend  towards  eack  otlMTtUd 
■M  directed  the  wune  way.  Converging;  that  wbtvelbif 
tmA  eoMnuy  mfi,  DivcffiBii  that  where  iher  an  eoa- 
wax  didmat  irays*  Ciiwi  hgyil ;  Ikat  i^lied  to  ita 
«ynplaie  with  •  coiieam  wrtcx,  and  dimgiM  leg*,  Con- 
cfamoal ;  that  which  cuta  Its  asymptoM  win  eoatrary 
flcxurci,  and  it  p(ad«e«d  «mIi  my  iato  contmy  kfi» 
Aiiguincous,  or Snaiw-iike }  that  which  cuti  its  em)iifata 
acroits,  Criiclfurm  ;  that  which  returning  arnund  cuts 
it«-ir,  Nodatcd  ;  that  whoae  parts  oncur  in  the  angle  of 
c<iritiict,  and  tlicre  terminate, Cuspi^'  ''<  '■■:  timt  a  hnu-  con- 
ju^titc  is  oval,  aixi  infinitrly  small,  i.  c.  a  ^iujnt,  Puintt-ii  ; 
that  »iiicb,  Irom  the  iiii|ius.Mbilily  ol  twu  ruutis,  i>  without 
(  itlirr  oval,  mnk;  cusp,  or  point,  Pure.  Aisil  in  tlio  «iime 
rMii-LiT  l;e  di'noniinatcs  a  p«rai'i;Li  C'liivi  1^:1:0.  [ t.'. .  :  ^inf;, 
C^KKinniTi,  vVc.  Alsowhcii  tin-  i;unib«r  ot  hyperbolic  legs 
cKccod!,  that  ni'  the  coi.ic  '  ■  ^■  -^"'11,  that ie  wroro than  tirrr, 
be  calls  thi^  hyperbola  Kvduiidant. 

Under  tbo»u  4  cases  the  author  eiiucnerates  72  different 
Ctttvea:  ot  these,  9  nn-  ri  <luiidant  byperbolas,  witbuat  di- 
ameitera, haying thn^  .syni|>iJies  inclddiagatriangle ;  the 
first  (XHttlstiogol'  thruc  hyporbolas,  one  inscribed,  another 
circamscribcd,  and  the  third  ambigeiial,  with  an  oval ; 
the  2d,  nodaled;  tho  3d,  OMoidatcd;  the  4th.  |ioiMed{ 
the  5th  and  £tb,  pun;  dwTlBaBd  SIh*  ciiirilbnii »  the 
Sth  or  last,  angmneal.  ThcM  an  IS  radundaat  hyper- 
boha,  having  only  OM  dhiMier:  Ae  IM,  oval ;  the  Sd, 
nodaled:  the  3d,  cuspidated;  the  4lh,  pointed ;  5tb,  £th, 
7th,  and  sth,  pure;  the  9th  and  10th,  cruciform;  the 
llth  and  I'Jtb,  conchoidal.  And  to  this  class  Stirling 
adds  2  more.  There  are  2  rediincfant  hyperljcdas,  with 
three  diameters.  There  an'  0  rcdinnhint  hy|i<  rbolas,  with 
three  asymptoti'fc  convrr^iug  to  a  comnnjii  [jLint ;  the  Ist 
being  forn>jd  (.1  the  5th  and  6th  rcdiiiniar.t  paniLidas, 
w'liijic-  a'lyru^ilijtcs  liiclude  a  trinugU';  the  Jd  liirim  il  i.l  the 
/lhand  Stli  ;  the  3d  and  *tli,  nl  ;i;<-,gi'i  ;  .'iili  1.  l:iiin- 
cd  of  the  olli  and  7lli  id  the  rcdutidaiil  hyperbolas,  with 
•  inv  diameter;  the  (jlh,  "f  the  6'th  aii<l  7tl)  ;  the  7th,  of  the 
Sth  and  9tb ;  the  Sth,  ot  the  lUthatid  llth;  the  9th,  of 
the  12th  and  13th  :  all  which  conversions  are  eifccted,  by 
diminishing  the  triangle  compicbebded  between  the  asym- 
ptotes, till  it  vanish  into  a  point. 

Six  are  defective  pnrabolat,  having  no  diamctcn :  the 
1st,  oval ;  the  2d,  nodatad ;  the  9d,  Cttipidated ;  the  4th, 
pointed }  ihe  5th,  pore ;  &e. 

8e*ea  nis  defective  hyperbolaa,  having  diameters :  the 
lit  and  ad,  cwchoida],  wilb  n  oval  i  the  3d,  aodatod; 
the  4th;  cuspidated,  which  is  the  cistoid  of  the  ■DnanH  i 
the  3th  and  6th,  pointed ;  the  7th,  nure. 

Stven  are  panbolic  hyperbolas,  having  dianelen:  tho 
lit,  Lual  ;  the  V'd,  nudated  ;  the  3d,  cuspidated  ;  the  'ilh, 
pointed;  tlie  5th,  pure  ;  tho  6th,  cruciform  ;  the  7th,  an* 
fntneous. 

Four  are  pKrahulic  liy  perliola* ;  four  arc  hyperbolisms 
of  the  hyperbola:  three,  hypcrboliuol'  thedUpiia:  two, 
hyperbolisms  of  thp  paralHda. 

Sijt  art  diverpni;  parabolas  ;  the  Ist,  a  tndetr. ;  the  2d, 
oval;  the  3<l,  n<><bi(ed  ;  the  4ih,  pointed;  the  5lh,  cus- 
pidaied  (which  is  Neil's  parabola,  anally  calM  the  semi* 
cubical  parabola);  the  6ih,  pure. 

Lastly,  one,  commonly  called  the  cubical  parabola. 

Mr.  iHirhog  nttd  Mr.  Stone  ba*o  shown  that  litis  ottii< 


■nei-ation  is  im))erfcct,  the  former  having  added  foar  new 
species  of  cur»Ts  to  the  number,  and  the  latter  two,  or  • 
inlher  these  two  were  lirst  notkod  by  Mr.  Nic.  Remoulli. 
Alao  Mr.  Murdoch  and  Mr.  Geo.  Sattdenon  have  found 
some  new  species ;  though  •ome  penoas  dispute  tte  lealitj 
of  t  hem .  See  the  GcoetisCarniittn  per  UBhiati,  and  dw 
Ladies'  Oiaiy  t78S  and  J789,  the  priie  naeitioB.  ■ 

Orgmkal  Deuriftkm  ^  Cvam.-iS»  banc  Newtai 
•howa  that  cnm-s  may  be  ^leaaled  by  shadows.  He  says, 
if  upon  an  isdimu'  plane,  lUumraatad  from  a  lucid  point, 
the  shadows  of  figures  be  projected  ;  the  shadows  of  the 
conic  sections  will  always  be  conic  Mctiom  ;  thone  of  the 
curves  of  the  2d  kmd,  will  always  be  curves  of  the  2d 
kind  ;  tho*-  i>f  the  curves  of  the  3d  kind,  will  always  be 
curves  (ii  ;lie  ;lil  kind  ;  and  so  on  ad  infinitum. 

And,  like  as  the  projected  shadow  of  a  circle  p  TK-rate* 
all  the  conic  sections,  so  the  5  diverging  parili  dus,  by 
their  •shadiuvs,  will  gem-ratp  and  exhibit  all  the  rest  td  the 
curve*  of  tlie  Jd  kind  :  and  thus  *ome  ot  the  most  !iinip)c 
curves  of  the  other  kinds  may  be  found,  which  will  form, 
by  their  shadows  upon  a  plane,  projected  from  n  lu(M 
point,  all  the  other  curves  of  the  same  kind.  And  in  the 
French  Memoir*  may  he  seen  a  demonstration  of  tins  pro- 
jection, with  a  specimen  of  a  few  of  the  curves  of  the  Sd 
order,  which  may  be  generated  by  a  plane  cutting  a  solid 
iormed  irom  the  motion  of  an  iafinite  right  line  along  a ' 
di«ei|pag  panliola,  hatting  an  oval,  always  passing  through 
•  aivaa  ar  fined  point  ahoe*  lim  plane  of  that  paiabol|. 
Tneaboiw  lanthed  of  Mewioii  fana  aln  liaea  panaad  aad 
iUastialed  with  mat  elwMCe  by  Mr.  Hwdocb.  in  Ua 
traaliae  entitled  KewtoiisOeneiit  Cttrsaiun  par  Umbcaa, 
sen  Perspective  Universalis  Llementa.  •• 

Mr.  Maclaurin,  in  his  (ieametria  Organtca.  shows  how 
to  describe  several  of  the  8|htii-s  hI  riirvi  %  ci'  Cd  order, 
especially  those  havini;  a  duubU:  point,  by  the  motion  ot 
right  lines  and  angles:  but  ugood  commodious  description 
by  a  continued  motion  ot  tho^e  curv«  which  have  no 
d  iiibk  point,  is  ranked  bv  Nlwihh  amun^  the  most  diffi- 
cult problems.  Newton  fJUf■^  ;ds:)  other  methods  of  de- 
scription,  by  llll;  ^  or  ;uii-lex  i evrilviog  above  given  poles; 
and  Mr.  Bracken ridi;e  nas  given  a  general  method  of  de- 
scribing curves,  by  the  iiuerscclion  of  right  lines  moving 
about  points  in  a  given  plane.  See  Pfailos.  Trans.  No.  437, 
or  my  Abr.  vol.  8,  pa.  5;  and  some  particular  cases  are 
demonstrated  in  his  Cxerc.  Geometrica  do  Curvaruin  Do- 


CvKTx*  abate  Me  2d  Orier.  The  number  of  spcciet  in 
the  hi^er  order*  of  cnnres  incieiie  aawaingly,  thoee  of  the 
3d  order  oidy  it  is  tfaeoght  aawaating  to  some  thMomdi, 
all  compMhaaded  under  tisa  fellowinf  ten  particnlar  e*|iMp 
lions, 
viz,  I.  y 
or  s.  y 
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advaoccdi  with  iMani  to  curves  of  the  higher  ordm,  u 
*  wdl  at  thoM  of  ue  l«t  and  2d  orders,  may  consiuli  Mr. 
MKlwnin't  Gcomelrm  Oigpaicsi  and  Bndwmidlge'i 

All  gcomtricd  Uaa  of  dwsdd  OT^cn,  tbe  Sd,  Ml^ 
7Ui,  6tc,  bne  «t  leMt  one  leg  numingoii  iniiiitalyi  Im- 
flWie  all  equaliont  of  tlir  odd  dimrnuonK  hive  at  IcMt  one 

letl  root.  But  vast  numbers  of  (he  linmoftheevrfl  ordcn 
are  only  ovaU;  aiiiDiii:  wliicli  [hi  re  atf  st-vrral  having  very 
pn-tty  tiguri-8,  soiiii-  being  like  itingle  hvarls,  »oine  doubid 
one*,  some  rcsrmblini;  tiddler  md  (MbOt  a§UII  UDgle 
knuts,  rfuublc  knots,  A:c. 

Two  ^ei  I  metrical  lines  of  any  ortlrr  will  cut  rath  oll:cr 
in  at  many  poiiils  us  are  denoted  by  ihe  product  of  the 
two  numbers  e.'<|iri--Miig  ibow  ordi  rs. 

The  thoory  of  curves  formn  a  considerable  branch  of 
the  tnatbematical  sciences.  TIkim.-  who  ore  curious  of  ad- 
vancing beyond  tlx  knowledge  of  the  circle  and  the  conic 
■Wtionit  uid  lo  ootuidrf  geomcirical  curm  of  a  higher 
mtarc^  and  in  a  general  view,  will  do  well  to  study  Cra- 
ner'a  Introductioa  k  rAnnlyse  des  Ligru^s  Courbcs  Alge- 
bniniMt  wlticb  tbe  learned  aitd  ingeniouft  author  com- 
poiM  fiM'  db«  me  «f  bf^nnera.  Ttten  is  an  excellent 
pdAhuiBOtta  piece  too  of  Madaariiirit  printed  a*  a»  Ap> 
pendix  to  hit  Algebra,  and  entitled  De  Lincannn  Oeomc* 
trieanini  Prnprieiatibus  OoHnSbos.  The  lame  anther» 
ata  very  early  age,  gave  a#«NU^kable  spec  i  men  of  hit  g^ 
{iw  and  knowledge  in  bia  Geoosetria  OrgarMca;  and  be 
carried  these  spcculaiiom  farther  afterwards,  as  may  be 
seen  in  the  theorems  he  has  eivrn  in  the  Philos.  Trans.  See 
Abr.  vol.  6.  Other  vwitinp  on  llii?  subject,  besides  the 
Treatise*  on  liie  Conic  Sections,  are  Archimedes  dc  Spi- 
ralibus:  I)e^Cllr^e■s  (Jeometri.i ;  Dr.  B:<rro«'>  I/-ctione« 
'  Oonu  trica' ;  Newton's  F.iiuiiuTiilh;  Liinm  um  l  (Tliif)r- 
dinis ;  Slltliiii;'»  lilustmlio  1  ruelatiis  Newioni  ile  Lineis 
Tcrlii  C)rllinl^;  Maci.ui nil''- Oeonietrin  Organica ;  Brack- 
enrids''  s  l)<">cri|ilio  Ijnearum  Ciirvarum  ;  M.  do  Gua's 
Usage*  de  I'AnHlyse  de  Descarti  s  ;  besides  many  other 
Tracts  on  Curves  in  the  Memoirs  of  scvenil  Academies  &c. 

Cue  <2f  Ct; R  V Es  til  <Ae -CSomf ruction  of  £^(i/toM.  One 
great  use  of  carves  in  Geometry  is,  by  means  of  tbeir  jn- 
tencciioaB,  to  give  tiie  eoluilon  of  pioblams.  See  Gow- 

STRVCTIOK. 

Suppose,  ex.  gr.  it  were  rc4|uiicd  to  eoMtnict  the  fol' 
lowing  ««|ttatioo  of  9  dimcnaions, 
»*-S'*gt»+«Ji*+Ar«+ef*-»-<«i  ■*-/)x'-*-t**-t-hx-^k=0: 
Msumo  the  equation  to  a  cubic  parabola  then» 
Iw  writing  jr  for       the  givcrt  equation  will  boeona 

an  eqnaiion  lo  another  rar»e  of  the  3d  kind,  wbeie  «  or 

/  may  be  assumed  =  0  or  any  thing  else:  and  by  the  de- 

sn  iptinns  nnd  interxertions  of  these  curves  will  be  given 

the  I  I-  1  the  ei|u;nivn  t<i  U-  ( nnstructed.  It  is  sufli- 
cieiil  l<i  lienrribe  liie  ciiljic  pHrabola  once.  When  the 
equation  to  be  cuiislrutlnl.  l>y  oiniltins  the  two  lajt  terin!i 
kx  and     IS  rvduced  to  7  dimensions:  the  other  rune,  b) 


expunging  »t,  w 


ill  have  the  double 


the  beginning 


of  tbe  absciss,  and  may  he  easily  de-r.  i  iln  il  .n  nhove:  If 
]||meduCcdto  6  dimensions,  by  iwn^itirie  il.^'  last  three 
tern*,  g^  •♦-**■«•  *;  the  other  curvi ,  by  expunging  /, 
will  beeomea  conic  section.  And  if,  by  omitting  the  lau 
three  terms,  the  equation  be  reduced  to  three  dimensiom, 
we  sh»ll  fall  upon  WalUtfi  comttnctieo  by  the  cnbie  pa* 
raboln  and  right  line* 


Beciifieatiim,  tnHeciioH,  Mtuulnttirt,  4c.  o/  Cuatrcs. 
See  tbe  napective  terms. 

Convs  q^a  DtoeMe  Chraolirnr,  is  a  curve  of  which  all  its 
part*  an  not  ia  tbe'  same  plane. 

A  cum  which  cen  he  traced  upon  new ve  sorhee,  and 
not  upon  a  plane,  i»  called  a  cnrve  of  double  curvatuie. 
These  kinds  of  curves  may  be  comidered  as  generated  by 
the  motion  of  n  point  upon  a  rnrve  sur&ce,  provided  the 
duration  of  its  motion  be  not  coiistaiiliy  inth<'  same  plane: 
for,  except  in  the  latter  r.ise,  it  is  evident  that  llie  line  so 
debcribed  is  curbed  in  two  wnys;  that  is,  ii  partiikes  of 
the  curvature  of  the  surliice.  and  of  the  continual  and 
successive  deflections  ,,]'  itie  describing  point.  Or,  we  muy 
consider  those  curves  as  generated  by  the  mutitin  i^'  a 
variable  ordiante  along  any  curve  line  legafded  as  an 
absciss. 

Curves  of  double  curvatun-  may  al*o  be  formed  by  two 
curve  surfaces  penetrating  each  other;  as  is  the  case  when 
a  sphere  is  penetrated  by  a  right  cylinder,  if  the  axis  of 
the  laiier  do  not  pass  Utrougb  tbec«-niie  of  the  former. 

In  the  rectification  of  then  curves,  tiiey  niiiy  be  const* 
dered  as  projected,  first,  opon  some  plane,  whose  po»itioi\ 
is  known;  by  which  means  a  plane  curve  will  be  obtained, 
which  being  eunaideted  as  an  abscisa,  the  rectification  of 
Ihe  oiigioal  curve  may  be  deduced  from  the  usual  me* 
thod*  employed  for  the  rectification  of  plane  ennes. 

Clairaut  has  published  an  ingmiou*  tnaliw  on  curves 
of  a  double  curvature.  See  bis  Recbmhcasiir  Ics  Cburbea 
it  Double  Courbure.  Culer  has  also  tmled  on  ibis  sub* 
jeet  in  the  .Appendix  to  his  AiialyMs  Infinitoruin,  vol.  2, 
pa.  3'2J.  As  likewi-e  L.icroi.x  in  his  CjIcuI  Dift'rrentiel 
&c,  and  other  miKiern  writers. 

FfiUhi/y  Cim  I  s,  IS  ;in  ntsembl.i^e  of  .se\eral  curvi  s 
of  dillerent  kinds,  nil  rli.'ined  by  the  same  equation  ol  all 
indeterminate  degree;  but  ilitieleliliy ,  according  lo  the  di- 
versity of  tbeir  hind.   I'or  iNaiiiph',  Suppose  iin  eqiimiun 

of  an  indeterminate  degree,  a"*  ~  '*  =y":  if  w  =  3,  then 
will  ex  ay*;  if  m  s  3,  then  will  aV  ay*;  ifM=:4,  then 
is  A  sty,  Ac:  all  which  curves  are  said  to  be  of  the 
same  family  or  tribe. 

Tbe  equations  by  which  the  hmilirs  of  curves  an  de- 
*  fined,  ate  not  to  M  confounded  with  the  transcendental 
ones:  forthoo^  with  regurd  to  tbe  whole  family,  ihcy  be 
of  an  indeterminate  degree,  yet  «  itb  respect  to  each  several 
curve  of  the  family,  llj<  y  are  rminate ;  wj.eii  iis  tn»n- 
scendeiUttl  equations  ine  ol  an  indefinite  de^Tee  with  re- 
spect to  the  same  curve. 

All  al;^-brHical  curve's  tin  n  Ion-  rt  tn)i.ise  a  ciriain  fa- 
mily, consislini' of  innumri  abh-  <](hi :-,  each  of  which  com- 
prehends infinite  kinds,  lor  the  equations  by  which 
curves  are  oelined  involve  only  products,  either  cf  pi:\u  ts 
of  the  abscisses  and  ordinntes  by  conitullt  coeflicieiits;  in- 
of  powers  of  the  abscisses  by  jiowers  of  the  ordinate  ;  C'r 
of  constant,  pure,  and  <iinple  quantities,  by  one  nnniher. 
Moreover,  every  equation  tO  a  CUrve  may  have  fi  for  one 
member  or  side  of  it;  for  eianple «raBy%  by  transposi- 
tion becomes  nz  —  y'  =  0.  Therefore  the  equation  lor  all 
algebraic  curves  will  be 


ay""  .^  *xy"  "  '  -f  iw^y"  "  '  &C  -  -  -  /y "  ) 
♦j^-'   +  by'"-*  V 

ChMMafliic,  and  Otaeanifjc  Cixbvks.  See  ( 


id. 
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£r;NM(ii/M/ Ct'KVK,  is  that  which  i«  defined  by  aa  ex- 
poncniinl  (t|iiniiiin,     lu'  =y,  itc. 

.  Cv  II VBS  (A«  Light,  or  Cov  n  bu  la  Lmim,  s  iwme 
given  to  ceruin  curvn  by  M.  Kunlwanowiki,  m  Polidi 
gentbaiMb  Ik  obwrvni  tfaat  my  line»  ilraigbt  or  emwi, 
«xpowd  t»  ibt  aeriwi  of  i  Ittmimim  piiinti  icociwd  lh« 


lo  one  nr.r.chrr.  I'he  a|)pMrrnl  rcvniuiioa  of  rhi  «nii 
about  ihe  earth  hiii  brcn  arbitrarily  diridcd  iiitaC4  h<>ut<>, 
which  is  the  bun  or  foundation  of  oil  our  metMUniiioBot' 
time,  whrthcr  dayv,  ymn,  tec.  But  nciilwr  the  annual 
motioo  of  the  mn,  mir  that  of  the  other  hmveniy  borlifs, 
can  bo  mniHirod  exaettyt  and  without  any  rtaiaiodcr,  by 


l^bt  lUffistently  in  its  diNbrent  pom,  according  to  th<*ir  houn,  or  thrir  multiphn.  That  or  ihe  »un,  for  exanplc* 

diMaoce  from  the  light.  These  diflkmildlectt  of  the  light  is  965  days  5  huun  49  miiroics  m  arly ;  that  of  the  moon, 

npon  each  point  of  thf*  line,  may  be  represented  by  lh^af>-  39  days  I'i  hours  4*  mimiiis  m  irly. 
dinales  of  «ome  ctirvr,  which  will  vary  prrciwly  with  these       Ilencf,  in  order  to  find  i  ijuiwilciii  <  ^llr^■»<if>ns  fur  ihtjc 

cAbcls.    Prii-slKy's  I of  \  islon,  f>n.  7-^'-J.  fraciions  in  ivhole  iiumi  i  r--,  uinl  yi  t  in  niiiiilH  iN  niiicli 

Lo»nr/<Amjc  C'l'BVK.  ^v•»■  I.ooahitii  Mir  <\rre.  only  cxpre?s  <)uy»  mul  m  t  \  i  It-s  Hmh;  btn-n  iiivtiitrt]  ; 
Cl'RVE  Hrihct'tiie,  s<i  culled  b<-ra«s,' 


It  !•>  \he  apprar- 
nticc  of  the  plitni'  lj<jtii)in  ot  u  tinsnn  i  rm  rtJ  «ith  water, 
til  an  eye  jHTpcndiriiliirly  dvi  r  it.  In  tins  yinsitinii.  llic 
botloni  iif  tlio  Iwson  wdi  ii)i|n  .ir  to  risr  u|l^¥:l^d^,  from  tlii^ 
centre  otit«iird^;  b*it  tlic  rursij|uii>  lit  |i  ami  !(■»:>, 
and  at  last  ihr  surtuce  of  tbe  water  will  tip  an  asymptcitc 
lo  it.  M.  Mairan,  who  firjl  cmici'ivcd  tliis  idea  frotti  the 
phenomena  of  light,  found  also  several  Uindii  of  these 
curves;  and  be  gives  a  geometrical  deductiun  of  tliiir  pm- 

Krrtics,  showing  their  analogy  lo  caiutic*  by  reirMCtion. 
[cm.  Ac.  I7't0:  Priestle/s  Hist,  of  Vision,  pa.  752. 
Radical  Ci;Hve<i,  n  name  given  by  some  authors  to 
curves  of  the  »p;rnl  kind,  n  ho»o  ordinata,  if  they  nay  be 
ao  called,  do  all  termiiMle  in  the  Cetilrc  of  the  including 
circle*  and  appear  Hhoa*  OMiitymdii  of  that  circle:  whcnc* 


Regular  Cukyei,  are  audi  as  have  their  rnrvatuia 
turning  regplarly  aniii  contiiiiiany  the  nHine  way  -.  in  o^ 
position  to  such  as  bend  conimry  ways,  by  hn\tn;i  poinis 

of  contrary  He.xonr,  which  an*  called  irrepuhir  curve*. 

Cliaractcrislic  Trimi^le  of  a  CuRVr.,  is  llie  iliffnenf  iai  or 
c!ctnotiIiir\  ris>hl-;ilig!<Ml  itijn.'lt-  ■  llin-c  sido  ari',  the 

fluxions  <it  the  ulisc'iss,  ori]i;i;iio,  iiiid  cuive;  the  lliiMnn 
wl  [hi'  curve  Wiufi  lli>-  li\ |ni|hi  ir.i>e, 
iHj,il  />'/  be  par.dU'l to.aiui  iihIi  limi.  ly 
near  lo  the  ordinate  rQ,  and  ijr  ji.i- 
ndl<'l  tct  the  iibM-isH  ap;  tln  imi  li  the 
fluxion  (1  ll  v-  iilisci»s  -M',  nnd  '/»•  the 
IlllMon  of  the  ordinate  e^^,  and  <y)  the 
Huxion  of  the  curve  aq:  hence  the  eleinentaiy  triangle 
(Ijr  is  tlic  characli  rtMsr  li(.iii'.;le  iif  the  curre  a<*;  and  the 
three  itnli-s  are       ,  ^  .  m  rtinch  *  ♦  j'  =  s'. 

CUHVlLINi:.\ll  W"-/'-.  Fijuie.  Siperfinet,  S,c,  atC 
aucb  as  arc  formed  or  U'umle.t  by  curves;  in  opposition 
to  rectilinear  ones,  which  arc  fortned  by  straight  lioet  or 


CUSP,  in  AatroBomy,  is  used  to  exproi  the  pohM  or 
horn  of  the  moonv  or  other  Inmioary. 

Cif  ar,  iti  the  Higher  Geometry,  la  uied  far  the  point  ot 
eoner  formed  by  two  parte  of  a  carvo  meeting  aod  tua^ 
mting  there.   SitCi  rve. 

CviHOATtB  Hypei       S:c.  SeeCi-Rvr. 

CUT-Ba»tiox.  "  See  Bastion. 

'CUVETrr.,  or  CfJitTTC,  111  Fuliiiitiitioii,  is  a  kind  of 
ilitch  witliin  a  ditch,  b<'ing  a  pretty  deep  trciirh,  ul>nut 
four  falhuni<i  bronil,  sunk  und  ruiinin|{  along  the  luiddle 
of  the  great  dry  ditch,  to  liold  water;  serving  both  lokcep 
oiTihe  enemy,  and  jircNcnt  him  from  mining. 

(^YCLF.,  a  Ci  rl.iiii  [H  Uf  il  or  v;tu's  uI  iiuiuU  rs  proceeil- 
ing  orderly  fp>in  hist  lo  hist,  then  returning  ng:iin  to  tin: 
first,  and  so  circulating  perpetually. 


which, ri Jill pri  In  nd 111;:  se» i  rMl  ri a iilotinnsof  the iuiniebody, 
replatc  il,  utd  r  a  ceitHiii  iiuinbir  of  yciira,  in  tin  same 
points  of  the  heuveii  whence  it  lirst  tlf|iarliil;  or,  >»liicii 
IS  lli<  same  lhin!»,  in  the  same  place  of  tlie  civil  calendar. 

'I  lit  rr  iirc  vHrioui  cycio;  us.  ilK  i  vcle  of  mdictioa,  tho 
cycle  o!  llie  moon,  the  cycle  ot  li.e  sun,  \c. 

C-YCLt.  of  Indiction,  is  a  seiies  of  15  yars,  returttBig 
constantly  the  sameasthe  oilier  eyrk*  ;  nnd  il  eninmenced 
from  Ihe  third  year  brferv Chi  i>i  :  wlienci'  it  hiippeii!,  thul 
if  J  be  add«-d  to  any  given  year  of  Christ,  and  the  sum  be 
divided  by  15,  what  rcttaint  ia  the  yw  of  the  indietion. 
See  iHDtCTtoir. 

Ctcls  4^  rile  Moan,  or  the  Lunar  Qic/<r,  is  «  period  of 
19  years;  in  which  line  the  new  and  full  nooiM  return 
to  the  same  day  of  the  Julian  ycnr.  See  Cauppic. 

This  cycle  is  also  calfed  the  tblmUe  fokd  at  qdir, 
Aom  its  inventor  Meton,  the  Athenimi}  and  also  the 
Goldt'i  Sumbrr,  from  its  excellent  HM  in  the  caletklar: 
though,  prope  rly  spe;ikii.|:.  ilie  goldinaumber  is  rather 
the  pnrticnlHr  number  nhicli  slir  us  lhcy<^a^of  ibc  lunar 
cycle,  «liich  any  givm  year  i'  in.   This  Cycle  of  the  moun 


lis  l.oKi-  irne  for  310/,,  jeat^  : 


I:. (High  the  new 

i:;oi>i.»  doii  tuin  to  the  same  day  all.  r  l;)  \e!(rs;  yet  not 
to  the  same  time  of  the  day,  but  near  an  hour  a;i'l  a 
sooner  ;  an  iTror  «h  ch  in  ;UOt.'b 
tire  (l.iy.     \vt  iLomj  i  rnployiil  In  ti  t 
made  tlii'ir  rulctiluiioi!^  on  ;i  suppo-iii 
retuiM  pu'Cisi  l>  lioiii  i.i.Mi  iip.  to  iy  _s 


(n 

11.  r 

hiilf 

years  nmouiils  to  /r:  eii- 
liie  i-.i!iTi;l;ir 
It  till  ]u:i.il[f>t)s 
Irl  iViT. 


-Ml 


The  use  of  this  r\  c  l',  us  lla:  anrienl  cahn.iar,  is  to  show, 
the  new  moon  ol  <ath  ytur,  und  the  time  of  Master.  In 
thenew  one,  il  oniysines  to  fiml  the  Kpucis  ;  vshiclishow, 
ineilhercalenditr,  that  tlien.'w  mi^f'ti  falls  1  1  (!ays  toohite. 

As  iheOtieninls  lie^iin  the  utc  of  this  cycle  ut  the  time 
of  the  Council  of  Nm  in  ;}2j,tliey  BSkUuied,  that  lhe(ii-t 

Er  o(  the  cycle  Ibc  paschal  new  moon  fell  uu  the  I3ih  of 
rch  i  on  whidi  account  tho  Inaar  cycle  3  foil  on  the 
lat  of  January  ia  the  third  year« 

The  OccideiiHiH  mi  the  cmuraiy,  placed  the  number  t 
to  tho  1st  of  Jatwary,  wliteh  uceawocd  a  consider.ible  dif- 
ference  in  die  lime  of  Easter.  Hi'ncp,  Dion>  si  1 1 s  La i|<uas». 
on  framinga  itew  calendar,  persuaded  the  Christians  of  the 
west  lo  salve  the  diii'errnce,  and  come  into  the  practice  of 
theclairrli  i  '  .Alesandria. 

ToHiui  i/ie  Vritr  or'iltf  l.nnnr  Cycle,  is  to  liml  the  golden 
number.    Sci'  Cuti  uy  s-  .\'i:'itiT. 

Cycle  t!if  Sun,  or  Sol.n  (  Vc?c,  is  t\  p<-iiod  or  revnlu- 
lion  of  C8  yi  ars  ;  111  ;!iiinini;  "Mill  1 ,  ami  ■  iiding  with  28 


which  einpsrd,  liic  Ilominnul 


;i)- letters,  and  those 


thill  Lxpriss  the  oilur  Irasts,  r.liirn  into  their  former 
place,  and  procee  d  in  tiie  Mine  order  a»  boture.  The  days 
of  the  month  telurii  ag.''"  to  the  suine  days  it  ih-  "ceki, 


Cycles  have  cbiriiy  ariicn  Crom  the  incommensurability  the  sun's  place  to  the  same  sij^iu  aud  degrees  of  il)«-  ccliQ- 
of  Ihe pofioda of  cavolutioiia of  thaeatihaod celestial be>  ticon  ih*  same owolhs and daya,  so iraotlo diKx ana- 
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iegttr  in  a  hiirxln-d  years ;  and  tbc  leap-ycan  bcgjn  (be 
Mine  course  with  miKxt  to  the  days  of  the  weft  on  which 
the  doys  of  the  month  fall. 
This  it  called  the  cydc  of  the  ran*  or  the  lolar  cycifl. 


sDuxbt  for  from  thi>  revolution. 

Tlie  reformation  of  the  calendar  und«rPo|loGirtoiyA« 

13th.  occasioned  a  coMsi-ierable  alterattoD  of  thh  cycle : 

In  t'lf  Gn  ;;i>iijii  tiiK  iiilar,  the  solar  cycle  is  not  con»taat 
and  p«r|M  tu.il ;  bi  c.iusl-  cvrry  4lh  secular  year  is  common; 
whrrcaj.  iii  liiu  Jiili.iM.  il  i»  l>i>M'Ntik-.    'I  lie  e)nirh,  or  hi  - 

§innii)<;  ui  tin-  mjIki  (  \cIi',  lu'lli  .Uilliin  ami  (.ir<  j;i>riaii,  li 
iv  yih  _\rar  bc  i.Ti-  C'lin^:.  Aipl  tiicreforf. 
To  find  the  Cycic  of  I  lie  Sun  jar  iwy  girrn  i/car  :  add  9  to 
the  niinilii  r  given,  and  divide  the  susii  by  '28  ;  the  remain- 
der will  be  ihf  iiuinIxT  of  the  cycle,  and  the  quotient  the 
Bnaber  of  n  v.  Iuikius  since  Christ.  If  thirc  be  tw  re- 
mainder, it  will  be  tlie  28lh  or  In^t  year  of  the  cycle. 
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Great  Patent  Cvcle,  is  another  name  lor  the  Victorian 
or  Dionysiun  iVri'jd.   Viniich  we. 

CYCLOID,  or  Tri>chuio,  a  mechanical  or  transcen- 
dcfiial  cnrve,  which  is  thus  generated  :  Suppose  awheel, 
or  a  circle,  ab,  to  roll  tXmg  a  atraight  line  ab,  beginniog 
at  the  point  a,  and  anditig  at  where  it  haa  completed 
just  one  revoludea,  thus  aKaanring  out  a  rif^t  Una  ab 
exactly  equal  to  the  cirenninenoa  of  the  genoratlng  cirete 
AB»  while  a  nail  or  potat  a  la  the  cilCiMlieiaace  of  the 
wheel,  ar  drelc,  tracts  oat  or  dticiihei  aeundlineal  path 
AOB ;  then  this  cum  adb  is  the  cydotd,  or  trochoid. 


^  n,  in  hie  Comncntify  ea  Dcteartci^  *ajt  that 

Oacartes  ftnt  conceived  the  notion  of  this  elegant  curve, 
and af^er  him  it  was lintpubliihed  by  Father  Menenne^ 
in  the  year  l6l5.   But  Torrieelli,  in  the  Appendix  de 

Dim.-ininne  Cycloidi«,  at  iheend  of  his  tri'aliso  L)e  Dimen- 
kiunc  Fnriit>ol;c,  publifhcd  l()4^,  »iys  that  this  curve  was 
considered  and  iianuMl  u  i  ycluid,  l>y  his  predecessors,  and 
particularly  liy  (/iiliUn  abuiit  ^3  y  .iis  het'ore,  i,  e.  about 
And  Dr.  \V,,IIis  sl)o«v  iliHt  i;  !■»  of  a  much  older 
itanding,  havitig  \\ven  kiimviitM  UdmIii  about  llic  year 
1500,  and  evin  r.  nshl  ii  il  liy  Cardinal  Cusa^u^  luiirli 
earlier,  vii-,  brforu  ibi-  )<  ar  M.il.  Pliilus.  Tr-.m*.  Abr.  vol. 
4,  pa.  I'''>  ll  would  seem  hom  vcr  ili;it  Torricelli's  was 
the  &t->X  rt'^iUtr  treatise  on  the  Cycloid;  though  several 
particular  pruperiies  of  it  might  be  known  prior  to  his 
Work.  He  first  shnut'd,  thai  the  c\cloidiil  space  is  equal 
to  triple  the  gerK-mttng  circle,  (though  Pascal  cimlends 
that  ECbfaerval  ahowcd  this):  aho  that  the  solid  grnerated 
by  the  totation  oC  that  qpaiee  about  its  brne,  is  to  the  cir< 


cumscribing  c)  Under,  as  5  to  8 :  about  tbc  tangent  iMrallel 
to  the  base,  as  7  (o  S:  about  the  taafent  paraM  to  the 
axis,  as  3  to  4:  &c. 

lionoratus  Fahri,  in  his  Synopsis  Oeom.  has  a  short 
treatise  on  the  cycloid,  containing  demonttrationa  of  the 
above,  and  tnnny  other  iheo^ms  concerning  the  centres  of 
gravity  of  the  cycloidal  space,  &c ;  which  he  says  hcfound 
out  before  the  year  I6'd8. 

From  the  preface  to  Dr.  WaUii's  treatiie  on  the  Cycloid 
we  Icam,  that,  ui  the  year  16M,  II.  Pascal  publicly  pto> 
posed  at  Paris,  mdcr  the  Mne  of  DettoBTiUek  the  two 
fbllowinj(  probteois  as  a  chailaoga,  to  bo  solved  1^  the  tna- 
tbcmaticiaiB  of  Europe,  with  a  reward  of  20  pistoles  for 
the  solution:  viz,  to  find  the  area  of  any  segment  of  the 
cycloid,  cui  i>tl'  by  a  right*  line  prirallel  (o  the  base;  also 
the  content  of  the  solid  generated  by  the  rotrilionof  ilif 
s<inie  about  llie  axis,  and  ubuul  thu  Uum- ot  1:11:  ■f  pnirut. 
Thi>  challenge  set  the  Docloi  vipoiiwritin"  liuu  lu  aii.i  t,n 
the  C}cloid,  wliich  is  o  much  Ix  ttor  and  nii  r,  ci  i  -ili  ic 
piece  than  had  brs-n  given  bt-furc  U|niii  ibis  turvi'.  Iln 
(iu'n-  SIMS  tbr  cui  ve  iurlncrs  ot  llie  vididi  f^eniTiitcil  by  tbt- 
rolution  ol  the  cycloidal  space  about  iis  axis,  and  about 
its  base,  wilh  detertuinations  <if  the  centre*  of  j;ravity,&c. 
He  here  likewise  asserts  that  Sir  Christopher  Wren,  in 
16*58,  was  the  first  who  found  a  right  line  equal  to  the 
carve  of  the  cycloid ;  and  Mr.  Huygcns,  in  bit  Uorolog. 
Oacilial.  leys  that  he  himself  was.  the  first  inventor  of  the 
aogment  of  acycloidal  space,  cut  off  bjr  a  right  line  pualM 
to  the  haie  at  the  &t9Me  of  i  the  axis  of  the  cune  irom 
the  centre,  being  equal  to  a  reCtiUneBr  space,  mi,  la  a  i«« 
gular  hexagon  uiicrihed  in  the  gauMatiitt  cildei  the  4b- 
monstration  of  wUch  m»j  be  seen  la  Walus's  treatiK. 

Several  other  authors  have  teeafed  of  dMcydoid;  as 
Pascal,  ia  his  treatise,  under  the  name  of  Dettonville  t 
Schooten  in  his  Commentary  on  Descartes'i  Geometry, 
r.iar  the  end  of  the  '..'d  book;  M.  Keinau,  in  l  is  Auulyse 
Demoiitreo,  torn,  'i,  |ia.  j95  :  also  Newton,  Lcibuilz,  La- 
loiili  ii',  Til  l;iTva!,  D.-c,irtcs,  Wren,  Fabii,  the  Bar* 

noulii's,  Ijihiri-,  Cotes,  l.njrr!.jn,  HtcttC. 

Froprrlies  of  the  L'Tti.Din. — The  circle  al.  by  ^stuisr 
revoluiion  the  cycloid  is  traced  out,  is  called  (ho  Genera- 
ting Circle;  the  line  ab,  winch  is  equal  to  the  circum- 
feience  of  the  circle,  is  ihc  Base  of  the  cycloid;  and  the 
p4'ip<'ndiculBr  DC  on  the  middle  of  the  base,  is  its  Axis. 
The  properties  of  the  cycloid  arc  among  the  moat  beauti- 
ful and  useful  of  all  curve  lines:  sotneirfthe  BMMt  lenncfc* 
able  of  which  are  as  follow : 

1.  The  dre.  arci>o  bob  parallel  to  ab« 
'  a.  Theaemicireuaf.  iioe«B  thesemihaieAC. 
■  3.  Theatc  i>MsdouhletheAaini  so. 

4k  The  arc  DA  =doable  the  diameter  sc. 

5.  The  tang,  iit  is  panlld  to  the  chord  IM. 

6.  The  space  adba  s  triple  the  drele  ab. 

7.  The  space  AbOCA  vtaeaaatecircle  at,  &c. 

8.  A  body  falls  thruogh  any  avc  KL  of  a  cydoM  le* 

vers<'d,  in  the  same  jO 
tiinr,  wlii-lluT  I  hat  A  \ 

air  be  i;iial  or 
small ;  ibid  i>.  from 
any  point  l,  to  the 
lowest  point  K, 
w  hich  is  the  vertex 
rev«'rse<l ;  .ind  that 
time  is  to  the  lime 
ofUUivpcrpeNdi. 
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colarly  through  ihe  axis  mk,  ilir  sniiicircumfrrencc  of 
a  circle  is  to  its  diinii>  u  r,  or  as  3'  I  vKi  lo  'J.  And  hence 
it  follows  tiial,  if  a.pcndulum  be  made  to  vibrate  in  ibe 
arc  LKx  of  n  cycloia,ftll  ihenbntiom  irill  bepnfemeil 
in  the  same  tiinf. 

9-  The  I'voluic  of  a  cycloid,  is  another  equal  cycloid. 
So  that  if  two  equal  Kmiryrlnids  or,  o«,  be  joined  at  o, 
8u  that  Oil  he  equal  lu  M  K  ihr  iliamvter  of  thMgCIHTating 
circle,  and  ibe  string  of  a  penUutum  ku^gm  at  o,  having- 
ttt  hn^ih  equal  to  oK  ortotlie  carwor}  am,  ('y.piying 
the  stnng  round  ih«  eorveov,  ta  which  it  i*  e^nH,  md  the 
baU  being  let  go,  it  will  docribe  and  vibnie  in  the  other 
cj^oM  f  KQ.  We  aunt  mm  hewever  conclude  ham  this, 
net  a  boiy  wo  vibrating  will  nally  perform  all  its  vibfa- 
lions  in  equal  times,  for  this  is  only  true  in  theory,  that  is, 
by  stippotiiig  the  stnne  by  which  the  vibrating  hiidy  h 
suspendi'd  to  be  vi.nt  nl  grmiry.  l  or  in  v^liniatini;  the 
centre  of  oscillation  ..I'  any  Ii<hi\,  ri  Liard  must  be  hiiil  lo 
this  cifCiiui-l  u>Cr,  iiiid  in  il  r,\[;r.  smoii  tin- 

from  the  |>  •ml  ot  Miijx'asioi)  i-IhuikI  In  i>!iifi ,  ii»i;iihi  r  »  uIi 
tlii>  iliNtudCr  ul  ill'-  cenlit  of  ii^liILiMkei  mI  tin  ^U)Ii;;,  and 
coiisrqui  nlh  llus  last  Ci  ntti'  nl  .  is<  ilialion  Is  Constantly 
varyini;;  "IjkIi  will  (>ri'\if,t  iliu  fioily  trom  p<Tf<irniiiin  ul| 
its  vibraiious  iii  the  aitme  time:  but  the  grralt  r  the  wiigbt 
of  the  body  is,  when  compared  with  that  of  the  string, 
the  nearer  » ill  thi-se  liraei  approach  to  an  riiuality. 

io.  The  cycloid  is  the  Carve  ef  swiftest  flcaornt:  or  a 
heavy  body  will  tall  frum  one  given  point  la  mntberf 
through  Ihe  arcof  a  cycloid  passing  by  those  twe]Kiifaill^in 
a  less  time,  than  if  it  passed  along  any  other  carve,  «r  eveo 
along  a  right  hne  joinii^  thoee  l«ro  points. 


John  Bcmmdli  wh  tfa«  lint  who  ptopoud  to  nalhma- 
tida«  thiiprolileni  under  the  titleoi  the  firael|iiaeb«eoii, 
Aatii,tonid  the  curveof  swifteil  <ieweitt,orthatoarve, 
along  which  a  heavy  body  would  fiill  from  one  pwnt  to 

another,  not  in  the  same  vertical  line,  in  ilie  least  tinte. 
And  solutions  were  eivi  n  to  it  by  his  brother  James  B<t- 
noulli,  Leibnitz,  llJjpital,  and  Nrwton.  >(e  {;rf^nr\S 
Mechanics,  art.  277,  '•id.  1 .  .dsu  tlx  Woriss  of  James  and 
John  Bernoulli,  i<ii  nMtiy  diluT  curiolte  piopeitiea  cm^ 
ceroing  the  descents  in  cycloids,  ice. 
Ctckmos  an  alw  either  Cuitate  or  ProUfa. 


CrcioiD,Chrfaft,or 
eome  point  uithoiit  the 
rettt  along  a  straight  line 


is  the  path  deicribrd  by 
circle,  while  the  dreiunteeKe 

:  and  a 


,  CTCtOflk,  JVo/oie.  or  In/lteki,  b  fai  Ulw^inaiiiMr  the 
path  of  some  point  taken  within  tbe  grnrirattni(  circle. 

Thus,  if,  while  the  circh'  rolls  along  the  line  Allf  the 
|>oint  a  be  taken  witliout  llie  circle,  it  «ill  <lescribc  or 
trace  out  llr  i  ii;  lau-  <ir  Cdhtr-cled  rycl'nd  hst:  liiit  jIic 
point  being  tal^en  uithiii  the  circk,  it  will  describe  the 
pi«hle  or  iailected  cycloid  btw. 


These  two  curves  were  both  noticrii  tjy  rorricdii  and 
Schooten,  and  more  lully  tn  Hitd  of  by  Wallis,  in  his  Trea- 
tise on  the  Cycloid,  printed  ut  Oxford  ill  l6a9;  where  he 
shows  that  these  have  properties  similar  to  thi-  first  orpii* 
maty  cycloid;  only  the  last  of  them  is  a  curve  having  » 
point  of  infieelkin,  and  the  other  crtiesiiig  iiad(  nod  form* 
iag  a  no<le. 

By  Continuing  the  motion  of  the  wheel,  or  circle^  10  as 
to  dcectibe  a  right  line  equal  to  the  generating  circun* 
ferenoe  sevnal  tines  rtpeatcdi  thcra  will  be  prodiKed  at 
many  ivpetitians  of  the  cyduids,  which  m>  united  logger 
will  ai^iearasin  these  figjuresfeltowitig: 

Cuftai*  {peloid. 


CVCLOIM-DI.V.    See  F.Ncvrt.op«DiA. 

CYGNl'S,  the  fiuian,  »  consicllalion  of  the  ndrthcrn 
hemisphere,  U'lngone  of  the  +8  old  ones,  and  fahied  by 
Ihe  GrtH'ks  to  be  the  s«aii,  under  the  form  of  which  Jupiter 
deceived  Leda  or  Ncinesis,  from  w  hich  embrace  sprung 
the  beauteous  Helm.  The  slais  ill  the  c<>n>t<'llation 
Cygnus,  in  I't  .1. myV  C:i(«loj;uc  arc  i^t  Tycho's  18,  in 
lieveliiis's  47,       in  flu-     itanniccaUilojtttc  8f. 

CYLINI^KR.  a  solid  liavinj;  two  equal  circular  endfj 
and  every  plune  section  parallel  to  the  ends  a  circle  equal 
to  tbcin  also.— The  cylinder  may  be  conceived  to  be  thus 
generated: 

Suppose  two  parallel 
cbdcs  an,  CD,end  a  right 
line  carried  continunlly 
round  them,  always  pa- 
rallel to  itself;  this  Une 
will  describe  the  curve 
surface  I.)!  a  evil  tiller, ,sp  DC, 
of  wlm  li  ill'.'  two  purallel 
circles  <.  R  mul  L  P  lunii  iKi 
side  IV  |>ri  peiiiliciilur  Id  liu 
perpendiriilar  i-.eu'  ;  othiTUis 

Or  liie  ri;>fit  cylinder  m  ly 


C  >  D 


two  ends.    When  the  line  or 

eiiil^.  the  (  ylinilrr  is  a  lijjht  or 
^■■  11  IV  <ililn|ue. 

rt.rui  ivi  it  to  be  geiu-nited 


hi 


by  the  rotation  of  a  rectangle  ;il>i)ut  i>n!-  of  its  sides.  The 
A.xis  of  the  Cyliiidt .  -s  the  line  connecting  the  centres  of 
it.t  two  parallel  circular  ends;  and  iserpial  to  the  altitude 
of  tbe  cylinder  when  this  i*  a  rij(bt  one,  but  exceeds  iho 
altitude  in  the  oblique  cylinder,  in  the  prupurtion  of  radius 
to  th'o  sine  of  the  angle  of  iu  iliclinHlinn  to  the  base. 

The  coiive.x  surince  of  a  cylinder  is  equal  to  the  pro-- 
duct  of  the  axis  and  the  circumference  of  its  base. — The* 
solidity  of  a  cylinder  is  rqital  to  lha  area  of  lis  bate  mul- 
tiplied by  its  perpendicular  altilude. 

Cylinders  of  equal  buses  and  altitndei«  aie  equ«1. 

Cylindersart-  to  each  other,  as  the  product  of  their  bates 
and  nitiiudrs.  And  equal  cylinders  have  their  bases  re- 
ripri  I  i'lv  .1-  their  altitiid»'s. 

A  cylinder  IS  to  its  inscribed  sphere,  ur  spheroid,  as  3 
to  <:  and  to  its  insciibad  GOiw  as  S  lo  I. 
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r  y  s 


TIr  ol)lii|Uc  sccii  jns  of  a  cyliiiiifr,  sfo  ollljiics  ; 

but  all  llic  sorliouii  prtuUcI  t<>  ihu  arc  circles. 

For  iliL  MirfiiCiMiinl  viliilitii's  ol'rhc  itn^nlas  or  oblique 
!>!u  (>  L>|  u  <  iliiuIiT,  siv  luy  Mvnsiiriiiu.n.  l6t,4thfidtti 
LIN l<r.U'.VU  pcrtMiiiii)^  tu  h  cylindrr. 

CVLINI)1U)II>,  a  s<»lii]  rp*vinbling  tin-  (igure  of  a  cy- 
liiiilcr  ;  ljut  dilM  rini;  {rum  it  us  having;  rllipaet  for  iU  end* 
or  Ijas'  i,  instead  -il  ciiclr*  rii  the  cyliudcr. 

in  tbo  cylioUrwid,  ibc  MtUdity  ind  curve  i 


foutul  the  *iiine  way  as  lh<»e  of  ihi-  cyliiidi  r  ;  vi/,  \iy  mul- 
tiplyinj  the  circiimfproncc  of  the  bas<-  L>y  thr  Iciislh  or 
axii,  for  tLo  surfact ;  and  thi^  area  of  the  l)a)>f  by  the  nl- 
litudr,  for  till'  >ultdiiy. 

CV.MA HUM,  CtMATtvM,orCiMA,  in  Arc)riiccturp,« 
incinbir,  or  mouldug  of  tll«  ConUK,  profile  it 

wnvcil ;  I.  c.  concave  et  top,  md  Convex  «i  bottom. 

CV  Pt^l  F.K,  or  ^ougbc   See  ClMf Bft. 

CYSSOID.  SmCusoid. 
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T'^AOO,  thai  part  in  (he  iniddU'  ..f  the  pedestal  of  • 
-*       < .  liiiiin  i\:c,  bctvvtrn  its  buse  and  cornice. 

DAU.)  ,  III  A  ironomy.   S«  niuRKAL. 

DALEMBERT,  an  aniiiira|,f irencli  mubematicun  and 
phikMophar,  toi  one  af  tlie^bt^hleit  ornanenu  of  tbe 
IStli  eentniy.  He  was  perpctoal  sccietai'jr  M>  tlia  Fitncb 
Arademy  of  Sckncet,  aiid  a  member  of  maU  pf  die  phV- 
knophical  acadcndca  and  tocicties  of  Europe. , 

Dalrmbcrt  wn  ham  at  P^rb,  tbe  l6th  of  KiwciDber 
1717.  Me  (ierKcd  ibr  mtMtA  Mt^itfliad  from  tbal 
oftbr  chuiVli  near  wMtfc.  bHyM^^  ^jBtB?  "'P""^ 

a  foundlinc.  tTnt  MMMbM, IhnnBWw  tliM  cirenm- 
staiicr,  listcnmr  to  dliB -welea  of nntlit^  ind  datv,  took 

measures  li>r  the  pfXipcr  edttOklion  of  his  child,  and  fof  bU 
future  sutansiesice  in  a  Mute  of  case  and  indrpcndencc. 
His  nil  thiT  was  a  lady  of  rank,  the  cclebriii<  I  Madc- 
inoisi  Ue  Tcnciu,  »i»tcr  to  Cardinal  Tencm,  archljisiKip  of 

He  received  his  first  rdnratinn  among  the  Jan^cnisls,  in 
the  college  of  the  four  Uiilions,  \vher>  he  f;a\e  early  ?i<-'ns 
of  ijeniu*  and  ra]iacity.  On  quillini!  ihr  ciilli^ip,  finding 
himself  alone,  niul  unconnected  m  ilu  "  i  ild,  lie  •'oiiihl 
an  asylum  in  the  bouse  of  his  nurse.  He  hoped  that  his 
fortune,  though  not  ample,  would  enlarge  the  subsistence, 
and  belter  the  condition  of  hfiT  family,  which  was  the  only 
one  that  he  could  consider  as  bit  own.  It  was  here  there- 
tiiK  thai  he  fixed  hit  midence,  resolving  to  apply  him>elf 
entirely  to  tbe  utaidy  of  geometry. — And  h.  ic  he  lived, 
daring  ibe  apace  of  40  ycftra,  with  the  greatest  timplkily, 
diieoreriwc  lh«  attginentation  of  bit  meant  only  by  in* 
cn-asing  daplaya  m  bis  bctteficenoe,  concealing  bis  grow- 
ing reputation  and  celebrity  from  tbeie  bonest  people, 
and  raakin"  their  pidin  and  uncwith  mannen  ibe  aubject 
of  good-natur^  pleasaiitry  and  philtnophicaf  observation. 
His  ^o<«\  nurse  perceivetl  his  nrilent  activity  ;  heard  him 
nieiilioned  as  the  writer  of  many  books;  but  never  t(X>k 
It  her  heail  ilml  lie  'a  i^  h  i;!eal  man,  and  rnther  be- 
luM  litii  Mirli  a  kir.ii  of  ci.i:i|i  is^ion.  "  You  will  never," 
sail!  sir  to  liim  i.iio  iliiv,  "  In  ii'iy  liiin^'  liul  a  iiliijiisiipher — 
and  what  is  u  philosopher? — a  fuol,  who  toils  and  pl«igues 
liimse  If  all  bit  life,  that  people  may  talk  of  him  when  h* 
is  dead." 

In  the  year  174'  1"^  ii'lnnllvil  a  rnrnilur  of  the 

Academy  of  bciences ;  for  which  <liviiii(;iHs|ietl  literary 
promotion,  at  so  early  an  ace  he  had  prepared  t!i- 

way  hy  eorrectin"  the  errors  of  a  celebrated  work  (  The 
Analyst-  Denioiitrte  of  Reyneau),  which  ^as  estecnic<l 
claiaical  in  France  in  Ihf  linn  of  aoalytia.  Ha  afla<- 
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wiiTih  set  himwlf  to  enamiiic ,  with  close  attention  and  iis- 
siduity,  what  must  be  the  motion  and  path  of  a  body, 
which  passes  from  one  fluid  into  another  denser  fluid,  in  a 
direction  oblique  to  the  surface  between  the  two  fluiils. 
EwryoncL  knowi  tbe  pbenoroenon  which  happeiii  in  ihi\ 
case,  and  amuse*  children,  under  the  denomination  of 
docks  and  drakes ;  bnt  it  was  Dalemhcrt  arlto  irtt  ex- 
plained it  in  a.  eatitlacloiy  and  pbiloaopbical  nanner 

Two  yaaiB  afkcr  biaektlkMi  to  a  plaioa  In  At  Acndcniyt 
be  pnblMbcd  bis  Treatise  no  Dynanica.  The  new  pfni> 
cipfe  developed  in  tbit  treatisp,  couialed  in  cataUiaUag 
an  equality,  at  each  instant,  between  tba chMfn.thal  tha 
motion  of  a  body  has  undergone,  and  tbe  forces  or  potMn 
which  have  l-een  employed  to  produce  them  ;  or,  to  ei- 
prrss  the  same  thing  otherwise,  in  sepuratinv;  into  two 
parts  the  action  of  the  movin;  powers,  arnl  rmiMili-ting  the 
one  as  priiducinj;  alone  the  motion  ol  tin:  bud',  ,  in  tlic  se- 
cond instant,  and  the  otht  r  as  employed  to  destroy  that 
which  It  had  u\  the  first.  So  early  as  the  year  1744,  Da- 
Icmbcrt  had  applied  this  principle  to  the  theory  of  the 
equilibrium,  and  the  motion  of  fluids:  and  all  the  pro- 
blems before  resolved  in  physics,  became  in  some  measure 
its  corollaries.  The  discovery  of  this  new  principle  w»s 
followed  by  that  of  a  new  calculus,  the  first  essays  ol  v>hic  h 
were  published  in  a  Discourse  on  the  General  Theory  of 
the  Winds,  to  which  the  prise-medal  was  adjudged  by  the 
Academy  of  R^-rliii  in  tbe  year  1746,  which  proved  a 
new  nnd  brilliant  addition  to  the  fame  of  Dalembert.  Thia 
aewcalculiu  of  Partial  Differences  he  appiiedttbaycaf, 
followingi  10  the  problem  of  vibcatiitg  choida,  the  mimb-' 
tion  of  which,  ns  well  as  ibe  theory  of  lb*  oicillatioits  of 
the  air  and  the  propagaitoB  of  aound,  bad  been  but  im- 
perlbctly  given  by  the  matbereaticiaat  wbo  pfeccdod  bia; 
and  these  were  his  masters  or  hb  rivals 

In  the  year  17  *9  he  furnished  a  method  of  applying 
his  principle  to  the  motion  of  any  body  of  a  given  6gure. 
He  also  r<-solv<  d  the  prnblem  of  the  precession  of  the  equi- 
noxes ;  determining  its  quantity,  and  explaining  tbe  phe- 
nomenon of  the  nniatioe  of  tbe  tenotrial  axit  diwownd 
by  Dr.  Bmdiev. 

Ill  I'.ii,  D.ili  lilbert  published  a  trrutisi  on  llie  Resist- 
ance of  Fluids,  to  which  he  j^avc  the  modest  title  of  ai 
Essay;  though  it  contains  a  multitude  of  original  ideas 
and  new  olrM-tvations.  About  the  same  time  he  published, 
in  the  Memoirs  of  the  Academy  of  Bi-rlin,  Researches  con- 
cerning the  Integral  Calculus,  which  is  G;reuily  indebted 
to  him  for  the  rapid  progrcus  it  has  since  made. 

Our  anlbor'a  enlogiit  aMribc*  tocnsyj  detraction,  &c. 
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kll  the  oppocition  and  ctn^uru  il^ai  Dalembert  met  with 
on  Hccouiii  i)f  till'  cil<  l>iii!r  L  I  ntjclopciiie,  ur  Dictionary 
ot'Arls  «nii  Scx  nci-s,  in  ctiiiiLnituori  wjlh  Uidt-rot.  Mono 
surely  will  ntusc  the  woll-iii -i  ril  tribute  of  Applausu  to 
.the eminent  di»plav4  or  gcuius,  judgment,  and  true  literary 
tainet  witli  which  Ualembi-rt  hat  enriched  ibat  greut  work. 
AaoilgOtb«r»,  the  Prelin)inary  niscoursp  he  has  prefixed 
t6it,  conccroing  tbi|  n«r,  prugrc<>s  conta'.MOUii,  and  aflU 
nitiet  of  all  the  bruwhMisf  huouui  kaomlt^,  it 
bap*  one  of  the  moet  cefpil']nwlnctHilM  the  pUloe(i|ili]r 
of  the  age  cau  bo8>t  of. 

Some  time  after  thia,  Dalembeit  publiihed  his  Philow' 
fkical,  QiMockal,  and  Philolegpcal  MbflellanieB.  Thiia 
mnlUkped  hj  ifaa  liemin  of  Chrkliiia  qnccn  of  8w*> 
den;  in  which  he  dwiiMl  that  be  wMacquaiated  with  tbo 
aatinsl  r^hts  oT  mankiml,  and  was  Im>M  enuugh  to  ajsert 
theiB.  Hif  Essay  on  the  Intercoune  of  Men  of  Letters 
with  Pertons  high  in  llank  and  Offico,  wounded  the  former 
ti)  tlifi  <^uick,  as  it  exposed  to  thi' <•) i  i.l  thr  ,iu!jlic  tin- 
ijsnominy  ot  those.  5«'rvi|c  ctiaini.,  which  ihcy  tcarcd  to 
nil,  c/i  \\,  rr  pnniil  til  -.si  i-i-.  DaltrnUTt  gave  ele- 
gant spccittiLns  of  his  iiicrBry  abilities  in  his  Irunslations 
*of  some  select  pieces  of  Tacituit.  But  iIkm'  occupatiuos 
did  not  divert  him  from  his  mathematical  studies ;  for 
about  thi'  same  time  lu  cruu  liLd  the  Encycl'jp^dii-  wiih  a 
multitude  of  oxcellcnt  articles  in  tiiat  line,  and  composed 
ins  Researches  on  several  Important  Points  of  the  System 
of  (he  World,  in  which  he  carried  to  a  higher  degree  of 
peilbciioa  the  solution  of  the  problem  concerning  the  per> 
turbations  of  the  plaitets,  that  bad  several  years  before 
been  presented  to  the  Academy. 

In  ttSS  ha  publiehed  hia  Elenieula  of  Philoaophy :  a 
voik  n«di  eKtoUM,  lewiriwMe  for  ite  piec&ion  aod 
pcnpcuito.  lb*  faeniment  Ant  waa  kindled  tend  the 
diDihea  Umt  feUvrnd  U)  by  tha  article  Geneva,  imaitad 
in  tha  SnndniMiei  are  .wdl  known.  DaUmbert  did  aot 


Imw  ihie  field  of  eontroveny  with  flying .  colours.  It 
'on  this  occasion  that  Frcdericli  king  of  Prussia  oflered  bim 
an  honourable  asylum  at  his  court,  and  the  office  of  presi- 
dent of  111*  Araili  my:  bat  the  king  was  not  ul:>  nil.  d  at 
Dalembcrt'^  r'  f.^ul  of  these  distinctions,  thougli  !n  culti- 
vated an  intimaii  friendship  with  him  durin!<  the  rest  of 
his  life,  lie  had  reluii-d,  some  time  before  thiji,  a  propo- 
sal niixle  Ky  tlie  t  mprf*s  of  Russia  to  rntru-t  imii  with  the 
••Jucalicn  of  the  Grand  Duke; — a  proposal  accompanied 
sMth  nil  (he  flattering  oilers  tliut  could  tempt  a  mnn,  ani- 
biiioui  of  titles,  or  desirous  of  making  an  ample  for- 
tune:  butth«olyaclB«rhi*amWliim«efatnHiqiiiilit]paiid 
study. 

In  the  year  1765,  he  poblishcd  his  Dissertation  on  the 
Destruction  of  the  Jesuits.  This  piece  drew  upon  him  a 
swarm  of  adversaries,  who  only  confirmed  the  merit  of  his 
work  bjf  tbrir  manner  of  atiaatiitt  it.  .  Besides  the  works 
•Inidf  amtioned,  he  pobliehed  $  voluntes  of  memoirs 
and  ttmtiieib  under  the  title  of  Opmeokti  in  which  ha 
hu  rnolvcd  a  nmltitnde  of  problem!  -relatiag  to  astra- 
iKMny,  mathematics,  and  natural  philoacnhvi  of  which 
hie  paikegynst,  Condorcet,  gives  a  particular  account, 
more  especiidly  of  those  which  exhibit  new  subjects,  or 
iiew  methods. of  investigation,  lie  published  also  Ele- 
ment i  f  Muvic;  lui  l  rendered,  at  length,  the  system  of 
Raiixmii  iiUt  i^i^iLie  :  but  he  did  not  think  the  mathcmati- 
c,\\  theory  of  ilie  sonorou  bcii^ji^ wftdcQt' 10  wconnt  iiv, 
iLe  rules  of  that  art.  \<,  ■'  • 

In  the  year  177Sh« 
Vol.  L 
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Academy  of  Sciences.  lit  formed,  soon  after  ibis  pn  ter- 
nient,  the  design  of  ivriting  the  lives  of  all  the' deceased 
academicians,  from  17l>i)  lo  1772;  and  in  tha  spare  of 
three  years  he  executed  ilns  design,  by  composing  70  eu- 
logies. Dalembert  died  on  the  l?<)th  of  October  1789^ 
being  nearly  66' years  of  age. 

As  it  may  be  curious  and  useful  to  have  in  one  view  an 
entire  lilt  of  Dalembert's  writings,  I  shall  here  insert  a 
catalogue  of  them,  from  Ruzier's  Nouvelle  Tafalo  dee  Ar- 
ticle* contenus  dans  les  volumes  de  I'Acndomia  Royafe  * 
dcs  Sciences  de  Paris,  ^c,  b&  follow! : 

Traii«  de  Dvnaaiitiue,  in  4ta,  Paris*  1743.  The  Sd  «d. 
in  l758^TtauU  da  FEquilibn  at  dn  MMwaMnt  dm 
Flttidai.  Paria,l7Mi.nndlhaSdedit.tnl77a 

Reflexions  sur  la  GaiMO  Ote^rale  des  VenU ;  which 
gained  the  prise  at  Berlin  in  1746 ;  and  was  printed  at 
Paris  in  1747,  in  4lo«— Sedierches  sur  la  Precession  des 
Equinoxes,  et  sur  la  Kutaiion  de  I'Axc  du  la  'IVrre  dans 
le  Systime  Nettti  nii  II.  I'.n  is,  l  7  l  in -Ho. —  Lssais  d'<Mie 
NouvellcTh^oric  du  ,\lousejne!u  Jis  I'lunJei.  I'aris,  1752, 
iu  *to. — Recberches  sur  diffeiens  I'omts  imporlans  du 
Systime  du  Monde  Paris,  17,i  l  and  17  5(),  3  sols,  in  +to. 
— Elemens  de  Philosophie,  175;)- 

Opuscules  Math^inatiques,  ou  Meinoiies  sur  differcus 
■Sujets  de  Gtem'^lrie,  de  Meciianuiues,  d'Uptiquea,  4td*Aa-. 
troCKtmie.  Paris.  0  vol.  in4iu;  l/Ol  to  177^. 

El^mcns  de  Musiquu,  theorique  et  pratique, suivaat lee 
Principes  dc  M.  Rameau,  eclaii^s,  d^velopp^'s,  et  simpli- 
fiis.  I  vol.  in  Svo.  k  Lyon. — Dc  la  Destruction  dt«  Jc- 
suites,  1765. — In  the  Meuiuira  of  the  .'\cademy  of  Paria 
arc  the  following  pieces,  by  Dalembert:  vis.  Precis  de 
Djmamique,  1743,  Hiat,  l6°4.— PrteisderEqailibieetd* 
Mouvemeat  des  Fluides,  1744,  Hist.  M^^MthodaiNdbr 
nia  ponr  dftterminer  les  Orbitei  at  lea  JioumncM*  d» 
Multa  les  Plaadtei,en  ayant  iffui  k  lenr  nation  adtnalle, 
p.  96S^VTtti%  dee  BdlttiaM  anr  hCause  Gine- 
ntle  des  Vents,  1750,  Hist.  41.— Prtdi  des  Recherches 
sur  la  Prtcemion  dfs  Equinoxes,  et  sur  la  Nutation  de 
I'Axede  laTerredansle  Syst^mc  Newtonien,  1730,  Hut. 
13  I.' — Essai  d'une  Nouvi  lle  Ti.enne  sur  I.l  l;>^:!,[;^IRe  dt>t 
Huides,  1752,  Hist.  116. — Precis  des  Ei^ai.-.  d'uT.e  N'uu- 
vclle  Throne  ili-  l,i  He-sistance  dcs  Fluidi  ^,  I7  )j,  [iiht. 
289. — Precis  dcs  Recherches  sur  les  differcns  Point*  im- 
portansdu  Syst^me  du  .Monde,  1754,  Hist.  125. — lUcber- 
chcs  sur  la  Precession  des  Lquinoxes,  ct  sur  la  Ninuiion 
de  I'Ase  dc  laTerrc,  dans  I'llypolbesc  de  la  Dissimilitude 
des  M^ridiertt,  1754,  p.  41*3,  llist.  110°. — Repuuse  i  an 
Article  du  KUraoire  de  M.  I'Abb^  dc  la  Caillc.  sur  la 
llicoricdu  Soleil,  1757,  p.  145,  Hist.  1 18.— Addition  d 
ce  SJimoirc,  1757,  p.  567,  Hist.  118. 

Pricis  dcs  Opuscules  Mathtoiatiqucs,  1761,  Hist.  Sfi.,M 

Pricis  da  troiiidaie  volume  dcs  Opuscules  Maih^mati^ 
ques,  1764,  Hist  — ^Nouvclles  Recherche*  sur  les  VoN; 
res  Optiqneiy  pouriervir  de  suite  i  la  tli^orie  qui  en  h  etdr 
donate  dan*  Ic  volume  3*  des  OmmuIcs  Matb^matif  naa^is 
IhaMt  lieaMHre,  I7fi4,  p.  75,  Hiat.  17A.— MottsdleB  Ro^', 
chMchai  «c  las  Varres  Optiqtws,  poor  aatm  de  suite  b 
la  thlkwic      eof  a  6te  donn6e  daos  la  troisiAnie  volume 
dcs  Opuscules  Matfa«inutiques.  Second  M£morre,  1765, 
p.  53. — Observations  sur  les  Lunettes  Achromatiqucs, 
1765,  ]'■  j3,  IIisi   119. — Suite  des  Recherches  sur  les 
Verri's  Optiquei.  Tioisiimc  Memoirc,  17fi7,  p.  43,  Hi&t. 
.  153. — llccherches  sur  le  ("hIcuI  111:1-^1.11,  ir('7,  p._573.— 
Accident  arrive  pyr  I'Exploeioa  d'une  Mculc  d'Embuleur, 
17^  Ilirt.  9U-Ff««i4dttOpuKvlas  daAlnihtanllqnFi^ 
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9*mlamM.  I.ui  Air.«ly«<',  I7')H.  Ili»t.  83.— Re- 
chtKhcs  Mir  Ir^  MiiiiM  mrni.  ■!<  I'Axc  d'ufK-  I'lnnrto  qiji'l- 
rcinciur  dar!>  Tin  pmhc^'  di  I  )l^■•llnillHnll•  ilc  »  Mtridi- 
•  iii-s,  17(>S,  p  1.  Hist.  — Suii.  ill-.  Kec-liiTilic's  sur  Ic8 
^Il>u»l•lln'll^,  iVc,  I7I>H,  |i.  .)3',',  lli't  ')''■ — U<  i  III  rrlio  sur 
li  C'dUul  liiti-'gral,  176.'),  p.  7.>.  -  Ml  111 iiiir  >  ;  In  Princi- 
)ic*  clel«  Mecb.  17(>9t  p.  278-  And  111  tiic  Mdnoini  ol  the 
Acwtamijaf  Bcriin,  are  the  followinj;  pit-cps,  by  our  ou- 
tbiir :  vix,  Hixht-rchet  *ur  le  Calcul  Ini^gral,  picmienr 
'  pariie,  1746'. — Solution  deqnelquee  Pmbleraes  ifAilnNlv* 
niiv,  1747. — Ki-rhrrcbes  sur  la  courbr  c|uc  forme  unt 
Curde  Teikluc,  iniso  en  Vibralion,  17*7. — Suite  des  m- 
dwrcbeK  wr  l«  Caknl  Integral,  1748^— Lrttn  k  M.  ile 
Maupartui*,  1749^— AddlliaB  am  ndieicliM  -tor  I* 
cowte  qw  hnm  vm  Onrie  Tendm  rain  en  l^bration, 
irsOiir^jUdiiion  ottx  redi*rehea  ni'r  le  Calcul  Integral, 
1750.— Lettie^  M.  le  profnmir  FonBCjTt  1753. — Bxtr. 
de  differ.  loltn>8  i  M.  di>  la  Granee,  1769.— Sur  le^Tauto- 
ekmnrc,  176^. — K.xtr.  de  di0«^r.  Ictlr<-s  &  M'.  dr  lu  GrHiigi', 
17t)9-  Also  in  the  Memoirs  of  Turin  nre,  Ditfrrr-ntes 
Ijettre*.  a  M.  ile  In  (liaii^ie,  m  17M  ci  17'>.),  loin.  S  of 
ihiSe  Mcmoirij. — llecherclu'  mr  iliHi  leii*  >uj<  i'5  de  .M:ith. 
I.  t. 

IIAUCV  (Count),  sin  in'j<'nioii^  iiliiloiopln  r  .inH  nia- 
lliciiiiiluiaii,  v»Mv  liorii  in  In  kind  in  17'.!5  ;  bn!  In-  IiU'ikK 
bi'inc  •itiiH'lx'd  to  th<'  StiiHM  fHiiiiU,  he  wiii  srnt  lu  Knincc, 
at  ^4  year*  of  nge,  where  he  sfH'nt  the  ri-!>t  of  his  life.  Bc- 
INK  put  under  the  cure  of  the  cvieiiratfd  Clairaut,  he  im- 
piwod  wo  mpidijr  in  the  ^)athplnatir^,  that  at  17  years  of 
ag»>be|piQ;a  oew  nolution  of  ibo  problem  concerntiig  the 
ctirvb  ^t^ual^tetsurr  in  a  miiaing  medium.  Thitwaa 
MUMvaMlM'UFW  after  by  a  determination  of  the  ctirrc 
dMilhMmrbHvy  body,  sliding  by  its  own  we^l  alone  a 
■h»i<iM»yaii^  at  the  tame  time  that  the  prcaiute  of  ibe 
haJif^riMitt  a  hwrfaiMital  motion  in  the  plane.  Darcy 
■arved'ia  the  war  of  1744,  ami  was  taken  priMner  by  the 
MnglisK:  ijiid  yer,  dnring  the  course  of  the  war  be  gave 
tWometnuirs  te  the  Adtdetny ;  the  first  of  these  contained 
iifrtt'rul  priiicipte  in  mechanics,  thai  of  the  prrserv.ation 
of  the  rkitatory  motion  ;  a  principle  which  he  nsain  brought 
li>rw«rd  ill  J7-W),  by  the  name  iit  the  priiitiole  ol  the  pre- 
senmthiji  o\  action. 

In  17'>".  I'-irry  publislMti  Mi  i.^v  iy  Ailiilery,  con- 
'..Tii.iiii!  imnip  tuii' ■lis  rxjMTimeiirN  i  ii  liic  charj>es  of  gun- 
jiowder,  i)cc,  &c,  and  improvements  on  those  of  the  in- 
iirniuiis  Rfibins ;  which  kind  of  ex)ierim<>iit>  attr  aMlior 
carried  on  occasionally  to  the  end  of  bis  life. 

In  17&5,  he  pul>li<,|i<-d  his  Memoir  on  the  Duration  of 
ib«  8«nMition.  of  bight,  the  roost  in(»enloa>  <>f  his  works: 
tha  result  of  ^esc  researches  was,  that  a  body  may  some- 
time* paM  b/^oMUgrts  without  being  seen,  or  maiklag  its 
ptv»enc«i;  othcrwB  than  by  weakening  tha  biUitiim  of 
the  object  it  caWW."'-*  ' 

All  Darcy 's  WMn  bnr'tbe  cMracttf  whkif  ffsalta' 
Iromr'the  union  of  genius  and  philo9«iphy;  but  as  ha 
me^tfred  every  thing  on  tbu  largest  scale,  and  required 
'\;iinK  sKciinicy  in  experiment,  neither  bis  time,/ur- 
nine,  hor  iiV' K  iiiions,  allowed  him  loe.NPCUlc  more  thana 
very  mi>iiII  p  irt  ol  v»liat  lie  pr-jtcled.  In  hi*  disposition, 
bV  was  am  1!  I  ,  -l  inled,  livrl\,  and  a  lover  of  indcpen- 
daaca^  a  pu'sinr.  tu  winch  Ik-  nobly  sacrificed,  oven  in  the 
midst  of  literiuv  M  CHtx  — lie  died  of  a  cholera  niorUj^ 
in  I77!>,  at  />  V  ve.irs  .,1  i./i  . 

Uarcy  was  udmiitcd  a  rociuber  of  the  French  Academy 
>»  1749j  aad  was  oMdn  yctuftwai  giBOnietridaa  fa  1770. 


— His  esMiys,  printed  in  the  Memoirs  of  Ibe  Academy  of 

Science",  aic  various  and  very  ingenious,  and  urv  cmi- 
taiiied  III  the  vi.hiniei  for  ttie  years  1742,  1747,  '749, 

17J0,  1731,  I7.v:.  17.'.!,  i7«+,'i7.S8,  l7Ajk  17Al^  1765, 
and  in  tMin.  1  mI  the  bavans  Ltrangers. 

DAUK  C/i'imbcr.     See  CaMBRA  Obtcuru. 

DAUK  Tent,  a  portable-  camera  obscura,  made  some- 
what like  a  de^k,  iin<i  tilled  with  optic  ghMMHi  tO  take 
protpocts  of  landscapes,  buildings,  &c. 

DATA,  in  Mathematics,  denote  certain  things  pr  quan- 
titiea,  lupposcd  to  be  given  or  known,  Irom  which  other 
qtMntities  are  discovered  that  were  unknown,  or  sought.. 
A  problem  or  qucitioD  imially  consisla  of  two  pun,  iSita 
and  Qumila,  Oiwn  and  Sought.  Enclid  haa  mi  express 
and  agicrilnit  treatise  of  OaU ;  in  which  he  am  the  word 
(or  wdi  spaces,  line*,  angles,  <te,  as  am  jjnm }  or  lo 
which  odNfa  can  te  found  equal. 

Budid'a  fiaM  is  the  first  in  order  of  the  books  that 
have  been  written  b^^tho  ancient  |!eometricii]n>^,  to  facili- 
tate and  promote lh(!  nn-rhiHl  nl  ti-soluiion  or  aiiiilyfii^.  In 
genrrat.  a  lliin;;  i^  ^aKi  in  l/e  gi>  en,  winch  i^  either  arliially 
exhibited,  or  llmt  fan  be  lound,  that  is,  which  i«  eilher 
iinown  by  hvpl>lfle^i^,  or  thai  can  be  ilenioiislrati'd  t<i  be 
known  :  and  llu'  |ir<ipo5iiinnH  in  Irie  bi>ok  of  Kuclid's  I>a- 
la  -iiuw  what  I/iiiil:.\  can  be  Irjiinil  or  kiinvvn,  troiii  ihuse, 
that  by  hypilhesis  are  already  given  :  so  that  in  the  ana- 
lysis or  iiiv(>sti^ation  of  a  problem,  horn  ilinse  ilnn^s  that 
are  laid  down  as  givett  it  is  deroooslratcd,  by  the  hi  lu  uf 
these  propositions,  that  other  thinp  ate  gjiven,  and  from 
these  laiit  that  others  are  given,  and  so  on,  till  it  is  de- 
monstrated that  that  which  was  proposed  to  be  found  in 
the  problem  is  gieen;  and  when  this  is  done,  the  profalm 
is  solved ;  and  its  compoaitiaa  is  laada  and  derived  fram 
the  compositions  of  the  Data  whicli  were  amploved  b'the 
analyiia.  And  thus  fte  Data  of'  Eoclid  an  of  tha  most 
general  and  aeeessaiy  ma  ia  the  sohitian  of  praUciw  of 
every  kiitd.  * 

Marinus,  at  the  end  of  his  Preface  to  the  Data,  is  mis- 
taken in  asserting  that  Ruclid  has  nnt  used  the  syntheti- 
cal, but  ilie  nniil)  Dcnl  method  in  delivering  them  :  for, 
though  111  the  analysis  of  a  theureni,  the  tiling  to  he  dc- 
tiionsiratei!  is  asjuiiied  in  the  analysis  ;  in  the  tleinoii- 
'tralinii^  III  the  Data,  the  thiii^to  be  demonstruU'd,  which 
It.  i!..i!  sf.metliinq  is  ijivi  n,  is  never  once  assumed  in  the 
demimslration  ;  frum  winch  it  i>  manifest  that  every  one 
of  them  is  deniiui^lr.iied  synthetically  :  though  indeed  if  a 
proposition  of  the  Data  bo  turned  intrt  a  problem,  the  dc- 
monstration  of  the  proposition  becomes  the  analysis  of  the 
problem.  Sec  Simson's  edition  of  Euclid's  Data,  which 
is  esteemed  the  best. 

DAVIS  (Capt.  John),  a  ortebrated  navigator,  who 
douiishad  in  the  latter  part  of  the  l6th  ceotury.  Hag^va 
nasse  to  the  stimts  which  he  discovqad ;  and  grcat  ex- 
pec  tatiom  were  formed  fima  .Usskill  and  long  axpeiianoe. 
la  159*  he  published'a  SA>all  tfcatiie,  entitled.  The  Sea- 
man's Secrets;  a  piece  written  wiA  brevity,  and  was 
esteemed  in  its  time,  an  8th  editioa  lieiog  printed  in  1557; 
so  that  it  seems  to  have  supplanted  Cortes'. .  Davis  treats 
of  plane  sailiiii:,  calling  ii  Horizontal  ;  and  aivts  the  form 
fur  ki'i'pin^  a  s>  a-n  rk<ining.  He  shovis  also  liiiw  to  sail 
bv  ih'-  niobe,  and  bnastsol  wlial  he  intended  tu  <!o  ;  much 
riiinniendin;;  great  circle  sailiii;;,  witliiuit  (!•  -n  iliingit  ;  as 
also  what  he  calls  Paradoxal,  that  i\  ■  .  .i  prijection  on 
the  plane  uf  the  equator  with  spiral  rhumbs,  promising  to 
pubwh  a  chart  far  that  puipoie.  Butahofaall  haattola 


DAY 


the       of  ralculatiocis  in  the  auei  of  navigation, 
Mates  hr<  mu-ii!ioii  [n  m  at  on  that  subject. 

At  lb<:  ciiU  ol  thf  book  is  aivtn  Ihu  lijiuro  <if  a  sliiH  ot 
his  coRtrivance,  to  make  a  LiaclL-oliv-r'.  >^lnrh  it  np- 

}>ear»  ho  was  very  vain  ot,  and  *vhiv-li  Mjtra.-.  to  hnvr  bccii 
some  time  in  use  j  but  «a>  ufuiwaril's  MH)|ilnrili  1  li\  i  in 
ol  a  more  commodious  form,- ralli  il  l)i«vi>'s  (^iinilr.ini,  ii'. 
if  it  wan  also  of  his  itivcnlion,  thourh  pt^rhagis  only  be- 
cause a  twii  i  iiliUMt^waa  lani  made  by  boik  instiantcntti, 
Itke  as  this  quthnt  itMlf  wa»  tint  called!  Staff,  md 
Back-*tHir. 

DATias  Stmadrnnt,  llir  common  «i'a  qtLiHiHiit,  or  back* 
8ca  fiACK-STArr.    Sec  ai^o  UoU-rtson's  Naviglir 
(OokikMCL/- 

'  DAY,  •  mvuMD  of  tioM  aritiitg  from  ibc  appMOMCO 
and  dmppniBMee  «f  Um  Mill. 
-  Oat  laaMwrMlimlorwlifieialt 

ArUJiekl  DA.t  ia  diat  whidi  bganrialky  meant  by  tlm 
toord  Day,  and  is  th«  lime  of  its  h|pd|Jisht,  or  iho  time 
whilt!  the  sun  i<  above  the  horixan.  Tlwagb  aometiaMa 
the  twiU|>ht  is  includi-d  in  the  term  day-li)>ht ;  in  opp<i«i- 
tion  to  njght  or  darknea*,  being  the  time  from  liie  end  of 
twilight  lotho  bc|?inninn  of  (I  i\ 

Naiurai  Day  is  the  ))ortiof>  1 1  uine  in  uincli  the  sun 
jH'rlorm*  one  revolution  round  liie  cnrlh  ;  or  rutin  r  tbu 
time  in  which  ibcearlli  ln!ll.e^  «  Kiintum  on  us  aM>.  And 
thii  is  either  astronomic  al  or  eivil. 

AitronomicfU  D4.r  begins  al  nouu,  or  whcu  the  sun's 
centre  is  on  iho  mcridimit  HMl  iateuMcd  84  boitn  to  the 
ibllowing  noon. 

Ciril  Day  is  the  lime  iiUolted  for  day  in  ci\il  purposes, 
and  begins  ditfcrcntl^  in  diSiirent  tiaiiona,  but  itlU  inclu- 
ding  one  whole  roltlMB  of  tbefatih  on  itaaxb  i  kftgluma^ 
citlwr  at  suii-iise,Miii-M(T  0000,101  gtidoiRht* 

lit,  At  aun-riiiBg,  aaMMigtheamcictit  BaA^loniam,  Pcr- 
aiMS,  Sgviaink  and  moat  other.  iMMtTii  RaUaw*  «nth 
pNNDt  inbibiMali  of  ^  Bafcoiic  hliwli,'  th»Gndit»Ae« 
ftdly.  At  miMatlInc  aawiig  -tha  WMieiit  Athaniaaa  aaA 
Sum,  wlh  the  Avitimna*  l^htmiaat,  MafcomaMrit'fiilot 
•lant,  modern  [laliaiu,  and  Chinese  Sdly,  At  nnoav-vith 
aalronumert,  and  the  ancient  Umbri  and  ArabiansL  '  And 
4ihly,  at  midnight,  among  the  ancient  Lfsyptinn-t  and  Ro- 
nuins,  »ith  the  modern  Knglisb,  i'rench,  Dutch,  Germans, 
tspauiard",  and  Portuiiuese. 

The  dny  in  divided  int<i  huur^;  and  h  eei  i,tin  number  of 
days  makes  a  week,  a  month,  or  a  year. 

The  ditferenl  length  uf  the  naturul.  in  liiflerrnt  cli- 
mates, has  been  matter  of  contri  ve  vi,',  s.iictlicr  tlip 
natural  days  be  all  equally  long  tbruughoul  the  year;  and 
if  not,  what  theii  difference  is  f  A  professor  of  matht-ma- 
tics  at  Seville,  in  the  Pbilus.  Trans,  vol.  U),  pa.  4'2j.  as- 
f  aerta,  from  a  continued  series  of  obxivuiions  lor  three 
yean,  that  tkey  arc  all  equal.  But  Mr.  Flamsterd,  in  the 
mnte  Trans.  pa,42<),  refutes  the  opinion  ;  and  shows  that 
•  day>  wbcaiha  auu  ia  in  the  equinoctial,  is  shorter  than 
VbanJieitin  the  trofiics,  by  40  Mconds;  and  that  14 
-  UntcaLdajf*  aiw  longer  than  so  many  equinoctiat  once, 
hy  jMnHHMft.  Thn  inequality  of  the  days  depends  a^n 
two  ^jferant  |iriacip1eB :  the  am*,  the  excmtricity  of  th* 
eirth'illidiiUha  other,  the  ofaUquity  of  the  ecliptic  with 
regard  le^dM  d|tlator,  which  is  the  measure  of  time.  As 
these  two  caakes  happ<-n  to  be  differently  combined,  the 
length  of  the  day  is  varied.    Sic  Kyu  atihs  ij/  f.wjf. 

Day  SidtKoif  is  the  tine  in  which  any  star  appears  to 
iwwtfc  fnm  the  tiidiim,  to  Ae  Miidinfe  mu»,  «^icb 


and   IS        Sff  ^^'■f^tit  mean  aolar  time;  fadtig  the  timr  in 
which  the  earth  makes  CM  COMptek  leralMion.mi 

axis.    Si--c  SinF.REAL.  ,  "'  • 

Day's- HW,  in  Navigation,  denotes  the  reckoning  or 
arcoiint  of  ihe  »ii\|>'»  course.  durin«;  1%  liotjfs,  or  botwreiv 
ii  ion  ami  iioi.n. 

DKAD  Br.s  r,  r  iK  ciiliar  i<ind  ol  ^c,T|i'  mpnt  fur  dork 
and  wareli  wi'ik,  iim  nteil  t)y  Mr.  MuJije  lor  comrlill|p 
the  motion  of  pendulums  &c.    See  .Sc*  rr.  wtvT.  ' 

Dead  RBCKOKtyo,  in  Navigation,  the  jiitl<Tn.oiit  nr 
estimation  which  is  made  of  the  place  where  a  sliip  «,* 
sritbout  any  ubseTvaiion  of  the  hcavsiily  bodiest 
Cnuail/  performed  by  keeping  an  account  of  her  way  b^ 
the.loK  ia  knowing  the  couis<-  she  has  been  steered  bV' 
the  eoafaH^  and  by  combining  and  rcctifybu  all  thcal^r 
lowanoct  Ibr.drift,  Ice-way,  dtc,  according  to  die  kttmni 
tiiBof  Uwthif.  This  reckoning  however  it  alsnsjii  lobe 
coTTMlod,  aa  oAcnaa  any  .good  ohsmaiioh  cwrneolf* 

DECAGON,  a  plane  geometrical  figure  af  ten  idtles  omIi 

tcii  angles.  When  all  the  sides  and  angle*  are  ciiunl,  it  is 
a  regular  decagon,  and  may  be  iiiscribid  in  a  circle ;  other- 
wise,  not. 

If  the  radiu«  of  u  circle,  or  the  side  iA  the  inscribed  heMi- 
gon,  be  divided  in  cxtrmic  nnil  ninin  rnrio,  llu  !;re;iter 
jcgincnt  will  be  the  side  of  a  decagon  insrnl/i  il  iti  the* 
same  circle.  And  therefore,  as  the  side  of  the  d(  cat;un  is 
to  the  radius,  so  is  the  radi-.i«  to  the  sum  of  the  two. 
Whence,  if  the  radius  ol'  the  circle  bo  r,  the  tide  of  th«» 
inscribed  decaenn  will  be  (y-'S  —  1)  »  4r.  "  ^ 

If  the  side  ul' a  ivguhir  decagon  be  1,  it*  area'  will 
ha  Wk^  S^^>  =  7'6s^i2088i  therefore  as  I  is  to 
7^094^88,  so  is  the  squtto  «f  tbe fide  of  any  r(N;ular  de- 
cagon, to  tlw  area  of  th«  tamas  coatB^picntly,  '  if  «  he  the 
sideofMKh«docagpn,ilaitRniiiUbecqmltoY'<i94M88A 
See  BlooitAft'iifoKt 

i  to  iis^bB  A  .daeagfBn  in  a  circle  gnmetrieally.  Sve 
nqr  UonHireliont  prab.  M,  pn.  4th  edit.  ; 
.  D£CISMBER,  .th*  last  mimth  of  the  «ear  t  in  which' 
the  ann  eMem  dm  (mpic  of  Capiieora,  making  the  whiter 
sohitioc.  In  dw'tfAe  of  Romulas,  December  «vus  the 
Uith  month  ;  whence  thenaflw,  viz,  fr<im  di  cem,  ten  ;  ibr 
the  Romans  began  their  year  in  March,  from  which  De- 
cember is  the  10th  month.  The  mnnlh  ul  Deci  nibor  was 
under  the  protection  of  Vesta.  KoimiUis  ajsi^neil  it  30 
days;  Numa  njducr<i  it  to  '»'<);,  "liich  Julius  Casar  in- 
creased to  31.  Al  the  latter  part  of  this  month  they  had 
the  Juveniles  Ludi,  and  the  country-people  ke|it  the  least 
ul  the  guddet»  Vncuna  in  the  fields,  having  then  gathered 
in  their  fruits,  and  sow;,  thiir  corn;  whence  it  seemf  it 
derived  our  popular  lesUvnl  called  Harvest-hotm, 
.  DECHALES  (Clai  d-Franci^-MiiEubi), on eneelo 
lf>nt  mathematician,  mechanist,  and  astronomer,  was  bom 
at  Chambery,  the  capital  of  Savoy,  in  Ifil  1.  lie  chieiy 
eticallcd  in  »j«iat  knowledge  of  ibe  mathematical  and  mc>- 
not  that  be  waa  boit  opon  new  dia> 


or  happy  in  making  diami  aa  hit  talent  nther 
lay  in  explaining  ihOH  sciences  trhh  ease  and  ncmracy } 
which  iMihapt  (WBdand  him  equally  useftil  and dcaetviog 
of  tiHf  ■  Jndced  It  was  i;eiH>rully  allowed  that  he  made 
the  best  use  of  the  productions  of  other  men,  and  tFmt  he 
drew  the  se%eral  parts  of  the  mathematical  sclel!ee^  u)- 
getber  with  great  judgment  and  perspicuity.  His  (>rvdiif\ 
wasuot  inferior  lo  hi>  learning  ;  and  these  two  qualiiios 
■Bade  him  ftncialhr  admiivd  and  beloved  at  Paris,  where 
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fill  four  ypare  tojB^nber  hr  rrad  public  nuithetnatica)  lec- 
ture!, in  the  colli'ge  ol  Cleriii  'V.t. — From  lience  hc  rcinoTed 
to  Mar»t-ille5,  uhcre  fn'  ti.uglit  il.c  urt  »(  n;ivij»»tion  and 
the  practical  rauthi  n)<i;iciil  iiri'».  — 11^  lilu-rwiirtls  be- 
came pr<)li>s<ir  111  matlii matics  in  tin-  unlv^•r^lly  ot  1  urin, 
wli  ,<  111  iliL.;  Miirv  h  28,  l6'78,  at  67  years  of  ag**. 

Among  oiiu  r  wurks  which  do  honour  to  \m  memory, 
•ri",  I.  An  edition  of  Euclid s  ElcnifiUs;  in  which  lie  has 
omitted  the  less  important  propositioiii,  and  explained  (he 
VMSof  tbow  ho  has  retained.— S.  A  Discourse  on  Fortifi- 
cation; and  another  on  Navigation.— 3.  These  perfor- 
mancesi  with  snme  othen,  were  collected  in  3  vnlunM 
fialiOi  under  the  title  of  MoihIus  Mathematicus,  being  in- 
doed  a  cumpU'te  course  of  mitkeroatics.  And  the  same 
wm  sfteniiraRl  noch  cnUnDd,  and  publi«b«l  «|i  LyoM* 

D^piUAlJ^mAiiiigpraoNdiiiBlnptaM;  m 
ithmatk,  DarisNd  fraeiioM,  Dtcinal  waki,  it 


DiciM jhithmelic,  in  a  general  sense,  amy  be 
•Idered  as  ibe  common  arithmetical  computatioai  hi  nw, 

in  which  lbs  decimal  itcate  ol°  nuinhcrs  is  used,  or  in 
which  the  places  of  the  tit;iires  r  hanj^c  their  value  in  a  ten- 
fold [  rijiiortion,  bcins;  10  times  as  much  lor  every  place 
inoreio«ard»  the  h  ft  hatul.or  10  limes  less  for  e^e^y  place 
remnvetl  lovvarsli  thf  ri2;hl  hand;  the  places  being  sup- 
po«red  iiideiiiiiteiv  ciinliiiurd,  both  to  the  righr  and  left.  In 
ill"'  -<  :•■"■,  ill  includes  both  tin  ijr;thiiielic  of  inle- 

Sers,  aud  (kciinal  fractions.  In  n  more  restrained  sense, 
owaver,  il  means  only 

^  Decimal  Fmrtirms,  which  arc  fractions  whose  deno- 
minatDr  is  always  4i  l  with  some  numT)«r  of  ciphers  an- 
nexed, on  the  number  of  wbich  dqpcnd  the  value  uf  iba 
fraction,  but  (he  numeratormqrfatMgy  winber  «hat«*ar| 

AuM  •MMniMlar  w  a  drciiral  it  always  one  of  the 
unrabers  10^  lOO^  1000»  drc«  the  inconvenience  of  writing 
ihMe  denominatoili  down  may  be  avoided,  by  placiii 
praper  diitiactim  beAwe  the  figures  of  tba  aunemtqr 
10  OHtingBiih  lliem  firmn  integen,  for  the  tnloe  «t  mcIi 
place  of  figures  will  be  known  in  decimali,  as  wdl  tm  In 
integers,  by  their  distaitce  from  tbe  Itt  or  unit's  place  of 
integers,  having  similar  names  at  cf\\tu\  distances,  as  ap- 
pears by  tbe  following  scale  of  places,  both  in  decimals 
■ad  integers : 
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Tb«  mark  of  distinction  for  decimals,  called  tbe«epara> 
tris,  bis  been  various  at  different  timen,  according  to  tbe 
fancy  of  diili-rcot  pitthan;  •omeiinic»  a  bemipaifBtkallt 
m  aieinicroccbeii  or  a  perpendicular  bar,  or  ilie  taine  wtlb 
a  line  drawn  nadar  the  <figare».  or  simply  tbit  lioa  itielf, 
&c  s  but  it  it  wnal  aim  to  write  either  a-  comma  or  a  fDU 
poiat  near  tbe  bottoan  of  the  figum;  I  place  iha  point 
near  the  appcr  aart  of  the  Sgim,  in  which  I  follow  thk 
piBctioe  of  air  f.  Newton;  a'netfaod  which  prevent*  tbe 
•eparatiriK  fnw  heiog  oonfounded  with  mere  marks  of 
puaetnatioB,  and  which  method  it  now  nicd  by  the  roost 
cotiect  Batboaiatinan*. 


In  setting  down  a  deciinnr  fiaction  without  its  denomi- 
nator, the  numernriii  mv.H  cnnsist  of  as  many  places  as 
there  are  ti|)hc^^  in  the  denominator;  and  if  il  has  not  so 
many  ligure>,  the  defect  must  be  supplied  by  prefixing 
ciphirf;  thus  -f\  ib  -3;  ar»d  I'oV  is  -II;  iind^JJ,  is -014} 
and  T^'.--  1^  ■I'nXj ,  c\  t . 

As  tipiiers  on  tlx  neht-tiand  side  ol  ini'-^ei^  increasa 
tlieii  %alue  decimally,  or  ui  a  tenfold  propotlion,  as  2,  20, 
200,  ^c;  So,  «hen  set  on  the  lett-haud  uf  decimal  frac* 
tions,  they  decrease  the  value  decimally,  or  in  a  tenfold 
proportion,  aa  '2,  '02,  *002,  dec.  But  ciphers  s«'t  on  the 
other  sides  of  Umc  awmbon,  laake  aft  allvration  m  their 
value,  neither  of  incrcaac  nor  doaeaie,  «ia^  on  tbe  Icfk- 
band  of  integers,  or  on  tbe  ri^t-hand  of  decioel*;  aot, 
orOiSiorOO^dci^aKalithoaaaios  «a  are  alio  %  or '90, 
or '900^  die. 

Decimal  fractions  nnQf  hecowildered^  hanng  hoeaiii- 
trOdnced  by  HegionMOtanm,  about  the  year  Idfi*,  via, 
ate  ho  ttaMfonncdihe  tabid  of  daet  from  a  texagtsi- 
mal  to  a  dedmaf  ecale.  Thty  were  alao  used  by  Ramus, 

ill  his  Arithmetic,  written  in  IMO;  and  before  his  time 
by  our  countrymen  Buckley  and  Recordc.    But  it  was 

S'l  Mill-,  who  tilst  urnt-  -111  ( \|ire-s  tii.i:i-,r  tU  ciiriiils, 
vij,  about  the  year  liS  J,  m  La  I'racliijut  d  Aiilhmetiquej 
since  which  time,  this  baa  coBBionly  auido  apart  in  OMat- 
treatiM-s  on  arithmetic. 

Tu  rriluif  i  !j!.;ar  fraction,  or  parts  of  any  thins,  a* 
suppose  {,  to  a  decimal  fraction  uf  the  same  value;  add 
ciphers  at  pleasure  to  the  iMUeiBtor,  «ad  divide  by  the 
denominator:  thus, 

8  )  300<) 

•375  =j; 

•ad  therefore  '975  or  ^Wtr    a  decimal  of  the  Mmt>aliia 
with  tbe  proposed  vulgar  frartion  f . 

Some  vulgar  fractions  can  never  be  reduced  into  deci- 
mals without  defect ;  as  ^  wbich  by  division  ie  -93333 &e. 
infinitely.  Such  ntnahcii  are  very  prapefiy  called  cir- 
calatiBgdcdank,  and  repeteadafbaaanso  of  the  eoetianal 
ntvm  of  the  nme  figarea.  See  RimTaam  aad  Ciaeo- 

The  eonnotf  aiiAmetlcil  operatkim  are  performed  the 
same  way  in  decimals,  as  they  are  in  itiiet;ers ;  retjitrd 
being  had  only  to  the  particular  notation,  to  (liviin^ui<h 
the  tVactional  I'rom  tlie  inte^r.il  part  nl  ;(  -vm.  'I'Iuih,  in 
Addition  and  Sublractum  ul  dctimaii,  ail  lij;iiie5  of  iho 
same  place  or  deuomtnalion  arc  S4  t  directly  tiiuler  each 
olhcr,  the  separalria,  or  decimal  points,  forming  a  ilrai^'ht 
column.  The  operation  of  addition,  or  subtraction,  ' 
then  perfiirmed  the  same  as  in  integers.  In  Multiplication 
of  decimals  set  down  the  numbers,  and  mult. ply  them  as 
ID  integers;  and  point  off  from  the  product  a<'  tnsiny  places 
for  decimals  as  there  arc  decimals  in  both  i'acie.rs;  pr^c 
fixing  ciphers  if  nccessaiy.  In  Division,  set  down  the 
numbers  and  divide  alw  as  in  integers;  making  us 
many  decimals  in  the  quotient,  as  tboM  in  .the  dividend 
exeecd  these  in  the  divisor.  Example* are  Bumeron  and 
*  commoa  ia  aiost  books  of  atitluBctie. 

Decimal  Sealm,  «re  aay  scakt  -divided  dodaMltj^  tm 
by  teas. 

OECLINATIQN,  in  Astranomy,  It  th«  distance  of  the 
sun.  Mar,  planet,  &c,  from  tbe  equinoctial,  either  imrtb- 
waid  ortoathward;  being  tbe  same  with  latitude  in  geo- 
graphy, or  distance  from  the  equator. 

Declination  is  cither  real  or  apparent,  according  as  the 
nal'or  apparcot  place  of  thepeiat,qr  0<tiMt  ia  ( 
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TIk"  cieclinsttiiiri  uf  any  point  *  is  nn  arcli  nf  the  meri- 
diiili  ttf.,  ^ontiii.n■■l]  Ik  lwcL-[i  llic  f  ivcn  [joint  af.il  iKc  <m|ui- 
doCtiiil  KQ.  'Ilif  difliiiuliuii  ui  a  slar  iS:c,  is  Inuiid  by 
knowring  ur  ohscrvinj;  tlic  loticudf  ol' 
till'  place,  I.  c.  (he  hfjgiil  ol  tliv  pole, 
■od  thcD  tlit-  meridian  altitodo  of  the 
Mar,  Sici  Ix'ic*  ibe  diOiereDoe  be- 
tween the  c«>lwtiK|c  and  the  aWtade 
«f  ibe  slar  &c,<i|j|liMecliDaUan,  vie, 
the  difR-Kiice  br}ili|Ma!Ell  ibe  co-la- 

<For  cocunplc,  Tycho  ibalid  «t  Unnibourg  the 
>  «f  CudA  Lemii^  vim  ^1  a  40^  A<r  OOr- 
th«  co-btUadh.il      -     •  ■    .     m»S*    $  45 
mnimHllwdacliB.MM«b    •      •      ism16  53  15 
lb  Jbd  At  Smti  Dteiinaticm  at  cgr  imt;  havijip  given 


wIiilIi  111  ihii  casp.  art  ncgalnt-. 

(11  r  M  tNTS. 

UfcXJL  PLK,  a  term  I  if  n  aiinn  <ir  pToporlioii  iit  aritb-, 
metic,  iMi)iluii<;  a  It  iij<iM  rluu  ,-  nr  -<      of  vaintioat  M 
onf  thiiio  lu  tiiiu-s  a-,  mucli  as  aiKJliur. 

[  >i '.CL'SSATlON, atcrni  in  Geomtirv  ami  Optici, signi- 
fying tbc  c^(>^8in^  ot  uny  two  liiteaor  niyn  Otc:  or  the  ao 
lion  itself  o(  crosMng. — Tlic  ray»  of  lii>hl decussate  in  th« 
crystalline,  before  ihcy  mch  th«  i«iina«— Mtny  vt  the 
lines  of  the  3d  ofder  dcfinwte  theauelvn.  Sra  Newtou'i 
tmimi-ralio,  &c.  n  .  i 

DEC  (JiiiiN),  a  fumous  luutheinatician  anit  Mtfolofer* 
waa  horn  at  Ixiadon  lyzj.  la  li4a  he  was  MM  10,  St: 
Johii'»«elkge,  Cambridge.  After  Ave  jNn  dote  epfli* 
Mtion  IQ  •todjt  cbiefly  ia  the  Mthcmwcal  md  wttMon^ 
■icel  irienoa,  he  went  over  to  HoIUihI,  to  *iiit  eome  iMr 
theiiiKlii;iafli  on  the.ContincDt ;  whence,  after  a  year's  ab* 


hu  place  in  the  ecliptic  ;  the  rule  ii»,M  mdiut  is  to  the 

line  of  the  sun't  loiwilude,  wis  the  Miie<af  the  freatcst  do   Kftcc,.  he  relumed  to  Cambridge,  and  was  there  electe4 

'     ■  .  I!— — e.L  11-^:^      1.1  .J — IS     otH!  of  the  Fellows  of  Triuily-collpgc.  tl)i-n  first  orected  by 

King  Henry  ihr  Hih.  In  15+8  lie  U'fl  Kneland  a  second 
tiiTM',  hi*»luv     I  I      I  ImId:;  n  ndi-rud  uutusy  to  him,  l>y 


clination,  ur  ubliqaKjof  theccUptu,  10  hb pitMK d«cU> 

uatitm  iou;:h'. 

In  Collsttiii  IHi^  ::d,.'  :  (,;'  tlicUliaiif.i  "I  uii'  ^•.h,  |i!.mc(s, 
arid  ilan,  i«  :,;Lri;  'iuihli  Im  had  to  iT-lr.irtiMii,  uliri: atU'a, 

ily  comp.iriii^  J.1J.-  >  ut  i 'Osctviumns  wuii  iK,'  mcnU'rn, 
il  ap)Jt.'ur»  tliut  Iht"  lU  i  .i imnon  ol  the  li.\.(  il  stars  li  vani! bic ; 
and  lUaiditTeri'iitly  iiiiiidLri  nt  slam;  tor  in  sonu-  ii  iiicrcftixMi, 
end  ill  ulher;  ik'di'nsfs,  uiul  that  in  diAcrcnt  ijuanlitics. 

Qrcfcf  <]/'Dm  i.iKA  I  i'i'<,  arc  ^rcat  circli-sof  the  sphere 
pening  through  the  ^  >  <  v  if  ihc  world,  on  which  the  de- 
cjiiliaiion  b  mi's^un'tli  wkI  oqaacqvei^lly  «ro  the  saii>c  ns 


hi»  beiug  a  con* 
'  aitcqiMMBjfraad 


meridiaas 


111 


-gruphjr, 


the  su&pici<jri< 
Jiirer,  utiMii;;  <  i:ifr)\  iiun 
frrun  suiiu'  ui  Ins  111-.  i  li.i 
1  i  ■  HUH  M.M  I  i  <i  tin-  u ;; 
niuciv  catihwd,  ami 

Altt-r  two  years  he  wtiit  iiilii  Fraiirc,  and  rc»d  U  ctU"*,' 
in  the  college  of  kiheim'^,  un  Euclid'a  Kl('in<'iii<<.  In  li^, 
he  tcturni'd  to  England,  and  was  intruducrd  to  King 
Edward,  who  assigned  him  a  pciuioii  of  UK)  crowns, 
which  he  afterward  relinquislied  for  the  rectory  of  L'ptcii' 


i  iiii-i  Mined  of 

Ins  ;l]i(lLlL'.i::(iIi  t<j 
iimI  lip  I'lituir.s- 

.ii-it\  111  Liun  11  111  ;  where  he  "'M 
il  by  Neveiiu  peiMniaol  hifihrHnk, 


P^nUUuf  qf  Dkci.111  ATioWi  ie  an  ureh  of  the  circle  of  aii*Se«eriv>  .But  eoon  Brt>>r  the  accession  of  ( jueeu  Kleiy, 


dec^uMition,  by  which  th^  pareQeitiii 
^miqubca.  the :  d^Unetiaa  ol' «  elar.. 
Para/te/iM^i>jiie|4ir4TlQK«  ■ictcHcr  ciicle»|MirBllel  to 

tt^  cf^uiiirK'tiaL  T)**  W|fC4fCMMMri|i»ptnlUof<le» 
«uu*iio;4  at  iS^  itf  iifiium  fnm  the  eqiuao«M  Mflh- 
y^(fi,l . mmI.iIm!  ttopic  oCC^pHcorn  is  ik»  ppndlel  of  de«ili> 
nuieiLW  far  ditiant  M>uthward. 

Reaction  qf  the  Ueclinatiom,  en  arch  of  the  Circle  of 
"declination,  by  which  the  declioation  of  a  *ier  is  incrcesed 
tir  diiiiiiii'j.i  ,1  !jy  iiii.Miv  I,:  the  rcfruction. 

Di  r  l:  N  A  :  1 1  i  •.  i4  ih-:  (  t'mpaM,  or  Necdlt,  it  its  devia- 

lictn  1:  'III  [|..<    l;;i  1  h!l;:Il.      5>eO  V  A  ai  ATIOM. 

DteL.sviii  .s  uj  ti  ly'iical  Plane,  or  Wall,  in  Dial- 
ling, IS  an  arcli  i  f  tlie  In  i.zoii,  cumprchi/iidi li  rither  be- 
tween till-  |)lain:  and  the  ■n  iiin  leilicul,  w  lu-ii  It  u  counted 
from  till  (  list  or  west ;  <  i^^n  n  tlm  pbii^  and  the  lurri- 
dian,  if  11  be  r.  <  kom  <i  i:  „iii  the  nortli  or  kouih. 

DtC'l^lXA  lOn,  or  Dkchvatorv,  an  instrument  in 
dialling,  bv  v.i  u  h  (ue  deciinaiioo,  inclmaliuu,  aod  recli- 
jtation  of  J  1.  11  ■  :  i d<-tcrniiued. 

DF.CLIN  LR^,  or  CBCUMtUG  IMt,  axe  those  which 
cut  obliijuciy,  either  th^  planeof  thepriae«articel,«r  the 
plane  of  ti^f^^iison. 

The  use  of  ^e^ia^iii^  vertical  dials  is  very  frequent;  fce- 
cauk;  the  erect  wall^,f»Ciho\>*rSt  on  which  dial* are  COM^ 
mooly  drawn,  inoitlydedinefrom  thocafdlMlpointt.  Bol 
inclinrr^and  reelinersarc  \  .  ry  ram 

DLCLIVITY,  a  sloping  or  obUquadaicent. 
DF-CRLMLMV  Uq>^^^  Lffiu   Sc«  Coiin.B»BliT 

Dj.c.«f.ments  Hr<  the  M  liill  |iiiitb  by  which  a  variable 
and  drcrc«i!iiD^<ji^i)tiiy  Urcoioes  i»<  arid  le»s.  'i'lte  mde- 


•pottdcucu  with  her  mlet  Llmtbethf  fas 
wat  accnaed  of  pmctiaing  maimt  .the  qaeeiA  life  fay  «»> 
dMAlracmti  OB  which  accovat  hy'iufiired  a  lediow  «on> 
AatMent,  and  was  several  limes  exuniined ;  till,  in.  tfii 
year  l£5^he  obtained  hit  liberty  by  an  order  of  «o«'ncil. 

IfhwffjQpjjy  Eliaabeth  ascended  the  throne.  Dee  wee 
COMwIuMppteniag  a  propitious  day  for  the  coronation : 
on  which  eceeiion  be  was  introduced  10  the  ijueen,  who 
made  him  great  pfomi»«),  which  were  but  ill  performed. 
In  1561,  111- I.  adi  niiniiLi  1  1  wige  to  the  continent,  to  pre- 
sent 11  boiir,  wliiei.  In  liuil  lieJicatcd  to  the  F.mperor  Ma\i- 
niiliari.  lit-  n-turiieii  in  l^i  j'liir-.ii  the  ^attle  year;  but  ill 
157'  we  ti.'id  turn  in  Lorrnui  ,  w  hi  ;e,  bi  ilic  diin|>erou>l y. 
1.1,  ilie  ipiei  11  SI  w.  Dv.;  r  tvni  ]ih\s;Ci  in5  to  his  relief, 
lliiving  tmct  more  ■TcturtH.-d  to  ins  native  co'uiilrv,  be  >•<  t- 
th-il  lit  Mortlake  in  Sur/ey,  where  heconliiuicd  hijstudie* 
with  much  ardour,  and  collecle<.l  a  great  library  of  printed 
buok«  and  iiuiiiu8cript4,  with  u  number  of  instruin(*ntsj 
most  of  which  were  afterwards  destroyed  by  the  mub,  aa. 
Lehjiii>inu  lu  one  who  dealt  wilb  the  devil.         w-  ■ 

In  1678,  the  queen  being  much  indisposed,  Mr.  De# 
was  sent  abroad  to  consult  with  German  physicians  and 
philosophers  (astrologers  no  doubt)  on  the  oceatioBi 
ihovgh  some  have  said  the  employed  him  aa  a  spy ;  pro« ' 
fanhly  he  acted  in  a  double  capacity,   tfr  next  find  him  % 
tffim  in  England,  when  he  wm  won  aiker  employrd.in  a 
aope  rational  service.  The  quaHi,d(iiiat»  lo  h^in£onn«l 
eonoerning  her  title  to  those  coontriee  which  bad  bt«n 
discovered  by  Knglishtuen,  ordered  Dee  to  co'.isult  the  an*  ' 
cient  records,  and  to  furnish  her  with  proper  ceograplucsl 
descrliilions.    Accordingly,  in  a  short  tiim  ,  be  [lU'ci.leJ 
to  the  <juecij  ai  liichjnoad,  two  large  rolU,  111  whicti  lite 
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liiiitorirany  illuslratPil.  Hii  ivm  rm|il<iy imi-nt  ilic 
rctorinHtiiiii  of  tlio  calciuiar,  cm  vvtiu  ii  -uhji  rl  tu  :\r\>:v  :i 
ratiotial  and  learned  trcatisf,  pr\iit-rved  in  the  At>linuiliaii 
library  at  Oxford. 

Hitoerto  the  cxiravag^ncick  ot  our  eccentrical  philoso- 
pher Mem  to  haws  been  tcnparrd  «tl|p  a  tolerable  propor- 
tion of  reason  ami  tcieiKe;  but  hencctoruard  be  is  to  be 
consideretl  as  a  mvn  necroniancer  and  croduloas  alchy- 
miu.  Intheyaar  1581  be  bpcaoM  acquintifil  with  one 
Ednrd  KcUy,  by  whcwe  Miiitii|ce  he  por farmed  diven 
inceaniiMii,  and  maintained  a  fmiuent  imagpmury  inters 
conne  with  ipirits  aad  angels ;  am  of  whom  ando  him  ■ 
pment  of  a  black  speculum  (a  poIMM  ficce  of  enmcl> 
cob(),  in  which  Iheao  appeared  la  him  ea  oAm  u  he  haid 
occasion  fur  them,  anuMfing  hk  qnmlieH,  (ee.  Hcneo 
Dutler  says, 

'•  Kelly  did  nil  his  feats  upon  '  . 

The  devil's  loiiking-j;la»s,  a  stone." 

In  1583  they  became  aci|iiainlcd  with  u  ci  ilain  P<ilisli 
nobleman,  then  in  l'.iii.'liiiul,  r,aiiu<l  Allien  Luski,  a  piTs<in 
equally  adilicleti  tu  ^  uno  ruliculuus  pursuits :  he  was 
so  charmed  with  Dec  and  Kelly,  thut  he  persuaded  them 
to  accorapatiy  bim  to  his  tiative  couiiliy;  by  whosv 
meant  they  were  introd«jc«»l  to  Rodolph  kin)(  of  Bohemia; 
who,  though  a  credulous  man,  wsu  soon  disgusted  with 
their  noosense.  Tbey  were  .afterwards  introduced  to  the 
hing  of  INllead,  but  »'ith  no  better  success.  Soon  after 
ly^the/weie  entertained  at  the  caitlo  of  a  rich  Bohe* 
mm  MUeman,  where  they  lived  for  some  time  in  gnat 
•Bnenoa }  'owiiiBi  a*  tbejr  hNattod*  lo  (heir  an  of  tnnemu- 
Mion  hy  meant  efaconunpowdcrinthepoaicmionofKclly. 

Dee»  Ne».qmneUiimwith hit MUfuMt, qniticd B»> 
hemie,  and  nslumcd  to  En^and,  when  he  wni  oMM  wom 
encsously  ivceived  by  the  queen  ;  who,  In  IdiS^Mde 
htm.  warden  of  iMancheitir  college,  in  which  town  here* 
silli  J  1  1,(1  \cai'.  In  l()i)4  he  returned  to  lii)  house  at 
AJwiliaki  ,  \\\nic  tie  <lie>l  in  lf)OS,  at  81  years  of  age; 
leaving  u  large  Kiinily  and  mas.',  i,i<rrks  behind  him. 

The  books  thai  »  ere  |)nnteii  ami  [iablished  by  Dee,  are, 
1.  Propirdutnula  A|ili<ir'i»tic.i,  (SiC.  in  1,'>/".S,  in  lu'mo. — 
'2.  Miiiiii>  I  lierogl^  phica  lid  Hegi  m  Komaiioiuni  Miiximi- 
h.uijin  :  \'>(<l. — 3.  Kpistulu  iid  eMlniuiii  iliiri!.  Urbiui 
iiiallieinuticum,  Ficdericuni  Commandinum,  pretixa  libel- 
1(1  Machonieli  tiagdudini  de  Superficieruin  Uivisionibus 
.&c  ;  Ij/lJ- — I'He  llriti'-ti  Monarchy,  otlirnvise  called, 
The  IVtty  Navy  Royal  ;  \.=>7G.—j.  Treliici'  Mallieniuti- 
calto  the  Knf^iiih  l^uclid,  published  bj|» Uenry  Uilling^ley, 
J$70:  ccrtumly  a  very  eatkMia  and  dahoraie  comimsi- 
tion,  and  where  ho  Mys,  many  mote  arli  are  whoUy  in- 
*ented  by  name,  definition,  prt^tty.  attd  vm,  then  other 
<lm  Grecian  or  Roman  marirnwMicinha  haw  left  to-  our 
hnowMie^— ^  Divers  and  many  annottlhma  nnd  inveiH 
tionsditpemed.and  added  after  the  lothbook  of  Koglish 
Eoclid ;  1570<— 7.  klpistolaprefix^t  I  phemeridibuB  Joannis 
Feldi  it  IS5T,  cuirationeni  declaravurat  Fphemerid*^  ron- 
scribendi. — S.  ParallaiicsCoramenl.ilionis  Paxensque  Nu- 
cli  iil;irii  ;  lo7.'!. 

(  ills  I  autlofjue  (if  Dee's  piiiKed  aim  |mljli'.:ied  uorks  is 
Ig  be  found  in  liis  Compendious  H.  tiiarsal  6:1:,  as  well  an 
in  bi$  lettt^t  to  Abp.  Whitgift :  and  from  the  same  places 
oii^ht  be  transcribed  more  than  40  lltlCB  of  booht  lUlpab- 
lishcd,  which  lie  had  written. 

DEFENCK,  111  >}!'iri-s,  is  used  for  any  thing  th.ii  ^em  ". 
ti>  pcesenrc  or  scieen  the  aoldien,  or  the  place.  So  .the 
POTpilif  imriu,  mwrnilii,  xavalim,  Mtd  o«t^rhii»  tint 
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cover  lh<  'place,  an-  c«lled  the  defence's,  or  cover-*  ot  (he 
place:  ami  when  ttie  Ciim  ,11  Im.i'  beaten  down  or  ruined 
these  works,  so  tlial  the  men  cannot  tight  under  Cover,  the 
defences  nf  the  place  hre  said  to  be  demolished,  • 

Line  o/Dr.rrnCf.,  is  that  vkhicb  flanks  a  bastion,  being 
drawn  from  the  flatik  op[x>site  in  it.  1  he  line  of  defence 
sbouM  not  exceed  a  musket  shot,  i.  c  ISO  fathoms : .  in* 
{Iced  Melder  allows  IMi,  (tchciirr  140,  Vaahan  nod  l^ohi 
150. 

lim^D*mct,_gnut^,  at  jManf,  n  m  Ihw  dnwn 
from  the  point  of  the  basltoa  to  the  eonconne  of4hr  op^ 
poHle  flank  nnd  cuitiB. 

Cdttff  OBrencB,  hmtf  orviMMl,  or jfaafnanf,  b  the 
ftce  of  the  beation  contintwd  to  the  mnin. 

nKFKRENT,  or  Deferens,  in  the  Ancient  A^trllnI^- 
my,  H^lmaginary  circle,  which,  as  it  wore,  carrier  about 
the  bdTii  (i|  a  planpt,  and  is  the  same  with  ihe  cxcentric; 
Ipfini;  invented  to  account  for  the  excenincilv,  perist-p, 
and  Hponec  of  the  planet.i. 

DI  l'irillNT  Hypcil/ol'i,  Is  n  curve  toning  only  one 
asynipti  n  .  tium^li  two  Inih-rbolic  le>;s  ni lining  out  inli- 
iiitely  i>\  the  side  ot  the  asy mptutiv  but  contrary  ways. 
See  Ci:  RVE. 

This  name  was  given  to  the  curves  by  Newton,  in  his 
Enumeratio  Linejirum  tertii  Ordinis,  'lliere  are  6  diflSet^ 
«nt  species  of  them,  which  have  no  diameters,  cxpresveil  by 
therquatipm  Jjqr  <«■  ty  =  —  ax*  bx*  -t-  cx  d,  the  terra 
«r'  being  negative.  When  the  equation  *i*  ^ki*  at* 
•t-dx  f  ^ehai  all  its  roots  real  and  meoiMl, the cwtvehae 
an  oval  joined  to  it.  When  the  two  midille  raalBU»ci|mJ, 
the  oval  joint  to  the  1^,  which  4ken  cwt  one  another  in 
ahape  of  a  nooie.  Whmi  diree  tools  arc  equal,  the  nodus 
la  chaaged  into  a  very  aeole  cusp  or  point.  When,  of 
&iee  roots  with  the  same  sign,  the  two  greatest  arc  equal, 
<he  oval  vtnishrs  into  a  point.  When  any  two  roots  are 
inia!;iiM|ry,  there  is  only  a  pure  serpentine  hyperbola, 
without  any  oval,  decussation,  cusp,  or  conjugate  point; 
and  when  theteimeA  and  Wni»  wantfaig^it  iaof  the  Ah 

species. 

I'lL  iv  are  also  7  different  species  ofthciecwrfn,  having 
eacii  one  diameter,  cxpr«-»sed  by  theabore  equation  when 
tile  d  rni  is  unntitig  :  according  to  the  various  conditions 
of  the  roots  of  the  equation  or*  SB  cx  ■«-  d,atloth<iir 

reality,  equality,  their  having  the  MUOe  ilgns,  OrtWOOf 
them  beini;  imaginary. 

Deiicient  Ntimhert,  are  those  whow  aliquot  [wrU 
added  together,  make  a  sum  Ip»s  than  the  whole  number: 
as  8,  whose  pens  l,  2,  4,  make  only  7 :  or  the  ramhier 
16,  whose  parti  i,  2,  4,  8  make  Oldy  lA. 

UEKILK,  in  ForUAcation,  a  narrow  line  op  passaM 
through  which  troops  can  pas%  ^nly  in  lile,  making  a  smdl 
front,  so  that  the  enemy  may  easily  >top  their  march,  and 
dMU]|e  them  with  the  more  advantage^  aa  the  front  and 
tear  cannot  come  to  the  relief  of  one  enother. 

DEFINITION,  an  enumeration,  or  specification  of  the 
chief  simple  ideas  of  which  n  compound  idea  consists,  in 
order  to  ascertain  or  explain  its  nature  and  character. 
Definiiidiis  are  of  two  kinds  ;  the  one  nominal,  or  of  the 
iiiiiiie;  llie  ntlier  real,  <ir  ot"  itie  tliin!;. 

Siimiiiitl  I)  K  >■  IN  ITION  ,  rs  ;i  ;i  <; ruiinrra I idii  (if  iiuch  known 
eliiii  uclei^  as  are  siitiicn  n:  Inr  ili-ti;>;^iii«liiiii;  any  proposed 
tiling  lioin  others;  as  is  that  of  a  square,  when  it  is  said 
th.tt  it  is  a  quadrilateral,  equilateral,  rectangular  figure. 

Real  DariyiTiON,  a  distinct  notion,  explaining  the  gc> 
nmie  efa  thing!  tbttin  howlht  thiiigiiBmdeardone: 
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a^  I-  iIjis  (ivfiiulion  of  n  ckcIp,  viz,  that  it  it  a  iigare  ilc- 
icrilw'il  hv  tlio  motion  ot  a  riglil  litu-  uI  m  :!  ;:  (\\ri\  jKfiiit. 

Dliri.l.Cl  I(IN,  the  fiiriiiiiK  iii>'  tiiwii;  d'-iiii'  tiom  its 
fornier«cour»v,  liy  s"!w  lulvcntilious  i)r  i  Nti  rntil  la-.m  . — 
The  word  is  oftrn  applied  Lo  the  teuiirjicy  of  it  kiiip  frvitn 
hrr  truu  cours  ',  In  reMM  of  cwmiti, ttc*  wUoh  lorn  her 
out  of  tj(  r  itglil  way. 

Deflection  (J^ the  Rn^s  of  Ijght,  is  •  pit>]iiTty  wliirh 
Dr.  Houke  olMcnvd  in  Xblb.    Hi-  found  it  diffiuent  faotb 


from  reSection  and  n-fniction  ;  and  that  it  *U  wuilt  ftf  5,  ^ 
prndicularly  lowards  the  *uilHCf  of  tbc 


lately  calculuted  llmr  new  TrinoiRimetricul  l  aUlc^  on  nil 
entm- decimal  division  of  arcs;  viz,  firvt  dnidiog  the  nua- 
drant  into  100  drerpps,  .Tnd  tliUM-into  Hct'imnli.of  dogi-eo*. 
Ilui  II  ;i|)|irars  l.y  Mr.  Crrtblrci  "s  IftK  r  \->  .Mr  (»a.scoigne 
(imi  iiior  of  the  imcromi-t.  r)  Auc.  7,  1640,  that  both  these 
g<-nll<  nn  ri,  as  wflj  as  ihcit  nuiiu.il  friend  .Mr.  HomHI» 
hHil  proji-ctcd  ihoM  tablo  by  h  complete  diciinii I  diviiionj . 
the  whole  «rch  heins  dniiled  intu  100,<M)n.0<X)  (.iitls. 
See  Pbiloi'.  I  rans.  vol.  'i7.  pa.  TV);   or  my  Abridg.  vul. 


c  vaneam  biriy. 

Thn  ii  the  eame  property  which  Newton  calls  inRection: 
ud  hy  Mkm  it  i»  «aiUecl  diffraictioo. 

DICORBE,  hiAlgAn»  hoied  intpedciiif  of w|i»iioitt, 
liben  they  ere  Mid  to  he  of  such  a  ilej^nv,  uieiwding  w 
lt«  highest  power  of  tht  UBknown  quuitiity.  If  the  iiM«B 
of  that  power  be  2,  the  MaalioB  it  of  Ike  9d  4«gp«e{  if  il| 
it  i»  of  the  3il  degree,  and  to  mw 

OEORKc.in  (Jioinctry  or  Trigonometry,  i*  the  .'«tlOth 
part  of  tbr  circumference  of  any  circle  ;  fur  ewry  circle  is 
Considered  as  dividid  inio  .'Um  |>«rl»,  calUn)  <irsri-i'!t; 
which  arc  marked  by  «  small  iiewr  the  top  of  the  titure; 
thu*  tS*  i»  44  tJi^rei-!..  I  n  •  di  ^r' e  Is  5uLidm<led  into  00 
smaller  parft,  call'd  iiuiuiii-s.  iiir;iriin2  tirst  minutes;  the 
minute  ititii  (>(»  otiicrs  railed  s<  i  ^.m.^s  .  iln'  '.i  ct.'nd  into  CO 
4hirds;  ttc.  Ihii5  4.i'  Vl  20 '  inii>t  be  nad  45  degre«, 
19  minutes,  20  »ecoiids. 

The  OMnnilade  or  quantity  of  anijtes  i;  reckoned  in  de- 
gTOs;  ibr  becouiirof  the  umlunn  curvature  of  a  circle  in 
all  ifaifUtBi  M|ual  angles  at  the  centre  are  oublemkid  by 
eqml  nrc*i  end  hy  •imilur  arcs  iu  peripherics  of  dilfeKnl 
diomeleht;  .Mul  Mi  nnalo  i*  said  tu  be  of  lu  many  degraeii 
at  aR.cantniani  ki  tke  arc  of  any  circle  comprehvndcil 


Dsn  a  V  e  o/*  LufiOkfc,  it  tbc  npnco  or  difttance  on  the  nM> 
ndian  through  whiehanobseAiernrast  novo,  hi  vary  bkttti* 
tilyde  by  oae  dcnice,  «r  to  increate  or  diminitb  the  dib- 
taato  of  a  ctar  from  tbaaeaiih  by  <me  degTcei  «id  wMeb* 
ootbe  ^uppotiitanoftbe  perfect a|ihcricity  of  theeaciji,it 
the  S601I1  part  of  the  laetidikn. 

The  C|amtiqr  of  %  degree  of  a  meridian,  or  other  firmt 
oicleT  on  the  turfiiCBor  tiie  earth,  is  variously  det«-r)itiiird 
bv  different  obeerven;  aad  Ike  atetboda  nuide  me  ofai* 
hIs*  variou*. 

Kral"sllii'ii<-.,  250  years  Ui'orr  f"hii>i,  iS  ii-rn  ic'd 
the  mciismi-  ota  ttr^n  !■  of  tl,"  menduii.  !>rt»<.  11  Alc\,4ii- 
dria  and  Syi  iie  on  tin  iiordets  ol  K.I liiopi.i .  \i\  riu'.isiirini; 
the  distance  bn-tivi  rn  tlio>.,'  pltucs,  and  eumpuring  It  With 
the  dtirerencc  of  a  stin  'v  /< mih  di^taiicek  ia  thO  MOie 
places ;  and  found  it  to  be  (i.<J4'  siatlia. 

Posidonius,  in  the  time  of  I'ompey  the  Gfual,  by  meaM 
of  the  different  altitude*  nf  a  star  near  the  horimn,  taken 
at  diH'erent  pla<es  under  the  sami'  ineridinii,  compared  in 
like  manner  uitli  the  flistnni  e  between  thoac  places,  db> 
tennined  the  length  of  a  degiee  to  be  onlj  (iOOstadia. 

Ptolemy  &trt  the  dMiw  at  (M|  Arabic  railet,  counting 
7i  ttadM  to  a  nilo.  'ne'Aiabt  tkAaiehm,  who  made  a 
bctwecm  tke  Iqp  of  tke  angle,  aad  kaviiv  tke  aajgnlaa   coaiiiBlalioa  of  iba  dbmeter  of  the  eortk,  itf  mmaurioi; 
point  tot  iti  MBtrOb  'llitia  we  lay  an  angle  of  90^«    M   tke  dntance  of  two  placet  ander  the  tame  meriilian,  in  tha 

piairn  of€ennar,  hyoiderof  Almataon,  make  it  only  66 
miki.  Kepler  .delermhfed  tbf  diameter  of  the  earth  by 
the  tflitance  of  two  mountains,  and  makes  a  degjiv  13 
German  miles ;  but  his  methcHi  \%  far  from  being  accu- 
rate. Snell,  by  teeking  the  Uiamoter  of  the  earth  from 
the  distance  between  two  pjriilkls  of  tin-  i  cjuator,  finds 
the  qu.mtity  r.f  a  degfe, 

by  one  nielliod  .irofit  Paris  t<HNt-s,  or  ;i  t^38+ feet ; 
h\  rin'-ther  in<  rli.  570j7  -  tois<><,  or  .')l'.;j4','  tVcf. 
1  he  im;,ii  bi  tni  rn  « liirli  lw<i  iiHiiibers,  M.l'icard  found 
!iy  riiriiMiiatioii,  III  l(i()<),  from  j\  mi  ens  U>  Malvvisin,  to 
br  t))e  mtm  accurate,  and  he  makes  the  quantity  of  a  de^ 
groe  S7060  loiscs,  or  S423(i<)  feet  However,  .M.Camilli, 
at  the  king's  command,  in  the  yejir  1700.  rt'poaied  the  same 
labour,  ami  mebsiiriug  the  space  of  18',  from  the  ub- 
serTBtory  m  Puris,  along  tbo  Hn-rMtan,  to  the  city  of  Orf* 
lioure  in  lloiissillon,  timt  life  greatncM  of  the  interval 
might  diminitb  theiriTor,  AnM  tke  leiMik  of  tke  drgiea 
eaual  m  ATaStttaiici,  or  343749  Parit  net,  amounting  to 
3fiSlS4En^feet. 

Alid  tUs  account  nearly  agrees  ^ith'.  Ihit'tif  ow  C0D«> 
tryman  Norwood,  who,  about  the  year  l6'35,  imumwej 
the  diiiance  bt^een  London  and  York,  and  Ibond  that 
distance  to  be  Of)')7.'>l  I'nglisli  feet  ;  tlir  ilitli  reiic<-  of  lati- 
tude lu  Hii;      JS';  hi  nct  ,  he  di  icrniiiii  J  the  quaiilily  of 


.M"  S4V  or  of  1 2"  20*  30^.  It  is  alio  ostial  to  tajr,  MKft; » 
ttar  it  so  many  degrees  above  the  boriion,  or  dcclinet  to 

many  degrees  from  the  equator ;  or  such  a  town  is  situate 
in  so  many  degrees  uf  latitude  or  longitude.— A  sign  of  the 
ecliptic,  or  sodittL,  coritiuii>  3ii  lUuiees. 

The  division  ol  the  circle  into  J60  degrees  in  usually 
ascribed  to  the  Egy]itiai»,  probably  from  the  circle  of  the 
nuns  annual  courw,  or  according  tu  their  number ot  days 
III  the  ye.ir,  aihinnga  ilegree  to  <ach  day.  It  i$  a  conv<- 
iiient  number  too,  as  admitting  uf  &  great  many  airquot 
jsarts,  as  2,  3,  4,  5,  <),  8,  9,  Stc.  The  se.xagi'simHl  subdi- 
vision, however,  has  often  be^'n  cuiidemiied  as  improper, 
by  many  eminent  matheiuaticians,  as  Stevinus,  Ougbtred, 
Waliit,  Brigvs,  (iellibrand,  Newton, &c;.'  who  advist' a  de- 
cimal division  instead  uf  it,  or  else  that  of  ccntcsms  ;  as 
tkydngwainlo  idOparttj  and  each  of  ihe«r  into  100  (xirts 

7iia,  and  ao  OB.  aieviauseven  holds,  that  this  division 
dte  clickruWck  ha  coMondt  for*  obtained  in  tko  wise 
agi»  'hiK»itilii^pie»ti.  9lev.  Cbamog."  lib.  t.def. 
'Aild  aMiHil'lirifge  tables  of  sines  he  have  been  coiutrocted 
acGOTding  lo  that  plan,  and  published,  by  Hriggs,  Newton, 
and  others.  And  I  myself  havT  carried  the  ideastill  much 
(arthcr,  in  a  memoir  publi<ih«i  in  the  Philos.  Traiw.  of 
1783,  Cr>nlaiiiiiig  a  propi  s-,;!  fm  .1  new  disi»ion  of  the  qua- 
drant, vi»,  into  p(|u.ii  <i(  1  iiiial  parts  of  thr  radius;  by 
which  mentis  die  dei;rtivs  orduisions  of  the  arch  would  be 
the  real  len^^itis  of  the  arcs,  in  terms  of  the  radius:  and  I 
1;  nc  ■,  iiri'  ci)ni|iuted  those  lengths  of  the  arcs,  with  their 
tioes,  &c,  to  a  great  extent  and  accutai^y.  Sec  my  new 
TtMli,  vol.  St  !>■•  m>  Tka  Rmiek 


iini  ih  .;iei'  at  3(1/ UMi  Kn^lish  fret,  or  57300  I'aris  toi^es^ 
or  (io  inilis,  '.'.S^;  \nrils.  Sei'  Newt.  Prine.'Phil.  prop,  ly; 
Btid  Mist.  Acad.  Scum  -  nun  >  I/i/ii,  [la.  l.V". 

M.  Casaiui,  the  sou,  coini>leted  the  work  of  meaauriim 
tka  whflla  aiG  af  Ike  meridwa  thi«a|k  RraaCCb  ia  17l«* 
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to  perfonn  which,  he  dmdsd  th*  mcridtaa  of  Ftanoe  inM 
two  arcs,  which  hrtneatuivt]  vpanitrly. 
Th«  one  fcotn  Parn  to  CoHiuurc  gnve  him  iJO^T  toisn : 
tlie  otiior  from  Paris  to  Dunkirk    •       •    .^tiptio  ;  and 
ihi-  whole  arc  from  Dunkirk  to  Cullioure  57060, 
ihc  sninr  .is  l'ic;ir 

M.  Mu^clH'Utiioek,  in  17i'<'',  nMilM>i  id  i_i>rri  ct  iln  i  r- 
ti'fi  <•(  Snell,  ami  found  I  v  purticul.ir  ubiorvuiioii^,  ihm 
thi-  <!cffrfi'  bptwiftt  A)cmrfcr  uini  Bcigclt-oji-^uoin  tL>tHiiirit-d 

McsMi-ur^  Mttup«-rtuis,  Cluirnut,  Camus,  Muiixicr,  and 
Oulhlcr  t»f  France,  wore  94'in  on  a  northern  expedition, 
and  bu^an  their  upt-ralions,  astiiitrd  by  M.  Cflsu;,  an  cini- 
i]ciit  a»trononier  uf  Swi'drii,  in  Swcilish  Ijipland,  in  July 
I73(),  and  finished  them  by  the  end  of  May  followinc. 
They  ubtaiiK'd  the  mi-iHurc  6f  that  degree,  wrhose  middle 
puim  was  in  hi.  (i&>  UO'  north,  and  futtnd  it  17439  hmct, 
wbrn  reduced  to  th«  level  of  the  wa.  Ahout  the  mim 
time  aaotlicr  oanpaay  ofphilotophen  wn  arnt  to  Sontli 
Amnici,  vii,  MowHiDCKifiD,  BwWMvr,  and  Cwpdkmilw 
of  Finct,  with  whom  won  Don  Jatis  Jam,  nnd  Doo 
Antufflo  de  UIIos  of  Spun.  They  left  Evtspe  in  1733, 
and  btfijtn  their  operations  in  the  provinoe  of  Quito  in 
Peru,  about  October  17<36,  and  finished  them,  after many 
interruption.^,  iihout  .s  vfiir>  :il;rr.  'I  lir  S|Kiiiisli  ccntlc- 
men  publishi-ci  a  !icp.irH[<  acLoiinl,  aiul  a^^^l;uc^^  l<ji  lln- 
lavAstire  of  a  di^ree  of  the  ttipnilia".  ut  tlir  iM|ii:it(ii- 5(i7()8 
toiscs.  M.  Rouguer  makes  it  5h75J  toises,  when  reduced 
lo  ifirj  level  'jf  the  Ma;  tad  M.CondnHiiae  ttntctital 
56749  toi*es, 

M.  Laeaillc,  being  ot  the  Cape  of  Gimil  IIv\k-  in  17.i2, 
found  the  length  of  a  degree  of  the  meridian  in  lat. 
.13"  18'  30"  south,  to'  be  5703/  loises  ;  but  in  1755,  fa- 
ther Boacovich  found  the  length  uf  a  degree  in  lat.  430 
north  to  be  5^972  toises.  as  measured  between  Rome  and 
Rimini  in  Italy.  In  the  year  1740^  Messrs.  Cassini  aud 
Lacaille  again  examined  the  ibfnwr  Dcasures  in  t-'nince, 
nd,  eflier  OHtUag  «ll  the'ncoetiafy  oomctioas,  found  the 
Mmuie  of  n  dtgic^  whoie  middle  point  it  in  Ut.  40^23' 
itoith,  to  he  J7074  toiMi(.4Bd  la  the  let.  of  M^  it  was 

In  17^4^  Beccaria  completed  the  iDenmramcQt «(  a 
portion  of  the  meridian  near  Turin;  from  which  il  it  de- 
duced that  the  length  of  a  degree,  whose  middle  Itt  is 

44^  44'  north,  is  570174  Paris  loiscs. 

At  Vienna,  J  degrees  of  clio  incriiliin  were  nitasurcd  ; 
and  the  medium,  for  the  latituilc  o!  47"'  40  uorlh  may  be 
taken  at  57i)I^  l  i^in's  toiset.  Sec  an  account  of  this  mea- 
surement, hv  liithiT  Joseph  Lieiiganig,  in  the  Pbilofi, Trans. 
1768,  1,1. 

In  the  same  voi.  there  is  aU<j  un  utcount  of  ihe  mra- 
«urement  of  a  pert  of  the  meridian  in  Miirj  luiu!  uixi  I'cn- 
tylvania.  North  America,  I76(>,  by  Mcusri.  Mason  and 
Dixon  ;  from  wlnrii  ii  appwus  that  the  length  of  a  degree 
wh<>«e  middle  point  is  3SP  12'  Dorlfa,  is  36S763  English 
fi ft,  or  :)G90*i  Peril  toitei. 

ftottt  Uie  trigpnometrical  mrvey  of  England  end  Wales, 
conpic  led  in  ISOS,  ander  the  difecit(4k  of  Licut.-cul. 
MnJge, 


FolMider}  and  from  the  aceoaet  of  tbefar  operatient,  peb- 
liihed  bj  M.  Swanberg,  the  length  of  the  degree  in  lat. 

66f  SO'  XCf,  h  (>.9'2689  English  miles.  From  a  compa^ 
rison  of  this  re^sult,  with  thoct  from  the  mrasuremrnle  tokitn 
in  Peru,  the  East  Indies  ami  1  nmce,  M.  i^^'anberg  de- 
(iuces  !i  ini'dn  .,1  ,4^  l<'r  tl,.  eLifticuy,  aOdSSfidlWmilto 
liir  till-  I  r|uii:,ii mi  r.nlius  ui  llit-  i-urlli, 

III  1  SOJ  Ci  iloin-i  I.ambtnn  also  im  asiirril  a  <!(  ;;ri  •■  in  (l;e 
Eiut  Inaii-v.  iirjTtli  )ut.  is"  32',  which  he  iiiiulL  i.'ti'/  f*> 
iiiilis.  Uin  ihc  ]atcit  measurement  of  this  initnn-  ii  ilrjt 
uf  the  mrndian,  compriacd  betwi'en  Uarcelcmii  in  bpniii 
and  the  Belearic  isles.  This  meridian  had  U'koic  beerr 
mcajiurcd  by  Messrs.  Mechaiii  and  Dekunbre,  irum  Dun- 
kirk to  Barcelona,  and  the  two  Freoch  mathrraaticiaiis 
Biot  and  Anigo,  with  the  Spanish  commisstum  rs  Cliaix 
and  Roderiguez,  were  appointed  to  Cfintinuf  ihc  line  to 
tho  una]  I  island  of  Formentma.  The  Jet.  of  ihi*  iiUad 
wa» found  to  be  38**  40',  thatof  DunhirhM**  S'i  audlhedip 
ttance  between  the  two  places  lS7M9S'73mi*tm:  hence 
&  degne  i>  onnal  to  fi876'9  Engliah  miieaj  and  119  auddle 
lalktide  , 

The  following  tables  colicctei  ftvm  Ihe  precefling  ac- 
counts, shows  at  one  view  the  several  lengths  of  a  degree,  as 
measured  in  various  parts  of  the  earth,  with  the  line  of  il» 
mca^iurf niriii,  ihc  ri.iuiiirv  111  wliich  it  wa.s  niunsurcd,  tha 
ijiuiii'ii  ut  the  (nimuier!',  and  ibc  Int.  of  the  nuiidU:  poiut:. 


Dale. 

Luiiudt. 

miles. 

CtaoiMAaib 

1525 

4y» 

68-763 

M.  Furnrl 

France 

l«20 

52 

4v. 

66-91 

Snell 

Holland 

^3 

15N. 

69-545 

Norwood 

Endaad 
11^ 
fMnee^  ' 

1644 

75066 

Riccioli 

1^69 

*9 

22  s. 

68-945 

Picerd' 

1718 

49 

22  k. 

69"  119 

CasMni 

France 

1737 

66 

20». 

69403 

Maupertuis 

Lapland 

1740 

*!) 

22  N. 

69- 121 

7  Ca«slni  &- 

France 

1740 

45 

Ok, 

69-092 

y  Laicaille 

France 

17  w- 

0 

0 

6S-7.51 

Juan  \-c. 

IV  r  a 

17+4 

0 

0 

6S732 

BougUiT 

Prru 

1744 

0 

0 

(is  7  1.1 

Cr>ndamine 

Peru 

1752 

33 

IS 

^)0•o7^ 

[.acaillo 

CapeofG.H. 

1755 

43 

Ox. 

6K-.<)<)S 

Biiicovich 

Italy 

1764 

44 

4t  N. 

■  0"i  !  Od'l 

Italy 

1766 

47 

■10  M. 

LcisiJHnio 

Cicrrniin  V 

1768 

39 

10  y. 

Mason  &  D. 

America 

180S 

51 

30  >• 

'  6  9146 

Mudge 

Bngland 

1  (803 

Cy6 

20  N. 

69-292 

Swanberg 

Lapland 

1  ISO.'! 

1? 

68-743 

Lambton 

India 

1  ISOS 

+4 

52  N. 

68-769 

Uiot  and  Ar. 

France 

1^  four  d«g^  of  the  meridian  wen  mcMOied ;  the 
1  latitude     which  was  51°  3iir  541",  end  the  naaa 
leMth  of  a  dtgrae  11^1457  £n(Uib  mthi. 
The  reraeasrirement  of  a  dt^rae  in  Lapland,  at  a  eoi^ 

trection  of  the  former  Frcnoh  operations,  wu  paifamed 

daring  the  ^car»  1801,  ISOS,  and  ISOS,  by  theSwedith    litude  between  ^hero:  then,  by  proporiiun,  as  tbu 
■Mhcnatiaaii^  Ofvecbonv,  Swanhei|u  Uolipiiiiiiti  and  lewe  of  laliMde  it  to  em  ^lyM,  toji  tha  ^totonied  bogth 


The  diiterence  between  Swanberg's  and  .Viaupertuis'  re- 
sult, taken  in  the  Mue  place,  was  owing  it  seems  to  the 
latter  having  omitted  to  allow  for  the  difference  uf  K-vel  in 
the  measurement  base,  above  the  sea. — On  the  whole,  it 
seems  thy  length  of  the  middle  degree,  or  44*  of  lat.  may 
be  nccuuuted  69,'b  miles. 

The  method  of  obtaining  the  knglb  of  a  degree  ,ef  the 
terrestrial  meridian,  it  to  measure  a  certain  distance  upon 
ithy  a  tenet  of  trian^cit  whote  aaglct  miy  be  found  kf 
obseraation,  oonnocled  with  »  base,  tlie  length  of  wbick 
way  be  takoft  by  oa  nctMl  mn^,  or  otherwite;  and  to 
eboenre  the  dMferent'eliitadet  of  tome  star  at  the  two  OKr 
tremities  of  that  distance,  wliich  gives  the  difference  of  Jap 
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to  tke  IcngUt  of  one  ilcgivc  Of  the  mrridian  tonght ;  which 
mctlMMl  WW  fint  practised  by  EraiostheiKS,  in  Egypt. 
See  Eabtm.  Gcoaul  pii.t,  and  the  bvginnint  of- tin  ar- 
ticle; aho  Dr.  T.  Younj^a  Fbilo*.  voL  8,  fiir  a  lilt  of  wri- 
(ingf  on- tills  fobjcet. 

It  apftean  that  the  meridioMtl  d<greel  of  an  dlipind  Mi- 
cnasc  fmrn  il)e  equator  tO  the  pole  very  nrarty  as  the 
iquarv  of  the  »nv  of  the  latitude.  And  the  length  of  the 
dcgri'-.-  at  utiy  pncit,  is  to  !;ic  Instil  at  liie  equator,  accu- 
nitcly  u4  tilt:  tube  ul  ,1  iaiL-  <li^\tn  purallul  to  the  plumb 
line,  frMiu  it  point  in  the  axis  equuiMniit  Irom  the  ci'ntre 
witli  the  equator,  and  terminating  in  a  point  of  tin-  plane 
of  till-  <i(uator,  to  tlio  cube  of  ihc  line  dr.iwn  from  tliii 
point  to  the  true  pole.  Or,  if  e  be  the  cllipticityi  and  < 
Uw  dM!  of  the  latitude,  the  Icoglh  of  the  dcgnte  «iU  wry 

DcsBXKqf  iMjAwtr,  w  the  (pace  between  t«o  nieri< 
diantihat  make  an  angle  of  1*  with  each  other  at  the  poiei; 
Ibc  quantity  or  length  of  which  i*  tariablei  according  to 
the  latitude,  being  ereiy  where  ai  the  cotine  of  the  lati- 
tude; viz,  nil  the  cosine  of  one  lat.  iito  the  cosine  of  ano- 
ther, f'l  is  the  length  of  a  ilcj»ree  in  the  former  lat.  to  that 
in  the  latter;  and  from  tins  theorem  ij  computed  the  fol- 
lowing Table  of  the  length  of  n  di-i-rei- 'if  long,  in  different 
latitudes,  supposing  the  earth  to  tw  a  [KTfect  sphere. 


I»f 

irillr*. 

Urg, 
Ui. 

Kngl.tli 
iuiIm. 

1>I. 

0 

d!>07 

31 

59-13 

(il 

33-45 

1 

G<)  06 

32 

58-51 

62 

3  2  40 

2 

09  03 

33 

57-87 

63 

31-33 

3 

r>S-')7 

3  + 

57-20 

04 

30-24 

4 

35 

56-51 

65 

29  15 

5 

63  81 

30 

55-91 

66 

2800 

0 

6302 

37 

55-10 

67 

2690 

7 

68-48 

38 

5437 

68 

25-85 

H 

68-31 

3!J 

.5362 

69 

24-73 

9 

08-15 

10 

52-85 

70 

23  60 

10 

07-93 

41 

52-07 

71 

22  47 

U 

07-73 

42 

51-27  ! 

72 

2rJ2 

12 

(17 -48 

43 

50-49 

73 

20-17 

13 

67 'il 

4  + 

4  '  63 

74 

19-02 

14 

66-1Ji 

45 

48-78 

75 

17-80 

15 

(MJOa 

46 

47-93 

76 

16-70 

lt> 

00-31 

47 

47-06 

77 

15  52 

17 

65-98 

48 

46- 16 

78 

14  35 

IS 

C5-62 

ti> 

45-2«  ' 

79 

13  17 

li> 

63-34 

50 

44-33 

1  1-98 

20 

0484 

51 

43-42 

<i\ 

10-79 

21 

04-42 

52 

42-48 

82 

9-5g 

2'i 

(j3"!)7 

53 

41-33 

83 

B-41 

a 

23 

63-51 

54 

4056 

84 

721 

24 

8303 

56 

39-58 

83 

6-00 

M 

25 

62^5$ 

SO 

3V5S  1 

86 

4-81 

26 

eroa 

37 

37-53 

87 

3-til 

27 

6148 

5ft 

36-57  1 

88 

2  Vl 

2H 

60-93 

59 

3554 

80 

1-21 

M 

60-35 

.  CO 

34-50 

90 

0-00. 

* 

SO 

&9^^i 

l^t|£9|j^'ibibie  iLCompiAed  on  the  supposition  that 
iheM^P^^C!ll^ip«^BM^  of  the  rquuior  are  equal  to  those 
of  the  mendHH^^Byi^uin  latitude  of  which 
length  is  €9^  EapTi^Sp^Mariy. 

BtU,  taking  the  eartbla  a  spheroid,  the  di'gree  of  longi- 
tude mey  be  found)  in  aay  given  latitude     by  saying. 

Vol,,  t. 


1st.  As  the  equatorial  diameter  is  to  the  ^ar,  so  is  taag. 
(90°  —  Of  to  taiiig.  of  an  aiigia     Aen  id.  At  radias,  to 

sine  pf  0,  so  is  the  length  of  a  dcgine  of  fhaeqmwr  lo  the 
IftaAh  of  a  degree  on  the  pomllel  of  Ae jpTin  iaIittMleb 
.  DEINCLlNfiRS!.  orDuiiei.iMi)to  ZMofr,  are  such  aa 
heg^^^inc  and  indine,  or  recline,  at  the  &ame  time. 
rnthmt^  for  instance,  a  plane  cutting  the  prime  vertical 
circK  at  an  angle  of  300,  and  the  tn>ii!<intal  plane  at  an 
aiijLile  of  .^  V",  the  latitude  of  the  [tiare  lieiugSS^l  a  dial 
drawn  on  tin-*  plane,  is  called  a  lii  indiner. 

Ul'.l.l.ACAl.  Pr,:liit-tn,  a  celebrated  jiroblem  among  iho 
aiicii-nl-i,  coiici. nil;.;  tin'  dnpliraiion  of  the  cube. 

DLLISLI..    s,.  Lis, 

DI-".1.HIIIXI.;>,  lbi'/>o//)Ai/i,u  constellation  of  the  north- 
ern hemisphere;  whose  slar.s,  id  Ptolemy's  calalugur,  are 
lO;  in 'I'ycho's  the  same;  in  Hcveiius's  14;  and  in  i-'lam- 
Stccd's  18. 

•  DEMETRIUS,  a  pyuic  philosopher,  and  disciple  of 
AiwIlooiiMThyaoeas,  in  the  age  of  Caligula.  That  em* 
peror  wishing  to  gain  tbcphilosophcr  to  bis  interest  by  a 
large  present,  he  refused  it  with  indignation,  saying,  *'  If 
Caugula  withes  lo  bribe  aie,  kt  him  said  no  his  crows." 
Vespuian  was  dispkotcd  with  Us  ta«olcnoe,aBd  haniahad 
him  to  an  island.  The  derided  the  BvniihBnLaiid 
bitterly  inveighed  agaiaft  lha  aMpcfor.  DeaMttiai  mod 
CO  a  very  great  ^ge.  Aad  Shneea  ohicfm,  that  "natara 
had  bfoa^t  fiiffl  forth  to  show  mankind  that  an  exaked 
genius  can  live  securely  without  being  Corra|Mied  hy  tiie 
vice  of  the  surrounding  world." 

Dt:Ml  ijru(io»,  in  Fortificatioa,  thtt  which  haa  only 

one  faci'  ami  onn  flank. 

Dtsit-Ciniort,  and  DKMl-Cai/rrriA,  uaiaat  of  OCItain 
species  of  cannon,  now  no  longer  used. 

DsMi-CroM,  an  instrument  used  by  the  Dutch  to  lake 
the  altitude  of  the  sun  or  a  star  ;it  m-u  ;  instead  of  vsbich 
we  use  the  cross-start',  or  fore-stafl. 

Dt)n-Gorge,  is  half  the  gorge  or  entrance  into  the 
bastion  ;  not  taken  directly  Rom  angle  to  angle,  where 
the  bastion  joins  to  the  curdn,  but  from  the  angle  of  the 
flanli  to  the  centre  of  the  bastion  ;  or  the  angle  the  two 
CUrtiiM  would  make,  were  they  thus  protracted  to  meet 
in  the  bastion. 

Dem  i-Limr,  or  Half  jwoea,aa  outwork  caniistiiigof  tiro 
faces,  and  two  little  flanks.  It  it  often  built  beJora  th« 
aqgle  of  a  bastion,  and  atwaetimes  also  befon  the  cwtiii». 
though  now  it  is  eery  laidom  used. 

DF.MOCRITUS^  one  of  the  greatest  philosophers  of 
antiquity,  was  bom  at  Abdeta,  a  town  of  Thrace,  about 
the  80th  olympiad,  or  about  400  years  bi-forc  Christ. 
His  father,  saj-5  Valerius  Muximus,  was  able  to  entertain 
till-  army  if  Xi'ixes;  and  Diogenes  Laerlius  adds,  npoa 
the  U'sliiMi.tiy  of  Herodotus,  that  the  km-;,  in  re'juitnl, 
presented  him  with  some  Magi  and  ChaUieans.  Kroni 
thr*i',  it  ^>in»,  Democritus  received  the  lirst  part  ol  his 
education;  and  from  them,  ^biU-  yet  a  boy,  he  learned 
theology  and  astronomy,  lie  next  applied  to  Leucippus, 
from  whom  he  learned  the  system  of  aton-.s  and  n  vacuum. 
His  father  dyin^,  he  and  his  two  brothers  divided  hisef-* 
iects.  Democritus  made  chuici^of  that  part  whidi  coi»> 
sisted  in  money,  as  being,  though  the  Icnst  share,  the.noet 
convenient  for  travelling ;  and  it  is  said  that  hit  portion 
amounted  to  nore  than  100  talenu,  which  is  near  SO 
thou«artd  pooads  sterling.  His  extraordinary  inclius^ioD 
for  knowledge'aad  the  sacnccs,  induced  bim  to  travel  iutu 
all  parts  of  the  world  whci*  ha  mi^t  iad  katned  men. 
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Me  went  to  the  priests  or  Egypt,  from  whom  he  Icara- 
«d  KPORWlry:  he  coiisiiltrd  tht-  Chaldnm  and  PcRian 
philMaitlMn;  Md  it  is  avid  that  hv  )i«neurftlcd  ev«D  into 
JiKli*  Hhl  Bttiii|iiat  to  confer  with  tJwGyBiiciHiihiiB.  lit 
tiMMt  travds  lie  wwmi  Ui  Mtetwicp}  «fk«r  wmcb,  it  hh 
wtuTn  be  wm  obliged  for  mum  timk  to  fat  inniitofaied  bj 
lin  brntber.  'Settling  himself  at  Abdera,  be  tbcre  (o* 
nmed  in  the  most  nb^olutt-  inantirr,  by  WriueoTbta  con* 
summatc  niMlum.  The  Dia^iHimirs  of  that  city  inndf  him 
11  pivscnt  of  500  titlents,  «ii>l  1 1.  c(pd  »tatn(%  to  him,  evrn 
in  bis  lifrtsini' ;  but  bvit\?_  Uiiliirally  niiirc  inc  lined  lo  con- 
templation lliuii  ill  lii;hlr(i  wiih  puliiic  huliuuri  uml  fin- 
ploymentf.,  tit-  « iilnlinv  iuiii  Ni>litade  and  rciiu  nu  iii. 

Dcmocriim  al\»ay»  lauj^UccI  nt  human  lifr,  u-.  a  cotiii- 
nued  tiircr,  "hich  nindc  ibu people  thmk  \tv  tiiinl  ;  lmi 
which  they  sent  for  Hippocrates  tn  cure  him :  but  (hat 
celebrated  phpiciHli  having  discoursed  with  the  philoio- 
pber,  told  the  propie  that  he  had  u  great  veneration  for 
Democritus  ;  and  that,  in  his  opinion,  those  who  estreui- 
cd  them scl res  the  must  healthy,  were  the  most  distem- 
peitd.  It  i*  said,  though  with  little  probnbility,  that  I>e- 
lt»oerln»jwt  out  bis  o»n  eyea,  that  be  mi|du  meditue 
tton  pnwHindly  on  philoaophtn)  lubjecta.  He  died,  nc- 
cofdhig  to  Diogenes  Laertius,  in  the  a6lityew  bt6ie 
AednMiRn  eta,  at  109  yewrs  of  age.  He  wutW  MiOor 
of  imny  Uwks,  which  an  loet  1  fi»ia  wfawb  l^icilnii  boi^ 
rowed  bis  phitcKophyT 

DEM0I\'R1.  (Ahiiaiiam),  a  celebnitcd  mathemati- 
cian, of  Frt  tich  uii;;in»l,  but  who  spent  nioM  of  his  life  in 
I'.ngUnil.  lie  was  born  at  Vitri  in  ChampHpm,  1(167. 
On  account  of  the  revocation  cf  the  ciiict  "l  Niinie*,  in 
\6Si,  he  lUrerroiui'd,  with  many  litiHTo,  to  take  shelter  m 
England  ;  «h»'f'  !»■  perfecteti  bis  n  ailuMDiiticul  studic-!, 
th«  fouiiil»li<iri  '  t  wh;<  h  he  liad  laui  in  h.s  own  country, 
A  inedii>crity  il  l'  'lu'.'  :jblif;e(i  hini  tn  employ  hi*  taieut 
in  this  way  in  givinn  i<-ssons,  ami  Teiiding  public  lectures, 
for  his  better  support :  in  tbe  latter  pan  of  bis  life  too,  he 
chiefly  subsisted  by  giving  answers  to  qiiotions  in  chiRCVS, 
play,  annuiliest  and  it  is  said  most  of  these  rcsponsrs 
were  delivend  ot  a  cofTee-house  in  St.  Marlin's-luiie, 
where  he  apcm  anat  of  bi»  time.  The  Principia  Metbe- 
nnHicmof  Newton,  which  chance  is  said  to  have  thrown  la 
Ua  wiy,  MOii  eonTinc«d  Pemoivrc  how  little  he  had  ad- 


it was  reprinted  in  with  great  alierttioni  and  im- 
provements; and  n  third  edition  was  ufterwards  printed. 

3.  Anouitiea  on  Lives;  fint  piintcd  1734,  in  8vo.— In 
I74t  the  ingsnionThanMi  Snnon  (then  only  33  year* 
of  Me)  paUiMted  liiiOoctrineuf  Annaitice  md  Rcvernone; 
in  whicB  he  |Mid  aone  bendmne  complimentt  to  ourau- 
Ibor.  NotHittntmdinf  which,  Demoivre  pn-M-ntly  brought 
oat  O  MCond  «dttioa  of  bit  Anntiitir>,  in  ihe  preface  lo 
which  he  pasM'd  some  harsh  refU-ctions  e|)"i\  SinipM>n. 
To  these  the  latter  gave  a  handtonie  and  <  il,  ciual  answer, 
1743,  All  A]i[:emlix,  conlaininn»fiine  Hi  nmrks  on  a  late 
book  uii  tht  »HiiH  subject,  with  unsweri  to  .some  personal 
unci  malignant  misrepresentations, in  the  pidact-  ilu  naf. 
Al  the  end  of  iin^wrr,  Mr.Slmp»>«in  roncludes,  Lai>tly, 
J  appeiil  t<:  all  in:iiil>iiid,  Mhethii,  in  his  treatment  of  me, 
he  has  not  aiscovvreU  an  air  uf  itelt-ftuilicienry,  ill-nature 
and  inveicracy.  unbecoming  a  gentleman."  Here  it  would 
seem  tbf  cuniroversy  dropped  :  Mr.  Demoivre  published 
the  Sd  editioO  of  hi*  book  in  1750,  without  any  farther  no- 
tice of  Simpson,  but  omitted  tbe  offensive  refWctioia  tbot 
had  been  in  the  preliice. 

D£MON$TBAT10N,o  certain  or  conwindng  pnoofof 
ioine  prapoiitioB ;  tiich  m  the  demomttMiom  of  the  pn>. 
poeitiom  In  Kndid'f  Ekacnlt.  The  iMthod  «f  dcBRiB- 
•tntiog  jn  iMthenmtlei,  b  the  Mine  with  thnt  of  dmwii^ 
conclutioiu  from  principin  in  logic.  Indeed,  the  demon- 
strstions  of  mathematicians  are  no  other  than  series  of  en- 
thyracraes  ;  every  thing  is  concluded  by  force  of  sylln^istti, 
only  omitling  the  premiM'S,  which  either  occurof  the  ir  uivu 
accord,  or  an  recolK-cled  by  means  ot  ((iiotatiuiis. 

I)1:N  nilUMETEK,  an  instrument  lately  invented  by 
Messrs.  Duncombe  and  Whittel;  to  called,  ftom  iO  tlMla 
nuiisuring  frees 

UF,N  Kll,  an  A  ililiic  term,  sifjr.il'j  iiiu  tml ;  t;sv'(l  l)y  astro- 
numer»  as  a  name  lo  utine  ul  the  fixed  stari),  but  especiallyi 
for  tbe  bright  star  in  the  Lion's  tail. 

DENOMINATOR,  ^  a  Fraction,  is  Ihe  number  or 
quantity  placed  bdow  the  line,  which  shows  the  whole  ii>- 
teger,^or  hito  how  many  parts  it  is  Mippused  to  he  divided 
by  the  fraction;  as  that  which  gives  denoininntion  or  name 
to  the  parts  of  ih«  traction.  Thus,  in  the  fraction  ^ 
minics of  Newton, which  chancp  isaaid  to  have  thrown  la  (five-tw(lfths)thenumberl3isthcdeBomiBa^,andsliows 
way,  soon  convinced  Pemoivrc  how  little  ho  had  ad-  tW  the  integer  is  htro  divided  into  It  pent,  or  Aetit 
vmeeo  in  the  Mianco  ho  prafeaed.  This  indvced  him  to  comiiit  of  12  of  thow  ports  of  which  th«  1 
todoable  bit  opplieMion ;  which  w«  Mlended  by  a  «oit> 
lideimble  dtfiee  of  mccees';  and  be  toon  becanio  ooup 
nocted  with,  and  cdebnUcd  amoiig,  tbe  first-rate  mathe- 
maticians. Ilrii  eminence  and  abilities  in  this  line,  opened 
him  im  enlrani-e  into  thn  Roy.il  Society  of  London,  and 
iiitu  tiic  .Vcudi  lilies  (if  ikrliii  :iiiil  Paris.  By  the  former 
his  merit  was  so  well  kimwii  and  esteemed,  that  ihey 
judged  him  a  fit  person  lo  decide  tbe  iiuDous  contest  be- 
tween Newton  and  Ltibnits,  coneeroing  tlio  invention  of 
Fluxions. 

Demoivre  died  at  I.<indon  Nov.  1754,  at  87  years  of 
age.  The  Philonophical  i  ransaciioos  of  l^cntioii  contain 
several  of  his  pap<'rs,  and  all  of  them  ini.  rrsting,  vig.  in 
the  volumes  ly,  20,  22, 23, 25, 27, 29, 30,  32,  40.  41,  43. 

He  publi»hed  also  somp  very  respectable  works,  nx, 

I.  Mi8c«llaiiea  Analyt,ic«<  de  Soiiebm  ot  Qoiidnitoris 
ttc  ;  1 730,  in  44o.  But  perhaps  be  hat  .been  more  genck 
rally  known  by  his 

8.  Doctrine  of  GiancfS}  or,  Method  of  Ctienbtiii^g 
the  PtiAabiltltes  of  Evcnto  at  Play.  TUt  worb  was  fist 
pnntcd,  1714,  in  «to^  and  dedicated  to  Sir  banc  Newton: 


tains  5.  Aleo  ^  b  the  dcnoniiwlor  of  Ihe  fraction  p 

DHroim  AVom  y«  Statht  i*  dw  qootient  ariiiog  from 
the  division  of  the  anfecedent  by  the  eonequent  Thus, 
6  is  the  denominator  of  the  ratio  30  to  5,  hocHu»e  30  di- 
vided by  5  gives  6'.  It  is  otherwise  called  the  e.x|Hinvnt 
of  the  ratio. 

DENSITY,  thai  prtiperty  of  bodies  bv  wbieh  ihcy  con- 
tain a  certain  quantity  of  mati<  1,  iir.ch  r  ci  riui.-i  bulk  or 
masniiude.  Accordingly,  a  body  Ihal  coniaiiss  more  mat- 
ter l>;,in  nnritlier,  iituU  r  the  Same  bulk,  is  said  lo  \:r  <i(  iimt 
than  the  other,  ano  tiiat  in  proportion  to  the  quantity  of 
matter ;  or  if  the  quantity  of  matter  be  the  same,  but  un- 
der a  less  bulk,  it  is  said  to  be  den!M;(,and  so  much  the  more 
so  as  the  bulk  is  less.  So  that,  in  general,  the  deosity  is 
directly  proportional  lo  the  mass  or  quantity  of  owlter* 
and  reciprocally  or  inversely  pmportional  lb  the  bulk  or 
inuniiiude  under  whicb  it  is  contained. 

.The  quaniiiict  of  matter  Jn  bodici^  or  at  kait  the  pro- 
portions of  then,  are  known  br  their  gntvity  or  weight; 
every  equal  partide  of  natter  being  endotvcd  with  an  equal 
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[ii.u  .M'i;xlit  or  fji.iuty;  mtd  UiictfUnl 
mu'si's  liavc  |)r(ipurliuiiiilly  uii<i|iiiil  wcigiit^.  So 
«li(n  body,  or  inas*,  (ir  <paiiiity  ol  nialli-r  n  fpokiCII  lif, 
^^^  arr  lo  undcTStand  tlirir  weiuhl  or  (gravity. 

IVom  the  fvrfgding  gcmTal  propurtioii  of  the  dentity  of 
bodiMk,  viz,  ibai  it  is.  at  tlu-  mans  directly,  Mid  a»  the  bulk 
iDvencly,  may  b«  inlt-nvtl  ibi-  pruportion  of  the  massrs, 
or  of  ib«  masnitudcs;  viz,  tbat  the  naii  or  quanliiy  of 
miuu*r  i*  in  ibc  compound  latio  of  tlw  bnlk  ■n^  dvnuiy ; 
■nd  that  the  bulk  or  mi^nitade  k  u  tihe  mnm  diractly,  and 
the  deiuity  invenely.  Hence,  if  b,  i  be  two  faodiei,  or 
iiMan,or  wdgliia; 

and  o,  d  their  mpective  detoitiet; 
also  yt,m  thrir  mafrnitutlc«,  or  bulkt : 
Tbrn  the  tbcorenui  above  are  thus  cxpresMici, 

via,  B  «c  ^,  md  »  ec      and  a  ec 

or  B : t :  ^ : ^, and  mkttmti dm, &c} 

No  body  is  Hbaoiutely  or  p<>rtV'ctly  deOM;  OT  OO  tptCO 
li  prrl'cctly  full  of  matter,  so  as  to  have  no  vacuity  or  in- 
ter--tirts;  <iii  ihe  cimtrary,  it  is  the  opinrun  of  Nnvti  n, 
that  evi  l)  tht:  lii  ii^est  builies,  m  gold,  &c,  cunluiii  buL  u 
sinull  portion  of  niutti  r,  iUid  a  viry  gnat  pordcpii  ol  va- 
cuity; or  ili.it  it  cniituitis  n  LTiut  deal  niore  ut  poie»  oi 
empty  ^[1  li  .  ,  than  I  :  ri-i>l  sul<Ntnncr. 

It  has  b<-cu  obM  Tvt  d  abuvi-,  ihut.liif  rclulive  den-iity  of 
bodies  may  be  known  by  their  wei);ht  or  gravity;  and  hence 
the  most  general  way  of  knowing  tbost  densities,  is  by  ac- 
tually weighing  an  t  (\ua\  bulk  or  magnitude  of  the  bodiflli 
whether  solid  or  fluid ;  if  solid,  byahapiogthem  totheMan 
figure  atid  dimensions;  if  llidd>  bf  wSa^  A«  UOMVMmI 
with  tbcm,  aad  weighiiv  it.  i 

For  <iuid%  llMttcra  olw  other  BRtliodi  of  finding  their 
demity:  as  Itl,  by  making  an  vqallibriam  between  then 
ia  tBMe  that  cotUMHiMcatai  Air,  the  diamcKnof  ibe  labei 
beiiH  eamL  awl  (he  wiri|h(t  or  qaantitiat  of  matter  eUo 
equal,  Ae  demiiiet  will  be  invcri^y  as  the  aMtndrs  of  the 
liquids  in  them,  that  is  inversely  as  the  bulk. 

2dly,  The  densities  of  fluids  are  alio  coniparf  d  to.^i  ilii-r 
by  lniriicri;iii!i  a  solid  in  them;  for  if  the  solid  be  lii;htcr 
than  flie  li(jui<l>,  the  part  immcraed  by  its  own  wiigbt 
will  Ix  iiivi  isilv  :is  ilic  di  iiMly  i>l  the  lluul  ;  or  it  it  hi: 
heavier,  and  sink  in  the  licjnids,  by  weighing  it  in  thorn; 
then  the  weigliis  l'l^t  by  the  body  will  ha difficdy  propor^ 
lional  to  the  densities  of  the  fluids. 

Density  if  the  Air,  is  a  property  that  has  much  rn- 
gaged  the  attention  of  the  later  philosophei's,  since  the  dis- 
covery of  the  Torricellian  experiment,  and  the  air-pump. 
By  tnfans  of  the  barometer  it  h  demomuated,  that  the  air 
is  of  the  same  density  at  all  placet  at  tba  aaiua  distance 
ffom  the  level  o£  the  tea,  provided  the  tempcnture,  or  de- 
btee of  beat,  ba  the  nine.  Alio  the  daiwi^  of  the  air  al- 
ways increases  in  pn»ortion'  lo  the  conipieaiion,  or  the 
cvmp resting  foroat^  And  hence  the  lower  parti  of  the  a^ 
aioipbcie  are  always  dcmer  than  the  upper:  ytt  Aadta- 
sity  of  the  lower  air  is  not  exactly  propottkmal  to  the 
weight  of  the  atmosphere,  by  reason  of  beat  and  cold, 
which  make  considerable  alterations  as  to  rarity  and  den- 
sity ;  su  llial  baroractrr  measures  the  elasticity  of  the 
air,  rulher  tiian  its  dcoiuty.  If  the  height  of  the  baropieter 
ha  eoniidend  at  the  maaaial 


tn  ity  of  the  air,  when  the  llu  rmometei  in  at  3l",  nnd  b  Hh 
any  ctlu  i  liii^bl  of  ibr  b.iroini  ti  r,  ulirji  tlicinnim  '\  t 
is  at  /  di^rees;  ibeu  in  this  case,  b  i»  the  miauurc  oi  the 

dsstlclty,  and  ^^t^b  is  the  measure  of  the  dcrattv  of 

the  air. 

D^M&ITV  (if  ike  Planets.  In  hoino^oneou^,  uoe^nal,' 
spherical  bodies,  the  gravities  on  their  surfaces  are  as  their 
dmmcten  when  the  densitits  are  e({ual,  or  the  gravities 
are  as  the  densities  whco  the  bulks  are  etjual ;  therefore, 
in  spheres  of  unequal  magwMde  aod  denaily*  tha  j^vity 
is  in  the  compound  emtio  of  the  diaiBclcn  aad  imtfl&rff  at 
the  denaitias  are  as  the  gravilias  diiided  by  the  diaawtert. 
Knowing  therelbia  the  diameters  of  the  pluiets  by  obsp«» 
valioo  aad  tewftabaa,  and  the  gravities  at  theirturbce  by 
BMaiNof  dw  revolution  of  the  satellites,  the  relation  of  their 
densities  U>come»  kiion  n.  And  us  1  have  found  tl.c  im  % 
density  of  the  earth  to  be  nearly  5  times  that  of  watu  (.my 
new  Tracts,  vol.  '2,  'ILu  t  27';  ;  liir.c:t  the  dL.-iiitits  of  the 

C'  Jicts,  wilb  respect  lu  water,  become  known,  aud  are  a* 
ow: 


Dca«Uia. 

Water 

1 

The  Sun 

IA 

Mercury 

lOi 

A'enus 

6i 

The  Earth 

5 

Mars 

The  Moon 

m 

• 

Jupiter 

% 

Saturn 

• 

Henschel 

As  it  is  not  likely  that  any  of  these  bodies  aro  homoge- 
Bcal,  the  dcnsiiicit  here  determined  are  sonKwed  to  be  the 
mean  demities,  or  such  as  the  bodies  wottU  have  if  lhay 
were  haaogeiKalt  and  of  the  sama  laam  of  matter  and 
magnitude. 

DBMTICLES,  or  Dtanii*  are  oraamcats  in  a  ooraice, 
cataJker  the  flManer  of  teeth.  These  sie  amily  a0i!Cte4 
Ih  the  tonieaiMl  Cminlbian  orders ;  and  of  late  also  in  th« 
Doric.   The  square  member  on  which  they  arc  cut,  is 

called  the  Denlicule. 

DEPAK'l  URK,  in  Nasigation,  is  the  easting  or  west- 
!■  l;  lit  11  ship,  with  regard  to  the  meridian  she  departed  or 
fiuicd  tiom.  Or,  it  is  the  ditlercnce  in  longitude,  either 
ea>t  or  west,  betvtccn  the  present  meridian  the  ship  is  un- 
der, and  that  where  the  last  reckoning  or  observation  was 
made.  This  departure,  any  where  but  under  t '  e  i  ,iiator, 
must  be  accounted  according  to  the  number  of  miles  in  a 
degree  proper  to  the  parallel  the  ship  is  in. — ^The  De- 
parture io  Plane  and  Mcrcator's  Sailing,  is  always  rep  re-  ■ 
sented  by  the  base  of  a  r^^al)glcd  plane  triangle,  wbera 
the  coune  is  the  angle  opposite  to  it,  and  the  distaaoa 
sailed  is  the  bypolheUUie,  the  perpendicular  or  other  l^g 
being  the  difufcnoe  of  latitude.  Aad  then  the  thconai 
for  iadiivit,  isalwavs  thiat  Aa  ffdiut  is  te  the  liae  of 
thecotMWb  is  the  diitaaoe  sailed,  todwdcpaftura^ 
DSPHLOOUTICATED  if6-.  SeeOxTeair.  . 
DEPRESSION  y  E^iont,  io  Algebra,  it  the  re- 
dncing  them  to  lower  degrees ;  as,  from  biquadradci  to 
cubics,  or  from  cublcs  lo  quadratics.  It  is  only  in  some 
certain  cases  that  this  can  iye  performed;  as  Ist,  When 
there  ciiii  b..'  toij;ui  .i  c.jn)|i»i>nul  binomial  roea^ure,  or 
divisor  of  the  given  equation,  of  u  hich  one  term  is  tJic  un- 
iMisc  or  quaatily}  iben  the  other  part  of  tha 
8F« 
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Hiviiar  boMIDOt  of  the  equation,  and  the  wbole  equation 
Mog  lUvkM  by  the  divisor,  the  quotient  i«  ibe  equation 
llHili  m  ll  OM  dajRC  lower.  So,  for  example,  if  the 
cqmtion  bcz*'~  1  Ix  —  G  =  (i;  and  it  be  diicoverttl 

tkat  X  i«  =  3,  then  x  —  3  will  be  the  diviaor,  by  which 
dividing  tbc  given  eqmtioii,  itiadepraiedtotheqiuidiitip 
4*    9  b  0)  the  two  roota  of  which  are  I  and  3.  So 
.thattll  the  three  iMt»  of  thegivui  cable  equttion*  are,  I, 


Thii  being  the  case,  it  i*  evident  that  »c  »hall  nut  alter 
the  value  of  the  equation  by  writing  —x  instead  of  x;. 
%»hich  gj»e$  u«,  —  x*  -  ^i'  -t-  91^  -i-  n'  —  jar  —  <  «  0» 
Or      x'     px"  -  qr'  —  r-i'     <f  4>  I K  0^ 
'Alio    x'— pj*  —  ijx^  1-  rx*     «r  —  /  =  0, 
being  the  given  equation.    Now  ihetc  two  c<juations  have 
a  eommon  mearatc,  whlch»  bdiu  obtaiited  by  the  unial 
ihethod,  will  he  fonnd  to  imrolv*  the  Sd  power  ofx; 


j|,3.— Or,  if  the  given  eqtMtioawet«<>-*  M  — •*«•!■  iF  whenenthecqinl  raoto  H»y  be  dctennincd,  and  the  whole 
(  =  0,  and  it  bo  found  that  h  isooe  root  of  it,  or  that  x—h  cqontian  bcit^;  divided  by  th»  cnramon  mcaaurr.  Mil)  gi\-c 

Us  the  depressed  equation.    We  may  also  diicover  the 
vuluc  of  the  equal  rtK>ts  in  equations,  not  exceeding  tbc 
.'itii  degree  lis  ttie  ;ii|ililiim  and  sublruclion  of  the  above 
equatioa'i,  tor  by  the  liirmer  we  obtuiil 
2x'  —  2jx*  ^.  2«r  =  0,  or  x'  -  91'  +  s  =-  o.  and  by  the 


isadivi<n>r;  then  making  the  division,  the  c|Uotit'nt, 
a-  =  Cf,  u  the  depressed  equation,  the  two  roota  of 
which  nrex  =  -^aor  —  •:  *o  that  the  three  raoti  are 
-^  o,  —  a,  -♦-  /'. 

2d.  If  an  equation  contain  I'qUHl  roc  iv,  ilie>e  rnav  be 
found,  and  iheeqiuilion  rrduccil  11s  many  deon  ixir  iljnien- 
tions  lower,  i»s  there  are  equal  roots.  For  it  the  original 
equation  —  oi*"'  -■  bt"'—  t<c  ~  0,  hnve  m  equal  rooti, 
then  i»x->  -  (»  -  I)ax*^  +  (n  -  2)hx-'  -  .Vr  ==0,  hu 
I  —  I  of  those  routs,  as  may  bi-  readily  show  n,  lience, 
Itheteare  two  equal  roots,  the  two  e<juitiions  have  a 
measure  of  thi*  form  (x  —  r)*^,  (r  bring  one  of 
the  mots,)  which  may  be  obtained  in  the  tiiual  «-ay,  and 
tkWM  roots  of  the  original  equation  may  bi> known.  Then 
dHride  this  equation  b^  (x  —  r)",  and  the  rrsntling  ci|U»- 
tion*  of  •  •  ■  dimemions  contains  thcother  roots. 

Tkni,  ht  A«  ntblcx'  —  hr—  Ob  have  two 
equal  looti;  tbcnai*  — ter^^MOfaM  ono  of  thm) 
and  the  two  eqoatioM  have  acoBaHM  ncaiaiv,  wfaidi  li  a 
aimple  equation  :  the  quantities  Sx*  —  9ax*  •+■  3(x  —  3c, 
and  3x*  —  Cox  i,  have  alio  the  same  common  measure, 
Mhich  bring  loumJ,  we  have  {(6(—  2a*)x  —  \{bc  —  ab) 
for  a  divisor  of  the  equation  x*  —  ex*     bi  —  cssO;  this 

divisor  being  alio  pot  ss  Oil  ^vcsjrai^^—;.   Urns  two 

r-K  ti  i  f  till-  r(|uniion  arc  discovered;  and,  since  <i  is  the 
sum  ot  all  tlie  roots,  the  3d  root  i«  the  diffcn-ncc  between 
a  and  the  sum  of  the  two  equal  ^ool^. 

If  two  roots  of  the  equatii  n  In-  0!  tlie  form  a,  —  a, 
(iifi'erin!;  onSv  m  lla-ir  r':::v..2f  tlie  bigns  of  the  roots, 

and  the  resulung  equation  has  two  roots,  —  n,  «  ;  thus 
we  have  two  equations  writh  a  common  measure,  —  o', 
which  may  be  found,  and  the  equation  depressed,  ai  in  the 
fomercasc. 

To  be  more  particular:— There  being  only  certain  cases 
in  which  thit  dcpiEssion  can  be  effected,  viz,  Ist.  When  there 
it  any  iinown  relation  between  two  or  mure  of  the  roots; 
and,  2dly.  When  the  equation  is  reciprocal,  that  is,  when 
aadi  of  thatanns  of  the  equation,  which  are  equally  distant 
ftomdlt  But  and  last  terras,  have  equal  coefficient*;  under 
wliidiibnn  dierctetionof  each  pairof  roots  bccomcsknown. 

Willi  tqprd  to  the  first,  k  icUam  faappem  that  any 
known  relalion  sofaaiiaila  bstwecn  the  roots  of  ait  equation 
if  the  root*  themselves  are  aaknown,  except  it  be  that  of 
equality,  we  shall  thcrefoie  oidy  consider  it  Aider  this 
point  of  view ;  namely,  when  two  or  more  of  the  roots  are 
(  q»al,  having  either  like,  or  contrary  signs ;  referrinj  the 
reader,  for  further  information  on  this  subject,  to  Lacroix' 
Conipltmtni  di-s  Kleiiicns  d'Algebre,  art.  31  (  and  to 
\Varing*s  Meditttlioncs  .Vljjeb.  cap.  3. 

1.  When  an  equation  has  two  equal  roota^wltk  00>- 
trary  ix^m,  it  may  be  depressed  two  degree*. 

Let  there  be  given  the  equation 
«'  —  nx*  —  ^  +  r**-»-«t  —  <s=0,  which  wc  are  sup* 

posed  10  know  contains  two  oqvtl  poott  wit' 


latter  —  ipx*     'in*  —  2<  =  0,  or  1*  —  -x"  -t-  -  =s  0. 
Therefore  —  «i'  -t-  »  =  —  -j'  -1-  -  ;  w  hence  we  have 

^  p  p 

X  =  iv'C— -^),  which  are  the  two  equal  iuui&,and  con- 


i(  lilt  c>rii;;r.al  i  qua- 
CoiitaiiurK' 


sequrntly  r*  —  — ~)  =0  is  a  divissjr 

tion,  v»liich  may  thus  be  di'iiressid  to  a  rulu 
the  other  three  roots. 

bu|)pc>M-,  lor  exiiniple,  out  guen  equation  had  bectSi 
a'  -  3x'  —  17r'  -t-  27x«     r>2r  -  (io  =  0. 

ThenpsB;},^  =  17,  r  s^ij,  t  ss  S2,  t  ssCo , 

And  Jr  »  ±v/('-^^)  wi  ±«I  the  whole  equaiioa 

r  —  fx/ 

therefore  being  divided  by  x'  ~  4  =  0,  gives  —  3t'  — 
3x  ■+■  J5=0,  which  is  a  cuhir  ei|U;uiori,  111  which  are 
contained  the  other  three  iuj!-. 

And  exactly  in  tiie  same  manner  may  any  other  rqua* 
tion  of  this  kind  be  depressed  two  degrees. 

2.  When  two  or  mure  of  the  roots  ate  cqnal,  kaving 
like  signst  the  equation  may  be  depressed  as  stony  dtgpcu 
as  there  ate  equal  roots. 

Let  X*  —  px*  -»-  jx  —  r  3:  0,  be  an  equation  hnvingtww 
equal  roots  with  like  ugns*  and  let  a  aaid  6  repmont  those 
roots ;  then  we  shall  have  die  two  fidlowtng  identical  equa> 
tions:  a^~^*  +  oe  — r  =  0,f  —  ;)6'  -♦-  9ft  —  r  =  0, 
whence  we  draw  («■  —  4')  —  p  (a'  -  6')  -t-  ^(a  —  b)  =  0, 
and  dividing  this  by  a  —  i,  we  obtain  {a'  ab  -t-  b^)  —  p 
{a  -i-  b)  q  =  0 ;  or,  since  a  =  A,  3a*  —  2/xi  q  =  0; 
which  has  a  common  divisor  with  the  original  equation, 
and  » I  itingx  again  instead  of  a,  this  divisor  will  be  readily 
obtained  by  the  rule  lor  lindiiig  thegrealest  common  nca* 
sure  of  two  quantities,  which  in  the  present  case  is 

a  9  '  69  —  j/V 

Thus, two  of  tlie  roots  are  discovered,  and  coiibe(|uently 
the  equation  may  be  depressed  two  degrees  as  before,  by 

dividing  the  whole  of  it  by  (jr  ~  |^~;)*- 

But  in  the  pre«*nt  case,  as  the  oriyiiuil  equation  was 
only  of  three  difueiisioDs,  aodp  being  iqual  lu  tlie  sum  of 
all  its  roots,  from  thenatOisoCeqjUttio&ii  wehav* 


x  =  p- 


for  the  third  root. 


3i;  —  p 

.  Suppose,  for  example,  the  prop<>.sed  equation  had  been 
j:>-4«*'*- Ax-SvO:  here    =:  4,  f  md^  raa  8;  and 

-PI  =1 


one  of  the  equal  roots  is 

''1  -  -/■ 

therefore  is/>  —  2  =  4— 2s2, 

'  ani»  A|  nnds. 


and 


the  third  rook 
the  three  ruota 
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We  !-l)Cjiild  havf  tibtaiiiid  c.vacily  the  Mme  resulJ,  by 
CDiisjili'i iiig  tliiit  an  i  fjuatjon  having  Iwo  «quill  roots,  i% 
ncccsjarily  di^i^i^)lc  by  a  I'urlorof  ihf  form  j'  —  2ax  -»■  o', 
wlicit'  u  M  |iri-.<.'iil>  OIK' (it  tiif  piiniil  mot^ ;  iitiil  il'  ihicu 
of  thermits  arc  cquiil,  thi- i'(|UH)iiin  liiis  a  tiivi^nr  <il  thf 
form  J"  —  'ini'  -f  :in^i  —  n',  and  m_i  on,  for  any  number 
of  equal  roots;  that  i»,  un  equation  mny  always  lM.'d<  pressed 
Mimny  degrees  a*  there  are  equal  roots  contained  in  it. 
.  S  Rcciprucal  rquations  may  be  deprctW  to  others  of 
half  the  oripBal  dinmsion,  when  the  hi^bnl  puwer  pf 
the  uaknowo  quintiiy  m  ma.  Lei  the  gf wp  Kciproeal 
vqnatMMi  bex*-t-^'*-fji*-i-p«-«-  1  sO;  uid  dividing 

this  by  x\  we  obtain  I  *  />  ^  -•■  J  -p-     />      +  ~,  =  tt ; 

vfhenco  it  is  evident,  ihut  if  a  bo  one  of  the  roots  u(  tUt% 

equation,  ~  is  alw  a  root;  and  in  tluiarae  manni'i  if  b  be 


one  of  its  roots,  then  -  is  the  other:  and  so  on,  for  equa- 

tioiH  of  higher  diinonsioas. 

\Vc  may  therefore  consider  the  giren  equation  as  gene- 
rated from  the  product  (x  +  a)  .  (<     i) .  (x  -«-  6).Cr  -i- 

or  from  tho  quadntie  Iwion  * 

*i)  ^  1) .  ♦  i)  ♦  I), 

or  makiiw«     1  MHifUd  k  ■4'  xMii|d»  abovolieeonct 

(x*  *  mr     1)  .  (i*  *  lur  -I- 1) 

*  (w  -4-  »)jr»  H>  CS ■"")**  ♦  (i«  ■*••)»  +  1  a €i  . 
and  equtUog  the  eoefllriaiils  we  have  m     n  s*p,  m  s 

0  —  2,  whenee  m  —»  —  4e  8),  m  stip  * 
l^t^ -  4f  +  ■), «  as  IP  -  !    (r*  -  i?  *  8) . 

Tvni  m  and  n  are  fonnii  by  a  quadratic,  that  is,  by  an 
equiilion  of  half  the  original  dimension.    As  to  a  and  b, 

those  arp  now  readily  dttcrraincd:  for  since  «-►--=:  m, 

we  have  a  =  {m  ±^[lm*  —  1),  and  iince  b  ■+■  -^=ii,we 

derive  i  =  \n±.^(W  —  1).  Soppotc, for  example,  «nt 
oqnation  was  i '     l^i'     lU}x*    5^*  ^  1  aw 

Hen.'/!  =  -'ij.  and  ij  =  I0|, 

whence  m  =  i  p  <-       [p'  —         V)  m  SJ, 

and    n  :=  {p  -  W{p'~  *9-*-^)  —  ^h 
(brreforc   a  =  {m  ±\/(}m''  —  1)  =  3  or  |, 
and    *  =  4b±v'(}i.'-  l)=2ori; 
consoqiu^nlly,  the  fi>ur  roots  are  3,  y,  2,  and  i. 

And  in  the  same  maimer  may  any  oilier  equation  of  this 
hind  be  depressed  to  half  it>  original  dim'  ii-ii!.;. 

When  the  highest  power  of  the  unkiiow  n  quantity  i^-  ufr' 
even,  then  •*•  1  or  —  1  is  a  root  of  the  equation,  is  evi- 
daat  from  inspection ;  it  may  tlierefore  be  divided  by  i  ± 

1  90;  which  uill  depreaa  it  one  degree,  still  h-uwng  it 
leciprtical,  after  which,  it  may  be  reduced  to  half  that  di- 
mension, by  the  metbcKl  above  explained.  l/etx*-^px' 
^  ■*■  I  sO,  be  the  given  equation,  tlieo  -t-  1  is 
omofiH  raota;  dividingit  therefore  by  x  —  l  =  0,  we  obtain 
j»  *  (p  l)jt»  ♦  +  f  ^-  +  -f  1)*  1  =  0^ 
wUcb  is  ilill  Mciowcal,  and  nay  tlicKfim  be  depreiicd 
tokfiiadwrichyiM  method  ■iicuyeinplo)^  M.O«an» 
il  b»  DitqaMtionea  Arithmericv,  which  Is  nentionccl  ■n* 
dcir  the  article  At^ebn,  hat  shown  that  every  equation  of 
two  terms,  of  which  the  exponent  is  a  prime  number,  may 
be  raiinn.illy  decomposed  into  other  equations,  the  degrees 
of  which  arc  indicated  by  the  prime  factors  of  the  aven 
expooent  KOiW  1»  bf  mcwn  of  wUcb  Iw  hm  hocnaUe  to 


express  (he  side  of  u  rpoula||i7-iided  polygon  inscribed  iit 
a  circle,  I  v  a  i|Uiulrutic, equation ;  which  »iis  before 
thought  iniposittile.  Tlii>  curifiu*  piece  of  urmlyius  has 
been  translated  intii  Frericli  under  the  title  of  Recberches 
Arilhmetiquf*,  Hnd  is  Inohly  deserving  of  an  attentitc 
pcru«ul. 

Uki'r rssioK  of  ihe  Pole.  So  many  degrees  &COSyou 
sail  or  travel  from  the  pole  towards  the  equalor,  SO  ■OMf 
It  it  said  you  depress  the  pole,  because  it  become* SO  mUCB 
lower,  or  nearer  the  horiton, 

DsPaEMION  c(f  II  Star,  or  o/the  Nuii,  is  its  distoocc  be* 
low  the  horizon ;  and  i»  measured  by  aocaic  of  a  se|;Ucal 
civcle*  iaiaroepied  between  the  horiaoB  and  the  plaoe  of 
tin  Mar. 

OsraisaM*  ^tht  VuibU  IlorftoHfWD^ikeUiri- 
tm,  daaotn  il> sinking  or  dipping  bHow  Ae  uuehorisoo* 
lal  plana,  by  the  observer's  eye  being  raised  above  thcsur- 
ikce  of  the  sea ;  in  consequence  of  which,  the  obsem-d  ul- 
titude  of  an  object  is  by  so  much  too 
great.  Thus,  the  being  at  e,  llie 
hei>ilit  1'  AY.  Hbo\(.'  tlie  Mirfiiee  111  the 
earth,  whose  centre  is  e  ;  then  kii  is 
the  real  hori/on,  niid  the  visible 
(me,  below  the  former  by  the  unsle 
UmA,  by  leaion  of  the  elevation  ah  oflhe  e\e. 

To  compute  the  DepnitioH  or  Dip  tffthe  Uoriwm. 
In  the  right-angled  triangle  ciA,  are  given  d  the  earth's  ' 
ladins  s  SIOOOOOO  (ect,  and  the  hypotheause  Oslha 


radins  increaicd  by  the  height  ac  of  the  eye;  to  And  the 
aqgle  c  which  is  a  the  angle  usAb  or  the  depression 
sought ;  vis,  as  oi  :  CB  : !  ladins  :  secant  ^  c, 

or,aaci  :  ck  : :  radius  ':  cosine  c. 
By  either  of  these  theorems  arecnniputed  the  numbers 
in  the  following  table,  which  shows  the  <lpjir<N>ion  or  dip 
of  the  horizon  of  the  sea,  for  difleri.it  heights  of  the  eye, 
from  1  foot  to  10«>lo.h. 


l>ij>«rf 
luiriton 

Hricht 
of  tUc 

'J' 

Dip  ..! 
hurizaD 

fr,I 

/  t 

fc« 

/  It 

\ 

0  57 

13 

3  26 

26" 

4  52 

2 

1  21 

U 

3t 

28 

5  ;i 

3 

1  .-)9 

15 

:i  42 

30 

/.  14 

4 

1  55 

Iri 

35 

5  39 

5 

2  8 

17 

3  5(»" 

1  40 

6  2 

6" 

2  20 

18 

4  3 

45 

6  24 

7 

2  31 

»9 

4  10 

50 

6  44 

8 

2  42 

20 

4  16 

60 

7  23 

9 

2  &2 

21 

4  22 

70 

7  59 

10 

3  1 

22 

4  28 

80 

8  32 

11 

3  10 

23 

4  34 

90 

9  3 

12 

3  18 

2+ 

4  40 

100 

9  59 

See  Robertson's  Navigatiou»  book  9  appendix ;  and 
Tables  reqttisiie  to  bo  used  with  the  Nautical  EpiMinerie, 

pa.  1.   Jwe  aUo  Levflling. 

.  DEPni,  the  opposite  of  Height,  and  one  of  tfa«  dtiusk> 
skns  of  bodies,  or  of  space.  See  llBii»iir»  AiTtTVBiy 
Elstatiok,  ttc.  • 

DERllAM  (Dr.  William),  an  eminent  English  phi* 
losupher  and  divine,  was  born  at  Stowton,  near  Worces« 
ter,  1657,  imd  educated  in  Trinity-college,  Oxford.  In 
I68S,  be  was  urvsented  lo  the  vicarage  of  Wargrave  ia 
Bctfcthinj  and,  in  itilft  lo  tba  tmluabla  lectoiy  of  Up. 
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minctw  in  Rsm-x  ;  »hirh 
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>nd  coiTv»|>on(lin);  »itii  u»  | 
UAtian.    i\|>|>lyiiig  himsill  tl 


.11  I 

i'Tl 


f linvoiiii  lit  distance 
I ;  miity  of  cpnver*i>ig 
il  ii  rjiuy  mt-n  of  thr 
u  1 1  li  ^1 1  lit  i  ai;i  I  Ik  Iti 


tlic  pursuit  of  his  sludu-it  in  natiiiul  aiui  i  xju  ruiH  iuhI  plii- 
li»ophy,  he  «Hin  brcunie  :i  ilistinoiii>li<(l  unit  iim  lul  iiicm- 
hi  r  of  tin-  Itoyal  Sortf  !\ ,  u  linvc  I'hilosophicHl  '1  rani-HClH'DS 
L(iiil.iiii  il  j;rr:il  \:iri.i\  ut  <  urnni>  mul  valuable  piece-, 

the  iruiix  III  i)i3  iauilribic  induMry,  mall  or  moiit  of  ibe 
volume;,  frun:  llie  SOlk  to  tho  j^ith,  both  iltclaHW;  the 
Iitmcif)ttl  of  whichafc: 

1 .  1  ■x)>eriraeiM  on  Penduldras  in  vacuo. 

2.  Of  an  imtrnnrnt  for  fin<iing  tha  M«ri«lian. 

S.  Experim.  and  OtMervat,  on  tbe  Motion  of  So«md. 

4.  On  the  Mi«;ratioa  of  Birds. 

5.  On  the  Spots  in  theSnn,  from  17OS  t«  1711. 

6.  OinervauoMon  tlMNortlmn  Lighbi.  Oct.  8,  17^. 
aiidO«.  13,  1798. 

7.  Tables  of  the  Eclipses  of  Jupiter's  Satell  t 

8.  Diffiitiice  of  Time  in  the  meridian  of  diff.  piaces. 

9.  Of  till'  I.  .  I;  iir  called  Ifinis  I''aluu«. 

10.  The  lii,i.,ry  of  the  Death  Watch. 

1  I .  Met<  iiioli.ii;ical  Diaries  lor  st  verai  vi  ars. 
Ill  Ills  yoiiniier  days  he  publi»hcd  his  Arlilicial  Clock- 
niaki  r,  a  very  ubcful  little  *ork,  which  ha^gonc  thi<iiigh 
several  <ilitinn?.  In  1711,  1712,  1714,  he  preached 
llMte  scrnuins  at  Ikiylc'*  lecture,  wlitcli  he  afterwards 
digested  under  the  well-known  titles  of  rbynico-Thcolopy 
and  AstToTheolog)  ,  or  Demonstrations  of  tbe  being  and 
attributes  of  Uod,  from  his  works  of  creation,  and  a  sur- 
vey of  the  heavcra. 

In  1716  he  was  made  a  canon  of  Windsor,  being  at 
that  liiue  chaplain  to  the  prince  of  Wales  ;  and  in  1730 
lie  f«cei*cdt  from  the  uoi  vanity  of  Oxford,  the  degree  of 
Doetar  of  Dhrini^.  He  nwiicd  tke  Miscdlenn  Curiosa, 
inS  nb.  Sro,  containing  many  fiurious  paperanf  Dr.  HnW 
ky  and  several  other  ingenions  philo»ophen.  To  him 
•no  the  world  inindcbted  fur  tfaepuUicatioooftlie  Philo- 
sophical K.\periments  of  the  laic  eminent  Dr.  Hooke,  and 
other  ingrnious  mm  of  lii^  time;  IS  Wcll  aS  noica  Md  U* 
luMratioiis  ui  suvernl  uihtr  wurks. 

Dr.  Dcriiain  wiin  very  .m  !!  -hilleilin  medical  as  well  as 
Hi  |ih\  'iital  knovvledfje ;  ivni  »a>  constantly  it  physician  lo 
tl.i  ImiiIio!>  h!.  well  tts  the  souU  of  liii>  iiarisliioiiers.  This 
gieai  and  i;oi)d  man,  alU'r  s|n'nilinf;  his  life  ir.  the  tiioit 
agreeable  iitici  iinproviiii  study  of  nature,  ami  the  diligi'iit 
and  pious  di>icharec>  ol  Ins  duty,  died  at  Upiuitister  in 
1735,  at  78  years  of  ase. 

DERIVATIONS  {Calcul  dei),  a  new  species  of  calcu- 
lation, which  may  be  considered  as  an  important  discovery 
in  analysis. — This  method  was  first  publinhed  by  M.  Ar- 
Mgasl,  professor  of  mathematics  at  Strusburgh,  in  1800, 
and  has  since  been  translated  into  French ;  but  the  fint 
iden  of  this  method  appten  to  have  been  formed  by  this 
cehhwiaJ  Dr.  Waiiiii,  and  is  alluded  to  by  him  in  tbe 
conclusion  of  bb  Mcdttationce  Analyticie. 

As  the  name  of  this  method  imports,  it  depends  on  the 
principle  of  deriving  one  term  of  a  series  from  the  foregoing 
ones  ;  and  by  means  of  a  pi  culiat  iiotati  n.  1  iL  rn  iitioii 
is  found  to  be  very  simple  ami  cimimisili.nK  Here,  in- 
stead of  symbols  being  made  us.  nf  in  .  |i;rv_in  nunnti- 
tie«,  liiey  an  employed  to  represent  ceiuiiu  operations 
thai  are  perl"!  III!  ,1  ihem.   Thus  let  >(<•!  -t-  x)  beany 

function  of  the  bmuraiai  a     x,  this  function  may  be  ex- 
proeaadiBg  aceordiRg  to  tlie  powen 


of  jr,  as  r(<i  +  r)  =  a  -t-  ix  -*-  j—rJ"'       ^  "  - r'  &c; 

whence  it  \nU  be  s»en  tiiat  u  .■=  \n,  il.al  b  is  clen\e<l  liom 
a,  or  from  Va;  C  from  h  ;  d  \ri,i\\  r,  Ac.  l.y  tlie  same  1  iiv  : 
thi  relon-  if  we  roiiceue  i!ie  iiiiiiiin  r  111  uliidi  «e  derive  6 
frmn  «,  in  llu  same  maiiuc  r  wi'  <U  rivec  from  A,  il  frimi  c, 
\'C.  Then  rcpresemiiifi;  by  D  tlie  operation  to  be  per- 
lurmed  on  1 14,  lo  produced,  we  shall  have  ft  s  DFV, 
c  E=  a-ra,  d  3z  u'ra,  &c;  so  that  the  above  series  i« 


i.e 


«•  •»- 


expressed  ifaos,  r(A  -t-  x)  a  ra  •^ 

a'ta    ,  • 

Fur  farther  particulars  relating  to  this  important  bimncb 
of  analysis,  tlie  reader  is  referred  to  the  work  uf  M.  A(« 
bqgast,*  eolitkd  D«a  Calcul  dee  OerivatioMSi  nito  to  Mr. 
Woodboue^t  Analytical  Cakuklions. 

D^AGUUERS  (Jonii  TnEorntLVt),  an  eminent 

experimental  philosopher,  was  the  son  of  the  Itev.  John 
Desaguliers,  u  French  Protestant  refugee,  and  born  at 
llochellc  in  ifis.l.  Hi.s  father  l>routlit  him  to  l,nL;l:iiiil  an 
infant;  and  having  tuught  him  l),e  classics  liiinseli,  he  sc  i<t 
him  at  a  p'djiK  ac  t  >  C'li rist-ch  11  rcii  ciillej;e,  ()_\1.miI; 
where  III  I70J  he  suctieded  Dr.  Kcil  Jii  rcailiiig  leciuri-^ 
oil  e.Npenm.  ntal  phiiosoj  liy  at  llail-IIall.  In  I"!':?  he 
married,  and  settlt  il  :ii  Ixjiuloii,  v>hi'n  he  fin.t  of  any  in- 
troduced (he  readirii;  oi  lectures  111  cxi'i  rimental  ph(lo40- 
piiy  into  the  melroprdis,  wliich  lie  c<nitiiiued  during;  the 
rest  uf  his  lite  with  the  greateiit  applause,  having  several 
times  the  honourof  itading  his  lectures  before  the  king  and 
royal  family.  In  1714  be  was  elected  r.n.»,  and  proved 
a  very  useiul  member,  as  appears  from  the  great  number 
of  his  papers  that  are  printi  d  in  their  Pbilus.  Trans,  on  the 
subjecu  of  oplia»  mechanics,  and  meteorology.  The 
magnUioeiit  Duke  of  Cbandos  made  Dr.  Deugnlien  bb 
chaplain,- and  presented  bin  to  Ibe  living' of  Edgmue, 
near  bb  sent  at  cannons ;  and  be  became  afterwards  chap- 
Itfai  to  Frederick  prince  of  Wales;  but  in  the  latter  pan 
of  bb  life,  ho  rpniowd  to  lodginin  over  tlu'  (treat  Fia/^-ii 
in  Covent  Garden,  where  he  carried  .  n  im  lictnres  wilii 
great  success  till  the  time  of  his  dealli  in  I  7  (i(>  \  i  ais 

of  age. 

He  was  a  member  of  several  funiirn  ucmiemir-,  iuul  cor- 
responding member  ot  the  Koyal  A<  ,1  ;,  in\  m|  Ncir nces  at 
Paris  ;  from  wbich  acailemy  he  ohtaim'il  the  pn/e,  pro- 
posed by  them  for  the  best  nccouni  ot  eh  ctin  itv.  lit 
communicated  a  multitude  of  curious  and  valuable  papers 
to  the  Uoyal  Society,  Gruffl  theyvar  1714  to  1749,  or  from 
vol.  '^O  to  vol.  42. 

l)4»idea  those  numerous  rommunications,  he  published 
a  valuable  Course  of  Experimental  Pbiloso[ihy,  1734,  in  2 
large  vols.  4tu.;  and  gave  an  edition  of  David  Gregoiy** 
Elements  of  Catoptrics  and  Dioptrics,  with  an  Appendix  oa 
ReileiitfaigTekieopet,  Bv»,  1735.  Thn  appendix  conlabM  • 
•onaOtwaal  Letters  that  passed  between  sir  ba«c  Mcw< 
ton  and  Mr.  James  Gregory,  letuting  to  these  tdescopci. 
He  gave  also  an  English  tiaiislatiuo  of  Graveaandc's  Na> 
rural  Philosophy,  in  2  large  vt^iuiics  in  4lo,  1747-  A  son 
il  .  1>.  was  Ions;  an  (dFicer  in  the  corps  of  poyal  Artil- 
h  .'\,  was  a  great  favourite  with  his  majesty,  and  died  at 
an  adMinccd  age,  colonel  of  uiieol  the  then  lour  rej 
or  battalions  of  that  corps,  aboul  the  year  1775. 

Kici  lli  i  iiiil;  .ill  these  Iav<iuraljh!  circiinislaiices  ;  that 
Dr.  D.  was  much  noticed  by  the  learned  and  the  great, 
'  two  cburcb  livings  ««  oumot  account  for 
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k»  dfcanmnw of th Jyiitt in obiWirily iwfigewce: 
>-M  such  it  wouM  swrn  was  ue  «m;  at  least,  if  we  my 

cirHit  tlie  pmi  Ca»(honic,«hot  spfeUiigef  tibeMglectM 

Ot-sagulum,  Hsk?i, 

"   ll<i«  he  twii  "ri-.Ci'iUs  kin^N  tn  VieW 

All  Jioyli'  I  lll.iilili  il,  iilui  nil  klll-U, 

{)l<.'<i  in  n  L't-il,  ui(Im>u(  ii  Iim  miI  I"  siivi', 

W'itluMit  a  eiiiiifii,  Hhil  witljout  H  gravf." 
DKSC    IM  l>.     S.  (■  (  Aurrs. 

DKMJKNniNC.,  a  ttutnsur  iiio\ing  fruin  above,  down- 
vrard>>. — Till  re  are  lucrntlin^  and  •lesci-nding  UaiS  lad 
sisci  n(iint>  uiiri  dcsi  i-iHling  iie];rm,  Icc. 

DEsCK.yniNr.  L/Uiinde,  it  the  latitude  of «  planet  io  ill 
n-turii  frum  tiie  nodce  to  ibe  ei|uat^. 

Dh:SCI£NSION,  ia  Atwummy,  b  cIiIht  A««f,  or  O- 
Uimt. 

DiscftNtiow,  i*  a  poHit,  or  arcii,  uf  the  wjua-  ...   

tar,  which  deiceads  with  a  atar,  or  aiga,  below  the  bori^  mad  the  moie  the  su rince.  the  mmim  tiw  naitiaBoe  of  the 


to  the  velocity  of  the  motion.  But,  the  weigh!  . T  thr 
body  being  b,  and  that  of  a  like  bulic  of  ibc  fluid  JutUiuta 
■I,  the  motive  force  urging  the  boiiy  li>  ik-stctid,  is  only 
*  —  M  ;  thMt  i»,  the  body  only  (all>  by  idc  t  At»»  of  its 

wrii^lt  above  dial  oi  an  equal  bulk  ot  tin-  fluid  HeDCe, 

llic  ij'uvtr  ibat  »u_.tuiti>  a  Uoily  iti  h  mriiiuii),  H  <>()iml  to 
the  csa^s  i.'t  Uio  ;ilis<ilulc  hi'jj^Iu  ol  the  liody  above  an 
equal  bulk  ol  ihc  rm  ciiuni.  llius,  a  piece  of  copper 
weighing +77ib.  Ion  s  .5  ^  lb.  ol  its  «ei;;ht  in  water:  mad 
therrfore  a  power  ol  ■IJlli  «ill  sustain  it  in  the  water. 
4llil_v,  If  Iwi  bodn-,  l>;uc  the  siin.e  iipecific  grttl^,  the 

le»s  the  bulk  of  the  descending  body  i»,  the  more  of  its 
gravity  docs  it  lose,  and  th«  »lower  does  ic  dvwrnd,  in  the 
&ame  uKtiium.  For,  (hough  the  pniponiain  of  the  tpedfie 
gravity  ui  the  bixly  to  that  of  laeliuid  he  fttill  the  laiBc^ 
whpther  the  bulk  be  gicaicr  or  Icia,  yet  the  Moaller  the 
boily,  the  more  the  anrfiMe  ii,  in  propuniun  to  the  i~ 


MB,  in  a  right  aphere  i  ■«« 

Wiqne  Ducaiianw,  it  a  poitit,  or  arch,  ef  the  c^aa* 
tor.  whididncMuhatthefBinetinwwidiastBr,  oraigB, 
heiow  the  horiaoni  in  en  eUique  i^cre. 

Descensions  both  right  and  oblique,  arc  counted  from 
the  (ir»t  poiiit  of  Aries,  or  the  vernal  intersccti-ni,  accord- 
ing to  the  order  of  (tie  ti^ns,  i.  e.  from  west  to  <'ast-  And, 
as  they  !iri  unequal,  n  .en  it  liHpiiens  tliiil  thi  j'  answer  to 
equal  art!  ol  the  ec  li(itic,  as  e.\amplc  to  the  12  signs  of 
thciodiar,  it  [■  -  ,  rli:  i  snnietinma  greater  part  of  the 
equuloi  ri-M-^  ur  de^cen^ls  with  a  sign,  in  which  ca-w  the 
'iij,n  IS  saui  til  ascend  or  deseeiid  rightly:  and  soinrtiines 
again,  a  pan  ol  the  equator  riie»or  seta  with  the  feme 
sign,  in  wht  i>  case  It  is  leid  to  ascend  or  desorad  ol^ 
liqiMlv.    See  Abcknkios'. 

'l^^MCKfM-qffAf  Descensiov.    See  RErHACTiON. 

DKtcsmiWAt  Ptferaec,  i*  the  diffeience  betweaa  the 
right  and 
ihehcafenfc 


parte  af  liwftiiiji,  in  propurtiOTi. 

5thly|lftheii|irct6cgniviiie<<if  ttvobodieabe  different; 
dwt  wbieb  ha*  the  (greatest  sp<-<.>iic  gravity  will  descend 
with  gieater  velocity  in  the  air,  or  rekitting  mc(iiuni,  than 
the  other  body.  1'hus,  a  ball  of  lead  de»cends  swifter 
than  wood  or  tk  rk.  liccause  it  lose^  Icm  ol  its  weighti 
though  ill  a  ^acutlin  lin  y  both  fall  equally  swift. 

The  cauw  of  this  descent,  "i  ti  imU  iii  >  ilownwardt,  has 
been  greatly  controverted.  'I'wo  opposite  hypotheses  hava 
b<>en  advanced  ;  the  one,  that  it  proceeds  from  an  inter- 
nal principle,  and  the  other  from  an  external  one :  the  first 
is  iiiaiiituitied  by  the  Peiipatelicii,  Epicureans,  and  the 
Ncwtoniiiiu;  and  the  laiter  by  the  Carti-siaiu  and  Gaasen* 
dJtik  Seealso  Accf.i.ckation. 

Lum<if  Dbscemt  of  Bodies. 
Ist,  Heavy  bodies,  in  an  unresisting  medium,  bSi  with 
aa  uaifermly  accelerated  motion. 


For,  it  b  Ibe  nature 

e(th««MMatar,  or  point  of  «f  all  constant  and  tiniform  forces,  Mcli  as  that  of  gra- 
vity at  the  M|pc  dHlifte  from  the  centre  of  the  earth,  to 


cither  directly  or  obliquely.  Bodies  may  be 
either  as  fiedy  dncaodmg,  a»  in  a  vacuum,  or 
by  aofae  external  force,  as  an  opposing  body,  or  a  llnid 
Uiedjam,  &c.  1st,  If  the  b<idy  6  ilescend  freely,  and  per- 
pendicularly, by  the  force  of  f^ravity  ;  then  the  motive 


lU, 


ual  to  its  whole  wei^jlit 


Dncnrr,  or  IW,  in  ■erhiwift,  Ite,  b  ibe  oioliao,  or  Hiicnte  or  faipaoee^ipdt  additinni  of  eelodty  in  equal 
tcndeacjf,  af  a  body  towarda  the  ccnOc  of  the  earth,  uaes.  So  that,    in  one  secoiHi  of  tino  there  he  pro* 

-s.L„a  ■  i»_ji„  —  •-  !^ — ■  doced  a  ceftBfn  velocity,  in  i  sccmmI*  there  will  heaoti» 

hhtthat  velocity,  in  3  seconds  triple,  and  lo  on,  the  de* 
grre  or  quantity  of  velocity  being  always  propnrlional  to 
the  length  of  the  time. 

2d,  The  space  descended  by  an  uniform  gravity,  in  any 
tin.e,  Is  iuM  tin-  hall  ul  the  ^puee  that  might  be  uniformly 
described  in  iln'  saiiu'  time  liy  the  l.ist  iictiuin-d  velocity 
at  the  end  of  that  tune,  il  nrnformly  conlinui  li.  For,  as 
the  selocity  lnrrea>e^  iiinroniily  m  h:i  ;iriiliii)etic  propres- 
sKHi,  the  wliiile  s|mci'  dcicetulcd  hv  tlie  Mliinhle  silocitv, 
will  be  equal  to  (he  space  liiat  would  be  described  with 
(he  middle  velocity  uniformly  roniinued  for  the  same 
time ;  auU  ibisi^Bin  will  be  only  half  the  space  that  would 
be  described  with  the  list  edoci^,  also  uniformly  conti- 
nued for  the  nme  ^m'ct  because  the  last  velodty  is  doik- 
Uc  of  the  middle  velocily,  Icing  produced  i«  a  T 


ton-.'  uri;iri^  r  i; 

and  the  quaniiiy  el  mutter  tK'iiig  b  also,  the  accekralivc 

feree  will  be  4- «  I. 

'2ii\y,  If  the  b<i(!y  i,  (li".teiiil:nc,  be  opposed  by  some 
mechanical  power,  suppiKe  a  >veili;e  or  inr!in('<i  plane, 
that  IS,  instead  of  pursuing  the  perpendjcui.ir  ;im'  of 
grnsity.  it  is  nunie  to  descend  in  a  sloping  direction  down 
the  iiu  lin(  d  plane  :  then  if  the  tMtural  sine  of  the  angle 
ihe  plane  makes  with  the  boriioa  be  «,  the  motive  force 
•rging  the  body  down  the  plane  will  he  te;  and  there  lore 

the  accclerative  force  is-J  or  » ;  which  is  Im  thait  in  the       ^        „^  |«,  „  enrfi.  !» 

former  case  in  the  prnportinn  of  J  to  1.  diflfennt  times,  are  pfaportiaw)  to  the  sqnues  of  Iho, 

Sdly,  A  body  immersed  in  a  fluid,  lusi-s  as  much  of  its  times,  or'to  die  squares  of  the  velocities.  For  the  whole 
mgbi,  a»  IS  equal  to  the  weight  of  »  like  bulk  of  the  maeit  descended  in  any  tin«,  conriMt  of  the  Mms  of  all 
«nd ;  and  when  descending,  it  loMo  the  seme,  bmidcs  the  parUcnlar  spaces,  or  eekwttlee^  which  ate  in  arithme- 
ohMrnctloo  ammg  from  the  cohciioa  of  the  puts  of  the  ,jcal  progression  ;  but  ih<-  sum  of  such  an  arithmetical 
Urdntni,  aad  the  opposing  foreo  of  the  paimlM  Mruck,  progression,  beginuing  at  0,  and  having  the  last  terra  and 
wUchliatpRHiiices  agmier  orfamnriit«iM,.«MCOcdtitg  tlw  anmbir  of  tmme  the  same  <|tMMity,1s  opml  to  hall 
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llic  Square  of  the  last  trrm,  <ir  of  ibe  number  of  terms; 
ihrrelore  the  whole  sums  are  as  the  squares  of  the  lim(s, 
or  of  the  vrlocilics. 

This  theory  of  the  drscftils  by  gravity  was  first  disco- 
vrn'fl  and  taught  by  Gulili-o,  who  afterwards  cotWitmed 
the  sarae  by  experiments;  which  have  often  been  n-prRtcii 
in  t-nrious  ways  by  many  other  persons  since  his  time,  as 
Grimaldi,  Uiccirtii)  Huygens,  Newton,  and  many  others, 
all  Confirming  the  same  laws. 

The  experiments  of  Grimaldi  and  Riccioli  were  made 
by  dropping  a  number  of  bulls,  of  half  u  pound  weight, 
fnjm  the  tops  of  several  towers,  and  mensurinK  the  tinm 
of  falling  by  a  pendulum.  Uicciol.  Alning.  Nov.  loni.  1, 
lib.  2,  cap.  '^1,  prop.  4.  An  abstract  of  ibeir  experiments 
is  exhibited  here  below  : 


Vihtariun* 

b|a<t'  iff 

of  th« 

Tlif  lime 

pendoliirn 

lime 

rwh  imie 

•  « 

Rom.  feet 

Rom.  Ten 

5 

0  50 

10 

10 

10 

1  40 

40 

30 

15 

9  30 

90 

50 

•  20 

3  20 

\6o 

70 

2i 

4  10 

240 

90 

1  .0 

15 

15 

1%. 

9  0 

60 

45 

18 

3  0 

135 

75 

84 

4  0 

240 

105 

The  space  descended  by  a  heavy  body  in  any  given 
lime,  being  determined  by  experiment,  is  suflicicnt,  in 
Connexion  with  the  preceding  theorems,  for  determining 
every  inquiry  concerning  the  limes,  velocities,  and  spaces 
descended,  dijiondijigon  a  uniform  force  of  gravity.'  From 
many  accurate  experiments  made  in  England,  it  has  been 
found  that  s\  heavy  body  descends  freely  through  16  feet 
1  inch,  or  l6ri  feet,  in  the  first  second  of  time ;  and  con- 
tequently,  by  theorem  2,  the  velocity  gained  at  the  end  of 
I  second,  is  32^  feet  pi-r  second.  Hence,  by  the  same, 
and  tiicorcm  3,  the  velocity  gained  in  any  other  time  t  is 
S2fl,  and  the  space  descended  is  iS-^^f.  So  that,  if  r 
denote  the  velocity,  and  «  the  space  due  to  the  time  /, 
»nd  there  be  put^  =  iG-,',;  then  is 

V  =  9gt  =  2i/gt  = 
r  =     =  = 

V  ^  It  B 

The  experiments  with  pendulums  give  also  the  same 
space  for  the  descent  of  a  heavy  body  in  a  second  of  lime. 
Thus,  in  the  latitude  of  I.onilon,  it  is  found  by  exiM-ri- 
menl,  that  the  length  of  a  pendulum  vibrating  seconds  is 
nearly  3<)i  inches ;  and  it  bein§  known  thai  the  time  of 
one  vibration  of  any  pendulum,  is  to  the  time  in  which  a 
heavy  body  will  fall  through  half  the  length  of  the  pen- 
dulum, as  the  circumference  of  a  circle  is  to  its  diame- 
ter, therefore  as  3'14l6  :  1  :  :  1  ;  ,. .'    which  is  the  time 

of  descending  through  l.O-,-*!  '"ches,  or  half  the  length  of 
ifae  pendulum  ;  and  the  spaces  being  as  the  squares  of  the 

times,  we  have  as  — |—  :  1*  :  :  ip/j  :  I9X  x  314l6« 

c:  193  inches,  or  16  fcct  I  inch,  which  therefore  is  the 


space  a  heavy  body  will  descend  through  in  nnc  second  : 
the  very  same  as  before. 

4th,  For  any  other  constant  force,  instead  of  the  per- 
pendicular free  descent  by  gravity,  find  by  experiment, 
or  otherwise,  the  spare  descended  in  one  second  by  that 
force,  and  substitute  that  instead  of  ifi^r  ^"^  1^*'  value  of 
g  in  these  formula :  or,  if  the  proportion  of  the  force  to 
the  force  of  gravity  be  known,  let  the  vyiue  of  g  be  al- 
tered in  the  same  pru(>«rtiiin,  and  the  same  formulx  will 
still  hold  good.  So,  if  the  descent  be  on  an  inclined 
plane,  making,  for  instance,  an  angle  of  30°  with  the  ho- 
rizon ;  then,  the  force  of  descent  upon  the  plane  being 
always  as  the  sine  uf  the  angle  it  makes  with  the  horizon, 
which  in  the  piesent  CMc  will  be  as  the  sine  of  30°,  that 
is,  as  i  the  radius;  therefore  the  value  of  ^  will  bo  but 
half  the  former,  8,*^,  in  all  the  foregoing  formulas. 

Or,  if  one  body  descending  perpeiidiculnrly  draw  an- 
other after  it,  by  means  of  a  cord  sliding  ovci  a  pulley  ; 
then  it  will  be,  as  the  sum  of  the  two  bodies  is  to  the  de- 
scending body,  so  is  l6-^  to  the  value  of  ^  in  this  case; 
which  value  of  it  being  used  in  the  said  formula;,  they 
will  still  hold  good.  And  in  like  manner  fur  any  other 
constant  forces  whatever. 

5th,  The  time  of  the  oblique  descent  down  any  chord 
of  a  circle,  drawn  either  from  the  uppermiMl  point  or 
lowermost  point  of  the  circle,  is  equal  to  the  perpendicu- 
lar descent  through  the  diameter  of  the  circle. 

6th,  The  descent,  or  vibration,  through  all  arc*  of  the 
same  cycloid  are  equal,  whether  great  or  small. 

7th,  But  the  descent,  or  vibrstioii,  through  um-qual 
arc*  of  a  circle,  arc  unequal ;  the  times  being  greater  in 
the  greater  arcs,  and  less  in  the  less. 

8lh,  For  Descents  by  Forces  that  are  variable,  se^e 
FoRcr,»,  &c.  See  also  Inclined  Plane,  Cycloid, 
Pendulum,&c. 

Lint  of  SjiifitU  Descemt,  is  that  which  a  body,  falling 
by  the  action  of  gravity,  describes  in  the  shortoit  time  pos- 
sible, from  one  given  point  to  another.  And  this  line,  it 
is  proved  by  philosophers,  is  the  arc  of  a  cycloid,  when 
the  one  |K>int  is  not  perpendicularly  over  the  other.  See 

CVCLOI  D. 

DESCRIBENT,  a  term  in  Geometry,  signifying  a  line 
or  superficies,  by  the  motion  of  which  a  superficies  or 
solid  is  described. 

DETENTS,  in  a  clock,  are  those  stops  which,  by  be- 
ing lifted  up  or  let  down,  lock  and  unlock  the  clock  in 
striking. 

DETENT-fFitee/,  or  Hoop-FFAee/,  that  wheel  in  a  clock 
which  has  a  hoop  almost  round  it,  in  which  there  i*  a  va- 
cancy, where  the  clock  locks. 

DETERMINAI  E  A'i«mA«r.   SeeNi  MBER. 

Df.tcrmivatf.  Problem,  is  that  which  has  but  one  so- 
lution, or  a  certain  liinite<l  number  of  solutions;  in  con- 
tradistinction to  an  indeterminate  problem,  which  ailmits 
of  infinite  solutions.  Such,  for  instance,  is  the  problem, 
To  form  an  isosceles  triangle  on  a  given  line,  so  that  each 
of  the  angles  at  the  base  shall  be  double  of  that  at  the 
vertex  ;  which  ho*  only  one  solution  :  or  this,  To  find  an 
isosceles  triangle  who>e  area  and  perimeter  are  given; 
which  admits  of  two  solutions.  Rut  if  it  had  only  been 
required  to  describe  an  isosceles  trianple  on  a  given  base, 
then  it  is  evident  that  an  infinite  number  of  such  triangU'« 
might  have  been  constructed,  and  'therefore,  the  problem 
would  have  been  an  indeterminate  one. 
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DiTtkMliiATk  Seakm,  thenuMoT  aTnet,  mOami  And  Oh  ii  what  h  ftw  gcaenlly  underatood  by  th<>  de- 
Problem,  written  by  tto  aucient  geometrician  Apolkaiw,   fitliMi  of  m  friling  body. 

This  pbcoomenon  is  the  natural  consequence  of  thclirsi 
law  of  motion,  nmiirly,  that  <  \f  i  y  Ixuly  haa  a  Icnd<  nry  to 
preserve  its  state,  vrliMliet  it  W  .n  inotioii  or  at  rest.  'Urns, 
a  bMut  ;.  i  t  I'l  (roin  tin-  ti.|>mast  ol"  a  ship,  will  fall  in  a 
dirictiiiii  jijr.iili  l  !i.  iht  ma^t,  whatever  inuy  bt-  thi"  vein- 
city  oi  tliL  vi-'cl,  and  to  tli.ivi.  „,i  Uianl  ii  will  Uuvc  ilir 
apptaiaiRi.'  "I  a  ]i<  rju  nditular  (iiscriit,  iiui»ithstan<iing  its 
real  piitli  i>  llint  id  tiu'  cunc  of  a  pamltvlu,  the  Mime  as 
if  it  had  bc-c-n  projtxtcd  from  a  btaic  of  ic»t  with  a  velo» 
city  equal  to  that  of  the  «hip. 

With  rcspi  ct  to  a  Imdy  falling  from  ihc  top  of  •  tower, 
ibc  only  diflcH'iicc  is  that,  by  na'ton  of  the  revolution  of 
WW  dividctl  into  two  buoks ;  tiiat  the  6nt  book  ooff  tbe  earth,  the  higher «  budjr  i»  elevated,  the  greater  will  be 
Uined  6  problems,  and  the  second  3;  tbat  tbe  6  probbntt  itovdocily,  lK«au»e  it  dncribct  a  greater  circle  indwiuie 
of  ibe  fint  book  contained  tb'epkagpaB,orcaica,  faped-  time;  thmcfore  tbe  body  baring  pteviouaty  to  its  fidi  ■e* 
it^  ^  dnpoaitioaa  of  the  pointt ;  and  the  Hooiid  hookS-  quind  a  grater  velocity,  fiom  wctt  lo  eeil,  tbaa  the  Ibak 
Further,  ibat  «f  tbe  e^it^ynw  of  tbe  6-probleiw  of  the  of  tbe  tower  has,  it  will  naturally  be  canied  a  little  to- 
first  book,  4  were  laaxima,  and  one  a  mioimun :  tbat  tbe  ward*  tbe  ee«.  Tbm  the  ■ane  circuimunce  that  wai 


None  of  this  work  has  come  down  to  us,  excepting 
ejAractj.  and  an  account  of  it  by  Pappus,  iti  the  preface 
to  thi'  7tli  book  of  hi>  iMatlu  iiiattciil  Collection*.  He 
llirro  <avs  (l;al  llir  f;iTioral  problem  «!■.>,  "To  cut  an  in- 
finite iigiit  line  in  one  point  so,  that,  nf  ihc  sctniciilb  Con- 
tained between  the  point  ot  HCti  in  vjiii;ht,  and  gnin 
poinn  in  the  said  line,  either  tin-  Mjniue  on  one  of  ihcin, 
<ir  tlic  rr<  tannic  ci:iitaHii  d  by  tvMi  i.f  them,  may  have  a 
^iveii  ratio,  either  to  the  rectangle' cunlaiacd  by  ODC  of 
them  and  a  |rivea  line^  or  to  tbe  rgrtaii|le  contained  by 
two  of  thcni." 

Fbppns  further  informs  us,  that  ihi»  Tract  of  Apollo' 


!  at  the  2d  epitagma  of  the  2d  problem,  at  the 
3d  of  the  4th,  the  3d  of  the  5th,  and  the  :!d  of  the  6lh  ; 
but  tbat  thf  minimum  was  at  tin  S  i  <  piia^ma  oi  tht-  ,3d 
problem.  Alw.  that  the  M'cond  liuok  cuntainrd  llircc  de- 
terrainalloll^  ;  ot  winch  tin  3d  epitagma  of  ilic  fsi  pru- 
bh'm,  and  thr  .5d  of  iln-  2d  were  minima,  and  tin'  'id  oi 
the  3d  a  maximum.  Morcoiei,  that  the  tlrst  brtok  had 
27  leiiimiis,  and  the  2d  hook  24  ;  and  l^tly,  that  both 
booL<<  contained  8J  theorems. 

From  such  account  of  the  contcal*  of  this  Tract,  and 
the  lemmas,  alio  given  by  Pappai,  aeveral  pei^ons  harr 
attempted  to  restore  of  lecompoae  what  they  thoi^t 


considered  aa  an  uaaaaweiaUe  objection  to  the  modern 
xystem  of  astronomy,  may  be  now  regarded  a«  an  addi- 

lio:i.i;  cvidcncr  of  its  truth. 

1  Ills  Jaci  is  coiilirmed  by  txp<'rinicnt.  M.  Guglielmini 
was  the  first  who  drew  the  attention  of  philosophers  to 
this  subject-  On  causing  bodiiv  to  lall  I'mni  »  h>  iglit  of 
241  feet,  he  found  a  deviation  ol  IS  Inns  to  the  l  ast  t'roni 
the  vertical.  M.  Benzcnber*;,  [)r<iU-ssor  of  physics  and 
astronomy  at  Duiscldorp,  inadi'  cxpcrimrnis  with  balls 
wr-ll  turne<l  and  polished,  which  were  dropped  from  a 
hiif;ht  of  2(>2  Kri  nch  feet,  and  v»bich  at  a  medium  pro- 
duced a  lines  of  deviation  to  tbe  east:  the  theory  givca  4^6 


might  be  nearly  the  forni  «f  Apollonius's  tract,  or  tbaaub-  lines.  And  the  last  expcriawntt  made  at  Bologna  byG«- 

ject  of  each  problem,  oaaob  determination,  fce;  pmoiig  gliclmini,  give  nearly  the  same  results.    Yet  (o^mw^  aia 

whom  are,  Snellnis,  an  eminent  Dalch  nadwrnatician  of  the  causes  of  inaccuracy  in  the  cxperinMnHt'and  lo  email 

tbe  17tb  century ;  a  tramlatieo  «f  wbose  work  was  pub*  the  deviation  required  by  tbe  thcaiy,  tbat  we  hesitate  In 

liibed  in  Luglisb  by  Mr.  Mm  Lawion,  in  1772,  together  laying  much  atRm  oa  ue  rcenlla  of  thma  phiT 


anew  Tcstoratioii  ef  Ae  whole  work  by  bb  friend 
Mr.  Winii^a  Wala. .  A  more  complete  restoration  ir 
i^ven  in  Dr.  Simsoa'f  posthumous  wovka,  ip  1776 1  aealso 

by  P.  Giuiinini.  at  Parma,  1773. 

DEVIATION,  in  Asiroiioniy.  S'l-  Nvtatiom. 
DEVIATION  qf  a  fiillmi:  bod  !^  from  its  perpaidkiilar  di- 
rection. Ulu  n  the  notion  of  the  rcvrdntioii  of  the  earth 
about  its  ails  was  rriivcd  bv  ('ii|X'rnlc«s,  vatiuus  objec- 
lliKls  were  started  aj;ain>t  it  by  [li'.'  inlli'  ri  iits  of  the  old 
system  ;  and  aiiui;!-;  <ithers,  it  v»a>  asserted  that,  if  the 
earth  did  really  turn  on  its  own  axi.s,  it  woubl  baM-  lel- 
lowcd  as  a  natural  consequence,  that  a  Stone  or  oilier 
heavy  body,  being  let  fall  ftom  an  eminence,  as  tbe  top  of 
a  lower,  must  buve  struck  the  earth  at  a  considerable  di- 
stance from  its  foot  towufda  the  weet:  for  at  the  motion  of 
the  earth  was  from  wcat  to  cast,  they  conceived  tbat  it 
moat  nceowarllj  have  pamd  through  a  space  towards  the 
«a«t,gnater  or  lest,  acoordiim  to  tbe  height  of  the  tower, 
oTfte  tha.  time  the  body  waa  id  falliq^  beibra  the  latter 

*  tha ground {  and  as  from  experinaM*,  ibia  waa  V^n  and  exbalalMni  tbat  riae  from  the  earth  and  water. 


Of  tbe  truth  of  the  themy,  however,  lh«f»  eaa  lie  m  dmibt : 
we  may  therefore  here  notice  M.  LaplaceTs  ultimate  tbeo* 

rem.  Let  A  denote  tbe  hei^t  in»  wbich  tbe  body  falls, 
g  =  the  space  fallen  by  gravity  in  the  first  aecond,  a  =s  the 

angle  of  the  earth's  rotation  in  the  saowi  time,  at  tbo  rale 
of  3tiO°-r  0  yy727  in  a  day,  and  c  =  Cosine  of  the  lati- 
tude of  the  place,  also  d  the  deviation  tovtarijii  the  east: 

then  is  the  deviation  d  =  iach./-.    (Bulletin  des  Scirn- 

r 

ce»,  N*  7.S.) — In  this  th<'oreni,  the  value  of  the  angle  <j  is 
lj"*O.HI,  or  nearly  li";  and  us  a  small  arc  is  nearly 
equal  to  its  smc  or  laiiLeiil,  llieieiore  (ho  value  of  a  is  the 
sine  of  15"  to  rudiui  I ;  thai  is,  n  =  •(K)0O72/25,  the  Ion. 
of  which  IS  S'8(>l666l,  whicli  will  be  useful  in  Computing 
by  the  above  theorem. 

Ot^W,  a  thin  light  iiis(ni.ible  mist,  or  rain,  ascending 
with  a  slow  motion,  and  ralliiii:  while  the  sun  is  below  tbe 
koriioD.  To  tu  it  appears  to  differ  from  rain,  as  less  from 
Its  origin  and  mailer  are  doubtless  from  the  i 


found  ndt  to  be  the  caar,  they  conaideied  it  aa  an 
twvrablc  objection  to  the  C'u|H-riiican  system.   Bnt  aa 
aooo  as  tbe  laws  of  motion  iH'caiuc  better  known,  and  the 

coinposiiion  of  forces  was  propirlv  uiuler^lood,  it  waji 
tound  that,  contrary  to  ihe  o|iinir>ris  (il  those  objectors, 
inslpail  111  thi^  stone  lalli ii>;  coiisidei ably  to  tin'  westward 
of  the  tower,  II  ought  to  fall  a  little  to  the  cant  ol  it,  which 


See  ViiBAlaTloir.  Some  define  it  a  vapour  liquefied, 
and  let  flffl  in  drop*.  M.  Huet,  in  one  of  hi*  letleia, 
aasertt  that  dew  does  ant  ftll,  but  riars ;  and  othen  have 

adopted  the  same  opinion,         .  * 
M.  du  l  ay  made  s<-veral  e.tperimcnU,  first  with  glasses. 

then  »illi  pieces  ol  elotli  stn-tched  horizontally  at  di0i»rent 
heighu  i  and  he  tuund  that  tJic  lower  bodies,  with  tbrir 


IS  what  pxpcrimeala  have  nnce  confinncd  to  bh  the  caw.  wtdcr  anriacc^  wen  wetted  before  those  that  were  placed 
Vol.  1.  »  C  . 
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higher,  or  ihrir  up|icr  Mirluci-s.     .A^d  Du  Fay  and  Mus- 
rhcnbrock  boili  ioumt,  (hut  <liri«  rent  »ul)sIallc^•^,  and  i  vi  n 
diflercnt  colours,  rt-ceivc  ilie  dew  differently,  and  some 
•   '  little  or  not  at  all. 

From  the  prinriple*  lai'i  duwn  under  the  article  F.i  a- 
,  po RATION,  the  sevenil  |d>rniimena  ot'  dews  are  ea»ily  ac- 
COUDlcd  for.  Such  as,  fur  instance,  tbiit  dew»  are  more 
copious  in  the  s-pring,  than  in  the  other  seasoiks  of  the 
yeu;  there  being  then  a  greater  Mock  of  vapour  in  readi< 
nets,  than  al  other  times,  by  rea.vm  of  the  small  exjienw 
«f  it  in  Uw  winter's  cold  and  froct.  Hence  it  ••  too,  that 
Egypt,  and  tome  other  hot  countrica,  ibound  with  ilfwi 
thmighout  all  the  b«tt  of  summer  t  for  the  air  there  be- 
iag  too  hot  to  eonstijpote  the  vapoan  in  the  day-time,  they 
never  gather  into  clouds ;  and  nencc  (hey  have  no  rain : 
but  in  climates  that  are  cx<Tssively  hot,  the  nights  are  n-- 
n^ark  iblv  cold  ;  so  that  the  vapours  idttd  after  Ain>sct, 
aru  iiuilily  condrnsod  into  deu&. 

It  is  natuial  ;i;  ruuciud.,  frnni  llu-  diffrrrnt  ■.iil)'.l;)nr> > 
which  arc  cumbineii  with  (iew,  ihal  it  iiuist  be  eilht  r  lalu- 
tarj'  or  injurinns,  liotli  to  iilantj  luid  nnlntaK. 

It  is  not  l  asy  to  a-t  rrtain  tin-  (jUdt'.tst  v  I'f  dew  that  riM-s 

i     .  every  msht,  or  in  the  wiiuie  year,  bi'ta-j.-e  of  (he  winds 

which  disperse  it,  the  rains  which  carry  ir  dnwn,  and  other 
inconveniences:  but  it  is  known  th:it  i:  rises  in  greater 
abundance  after  rain  than  after  dry  uealher,  and  in  warm 
couniriet)  than  in  cold  ones.  There  are  Mime  places  in 
which  dew  is  observed  only  to  ascend,  and  not  to  {all :  and 
otbeis  again  in  which  it  is  carried  upwards  in  greater  pIcB^ 
than  downward!,  being'  dispencd  by  the  wiadti 

Dr.  Hatct  saade  KMoe  npetiaicnn,  to  delemine  the 
quantity  of  dew  that  falls  in  uw  night;  aad  for  tUa  pur- 
pose, on  the  ISth  of  August,  at  7  in  the  esening,  he  filled 
'   two  glared  earthen  pans  with  moist  earth  ;  the  dimensions 

♦      ^      of  the  pans  being,  3  Inches  deep,  and  12  inches  diameter: 
•  and  he  (ihserve*,  that  ilie  inoi>ter  ihc  earth,  the  more  dew 

fulls  on  It  in  a  night ;  and  lii.it  in'>rc  than  n  double  quan- 
tity cif  dew  falls  on  a  surt'ace  itf  water,  than  on  an  equal 
surface  of  moist  earth.  These  pans  increased  in  weisjhl, 
by  the  night's  dew,  ISO  grains;  and  decre.is<  d  in  «eij;lit, 
by  tlie  evaporation  ot  the  day,  l  <iz  '2.S'.?t;rs  :  so  that  j40 
firains  more  are  evaporated  from  the  eartli  every  24  hours 
in  summer,  than  thr  dew  thai  fall>  in  [lie  r.ight  ;  i.e.  in 
tl'dayi  naar  2()  ounco  from  a  c  iri  ul.ir  an  a  of  a  font  di- 
ameter. Now  if  lliO  gruiiii  of  ilew.  falling  in  one  night 
on  such  an  aresi,  v»hich  is  equal  to  1 13  square  inches,  be 
eipiaUy  sprenil  on  the  surface,  its  depth  will  be  the  159th 
part  of  an  inch.  He  likewise  found  that  the  depth  of 
dew  in  a  winter's  night  was  the  jWth  part  of  an  inch.  If 
theidbre  we  allow  159  nights  for  the  ealcnt  of  the  wm- 
mcr's  dew,  it  will  in  that  time  amdont  to  one  Inch  in 
d.  pth  ;  and  feckonim  the  lemaiBing  306  nighlf  for  the 
exuiii  «f  the  winter's  dew,  it  will  produce  2-28  iiKhce 
de|iili .  and  the  dew  of  the  whole  year  will  amount  to 
3  O.H  lllclle^  depth.  But  the  quantity  which  evaporated 
in  a  lair  tuinmer's  day  from  the  «-ame  surface,  bi'ing  1  oz 
uiid  282  grs,  Hives  the  4('th  part  of  an  iiieli  deen  (ur  iNa- 
p;. ration,  v»i)ich  is  4  times  as  much  as  fell  at  nit;hl.  l>r. 
Hilled  <jl^'  t\'  -.  iiiii:  i!ie  evaporation  nt  a  winter's  day  is 
nearly  the  ^am•.-  us  I'l  a  -iitiuner's  day  ;  the  earth's  };realer 
moisture  in  winttr  t(jiiipen-.atiik;  I'  f  the  sun's  greater  heat 
in  summer.  Males's  Vegiluliie  Statics,  vol.  I,  p.  52  of 
the  4th  edit.    See  Kvapohatio.v. 

'SigiMr  Deccaria  made  several  experiments  to  demon- 
strata  tbs  ociitanfie  of  the  electricity  that  it  pfodnced  by 


ilevv.  He  observes  in  p  neral,  that  bucli  i  in  im  ity  took 
place  ill  i  ltar  and  dry  ueatlicr,  during  which  no  slinlii; 
wind  pnnaiU-d  ;  iind  tlial  It  <ie|>ends  on  the  <]iiiintilv  i)f  the 
Ai  v,  .IS  the  electricity  of  the  rain  depends  e.ii  ihe  quantity 
of  the  rain,  lie  Munetinies  louiid  that  it  begau  bdbrv 
sun-set ;  at  other  times  not  till  1 1  o'clock  at  night.  Atti- 
ficial  Electricity,  Appendix,  letter 3> 

DE  WIT  (John),  the  famous  Dutch  pniiaaafy,  WW 
bom  al  Dort,  in  iSQi ;  where  he  proKCUted  his  studies  so 
dili^tly,  that  at  S3  years  of  age  he  published  i  Jementa 
CuPWHiB  lincanui,  one  of  the  dce^  hooks  in  mathe- 
nMlicy  at  tfaat'daw.  After  takiiq;  his  dq^rect,  and  tiar 
veiling,  he,  in  1050,  became  ]>ensionary  of  Dort,  and  dW 
stinguished  hinfelf  very  early  in  the  moitagement  of  public 
affairs,  which  soon  after  raised  him  to  the  rank  of  pei>- 
sioniry  of  Holland.  After  rendering  the  greatest  benefits 
to  his  country  in  many  impo riant  instances,  and  m  r  in^  it 
ill  several  high  capacities,  «  ilh  the  yreale^t  ubil  il\ ,  di!>- 
eence,  ami  iiilej;rilv,  l-j  some  intrigues  of  a  |>urty,  it  is 
said,  lie  and  Ijis  tiruiluT  \\cTe  thrown  into  prison,  from 
ulx  iice  tliev  were  drai:L;>'d  l>)  llie  mob,  aihl  btttcheted 
with  the  movt  crin  1  and  Miva;;e  bai  liarity. 

DlACAU;s'riC'  Cunr,  or  the  Cniilic  ly  lirfruclkm.  Is  a 
species  of  caustic  curvi-s,  the  genois  of  which  is  in  the  fol- 
lowing manner.  Imagine  an  infinite  number  of  rays  OA, 
BM,  BD>  &C,  issuing  from  the  same  liiinitinos  point  d,  re- 
fracted to  tW  firom  the  perpendicular  mc  ,  t  y  tlie  ;^i\en 
coive  AMD ;  and  so  that  ce,  the  sines  of  the  angles  of  in- 
cidence CUE,  be  always  to  co  the  siiM.<s  of  the  Tcfiactcd 
aiif^  CMe,  in  a  givea  ratio;  then  the  curve  urn  that 
toMliciall  the  reftacicd  rayt  An,  wr.  t>a,  &c,  is  called 
the  Diacanstic,  or  Caulic  vf  Refmction. 


DIACOUSTICS,  or  DiAriinMcs.  the  coosiderstion 
of  the  properties  of  sound  refracted  in  passing  through 
diit'en-nt  mediums ;  that  is,  out  of  a  denser  into  a  more 
subtile,  IMT  oat  of  a  mora  sabtOe  into  a  densor  nedinin. 
Soe  Semrn. 

DIAGONAL,  M  a  ^bt  line  drawn  across  a  figure,  from 
one'hnglc  to  another;  aild  is  sometimes  called  a  dii«raeter. 
It  is  used  chiefly  in  quadrilateral  tigures,  viz,  in  pnrallelo- 
grams  and  trapeziums. 

I.  Every  diagonal,  as  *c,  divides  a    B^^  £ 

parallelogram  i:il>  two  equal  pSttS  OT     JT^s.  y\ 
triangh-s  ABC,  ADC.  \/f*^~-4c. 

•2.  Two  dia2<inaK,  ac,  p.n,  liiawn  in       \         ' '^^X' 
a  parallcl^erarn,  1jis<  rt  f  ach  othi  r  ;  as      A  D 
in  the  pi-'inl  1 . 

3.  Any  line,  as  re,  drawn  thruugh  the  iinddle  of  the 
diagonal  of  a  parallelogram,  is  bi-.ected  by  it  .it  the  point 
e ;  and  it  divides  the  parallelogram  into  two  equal  part;, 
Broc  .111(1  AFon. 

4>.  The  diagonal  of  a  squan  is  incmnnwusurabh:  with  its- 
•ida. 
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5.  The  Cowplement*  about  the  diagonal  of  any  paral- 
Iplognoi  wet  (<tiMil  to  «kIi  «llNfi 

6.  la  any  parallelognun,  tba  aniii  of  the  iquam  of  the 
(our  sides  is.  equivl  to  the  lun  of  the  squaics'of  the  two 
dingonab. 

7.  In  any  liapetiiun,  th«  sum  of  the  squam  of  the  Jbttr 

tnU-s  is  erputl  to  the  sum  of  the  squares  uf  the  two  dia- 
poimls,  lof^t'tlii  r  with  ♦timr^i  the  squurcof  the  distance  be- 
tHi-cn  ll.c  inKiclli'  points  of  iIh-  iii.i.;(nial''. 

H.  In  any  lrii|>< /luin,  tliu  buw  uf  itic  iquiircl  of  the  two 
(iia^imaU,  is  ii'.iiliU'  ihr  sum  of  the  s(juarcaof  tWO  lilMt  h't- 
st  Liiiii;  [;u  two  pairs  of  opposite  suit's. 

!»-  I:i  any  quadnluteral  inscribed  in  a  circle,  (be  rect- 
angle oi  the  tuo  diu;;unals  is  equal  to  tfa«  lum  of  lite  two 
r<  <:tun<;1e<>  under  the  two  pairs  nt  oppoMt* SidCSk 

DtAOoKAL  SeaU.    Sec  Scalbs. 

OlAGRAMi  n  a  iclieaw  for  the  ekplaoation  or  donon- 
UiaiioB  of  any  %iiR>f  or  of  its  properties. 

DlAL^Of  SvW'DtAi.,  an  instrument  for  measuring  time 
bf  meant  of  the  sun's  shadow.  Or.  it  is  a  draught  or  de- 
scription of  certain  lines  on  Ae  surCtoe  of  a  body,  so  that 
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E^uinoctUd  Dial,  is  that  which  ia  described  on  an 
equinoctial  plane,  or  one  pamlM  to  it. 

Baruamiat  Omi,  is  described  on  an  horiiontal  plane, 
or  a  plane  parallel  to  (he  horisotL— This  dial  shows  the 
houn  fnm  sQn.iise  to  suii-s>t. 
Stmlk  Dial,  <tr  m  &wt,  Dirtvi  South  Dial,  is  that  dc- 

SCnbcd  on  the  surface  of  the  pmne  viitical  curli  l.u.iii; 
towards  the  south. — This  diiil  sIp.ws  tiie  tune  tioni  ti  iti 
the  niiir  lii -ij,  iiM  'i  ,i:  _'i)  :'!t. 

North  UiAi.,  (ir  un  AVi.  l>r,,i  SjhIi  l).,tl,  i-  iliat 
which  is  descnbi  il  dm  siiilate  of  the  p:iuie  n  itital 
puintine  nortliward.  Tliii  tUul  mils  sh<nv>  iIr-  hi  ..rs  he- 
tun-  (J  III  ilie  morning,  and  allir  li  in  llie  t  ■  uiii; 

Etui  Dial,  or  Erect,  Direct  E'Ui  Dial,  is  that  drawn  on 
the  plane  of  the  meridian,  directly  to  the  cist^Thia'  can 
only  show  the  hours  till  12  o'clock. 

H'eu  Dial,  or  Bnet,  Dirtet  Wr^t  Dial,  is  tliat  described 
on  the  western  side  of  the  meridian. — This  can  only  show 
the  hours  after  noon.  Cuiis<M]uently  (his,  and  the  last  pre- 
ceding one,  will  show  all  the  hour*  ot'the day  betwccatlieni. 
Polar  Dial,  is  (hat  which  is  described  (tn  a plaim pass 


the  shadow  of  a  style,  or  cay  of  the  iiin  through  a  hole,  through  the  poles  of  tha  worU,  and  the  east  and  west 

should  touch  ceitam  marks  at  oanaih  bouie.  pottUa  of  tha  borisoo.  It;^  It  of  two  hinds  t  the  Irtt  di^ 

Sun-Dials  are  doubtless  nf  g/fiut  aiAiqni^.  But  the  '  '        '  '* 
first  upon  record  is,  it  seems,  the  dial  of  Aha*,  who  began 


to  reign  400  years  before  Alexander,  and  within  12  years 
of  the  building  of  Rume:  it  is  mentioned  in  Isaiab,  chup. 
38,  ver.  ,s, 

Several  of  the  aucieuSs  arv  s[).)k(.n  of,  a*  Uic  cuiislruc- 
ton  of  dials;  as  ADaMiiU'iics  Mili  sius,  Tliali^,  iScc.  \i- 
tni>"ius  mentions  one  made  by  tlie  ancient  Chal<lie  histo- 
rian Berosus,  on  a  reclining  plunt ,  ulinust  parallel  lu  the 
equator.  Aristarchm  Samius  invented  the  hemispherical 
dial.  And  there  were  at  the  same  time  some  spherical 
onus,  with  a  needle  for  a  gnomon.  The  discus  ot  Ari»(ar- 
chua  was  an  horUontal  dial,  with  i(s  rim  raised  up  all 
around,  to  prevent  the  shadow  from  stretching  too  far. 

It  was  late  before  the  Komans  became  acquainted  with 
dials,  llie  first  sun-dial  at  R<»ne  was  set  op  by  Fapyriua  nominated  from  the  cardinal  points  which  they  an 
Cursor,  about  the  46oth  year  of  the  city {  bobiO  which   to;      declinrrs  from  the  Milth,  aad  from  dW  north,  pod 
tiBib  Pliny  says,  thciu  it  no  nentioo  of  anyaeoowBtof  tine  even  from  the  senith. 
bat  by  the  stin't  rising  and  flatting:  the  Int  dial  was  set     Aettied  Diala,  aia 

Xncar  the  temple  ^  Qiiirinns;  but  being  inaccurate, 
sut  30  years  alkcr,  another  was  broit(^t  out  of  .Sicily 
by  the  consul  M.  Valerius  Mestala,  which  he  pkced  ana  or  lest  than  the  equinoctial  plane, 
pillar  near  the  Rostrum  ;  but  neither  did  this  show  time       Reclining  Dials,  are  those  drawn  on  plane;  nnt  erect, 
truly,  because  not  made  for  that  la(i(ude ;  and,  after  using    but  reclined,  or  leaning  Imckwards  from  i'.       a:ih  to- 


fcoled  tawnRh  Aa  aenilh,  muladled  the  tippcrt  the  lat- 
ter, down  towards  the  nadir,  cdlcd  the  lower.  The  polar 

dial  therefore  ia  inclined  to  the  horizon  in  an  angle  equal 
to  the  elevation  of  the  pole. — The  upper  polar  dial  shows 
the  hours  t'rniii  <>  in  t*:f  [umi iiini:  iiil  u  u;  a  _;ht,  and  the 
lower  one  shows  the  huuii  i'dun'  i<  in  tlie  ninrnuig,  aiul 
alti  r  f>  n  the  eventiij;,  mz,  from  suu-risr  and  till  sun-set. 

DicliHtiig  Dials,  are  enet  or  verticwl  dials  which  de- 
cline Iroin  any  ot  the  cardinal  points;  or  li'.iy  lire  such  as 
cut  cither  the  plam-  of  tlie  prime  v.  rdcal,  or  of  (he  hori- 
zon, at  oblique  angles. 

Declining  dials  are  of  very  frequent  use;  as  tlie  walls  of 
houses,  on  which  dials  are  mostly  drawn,  conmmly  de* 
.viate  from  the  cardinal  points.  - 
Of  declining  dials  there  are  several  kinds,  which  aw^ 


.  at  are  drawn  on  planes  not 
erects  but  inclinins,  or  kanif  forward  towards  the  south, 
or  southern  ride  or  die  horimn,  in  an  angle,  either  g;reater 


K  93  years,  Martius  Philippus  «rt  up  atfther  more  e.xacl. 

The  diversity  ol  siin-iliaU  riiis's  ik  ih  the  tlillercnl  si- 
tuation of  the  phine-i,  and  from  the  iIiIIltuhI  lij;oie  ol  the 
surfaces  on  v»hn  li  :r:.'\  i,-.'  !i,  iCribeil  ;  \<lienri'  lin  y  tji- 
corac  detiomitiuteil  hipniH'Cti.;!,  Unrinontul,  \'erliLal.  I'n- 
lar.  Direct,  Erect,  l>ecliniii::,  Intlinin';,  Kecliiiins,  ("y- 
lindricnl,  <.Vc.  For  the  general  principles  of  liieir  con- 
struction, see  DlALLIVp. 

Dials  are  distinguished  in(o  Primary  and  Secondary. 

l\imary  Dials,  are  such  as  are  drawn  either  on  the 
plane  of  the  horison,  aitd  thence  called  borixontal  dial« ; 
or  popendicular  to  it,  and  .called  vertical  dials ;  or  else 


r  polar 


w.irds  the  nor(h,  in  an  aiit;le  greater  or  less  rii.i; 
|)i:ine. 

Di:intlin(d  Dl.*!-*,  art  such  as  both  dethiu  a;,>l  ir,eliiie, 
nr  n  rline. —  1     •,.  L.st  three  kinds  of  ilials  are  wr\  lun-. 

Di  \i.s  mikoui  i'tnt'et,  arc  those  who&i'  hour  lioc<  con- 
viri:*  so  slowly,  that  the  Centre,  r)r  point  of  their  OOO- 
coiiw  ,  Cannot  be  eNpresscd  on  the  given  plane. 
■Jittidrantui  Di.sL.    See /foro<fi('<ica/QiiA  l>aAllT. 
lie/ieciiiii;  Dial.    Siv  Klflectino  DtalL 
Cylindrical  DMi.,i8  one  drawn  oo  the enyee nirihca of 
a  cylinder.    This  may  lirst  be  drawn  on  a  paper  plane* 
and  then  pasted  rouud  a  cylinder  of  wood,  ixc.    It  will 


dimwn  on  the  polar  and  equinoctial  planes,  though  neither  skww  the  time  of  the  day,  the  sun's  pUoe  in  the  ecliptic,* 
boriaontd  nor  vatrical.  .  and  hi*  altitude  at  any  time  of  obsereatio*. 

SeeoKims  Diam,  alb  ill  iboio  that  an  dnm  on  the     Thenan  also  ArfaUr  Diau,  or  on  a  Oarrf,  aad  tM> 
planes  of  other  cirdet,  besides  those  last  mentioned;  or .  eersaf  Diau  ana  PMi  Oms,  6e. 
those  which  either  decline,  incline,  n  cin  .  r  deincliiic.        Rtfrneted  Di  ais,  are  such  as  show  the  hour  by  i 
Each  of  these  again  is  divided  into  setiral  otbtiv  >»  '■     oi  ^"'^  refracting  traii>parL'ot  fluid. 
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Ring  Dial,  »  ■  small  portable  dial,  comisting  at  a 
bru&s  ring  or  rim,  about  '2  iiiclii's  in  <li»inclt-r,  and  ono 
tbird  of  an  incb  in  brt'-adth.  In  a  point  of  this  rim  there 
it  a  bole,  through  which  the  sun-bcams  pass  and  form  a 
'bright  speck  in  ihc  concavity  of  the  opposite  semi-circle, 
which  givi'Y  ihe  hour  uf  ibi-  day  in  the  rlivitioas  marked 
within  it. 

U'hcQ  the  hole  is  fixc^  the  dial  only  shows  true  about 
the  lime  of  the  equinox.  But  to  have  it  pi'rforin  through- 
out the  whole  year,  tht-  hole  is  made  moveable,  the  i>gn* 
of  the  zodiac,  or  the  days  of  the  month,  being  marked  on 
the  convex  side  of  the  ring  ;  hence,  in  using  it,  the  move- 
able bole  is  set  to  the  day  of  the  month,  or  the  degree  of 
the  zodiac  the  sun  is  in ;  then  suspending  the  dial  by  the 
little  ring,  turn  it  towards  the  sun,  and  his  rays  through 
the  hole  will  show  the  hour  on  the  divisions  within  side. 

Univertnl,  or  AstronoMical  R/mr-DtAt,  is  a  ring  dial 
which  shows  the  hour  of  the  day  in  any  part  of  (be  earth  ; 
whereas  the  former  is  confined  to  a  certain  latitude.  Its 
tigure  see  represented  below. 


It  consists  of  two  rings  or  flat  circles,  from  2  to  5inclies 
in  diameter,  and  of  a  proportionable  breadth  &c.  The 
outward  ring  a  represents  the  meridian  of  any  place  you 
arc  at,  and  contains  two  divisions  of  }K)  degrees  each, 
diaractrically  opposite  to  each  other,  the  one  serving  from 
the  equator  to  the  north  pole,  the  oilier  to  the  south  pole. 
Tlic  inm-r  ring  represent*  the  equator,  and  turns  exactly 
within  the  outer,  by  means  of  two  pivots  in  each  ring  at 
the  hour  of  13. 

Across  the  two  circlrt  is  placed  a  ihin  reglet  or  bridge, 
with  a  cursor  r,  sliding  along  the  middle  of  the  bridge,  and 
having  a  small  hole  for  the  sun  to  shine  through.  The 
middle  of  this  bridge  is  conceived  as  the  axis  of  the  world, 
and  the  extremities  as  the  poles:  on  the  one  side  are 
drawn  the  signs  of  the  zodiac,  and  on  the  other  the  days 
of  the  riionlh.  On  the  edge  of  the  meridian  a  piece  slides, 
to  which  is  fitted  a  small  ring  to  suspend  the  instrument  by. 

In  this  dial,  the  divisions  on  the  axia  are  the  tangents  of 
the  angles  of  the  sun's  declination,  adiipted  lo  the  srini- 
diameter  i>f  the  equator  as  radius,  and  placed  on  either 
side  of  the  centre  :  but  instead  of  laying  thctn  clown  from 
a  line  of  tangents,  a  *cale  of  equal  parts  may  be  made,  of 
which  1000  shall  answerrxactly  to  the  length  of  (he  semi- 
axis,  from  llic  centre  to  the  inside  of  theei.^uinoctial  ring; 
and  then  434  of  tbc»c  parts  may  be  laid  down  from  the 
*entre  towards  eacli  end,  whicb  will  limit  ail  divisions  on 


llie  axis,  becauM*  4.14  is  the  natural  tangent  of  33°  78'* 

And  thus,  by  a  nonius  fixed  to  the  sliding  piece,  and  ta- 
king the  sun's  declination  from  an  ephemeris,  and  the  tan* 
gent  of  that  declination  from  the  table  of  natural  tangents, 
the  slider  may  lie  always  n-t  true  within  'Z  minutes  of  a 
degree.  This  scale  of  4,1*  equal  parts  mi^ht  be  placed 
directly  ogoilisl  theS3°  '28' of  the  sun's  declination,  on  tln- 
oxis,  instead  of  the  sun's  place,  which  is  there  of  little  use. 
Ky  this  means  the  slider  might  be  set  in  the  usual  way,  lo 
the  day  of  the  month,  for  common  us«  ;  or  to  the  natural 
tangent  of  the  declination,  when  great  accuracy  is  re- 
quired. 

To  ute  ihU  Dial:  Place  the  lino  a  (on  the  middle  of  the 
sliding  piece)  over  the  degree  of  latitude  of  the  place,  as 
for  instance  5 1{  degrees  for  London:  put  the  line  which 
crosses  the  hole  of  the  cursor  to  the  d<-gree  of  ihe  sigrt,  or 
day  of  the  month.  Open  the  instrument  so  as  that  thi* 
tno  rin^s  be  at  right  angles  lo  each  other,  and  suspend  it 
by  the  ring  Jl,  ihat  the  axis  of  the  dial,  represenltil  by  the 
middle  of  the  bridge,  may  be  piiruUel  lo  the  axis  of  the 
earth.  Then  turn  the  flat  >ide  of  the  bridge  towards  the 
sun,  so  that  his  rays,  striking  through  the  (.mull  hole  in 
the  middle  of  the  cursor,  may  tall  e.\aclly  im  ii  line  drawn 
round  the  middle  of  the  concave  surface  of  the  inner  ring  ; 
in  which  case  the  bright  spot  shows  the  hour  of  the  day  in 
the  said  concove  surface  of  the  ring. 

Xociumal  or  iYi^A<-I)i  al,  is  that  which  shows  the  hour 
of  the  night,  by  the  light,  or  shadow  projected  from  the 
moon  or  stars. 

Lunar  or  Moon  Dials  may  be  either  purposely  described 
and  adapted  to  the  moon's  motion ;  or  the  hour  may  bo 
found  on  a  sun-dial  by  the  moon  shining  upon  it,  thus: 
Observe  the  hour  whicb  thesliadow  of  the  index  points  at 
by  moon-light ;  find  the  days  of  the  moon's  a^e  in  Ihe  ca- 
lendar, and  take  3-4tks  of  that  number,  for  the  hours  tp 
be  added  to  the  time  shown  by  the  shadow,  to  give  the 
hour  of  the  nighL  The  reason  of  which  is,  that  the  moon 
comes  to  thesame  horarycirclc  later  than  the  sun  by  about  . 
three  quarters  of  an  hour  every  day  ;  and  at  the  time  ui 
new  moon  the  solar  and  lunar  hours  coincide. 

UlAL  Planet,  arc  the  plane  superficies  on  which  tlio 
hour  lines  of  dials  are  drawn. 
Tttie  DwL.    See  Tini;  i>ia/. 

DIALLING,  the  art  of  drawing  dials  on  any  kind  of 
surface,  whether  plane  or  curved. 

Dialling  is  wholly  founded  on  the  first  motion  of  the 
heavenly  bodies,  and  chiefly  the  sun;  or  mther  on  the 
diurnal  rotation  of  theeurlh  :  so  that  the  elements  of  sphe- 
rics, and  spherical  trigonometry,  should  be  understood, 
before  a  person  atlcitipts  lo  enter  upon  the  doctrine  of 
dialling. 

The  principles  of  dialling  may  be  aplly  deduced  from, 
and  illustrated  by,  the  phenomena  of  a  hollow  or  trans- 
parent spliere,  as  of  gla*s.  Thus,  suppose  orcp  to  repre- 
sent the  earth  us  transparent  ;  hnd  its  equator  at  divided 
into  34  equal  parts,  by  so  many  meridian  semicircles  «, 
6,  c,  d,  e,  itc,  one  of  which  is  the  geographical  meridian 
of  any  given  place,  as  London,  which  it  is  supposed  is  nt  ' 
the  point  a;  and  if  the  hour  of  13  were  marked  at  the 
equator,  both  on  that  meridian  and  the  opposite  one,  and 
all  the  rest  of  the  hours  in  order  on  the  other  meridians, 
those  meridians  would  be  the  hour  circles  of  I^oiulun:  be> 
cause,  as  the  sun  appears  lo  move  round  the  earth,  which 
is  in  the  centre  of  the  visible  heavens,  in  34  hi>urs,  he  will 
pass  from  one  meridiau  to  anolbvr  in  one  hour.    Then,  if 
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(Ih>  splim  had  an  o^ke  axi%  •*  rifS  tcrmiiuuing  in  the 
|Mln  p  and  p,  the  *h«i(dw  of  tKe  axis,  which  b  b  tlw 


lame  plane  with  tlio  sun  aii'l  wiili  racli  mernlinn,  would 
fall  upon  eviTV  partlcuUr  mt  ridlan  and  hi<ui ,  nlii'ii  the 
son  canw  tu  pKnR-  uitho  upposiu-  tuiTuiiuii,  and  would 
cnri«er|iioii(ly  show  ihc  liine  at  London,  and  m  hJI  odicr 
plari  a  III)  (lie  sain^  mcridioa.  If  this  tpbcrc  ^vc^r  cut 
throiagb  lite  middle  byaaolid  plane  abcu  iu  the  rutiotiiil 
boiiion  of  London,  one  half  of  tbc  axii  kp  would  bcabovi' 
the  plane,  and  the  other  half  below  ii}  and  if  itraight 
line*  were  drawn  from  the  centre  of  the  phuie  to  thoMr 
poinu  vhcn  ill  circumference  is  cut  by  the  hour  circles 
of  ihe  spin  rc,  tlit>!K- limni  would  be  the  hour  lines  of  an 
liorixoiual  dittl  for  London;  for  ihf  n1i,i<)ii«  ni  ilie  axis 
would  tail  upon  carli  p»rliciilar  hour  inn  ul  tiic  ilitil,  wlicn 
it  ffll  upon  ihellki'  li  iLir  i-ir<  a'  (  I  lln-  vplnn. 

If  Ihc  plane  wUicli  cuti^  ihi-  ^phcri'  Uu  upright,  as  afcc, 
toaeblng  the  giwn  place,  for  exanpte,  LondiiuH  at  r,  and 


difectly  opposite  to  the  meridiannf  lKindr>n,ii  will  then  U- 
coRwue  plane  of  m  creet  direct  !>iiuih  di«l;  and  if  right 
Nnca  be  dnwaftom  ill  centtc*,  to  thoMspointtof  its  circum- 
ference where  iho  hour  drdca  of  the  ipbeie  «ut  n,  tfaeaa 
will  he  the  how  llnce  of  a  vertical  or  dmet  aDtttli  dhllijr* 
London,  to  whieh  the  hours  are  to  be  wt  in  the  figure, 
mntrary  to  thoscon  an  hori/nntui  dial ;  uiid  the  l(i»<'r  hnlf 
F,;»  of  the  sxis  will  caul  a  shadow  on  the  hour  of  the  d«y 
in  this  dial,  at  tin-  >-nnic  timi-  that  it  would  lull  Uji  'ii  tin 
like  hour  circle  ot  the  apherc,  if  tbc  dial  plane  was  iM  in 

the  way. 
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If  the  plane,  still  liici^g  the  meridian*  be  made  to' in* 
cUm^  or  redimr,  any  number  of  degnat,  th«  hoar  ciiclea 
cf  the  i{>hen  will  continue  to  cut  liw  edge  of  the  plum  in 
thoae  points  to  which  the  hour.lines  must  be  drawn  straight 
from  the  centra  t  «nd  the  axis  of  the  sphere  will  cast  a 
•badow  on  these  linn  at  tbc  n^spc'cDvi'  hours.  The  like 
will  still  hold,  if  the  plane  be  made  [<i  drclim  by  luiy  Num- 
ber of  dearees  from  the  mcruliaii  limurd-.  the  east  ur  wfst ; 
prfiviiicil  ihc  dccliiialmn  be  lu.iii  .OH  (ii-i^i i'f>-,  or  t:ie 
rccliiuili'Jii  be  Icii  thai]  llif  co-i.ititiidi'  nt  tln'  |ih;ci';  uiul 
the  axis  of  the  sphere  "ill  be  tin- unnriini :  oilu  jwisc,  ilie 
axis  will  have  no  ektalion  above  tlii>  i  t  tin- iIkiI,  and 

cannot  be  a  gnoroon. 

Thus  it  appears  that  the  plane  of  every  dial  represenls 
the  plane  of  lome  great  circle  tm  the  earth,  and  the  gnoraoii 
the  earth's  axis;  the  vertex  of  a  ri^^ht  gnomon  the  cei(tre 
of  the  eRrth  or  viaible  heavens;  and  the  plane  of  Ihn  dial 
is^ust^  for  from  this  centre  as  from  the  vertex  of  the 
StiW. .  Tbc  canh  itself,  cotnpared  with  iu  distance  from 
the  sun,  i*  considered  as  a  poinr;  and  tht-tefvre,  if  a  small 
sphen;  of  gi|ai  bo  placed  upon  any  part  of  the  earth's  sur* 
ftee,  so  that  its  amis  he  nanllcl  tu  the  axis  of  the  earth* 
and  the  sphere  have  sncb  lines  upon  it,  and  such  planet 
within  it,  ta above  described  ;  it  will  nhovr  the  boun  of  tbo 
day  AS  truly  a!»  if  it  were  placid  at  the  earth's  centre,  and 
tfu'  shell  of  the  earth  wei*  as  tmnaparent  as  glast.  fcigu* 

>•        IfCl.  10. 

'Mie  piiiicip;il  «  lit^'I^  (in  I)l:iL-,  1  Dialling.nii  thr  ful- 
la\» Hig  :  \  jtnuius,  m  his  A  icaiti  ciun',  tiip.  4  and  7 ,  lib. 
<}:  Seba^tinit  Muiislir ,  Ins  1  iiitdloi'raphia  :  .lohn  Drvin^r 
de  Horoloiiiiruin  lariii  Coi.iposiiidiu  :  Coiirndt-  (iimim'* 
Pandccta;:  .Andrew  Schoiu  r's  Ginyiiiciiiea-' :  Fred.  Com- 
inandinc  de  Horolo;jii'runi  MescnpiU'iie ;  Joaii-  |5apt.  Be* 
i)edlctU!>  de  Gnoroonum  Umbrurumque  Sokfidin  UsU  ^ 
Joanmii  (jeorcius  St'lKMnhert;,  Kxeue^^is  Fuildttoiculorum 
Gnomonicoruni  :  Solomon  dc  Cans,  Tiaitedr*  Horqiogitt 
Solum:  Joao<  Bapt.  I'rolia,  Praxis  Uoruloaiorum  :  De* 
saigoce,  IfanricM  uoivenelleponr  powr  riui»ieu  rt  placet 
lea  Uoum  et  nutqes  Choics  anx  Cadrans  Solaires:  Aih. 
Kifcfaer, AmmngpmLncisctUnbre:  iiallum,  Kxpltcatio 
Horalo^  in  Hwio  Regio  Londini :  Tractatus  ii'nnlogi. 
onim  Joannn  Mark:  Claviua, Gnomoniccs  de  H<yol>';;ii!«; 
in  which  he  dciuunttrates  both  the  iheoiy  and  the  operu* 
tions  after  the  riuid  manner  of  theaneientmathrinniiciaiM: 
Dt  rluiics,  Ozanain,  and  Scluiiius,  jgave  much  <  ii>i('r  trea- 
tises (in  this  subject ;  as  did  ;ilsii  Wolfios  in  l;i»  Klcinetita : 
M.  I'lCard  nave  a  new  nu  tlnul   ;it'  iu:iCi:it;  i\]:iU,  hy 

calcuhilnij;  tin- lumr  liiu-';  ami  M.  Liihirc,  in  in-  iJiai- 
ling,  piiiili(i  in  llsS:),  I'n.i'  a  l:(  uraclricnl  niellio<l  ofdraw- 
in^  hour  lims  from  cril;ii:i  jimrils,  determined  l>y  olrvrva- 
tion.  Kvcihard  Wulpi  I,  it;  lo  Ji,  publiahed  his  Dijiiliiii", 
in  which  he  lays  down  a  method  <if  drawinj"  the  jiriniary 
dials  on  very  simple  principles;  and  the  same  |iiinripli-» 
an* also  desciihed  al  length  by  beluistiun  Munslcr,  in  his 
KudimCAta  Miiiliematica,  published  m  U53I.  In  1673, 
Stttimius  published  a  new  edition  of  Walpcr's  Dialling 
TCth  the  addi^  of  a  whole  tccood  pait,  oonceming  in> 
dining  and  declining  dials,  >ic.  In  1704,  the  same  work 
was  re-publinhed,  with  Sturmiuirs  additiana,  and  likewise 
a  4th  part,  containing  Picard^  ami  Uihins's  methods  of 
drawing  large  dials,  which  forms  much  thobcttond  ablest 
work  oil  ihe  subject.  Paterton,  Mid^elj  and  .Mulh  r, 
liuvceach  writiru  on  Dialling,  in  the  German  language : 
Coetiius,in  his Uorolog^cignphia.PbHUi  printed  in  idigi 
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Onuppcii,  in  his  (iiKirnoriicu  MtTtianica  :  1^  \  b<jurti,  in  his 
I)i;illii.g:  Binii.  in  his  L'm- of  Mnlfiriiiiitic;il  lintruim-iits  ; 
Wclls,in  Ins  Art  of  Shadows.  There  is  al^.  :i  tifgti'.e  by 
M.  DcpuKcux,  I"40.  Mr.  Frrguson  h;is  uI^.j  writtt-n  on 
tiwmne  subjcri,  in  his  IxTturis  on  Mccliunicsk;  baidef 
Emenon,  in  his  DiRlling;  und  Mr.  W.  Jona,  in  hitln- 
»rrumentiil  Dialling.   S»;  t\io  my  ReCfcatioM,  t-ol.  3. 

L'nirertil  DiALLiNC  Cinder,  is  leptnenled  in  fig.  9, 
plat«  ix,  frheie  abcd  ij  a  glutt  cylindrical  tabe,  doHdat 
both  end*  with  bras*  pluici^  in  the  centra  of  wMeh  •  *m 
or  axis  Bra  b  fixed.  Tbe  tube  i»  etiher  fixed  to  an  hoti- 
xootd  board  n,  to  ibat  h»  axis  may  make  an  angle  with 
the  board  cquul  to  that  which  the  rarlh's  axis  makes  with 
the  hori/on  of  any  given  plarr,  being  thus  paralM  to  the 
;i\is  iif  <iirth;  or  it  iti;iv  bi-  iiuulc  to  movi  mi  a  joint, 
«nd  i  k^Mili  d  for  :usy  piii  lu  iilar  latitude-  l  la  i  I  hour 
lilK*>.  an'  dra«  n  with  a  thainoiul  o:i  Ihr  nut«io<'  <il  (he  glius, 
«'(|«idi<(tiiiil  Irum  t-ach  other,  and  ptiralli  l  t(j  tin-  axis.  The 
\  1 1  111 M  n  '.i;in(l»  for  midnight .  and  the  \i  \  iuM  the  buard 
H  tor  noon.  Whi-n  the,  axis  of  this  instruiueiil  i%  i-ii-vatcd 
according  to  the  lutituile,  und  the  board  5.et  levol,  with  the 
line  UK  in  the  plane  of  the  meiidiani  and  tbe  end  towards 
tbe  Bonb  ;  the  u.xis  xro,  when  the  wn  shines  on  the  in- 
ktramcnt,  uill  fvAi-  us  a  gnomon  or  Mile,' and  ca»t  a  slia- 
duw  on  the  hour  of  ike  day  aqioncthe  paraUd  hour  lines. 
As  the  plate  AO  at  the  top  b  parallel  to  ihe  equator,  and 
the  axil  mwo  pcrpeBdlcnutr  to  ii,  right  line»  drawn  from 
the  centre  to  the  exiremitks  of  the  nuaUeb  will  he  the 
hoar  ISnca  of  an  cqnhioctial  dial,  and  tbe  axii  will  be  the 
stile.  An  boriiental  plate  rf put  down  into  the  tube,  with 
lines  dnwn  from  die  centre  tn  the  scleral  parallels,  cutting 
its  edge,  will  be  an  horii!.>iitul  dial  for  the  given  latitode; 
and  a  vertical  plate  gc,  fronting  ihe  meridian,  and  touching 
•the  tulK-  "  iih  il>  I  f\-Z'\  «iih  lint-s  drawn  friini  it>  ccntri'  to 
the  pa^alK■l^,  u  ill  In-  u  »erlical  south  ilial .  thr  axis  of  the 
iii^trumtiu  scr\iii^  tn  both  ca»c»  f^ir  the  stile  uf  the  dial: 
and  it  a  plate  bi  placid  within  th'-  tube,  vi  ius  to  decline, 
incline,  or  recline,  by  tiiiy  pivcii  ii'jnibir  of  dtj{Ti  rs,  and 
lines  be  drawn,  as  abo^c,  a  declinin<;,  inclining,  or  lecli- 
ning  dial  will  be  formed  for  the  given  latitude.  It  the  axis 
w  ilh  the  several  plates  lixed  to  tl  be  drawn  out  of  the  tube, 
and  V'i«p  in  sunshine  in  the  same  position  as  they  were  in 
the  tube,  AD  will  l]C  an  equinoctial  dial,  </°  an  horisontal 
dial,  and  gc  a  vertical  south  dial ;  and  the  time of  the  day 
will  be  shown  by  the  axis  ire.  If  tbe  ^linder  were  wood, 
instead  of  g^ass,  aad  the  parallel  lines  drawn  apon  it  in  the 
same  manner,  it  would  serve  to  facilitate  the  opaiation  of 
naking  these  several  dials.  The  upper  plale  with  liaea 
drawn  to  the  several  intersections  of  the  parallels,  wUch 
appears  (ddM|u>'ly  iu  t\^.  '2,  »ould  bean  i-quinoctial  dial  as 

in  (ig.  3,  and  the  axis  pi  ipi  'iii  nlar  tn  it  Im-  its  Stile-  An 
horizontal  dial  lor  the  laii'.uJi-  i.f  the  elevation  of  the  axis 
might  be  made,  by  drawini;  out  the  axis  and  cullMi'.;  the 
ryliniier,  ns  at  efyfi,  ]iarall(  l  to  tlie  lion/ontal  boaid  li  ; 
the  MCti'vi  »oulii  be  liliptic  a?,  in  tig,  4.  A  circle  mii;ht 
be  described  on  tiie  centre,  «nd  line  draun  to  the  dni- 
sions  of  the  ellipse  would  be  the  hinir  liiieM  ami  tlie  vine 
put  in  its  place  again,  as  e,  would  be  tiie  stUe.  .  It  liii>  cy- 
linder were  cut  by  a  plane  perpendicular  tu  the  horizontal 
boord  II,  or  to  the  line  shn,  beginning  at  g,  the  plane  of 
llw  section  would  be  elliptical  as  in  fig.  5,  and  lines  drawn 
to  the  points  of  hitersection  of  the  parallels  on  its  edge 
would  be  the  hour  lines  of  u  vertical  direct  south  dial, 
which  might  be  made  of  any  shape,  nlher  circniar  or 


sqimr<*,  and  r  the  axis  of  the  cylinder  would  be  its  stile. 
'Ihus  also  inclining,  declining,  or  reclining  diab  might  be 
easily  constructed,  for  any  given  latitude.  Ferguson,  nbt 
supra. 

Dialling  Giobe,  is  an  instrument  made  of  bra'^s,  or 
wood,  with  a  pkae  fitted  to  the  horlioii,  and  an  index ; 
partictilarljr  contrived  to  draw  all  sorts  uf  diaU,  and  to  give 
a  clear  exhibition  of  the  principle!  of  the  art. 

DuLtiMO  Um,  or  Snle$,  are  gra^mied  Knei^  placed 
«■  nrica  arfbe  edges  of  qusdrantu,  and  other  iaatmiMats, 
to  expedite  the  cooatrueiion  of  ^db.  The-principd  of 
these  liiM!s  are,  1.  A  scale  of  six  hoars,  which  is'only  a 
double  tangent,  or  two  lines  of  tangents  each  of  +5  de- 
grees. Joined  together  in  the  middle,  and  esjual  to  the 
whole  I, 111  I  ;  »i  ,14,  with  the  declination  set  against  tlie 
ineii'iiaii  ahitudes  in  tlie  latitude  of  L«iiidon,  suppose,  or 
any  |iluc<-  U>r  which  il  i>  made  ;  the  radius  of  which  line 
of  *ini  s  IS  equal  (u  Ihe  dialliiii;  scale  of  «ix  hours.  "2.  A 
line  ol  latitudes,  wlm  h  ii  fijtid  ti>  the  hour  scale,  and  is 
made  by  this  canon;  as  the  radius  is  to  the  chord  of  ^0 
degrees;  so  arc  the  tangents  of  each  respective  degree' of 
the  line  of  latitude<i,  to  the  tangents  of  other  arcs:  and 
then  the  natural  sines  of  those  aicsare  the  numbers,  which, 
taken  from  a  diagonal  scale  of  equal  parts,  will  graduate 
the  divisions  of  the  line  of  latitude  to  any  radius.  The  liiw 
of  hours  and  latitudes  is  generally  for  prickiitg  down  all 
dials  with  centres.  For  tM  OMthod  of  conatiniciiiiig  thcee 
acaks,  see  Scale. 

Dt AttlHO  ^thert,  is  an  inilniiDcnt  made  of  btass,  with 
several  semkiieles  slidiitg  over  each  other,  on  a  moveable 
horison,  to  demonstrate  the  nature  of  the  doctrine  of 
spherical  triangles,  and  to  give  a  trim  idea  of  Ih*  di^wiag 
of  dials  on  all  kinds  of  planes. 

I  1 .11  11  'fa  Cirile,  is  a  rl^ht  line  pas-ir:^  'Ii  rnij^h 

iheccuti ,  jiiil  11  1  ininnted  atlhecirciimferi  nceuii  b  ith  mHi 

'J'lie  diameter  divides  the  rircumferenre,  .mil  [h,  area 
of  the  circle,  iiitu  two  equal  parts.  And  half  IIjl  liianu  ler, 
or  the  semi-diiinirliT,  is  called  the  radms. 

For  the  prupirtion  between  the  diameter  and  the  cir- 
cumference of  a  circle,  see  Circle  and  CiucuMrERKNce. 

DiAMETEH  of  a  Conic  Section,  or  Tratwxrit  Diameter, 
is  a  right-line  passing  through  the  centre  of  the  section,  or 
the  middle  uf  the  axis.— The  diameter  bisecis  all  ordi- 
nate s  or  line«  drawn  paiallel  to  the  taitpnt  at  its  vertex. 
See  Come  Seetiam,  ' 

Cbjfi^gale  DiavsTBB,  is  a  diameler,'ni  Conic  Sections, 
pamUd  to  the  ordinaM  of  another  diaanaiar,  called  the 
tflNnmae;  or  parallel  to  the  taagaot  at  the  eeitcK  of  this, 
other. 

DtAMETKR,  <^  any  Carpe,  i»  a  right  line  which  diviil«^s 
two  other  parallel  right  lines,  in  such  manner  that,  in  each 
of  them,  all  the  segments  or  ordinates  on  one  side,  l  eisvct-n 
the  liiiiini  ter  and  dill'i  ic  nt  points  of  the  fi<i  u  ,  equal  to 
all  thuse  on  tiie  ollii  r  wde,  accordiii!;  to  New  Kin's  dedni- 
tioii  lit  a  Di.imeter. 

But  some  detlne  a  diameter  to  be  that  line,  wliellier 
right  or  ctii  vi  il,  rt  liii  h  b. sects  all  ihe  parallels  drawn  troni 
one  puiiii  to  another  of  a  cui  ve.  ISo  that  in  this  way  every 
curve  will  have  a  diameter;  and  hence  the  curves  oi  (he 
2d  order  have,  all  uf  ihsm,  either  a  right-lined  diameter, 
or  else  the  curves  .of  somo  one  uf  the  conic  sections  for 
diameters.  And  many  geometrical  curves  of  the  higher 
orders,  nu^  alto  have  mt  dianwieii!,  euim  of  01910  hk' 
nor  orders. 
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Di  A  JITTER  qf  Cun  ity,  is  a  rl^hl  line  pitting  liirougii 
the  f<  n;n  i  f  j;ra\ity. 

DiAUKTLK,  in  Astronomy.  The  diapicters  of  the  bca-< 
vmly  iMxlicsMre  wiiierapiMrrnt,  i.  c.  »uch  as  they  sppotr 
<o  the  cjrci  Of  ff^U  >■    ^uch  m  they  are  in  themadvK. 

The  apparent  <liam«U'r>  urc  lic*t  menun d  wiih  u  m;- 
croaiel«r,  and  an  ettinwted  by  the  mcAMiM  of  the  angle 
they  tubiend  at  the  eye.  TIh'm.*  are  diflerent  in  diOeiciit 
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Id  paria  of  the  orbiii,  or  according  M  the 
various  disuneeeM  the  itunlnary;  being>in  the  inmie 
ntio  jof  the  distance. 

The  nin's  wrtical  diameter  k  found  by  raking  the 
height  of  the  u|>p<.'r  und  tower  edge  of  hi)  diik,  w  hcii  ht-  i» 
in  till-  iiKTiilinii,  or  near  it;  corrrcling  ihr  ^iltitudr  of  mch 
«di:r  i  n  scroLiiit  I'l  I'l'InictKm  aad  |turallax;  tin  n  llu'  dil- 
fiTi-iUX-  LiiH\v>\'ii  llic  liui-  ultitudt-^  <i|  tlir  I'.xj.  !■>  llii  Hue 
apparent  il.  mirti  i  ••nus'lil.  Or  Ihc  ii])|Mii  iit  <li.iim  u  r  inav 
be  detprniir.ni  by  . -Ij?.  rvini;,  uitli  ii  ^u'l<l  cl'.i.l>,  ihi-  tiiiu' 
which  lilt- Mill' >  >liic  liiki'-  III  iivi  i  lilt-  ii'.i-iiiiiiin : 

one!  htri',  when  'Sn'  iv  hi  h  niai  Uic  rqiiator.  lilt  lo!- 
loHinK  pio|)(jrliiiii  luiiy  i"'  used;  wx.  u»  iIk-  time  littwu  ii 
the  sun's  leaving  tlio  incridiuii  und  n  turning  ti>  it  nguin, 
in  to  3()0  dcgnvs,  so  is  tbc  tinu-  of  the  lun's  piusitig  over 
the  meridian,  to  the  number  of  miniitp)  and  tecond*  of  a 
degree  contained  in  hi«  apparent  diameter :  iwt  when  the' 
sdh  is  in  a  parulkl  at  some  distance  from  ihacqiiateri  his 
diameter  nic)i«ure«  a  i;rc«ter  number  of  minatrs  and  ss*. 
eonds  in  that  parallel  than  it  would  do  in  «  (treat  ciide, 
and  takes  tip  proportionally  more  time  in  pausing  over  the 
nuridiani  in  which  case  we  ha««  this  proportioa:  as  m- 


proportioa: 

dius  is  to  the  eanne  of  the  sun's  declination,  so  is  tiie 
time  of  the  sun's  pa«<in<;  the  meridian  n  ducrd  to  minuir« 
and  seconds  of  a  degn-e,  to  the  are  of  a  Rrcot  circle  which 
nK-aMirts  ihc  sttii's  apparent  horjfoMal  diameter.  See 

Tkaxmt.  « 

'I  (u  Mill's  apparent  diumfliT  may  aNo  be  taken  by  llie 
pr<ijittion  of  lii«  iniai;i'  in  a  iliuk  rmnn.  'I  hrrr  an-  n  m  - 
ral  ways  »\  finding  thf  api/^irt  iit  iliaim  U  t>  ni  tin-  |>Uiii<  l> ; 
but  the  mo*!  cntam  ini  lhinl  k  ihiii  ihr  ruiiiomotfr. 
In  lhci.c  cliami  Ur-.  Ci>nsid>  rulili  <  rnir5  »iri-  in;ule  by  the 
more  iiniii'nt  ustrunonicrs ;  but,  acc<irding  to  thr  b*-%t  of 
the  modt-rn  obM'rvatioii>,  iliuso  diameters  are  a»  below  : 
vis,  the  suu's  disimitcr  is  found  to  vary  from  32'  3S"<i  in 
JaaiMiy»  to  3I'  jJ'J*  m  July;  thr  apparcol  di.inu-ler  nf 
the  moon  rari>  s  irom  aiiout  ^>)'  38"  tu  33'  SfTi  her  real 
diameter  bcmu  about  ?180  miles.  The  apparent  duBie* 
ters  of  the  planeis,  wIk-h  at  ibrir  respective  meandistuiccs 
from  the  earth,  are     |i>llnvv  : 

H"'    a»"    a?"    3y"     IS"    3"  j-i". 
And  from  then;  apparent  diametert,  with  the  respective 
dbunees  from  t  he  £arlb,  the  real  diameteis  of  the  sun  and 
plan'-t^  h::s,-  been  determined  in  English  miles  as  below : 

M<f  uit,   \.Mii«,  Man,  Ju|iheri  Saiuro,  Hmcbvt,  Son, 
.  7687  4189  *9170  7904«  3iU2  tMS46. 

Observatiims  on  the  planets  HerMibrl,  Saturn,  Jttpiier, 
Mars,  and  the  Karth,  prova  that  there  is  a  srnuUe  diA- 
coce  between  their  equatorial  and  polar  diameters;  and 
It  is  probable  that  there  i«  a  like  difference  between  the 
dismftenof  the  other  plunct«,  but  ihii  has  not  yet  Ix-on 
determined  by  otwrvalion.  The  mean  apparent  d'ametem 
«f  the  plaoels,     if  in  from  ihe  sun,  have  bivii  iJius  givin; 

Mtmny,  VeniH,  Earth,  Mn,  Jumn,  Suum,  Hcnehd, 

1)1  AKSnit  p/a  OAuutf  is  itt  tbickuesa  just  abora  the 


base.    From  lliss  the  iiU'cUile  i*  tiikiii,  unieli  riunsiiti'  all 
the  ufber  parts  of  the  column. 

DiASiF.TKH  nf  the  DimtRUtion,  is  that  taken  at  the  top 
of  the  shaft. 

VHs  MET!  R  nf  the  Spelling,  is  that  taken  at  the  height 
I  :  line  third  from  ihe  bas<'.  . 

DIAPASON,  a  mttsical  interval,  otherwise  called  an 
octave,  or  eighth;  so  called,  because  it  cuntaitu  aJI  tba 

Ciihie  diveraities  of  sound.  If  the  lengths  of  twostriqgt 
to  tach  other  as  1  to  9,  tha  tensions  being  equa|>  th^ 
tonca  will  produce  an  octave. 

DIAPENTE,  is  tbc  perfect  fifth,  or  second  of  the  con> 
cords,  making  an  octawa  with  thaDiatcMinm.  Thelci^du 
of  the  chord*  are  as  3  to  S. 

DIAPilANOL'S  /i'/y  i  r  MtJium,  urn-  that  is  trans- 
luciiit,  or  through  uliR'li  the  lays  oljight  easily  pes*; 
iti  »  Iter,  air,  glas^  talc,  line  poroelaiii,  ttc.  Sea  Thaws* 

I'AllENCY. 

DIAPHOXK'S,  i?  «<iin<  tiir..  s  iim  iI  fur  the  scienceof  re* 
fracted  iounil,  as  it  pjisses  ihrougli  ilit:eri!it  inrditims. 

DIASTVLK,  a  sort  ol  i^  ilice,  in  »hicb  ilie  [>ill.ii>  vintnl 
at  such  a  distance  froin  one  another,  tiiat  three  <iiaiueieis 
oi  till  ir  thickness  are  allowed  lor  the  intercolumniahon. 

DIATI^SSARO.N'.  is  the  |>errec(  fourth;  or  a  m^fsical' 
interval,  euitsisting  ot  one  <;reater  tone,  one  lesser,  and  uih: 
greater  semitone.  The  Icn^^ihs  of  sirin<;s  to  sound  the  di- 
atessaron,  arc  a*  3  to  4. 

DIATOMIC,  A  term  signifying  the  ordinary  sort  of  mu- 
sic, which  pmcccds  fay  tones  or  degn-es,  both  ascending 
and  descending.  It  eontaios  or  admits  unly  tha  gmtcr 
and  lesser  tone,  and  the  greater  sctnitonr. 

DIESIS,  a  division  of  a  tone,  less  than  a  semilnw}  or 
an  interval  consisting  of  a  leis<-r,  or  imperfect  sefflitone^ 
The  Dii^is  Is  the  sm:illest  and  softest  chaiiue,  or  inflexion, 
of  the  vuiee  iniarmable.  It  is  alio  called  a  feint,  and  is 
expressed  bv  a  St.  Andrew's  cross,  or  saltier. 

1)IFFI"RKNC'K,  is  the  excess  by  which  one  nvasnitude 
or  quantity  exceeds  another.  When  a  less  quanljiy  .s 
Miijiiiu  Htl  Irom  a  greater,  the  remaind*  r  is  olherwiso 
(  ul  |i  1 1  ' .  itl'en  nee. 

AKXniwnel  DiFreRESct;.  S<-e  Ascension'al. 

DiwnnvcT.tflMilKiff  in  Geography,  &e,  is  an  arch 
of  the  meridian  included  between  the  parallels  of  latitude 
in  which  any  two  places  lie.  When  tha  latitudes  arc  both 
north  or  both  south,  the  !<■<$  Int.  lakm  ftom  the  greairr 
leaves  the  difference  of  latitude;  but  when  tlie  one  Int.  in 
mirth,  llie  I  ther  south,  their  sum  slm'.vs  tin'  dil.  of  liil. 

])l  I  >  l.HF.  NCK  nf  Lntr^iiurlc,  of  two  places,  is  an  artli  n( 
lh<-  equator  eoiilal in  il  li  I  ai  ii  (lie  meridians  nfihoie  t«o 
plac<-»,  or  tile  measure  of  the  angle  fiir!iie4l  by  their  ine- 
ridinns.  When  the  lunj;irudes  arc  both  east  or  both  west, 
the  one  taken  I'rutn  the  other  leaves  the  dif.  of  longitude; 
but  when  the  one  is  east  and  the  other  west,  they  are  then 
to  be  added  ton^thcr  for  llie  dif.  of  longitude. 

DIFFERENTIAL,  an  indefinitely  small  quant  I  part,, 
or  diflmnce.  By  some,  the  Diflereniial  is  consiihMvd  as 
infinitely  snmll,  or  less  than  any  as«ignablc  quantity ;  and 
also  as  of'  the  same  import  us  flu.Niun.  It  is  calM  a  Dif- 
ferential, or  Diflerentml  Quaniiiy,  because  oliiii  consi- 
dered as  the  difierence  between  two  quantities;  and  as 
such  it  is  the  foundation  of  the  Differciitial  Calculus. 
Newton  used  the  term  Moment  in  u  like  sense,  as  beiiiJ  the 
momentary  increii»e  or  decrease  of  a  variable  quantity.  M.. 
Ldbnitf  and  otbets  call  it  aba  an  i 
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JJlFFEttCSTIA  I    oj   (fie  Ut, 
Dirt'tHEKTIO-l)!  »  t  Lll  l.  \  11  \  L. 

DirrcKKNTiAL  Vatculm,  i»  a  incilioti  ol  (iirTeix-nciug 
quaiilllit'i.  S«e  DimUKHttAl,  JtfdW,  Caicvlvi*  ud 

Fluxion*. 

DiitEREVTio-DiFFKiiENTiAi,  Qtlcului,  is  a  mcthod 
o(  diftiTciicing  dilicn-nlial  quaiuitit-s.  As  liii'  iii;n  of  a  ilif- 
Iprentiul  is  lUv  Icltcr  jin-lixcd  tu  itii'  (|Uuiaily,  us  (ir  the 
dttflerential  u(  i ;  to  Umi  of  a  difi'vrvtuiitl  ul  lix  is  ,Jdj,  ami 
the  diffci  riitiikl  of  ddx  u  dddx,  &C ;  siroilur  tu  liic  tluxion» 
i,  i»  h  Sec.  lliuK  we  have  dq^nccs  uf  diftucntuli.  Tbe 
diffwrMitMl  of  an  ordinary  quantity,  ia  a  dMemtial  of  the 
intofderor  di^rctkaswr;  tbatof4bead4Micei»(Mr» 
that  of  tha  3d  dtpco  U  dddx,  &c.  'tha  rub*  far  diflb> 
rentials,  are  •  the  veiy  same  a«  thoK  for  flttxinm.  Sea' 
Fluxios*. 

Ul n  Kur.XTi A  L,  in  Loi^arilhrns.  Ki'plcr  call*  the  lot;a- 
ritlim)  of  tuii^eiils.  Diffcioiuialr:. ;  whicli  wc  u^uhII)  call 
artilicial  lan^cnb. 

Dim  Ul  NTi  1 1.  Epiiil  on,  )>  lui  muulioii  liliuiviii;; 
or  rontuinlEiL:  dil1'.  1 1  i.ii.J  qu<iu(iti(«;  if)  tlir  fijualion 
',\t'-dz  — 'inidi  -r  a^iii  -t-  «i</y  =  0.  Some  matiirniati- 
cmn-i,  u!i  Slifliri;:.  i.VC.  lunc  ulio  u)i|)lii-il  the  term  illlTori-n- 
'tial  equation  in  aiiDtlicr  sc-iitc,  lu  aitum  rquaiiuii*  de- 
lining  liie  nature  of  icru 

Dirf  BBBiiTt.«  L  MrilxiKi,  it  iinilM  :I  <  I'  {inding  quanti- 
tin  fay  means  of  ilu-ir  >urci  ^>i\i'  uiu  kih  >  ».  Thismethod 
it  at  very  ^neral  um-  and  iipplicaiiun,  but  especially  in 
thaoonitruciion  of  tables  of  numfaen,and  the  summaliou 
of  lerifs,  &c.  .It  wa*  fin,t  vapd,aiMl  tha  rulet  of  it  laid 
down,  by  Brigg^  in  hia  Coaatnielion  of  Logarilhmt  and 
other  Numben,  oinch  the  Mour  aa  they  wcce  aftenwurda 
luught  by  CotM,  in  his  ComUactio  Tabalama  per  DHK^ 
n-ntias ;  lu  ii>  shown  iu  the  latiodnclian  to  ray  Logs, 
pa.  6f)  ct  w  q.  See  Krif^'s  Arithnwtica  Lt>g:anibmica, 
cap.  I'i  and  1;),  ami  lii>  I'liuunonictriii  Uritaniiicit. 

The  method  wiw  uo\t  tn-atrd  in  another  form  by  New- 
ton, ni  (ho  6lli  l.i'inriiii  I't  tin  .'ul  huok  ol"  his  l'niii"i|jia,  and 
in  ins  MclhiHl-.i'.  Diili'ii iKiiilis  puLilniKil  in  .I.m.  ^  i:i  1 71 1, 
with  the  <ithi.T  ii.riciv  111  Si  ivton.  This  ;iii:hor  \u-n-  irrats 
it  as  u  iiu  ;ho>i  lit  ih-K'riljini:  a  curve  ut'  ihi  pur.ibolic  kind, 
through  miy  ^'iv>  ii  ritiiiib<  r  ol  |ionm.  lir  liiitinnuishcs 
two  caM>  uf  thi^  problem;  the  lirbt,  when  the  ordinates 
drawn  from  ihe  given  points  to  any  line  given  in  position, 
an.-  ai  equal  distances  from  one  anothrr  -,  and  the  2d,  when 
tit«.'»e  <iTdinuU'«  ure  nut  at  equal  diatancrt.  lie  hasg^ean 
a  sotution  <■!  'joih  tn^es,  at  tirat  without  deinunstration, 
whidi  was  afterwards  supplied  by  bim»elf  and  others ;  »ee 
hi«  Meihodui  Ditferentiaiis  abinre  mentioned ;  and  Stir> 
ling's  FAplanation  of  the  KewtonUn  Difttcmial  Ualhod, 
in  the  Pbiiot.  Tfanu  N*aG8i  Colev  Oe  Mathodo  Dif- 
fcrrntiali  Newtoniana,  pnbliihod  wilb  bb  Hatmoaia  Men* 
suraruiii ;  Merman's  Phoronomia;  and  Le  Sour  and  Jac- 
quier.  111  iiieir  Comnicnlary  OH  Newton's  Principia.  It 
may  U-  ohseru'd,  that  the  meth.  iis  tlh  re  ilrr.um-tr.ileil, 
by  Mimr  i>t'  the>e  uutbort,  cxtenil  to  tlu'  destiip'iiiii  ut  lUiy 
algebraic  tune  lhrouj;h  a  k'^*^"  mn'i'"  '  ]'"'<<'■.  v  \<.(h 
JJcwton,  writiiii;  to  Leibnil/,  itu  atuais  ii»  a  jii.iiili  in  ol  liie 
greatest  uve. 

By  this  mrihod,  some  terms  of  a  series  being  f;iven,nnd 
conceived  as  placed  at  niven  intervals,  any  inieniK  ilia'.u 
term  may  l>e  found  ;  which  therefore  gives  a  inellnKl  lor 
iiiterpolatioini.  Brigp's  Arilh.  Log.  ubi  supra  ;  Newton, 
Meth.  Diifcr.  prop.  6;  Stirlii%,  Motbodus  Diffierentialis. 


Thu^  aUo  may  any  curvilinear  tinure  bf  sijuarfil  nearly, 
hiiving  some  lew  of  its  ordinutes.  Newton,  ibid.  pr(qi.6  ; 
Cotes  Dc  Method.  Differ.;  .Siinp*oii's  Maiheniaticut 
»eii.  pa.  1 15.  And  llui.i  may  mathematical  tables  be  cori- 
»tnicted  by  interpolations :  Briggi,  ibid.  Cotrs  Catio- 
notechnia.  The  successive  differences  of  the  ordinates  of 
parabolic  curves,  becoming  ultimately  equal,  and  the  in« 
terniediute  ordinate  required  being  determined  by  tbcte 
diti'erences  of  the  ordinBlet,  is  the  reason  fur  the  name 
DilU-rcntial  Method. 

To  ba  a  lit6a  mon  paiticular.-^Tbe  &nt  uae  of  New 
ton'*  problem  auMmnii  to  ihii:  A  seriea  of  nnnbeni, 
placed  at  eqaal  iotervals,  being  giren,  to  find  any  inter- 
■odiato  Btiraber  of  thai  teriestinwn  its  intenral  or  dittance 
tnm  the  first  trrin  of  the  series  is  [pvcn.  Subtract  each 
term  of  the  ^ries  from  tbe  next  followin«  term,  and  call 
the  ri  iiKiiiiiH  I s  tiiAi  liiriereiicrs ;  then  iubliact  in  like  man- 
m T  <ji;  li  ol  lluse  ditb  re:ices  Ironi  the  iieNt  followinjl  one, 
culliijg  these  miiuiiiilrj  ^  'Jii  vlilb-iun  i  ;  ii^'aiti,  subliati 
racti  '.'li  difierence  to  ;.!  tl:^  ii<  ,\t  hdlowiikg,  for  ihc.Sd  dil- 

rereiu'ts;  and  so....       mI' a  bo  tbo  littarmof  tbewiita* 

it'  the  titst  ol  the  Ist  ilitU  reiices, 

d"  the  fir»t  of  the  'Jd  dirtt  rencc*, 

d"'  the  first  of  the  3d  diiferences,  ttCi 

and  if  i-  be  the  internal  or  disuoce  between  the  first  lent 

of  tbewties  and  any  term  soogbttTflbatia,  let  tJbc  number  of 

terms  from  a  to  t*.  both  included,  be  aur  .i.  1 ;  then  will 

the  term  i.ought,  t,  be  = 

J  ,      r    r-i  „     I    x-i    z-  .  ,, 
A  -t-  -d  -t-  -  .   a  ■+■  -  ,   .  —  —  a  ,  (iit. 

113  ,1  i  J 

Hence,  if  tbe  diiferrncef  of  any  order  become  equal, 
that  is,  if  any  of  the  difls.  if,  d",  &c,  become  m  0^  Ihe 
above  scsie*  will  give  a  Hoile  expreMioa  for  t,  the  term 
sought;  it  being tovi4en^  that  Ihe  series  mnu  tenmnale 
when  any  of  the  dil6.  dT,  dT,  &^  beoone  st  0. 

It  if  bIm  evident  that  tbe  co-caeicnta  ^  •  ;  •  ^T^* 

&c  of  the  diflerenoca,  an  dciane  aa  the  tenni  of  tbe  bi> 

noroial  theorem. 

for  Exumpk,  Suppose  it  «eri'  required  to  find  the  log. 
tanai  lit  of  a'  r  l.^""  U"",  or  :>'  I  "        <ir  5'  l"  30fi6",  &c. 

Take  out  ihi'  In;;,  tanieiits  in  siAer.il  n'.in-.li '  o.'- 
conds,  and  take  their  tirsl  and  seiutid  diliureiicei,  as 
below: 

Tui|!.  -     I     A'  ^" 

-  ni.'i 

-  7l6jj«21  - 

-  /•  16701 /4  '"' 
HeraAs7-i(»*U17i  144M;  mid  the 

Moond  diieKBcei''a  —  4«.  Hence 

A  r'i«*!«7 

xd:   2977 

r      I  —  1  , 

.   .  a  -  -  4 


y  0* 
5  \ 

h  'I 

3  i 


— 18 


Thonf.  the  tana.  of.V  l"]t"'i4rh  7■l^443•»8 

I  Irru  I-  iiia\  b(  <!.  diici  il  u  melliod  of  filMlini;  the  sums 
ol  the  temis  ol  such  a  s..  ues,  cailmi;  its  terms  »,  n,  '» 
^ic.  For,  r./nceivi'  a  new  scries  havini;  its  l^t  ti  im  =0, 
its  'iii  —  A,  its  3d  =  A  ■+■  II,  its  Ith  —  .\  ->-}',  -t-  ( ,  its 
.■)th  =  A  -1-  B  H-  C  -f-  o.  and  so  .  tlini  it  is  phvin  that 
assi:;nin;;  one  term  of  this  >enis,  is  (iiidin>:  the  sura  of  all 
the  terms  a,  b,  c,  d,  iVc.  Now  since  these  teinis  ate  the 
di&fcnccs  of  the  sumi,  0,  a,  a     b,  a     B  -^  c,  &c 
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aii<l  HS  M>me  of  tbe  tiifiereoces  o(  a,  k,  c,  &c,  arc  =  O.by 
■iipiRMition  i  it  tnlfmn  dwt  aOMe  ofllie  diiiitrencM  of  the 

sums  will  Ik-  =  0 ;  and  since  in  tbe  series  a  •+■ 

.  ~ — -<^"  &c,  bv  which  a  term  wa«  a5>,i2ned,  a  rcprc- 

M  iitfil  I  In-  1st  irnii  ;  d'  the  lit  o!  llic-  I  si  iJiiIi-rfnccs,  and 
1  till.  .iit<i\iii  Ijruuin  the  lifat  ttrni  ;iiui  ilie  lust;  \vc  arc 
to  write  0  instead  of  a,  a  inUead  of  d'  insteail  of  tf",  it 
intcad  of  d*,      alto  j;  ^  1  imtead  of  X(  wUcb  being 

donti  the  M-ries  expressing  the  tuim  will  be  0  •+■ 


D  I  G 


~  •  -  .   d',  Sec. 

1       -■  1 

Or,  if  the  ri'«l  nunilxT  of  terin>i  oi  (he  lines  be  called  t, 
that  It,'  if  z  =£  X     1 ,  ur  X  =  :  —  1 ,  the  aum  of  theteriei 

will  be  AJ -t- "f  •  Sec  Do 

Moivre's  Doct.  t>(  Chancin,  p«.  a)),  6*0;  or  his  Miscel. 
Analyt.pa.  155  ;  or  Slmpwn's  Ks^ays,  pa.  «)5. 

FotBtun^t,  To  find  the  aum  of  aix  termi  of  tbe  »e- 
nnofM}iiaml-»-4-»-9  l6  +  95  •*■  3ff,af  tiwratafal 
nomben. 


3 
5 
7 
9 


9 


O 
0 


b3,  d"  dtCaaO,  aadfafi; 


Trniw 
•  I 
4 

y 
iti 

25 

Hera  a  s  1,  d*  s  3,  d" 
therefim  the  ma  is  6  ■•■  A  _ 

40 as 91  the  mim  raqjuired,  «i%«f  1  4'-»-9  iS-t-  S5 
1-36. 

A  variety  of  examples  may  be  Men  in  the  places  above 

cited,  or  in  Stirling's  Mcthodus  Diflitivntialia,  Stc. 

As  tu  the  Dift'crential  method,  it  may  be  observed,  that 
though  Newton  ami  sunu- othi  i's  have  triatt'd  it  ;isaim  lhod 
ol  dfscribiiii;  uii  algi  braic  curve,  at  Ictiit  of  ilir  |mralx>lic 
kind,  lhrouf;h  any  number  of  given  |>i>inls  ;  yet  tlu'  cun- 
Kideratiuii  ol  curves  is  not  at  all  essential  to  tt,  tli'Ui£;fi  a 
may  help  the  imagination.  The  ile^cription  of  a  parabo- 
lic curve  through  jjivrn  points,  is  the  same  problem  as  the 
finding  of  quantities  from  their  given  dilTcrences,  which 
may  always  be  done  by  algebra,  by  the  resolution  of 
•imple  equations.  Sec  Stirling's  Method.  UilTer.  pa.  .97. 
This  ingenious  author  ha*  treated  very  fully  of  the  diflc- 
rential  method,  and  shown  iu  UW  in  the  toivlba  of  lone 
difficult  problctaa.   See  alto  SF.aiEii. 

DirraasKTiAi.  Scale,  inAlgt  bra,  is  used  tor  iheacale 
of  rdation  Bnbtracted  ffon  unitjr.   Sea  KetMrriiv  Ssui n. 

DIFFRACTiON,  a  term  fint  used  by  Giunaldi.  to 
dcoote  thitt  pn|wity  of  the  rays  of  light,  which  othen 
faa««odled  Inflection ;  the  ducovery  of  which  itattrthhtcd 
by  some  to  Grimaldi,  attd  by  otheiato  Dr.  Ilooke. 

Dlt;nV  (Sir  Kenelm),  a  celebrated  English  philoso- 
pher, w.is  Ijorn  at  Gothurst  in  Buckinghamshire,  l6o.3. 
He  was  tilt  dtscendant  of  an  ancient  family  :  his  great- 
grandliilluT,  m.\  hI  hiv  brothers,  fought  valiantly 
nt  lli>swoitli-liild  <iii  tin-  side  of  Henry  7ih,  against 
Richanl  tin-  iil.  Hi-.  t;iti.i  r,  Sir  Kverard,  engaged  in  the 
gunpowder  plot  against  James  the  1st,  for  which  he  whs 
beheaded  ;  but  the  son  was  restored  tu  hi-  '-uiu  uiul  had 
oileraards  several  appointments  under  King  Charles  the 
Ist«  who  graiitid  him  letters  of  reprisal  against  ttic  A'enc- 
tiaos,  from  whom  be  toott  several  priie*  with  a  smalt  Hcet 
w  hich  he  comwaadcd.  UelbiiBlit  the  VenetiaiH  near  the 
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port  of  Scandcroon,  and  bravely  made  his  way  through 
them  with  his  booty. 

in  (he  beginning  of  tiir  civil  wars,  he  exerted  himself 
greaily'in  thi'kiiii:'s  cau«-,  and  was  afterwards  imprisoned, 
by  order  of  the  parliament ;  but  was  set  at  liberty  in  l64S. 
Ik'  atterwards  coin|>oundi'd  tor  his  estate;  but  bctl^ 
banished  from  Kngland,  be  retired-  lo  Fiance,  and  was 
sent  on  two  embassies  to  Pope  Innocent  dia  lOth,  fram 
thpqueeit,  widow  to  Charles  tfao  Isti  whose  chmevllorhe 
thca  was.  On  the  mioration  of  Chafba  tbe  id,  h«^ 
timed  to  Lendon ;  where  bb  diod  in  l6S5,  at  6t  ytmn 

of  B^. 

Digbj  was  a  great  lovir  of  learning,  and  translated 
several  authors  jnto  English,  as  well  as  published  several 
works  of  hisonn;  .i-,  1 .  Olwi viUimis  iit)i>ti  Dr.  ISrown's 
Ilcligio  Medici,  Iti+J. —  J  IJbsi  ri  iiliui.s  on  piirt  uf  .Spcn- 
s<t'-.  KHiry  (vHiei-ii,  U  U  J.  A  T'  .'ji'i  ni  ilie  Nature  of 
Binlits,  lti++ — t.  A  I  n.iii-i'  il<  rl;iriiii;  the  Operati.ms 
and  Nature  of  Man's  Soul,  out  ot  vvhich  the  Ininxirlality 
ot  reasonable  souls  isonnceil:  wur|i>  (hat  discover  great 
penetration  unci  extensno  knowledge. 

He  applied  much  lo  chemistry  ;  ami  found  out  several 
useful  medicines,  which  he  distributed  with  a  liberal  hand. 
He  particularly  disti.iguished  himM-lf  by  his  sympathetic 
powder  for  the  cure  of  wounds  at  a  distance;  his  diM'ourse 
COROeniing  which  made  great  noite  for  a  while.  He  held 
several  conferences  with  Descartes,  about  the  nature  of 
the  soul,  and  tbe  prind^ks  of  thinm.  At  the  h^nnii^ 
of  the  Royal  Society,  he  heeame  a  distinguished  meeibcr, 
faeiqg  one  of  the  liist  council.  And  he  had  as  his  om 
he«o  iffolar  leeecs  or  aeeiings  of  haurncd  men,'  to  im- 
piwe  tboaselves  in  knowlodgit,  by  convendiig  with  9ae 
another. 

This  eminent  pcison  was,  for  the  early  pri-gnancy  of  bis 
talents,  and  bis  great  proficiency  in  lenimng,  compared 
to  the  ffli  Iiratfd  Picu*  dc  Mirandol.t,  who  was  one  of  the 
wondcis  L.1  liuman  nature.  Vet  his  knowledge,  ihpugh 
\arioiis  and  Aiteiislve,  proUilily  appenreii  greater  (ban  it 
really  was;  as  he  had  ,ill  ilic  pov>eis  ol  elocution  and  ad- 
dress (o  recommend  it.  He  knew  how  to  shine  in  a  circle, 
cither  of  ladii  i  or  philosophers  ;  and  was  as  much  attended 
to  wbi'ii  he  spoke  on  the  most  trivial  subjects,  as  wbcshe 
spoke  on  (he  most  important.  It  has  been  said  that  one  . 
of  the  princes  of  Italy,  «ho  had  DO  child,  was  desirous 
that  his  princess  should  bring  hira  a  son  by  Sir  Kenelm, 
w  hom  he  esteemed  a  just  model  of  perfi-ction. 

DIGGLS'(LaoiiAKD),  an  ingenious  raatliemalician  in 
the  10th  century,  was  descended  from  an  andeat  fiiniily, 
and  bom  at  Oigg»«oan  in  the  parish  of  Bar  bam  in  Kent ; 
hut  in  what  year  is  not  known  i  and  died  aboutlhc  year 
IJ74>  He  waseducalcd  fiir  some  time  at  O.xford,  where 
h«  laid  a  good  foundation  ^Ipaming  ;  but  retiring  from 
thence,  be  prosecuted  his  studies,  and  becaine  an  (  .\ri  IIliu 
mathematician,  a  skilful  architect,  and  an  c.xpeii  sur- 
veyor of  land,  inc.  He  coni|:i()si-<l  several  books:  as,  I, 
Tectouicnm:  briefly  showing:  ihe  t  \nct  Meiwuring,  atid 
speedy  Ueckoniiii  of  all  ni;  ninr  nf  Lands,  Squares,  Tim- 
Ikt,  Stones,  Ste('|tli  s,  iVc :  I.i  jO,  4(o.  ;  iliis  w£u  augmented 
anthpublished  .-tgain  liy  Ins  son  Thomas  Digges,  in  lSg2  ■ 
and  also  rrprinti  d  in  1()47.— A  Ct<  unetrical  Practical 
TrfHtisc,  iianinl  I'antomotriu,  m  li.ii'c  hooks,  whicc  hi- 
left  in  manuscript  ;  but  after  his  ricath,  his  son  supplied 
such  parts  of  it  as  were  obscure  and  imperfect,  and  pub- 
lished it  in  liQl,  (olio;  subjoining,  "  A  Discourse  Oeo- 
OMtrical  of  tbe  liva  Kfuiar  and  Platonic  bodice,  containing 
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Mfidry  theoreUcul  «n<i  practical  propositions,  arising  by 
notOM  confercnci!  of  ibete  solitij,  lD»cription,  Circum- 
■cription,  and  Transformation." — 3.  Pru|;nusticuliun  Ever- 
laKing  of  right  e,aod  eOcct :  or  Clioicc  Rules  to  jOdge  the 
wnther  by  the  bun.  Moon,  aitd  Sl«r«,  &Ciin  *U>,  1355, 
15i6;  Mid  I56i :  corrrcted  and  ailgBMBleil  by  bis  son, 
with  dwen  snml  tablo^  and  nuny  compctidiotM  rules, 
ia4l0!,  1499.- 

OlOOlS  (TtaOKAS),  odv  MB  of  LeoBud  Difga, 
■Aer  a  libmtl  aducation  fraai  hn  indcRit  ytm,  vent  ud 
tndM  tMrMMnedawit'OslQrdi'ud  by  tlw  in^mw 
iMDtt  he  made  tlMf«,  and  the  lubwqiieat  imtractHNN  «f 

bi&  learned  ftttlu-r,  brranie  one  of  thebotniadicaHiticiani 
of  his  age,  WTien  (Jurrn  F.lizaboth  sent  some  forces  to 
assist  Mic  u['[a"i  ■■'.(-i;  Ulv)!--  <■{  iIm-  S'r;;..'rlands,  Mr. 

Di^i'^  a|i|Hiiii;rii  llH!^l^r-lll.l^^!l■l -^..  tiiTiii  utiiicm;  by 
which  t;r  I]Oc,i:;t  '.'..[l  -.ki:!!!!  iii  i-il  liiry  iifliurs;  as  his 
writing?  aflrrwardb  ;ho»ru.    lleiliid   n  ij'J'i. 

Mr.  Digges,  beside  revi»in!»,  curut  tn,/.  ^nd  enlarging 
some  pieces  of  his  father's,  already  niititiuiicd,  wri>I<- iind 
published  the  following  learned  works  hiniu  li  :  1.  Al« 
•ive  Scala'  Matbemuticx:  or  Mathemulical  \Yiiigs  or 
Luldcre,  ]579|4to.  A  book  which  contains  several  de- 
BMNMtnlioai  Coir  tiiiding  the  paiallaxe*  of  any  comet,  or 
•dm  eckuial  bodyt  with  •  eometion  of  the  errors  in  the 
am  «t  Hit  miim  MironoiNkw.— &  An  Arithmetical 
Idililaiy  IVntiie,  contaioiiig  ao  mdi  of  AiitbnMtic  as  is 
mcawijr  Imrwda  militaty  diid^iine,  1S79.  4tik— 3.  A 
Gcemctncal  IVntiae,  umtA  9trad<iiioifl«  twpiiiiM'fiHr 
the  perfection  of  Soldiers,  1 579,  *^  **•  ^tV^  hy 
hi*  father,  but  finished  by  kimaelf.  They  were  both  n» 
printed  together  in  13<)0,  with  several  additionsand  amend- 
ments, under  this  title :  "  An  Arithmetical  Warlike 
Tieulise,  named  i?Iratii>tic<i^.  ci)m|i<-i:di()U!.ly  teaching  the 
Scieiici'  ol  Nuiiib<>rs.  as  well  in  !•  rheiioii^  u>  Integers,  Mild 
so  much  oi  the  Rules  uiul  Ec|ii.iriiins  Al;;ehiaicBl,  and  Art 
of  ^iunlbers  Ci»sitnl,  as  are  icnuisite  fm  the  [irofessioti  of 
a  SOUldier.  Together  ivilh  the  Muilerue  iniluaire  disci- 
pline, offices,  lawes,  and  orders  in  every  well-governed 
campe  und  armie,  inviolably  to  be  obsi-rved."  At  the 
end  of  this  work  there  are  two  pieces  }  the  first,  "  A  bricle 
and  true  report  of  the  proccedinp  of  the  Earlv  of  Ley- 
caater,  for  tfie  reliefe  <>f  the  t<iwiie>(if  Since,  from  his  ar- 
rival at  Vlishin;:,  ttbout  the  end  of  June  1567,  nniill  the 
•vrmidrie  thcicof  86  Julii  next  ensuing.  Whereby  it 
■IwlIplailidieupeartWaexcellencie  was  not  in  ani«  bult 
for ih» lam oimal towae the lecond,  "  A  briefe dii" 
eotiiae  what  orden  wem  beat  (at  ivpnlring  of  fendna 
forces,  if  at  any  time  they  aliould  invade  us  by  ica  ia 
Kent,  of  elsewhere.*— 4.  A  perfect  Description  of  tho 
Celestial  Orb;«,  according  to  the  most  ancient  doctrine  of- 
llie  Pjthagoreans,  &c.  ThiSiwas  placed  at  the  end  of  hb 
lather's  "  Prn(;ii<isliralion  Kverlnstinjr,  Ate."  printed  in 
1  jy.',  4tu — h.  A  iiunible  Motive  for  Associiilion  to  innin- 
luin  the  religiiu  clublishcd,  l6ii|,  Tn  which  is 

udded,  his  Letter  to  tlie  same  purpose  to  the  archbishops 
and  bishops  of  PLngland.— 6.  Li:r.'.4:j-iV  Di  leiice;  nr.  A 
'Irraliae concerning  Invasion.  This  i^  a  tract  ot  the  same 
nature  with  that  printed  at  the  en<l  of  his  Straliolico^, 
and  called,  A  briefe  DiscourM-,  &c.  It  was  writtrn  in 
1  j99.  but  not  published  till  ifiSti. — 7.  A  Letter  print- 
ed before  Dr.  John  iX-e's  Parallaticas  Commentaiionis 
praxeosquc  nucleus  quidaro,  1373,  tlo. — Beside  these, 
and  hit  Nova  Corpoia,  he  left  eemal  methematical 
tnatiMa  icody  for  the  pftm}  wUcb,  hf  maoo  of  l*w- 


suitit  and  olhti  avocations,  he  »as  hindered  from  pul>- 
lishing. 

If  our  author  was  great  in  hiiasell,  he  was  nut  iets  SO 
in  hi.t  son.  Sir  Dudley  l)ii:^es,  mi  eelebiuted  asapoliiiaan 
and  elegant  writer;  and  also  in  bis  grandson  Dudley. 

DIGIT,  in  Arithmetic,  oaa  of  the  ten  characters  0, 
I,  9,  S,  4,  5,  6',  7>  t,  9$  hy  means  of  which  all  numben 
are  expressed. 

DioiT,  in  Aitraaomy,  it  the  meaMW  by  which  the 
part  of  Ae  Inminariea  ia  eclipma  it  estiniatecl,  Im^  tha 
J2ili  part  of  lha  diaaciar  of  tim  lamiaaiy.  T|mw»  aa 
odipie  ia  laid  to  he  of  lOdigiu,  when  10  parts  out  of  12 
of  the  dianu  ter  are  in  the  eclipsed  part ;  when  the  whole 
of  the  luminary  i>  exactly  covered,  the  digits  eclipsed  aie 
just  \2  ;  anti  when  the  liinunarv  is  mcire  than  covered, 
its  ollen  hajipnis  in  lunar  eclipses,  liieti  more  than  12 
digits  are  viid  to  U-  eclipscii  :  I  luis,  if  the  diuiiulcr  or 
breadth  of  the  eailh  s  shailnvv,  where  the  iiiiiuii  pass<v 
lliiiiu^h.  be  equal  tu  uiie  diaiueler  and  a  hail  iit'the  iwiiuii, 
then  IK  OI  <liuit>  ati' sa.d  lo  be  eelipM-d.  I  h«in-  digils 
are  by  Wol.'ius,  and  MJine  oiiiers,  called  Digit i  KcUplicl. 

DILA'I  A'I  lUN,  a  motion  ol  the  parts  of  a  body  by 
which  It  expands,  or  opens  itiell,  so  as  u>  occupy  a  greater 
space. — Many  authors  confound  dilatation  with  rarefac* 
tion  ;  but  the  more  accurate  u  riteis  distinguish  between 
them ;  defining  dilatation  to  be  the  expansion  of  a  body 
into  a  greater  bulk,  by  its  own  elastic  power;  and  ran* 
fiKtioB,  the  like  eapamioa  praduccd  by  ncana  of  haat. 

Hie  moderm  ba«e  obicmd,  thai'  bedk*  wkkb,  after 
bring  compres<ked,  and  left  at  Ubof^,  lealon  theai- 
■dfcs  perfectly,  do  endeavour  to  dilate  tfaemieKcs  with 
the  same  torce^by  w  hich  they  arc  compressed  ;  and  ac- 
cordingly they  sustain  a  I'orce,  and  raise  a  weight  equal  to 
that  »uh  winch  they  are  comprrsseil. 

Ajiaiii,  bodies,  in  dilating  by  then  u.lsIic  power,  exert 
a  greater  foice  at  the  beginniiij;  ol  ihi  ir  liihuatnni.  ttmn 
towards  the  end  ;  a*  being  ut  first  more  cunipressed  ;  and 
the  greater  the  tfin'.]ire»ion,  the  ijrcaK  r  tin  r  lusiic  powi  r 
and  endeuvour  to  dilate,  iio  that  these  three,  the  cunw 
presMii!:  power,  the  coapreiiioB,  aad  the  elastic  power, 
are  always  equal. 

Finally,  the  motion  by  which  compressed  bodice fcatora 
themselves,  is  osnally  accelerated :  ihns,  when  comprise 
cd  air  begins  to  miore  itself,  and  dilala  into  a  greater 
space,  it  ts  stitl  compressed ;  and  coniaqncMly  a  new  ia> 
petos  is  still  impressed  upon  it,  from  the  dilalatise  cause; 
aad  the  fcinner  rBmainiag,  with  .the  incrtaie  of  ilie  catne^ 
ilia  e&ct,  dmt  ii  the  motioB  aaf  velocity,  must  he  iacna* 
aad  also.  Indeed  it  may  h«p|ten,  that  where  Ae  oooh 
prcssion  it  only  partial,  the  morioa  of  dilalatioa  shall  not 
be  accelerated,  but  reMnled  ;  as  a  evident  ia  the  flOOk* 
prcssion  ol  a  spiinije,  soft  bread,  gauze,  &c. 

U1M1''.NSK)N.  ihc  exiensKin  ol  a  body,  considered  as 
measurable.  Hence,  as  «e  conceive  a  body  extended, 
and  nirasunihk-  ill  length,  breadth,  and  depth, dimension  is 
consukitd  a»  ihreeffdd,  length,  breadtli,  and  thick- 
ness. So  a  line  has  one  dimension  only,  mz,  length  ;  a 
supetficifs  two,  length  and  breadth;  and  a  body  or  solid 
has  thre  e,  VIZ,  lensth,  br'adth,  anil  thickness. 

DiMKKsiox  IS  also  particularly  used  wiiH  regard  lo 
the  powers  of  quantities  in  equations.  Thus,  in  a  simple 
equation  x=a  b,  the  unknown  quantity  is  only  of  one 
dimension;  in  a  quadratic  equation,  x*  s  «*  -»-  b,  it  is  of 
two  dioieniiionsi  iaacubicx'ao* t^,  itisof  threedH 
awMioas;  aad  w  on. 
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DIMINISH1%D  Angle,  in  Kuriilicatinn.   Sec  Axolk. 

DIMINUTION. in  Music,  ii  tb« ab«dllg  wiMiUiig  of 
the  full  value  or  quantity  of  any  note. 

Dtimi;  riuH,  in  Arcliitpciun-,  is  a  contraction  of  the 
upper  part  of  a  column,  by  which  its  diameter  ii  made  lets 
than  that  of  the  lower  pan. 

DINOCRATES»  •  celebrated  aoricnt  anrbilect  of  Mb- 
trioah,  of  whoa  Mvenlextmpidmary  ihiiqgisranlUMl. 
He  ma  ukcn,  by  Aknader  the  Gmt,  into  Egyptf 
wbeie  ho  employed  him  in  marking  oul  and  btiildiiw  Uw 
ciQr  of  Alrxandria :  here  be  foracid  A  deiign,  hi  mieb 
Mount  Aliio*  was  to  be  laid  out  into  the  form  of  a  man, 

in  wliuM-  li  lt  liiind  urn-  tu  lie  n  jirrsi  ntcd  tht-  walls  uf  a 
j;r<  ,it  CH\ ,  an.l  all  itn  rivi  rs  ol  lliu  mount  liow  inn  iiilo  lus 
n^hl,  ami  trom  ilu'in  !•  iini>  tlio  m  u.  Aii  itln  i  im  morublo 
iiisl.iiici'  ol  Dinoc rati  s's  arrtiilit  luii,c  ■■kili.  I^  li;>  restoring 
ami  UuiKliiij;,  iii  a  nii>rc  auijii-t  iir'.<'.  »i  i:.'iiilici'iit  man- 
lur  tliiin  t«'lor*",  llif  celclimlril  t<  iiH)l<  ol  at  F.jilic- 

^U5,  after  Herostniliis,  tor  ihi-  siilic  of  immftrtali^'iii:;  hii. 
name,  had  desirovt-d  il  bv  tin:  A  lliird  instance,  mure 
extraordinary  and  wonderful  than  cilhrr  of  the  former,  is 
related  by  I'liny  in  his  NutumI  history  ;  who  s»y%  be  had 
fbmed  a  srhcmf  for  building  the  dome  of  the  temple  of 
Anino^i  at  Alexandria  ofloAdstont-,  iu  order  that  her  image 
made  entirely  of  iron  sh'<uld  han«  in  thi-  middi>'  ol  it,  a:, 
if  it  warn  ia  the  air;  bol  the  kiniBfi  death,  and  his  own, 
pmented  tiw  aaeeiitioii  or  atteaapt  of  this  project.' 

DIOCLES,  •  Oieck  oMwiMtieini  «f  mow  ceicM^. 
b«t  more  paftioilariy  tvmrmbmid  (br  hia  inivfiiliaii  «f  no 
cnnrecalled  theqwoM  or  tbe  CiMolil^^Diiscie^  SeaCia« 

BOID. 

DIONYSIUS,  the  Pericgtlic,  an  attSenl  geographer 
and  po<'t.  Pliny  says,  he  was  n  oativi?  of  the  Persian 
Alt  \arii)Ti:i.  .itti  rwnrds  callrd  Aniioch,  and  at  In'it  Char- 
rjx  ;  ii^at  Ir-  was  st  nt  bv  Augustus,  to  sunrt-y  tlx-  ca>lern 
part  of  the  earth.  DionvMU!'  wrote  a  great  number  of 
pii-crs,  (-nuraerated  hv  !Suu!as  and  his  commrnlatnr  F.u- 
slathiiis  :  !iu'  his  Perir^eiis,  iiv  Survey  of  tht  l^'irlii,  }-t  the 
only  one  now  extant;  winch  may  be  wellcateemcd  one  of 
the  inott  exact  sy«tem>  of  ancient  gOOgnpbyi  iiaea  PUay 
himself  proposed  it  as  his  pattern. 

DIONYSIAN,  or  Vicionan  Period.    See  PskioA. 

DIOPH  ANTINE  Problem*,  are  certain  qvettiont  re- 
lating to  square  and  cubic  numbers,  and  to  rlght-aniiled 
trianjjtot,  &c ;  the  nature  of  which  were  fint  and  cbieAy 
nested  by  Diophantna,  inbi*  AritiuBadc,orntber  Algebra. 

In  tbMe  qucMioM^  it  ia  diieSy  intended  tn  find  com- 
menaitnbla  nanben  lo  amwer  indetanninate  probkna; 
whidi  flAco  brim  >»^ai'c  num  ber  of  inoomnMMa^ 

rable  qnantitiea.  For  example.  If  it  be  proputed  to  find  a 
n^ht-angled  triangfe,  whoea  three  side*  x.jr.z  are exprewed 
bv  rational  numbers;  from  the  nature  of  the  figure  it  is 
known  that  x' V'  -  ;  ,  " 'm  f  .' ;  dinoti-*  thi  In  |Mitliri  . 
Now  It  is  plain  llKit  -I  ;iiiil  y  may  aNn  bo  sk  taken,  that  : 
shall  be  irraiuui  il  ;  (  ji  it  i  =  l.andy  = 'J,  then  is  s  =^6. 

Now  the  art  ut  rcsolMtiL;  such  pintilfni'-,  ronsiNts  m  or- 
dering tliruiikliown  ijuanlity  or  fjuantu.'.  >>,  in  ^nt':,  ;i  njaii- 
nrr,  that  the  square  or  higher  power  may  vaiii^h  out  "t  the 
equation,  and  then  by  ini-nns  of  the  unknown  ijuautity  in 
its  lint  dimension,  the  equation  may  be  rnolvcd  without 

h««iitgrer<>urM't<iiiicoinmensurabki.Foraitampk,  in  the 
cqnation  above.  ■«-  y*  a  %*»  Mpaoia  a  sw  '  <^  ■»  then  is 
X* -«-y  aBi*  -t-leciiV  aSontof  wbich  eqnation  «anthr$. 

and  then  it  isy*  s  Sxii    «%iirbicligiiv«»s  b  ^^^T"  siwnce. 


amomiiigjr  and  «  equal  tu  any  numben  at  pleasure,  the 

three  aide*  o^thc  triangle  will  bey,  and  or 

out  of  fruciioii*,  2iry,  and  y'  —  u^,  and  y*  •♦•  «*,  which  are 
all  ratjunal  wheneveryand  a  are  nuional.  Yoi  example,  if 
y  =  3,  and  list,  tbeny*— a*sJ,  and  2i/y:=4,  »ui 
y'  u'  =  5.  It  ia  evident  that  dm  problem  admito  of  in- 
liniic  uumbcri  of  eolution^aajr  om  iw^.beamumad  any 
nanben  at  pleaanre. 

B«l,  in  quMtitMa  of  Uiia  kind,  very  <ew  direetiom  cw 
be  f^TCB,  m  dw  Method  of  !.oluiion  must  be  left,  in  a  great 
tneaanre,  to  the  ikill  and  ingenuity  imployed  In  the  «ub- 
-^tiiuiioB  dtc,  for  unknown  qoantiueit.  Thus,  a  person  ac- 
quainted with  this  branch  of  algebra,  would  have  imme- 
diately substituted  in  the  above  equation, 

I  =     —      or  x'  =  v'  —  2t''u'  ^-  a', 

and    _y  = '2t'«,      '"".v  =  \v'u\ 

hence  z  =r  r*  -t-  u  ,  lu  :   =  v'  -t-  ir' u'  ■*•  u'. 
wlieiepand  u  may  U-  taUi  ii  at  (ilfusurr. 

Or  il  tliL'  rquatinn  h.iii  beeu  x'  —  y'  =  i-.  Tncii  by 
making;  J- =  (c-  -i- i;'')',  and y' =:  4v' u',  we  should  have 
3-  =  {v'~  u  )*:  where  p  and  a  may  be  taken  any  num- 
bers whatever,  us  befuri'. 

Ej.  2.    Tu  liud  the  general  values  of  xand^sucb, 
that  X- 1-  y,  atvd  x'  — y,  may  be  both  compltta 
Or,  w'kicb  ii  the  anme  thing,  to  find  three  i 
in  arithmetical  progfcanon. 

Fir.t.putx»^y  =  «'}  -nmt^^v^^^, 
and  jr  —  y  =  t'  3     ■  ' 
or^i^  — n^ssrs*.  No«(  awko  «mii>  ■»>ai^  or«i*js8ia* 
-i-4m»Hh  M*:lieacaa*«i**'+'4HM  +  fiai*,  wbicli  mva t 
beaeonpkie  aquaaej  thcielbie  wbaiitute  a  » la  ■*■  r,  and 
wa  obtain «^^4nBi  *  Sa^Kta*  *  Snr  ^  r^, 

s'— am* 

or(4ai  — ap)w»r*— 2»s';  hence  we  h«?owa^_^ ; 

■  i«-em4.aw*.  _  .  ._^4-4m-%m* 

ta  +  MBCH  O'^faM    ■ 

e»-»ar  m— or 

Or,  linee  die  dcflMBinatofa  are  eqaal,  we  awjr  awke 


r*— Sai^,  sat'—  Sr«  ^  9«i^i  andai 
•*  to*i  where  rand  mmay  be  anumed  at  pidawte,  either 
integral  or  fractional.   In  the  fiiat  valnea  of  w^  x,  and  e ; 

by  aMumingr  =  (i,  andMia4,iMhavetv  a  l|«sA,andl 

1  =  7;  and  therefore 

1,  25,  aiiJ  4;l,  the  thrrc  squan-  numbiTs  required. 
Now  some  ot  tlu'St  pe:;<Tal  t•^p^^■5^iutls  being  once  ob- 
tained, they  may  be  frcqiiintly  introduced  to  abreviatc  the 
operations  in  mote  intricate  <jue_sti<ms.    For  an  example 
of  which  wi'  «ill  |ir(i|iii5c  the  fi  lli:-.wng  problem. 

Ex.  3.  To  firid  the  values  of  x  and  y,  such,  that  unity 
bving  ad<led  to  •.irh  «!'  them,  as  also  to  their  sum,  and 
dificrence,  the  four  numbers  thus  arising  thall  be  square 
nuntbm. 


First  suUlitute 


} 

)  T  -H  y  +  1  an  •» 
(r-y  ♦Imi*». 


Ileie,  we  ice  that  the  iKrce  sqiwfa  A  /*>  »nd  p*,  arc  in 
arithmetical  projjression,  their  comaton  difficmice  beiiigy. 

The  qoeidun  tliercforc  i%  reduced  to  the  findiqgof  thna 
squ.nre  numbers  in  arithmetical  pro^ros-iion,  whOM  COM* 
mull  aitTt  ri  iii  '  -f  I  may  be  a  square  ;  therefuns  fiou  th* 
fMre-um-  examph-  let  /=  (r«  -  2m  )',  f  =  (r»  -  «!»  ^ 

2>«')*,  ;>'  =  (-'•  --  -  '-"«')'.  which  we  know  are.in 
arithmetical  progression,  their  common  diftnnce  haing 
4r*ai  —  I4rV»*  *  SraPv* ;  and  we  hava Jo  Ind  4rm 

3H» 
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tff'af  -t-Snf  li  tqumn.  SvbMitole  iu  loot  =  l 
•t-4nii*,aiidw*thtMobtwn  l6p»»/=4r»tai- 12i*»*;or  di- 
vidiiigln  «« l>*v*'  **  =  ****  ^"^ '■  ■uay-lM: 
■MUfflcd  at  plMUure.  By  taking  ai  s  I,  we  havv r  s  7, 
al.o  »'=  52y,  and  r*=  I3<t9;  ai^nl*-  l«iafi«a«Jf» 
aad    -  P-  =  840  =  V,  which  iratb*  two4iu«ben  lOHgbt, 

\S69-*- 1=37* 


tho  four  squam  being 


SWt-  1  =  29* 
13611  840-1-  ls4r' 
1368  -  M0+  !  =«3'. 


The  opcraUons  in  the  solution  of  Diophantinc  probli  ms 
may  also  U.-  iricjui.ntly  simplilird,  from  ci  rtain  known 
properties  of  iiuikIhts,  wIud  (ln  v  iin-  iiirliuMi  uii<li  r  pe- 
culiar forms,  particularly  l!n  aiis»<  i  is  rrcjuirfd  lo 
be  given  ininttgers;  many  ingeniou'i  ipci  nm  ic^  ui  winch 
maybe  »een  in  the  solution  of  Uinptiuntinc  prubleim  in  the 
New  Scries  of  the  MailiemMtica!  Ri  positury^-by  Mr..L«y- 
bouni,  uf  the  Koyal  Miliury  College. 

Anotlu  r  method,  which  it  frequently  adoptcil  to  consi- 
derable advantage,  h  by  means  of  the  develgpoicnt  uf 
nruin  algebraical  functions  ;  aaexMDiilo  of  Wnich  will 
be  Mon  in  (be  followiag  orobiem. 

•  Xr.4.  To  fiad  «  aunber,  from  wUeh  two  gifeniqWHes 
being  aeverelly  ittbtncMdt  each  of  dw  maaiaden  may 

be  a  square. 

Thmrem.  Ijct  't*  and  rrprt-tent  the  given  iqiMlCI. 
Rcsolvejfl—  into  any  two  UDciiual  faclon  M  aada/} 
and  '  a  —  4  &  into  any  two  unequal  factors  n  and  n' :  tbcB 
will  (m'  -t-  n')  .  (m"  +  n'  )  bt  the  number  required. 

DtmonstTtuim.    For  (m*  -t-  »*)  . 
t    (mm'  -*■  nn')*     (mn  -  n»i')* 
"*  ^ot(bm»'  — na')*  -•-  (wn  +  nm')', 
as  i»  immediately  wen  by  the  development  of  the  above 
formula.    And  since  \a     \k=  W,  and        ^4 ww', 

tber«fi»fe«  =  mm'     ««  1  ComcquenUv,  the  square  of 

and  i  =  mOT— mrj  . 
each  beinig  lakii^  from  the  above  prudnct,  will  lc»*e  a 
•qaata  remainder. 

Snppoae,  for  example,  4  and  36  were  the  two  square-*, 

,he„?±2  =  4.J,  and  2.1,  therefore  (4^  +  l  ) 

For  further  information  on  thia  interetting  branch  of 

al  'cbia,  the  reader  maVCotiMiltFerm.it,  Dachet,OBanam, 
Ker«y,  SuiinderNon,  and  Kuler,  particulurlv  lh«  latter, 
who  in  the  'Jd  vol.  of  In-,  Aluebra  has  rariwd  thil  WbleCt 
lo  n  con<idernble  Unglb,  ujiich,  with  the  additions  by  La 
(Irange,  mav  be  con>i<'i  red  a>  one  of  the  most  complete 
piece*  of  Uiophanlmr  al'^ebra.  But  with  rraard  to  thb 
TTtCOry  of  Numbers  which  i--  intimately  c-.i;:;eL  r<  (l  \ntli 
the  above  subject,  the  best  works  arc  Va  Geiidrc's  i:«»i 
tnr  laTbeone  det>  Nombtet;  and  the  Recbefcbn  aritfa- 

metiqnca  par  M.  Gatist. 

DIOPHANTUS,  a  celebrated  mailx  nuuicum  oi  .\\>  \- 
nBdria,wbohasCommonlv  been  reputed  to  be  the  inven- 
tOC  of  algcbl*}  btu  iiuivMih>tandiiig  his  is'the  enrlicst 
work  extant  «n  tbtt  ^ci^•ncc,  there  appears  to  he  no  r.  a»on 
Ibr  supposing  that  he  wa»  the  inventor  of  il:  indeol  the 
work  itaclf  i»  ainwat  a  proof  to  th*f  contrary ;  for  though 
he  d«i<«  not  mention  any  other  authori  in  the  course  of 
his  book,  yet  he  ««id€«ly  ttnata  the  subject  as  one  already 
know n.  it  is  not  certain  when  Diopbanius  lived.  >onie 
b,ivc  pLiccd  him  before  Christ,  andtomaafker,  in  the  rrigrn 
i*t  Nttuaiidihe  Antoninesj  but  all  with  equal  unccftaiiity. 


It  seem*  he  is  the  same  Uio|jbanlu<<  who  wrote  the  Canon 
Astroiixinicus,  which  Suidas  buys  was  commented  on  by 
the  celebrated  Hypatiii,  daughter  of  'l  lieon  of  Alexamlrtu. 
Hia  nputotion  must  have  bven  very  high  amonx  the  an- 
cienta,  since  they  ranked  hiiu  with  Pythagoras  and  Kuclid ' 
in  matbematical  learning.  Bachet,  iit  his  notes  upon  the 
5th  book  Da  Aritbnieliciat  has  coUectcdifrom  Diopbaniua's 
epitaph  in  tb*  Antholoipa,  the  foltowing  circunHaacca  of 
l>i»  life;  aancly,thtt.ha  wa»  married  when  b«  was  93 
yearn  old,  and  end  *  son  bom  S  yean  after )  that  this  abn 
died  when  be  waa  49  years  of  age,  and  tbat  bi*  fath-  r  did 
not  survive  liim  above  4  years ;  from  which  it  iippcui'!>, 
that  ni<iph:oiiu-.  livi  d  to  the  age  of  84  years. 

'riiih  epitaiih  a^  tnin-sl.ited  hy  Bacliel  in  an  lolloWa: 

Iliij  |)i<i|iliaiitu-s  h.ihit  iiiiiiii'uni,  quitcmponvitat 
liliuii  Uiulii  deiiol.il  iirli'  libt 

Egit  »extanteiu  juvrnis,  lanu^inc  malas 
■  V'estin'  hint  ctipit  parte  duod<  ciir  a 

Septante  uxori  post  lia;c  ■.,!(  i.ilijr,  i  t  aiii'.ii 
Formojus  quinto  nascitur  nule  pli<  r 

Seipissera  eetalis  |Histqu«m  atti^ii  ili<  patniix, 
Infelix  subita  inurte  peremplua  ubil 

Quatuor  testates  genitor  lugereaopentca 
Cogiiur;  biiK  annos  illius  assequere. 

Diophantns  wrote  13  books  of  Arithmetic,  or  Algrbm, 
which  Regiomontanus.  in  hts  prelace  to  Alfragantts,  lella 
IB,  are  itill  picirrved  in  nMauaciipt  in  tlie  Vaiicaa  library : 
iodead  we  arc  inJbrmed  DIophantna  hiaaclf  that  hia 
wiyk  oonsisted  of  13  books,  vis*  at  Ac  end  of  hiaaddim 
to  Dio^ytini,  placed  at  the  b«^nning  of  the  work,  and 
hence  Regiomnntanus  might  b«  led  to  m»  the  13  booka 
were  ill  that  library  ;  but  no  more  than  O  whole  books,  \ 
with  part  of  a  seventh,  have  ever  beeii  publishcii ;  and  I 
urn  of  opinion  thi  re  aie  mi  riu  re  in  U  iiiL.';  iiiiteed  Bom- 
belli,  in  the  pn  luri'  to  his  .•M^ebia,  w  rilliii  lj7C,  says 
there  vn  iv  hii!  (i  ol  the  bouks  men  ir;  ;iie  11  hrary,  and  that 
he  iinii  aiii/ther  [x  r^Mn  \\,fw  nboul  ii  tr.inslHtion  of  them. 

TliiiM-  ()  i(!>i>ks,  \silh  till-  iiii|H  rfeit  7lh,  weie  first  pub- 
lishe<i  at  bdiil  by  Xylaiuler  in  i.">76,  liut  in  a  1-iiin  version 
i>iil\,  with  theCireck  scholia  of  Maximiis  IManndes  oi\the 
lirft  two  bonks,  and  obscrsaiions  uf  bis  own;  the  saiua 
books  were  af  terwards  published  In  Greek  and  Uiiin  at 
P>lli^  ill  \C)'2\,  by  RHcbet,  an  ingenious  and  l<-anird 
Frenchniiin,  who  made  u  lit »  L  :iiin  tran^liilKiii  ><t  the 
work,  and  enriched  it  with  learneilconiinentnries ;  and  al- 
though he  did  not  rtitirvly  neglect  the  notes  of  Xylunder 
in  bis  editioo,  yet  be  treated  the  acholiaat  Planuiics  with 
:tbe  nimott  canlempt.  Ha  lecma  lo  intimale.  in  what  he 
says  npoti  the  Mth  question  of  the  3d  book,  that  the  6 
books  which  we  have  of  Diopbanttis,  may  be  nulhii^;more 
than  H  colhxlion  inttde  by  snme  tMn'iA*,  ofsMCh  proposi- 
tions Hs  he  judged  pi  u|  1 1 ,  otit  of  the  wbolc  IS:  but  Fabri- 
riu-i  thinks  ih,  is  no  just  ground  for  such  a  »up|iositiun. 
This  work  was  niterwutds  (i670)  revised  and  rrpubii»lu'ii 
by  l  <  rmnt,  who  added  many  excelicitt  notes  in  addition 
to  ihiis<-  ,,)■  Bachet. 

I  )|(>!' 1  l-K,  liluPTKA,  ihv  s;iri:ij  \Mih  l!ie  iiidexor 
nliiidadc  of  an  asliolaU,  oi  ollii  r  such  iii^truint  lit. 

DioMRA  was  iin  instrument  inviond  by  1  li|i('.Trchus, 
which  served  for  several  uses  ;  us,  to  levil  water- eourses  ; 
to  take  the  heij;ht  of  towers,  or  places  at  u  distance  ;  lo  de- 
termine the  plates,  mai;r.iti!<Jes,  and  distances  of  the  pla- 
nets, iVC. 

DIOITRICS,  calletl  also  .^aacfotfics, »  the  doctrine  a£ 
refnetcd  vision}  or  ikai  part  of  optics  which  explains  tin 
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tifecto  of  ligbt  M  refracted  by  p 


_  (hrougb  dilteeM 
,  u  iir,  wttm,  ffam,  tte,  ud  apecitily  Itaut. 
iHoptrio  h  one  of  tlM  mott  umAiI  and  plcuant  of  all 
tbs  hnmu  aeicncvt ;'  n  it  bringi  tiw  renotnt  oljacM 

near  hand,  enlarging  the  ^malle'st  objects  to  m  to  thow 
th«'ir  minute  parti,  and  evrn  giving  ^ie,ht  to  the  blind ;  and 
all  ihis  by  the  sini|ile  niean>  ol  ilic  iitir.icti'.c  jkiwit  ift 
gla*»  «n<l  wiiter,  causing  the  ti\\>  oI  lijlii  )ii  iln-ii  passage 
throUiih  ■.'f.i'iii  !()  hIIit  tln-sr  imir'..  .jrciirilint;  to  thf  ilitfcr- 
eiit  -ij  li-.i.iiiti'>  <il'  tlif  airdiom  ;  »  li  ncc  ii  luippcns  that 
'  ti)>  .iIj  '  ln  w  n  tlinnigh  iiini,,  .m.  i .:  nppnniKVt tiler 
tin  ir  niai;iuluiif,  distance,  anil  sitii.nu  n. 

The  aniK  iit*  Irnvo  Imile<l  of  il:recl  and  rortocted  vi- 
lion  ;  hut  w  hat  wo  hn\cui  relracied  vui'Ui,  is  very  iin|)er- 
fect.  .1.  Rnpiista  I'cirts  wrote  a  trratise  on  retniction,  in 
9  books,  but  witbuut  any  gmn  improvement-  Kepk  r  was 
llic  first  who  succeeded  in  any  great  degrt^c^  on  this  sul>- 
jtet  i  liavingdfiDonstnttad  thi-  pruperties  ursphrrical  lenses 
wiy  accurately,  in  •  tnffiic  first  publioiied  annu  1611. 
After  Kcpier,  Galileo  fiaee  MMoewhat  of  tbis  ductriiM  in 
his  Letters ;  at  also  an  Fjcaraiuation  of  the  -Pitbco  of  Jo- 


self  relalei,  vis,  titat  it  being  U*  cnatnoi  lb  liniab,  and 
hnag  tbe  needle*  of  ku  compniwi^  before  he  touched  tbcm, 
bo  usvaya  fiwnd  that,  inmedkiely  after  ihc  touch,  the 
north  point  would  dip  or  decline  downward,  pointing  in 
•  direction  under  the  horizon;  so  that,  to  balaiici  Uu 
nMdlc  ajtaiii,  he  «ai  aUays  obliged  to  put  a  piece  ol'  wax 
on  the  iiiiitli  end,  as  a  counl*T|Hjm>.  I  Ik'  constancy  of 
this  ifiect  le<l  hini,  at  Icnjith,  to  ubbirvc  rlic  prcf  ibc  <|Uan- 
iif  till  dip,  or  to  measuri'  the  j;ie;i!i-,i  ,iti^;le  wliith  tlie 
HCidli-  wuuld  make  with  the  huriison.  Tin^,  m  ilu-  wuT 
IjJ^t  h"^  Jii'Jnil  lit  I^ndon  was  71''  50'.  It  is  not  ijuid- 
certain  wliethi  r  the  dip  vnrics,  a.s  well  as  tli,-  hurjiontal 
diri'Ctioii,  in  tin-  suine  pi.icc.  .\I r.  tij aliaui  mrnlc  a  great 
many  o.x(>ennu'nts  with  the  dipping-needle  in  1723»  and 
found  the  dip  between  74  and  75  degrees.  Mr.  Nainwv 
ill  I77C,  touiid  it  somewhat  aluw  72^,  And  by  many 
observations  (Dade  since  that  time  at  the  Hoyal  i^nciety, 
the  medium  quantity  is  7i''i'  Indeed,  ia  1812  it  i»  only 
Slated  at  70^  32'  at  the  Royal  Society.  The  triUing  dif- 
ference botsN«n  the  tint  observations  of  NorAait,  and  the 
InM  of  Mr.  Naiinemd  the  Royal  Stwiely,  lead  to  the  opf- 


bannn  Fena  upon  Euclid's  Optica,  conccnui^  the  use  of  '  nion  that  the  dtp  it  ttnakaqibfie$>and  yet  it  Okay  be  diffi' 
optica  in  utnwouy.  Dracartia  alio  wiole  a  tnaiiie  on  *  cull  lo  account  for  the  grrat  djilmaee  between  tfaeao  and 
Dioptrics,  coinnranly  annexed  to  hit  Priiiciplioof  PbiloMH  Mr,  Gnlwn't  onmben^ coMidnriiig  the  well-known  arcii- 
phy,  wbich  is  one  of  his  best  works ;  wheto  the  true  nan-  racy  of  that  itt^mioos  gfntleinan.  Philos.  Tran».  vol.'4.^, 
m-r  of  vuioii  18  more  distinctly  es|)lained  than  by  any  for-    pa.  279»  wl.  OS,  pa.  +76',  vol.  fi.Q.  70,  71.  alM>  the 

mer  writer,  and  in  which  is  contained  the  true  law  of  re-  "  " 
fraction,  whicli  «as  lii>t  disciiMTci  by  Sncll,  llioULtli  t'>j 
name  of  tin-  mvi  iU<ii'  is  supprc-st';!  ;  lien'  are  also  laiil 
(i'l'vii  the  pro[.rr;ie..  nl  i  iliptii  al  aiid  by |M"i"lj<ihral  lenses, 
with  the  priKiicc  (>!  i;ii;Mjin>i  chi^^f  ■.  Dr.  Harrow  bus 
Ireatt^d  on  Diopirii  n  lo  ,i  vei  v  n-  mm-- maimer,  ttioiii;b  ra- 
ther too  hriell\ ,  in  lii*  Ojitunl  I.et  luiis,  read  at  Cam- 
bridge. Huv^ens's  Dioplriis,  is  also  an  excellent  work  of 
its  kind.  Molyiieu-x's  l)|op;iics  is  a  work  rather  heavy 
iinti  dull.  IVsiiletbtse.  iIk  Ve  are  several  other  treatises  on 
Dioptrics,  such  ns  iiurtsueker's  Kssni  cle  L>i<iplri>|ue.  Chc- 
rubin'a  Dioptrique  Oculaire,  et  I.a  S'ision  I'urfiite.  Da- 
vid (^rP!!uryV  Uemcnts  of  Dioptrics.  Ttaber's  Nervtis 
Opticus.  Znhn  s  Oculns  ArliliciaHs  Tdadiopiricus.  Dr. 
Smith's  Optics,  which  it  a  complete  work  of  iu  kind. 
Wulfiu4*t  Diujptrio,  contained  in  hi*  lilcmenta  Matbeteos 
Unlfenaiiiw  But  npaeially  the  Treatise  on  Optics,  and  the 
Optical  Lcctutft  of  Newton,  in  whom*  experiments  are 
Contained  far  uKire  discoveries  than  in  all  the  former  wri- 
ters. Liistlv.  this  science  was  peifecied  by  Dollund's  dis- 
covery oi  tbe  itrbroiiKiiii'  ul.is^i-i,  by  which  the  coioats  are 

obviiiled  in  irtr.irtini  reli'-cr)|i« s. 

llielawsi.i  Dioptnis  are  dilncnd  lo  Kr  llie  nrtirle 
Urinsi  iiov,  I.LNi,  i\-c  ;  ;iii<l  tlie  sippln  iitimi  oKlhem  in 

rile  consM  a:  !i  >l  teli  scopi'.^,  misCT'isC'ipes,  and  other  dl- 

optncat  instrununts,  under  ll^e  ailitles  Ti  Lr.scoPE  and 
Miritlisi  ri  !•  t' . 

Dli' Q^"  <Af  //rj)izo/i.    See  OEfKKsstoN. 
DiPPING-Afcrf/e,  or  heioMlory  A'rcd/e,  a  masnetical 
needle,  so  boni!.  as  that,  insteud  of  playing  horizontally, 
and  pointing  out  norili  uiul  south,  one  end  dips,  or  inclines 


description  of  a  new  dip|>iiij:-needle,  by  Ur.  Lorinicr,  in 
the  Pbilo^iip'i  iral  'l  i  ,i iisK  1  e 'ii"  1773;  and  in  the  tttpplc- 
Mieiit  to  C'avallo's  Tri  nii-r  1,0  M;iraetisMi. 

It  i«  Cerlaiii  however,  !rmm  many  experlnii  nts  and  oh- 
servalirnis,  that  tii.'  dip  in  d  lierent  in  ditTt  rent  lain iiiles, 
and  that  it  in;  n  ases  111  i^'.inL:  imrt-'jaard.  It  iipptrars  from 
a  table  of  ubiervatiuns  made  wiiti  a  mariw  dijipinjj-nei- 
die  of  Mr.  Nairnc'^  in  a  voynge  towards  the  imrib  pole,, 
in  1773,  that 

in  latitude  (lO"  18'  the  dip  was  7.^'^  0'. 
in  latitude  70  4.)  the  dip  was  77  ^2. 
in  latitude  80  i'i  the  dip  was  81  53,  and 
in  latitude  80  27  the  dip  was  83  2). 
See  Phipps's  Voyage,  pa.  I2  >.  See  also  tbc  Obtervatiana 
of  Mr  Ilutcbins,  made  in  Hudson'*  Ray  and  Str^ita^  Phi> 
lo«.  Trans,  vol.  6i,  |fa.  129^ 

Hurrowca,  Gilbert,  Ritllcyr  Boni,  &«,  cndcavwned  to 
apply  thit  discovery  of  the  dip  to  the  finding  of  the  lati- 
Mide;  and  nond,  goin^  ttill  farther,  Hrst  of  any  pr<ipu»ed 
tinding  ihe  lonciiude  l)y  it ;  but  tor  want  of  observations 
and  e.\p<  riiiieiits,  he  could  not  po  nuy  U  iiL;tli.  Mr.  Whis-' 
Jell,  Ix  inji  riirnished  with  iIk'  lorllier  (  bserv alii  ns  ol  Co- 
lonel Wiiulliiiii!,  Dr.  Ilulley,  .Xfi .  I'ouiid,  Mr.  Cnnniiis- 
ham,  M.  Noel,  .M.  l  eiiilb  ,  and  his  o«ii.  made  j;re.it  im- 
pio\ements  in  ihe  di  cl  i  on- :jhI  u-.- ni  |ipn)s/.|icedle, 
brought  it  to  more  cerlaii'  rules,  uiio  emieintjured  in  ^oocl 
earneat  lo  lind  the  longitude  by  it.  Kor  this  purpose,  ho 
idjserves,  Isl,  IHiat  the  true  tendency  of  the  north  orsoutik 
end  of  every  magnetic  needle,  is  nul  l<i  liial  point  of  Aehoii" 
ion,  to  which  the  horiKoiital  neeJlu  puinis.  but  towards aii> 
other, directly  under  it,  m  the  siuue  vertical, and  in  UiIKt- 


io  tbc  bnriaon,  and  tbe  otJicr  paints  to  a  certain  degree  of  ent  degrees  under  itt  in  different  ngn>  difliMviit 

elevation  above  it.  places.    :2dly.  That  tbe  power  by  which  the  horiauntal 

Tbe  inventor  of  tb«  diprnng^ieedle  wot  Robert  Nor^  needle  ieg^vifned,  and  nil  our  navigation  usually  directed, 

HMD,  a  cmripast'waker  at  Ratcliffe,  about  the  year  1580 :  it  it  proaed  is  only  one  quarter  of  tbe  powvr  by  which  the 

this  ii  not  only  testified  by  hit  own  acnrant*  m  Vd  Hew  dlpfiing  needia  it  mnved;  wbich  should  render  the  latter 

Atlraciive,  but  also  by  Ur.  Oilben.  Mr.  William  Bui«>  hr  the  more  eflbctnal  and  accurabs  inttrumrat.  Sdly,. 

rowes,  Mr.  Henry  Hoiid,  and  other  u  riters  of  that  time.  That  a  dipping-needle  of  a  fimt  long  will  plainly  abow  aik 

or  suoa  after  it.   The  occaition  ol  tbe  discovery  be  biro-  alicratiun  of  the  aiijjie  of  inclinatioOr  in  thae  parti  of  Uta- 
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worlil.  in  half  a  quarter  of  a  degree,  or  7i  geographical 
mill's;  ,and  a  needle  of  4  feet,  in  2  or  3  mile*;  i.e.  aup- 
pusing  thne  distances  taken  along,  or  nrar  a  meridian. 
4thly,  A  dipping4ieedlc,  4  feet  long,  in  these  paru  of  the 
world,  will  show  all  oqual  allemiion  along  a  parallel,  as 
another  of  a  foot  long  will  show  along  a  meridian ;  i.  c. 
that  will,  with  equal  enctncH,  ihow  the  longitid^  «  this 
the  latitude. 

Thia  dependa  on  the  potirien  of  the  liaei  of  eoual  dip^ 
in  these  parts  of  the  wwld,  which  are  found  to  ue  about 
14>  ur  15  degree*  from  the  parallels .  Hetire  be  aifact, 
tluit  as  we  can  have  needles  of  5,  (),  7,  8,  or  more  foet 

liiiif!,  skliirli  i:i(ni  Milli  strrnslh  sudiciiiit  fur  exact 
uli^c-i ■. almii  ;  ;inJ  -incr  iiuCro>iC<i|i«'>i  limy  bo  iip|tli<'<l  lor 
vii'WiUi;  llii'  Mii  iili'st  <li>  ot  ili'^m-'i  on  the  liinb  ol 

ihi!  nwlninii  iu,  H  i»  i  viai  jit,  lliut  tin.  longituili- al  Uii.d 
may  llui«  Ik-  liniiiii      U-m-.  llmn  1  linli"'. 

And  as  tlicre  liavo  In'rii  niiiny  obsprvaimn'.  made  ut 
ni-a  with  the  same  inslrunjiiit  by  Noil,  l  i  uillt,  i.\t,  uUich 
have  dclcmiimd  ihe  dip  usunliy  wnhiii  a  degree,  sornc- 
timr^v  within  {or-}  of  u  degree,  and  this  with  small  nee- 
dles, of  S  or  6,  or  at  thi'  nioii  y  inchc!  lonjj ;  it  is  inferred, 
that  (helongiliiilo  mny  i>c  found,  esrn  at  sra,  to  Iryt  than 
half  a  qunrtrr  of  a  degree.  This  premised,  the  obiervu- 
lloti  iLscIl  tollunii. 

ThJMiht  Lot^tuieoT  LatUwUk)  ihtDi^u^f-Netdit, 
—If  the  lines  of  equal  dip,  bt>low  the  horison,  Im  dnwn 
on  maps,  or  sea-chailf,  from  gfood  oboemtioM,  it  will  be 
easy,  from  the  lungiiiide  known,  to  find  the  latitude;  and 
fimn  the  latiitide  known,  to  find  the  loni^itudr  either  at 
sea  or  land. — Suppose,  for  example,  a  pi-rson  travelling 
or  sailing  along  the  iiieiidian  of  London,  »hould  lind  llint 
the  angle  of  ilip,  "itii  a  needle  of  orM>  fool,  was  7^";  the 
chart  will  jhow  that  tl^.^  iinTniiaii,  and  ibe  line  "I  ilip, 
meet  in  th<-  lalitudi'  nt  oS'  I  1  ;  ufucli  is  tluri  forc  tin-  la- 
titude siji;i;bt — Or  if  he  be  trriv.  lli;);;  of  sailing  aloii!:  the 
puRjIli  1  of  l^imloii,  1.  e.  in  j  T  .U'  north  latitinle,  niitl  find 
the  anijle  of  diji  74"  ;  then  liiis  parallel,  und  Hie  1  im>  r  f 
this  dip,  will  ni.et  on  the  map  in  1  '  -(6'<^t  east  lonp;itude 
from  London  ;  winch  therefore  is  the  longitude  sought. 

Many  other  persons  have  uselessly  endeavoured  to  de- 
termine the  longitude  of  pUces  from  ibe  dip  of  the  mag- 
netic needle.  One  among  this  number,  i«as  Maiidilo,  u 
Genoit  pilot,  who  contrived  a  small  wiight  for  measuring 
the  degree  of  iikclination  of  the  needle ;  and  though  IKk 
thing  could  be  much  more  abturd,  he  eoatbord  in  hie 
-  opinion  to  the  InM,  aad  died  nader  the  perMiariwi  that 
he  had  traly  diseosered  a  aMthod  of  iletaraibiiiig  the  Unh 
gilude,  and  that  justice  had  aat  hecm  done  Um,  aor  hn 
miaUi  fiiirly  nppreciated. 

DIRECT,  in  Arithmetic,  is  when  the  proportion  of  any 
terns,  or  quantities,  is  in  the  natural  or  direct  order  in 
which  they  stand;  beinn  the  opposite  to  ttaxru,  which 
COHMiier-.  the  proporlicm  in  the  mverled  order  of  the  terms. 
So,  .1  ;  J  :  .  t)  :  >>  'liteclly  ;  or  .1  :  4  :  :  8  :  (i  inver*ely. 

Rnle  ■'f  ilirfi  I)iKK»  T,  IS  «hen  both  pans  of  leniis  arc 
ill  il:reer  )>r( ipiirtioii. 

I>iRM  r,  III  Aitronomy.  A  plam-i  is  &aiil  lo  bo  direet, 
or  It'*  motion  direct,  when  it  jjih-s  forwaril  by  its  proper 
motion  in  the  ffidlac,  according  to  the  succesDion  or  order 
of  the  higns;  or  when  it  .-ppears  so  to  do,  to  an  obserser 
standinc  on  the  larth.  Whereas  it  is  said  10  be,  or  to 
move,  letr.  ;:rade,  when  it  appeun  to  go  theoaatnurywajr, 
wr  backward  i  and  to  be  «tatioiHiry,  when  it  seeoN  apt  lo 
'  nm  either  w^y. 
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UiRECT  DiaU.    See  DiAi.  and  Dialmxo. 
DiRtCT,  in  Optics.  L><rfcf  vision  is  that  performed  by 
direct  rays;  in  contradistinction  to  vision  by  refracted,  or 
rrllected  rays.    Direct  vision  is  the  sul^t  of  OptWs, 
which  prescribes  the  laws  and  rules  of  it. 

Direct  Aays,  are  those  which  paia  a*  in  right  lines 
ftom  the  object  in  the  eye,  without  being  tnrm-d  out  of 
their  fectiwcar  dinctun  by  any  inisn«riag  body,  either 
opai|Baorpdlueidj  or  witlwat  bdag  either  reflected  or 


DiucT  Mtn.  See  Bioiit  Spliere. 
DIRECTION,  in  Astronomy,  the  moti n  und  other 
phenomena  of  a  planet,  w  hen  direct. 

Line  q/' Direction,  in  Gunnery,  u  the  ,|,rert  lino  m 
wliicli  apiece  is  pointed.  Soinetimrs  a  Ime  i,i  direction 
lb  iniitki  il  on  the  iipp<  r  slile  ut  tlie  pun,  by  a  sm.-ill  notch 
'1  -II'.  "1  l-i'.'  1"  the  ba-eaiid  inuz/K  ni'i^,  :  but,  unlm 
t)ie  two  winels  Ol  [he  rurri  ige  Mand  equally  high,  this 
line  will  be  fallacioll^ ;  fur  whic  h  reason  gunners  com- 
monly find  a  new  line  of  diieciion  every  time,  by  mnine 
of  a  plummet. 

Ltnt  <tf  DiRKCTiov,  in  Mechanics,  denotes  tbq  line  in 
which  a  body  ntoves,  «r  endeavours  to  proceed. 

Angle  qf  Dirbctiov,  is  that  conipirheodcd  betweea 
the  lines  of  direction  of  two  cuupiring  powcn, 

iimuMwy  of  DiaacTiQV.  is  used  for  the  praduet  arisioc 
from  multiplyfaig  tha  vakdty  of  the  oommon  centre  of 
grnvitj,  in  a  system  «f  bodies,  by  the  sum  of  their  ma.vcs 
la  the  collisiea  of  bodice,  the  quantity  of  direction  u  the 
suae  both  hefoiw  aad  aAcr  the  impulse. 

Oiascnoit  qf  ri^taudMUme,  that  property  by  which 
the  magnet,  or  a  needle  touched  i,v  it,  always  presents  one 
of  its  ends  towards  one  of  the  poh>  <.|  ih,  world,  and  the 
opposite  end  to  the  other  pole.  This  is  aiso  railed  the  po- 
larity of  ihe  mairnc  t  or  n)e<llc.  The  attractive  pttiucrty 
of  the  magnet  i,,!-  km  ^n  Innj;  before  its  ditactieet  and 
the  directive  lon^  uelore  the  inclinHtory. 

Number  Di  lu  t  tiox  ,  is  the  number  of  days  that  Sep- 
tuui^esima  Sunday  lalls  ..Iter  the  17th  vf  January.  See 
NrMr.iR. 

IMHhX  TLV,  in  Geometry;  We  say  two  line*  lia  di- 
rectly against  carh  other,  wh«t  they  are  pnrts  of  the  time 
right  line :  also  quaotiiies  are  said  to  be  direedy  prapor* 
tional,  when  the  proportion  is  according  to  the  order  of 
the  tcrpis;  in  contndistiaction  to  inversely,  or  recipro- 
cally proportional,  which  is  Uking  the  proportion  contrary 
to  the  order  of  the  teraw. 

la  Mecbenio,  a  hady  is  nid  to  strike  or  impinge  di- 
rectly against  another  body,  when  the  stroke  is  in  a  di- 
lection  p<  rpendiculartOthesuifacc  at  the  point  ofimjmcl. 
And  a  sphere,  in  particular,  siiiKeN  ouectly  against  an- 
other, when  the  line  of  ditetiii  n  j.as-es  liiroueh  both 
their  Centres. 

1  '1 IILC  I  It a  [)ail miiar  light  iiiu  ,  pi  i pendicular  to 
the  a.Ms  ol  a  conic  section,  anil  much  refi  rred  to  hv  the 
aillliiiis  who  deiiionslrate  the  prtiperties  of  those  ciirvca 
from  the  ili  serif>linn  i,t  them  in  piano.  Thus,  the  indefi- 
nite right  Ime  ah  is  tlu'  direr-  A  £— Jl 

Iri.x,  and  is  so  pluci  >l,  that  if 
any  point  r  U- assumed  without 
it,  and  while  the  line  Fo  revolves 
about  r  aa  a  centre,  a  point 
o  moves  in  it  in  such  u  manner, 
that  its  distance  from  f  shall  aU  « 
ways  ba  to  CD,  iu  distance  bora  Uw  liae  ab^  ia  a  ceasiant 
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ratio  i  then  curve  vo,  detcribed  liy  tbe  point  D,'  is  a 
couc  section.  And  the  curre  is  «n  rllipse,  ar  a  parabola, 
or  an  linierbola,  aocordiDg  as  r  n  is  h  ss  than,  rqual  to,  or 
grcMcr  tno,  Cl»,  or  rv  than  va.  l  lu'  cunsinnt  mtiu  of 
»D  lo  CO,  «r  of  rv  to  ta,  u  called  the  detemuRing  ratio. 
In  the  tjO^,  tlw  diMaitce  av  of  tho  dineitix  Awn  tbo 
vertex,  iagntler  than  vr  thodiitaiioo  of  the  fitcm  from 
Um  writxi  in  tho  poimboln  at  i«  oqual  to  vt;  but  in  tbo 
bjfwrbob  AT  is  iMtfhM  TF. 

DlKBCTKiz,  in  n  I^rabola,  a  line  peqienUicular  to 
the  axia  produced,  at  the  distance  of  the  iocw  without 
the  rertex  ;  a»  shown  above.  - 

DIRKjI  Nl",  a  t>riii  I'spi isMri;:  tfic  line  of  motion, 
aluiij;  whicli  ii  ilfhcnbcnt  lii»e,  o:  muIuci-,  is  carried  in  the 
genwi*  ot  liny  plane  or  miIiH  figure. 
Thus,  it' ttir  liiu"  AH  nuivi-  parulii-l 
to  itstir,  and  aluiii;  the  Inn-  ai>,  so 
thul  till'  piinil  Aulwu>>  'kvvyi%  iti  tho 
line  AO.  and  the  point  u  In  llu'  lino 
8c ;  a  parallelu>>ruin  a  bi  d  will  l>f 
formed;  of  which  thu  line  ab  is 
the  di-Dcribenl,  and  the  line  ao  the 
diriaeni.  So  alsOi  if  the  surface  a  beg  be  supposed  car- 
ried along  the  line  ad,  in  a  position  always  parallel  to  it- 
self at  its  tiist  Mcunii'jn,  the  aolid  Af  sriU  be  formed; 
where  the  autfiicc  ab  ti  the  deaeribaBt,  aad  the  line  ab  ii 
thedirigent.  , 

DISC,  or  Dt^K,  the  body  or  lace  of  the  sun  or  moon ; 
■ocb  as  it  uppcars  to  ut;  ror  though  they  be  reallr  sphe- 
rical bodies,  thry  are  apparently  circular  planes. — The 
diameter  of  the  disc  i»  connidiTcd  as  divided  into  13  equal 
parts,  calU-d  digils  ;  by  mmnv  <if  which  it  is,  that  the 
magnitude  of  an  «-clij)bf  im  iiuMMirrd,  or  rfiiiniEited. — In  a 
total  ••clipbc  ot  iMliiTot  lliii»L-  1 '.I  m  inn  no,  ttir  almle  dl>C 
is  ofjscurcd,  or  darkciU'd  ;  m  a  |iiir!Kil  icli]i'i',  only  part 
of  them. 

Itluminuled  Disc  of  the  Elurlh.  Si-c  Ciul  l£  of  lUumi' 
motion. 

Ditr,  in  Oplici,  the  niii;nitudo  of  a  telescope  glass,  or 
the  wiiilli  uf  it»  U|i<-rlurc,  whatever  its  tgun  btf  wlicdier 
a  plane,  convex,  iiuuiiicuit,  or  the  lilie. 

0;i>CHARGCR.  or  DiacMAKOtNO  J(M^  in  Ekctit. 
city,  coasista  of  a  handle 
of  glass  or  baited  wood, 
A, 'and  two  bent  meial 
rods  la,  tcnninalinc  in 
poinii^and  capable  of  be-  ^  «^ 

int  BCiewed  into  the 
linnhii  DD,  which  mora 
by  a  joint  c,  fixed  lo  the 
handle  A.  Thus  it  ii:ny  be  used  rilhcr  with  the  points  ht 
Mh,  as  occasion  requires ;  and  by  being  made  moveable 
on  a  joint,  it  may  be  applied  to  larger  or  sntnller  jars  iit 
pleasure.  l\y  blinking  one  of  these  kn(it><h  or  points  to 
'■m'  ciMlcd  mHl'  oI'  .1  tlmr^^rd  clccttic,  ■•■ml  (tir  other  to 
tin*  other  fide,  or  lo  »ny  conductor  connect- u  with  it,  the 
coniniuniralion  is  completed  between  tho  two  sidis,  and 
the  electric  i*  diichargcd. — For  the  docription  and  use 
•  'I  a  Univerial  DiMclmrger,  by  Mr.  Menly,  with  which 
many  concu*  experiments  may  be  performed,  see  Caval- 
lo'*  kUetncity,  pa.  l6*. 

DiSCOttD,  tho  rc|«iios  of  two  aounde  which  are  at- 
wayi,  and  of  thcoMiws  disagneable,  whether  aii^it4  itt 
»ucccaiiciR  or  i 


nrl 


.  DISCOL1  NT,  or  iMalr,  is  used  for  an  allowance  made 
on  a  bill,  or  any  other  debt  not  yet  become  due,  in  cuo^ 
deration  of  making  pKMttt  payflWBt  of  the  Ull  or  ^bt. 

Among  merchanu  and  irMoaf  it  it  nmal  to  allow  a  wm 
for  diicount  that  ia  eanal  to  the  tatmst  of  the  debt,  cal- 
cuklad  far  the  tiow  nil  it  bcconea  due:  but  thK  is  not 
the  comet  or  jntt  tarn}  for,  as  the  true  value  of  ifu  <ii'.- 
count  ii  equal  to  the  difference  between  the  debt  utid  its 
present  worth,  it  is  equal  onlj  (u  tin  Inteicst  of  that  ))re- 
•ent  worth,  instead  of  the  inlereit  on  tlie  wh<de  debt.  And 
therefore  C  e  mi    i<ir  finding  the  true  discount  is  this; 

As  the  ainiumt  of  H)0/,  fur  the  given  rate  and  time  : 

Is  to  ibf  pivcn  sum  or  detjt  :  ; 

So  is  tile  intereit  ol  ino/,  lor  tlie  given  rule  .ind  time  : 
'lo  '.he  discmiiit  ut  liie  debt. 

So  that,  if  p  bu  the  principal  or  debt,  r  the  rate  of  interest 
per  cent,  and  « the  time; 

then  H  100    rt  tj> i« :  ^jj— ,  which  h  the  true  dif 

count.    Hence  also/) 

worth,  or  sum  to  be  received. 

For  Ei,  Suppow  it  be  required  to  (ind  tlw  ditCOUBt of 
'2S0i,  for  live  months,  at  the  rate  uf  5  per  cebt  par  aonuB 
interest.  Here  p  =  260,  r  =  5,  and  I  or  t  Oiontha; 
then  =  ^JiJLULii  « 515,  . 

loo  +  r«      100-4- Sx^      Ifl00.»-«S      49™*"  ••TV 

the  discount  sought. 

A  Table  of  Discounts  may  be  seen  in  Smart's  Tables  of 
Interest,  the  use  of  which  makes  calcuialiona  of  diKOUUt 

very  <niiy. 

DiHCovHT  it  alao  the  aaoM  of  »  rate  ia  book*  of  Arith- 
metic, by  wluA  ctlcuialiwn  of  Discount  aie  made. 

DISCRETE,  or  DiijoscT,  Phfortkm,  is  that  in  whicli 
the  ratio  between  two  or  move  pain  ofnumU-is  is  the  same, 
and  yet  the  proportion  ia  not  continued,  s«  ihai  the  ratio 
n^^y  be  the  same  between  the  cous«-i|u> ut  of  one  pair  and 
the  antecedent  of  the  next  pair. 

Thus,  if  the  numbrm  or  proportion  (>  :  8  :  :  .3  :  4  be 
considered  :  tlie  nilio  of  6  to  8  IS  the  sanie  ;is  thai  i.f  .>  to 
4,  and  then  lore  ilioe  lour  number*  are  projmrtinnal :  but 
it  is  only  discretely  ur  disjunclly,  and  n.ii  (juiitniuid ;  lor 
S  to  3  is  iu,i  [he  v.ime  ratio  as  the  totmer;  that  is,' the  pro- 
poruoti  is  broke  11  citl  beiu.  en  fj  and  3,  and  not  continued 
throu;;liinit,  as  it  is  ii)  these  following  four  numbers,  which 
are  calk  i!  i uiituuiul  proportionals,  vis,  3:6';;  \'i  ;  24. 

Disc U)  It  Jinmiitj/,  i%  such  as  is  not  continued  and 
joined  togeiliei.  buch  for  intlaoce  is  any  number;  i«r 
its  partly  being  distinct  unit<i,  cannot  b«  united  into  one 
coudauttn ;  for  in  acontmuum  tliere  are  no  actual  dctei^ 
minate  puts  before  divisiuu,  but  th^  are  polentiiill{T  if 
finite :  so  that  it  is  usually  and  truly  said  that  craliaued 
quantity  ia  dimible  in  infiaitun. 

OlSOlAPASON,  in  Music,  a  compound  concord,  in 
the  quadruple  ratio  of  4  to  I,  being  a  titleeuth  or  double 
eighth,  and  is  produced  when  the  voice  go<s  from  the  first 
tone  to  the  fifteenth. 

DISJUNCT  fVxlpor/lon.  ■  See  Di^nu  t  t.  Proportion. 
DISK-    Sec  Disc. 

DISPART,  a  term  inC>uiitiet\  .  ii-,eil  fi.r  a  ni.iik  set 
upon  the  inuzzk-ring  of  a  in'  '  'l  ordniince,  uf  mkIi 
height,  that  a  sij^hl-line  talien  lioni  the  top  of  the  base- 
ring  near  tbo  vi  nt  or  touch-bole,  to  the  topof  the  dispart 
nuur  tixe  muule,  may  be  parallel  to  the  axis  ul  the  coo- 
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ca*e  cylinder;  fur  which  reason  it  i*  evidentt  that  itic 
height  of  thi:  dispart  is  equal  ti>  the  ditTeKBce  bctvtren  the 
ndii  of  Uic  piece  at  the  Iwie  and  musaleHingPi  or  to  half 
tbe  diAienco  of  tfaer  diamelen  there.  Hmiob  coma  the 
coanon  mclbod  of  disparting  the  gun,  which  ■■  this: 
Talw^tiilb  the  calipers,  the  twu  diamcten,  vix,  uf  the 
base  riog  and  the  place  where  the  dispart  is  to  ilaiuli  »ttb- 
inict  (he  lew  irom  the  gmlnr,  wmI  tdia  half  the  4tliieniice, 
which  will  ba  the  length «f  the  dHiport;  this  k  oommooly 
cut  to  that  fenfith  from  a  nnall  bit  of  wooi,  and  ao  fixed 
upright  in  its  plact*  with  u  bit  nf  wux  or  pitch. 

DISPERSJON,  III  Diupuics,  i»  the  divtrj-incy  of  re- 
fritcti'ii  rays  oi  lifilit. 

/'o«n/ UisftK<tioN,  i-  II  iiiim  wliiih  rc-lractrd 

ra\s  iH'gii)  to  cIhi  il;!',  s<lii  a  their  n  irudioti  render*  ibein 
diviTginl, — It  (  uUi'd  [!i ml  ol  disjjeisnjii.  111  iip(>i(jilii)n 
tu  the  |Hiir.t  III  eiiiin'Ut'.i ,  nr  pDiiit  iii  vihlcli  conv<  rj^inj; 
ny^  ri'-.v.-.n  h1i<  i  rdraciion.  Hut  it  is  mure  Uiual  to  c;ill 
the  liiHer  till'  r.H-ii>,  ami  tlie  (ornicr  the  \lrtual  luciu 

UispiRMON  o//jif/(/,  (MTca-ioiied  by  ibe  r«ir<iugibiliiy 
of  the  mys,  or  the  imtuu-  oi  ilie  refracting  madioin.  See 
Abuluatiok.  and  iNrLEcrios  . 

Dr.  WollaMon's  mode  oi  e.Nuiiiiiiiuj;  refractive  and  ili- 
Kprrsivc  powers  is  docribed  in  Pbllos.  Trans,  fur  I8()^,  or 
Nicholson's  Journ.  vol.  4*  pn. S9.  Cxteniiue  labU <i  ut  u- 
fractive  and  dis|icni*r  power*  an?  g^vcn  in  Dr.  T.  Young'a 
Nat.  Philot.  vuLS,  pa.  ^$6,  299- 

DISSIPATION,  in  Phyiies,a  gradual,  tlow,  iocenaible 
lo«s  nr  eoMimplkNi  of  the  uiinnte'  pnitt  of  m  body ;  or, 
more  properly,  tlM^  lax  by  which  they  fly  off  xnd  are  loat. 
Ste  Krri.uviA. 

Circle  af  Dissipation  or  ABKUBATiott,' in  Optics, 
dt-ikutcs  tliiit  circular  space  on  tin-  retina  of  the  eye,  which 
i«i  occupieil  liy  ihr  i.i\>i^t  i.ieli  [mik  il  in  indistinct  vision : 
thus,  if  the  (li-tiiiiee  nl  Un  iihji  el,  oi  the  contititiitinri  of 
the  e_\e.  ho  Mich,  ihiU  Hie  imuL'e  t.ills  hevoiiii  iIm  iiiin  i, 
«>  when  iihiiet>  are  ton  near:  ur  iKiiirc  the  retii.n,  uheu 
the  ruvs  have  n<it  a  >uriiCHilt  (1ueif;eiic\  ;  the  r.iys  eij  a 
pencil,  inileuii  ot  being  collecleil  nil!)  u  central  point,  u  ill 
be  dissipated  over  this  circular  space:  and,  all  other  cil^ 
cumttancs  bvii^  alike,  this  circle  will  be  greater  or  less, 
Jiecording  to  thedistancea  from  the  retina  of  the  foci  of 
rrfncted  rays.  But  tbit  circle  causes  no  perceptible  dif- 
finence  in  the  diadiietacM  of  vision,  unlets  it  exceed  • 
certain  magnitude :  as  soon  as  that  is  the  case,  wc  bpg^ 


allele  of  15  ',  which  he  shows  is  very  comp.nible  *iih  di- 
vlir.ct  vision.     >ee  aUo  MeioN,  and  \'isic)S. 

ii<i(iiMo/' Dissipation.  i!>  the  rudiu»  of  the  circle  of 
dissipation. 

DISSOLVENT,  something  thai  dissolves ;  i.e.  divides, 
and  reduces  a  body  into  ittimaUnt  parts. 

DISSOLUTION,  i*  a  reparation  of  the  structure  of  a 
body,  into  smitll  or  minute  purls.  According  tu  Newtun, 
and  others,  thia  is  cflccted  by  certain  powerful  attractiona. 

DISSONANCE,  or  Dt«Coxo,  is  a  falae  consonance  or 
coocard ;  hein^  praduced  fay  the  mixiura  or  nceting  of 
two  sounda  which  ate  diMgrceable  to  the  car. 

DISTANCE,  properly  speaking,  denotes  the  ahorieat 
line  between  two  points,  objects,  dec. 

DisT.wct,  III  Astronomy,  a»  of  the  sun,  ]>tdni'ts,  co- 
nict.s  &c.  The  Heal  Distances  arc  I'uund  from  the  puial- 
laNe*  of  the  pUniet>,  bit.  .^ee  Tmiail^x,  I'i..\vri,  and 
luANslT.  Trie  distance  ut  the  earth  tumi  Uie  sun  lia» 
li.  .  h  ^^  ii  r['i;neil  at  millions  of  niih  s,  hy  the  late  tran- 
sits <it  \  eiiiis:  a.'ui  trum  this  one  real  lii stance,  and  the 
several  relative  ilibtuiice-s,  Ly  annhjjy  >'ie  found  aU  tho 
other  real  distances,      in  the  tihh  Uluw, 

The  Proportional  or  Uclative  Distances  of  the  jdanvtl 
are  very  wt  II  deduced  lioiu  tho  theory  of  Riftviiy  :  Cur 
Kepler  has  lona  since  discovered,  and  Newton  has  deniwll- 
alraled,  that  the  squares  uf  their  periodical  tinted  are  pio- 
poirtional  to  the  cuIh-s  of  their  distances.  Keplei  '«  Lpii. 
Astron.  lib.  4;  Newton's  Principia,  lib.  d,  phasn.  4 ;  and 
Gregory's  Asirao.  book  1,  prop.  40.  If  therefore  the  mean 
dictance  of  the  earth  f  nm  th«  aun  be  ataiuncd,  or  nip- 
powd  100000^  waihnUlfati»»fnMi  the  foregoinigaBBleinr, 
•ad  thn  hMwa  periodical  tiato^  obtain  tfaa  reiativiedi- 
■lancet  of  the  other  planets :  thus. 

The  Periodical  Kevolutions  io  Days  and  Parts. 
Mcmir;,    Vniiia,   K*nh,    Mart,  Jupiter.   Suuni,  HerKbel, 

87H         3<>-^l  ^'"'H  io7AMWao44d. 

Relntive  DiHanee  qf  the  Planelt. 


Jupiter 
Saturn 

Uranus  or  ] 
Ileivehel  ( 


Mercury 
Venus 
Farth 
Mats 
Vcita 
Jono 

to  perceive  an  indistiivctnns,  which  increases  lu  that  circle  pellas 
incresMs,  till. at  length  the  objrct  is  kisi  in  confusion.  Cen 
Hiis  drde  it  aim  greater  or  less,  aecuniiBg  to  the  greater 
or  iciB  magnitude  of  the  vidhle  oljjeGt;  and  though  it  be 
not  easy  to  assign  the  diametcrof  the  uid  circle,  it  seems 
very  probable  that  vision  continues  distinct  for  all  such 
dislniici-*,  iir  so  hmg  as  these  circles,  or  the  pencils  of 
liljht  from  them,  do  not  touch  one  another  on  the  ri  iiiia  ; 
and  ihe  indislinctnes*  begins  when  the  said  ciieh  s  h-^;iii 
til  ititerli-le.  It  h.>  lu'en  olten  l^lJ^erve<^,  thnl  ;i  precise 
union  ot' ihi'  r>^pective  ray  son  tlie  retina,  is  nut  luo'siiary 
til  distinct  vision  ;  but  the  first  rmthor  asn  jtanied  the 
fact  l>t>vond  all  doubt,  was  Dr.  Jurin.  See  a  variety  of 
obseivaliiiiis  ami  e.xjienineills  on  till*  subject,  III  his  Lssay 
on  Distinct  and  Indistinct  Vision,  in  Smith's  Optics.  Ap- 
pendix. In  the  Philos.  Trans,  lor  17HP,  pa.  ■Job,  is  an 
excellent  pap»T  on  this  subject  by  Dr.  Maskelyne ;  in 
which  he  coit;|iLile5  tlie  (liaincter  of  the  circle  of  dissipation 
at  oi  an  lucJi,  making  it  answer  to  «a  external 
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.And  (rom  these  relative  distances,  the  real  distance  of  any 
plaiket  i>  easily  found,  that  of  the  earth  being  knoivn.  by 
die  following  proportion*  nnmely ;  as  100000 :  S^OOOOOO. 
or  as  1  to  9  jO,  so  is  the  relative  dislance  in  the  table,  to  the 
real  distance  niquiRid. 

Hcnca  we  find  the  real  distances  exprcired  in  even  mil- 
lions to  be, 

Vnas,     Einh,     M*r«,    V<*<(,    Judo,  Nbi, 


37 


«»        95       145    22^/,  253| 
Ckms,       Ji>piir«,       Soum,       I  mnus, 

2()2f      M)H       .903  i  1813. 
For  the  distances  of  the  secondary  planelt  Cnmu  the 
Centres  of  their  respective  primatifs,  seeSATXtuna. 
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At  to  thai  of  the  lixH  stan,  ai  having  no  leittible  pa- 
nllax,  litde  more  can  be  done  than  to  gucis  at  it, 

Dm-A Kc E  of  the  S'_n  from  ike  Moim'i  nodtt  or  opo^i  U 
an  arch  oi  tiie  i  clipiic,  iniiTceptnl  between  the  lun'atrtw 
place  and  tba  moon's  node,  or  apogee^   See  Nodb. 

CWl«M.Dlfr*IICB.    Sec  CVKTATI. 

DisTancB  </  <^  Bmimtt  in  Foitifieatioi^  ia  the  aide 
«f  tbe  txterior  polygon. 

AeetmUe  DtaTAHcaSt  iaOewetry^awiBaMiuwdwMi 
tbe  chain,  dccempcda  or  ten-foot  rod,  or  tba  Uhe. 

Luce€$iiNeDl*TAKCt»,  are  found  by  taking  bearing  to 
ibiw,  from  the  two  cxiromilios  of  u  line  uhose  length  is 
pImti.  \'iiriniis  v^.Hs  s  <il  |R  rfitrming  ihii  may  l>i-  si  i  ;\  in  my 
T  ri  utitc  im  Ml  ll^urllIiot^  ?ctl.  i,  on  iicighlsanci  Dj»tiinc> '^. 

Dim  V  M  P,  III  Gi'M^'raptiy,  is  the  an&  of  a  great  circle 

intt  rci  p[i-il  bflunn  ln<;  [>lati-». 

To  limi  thf  dittaiici  ut  iwi  placi  *,  a  und  b,  far  rrrnolf 
from  i-ach  other.  Aiisunu'  hui  stations,  c  and  u,  (tota 
which  both  ihv  placis  a  iiiui  muy  he 
seen;  and  ihcro,  with  a  theotJoiit»>,  ob- 
■er*e  the  quantity  of  tbe  angln  acd, 
•CO,  ADC,  BDC,  and  measure  any  di- 
■taocc  M  AC.  Then,  in  the  triangie 
ACp,  there  are  (>i*en  the  angles  acd, 
ADC,  and  the  side  AC ;  tn  find  the  side 
Clk— Next,  in  the  triangle  bcd,  there  are  givro  the  angles 
BDC«  and  the  lido  CO ;  to  find  the  tide  BC— Lastly, 


3d,  If  the  eye,  instead  of  bring  in  the  horizon  at  ■» 
wftv  eh  v^tcd  uliovc  it  at  I,  any  known  height,  as  sttppow 
26*  fcL-t,  or  ^th  of  a  nilc,  as  on  the  top  of  s  high  emi- 
nence; then  the  mountain  can  be  seen  much  fiutherolT 
alooQ  tbe  line  is,  and  the  distance  will  be  the  two  laa- 
genis  IB  and  mc*  or  raihcr  the  two  arc*  xw  and  nr. 
Hence,  as  above,  as  ig:c II ::  rad.:eo«in.iLtOH  =  I7'f ; 
then  aa  SSffit  17'^: :  SS,0UO:  aOnilcaaatbe  arc  kh: 
thi*  added  to  the  forrorr  arcisr  « maket  ihc  whole 
arc  KP  a  1744  miles,  for  the  whole  disiaoce  to  which  the 
top  of  the  mountain  can  be  seen  in  this  chm-. 

Appartnt  Distance, in  Optics  that  distance  which  we 
jiulge  an  objtct  ;^  pla< ,  il  at  wlun  seen  afar  ort'.  This  is 
u?nuliy  veiy  ditfriml  Iruni  the  true  distance  ;  brcauac  we 
are  apt  to  iliiik  that  ail  mtv  uiiimIc  objects,  who»o  parti 
cannot  wi  ll  J,  and  which  have  no  other  ob- 

ject 111  Me"  i.ciHi  theoi,  jie  ul  the  same  distil  me  lioni  Ui, 
though  pcriiaps  tlu  one  is  tliuusaiids  of  miles  ninrer  than 
tbe  other,  as  is  tlie  cii^e  with  n  gard  to  the  sun  and  moon. 
M.  Labire  enumerates  live  ctrcunisianccs,  which  aasist 


us  in  judging  of  the  distance  of  objects  ;  viz,  their  appa- 
rent magnitude,  the  strength  of  (he  colouring,  the  directmn 


ID  the  iriangle  adc,  there  are  giten  the  angle  acd,  and 
tliciideiac,c>:  In  jbtil  the  side  ab,  which  ia  the  dlatance 


_  it. 

eonputed  either  aa  plme  tiia^glM,  or  aa  qiherini 
%i  the  COM  may  icqaiie^  «r  acwrding  iDllw 

the  dbtances. 

JTic  r)isTA  VCE  tf  a  remnle  object  mayalso  be  found from 
ill  height.  Tins  udiuil!>  of  several  cases,  according  the 
distances  are  large  or  small,  &c.  1st,  Suppose  that  from 
the  top  of  a  tower  at  A,  whose  height  ab  is  ISOfcct,  there 
be  taken  the  angle  b.*c  =  33^,  and  [lie  angle  bad  s=6-V''i, 
to  two  trees,  or  other  nlijccta,  c,  «  ;  to  find  the  distanct.* 
between  them  ci>,  ami  the  dillaaca  «tcach  from  the  bot- 
tom of  the  tower  at  a. 


of  the  two  eyes,  the  parallax  of  the  objects, and  thc  di- 
stinctness of  their  sioall  pnrt».  On  the  contrary.  Dr. 
Smith  maintains,  tiut  we  judge  of  distance  principally,  ev 
solely,  by  the  apparent  niaguitude  of  electa ;  and  CM^ 
eludes  universally,  that  tbe  apparent  distance  of  aa  dgcct 
seen  in  aglass,  it  to  its  apparent  (lislanoe  wen  bythen^ed 
eye,  as  tbe  apparent  nuignitade  ttf  tbe  naked  eye  is  tote 
And  in  thcae  opctntions,  the  triangtca  any  be  ^ppaicnt  nagniuide  in  the ^aas.  But  it  was  long  since  ob> 

lemd  by  AUtaaen,  that  we  do  not  judge  of  distance 
OMrely  bythe  ai^le  under  which  objects  are  seen;  and 
Mr.  Robins' clearly  shows  that  Dr.  Smith's  hypothesis  is 

COTi!rarv  III  fart,  in  tlie  nioil  ciuniMi  simple  CKSes. 

Thub,  It  a  double  Convex  ijlass  be  heitl  upriftht  before  Some 
luminous  object,  x'.  :i  ritndie,  there  will  be  vet  ii  two  images, 
one  rrixl,  and  the  other  inverted  ;  the  first  is  made  simply 
by  lefl.Miin  from  the  ncare-il  suriace;  the  -.  ri  -  i  by  re- 
fle^tti!.  irom  the  farther  surf.ice,  the  rays  uniiergointr  a  rc 
fraction  from  thc  first  surfnec  btilli  bttVre  and  after  the 
retle.xiun.  If  this  glass  has  not  too  short  a  focal  distance, 
v»ln  n  it  is  held  near  the  object,  the  inverted  image  will 

Spear  laiiger  than  the  other,  and  also  nearer ;  but  if  the 
lai  be  carried  off  from  the  object,  though  the  eye  remain 
to  it  as  befoiY,  the  inverted  image  will  bo  dimi- 
SO  much  fiister  than  thc  other,  that  at  lengtb  it  will 
mai^  less  than  it,  but  atiil  nearer.  Hare,  iwaMr. 
'bim^two  inntgw  of  tho  mme  <Mcct  an  aeen  noMr  one 
view,  and  their  appamnt  diitueea  immedktai^  eompaiad ; 
■ad  it  ia  evident  that  tboae  dittancca  bafe  no  neccaiaiy 
■jOOMWtioB  «Mi  tha  apmnnt  migpttudc.  This  cxpcri- 
'ment  maybe  made  tnll  mofn  convincing,  by  sticking  a 
piece  of  paper  on  the  middle  of  the  lens,  and  viewing  it 
through  a  short  tube.    He  observes  further,  that  thc  ap- 
p.trenl  mat;Tiii mlr  i.f  my  li-i  mt  objects  is  neither  deter- 
mined by  (he  iiiii^iii(u<!e  ol  ilic  angle  only  under  which 
they  are  seen,  nor  is  the  exurt  proportion  of  that  angle 
conj|jnred  v»i[h  ihrir  true  distanrc,  but  is  compoiiiuled 
also  Willi  a  dcceptii  ii  cniiccriiiii;;  that  distance  ;  so  that  if 
we  hatl  no  idea  of  ditfercnce  in  tlic  d:5lunce  of  objects, 
carh  ivould  appi  ar  in  inu;;ni[u<ie  proportional  to  the  angle 
utider  which  it  was  seen  ;  and  if  our  supposition  of  the  di. 
stance  were  always  just,  our  idea  of  their  magnitude  would 
be  unvaried,  in  all  distances ;  but  in  proportion  as  we  err 
in  onr  eonctftioa  of  ilwir  distance,  the  grealn  aiig|« 


Fiiit,  red.  i  tang.  ^  bad 
next,  rad. :  tang.  £.  bac  : :  ab 

tlveir  difference  is  the  distaivce 


77'm 


2d,  Suppose  it  be  n  quired  to  find  the  diiUnee  to  whicli 

an  oliji  :  I  c.iu  be  seen,  oy  knowing  its  altitude;  ex.gr.  tbe 
Peak  of  fciurilTe,  whose  height  i*  said  to  be  3  miles  above 
tbe  level  of  the  sea,  supposing  the  circumference  of  thc 
,earth  24,000  mile,  or  the  dianu  ti  r  79iS  mih-s.  Ixt  rc. 
'be  tbe  nidius  =  '^j9T9,  r.r  =  :]  height  of  thc  mounliun, 
and  El  a  tancrnt  to  thc  i  iirh  i'  (he  point  ii,  which  is 
the  f4rth<:*t  piiiiit  to  which  t';e  tt'|,  ot  ;■.  ■■\jntain  t:  can 
bo  stx'n.  Ucrc,  in  the  nght-anj;led  irinii^lc  mn,  are 
given  thc  hypothenuse  EG  =a3;)82,  andthclegc.ii  =  ,1979; 
10  find  the  other  Itg  llfc  =  1 5  if  mik-s  =  the  distance 
sou^t  nearly.    Or,  rath<  r,  as  e(.  :  c  ii  :  ;  rud.  :  cosin. 

G  =  20  13'ii  then  as  S6of> ;  20  13'i  ;  :  i&fiUO  :  IMi 
n)iles  =  (he«f(diafdiiAavBona|it,theaaine«»faefara. 

Vol.  I. 
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•udr.^  By  not  ttleiuitDg  to  this  c«n»> 
MWid  dbc^  Mr."BaMM*ap|>wtawli  that  Dr.  Snith  «u 
MiBto  bit 

Dr.  PamtfeU  bat  Mda  aaveral  mnarks  on  the  fits 
•Mtbodi  of  JiMl(png  coBceraiin  the  diannee  of  ot^Jeelt 
aboM  recited,  from  M.  LaUn;  and  he  bai  alio  added 

to  them  one  morci  vis,  the  conformation  of  each  m.  See 
CKrv/e  iiT Dissipation,  lliis,  be  says,  can  be  of  no  use 
to  us,  with  respect  to  objects  that  are  placed  without  the 
limits  of  distinct  vision.  But  the  greater  or  less  confusion 
with  which  the  object  appears,  as  it  is  more  or  levs  r'*- 
moved  from  those  limits,  will  assist  the  mind  in  juiLin;;  of 
its  distance ;  uml  the  more  confused  it  a|i|;(  m  ^,  ■  .  h  l.ijilii  r 
wc  shall  imai;inc  it  to  be  from  us.  Hi  '.m  mt.  tins  contu- 
sion has  its  limits;  for  when  nn  ol  ji  ct  jilacrd  at  a  cer- 
tain distance  tr<ini  the  eye,  to  winch  tlit-  breadth  ol  f)ie 
popil  bears  no  jensible  proportion,  the  rays  proceeding 
Atom  a  puinl  in  the  object  may  be  considered  as  parallel ; 
in  wHien  caae,  the  picture  on  the  retina  will  not  be  teiisi- 
bljy  non  eoitfaacd,  though  the  object  be  removed  to  a 
much  peaier  diilance.  The  most  universal,  and  often  the 
moat  sure  means  of  judg^^g  of  the  diMuce  of  objects,  he 
Mys,  is  the  angle  awn  by  tbe  optic  axce:  oar  two  eyes 


DikTAI 


laca,  in  Navigition,  ia  the  number  ol  miieior 
leagues  tbat  •  lUp  htt  aailed  from  aiqr  pwat  or  place. 
See  Sailiho.    •  # 

Lmt  qf  Diiraaci,  ia  Vetqiacliva,  h  a  right  line  dntifa 
fiom  tba  eye  ttf  the  principal  p^: 
ai  the  line  or,  drawn  between  the 
eye  at  o,  and  the  principal  point  r ; 
'which  lieuig  perpendicular  to  the 
plane,  PQ  is  therefore  the  dialaBCK 
of  the  eye  from  thnt  pliine. 

I'vitu  of  DiSTA  N(  F,  in  Perspective,  i«  a  point  in  the  bo^ 
ri/.iJiital  line  at  the  siiiiie  disiiince  from  the  principal  point, 
Bi  the  lyc  is  from  the  same.  Svirh  nrr  tl.r  llullll^  r  anil 
Q,  in  the  bohaontal  line  m,  whose  disiajice  fiom  thcprin- 
ripal  point  t,  it  eqiml  to  that  of  the  eye  from  the  lame 
point. 

DISTINCT  Bnte,  in  Optics,  is  that  distance  from  tin- 
pole  of  a  convex  glaas,  at  which  objects,  b<^hcld  through 
it,  appear  distinct  and  well  defiard:  so  that  the  distinct 
base  is  the  same  with  what  is  otherwise  called  the  lucua. 
The  distinct  base  is  caused  by  the  collection  nf  the  raya 
proceeding  from  a  single  point  in  the  objectt  into  a  aiagie 
point  in  the  tepreicMation;  apd  thaieAm  ooacava  ijUmut, 


•re  lika  two  dideient  ttatioae,  by  tba  anietaaca  of  wbieb,  wbicfa  do  notvaitt^butacatler  anddiiiipatetbaiaya,ean 
4iilanc«i «ra taken;  and  ilibia  tbereiaonwbythaeepci»  ba*o no' real diitinct  bma. 


fOIU  who  have  lost  the  sight  of  one  eye  so  frcijtiently  miss 
their  mark  in  pouring  liquor  into  a  glass,  inuffiDgacuH 
die,  and  such  other  actions  as  require  that  the  distance  he 
exactly  distinguished.  With  respect  to  the  method  of 
judging  hy  the  u|ii  uri'nt  ni;ignituili  nf  oliii-cts.  !k-  nbM  tNv^ 
that  this  can  only  :  if  when  wr  arc  ntlit  rvusp  acquiumtii 
with  their  real  ma>:iii'.iulr-.  'Vi-.us  In-  i.ccnunis  lor  the  de- 
ception to  which  we  «re  liable  iii  i stiiiiaiiii>>  di>tanrr^,  liy 
any  extraordinary  magnitudes  that  termiiiau  them  ;  a?.,  in 
travelling  towards  a  Inrtu'  cit),  cajtle,  or  catlii  ilral.  we 
fancy  they  are  marc-r  than  the  y  really  are.  Ilrnce  aUrf, 
animals  and  small  objects  seen  in  a  valley  contiguous 
to  large  monnmiu,  or  on  the  top  of  a  mountain  or  high 
building,  appear  exceedingly  small.  Dr.  Jurin  accounts 
for  the  last-rccited  phenomenon,  by  observing  that  we  have 
tm  diitifct  idea  of  distance  ia  tbat  obli(|iie  direction, 
and  thenlbfe  judge  of  ttwm  merdy  by  tbair  picinrm  on 
tbeajek  • 
Or.?oncrfieldobscnNf,«ilhinpecttotheMfia^ar  tonci,  a  greater  and  a  leii.  nwratioof^ 


Oianver  fUfm.  See  Viaion. 
DiTCH,  in  Fortification,  called  alto  Feat,  and  Moat, 
is  a  trendi  dug  round  the  rampart,  or  wall  of  a  foililM 
piece,  between  the  scarp  and  counterscarp. 

Ditcl  f*  ;in  i  .llicr  dr)',  or  wrl,  that  ib  liavi?;.:  v\a[i»r  in 
tin  II)  ,  l.iitli  I'j  wliich  have  their  particular  ii<Kiunagc5. 
The  earth  duq  cut  the  ditch  serves  to  raise  tiie  rampart. 
The  ditch  in  trout  should  be  of  tuch  briadtb  us  that  tall 
trees  may  not  reach  over  it,  being  from  12  Ui  54  (aihonn! 
wide,  and  7  or  8  feet  deep.  The  ditches  on  the  sides  are 
made  smaller  ;  but  the  most  general  rule  is  perhaps,  that 
the  dimensions  of  the  ditch  should  be  such  as  tbat  the 
earth  dug  out  may  be  sufleieat  to  build  the  rampart  of  a 
proper  magnitude.  The  space  aometimea  left  between  the 
rampart  and  ditch,  Mag  aboot  6  or  8  i«wt,  b  called  tbo 
berm,  or  list,  tervitig  to  pom  anil  rrpase.  and  to  prevent  tba ' 
earth  from  rolling  into  the  ditcb. 
DITONE,  in  Mmte, 


eoloniinb  tliat  if  we  are  asenrod  th^  are  of  a  simUar  eo> 
loor,  and  one  app<  ars  more  bright  and  lively  than  the 

other,  we  judge  that  the  brighter  object  is  the  nearer. 

When  the  small  parts  of  objects  appear  confused,  or  do 
not  ii|i|:i:ir  al  all,  we  judge  thnt  they  arc  at  a  grrat  di- 
stance, and  viee  veT$a ;  because  the  image  of  any  object, 
or  part  of  an  object,  dinjini^his  as  the  distaiirc  of  it  in- 
creates.  Finally,  wc  judge  of  the  distance  of  objects  by 
the  number  of  Intervening  bodies,  by  which  it  iv  <  iviiUd 
into  separate  and  distintl  jjarls ;  and  the  mon  thi'  is  the 
case,  the  greater  will  tin  il  -^iMin  appear.  1  nu^  diitariees 
upon  uneven  surfaces  app<'ar  less  than  upon  a  [ilaiie,  be- 
cause the  inequalities  do  not  appear,  and  the  whoU'  appa- 
rent distance  it  diminished  by  the  parts  that  do  not  appear 
in  it ;  and  thus  the  banks  of  a  river  appear  contiguous  at 
viewed  at  a  distance,  when  the  river  is  low  and  not  seen. 
Aeddens  dc  la  Vue,  pa.  358.  .Smith's  Optics,  vol.  I, 
pa.  AS,  and  Rem.  pa.  j  1 .  Robins's  Tracu,  voLS,  pa.  990, 
S4^,  iSX.  Porterfield  <n  the  Eye,  vol.  1,  pa.  105,  foL  it, 
pa.  SS7.  8c8  Priestb/s  Hbt.  of  Vbion»  pa.  tOS,  and 
po.6«S. 


louaA 


.  _  tbal 
dan  Ibe  ditone,  is  4  to  ;  and  tbat  of  the  semi-dilon^ 
d'  to  6. 

DITTON  (Humphket),  an  eminent  mathematician, 
was  bom  at  Salisbury,  May  79,  l675.  Iking  an  only 
son,  and  his  fathtl  nliMrMiw  r:  l  itn  an  ixtiaordinnry 
good  capacity,  deteridiiu'd  tu  e'.il'.i'.  iil.-  it  with  a  good  edu- 
cation. For  this  purp<pse  he  placi  d  him  in  a  n  piilablc 
piivati-  academy;  on  (:uiltin<;  ot  «iiich,Ht  ihe  disireof 
his  father,  llioui;h  ngaiost  his  own  inclination,  he  engaged 
11)  the  profession  of  divinity,  and  bcfiui  lo  exrrcix-  his 
function  ot  Tunbridge  in  thr  n  niiiy  i  i  Kinl,  where  he 
continued  to  preach  some  years ;  during  which  tunc  he 
married  u  lady  uf  that  place. 

But  a  weak  constitution,  and  the  death  of  his  lather, 
Jnduced  Mr.  Oitton  lo  quit  that  pn  U-ssion ;  and  at  the 
persuasion  of  Dr.  Harris  aiid.Mr.  WhittOB,  both  eminent 
mathematicians,  he  engaged  ia  tfco  ttody  of  mathctnatict, 
a  science  to  which  bo  bad  always  a  attwig  indioation.  In 
liw  mosacntion  of  this  seianoe^  ba  was  mnch  cncaarsged 
tno  socesm  apd  applansa  iw  received ;  being  greatly 
by  thoduef  pnfasonof  it,  and  particularly  by 
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Sir  IsMC  NMrton,  I9  whoie  hterait  mmI  iceolMnMidaliM 

he  t*M  deeted  nmler  of  the  tww  HatbeniMical  School  in 

Cbriit'a  Hospital ;  wbrrv  he  contiDucd  till  his  death,  which 
happened  in  1715,  in  the  iOth  year  of  his  age,  much 
gn  tli  J  by  thi'  philc.saphiral  «orld,  who  r\[:i-c  t  ;1  nnaiiy 
Usclill  aiiil  in^LtiioUi  <JiiCti\fnc4  from  his  assiduii),  Icarn- 
illg,  and  petu  ir  r  n^  jjenius. 

Mr.  Uilton  ptililished  several  tnatUcroatical  and  other 
tracts,  as  beW. — 1.0flheTflligenU«fCpinKH&c.PliUo». 
Trans,  vol.  23. 

9.  A  Treatise  on  Spb«-rical  Catoptric*,  puLilishcd  in  llio 
Philw.  Trans,  for  1705;  from  whence  it  was  copied  and 
n  printrd  in  the  Acta  Erudiiurum,  1707,  and  alio  10  the 
Memoirs  of  the  Academy  of  Scicncts  at  Paris. 

3.  General  Laws  of  Nature  and  Motion;  8to,  1705. 
Wolfius  mCBlMOt  tbit  work,  and  says  that  it  illustrates  and 
raiden  em  tbe  «iiling>  of  Gttlilro,  Hnygeiu,  and  the 
Mncipia  of  Newlan.  It  is  «lw  noticed  by  La  £ocbe»  in. 
Ibt  Hamoim  de  Liteiaturr,  vol.  8>  pa.  4& 

4.  An  Institution  of  Fluxions,  eonMiaillg  the  iitt  Prill* 
ciples.  Operations,  and  Applicationa,  of  that* edminUo 
Method,  us  invented  bj  Sir  Isaac  Newton;  8vo,  I706. 

•  This  work,  with  additions  and  alterations,  was  again  pub- 
lished by  Mr.  John  Clarke,  in  the  year  I7'.26'. 

5.  In  1709  he  publi«heil  the  Syiiinvsis  Algehraica  of 
John  .\le\uiidcr,  uiih  many  addillnnv  and  c<uriTtnins. 

6.  Ills  Trvatise  <ni  lV-i>pt'Ct)vc  wai  puldi-hcd  in  1712. 
In  this  work  he  explained  thi  principU  s  of  tliat  «tt  iiuitlie- 
matically;  and  besides  li  iiclnni;  ihu  nicttiods  then  gene- 
rally practised,  gave  tliu  li.  st  h  ut>  <if  tin-  new  melKod  af- 
terward enlarged  upon  and  improvtd  by  Ur.  Brook  Taylor; 
aiHt  which  was  published  in  the  year  1715. 

7.  In  1714,  Mr.  Uitton  published  several  pieces,  both 
theological  and  mathematical ;  particularly  his  Discourse 
on  the  Reanrrcction  of  Jesus  Christ ;  and  Tbe  New  Law 
of  Fluids  or  »  Discourse  concerning  the  Awcnlef  Uqvidii, 


Sr 


in  exact  Oeomettiol  Figarei»  between  two  H***^ 


liguooa  Suifaeei.  To  ihit  waa  annaxad  n  tiac^l*  i 
•tiate  the  imponibility  of  thiokiof  or  fuctfnm  hdag  tto 
mdtof  any  combiauioa of  the  partt of  ■UiaraBaino- 
lioa :  a  tuhjeet  which  waa  much  n^Med  *bont  thattime. 
To  thii  work  also  was  added  an  advertitement  from  hia 
and  Mr.  WMat  Mi,  concerning  a  method  for  discovering 
the  longitudi,  which  it  seems  they  had  publi«bed  about 
hail  a  year  before.  This'  attempt  pmliably  Ct^t  mir  Au- 
thor his  life  ;  for  (tuiu;;h  it  wa.s  approve]  and  counte- 
nanced by  Sir  Isaac  Ni'vvton,  bi  Uin-  it  «Ui  proenli-d  to  the 
Boanl  of  l.onoitude,  mid  the  nietlmd  h,i>  -imi'  Imcii  suc- 
ces'.fully  put  in  practice,  in  finding  tbi:  loiii4itudi'  lietmi  n 
Paris  niid  Vienna, yet  that  board  determined  against  it:  so 
that  the  disappointment,  to<;ether  with  some  public  ridi- 
cule (particularly  in  some  verses  written  by  Dean  Swill), 
ateded  hk  health,  that  be  died  the  ensuing  year,  1715. 

In  an  account  of  Mr.  Dition,  prefixed  to  tbeGcrnian 
tiamlaiiun  of  his  Discourse  on  the  Reanrractioa,  it  ia 
•aid  tiMt  ^  bad  publiabed,  in  hi*  own  Bane  only,  another 
method  for  finding  the  braptiide ;  bol  this  Mr.  Wbision 
denied.  However,  Inplnrt  Levi,  n  leamad  Jew,  who  had 
•tndied  ander  Ldhoitifinforaaod  the  German  cdilonthnt 
he  well  knew  that  Ditloo  and  Leibniu  had  correapiinded 
on  tbe  subject :  and  that  Ditton  had  sent  to  Leiboiti  a 
delineation  of  a  machine  he  had  invented  fur  that  pur- 
pose; which  was  a  piece  of  mechanism  const ructcti  with 
many  »he<'h  litc  a  clock,  and  which  Leibnitz  his;hly  .ip- 
prwvcd  oi  fur  land  use;  but  doubled  whether  it  would 
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ui.is  ci  Lmcj,  in  Geometry.  ai« 
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aBNwr  oa  ahip^honiid,  oA  acconnt  tt  the  motion  of  the 
ahip. 

DIYERGEJO"  Poim 

DlVEROEMT,  or  Dlv 

those  whose  ^il^^iml    is  continually  incrcaiMlg,— 
which  diverge  one  May,  converi;e  the  other. 

Uiv>.Kot.KT,  or  DivEBGinG,  in  Optics,  is  particularly 
applied  to  rays  which,  iiisuing  from  a  radiant  point,  or 
having,  in  their  passage,  undergone  a  rcfraclioti,  or  re- 
flexion, do  continually  recede  farther  from  each  other. 

In  this  s*  nse  the  word  is  opposed  to  conver^t,  which 
implies  that  the  rays  approach  each  other,  or  that  litgy 
tend  to  a  centre,  where  they  intersect,  and,  being  con- 
tinued, gp  oil  divHgi^g.  Indeed  all  intemecti^  lays,  at 
lines,  diveige  boA  wayt  from  tbe  centre^  or  point  of  mtn- 


CohCBve  ^amM  render  the  taya  diverging ;  and  convex 
ones,  cmmi^iii(<~ConGave  minora  make  the  ftya  eon- 
veiigei  knd  convex  ona,  diverge.— It  it  demomtratod  in 
Optlet.  that  as  the  diameter  of  a  pretty  large  pupil  does 
not  exceed  -f  of  a  digit;  diverging  rays,  flowing  from  a 
radiiltt point,  will  enter  the  pupil  .is 'pi'.r.ill. '.  to  all  iii- 
tenti  and  frarpoaes,  if  the  dutancc  of  the  ndiaui  irom  the 
eye  amount  to  40^000  foet.   See  Focva*  Lient  and 

ViSIOK, 

DtvFnotNc.  tl  vFtRhoi.A,  is  one  whose  legs  turn  their 
convexities  toward  each  other,  untl  run  out  contrary  wayt. 

Ste  HTfEUBOl.A. 

Divr, iioiN<i  Parabola.    See  Diverging  V AViKWL A- 
DivRRciiNc.  Sei-icf,  is  a  series  whose  terms  always 
become  larger  the  farther  they  are  continued. 

Dn'IDFiND,  in  .\rillinielic,  is  the  number  given  to  be 
divided  by  some  other  numb(;r,called  tbe  divisor.  Or  it  it 
tbe  numb«r  given  to  bedividcd,or*eparatcd,  into  a  certain 
number  of  equal  partSi  Ti84ns  many  as  the  divisor  containa 
units;  and  the  Bomber  of  such  equal is  called  tlw 

Suolieat.  Or»  moie  anerally,  the  dindend  oontnina  the 
iviior,  aa  mm^  limm  m  the  quoliant  cmilnw  unty^ 
The  dividend  it  the  numentor«r«  feaetimi,  whoMi  4bM> 
miDBtor  it  the  divitor,  and  the  quotient  it  the  value  of  the 
Anedoo.  Thus,  {  =  4,  and  {  =  -75. 

DiVINO.  The  art,  or  act  of  descending  under  water,  to 
considerable  depths,  and  remaining  there  for  a  certain 
time.  The  11S.P8  of  diving  are  very  considerable,  parti- 
cularly in  the  fishing  for  pearls,  cerais,  spi  ngcs,  &c. 

\'arious  methods  have  been  proposed,  and  engines  con- 
trived, to  render  the  business  of  diving  more  sate  and  easy. 
The  great  point  in  all  these,  is  to  furnish  tbe  diver  with 
fresh  air,  witlioiit  which  he  must  either  make  but  a  short 
stay,  or  perisii.  Those  who  dive  for  sponges  in  tbe  Medi- 
terranean, help  till  niM  UeN  by  currying  down  sponges  dipt 
in  oil  in  llieir  mouths;  but  considering  the  smalt  quantity 
of  air  that  can  be  contained  in  the  pores  of  a  sponge,  and 
how  much  that  little  will  be  contracted  by  the  pressure  of 
the  incumbent  water,  it  is  evident  that  such  a  supply  can- 
not be  very  useful :  since  it  ia  fimind  by  experiment,  that 
a  gallon  of  air  inclttded  in  a  UmUar,  and  by  a  pip«  leol. 

luBgp,  Twoomett 


procally  inspiicd  and  expired  by  the   

ibr  mptmiion  in  little  more  than  one  nimitei  fiw  though 
itt  elamdqr  be  but  liitle  altered  m  pofitug  the  Iiimh  yet 
it  loaei  itt  vivifying  spirit,  and  it  rendered  unfit  lor  tbe 
support  of  animal  life.  Dr.  Halley  ascurat  ui^  a  naked 
diver,  without  n  sponge,  cannot  remain  above  tVro  minutes 
incli  (•'  i^i  w  ;iier ;  nor  much  liiti|;cr  with  one,  without  suf- 
focating; iiur,  Without  ions  practice,  near  so  long:  pcr- 
.  3iS 
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son»  unaCCUMoiiicii  (d  diving  gi-nrrallv  l)c;;in  to  he  suffi)- 
caled  in  wbuul  li.ill' u  niiriuie.  li<.3iik->,  il  iht  <io|)ili  b« 
Considoru'  ir.ll.i'  pfi  ^•^urof)f  the  water  i  n  ihc  \i  *s<  K  makes 
thi'  I'Vi-s  hUiDil-^hcittcn,  and  frt-qucnlly  (jcca«i(jn-  ii  spiiliiii; 
of'  blo.ul lir^iri  ,  where  tl.vir  lifi'ii  (K  LiiMiiii  t<i  Con- 
tinue lun^  at  llir  bo'.tnm,  bonio  tidvc  (I'lilrmd  double 
flcxihie  pipc-^,  lu  circulalt  ;iir  ilowii  jnlo  a  cav  My  im  lu- 
sing  the  diver,  m  uitli  Hrnumr,  buih  lo  turniiili  air,  and  to 
bear  off  the  pressure  of  the  wuter,  nnd  give  leave  to  his 
bmist  to  dilate  upon  inspiration ;  the  I'mb  air. being  forced 
down  one  of  the  pipes  with  brilows,  ami  returning  by  the 
other,  not  unlike  to  un  artery  and  vein. 

Rut  this  mrthnd  ii  impracticable  when  the  depth  ex- 
ceeds tbreefiMboffiti  the  water  embracing  the  bare  limbt 
w  closely,  u  to  obttnct  the  cirenUlioit  of  the  blood  in 
'  theM;  and  witbal  preaitigWKtraiigly  on  til  the  junctufco 
whsic  the  iiniMMirii.Bade  lidit  wllb  leiitbvr;  tnatiribere 
be  tbo  leeM  dcftct  in  wij  of  Uienit  the  water  fuihn  iB,MHl 
iulutly  fills  the  whole  engine,  to  the  gfcat  danger  of  the 
diver's  life. 

DlviNti-Bf/f,i»  a  mucliine contrived  to  remedy  all  the«c 
inconvcniencie*.  In  thi^  the  diver  i^  rifely  cjiivey  li  to 
any  reasonable  depth,  and  may  •.lay  more  ur  le»s  lime 
under  the  water,  rs  the  bell  i^  greater  or.  less;  and  it  is 
most  ronveniently  made  in  form  dt'a  truncated  cone,  the 
smaller  base  bem;;  clo^eIi,  mid  the  l.ir;'iT  (i|h  ii  ;  being 
weij;h<.-d  «illi  K  miI,  ami  w  suspended,  that  it  may  iiiuk  lull 
tit'uir,  with  lU  opt  n  bii»is  downward,  and  a«  near  at  nay 
be  in  a  sihkiIhui  purHliel  lu  tin  horizon,  so  as  to  clovwith 
the  •.uttace  ot  the  water  all  at  once. 

The  diver  sitting  under  this  machine,  kinks  down  with 
the  included  air  lo  the  depth  desired ;  and  if  the  etfAtj  of 
the  vesicl  ran  contain  a  ton  of  water,  a  aiogle  man  nay 
remain  a  full  hour,  without  much  iBcan?anience(  at  five 
or  six  fathoms  deep ;  but  the  Ifwer  ho  gpes,  etili  the  more 
the  included  air  eootrarts  itiet^  according  to  the  weight 
of  the  water  that  comprenes  it:  so  that  at  thif^-three 
feet  deep,  the  bell  faceoinet  haU>fiiil  of  wattr;  die  pres- 
sure of  the  incumbeat  fluid  being  tbcn  equal  to  that  of  the 
atmosphere ;  and  at  all  other  depths,  the  space  occupied 
by  the  coinprr»ed  air  in  the  upper  part  of  IIS  capacity,  is 
lo  the  space  tilled  with  water,  a>  thirty-three  feet  to  the 
depili  .i|  the  surface  <iflhe  wnter  in  liii'  bell  beUu  its  ciim- 
mon  iUrlaci  ;  and  tins  cunilensi  d  air,  l)ein'i  taken  in  with 
the  biealli,  soon  iiisitiiiati*  itwil  inli'  mII  tli<  ravmev  of  the 
body,  nnd  has  ik.  ill  effect,  proviiUsl  tin-  bell  bo  pi  rniilted 
to  desf  1  ml  SI.  sillily  as  tu  allow  time  iVir  that  purpus<-, 

One  iiitonveiiience  that  aitinds  it,  is  IoimiiI  in  the  ears, 
vviiliin  which  there  are  cavities  which  open  only  oulward^, 
anil  that  by  por(»>ii  smnll.  ;\s  not  to  (jive  ndniis>ion  even 
.tothenir  ilsdi,  unless  they  be  dilated  and  distended  by  a 
Cunaiderabh-  liirce  ;  hence,  on  the  first  descent  of  the  l«  II, 
a  prCMure  b<  <:rn»  to  be  felt  on  each  ear,  which  by  de^n rs 
becomes  {ninfui,  till  the  force  overcoming  the  tibstaclc. 
Hint  cofHtringes  these  pores,  yields  lo  the  preisufr,  and 
letting  some  condensed  air  slip  in«  presently  case  en  sues } 
the  bell  descending  lower,  the  pain  n  renewed,  and  alter* 
wants  it  is  again  cased  in  the  same  manner.  But  the 
greatest  ineonvcraenee  of  thin  engine  is,  that  thf  waler  en- 
tciHi|  it,  eontiaci^ihe  bulk  of  air  into  to  small  a  eonpass^ 
that  It  soon  lieatt,  and  becomes  unfit  for  mpiraltoo :  so 
that  there  is  a  necei'sity  for  its  bein^  drawn  up  to  recruit 
it ;  besides  the  uncnnifortable  situation  of  the  direr,  who 
is  .nlmoM  covered  with  water. 

To  obviate  (he  dilticultivs  of  the  diviog-bcll,  Dr.  Uallcy, 


to  whom  we'  owe  tlie  preceding  account,  contrived  ♦ome- 
further  apparatus,  by  which  nut  only  to  recruit  and  re- 
fresh the  air  trnm  turn-  lo  time,  but  also  to  keep  tlie  WHter 
tt  liuily  uul  of  it  ht  any  depth  ;  vshicli  he  elTeclid  niter  the 
followlug  manner.  —  llu  iIumijj.Ih'II  (plate  ix,  fig.  6)  «ra» 
of  wood,  3  feet  wiile  at  ti  p,  j  t<  et  at  bottom,  and  S  feet 
high,  containing  about  dJcubicieet  in  its  concavin ,  tnated 
exieriially  with  lead  heavy,  tliat  it  woulil  sink  empty  ; 
a  j.i.rticular  weight  being  distributed  about  iti  bottom  «, 
to  inukc  It  descend  perpendicularly,  and  no  otherwise.  In 
the  top  was  fixed  a  meniscu.s  gliLss  n,  c<incHV^  downward:!, 
like  a  window,  to  let  in  light  from  above ;  with  a  cock,  aa 
at  B,  to  let  out  ibc  hot  air ;  and  a  circular  seat,  as  at  lm, 
for  the  divers  lo  sit  un:  and  below,  about  a  yard  under 
the  bell,  was  a  stage  suspended  from  it  by  three  ropes, each 
charged  with  a  hundred  weight,  to  keep  it  steady,  and  for 
the  flivcrs  lt>  stand  upon  to  do  thdr  bosimas.  Tha  ma-^ 
'China  was  suspended  from  tha  rnut  of  a  ahiJI  by  aaprit, 
which  wet  secured  by  stays  to  the  mast-head,  and  was  di- 
lecled  hy  braces  to  carry  it  o\  erbwuid  clear  of  the  side  of 

the«easrl,  and  to  bnn;:  it  m  again. 

To  supply  air  to  this  belt  when  uiitler  water,  he  had  two 
barrels,  as  c,  holding  36"  gallons  each,  cii*ed  with  lend,  so 
its  to  sink  empty,  each  having  a  linne-bnle  at  butturn,  to 
li  t  in  the  water  a.s  they  descended,  ami  iel  it  out  again  m 
they  were  drawn  up.  In  the  top  i  t  ll-.e  barrels  was  an- 
other liule,  to  winch  WHS  (i\ed  a  leutln-m  [upe,  or  ho*e, 
well  prepared  with  bees  n.iv  uid  oil,  lon;^  enuu^h  to 
hang  below  the  bung-link' j  being  kept  down  by  a  weight 
for  that  purpose;  so  that  the  air  driven  to  the  upper  part 
of  the  barrel  by  ibe  influx  ot  the  water,  in  the  «lrsccnt, 
could  not  aseapa  up  this  pipe,  unlcas  the  lower  end  twcta 

lifted  up. 

Thes«^  air-barrels  were  fitted  with  tackle,  to  make  theo> 
rise  and  fall  allemately,  like  two  buckets;  being  directed 
in  their  descent  by  lines  ftslened  to  the  under  edge  of  the 
Ml:  ao  that  they  came  nadilyto  the  hand  of  a  man 
placed  on  the  stage,  to  reccife  tnam ;  who  taking  up  the 
ends  «f  the  pipes*  as  fooa  us  they  came  above  the  surface 
of  the  water  m  tha  hamh,  all  air  included  in  the 
upper  part  of  it  was  blown  forcibly  into  the  boll}  the  water 
taking  its  place. 

Oar  Viiiir!  ili.s  reci  iveil.  anil  crnjiiierl;  r.;,  a  s  _nal 
gnec,  it  was  ui.UMi  up,  and  at  trie  same  I-iik-  tin  other 
let  Hiiwii :  bv  wfiirti  alternate  siirres^inn,  ^^e^^l  air  was 
furnished  so  plentiluily,  llnil  llie  learni  d  ll.  cloi  lirmseif 
was  one  <if  five,  who  weie  all  to:;i  tin  r  i.i  nine  .e  ti  n  f.i- 
thoins  deep  of  water  for  above  an  hour  and  a  lialf,  without 
the  lia.t  incon«micnoc;  the wbvleeatiiyoftbbbcll being 
perfectly  dry. 

All  the  precaution  lie  observed,  was,  to  bo  letdown  gra* 
dnnlly  about  12  feet  at  a  lime,  and  then  to  M'lp,  and  drive 
iiut  the  water  that  bad  entered,  by  lakinniii  three  or  lour 
barrelsof  fresh  air,  before  be  descended  further.  And,  being 
arrived  at  the  depth  intended,  be  let  out  as  much  of  the  hot 
air  that  had  been  breathed,  as  each  barK  i  wou^d  rrplaca 
with  eoUf  by  maans  of  the  cock  B,  at  the  top  of  the  hell, 
through  whose  aperMre,  theiigb  very  small,  the  air  would 
fuah  with  so  much  violence,  as  to  ank*  the  surface  of  the 
sea  boil. 

Thus  ha  found  any  tbiMs  could  be  done  Ihnt  was  re- 
quirad  to  be  done  undemeatli;  and  by  taking  olf  the stH^i  , 
he  ciuld,  for  a  space  ««  wide  us  the  circuit  of  the  Ih  II,  lay 

■  i:e  I  I  ii  i  i  ■!  ihi  -I  .1  -  1  tar  dry  as  not  to  be  om  r  sboi  >  in 
water,    licaidcs,  by  llig  glass  wi"-)'iw  so  much  light  mu& 
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limmittcd,  llmt  wben  tha  im  was  cirar,  and  apcdaUy  hat  n  theic  ig  occMion  for  the  diver  to  bo  wholly  in  ib« 

Ml»  Mid  consequenily  his  licftd  in  Ac  upper  part  of  it, 
Mr.Triew«ld  tim  contrivtd*  thtt  tifvn  iliprt>,  afWr.  he 
bif  brradied  the  hot  air  as  long  as  he  cxn,  by  means  nf  a 
ipinil  CoppiT  tube  plact'il  closo  lo  the  insiili-  ot  (he  b<  II, 
ho  may  draw  tbo  C'x>Iit  and  Inshrr  air  from  the  lov^cr- 
raosl  parts;  for  uhuh  [>ur]Ki>.-  a  iI.mLiIc  Ii  albi  r  pipi-, 
about  two  fcft  Ion;;,  is  (ixi  d  l  i  iln  r  <  iid  ut  ihe  tube 
at  A  ;  and  to  the  otiicr  end  oi  lln-  pijiL-  is  f.i^tvin  d  .m  iMiry 
mouth-pii-cr,  fur  the  diver  to  b  liil  in  his  ihuulii,  by  u  iticli 
ti>  R-spire  the  air  from  bilow.  We  shall  only  remark, 
that  as  air  rendered  effete  by  respiration  is  somewhat  hea- 
vier that)  Common  air,  it  must  naturally  subside  in  the 
bell;  but  it  may  probably  be  restored  by  the  aj^itation 
of  the  sea>water,  and  thus  become  more  fit  for  respira- 
tion. See  Fixcil  Air,  I'hil.  I'r.ins.  abr.'vol.  viii.  pa.  6'54. 
Or  Oam«li«fs's  Expcr  I'l  il  v  I.  ii.  p«.2?0.&c.  Seversl 
other  penoiu  hare  pmctiavd  with  divitig-mnrhini's,  uii  tins 


%hen  the  aun  ihone;  he  coald  pcrfectlj  well  to  write 
or  rend,  nuch  more  to  fwcn  or  Uy  hold  of  nny  thing 
under  him  thtt  was  to  be  taken  up ;  and  by  tlie  return  of 

the  nir-b:irrel  he  often  sent  up  orders  writlrn  with  an  iron 

pen  on  ii  plute  tif  lead,  clitectins;  how  he  would  U"  movt^i 

(rum  I  I        !■.     At  (illuT  litui-s.  w 'i.eii  tiir  wali-r  was 

tniubKd  and  thick,  it  would  be  as  dark  a«  lil>;lil  bebtw  ; 

but  III  »uch  caaca  he  wuaMe  to  keep  •caRdtebumiag  in 

the  bell. 

Dr.  Ildlh'v  iibsiTves,  that  they  were  subject  to  niu  u,- 
colivenience  in  ihii  bell  ;  they  fell  at  lirst  u  small  |i:iiii 
in  their  ears,  as  if  the  eri'l  fl  a  tohacco-pipe  \m  re  lliiiivt 
into  llieni  ;  but  after  a  little  while  thire  vias  a  sinail  pulf 
of  air,  with  a  little  naiH>,  and  they  wito  easy. 

This  he  snppotca  lo  bc  0CCiisi>>ned  by  the  condcnved  air 
shutting- up  a  valve  Ituding  trim  some  cavity  in  the  ear, 
full  of  common  air;  but  when  lite  condensed  air  paiaed 


harder,  it  forcrd  the  valtit  to  j  ield,  and  filled  ewiy  cbp  same  principles, 
vity.  One  of  the  divers  in  otder  to  prevent  this  premurc,  .'ilie  lamom  Coin.  Diebeli  had  an  cxpodii;nt  in  some 
stopped  hie  ear  with  iplrdgEt  «f  paper }  which  wa«  pushed  respects  superior  even  to  the  diving-bell,  if  vrhat  it  related 
in  ao  Car,  that  a  aurgeon  found  comidaable  difficulty  in'  «f  tt  be  irtte.  He  evatrived  not  mly  a  vciaci  to  be  rowed 
extracting  it.  ,      ,  under  water,  hut  alao  a  liquor  to  be  carried  in  the  v.«4«l, 

The  same  author  intimate*,  that  by  as  additional  floa-  vrhich  a dpplied  the  pticn  of  fn  sh  air.  'Die  vcs^  l  was 
Irivance  be  has  found  it  pracrirable'  for  a  diver  to  go  aut  made  fiir  Ktng  James  the  1st,  carry  ing  13  rowers,  besides 
of  the  bell  to  a  good  distance  from  it ;  the  air  being  con- 
veyed to  liiin  in  a  continued  stream  by  small  fle\iblp  pif«-«, 
which  serve  him  as  a  clue  to  direct  him  back  avain  to  the  bell. 
For  ibis  purpose,  one  end  of  lhi'>e  pipes,  kept  o(K-n  npainst 
the  pri>>suri-  ol  tlie  >e;\  by  u  small  s|)iri.l  vMre,  nun  made 
tight  without  by  painted  h  jtlier  iirul  sheep's  cuts  drmui 
ovtr  it,  being  open,  was  fiisii m  il  m  tfic  b<  li,  as  at  r,  to  re- 
ceive air,  and  the  other  end  was  lixcd  lo  a  leaden  cap  on 
the  man's  head,  reaching  down  below  his  slioiibjc  is,  up<  n 
at  bottom,  lo  .trrve  him  as  a  little  bell,  full  of  air,  for  him 
to  breathe  at  his  wor)(,  which  would  keep  out  the  water 
from  liim,  when  at  the  level  of  the  gn^at  bell,  because  the 
dcnuly  of  the  atr  in  bi^ii  tv.is  the  same:  hut  when  he 
Stooped  down  lower  than  the  level  of  the  great  bell,  he 
■btttthccuck  K,  to  cut  <itT  the  commiinicatiun  between 
the  two.   Phil.  Tians.  abr.  vol.  \i.  pa.  268,  622. 

The  air  in  iliia  bdl  would  serve  him  for  a.minute  or 
tmoi  and  be  might  instantly  change  it,  by  raisti^himidf 
above  the  great  bell,'and  opening  the  cock  f. 
lias  funiikhcd  with  a  girdle  of  large  leaden  weighty  and 
doj^  of  lead  for  the  feet,  which,  with  the  wdglit  of  the 
Irailen  cap,  kept  him  hrm  on  the  pround  ;  he  was  also 
well  clothed  with  thick  flannels,  which  beinn  (ir.t  made 
wet,  and  then  iMirni.'ii  in  hi  II  hv  the  lnu;  ul  ins  bruiy, 
kept  oti'  the  chill  nl  ihi-  (  'lil  water  |i  i  a  eolisuletahU'  lime, 
when  he  wa*  out  ot  tiu  h,  11. 

Mr.  Mai  till  Tricwiilil,  »  .  ii.  and  military  architect  to 
the  king  id  S.vnli  ii,  conlriv  d  to  coiis'.nirt  a  iliviiif^-lM-ll 
on  a  smaller  scale,  and  at  a  Ir-s  ex|'i  !  sc.  tiian  tbul  of 
Dr>  Halley,  and  yet  cnp.ibh  ut  ;ir:s\M  i  :ii;;  tiie  same  puf- 
poae*.  This  bell,  .sn  (lii;,  7  )  sinks  witli  lend*  n  weiE^hls 
DO,  stispesded  from  the  buttfim  of  it.  It  is  iii.ulf  of  cop- 
per, and  lianed  all  over  on  tiic  inside;  and  it  is  illumi- 
nated by  tbreo  strong  convex  lenses  cgc,  dc  tended  by  the 
Ctqiper  lids  UHH.  Theimn  plate  e  server  the  diver  to 
sMad  upon,  when  ho  is  at  work;  and  this  is  suspended  by 
the  chains  m,  at  sucliadiitanat  from  the  bottom  of  the 
hell,  that  when  he  stands  upri^t,  his  huid  is  just  above 
the  waitet  within  it.  whevp  he  has  ihcadvaiitageof  air  more 
proper  for  respiration,  than  when  he  ia  much  higher  up ; 


the  passengers.  It  was  tried  in  the  river  Thames ;  and  one 
of  the  persons  in  that  submarine  navi;;ation,  then  Ining, 
told  it  our,  li'Mii  whim  .\| r.  ISnvleliad  the  ie|jllio|i.  As 
to  the  Inn-or,  .Mi.  Boyle  as.'.ures  us,  lie  discovered  by  a 
I'iivsli iaii,  sv  ho  mairied  Diebeil's  <lau_;hli  r,  that  it  was 
usrd  from  ti.'i  ■■  til  ti:!'.r,  will  II  ihe  ail  iii  thai  siihiiiarine 
boat  «Ui  rhi'^i:  i!  'li''  h;  i  ,i'.li  -  1  (in-  cuir.p.iiiv,  and  ii  n- 
deiid  unlit  lor  r  spuiiiKiii  ;  a;  «liic)i  tityi',  by  uiisioppiiig 
the  vessel  full  of  this  liquur,  he  could  speedily  restore  lo 
the  troubled  air  such  a  projiurtion  of  vital  parts, as  would 
make  it  serve  iigaiii  a  t;ood  while.  The  secret  flf  thisU- 
quor  Drebell'would  never  disclotc  to  above  one  BDCMn,. 
will  himself  assiin  d  Mr.  B<i\  'e  what  it  was.  Boylas  Exp. 
Phys.  .Alech.  of  the  Spring  of  the  Air. 

We  liuvc  hud  niiiity  proji-cts  of  diving'iiMicbines  and 
diving.ships  of .  various  kinds,  which  have  proved  aboe* 
tive.  .       •  , 

Oivmo-llfaidUtr,  a  term  used  by  Borelli  for  a  machine 
flia  divtr  which  he  contrived  far  diving  under  w'aier  togrtst  depths, 
j-L  .1  fgmiiicnible  facility,  which  he  prefers  to  the  com- 
mon diving-bell.  The  vesica,  or  bladder,  as  it  is  usually 
called,  is  of  bras  or  copper,  and  abuut  lv. i.  hi  t  in  dia- 
meter, which  Is  to  Contain  thedncr's  load; and  tiiisis ti\ed 
to  a  Ltii-it's  siviii  habii,  I  Naiily  lilted  to  the  shape  of  lliu 
hixiy  ul  llir  person.  \\  ilhi:.  this  vesica  there  are  pipes, 
l  v  r.  eaiis  ol  wlileli  a  tniulati  ii  of  air  is  Contrived;  and 
liie  peison  rnnits  an  aii-iniiiip  (ij  his  i-ide,  by  nxsms  of 
which  he  fiiny  luaki  [uiiim n  hi  avier  or  lighter,  as  the  lislieg 
do,  by  contracliri!;  or  dilaiiii;;  their  air-blmlder:  by  this 
means,  the  objections  all  otiu  r  clivinp-imicbines  are  liable' 
to  arc  nbviuted,  and  particularly  that  of  the  air;  the 
moisture  by  which  it  is  clogged  ia  respiration,  and  by  w  hich 
it  is  rendereil  unlit  for  the  same  uk-  nanin,  U  iug  here 
taken  from  it  by  its  circulation  tlir<mi:li  the  pipts,  u>  the 
tides  of  which  it  adlwrea,  and  leaves  the  air  ay  free  as  be- 
fore.   Borelli  Ojicra  Pflsthuma. 

DIVINI  (r.usTACHio)„  an  ingenious  Italian  ariiir,. 
very  •  mincni  fof  his  telescopes,  though,  it  scemi,  infel^or. 
to  Campuni.  He  wtvie-  a  book  (publhihed  at  ttie  HaguO' 
l66o,  in  4to)  a^<iiustthe  discovery  of  Satuxa'sVfl^  nuidai 
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!•  iliminiMipil  in  liic 
Ik-  roiluci-d  to  no- 


>v  iht  wIcbfaited'Noyp'rx,  contealiu  the  truth  of  it ;  to 
whieh  the  latter  wrote  a  rcplj.  Divtuwu  living  ialfifiS; 
Ifaoi^  Moreri  thinks  lie  died  about  ihiil  time. 

DIVJSIBILI'H',  a  propt  rty  in  quantity,  body,  or  e«- 
tensinn,  by  which  it  becomes  M-parablr  into  part?  ;  either 
.  actually,  or  at  IcMt  mentally.  Such  diviiibilily  i>  intinitp, 
if  nm  iirtiuillv,  at  Irast  poti  n'ially  ;  as  no  part  can  lie 
CdncoiM-d  binull,  but  .mollu  r  iii.iv  hi',  conceived  iUll 
sin:i!|iT;  lur  ovfry  |>url  nf  (i\;iKfr  tllu^t  have  *ome  finite 
eMoii.inii,  Hml  tlmt  I'M-n^i  ui  ni:>y  U'  biiCCtrd,  or  Other- 
wise  cl]vui'.'<l ;  ior  ific  -dnic  rca>(jii,  theM  puts Hisy  be  di- 
vided again,  and  io  on  without  end. 

ItH  nut  here  contende  d  for  the  po*»ibility  of  an  actual 
dmdon  in  infiniiutn  :  it  it  only  as-crtcd  that  howc%cr 
Mnsll  B  body  it,  it  mav  be  still  lartlx  r  divi<li>d  ;  whicb  'it 
ii  praumed  may  bccalli  d  a  division  in  intiniiuin,  became 
what  hat  bolirailti  it  culled  infinite.  '!  he  intinilc,  i>r  in- 
d^ite  dieltibiliqr  of  mnlbematical  <|iiaii;iiv  is  thus 
pro*ed»«ad  tHniintcd  by  mathena- 
ticiaw;  Snppoie  m  line  ah  pnpen- 
•dicnlar  to  bf  ;  and  another  as  ok 
'  also  p<>rpendicular  to  the  same  ar; 
with  the  centres  C,  C,  C,  &c,  and  dl- 
stunci-v  r  A,  (  I,  Ac,  ile^cribc  ciicles 
culling  tin:  liiH-  I". II  in  the  points  c, 
e,  ice.  Now,  till'  ^Ti  :iter  the  radiu? 
,\(  IS,  the  jess  IS  me  purine. ;  but  (he 
railiU*  niii»  \w  .nij;nientod  m  niliui- 
tuni,  ami  iheri  ion  the  |Mirt  eo  iiuiy  Ij 
lame  miiiuirr;  nini  xil  it  cmi  nrur 
thing,  because  the  circle  can  never  coincide  with  the  right 
line  sr.  Con«equciiily  the  partaoTaay  m^gDiUlde  may 
be  diminished  in  infinitum. 

All  that  is  »uppo*cd,  in  strict  ge^^metry,  concerning  the 
divisibility  of  mttpiitude,  amounti  to  no  more,  tban  that 
a  given  magnitiide  may  be  conceived  ai  divided  into  a 
aurobcr  of  parti*  equal  to  any  given  or  prcvpoaed  number. 
It  b  truo,  that  there  are  no  such  tbin^  as  parts  infi- 
nitely tmall;  yet  the  subtiity  of  the  |iarlicle8  of  several 
bodies  is  such,  that  Ihey  far  surpaia  our  conception ;  and 
tlu  re  are  innnnicrable  iosiancvs  in  nature  ci'  tuch  parts 
.ittually  icparated  from  one  another. 

Srvoral  iniianrcs  of  thi?  are  given  by  Mr.  Boyle.  He 
syii  nV-i  <it'  a  5ilki  ii  ihrvad  300  yards4ong,  that  weighed  but 
twi>  iirains  8iid  a  hall,  lie  measured  Icaf-poiil,  and  found 
liv  MiighintT  it,  lluit  SO  square  inches  wiighcd  Lut  one 
gran,  i:  ilie  leneth  "i  un  mth  be  divided  into  2(X)  parts, 
the  i  j>'  may  {iistinuui-h  ihcm  .Til ;  therefore  in  one  square 
inch  there  are  40,ii(M1  visiVijr  pails  ;  timl  in  one  grain  of  it 
there  arc  two  millions  ol  siirh  |iiui» ;  »hii  h  visible  parts 
no  one  will  deny  are  still  fanhvr  divisil>U-, 

Ag<in,  an  ouiirc  weijiht  of  silver  may  be  gih  over  with 
8  grains  of  gold,  which  may  be  al'teiwards  drawn  into  a 
.wire  13,000  fdci  long,  and  ttitl  be  all  covered  with  the 
mne  gildinf. 

la  miorifenus  bodiet  a  tlill  greater  subtiity  of  partt  ti 
percdvsd,  and  even  such  as  are  actually  separated  from 
offli  wMlIm:  aeveral  bodiet  icarix  lose  any  lemible 
part  of  their  weight  in  a  long  time,  and*  yet  continually 
fill  a  very  lar^i  s()ucc  with  odorifenMa  particlct.  Dr.  Keif, 
in  bis  Vera  Physica,  Lect.'  5,  has  calcolated  the  mag. 
■ituda  of  a  panicle  of  assalirlida,  which  will  be  the 
»7 


  — th  part  of  a  cubic  inch-    And  in  the 
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S4uiie  Leciure,  be  ibowa  that  lha  partidca  «f  the  blood  in 


aaliaa^nbe,  obierved  in  Auldi  by  meaaa  of  micMaeopes, 
moat  be  lest  than  that  part  of  acobie  inch  whidi  iaex> 
pfCtaed  by  a  fraction  whose  nunerator  It  $,  and  denomi-' 
Bator  unity  with  .^0  cipheri  after  it. 

The  particles  of  i.^ht,  il  li^ht  C'^nsist  of  rri-,|  jiariicles, 
f'lrn^sh  another  »ui pnsn.g  )U5luiiCi' of  the  luii.ui,  ness  of 
s'Mii^  [  .irts  i.t'  iDutter.  A  small  lij,!itril  c.iii'Kv  pi.ici  il  on 
a  plain,  will  Ik-  visible  two  nii'e»,  wnd  <  i  :]se<iurnllv  its 
light  fills  :i  sphere  of  +  miles  diamcur,  bi  lore  it  has  lost 
any  sensible  part  of  its  wcijnt.  Now,  ui  llie  force  of  any 
body  is  directly  in  [(roportioii  to  its  quantity  of  inatter 
multiplied  by  its  wlocKy;  and  since  it  is  demonstrated 
that  the  voloi  ity  of  the  purticlt-s  of  li;;lit  is  at  least  a  mil- 
lion of  times  greater  than  the  velocity  of  a  cannon-ball, 
it  is  plain,  that  if  a  million  of  theae  particlct  were  roimd, 
and  of  the  site  of  atmall  grain  of  land,  we  dtint  no  move 
epi-n  our  eyes  lotbe  liglit,  than  expotc  tbem  to  saud  ihot 
puint-blank  from  a  cannon. 

By  help  of  micraacopca,  toeh  objects  aa  would  other- 
wiae  <aci^ our  aightt  appear  very  fauqp I  A«re  are  some 
tmall  ammala  acarae  viiible  vrilb  Ae  heat  micruscofn » ; 
and  yet  tlieae  Mtvc  all  the  pattS  MCOtary  for  life,  as 
blood,  and  Other  fluids.  Haw  wonderful  then  must  tbe 
subtiity  of  the  parts  be,  which  make  up  suclr  Altidtl 
WIence  Is  ilfdueihle  the  folluwin!:  ihi  orem: 

.A iiy  purl irh- ■  1'  niuitcr,  In'Wi  u  r  Miiall,  and  any  finite 
spacv,  himwiT  lar.:t  ,  Lh  ii;;_'  i;ivtn  ;  it  is  possible  for  that 
small  particle  of  iniittet  t<i  In  ilittuM-d  (hnnjch  that  spare, 
and  1(1  till  it  as  th.it  there  shall  Ix'  no  pore  in  it,  wbose 
dmnipter  sh.ill  .  .Nccnl  any  ^iveii  line;  aa  ife  demotirtnlcd 
by  I)r.  Ki  ll,  Intioduct.  ad  Ver.  Pbyi. 

DIVISIULI.,  tbe  lacally  or  quality  of  bmg  c^Ue 
of  being  divided. 

DlVi.SION,  is  one  of  the  four  principal  rakl  of  atilh- 
raelic,  being  that  by  M^hicb  wc  find  how  often  one  quan- 
tity is  contained  in  another;  so  that  division  it  in  reality 
only  a  compendiooi  method  of  lubtraction;  itt  c4ect  be- 
ing lo  take  000  nunbcr  from.aiiother  aaofktn  at  pottible; 
tbatia,aaoltma»itiscoataiaad  toil-  There  ate  thero- 
tnt  three  nnmb^  concerned  In  divhton!  lit.  That  which 
it  given  to  be  di%4ded,  railed  the  dividend;  '.^d.  That  by 
which  the  dividend  is  to  be  divided,  railed  the  divisor ; 
3d,  That  which  rvpresies  how  ofd  n  the  divisor  is  con- 
tained in  the  dividend  ;  or  the  nuii,b<  r  resulting  (r<ini  the 
divisinti  (;i  ihe  liividi  iid  by  the  divisor,  r:iliij.i  il  r  r|u  .lient. 

There  aie  various  ways  of  perrorniiiii;  dinsiun,  one 
call,  il  the  Kii-ilisli,  nitother  the  Flemish,  another  the  Ita- 
lian, iiiiiithrr  the  Spimish,  another  the  (iernian,  and  tn- 
titlier  till'  Inrlian  way,  all  equally  junt,  as  finding  the  quo- 
tient w(ih  the  same  cerlainly,  and  only  differing  in  the 
manner  of  arranging  and  disposing  tin  numbers. 

I'here  is  aLo  divaion  in  intrgi  rs,  division  in  fractionii 
iind  division  in  tpecict,  or  alsi'brn,  he. 

Diviaion  is  performed  by  Ma  king  how  often  tbe  divisor 
is  contained  in  the  dividend  ;  and  when  the  latter  cunsi&tt 
of  agfcaler  number  of  figuret  than  the  former,  ibe  divi> 
dend  mnit  be  taken  into  ports,  beginning  on  tbe  left,  and 
inoercding  to  the  i^bt,  and  seeking  how  often  the  dSvixnr 
It  foond  in  each  of  those  parts;  after  the  manner  at  lai^t 
in  all  books  of  arithmetic,  as  well  as  various  contractions 
adnptod  to  particular  cases  :  such  as,  1st,  when  the  divi- 
sor has  any  nuinlierof  cipln  is  at  ihr  i  nd  of  it,  thry  are  cut 
off,  with  the  same  number  of  ligur!  s  tVnm  the  end  cd  the 
dn  ir.'i  nd,  anil  then  the  work  is  (h  rioriiied  without  theni 
botii,  anucMng  only  the  figures  last  cut  oft,  to  the  last  re- 
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maindcr;  2tl,  vvlifn  il,e  duisiir  is  rqual  to  the  product  of 
5(  v(  ral  sinnlo  it  is  easitfr  lu  divide  iucct-ssively  by 

th<)>c  dij;ils,  insti  Jii  ij(  the  divisor  al  unci-  ;  Jd,  \vh»  n  it  is 
rcqiiifKl  to  tiiiitiKUc  tt  qiKiticnt  I'l  n  at  many  [)1.icin  of 
figuns,  as  111  diciinali,  a  vrry  cxpcdiUiius  inili.  id  nl  per- 
f<iriiiinj{  it,  is  as  toiloni:  Suppose  it  wi  re  required  lo  di- 
vide 1  by  2J>,  til  ;i  great  muiiy  pluccs  id' dvciin«U.  Adding 
ciphers  tu  the  I,  tir:.!  iiivi<li>  lOUOO  Uy  29  in  ibe  ComOMMI 
way,  till  the  remainder  bvc«<iii«  a  fipirr.  Mid  aiioex 

the  fractional  tuppleiiicnlto CiHiiplrte dwquotjent,  vhicb 
^v«i  ^  =  :  next  multiply  neh  of  Ukw  hf 

Ibe  Biimerator  8,  to  »tuai  Vv  ~  ifiTSMii  or  ntW 
OittMJ^  i  mhaA  Cgnm  labiiituftd  imioHl  of  the  fr«c- 
tha  A  m  tiM  flnt  «i1m  of  ^  it  iMcmws  = 
4>>094*II279S6V^:  ogfuo,  mtlllipljr  bolb  of  Uicte  by  the 
iMt  Blimerntor  6*.  and  it  will  be  ^  a:  0*S068965217,', ; 
which  figun-s  sulJ^titutpd  for  ^  in  the  Ititt-lbund  value  of 
^,  it  becomt-s  Vtt  =  <*'03*+8vf758fof)(>8,i)6"i517,',:  and 
a°»in,  multiplyirii:  iLe^e  by  Ilii-  luiiin  iiiior  7,  give* 

=  0-.!4lJ7<>3l03++8.758620i|;  which  liguret  «ub- 
iiituied  ln^lead  «f  la  the  h^'iMud  raluo «r^.  It  be- 
comes - 

o-'03i48': '  kSfvioA^it^; j;.  1 7','+ 1 37 0:)  10. 1 n s  :75J)0;Joj  J, 
and  io  an;  whi  te  evi  i y  uperiKKiii  will  nt  leiLsl  diiubte  the 
■nrabcr  of  figurei  before  found  by  the  l.l^t  one. 

JPro^  ^  OivisioM.  Ill  every  example  of  division, 
uitjrfe  elweyt  in  the  same  proportion  to  the  diviior,  at 
tbe  quotient  is  to  the  dividend ;  and  therefore  the  pitidnct 
of  the  divisor  and  quoiirnt  is  equal  to  the  product  of  1 
■ad  tbe  dividend,  ibtt  is,  the  dividend  itself.  Hence,  to 
prave  divjeioB,  mitltiply  the  divisor  by  the  quotient,  t»  tile 
pradvet  edd  the  renainier,  end  tbe  torn  will  be  equal  lo 
tbe  dividend  wbea  the  woifc'ii  rigbtt  if  not,  fhaie  ii  • 
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DiTiatoir,  m  FUjjar  F^oedemt,  is  perlbrawd  by  divi* 
ding  the  noraerators  by  each  otbcr,  and  the  denoroinators 
by  each  other,  if  they  will  exactly  divide  -,  but  if  not,  then 
the  dividend  i*  multiplied  hy  the  reciprocal  of  ihe  divisor, 
that  is,  having  its  lerink  iineiled  ;  for,  taking  the  recipro- 
cal of  any  quantity,  conierK  i;  f m  ;i  .livisor  to  a  multi- 
plier,and  from  a  mutliplu  r  to  a  divisor,  i'or  Ex.  rj  v  by 
{.givet  \,  by  dividing  the  numerators  and  denominators; 
but  !^-^  by  \  is  the  <ame  ns  \^  *  J,  which  is  = 
Wheii'  »  l^  :  .r  si^ii  lit'  mulliplicution,  and  the  chnratler 
'—  is  the  mark  of  division.  Or  division  is  also  denoted 
like  a  Miliar  Iruction  }  so  3  divided  by  2,  is  \, 

Diri<iiox,  in  Decimai  fractiau,  is  performed  the  same 
way  as  in  integers,  Wglfd  bciqg  had  tu  the  number  of  de- 
cimals, vile,  reaking  m  meny  in  the  quotient  as  those  of 
th^  dividend  exceed  thoie  in  the  divisor. 

fiot  in  the  ease  we  sometimct  make  we  of  a  conttncled 
nelbad,  which  it  nay  not  be  aoiM  to  explBin.  Thui,  when 
diefc  ate  may  figurts  in  thedivisoe,  or  tehenonly  •  to- 
tun  Bomber  of  decinnli  are  neeenaiy  to  be  nlained  ia 
the  quotient}  then  tdw Billy  n  mnyof  tbe  lelk-hand  fi- 
gures of  ttie  dtvlior  as  will  exceed  the  number  of  figures, 
both  integers  and  decimals,  to  be  retained  in  the  quotient 
by  tinity,  and  find  how  many  times  they  are  contained  in 
the  tii-st  tiRUres  of  ihe  dnideiid  as  usual. 

Let  each  lemaiiuU  r  form  n  new  dividend  ;  una  f<ir  (  very 
such  dividend,  lea^c  out  one  figure  more  on  ihi  :i2lit-hand 
side  of  the  divisor,  observing  to  carry  for  the  increaee  of 
the  iipurrs  cut  otT  as  follow:  namely,  1,  froiB5tol4; 
2,  from  i  5  to  24 ;  3,  from  35  to  34,  &c. 

I  there  are  aoleo  nuny  ilg^iee  la  the  dieiiorae 


d  to  he  in  the  quotient,,  then  the  operation 
must  i  ,  1  I  ^Hii  «  uli  all  the  figures,  continuing  it  the  same 
US  in  ihe  common  rule,  till  itie  number  of.  figures  in  the 
divisor  tAci  i  d  those  remaining  to  be  fouad  iu  the  quotient 
by  unity,  atur  which  bcgjn  ike  contraction.  See  the  liol- 
l<  wing  examph.  where  fl  flgerei arete  be RtaiiMd ia  the 
quotient.  .  • 

,    92*4103,5  )  SM»g-9880&  (  S7*149 
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DlTiaiOW,  in  Algebra,  is  performed  like  that  of  rom- 
mon  numbers,  cither  miikinj;  a  fraction  of  tin  dunlcnd 
and  divi-iur,  Hlid  tancelline  or  dividnifi  by  the  leniij  or 
parts  that  are  conini'T;  i:i  'jtitt*  ;  or  else  dividing  Hflc  r  the 
manner  ol  loniJ  divi.-.uni,  «iicn  the  quantities  are  com- 
}M>undones.  'Hius, 

ah  divided  by  a,  gues  6  for  the  (iiictient : 
and  I'iab  divided  by  ih,  gises  :ja  for  the  qnotieot: 
16'aic'  divided  by  Hoc,  gives  26c: 

a  divided  by  36,  gives  ^: 

Itatc* divided  by  19k*,  give*  7^  »  ^: 

and  a*  —  b'  by  a     b,  ^;ivp5  a  —  b;  thus, 
»^b)a'~b'{a-b 
B*V  aft 

to  divide  Ji*  ~     -  IMi*  -  64  by  X*  - 16 ; 
i»-l6)a*- 8*'-l«4i«-6*(»'-t.«^+4  • 

3fi-~l6l'  

8*'  -  I'.Hx' 


4x'  -  04 
4r^-04 

In  some  cases,  tbe  quotient  will  run  out  to  an  infinite 
series ;  and  then,  after  continirim  it  10  Miy  Certain  nuBH 
her  of  terms,  it  is  luua]  to  aaaex,  by  way  of  a  fraction^ 
the  remainder  with  the  divisor  set  under  itw— It  ii  to  be 
noted  that,  io  dividfaig  any  tarme  by  one  another,  if  the 
signs  be  both  aiihe,  cither  both  plus  or  both  mimu,  the 
sign  of  the  qtioticDt  srill  be  plwi  but  when  the  signs  are 
diffeieBt,  tlie  one  pies  and  tbe  other  minus,  the  sign  of 
the  quotient  is  minus.       •  • 

Divisiox  ly  L/y/^arithm:    See  Looabitums. 

Division-  nj'  Mathematicat  InstnimeiUM,  SeeOBaD1tA> 
TUi.N,  ain!  .MuKAl.  Arc  or  Hvadranl. 

Divisiov  in  .Mii»ic,  is  the  dividing  the  intiirval  of  OB 
octave  into  a  number  of  k-sser  intervals. 

Division-  hy  t<iipirr't  Bemc*.  Sen  N.\pirR'ii  Bona. 

Division  qf  Powert,  is  performed  by  subtracting  their 
exponents.    Thus,  a'  4-  <i*  is 

4«^6'-7  2ah^  is  =  2a*ft^ 

DiTisioM  qf  ProportioHf  is  comparing  the  difference- 
between  the  anieceMiBt  aiid  cenmiaiat^  with  eitlier  eC 

them.  Thus, 


thaafaydiviiion 
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'  DiTnoft,i«  ibeHii-  ling  numbrr;  or  ihnt  which  ihows  Varioai Other propeitiet ul di*i«>n m%bl  fankmciHi- 
bow  many  (Miri^  thr  aiM(icn<l  u  to  be  (li\i<li  d  into.  mcrated,  but  we  thul  onlymentioa  » lew  of  thou  irliicli 

DiviftoKs  fjf  a  Number,  ore  those  numbers  by  which  it  have  been  most  eucoenfufly  employed  in  the  Unoiv of 
is  rxflcily  divisible;  thus,  ,I»  H,  3, 4j  6  eml  12t  ore  divi-  >ini»i>««- 
lon  of  the  number  IS,  Imcoum  IS  mey  be  dmded  iiy 
each  of  those  inimhcn»  fnlboHt  icoving  a  rcmeinder.  Bat 
if  we  take  a  pAmo  numfaisr,  an  for  examplr  13,  we  shall 
find  diat  it  has  only  two  divison ;  nauiciy,  1  and  19,  or 
uniiy  and  iuelf,  which  is  indped  what  constitntes  a  prime 
nuinbcr. 

In  roinp(»i!o  iiiiiuljcrH,  it  is  fn  .;'i>'ii'!',  I'.fc.  ■•■.iry  lo 
know  whiit  tbo>so  liutubcTs  uir  In  '.vliii  h  tl  i  v  art'  hiumIiIp, 
tlic  sum  ot  ill!  llicise  (livixu-.,  lii>w  ntiiiiy  >uch  divi5urs  lA-- 
loiij;  to  a  gupi)  nuinbrr,  ttii  ir  tiiini".,  hiiiI  other  jMitiru- 
Inr*,  Mrincli  'mil  their  iiiipliialion  in  \iirioiis  branches  of 
nniily!>ib.  In  onier  to  enter  tutu  iIivhi-  jstrDi  iiliir»,  it  it 
netONiry  that  «e  liiiinv  all  the  prime  l^i\l-^ll^  i,t  a  num- 
brr,  which  are  found  by  dividing  it  by  nil  lho>io  prime 
nuinlers,  ios  than  the  s^uarr  root  ot'  itself,  by  which  it  is 
divisible;  repcaiinti  the  division  by  enrh,  h<i  titen  as  itcaa 
he  done  withont  Iraviiig  a  ri'iniiiiider :  by  which 
evrry  number  M  is  ri'duced  to  the  following  forra«  w 


Mam  ben.  t. 

1«  If  «  ha  a  piiaw  auahcrt  and  x  nut  divisihle  by  a, 
then  it  a  a<finaor  of  tlie  fbrmala       -  I).    ,  • 
3.  If  a  be  a  prime  number,  it  it  •  divisor  of  tbelbr- 

mula  (1.2.S---0—  i)  ■*-  1. 

3.  If  a  be  a  prime  number,  it  is  a  divisor  of  the  for- 
mula (l».2\3«. -- ('1^)^)  ±  1,  the  upp-r  t.i;Mi  !•  iv,!^- 

place  when  a  is  of  the  f.irin  +ii  -t-  1  ;  an, I  ihe  umlei  uiw 
when  n  is  of  lln'  lorni  in  -  1. 

4.  'I  he  iliMs.  r-.  ii\  i  \ei  v  iiinnlH  r  compriwd  un  'cr  anv 
ol  li.e  l.,riii>  -r-  n-,  /r'  :  r,  /  -  2n',  are  alnuvs  oi  tli'e 
ii.ime  f  irm,  h>  \'..c  nuiniieu  ihul  ibey  divide.  'I  lirtt  i>,  the 
fuiu  ol  t«o  ^(j'JaI(^  can  only  be  divided  by  numbers  ibat 
are  aUo  the  sum  ol  two  squares,  iStc.  It  being  Hl»rt\s 
der«to<id  that  p  and  n  are  prime  to  each  other. 

5.  Kvery  prime  number  i>  a  divisur  of  the  foimula 
^     n'  H-  1. 

6".  Every  odd  number,  except  5  aod  its  multiple^  k  a 


a"  6"  c*    \c;  whore  a,  b,  e  &c  are  the  prime  lUvkon   divisor  of  any  repetend  digit ;  aiMi  the  Mvmbfr  of  digfit 
of  a,  and     a,|i  fcc  the  powm  of  those  wvison,  or  the 
tiumbpr  of  tiaies  that  w  »  divisible  by  a.  A,  c&c 

Thie  redaction  bcinc  made,  it  it  evident  IVom  intpeG> 
tian  only,  that  by  the  developeraent  of  the  foimuia 

(I  1- «+«•....«(•).  (I        6  -t-  J"...*")  .  (I  *  C  H- 

^  .  .  .  ;c')&Ci  we  shall  obtain  rveiy  pci-»ible  combina- 
tion, that  Can  be  formed  with  m-<n,  n-la,  p-cs  iS:c,  and 
CoDMcpiently,  every  divisor  of  N  i'*  contained  in  the  result 
obtaiiicd  fioni  ihi'.  <ie\ elnpi-e,  iMit,  :inil  wliicli  «ill  ihi-re- 
fore  PxpreSf  iIk-  siuii  of  all  the  dinsois  of  tiu'  ;;ivcn  i.uni- 
bi  r  N. 

Suppose,  for  example,  the  Mim  <if  all  th''  divisors  of  .KiO 
were  rf  qui  red. 

Here  360  =  2'.3'.5-.  that  ha=  '2,  ft  =  J,  and  c  =  5; 
al»o  w  =  4,  n  =  2,  and  p=zZ:  Ihercfon;  ( 1  +  J  -  J' 
-t-  2'  ■♦•  2*)  .  (1  -•-  3  3*)  .  (1  5  -K  5  )  =  31.13  31 
=  12493,  which  is  the  tuni  of  all  the  divi«or»  of  36'0. 
But  if,  instead  of  36o,  the  sum  of  the  divison  o(  iSi  had 
bet*n  required,  we  should  have  found  it  equal  only  toSfi^, 
because  361  it  a  prime.  From  which  circamtlanoe  wa 
thonid  ho  led  to  ooneliida,  thai  no  order  could  be 
■erad 'between  the  tun  of  tha  diviion  of  the  contccudtra 
numbert;  but  Euler  has  proved  in  hit  Introdoctinu  to 
the  Aaalyiit  inf nitvnM,  torn.  1,  p.  355,  that  these  turns 
Ibllow  a  certain  law,  after  the  manner  of  a  recurring 


We  may  also  from  our  first  formula  find  the  number  of 
divisors  of  any  given  number,  which  is  evidently  espreved 
by  (m  +  1)  .  (n  -»•  1 )  .  -t-  ^  .  &c.  Suppose,  lor  ex- 
ample, :  t  >M  r,  required  to  find  bov  many  divitort  belong 

to  the  iiumU  r  ISOi). 

First  180O  =  T  .  J' .  ;  that  is,  m  =  3,  n  =  2.  and 
p  =  2:  therefore  (;3  -c  I)  .  {2  •♦.  I)  .  (<>  +  1).  =  36',  the 
liuniljiT  of  divis<irs  of  1800.  Hence  ii^Nin,  we  mny  readliy 
finil  a  number  that  shall  have  any  given  number  of  divi- 
sors. Thus,  let  it  be  required  to  find  a  number  that  shall 
have  20  divisors.  Here,  it  is  onlv  necessary  to  -resolve 
SO  into  any  nuiitbcr  of  iactui  s,  as  20  s:  4,4:  subtract  1 
from  each  of  thoce  factors,  and  ntalie  «  sw  3,  a  «  4;  then 
will  li^.l*  ba  the  nambo'  sought ;  where  a  and  k  may  be 
taken  any  piiae  nnmbeia  at  plMturc.  If  c  m  S,  and 
Itmtt  «•  s439i  Car  the  number  luquiicd. 


necessary  to  form  the  dividend,  never  cxccvdt  tke  number 
expressed  b^  (be  divisor. 

7.  If  the  sum  of  the  digitt  of  any  number  it  divhttle  by 
5  or  9,  tha  number  itself  h  Aviubla  by  the  tane  number 
a  or  J». 

8.  If  tha  turn  of  the  dicrti  in  the  even  placid,  are  coual 
to  the  sum  of  those  in  the  odtl  placet,  in  any  number, 
that  number  is  divisible  by  11. 

.().  If  the  n  ri;;ht-h  t'  1  i>f  any  number  be  dlviliblo 

by  2",  the  whole  nunibei  is  ilniiiblc  by  2".  * 

'I  lie  nailer  is  ri'ferred  for  furlher  information  im  this 
snijject,  to  Eulrr's  Introduction  to  the  Analysis  Intitii- 
lorum,  also  to  the  2d  vol.  of  his  Algebra;  to  Wnring's 
Meditationes  Algebraica  ;  Le  Gendre's  Essjii  sur  iaThco- 
rie  des  Nombres  ;  and  to  the  Uetherrhes  ArithniCtH)tin, 
par  iM.  Gauss.    See  also  N  u  m  iif.u'%  in  this  DictioMuy. 

DIUUNAL,  somelliinc;  rehiring  (o  the  day;  i 
tion  to  Nocturnal,  relating  to  the  night. 

UfUnVAL  Arek,  is  the  arch  described  by  the 
iMon,  or  Stan,  between  their  risii^  and  tetUit^ 

I>itfura&  dnk,  h  the  apparent  cirde  dcacribed  by 
lha  tun,  moon*  or  start,  in  eontequeace  of  Ac  roatioa  of 
the  aaith. 

DtuitUAL  9foti<m  ^«  Jfanct^  it  to  many  dsfieet  and 

minutet  itc  a*  any  planet  Movsa  in  84  hours. 

TUe  DiURKAL  Motion  <tfthe  Earth,  is  iu  rotation  round 
its  axis,  the  duration  of  which  constitutes  the  natural  day. 
Diurnal  PurnUnx.  See  Parallax. 
Diu  UK  A  t,  is  also  usi'd  111  speaking  ol  »lial  Ixlnngj  to 
the  nycthemcroii,  iir  natural  day  of  24  hours  :  in  v\bieb 
sensi-  it  i>  opposeii  to  annual,  menstrual,  &c.  The  iliiiriial 
phenomena  of  the  heavenly  bodus  an;  soKeii  from  ilio 
duiriial  ri  vohil:on  of  the  earth;  thai  I'rom  the  rotation 
ul  iheearlli  louml  i(>.  own  axis  111  .^4  lirjurs  ;  which  rota- 
tion ii<  equable,  and  (rum  west  (u  eu>t,  about  an  a.vis  whose 
inclination  to  the  ecliptic  is  now  66'^  32'.  Now  since  the 
earth  is  an  opaque  body,  that  small  part  of  its  suriiice 
which  comes  at  the  same  lime  under  the  contined  view  of 
the  spectator,  though  really  splterical,  •erms  to  be  ex- 
tended like  a  plane;  and  the  eye,  takiltg  an  entire  view  of 
the  Jieavcnt,  they  teca  to  form  a  concave  spherical  su- 
pctfidaai,  conecoiric  with  tho  earth,  or  rather  with  tbn 
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iliM  aliptlrnn,  the  ^-atcr  si  gmt  iit  will  bo  llif  slilc'  ol  h  cu^« 
lll^cril>l  lJ  in  iIk-  sauiu  s|iiii-i<:.— Tlie  siiir  c,t  liic  iiiIk-  is 
«-({U.ii  t'.i  Ili<-  rigia  iiiu'  uliicb  <>ubirn(ls  thv  ungic  ol  u  pen> 
tH^oii  ul  tbi-  dod.'caUi'druri,  inacribid  in  tin-  »»ine  <pliflK. 
iice  PoLYiiEDHOMi  also  my  Memur.  pa.  188,  &c. 
.  DQDSON  (jAVi«)i  ira*  an  ingenious  and  very  indus- 
triMis  matliemaucian,  w  well  m  author  of  several  usefnl 
books ;  but  we  ara  acquainted  with  very  few  particular* 
Qf  hit  life.  He  wat  some  time  matter  of  ibc  Royal  Map 
thematicnl  School  in  Christ's  Hospital,  London*  Hit 
puUicationt  chiefly  were,  1.  The  Antil<i0uiihmieOuMMt« 
Mm,  S.  tIw  Cilcuklniry  a  oolhcaoii  of  nsM 

ubivs.  lam  am,  I747<— 3.  MatbMMtlcal  Bcporfloijf, 
being  a  CMbction  of  anatylScal  qundon  and  wlotioM,  - 
in  3  vol*.  12tnu.  an.  1748. 1753,  1753. 

DOG,  a  name  common  to  two  constellations,  callixt 
ibc  Great  and  Little  Oogj  but  inofeuMialljrCaniilllajpr, 
.Hill  Cunis  Minor. 

DOl.I.ONI)  (Joii?j),  the  celebrated  optician,  was  born 
ill  b{>itjltit')ij!',  Ill  June,  1706:  hi*  parent*  were  French 
pniiihuiiiu,  uhu  i|uitii'il  Normaolly  at  the  wvocatioB 

ol  ttic  I'.lict  o(  Nauli.  Ill  l685. 

Thr  first  y<ar*  uf  Mr.  DulloiKi'j  lili'  wcrf  employed  at 
tiie  loom  ;  but,  being  <>t  a  very  studious  and  philosophic 
turn  of  mind,  liis  leisure  liours  were  engHgi-d  -in  muthe- 
matical  pursuits  ;  and  thnugh  by  the  dr.ith  ut'  bis  father, 
which  lia|l|ietK>d  in  his  infimcy,  his  education  gave  way  tu 
the  neCOHHties  of  bis  family,  yet  at  the  age  of  dfteen,  be* 
r  or  IcM  nicte,  aocording   fove  he  had  an  opportunity  of  seeing  works  of  science  or 
mn  the  poles,  or  eitrani-  elementary  Ireatisei,  he  amtticd  himself  bf  oomttvcting 
ed  { the  nid«lla  circle  he*'  sun-dials,  drawing  goumetrical  schemes,  and  loklt^ 

DfeUeflu.  Under  the  preMUtt  of  a  eUiaa  iq^tKcatkm  to 
bttiiaaN  (a*  the  Mppoit  of  bit  liNnily»  he  finnid  tint,  by 
abridging  the  hotui  of  bit  rest,  to  extend  bit  mathemati- 
cal knowledge,  and  made  a  considemhle  proficiency  iti 
optics  and  astronomy,  to  winch  he  now  principally  de- 
voted his  attention,  buvinj;  in  the  earlier  stages  of  liii,  liic 
prepared  himself  for  the  hi<;h<  r  parts  of  th'ise  subjects,  I'v 
a  Correct  knowledge  uf  algebra  and  geoiiirtry.  lie  uIm* 
uc'piinil  u  MTV  rvspeciafalB  luMiwlcdge  of  the  Laiinand 
Grcili  languui;)".. 

He  dis  hi4  eldest  «.('n,  I'etcr  Dullond,  tur  llie  sainr 

busin(^i  mill  limiM;ll  ;  untl  inr  seveiai  years  ihiy  rariitd 
on  tiieir  niaiiufiicturr  tiici  r  1..  SpitallieUlN  ;  but  the  em- 
ploytneoi  neither  suited  Uic  experttttions  nor  disposition 
of  the  son,  who,  having  received  much  iiiforinnlion  OH 
muthcmatical  and  philowphicitl  <>ubjrcls,  fmm  the  in* 
uruclion  of  bis  father,  and  observLiiK  the  great  valna 
which  WHS  set  upon  bis  father's  knowledge  in  the  theory 
of  optics  by  prufestional  men,  dctcrmint  d  to  apply  that 
knowledge  to  the  bentHtofhimtelf  and  his  fiimUy;  andac- 
cordin^y,  under  the  diiceiiont  of  bit  fiitber,  commeoeed 
opticiaa.  Snccna  attended  etrery  cftirt ;  and  in  the  year 
1754,  John  OoUond,  enbiaciiuilic  opportunity  of  pur^ 
ioiw.*  ptaftniinn  coMnial  wi^bit  miid,iiMm>d  bis  son, 
and  In  eunscqoence  of  bb  tbeoRlical  knowMdgr.'soon  be- 
came a  proficient  in  the  practical, parts  of  a|>tics.  • 

His  6nt  atlentioo  was  directed  to  impn>v»  the  com- 
bination of  the  eye-glasses  ni  refractiiit;  telescopes;  and 
hau'nfl  succeeded  in  iiis  -y-tem  v(  four  eyr-j;la.*>e»,  he 
proceetleii  one  step  turther,  iiml  pr  '(hieid  li  loscopcs  fur- 
|||^!.e^^  willi  (ive  eyc  giaSM's,  wliicb  Cuiisukrably  surpassed 
tin  I  I  run  ;  and  of  which  he  pive  a  particular  account 
ill  a  paper  presented  to  the  Uoyal  bociety,  and  which  was 


eye,  which  the  siiid  plane  of  the  earth's  lupcrticies  di- 
vides into  two  eijual  parts,  the  one  of  which  is  visible, 
but  the  other,  because  of  the  earth's  opacity,  is  hid  from 
tlie  view. 

And  .Hs  the  earth  revolvi-s  about  its  axis,  the  spectator, 
tO^Mlier  with  the  said  plane  be  stands  upon,  called  his  ho- 
riaim,  dividing  the  visible  from  the  invisible  hemisphere 
of  the  heavens,  it  carried  round  the  same  way,  vit,  to- 
wards the  cast:  hence  it  is  that  the  tun  andtthn,  Blaced 
lowaMla  tfav  east,  being  before  bid*  now  bcea«e  visible^  the 
boriaon  at  it  wete  rinSing  below  thorn ;  aitd  the  tian  ice 
towardt  the  wett  are  oovered  or  hid,  and  beeone  inviaible, 
the  horima  being  elevated  above  them :  so  that  the  former 
stars,  to  the  spectator,  who  reckons  the  place  he  stands 

on  as  immiivealiK',  apiiear  to  iisreiui  above  the  horizuri,  or 
rise;  and  tlie  l;it;er  |i>  ilesCeiiii  bt'low  the  liorizi.m,  or  set, 

Sinci  I  , mil,  uith  tiie  huri/nn  ol  the  specf  ri  i,  i  mh- 
tliilJe*  [0  iiitAt-  iilv%a\!i  t')^»ar^l^  tlii:  same  parts,  and  aouut 
the  same  axis  equally,  all  bndiej,  uiul  all  plioiiuniena, 
thai  do  nut  purlakc  of  the  said  motion,  (that  h,  all  ^ucli 
things  as  are  entirely  separate  from  ilie  earth,)  ^wm  to 
move  in  the  same  time  uniformly,  but  towar  is  the  (ipp^i- 
site  parts,  or  from  cast  to  w^st:  and  every  one  of  these 
objects,  according  to  sense,  describes  the  circumference  of 
a  circle,  whose  plane  i-  iicrptiidicular  to  the  ex»  of  the 
earth.  And  because  all  these  circles,  tiig^er  with  the 
visible  objects  describing  them,  appear  to  be  in  the  con- 
cave tpberical  superficies  of  the  heavens  eeeiy  vitifale  ob- 
ject eeeint  to  detcribc  •  greater  or  '  — 

to  llt'gnwier  or  leas  distance  limn 
tiat  of  the  rarih't  exit  pfodnoed 
twccn  ibtm  pohi,  called  the  aqaator»  being  conaeqaantly 
ibegimitvtt 

DODECAGON,  a  regular  polygon  of  \i  equal  sidct 
and  angle*.  If  the  tide  of  a  dodecaj;on  be  I,  its  area  will 
be  equal  to  3  times  t!ie  lang.  of  75°  =  3  x  ('i  -  y''^  )  - 
1 1"1!)6'I524-  neurl)  ;  ami,  the  areas  of  plane  figures  beiiija; 
Its  the  s<^iiarc  5  of  their  side*,  thcrefarc  IIMy6'l.S24  mul- 
liplieil  by  (';e  s(iu,u<-  of  the  side  of  anv  dodecagon,  vti\\ 
give  its  are.i.    Stv  my  Meitsaration,  pn.  85,  4lli  eilit. 

Tu  iiiKTiU  a  DoiUcjgon  in  a  given  Circle.  Carry  the 
radius  6'  tunes  round  the  circumference,  which  will  di- 
vide it  into  6  equal  parts,  or  will  make  a  he.\ugon  ;  then 
bisect  each  of  those  parts,  which  will  divide  the  whole 
into  12  parts^  for  the  dodecagon.  See  also  other  methods 
of  describing;  the  same  Cgore  in  my  Bfcneuiation,  pa.  iS, 
ttc.  See  PoLTnoH. 

DODEC.MIi:i)R(>N,  one  of  the  Platonic  bodlcfl,  or 
five  regular  solids,  being  contained  imderawriaea  com- 
.fOied  of  twelve  equal  and  regular  pentagons, 

IJtfifm  » IHodecttiedron.   .See  Jlqtalar  Ih»T.  • 

If  the  ride,  or  linear  edge,  of  a  dodceabedron  bo  ila 
turfiice  will  be  15«V(>     4\/5) ee  10-$«57788«%  and 
itatoUdity  i>V(«*7     9-\</i)m7-eeait»f6^.  . 
-   If  the  radius  of  the  sphere  that  circnnucrifaca  a  dod^ 
cabadtait  be  r,  then  it 

itirfdoor  linear  edge  M  (^15 -^3)  »  ^<-; 
inaaperfielet    -  =101*^(2-^5); 
andilttelidiiy  -  =3^^1±^.. 

The  side  of  a  dfulecaheHron  insrribeil 
♦  qual  to  the  etuiter  fiatt  o)  tlu  siiir  I 
HI  the  s;iino   Sjiliere,  rut  in  cxlri'inc 

ticn. — If  a  line  be  cut  according  to  extreme  and  mean  ^  — . 

rut  in,  and  the  leit  lepMnt  be  taken  for  the  aide  of  b  do*  piiMM  in  tbePhiloi.Tknni.'f(iL4a,  pa.  103. 
Vol..  I.  9K 
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a  sphere,  is 
I  :i  cube  inscriUxi 
ririil  mean  proi  1  r- 
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Soon  aftrr  this  lie  matic  a  very  uat'ftil  rinpiuvc-rnrni  in 
Mr.  Saver)''}  micmrocter :  for,  iMtind  uf  employing  iwu 
entice  objcct-glaMi,  m  Mr.  Savi-ry  ami  M.  Bo(i;iuer  had 
4oM»  be  iiM.-d  only  ooc  glass  cui  iii(i>  twn  oqual  piirii, 
mt  at  them  •Udiag  or  moving'  Uter«liy  by  the  otb«r. 
Tkm  wm  floaridcnd  to  Is  «  grtat  improvement,  ■»  the 
rnkfOBCIer  eooM  now  be  epplied  to  Uie  nd«ctiiig  Mle> 
scop*  with  »ach  odvantoge,  and  whkb  Mr.  Smmn  Short 
immedieldy  did.  An  oooount  of  the  same  woi  ilitm  to 
the  Royol  Sflciety,  in  o  poper,  which  wn  nfterwuds 
printed  in  tiie  Pliilos.  Trans,  vol.  48,  pa.  178. 

Mr.  Dollond's  crk-briiy  in  optic*  now  U'came  uni- 
vcrwl  ;  :imi  llu-  Incrnlslup  and  ),i  urt  rn  iii  ni'  llir  iintkt 
einitteiit  iwn  i>\  science  flatlered  iind  lucuuiugid  Ijis  pur- 
suits. >  .rn  u'tlL-d  by  thes«  caliglitened  men,  in  a  state 
ol  niiiid  ]vre|iiirt  d  for  the  severest  invctligation  of  philo- 
sopSiic  truths,  and  in  circum>tan(.e>  fuvcnirablc  Id  libcml 
inquiry,  Mr.  Dullund  engaged  iit  the  discu»«i*m  of  n  tub- 
jecl,  which  at  that  time  not  only  interested  this  country, 
but  ell  Europe.  Sir  Itaac  Newton  had  dectared,  in  his 
TnUim  on  Optics  jki|{e  119,  **  That  all  le&accing  sub- 
■Uuicca  diverged  ihi-  prismatic  coloon  ia  a  comtimt  pro- 
poilioo  to  ilii^i  n  ull)  refraction;"  and  dr^w  tlii>  con- 
clmion,  "  that  n-lraction  could  not  be  produced  wilhout 
colour;" .and  conu-qucntly,  "  that  uo  inipruvetnent  could 
be  expected  in  the  lerractiijg  telcmmr."  Mo  one  doubled 
the  accuracy  «idt  wUch  Sir  leaaa  Mewlw  bad  made  dm 
cspefiaient;  yet  toine  mcot  parymlaily  H.  Bulcr  and 
othcm,  wr  re  of  opinion  that  tb*  eondudoa  «bid  Newton 
had  drawn  from  it,  went  too  (kr,  and  maintained,  that  in 
very  small  angles  refraction  mifiht  be  obtained  witbont 
Colour.  Mr.  Dollond  was  not  of  that  opiriinii,  lajt  de- 
fended Ni  wlon's  doctrine  with  much  learning  and  inj^- 
iiuity,  as  m;u  l>e  "-n  n  by  »  reference  to  the  letters  whicli 
ptiwd  bclwe«ri  ICuler  and  Dullond  on  that  occasion,  hiul 
which  were  published  in  the  Philo*. 'I  rans.  vnl.  4S,  prt 
?87,  and  contended  tiiat,  "  If  the  result  of  ibe  experi- 
ment hud  bi-en  us  dciicribed  by  Sir  Isaac  NowtMlii 
could  not  be  retraction  without  colour." 

.\  mind  constituted  like  Mr.  Dollond's  COUid  not  re- 
main satislied  with  arguing  in  this  manner  from  an  ex- 
periment roade  by  another,  but  determined  to  try  it  him- 
mIC:  and  accordingly,  in  the  year  1737,  he  btgan  the 
vMMiination;  and,  to  use  his  own  words,  wilb  '*a  reso- 
lute perKvemncc,"  continued  during  that  year,  and  a 
^reat  part  of  ihc  next,  to  bestow  Ua  whole  mind  on  the 
•ubjcct,  nntil  in  the  OMUtb  of  Jnne^  l76St  be  fimml,  after 
a  complete  courae  of  experimcnti,  tba  mult  to  be  very 
didetent  from  that  which  be  expected*  and  ftom  that 
which  Sir  linnc  Newton  had  reUttd.   He  diKovered 

thediflerMCe  in  the  dispersion  of  the  colours  of  lii^ht, 
when  the  mran  rays  are  equally  refracted  hy  riiffrreiit 
incdiuins."  Tin-  ili-r-incrv  '.Tas  Ci  ■inpls  [<■.  .-ir.r,  hv  inin.c- 
dialely  drew  Irum  u  j.r.u  su-.tl  tunrlu^iiiii,  "  I  li.ii  ihe 
objecl-glasM'i  "t  relriiciiii:;  li-l(>c''  pe^  «erc  rjipalilr  of 
ijclng  made  withuiil  b< .-itfi  etc  il  by  the  different  refran- 
gibility  of  the  ravs  of  li^ht."  His  arrnunt  of  this  experi- 
ment, and  III  oilier*  connecti'd  wiin  n,  was  given  to  the 
iloynl  Sufii  jy,  niui  priiiti  d  in  their  Transaclion*,  vol.  50, 
pa.  733,  and  he  u<Lh  presented,  la  tbe  same  year,  by  tbdl 
learned  body,  with  Sir<!o4Urey  Cople/t  medal,  a>  a  » 
ward  of  hi».  merit,  and  a  mmorial  of  the  diacowy, 
Iboiigh  not  at  that  jimt  •  member  of  the  Society. 

Thil  diicDfcry  no  way  aActed  tbe  poiah  in  diiputn 
'  between  Euler  and  Dollond,'  mpoetby  tbe  doiMiine  ad- 


vanced by  Sir  Isaac  Newton.  A  new  principle  was  in  a 
■nannw  Muad  out,  which  had  no  part  In  their  former 
reosoninos,  and  it  was  reserved  for  the  accuracy  of  Dol- 
lond to  have  the  honour  of  making  a  discovery  which  had 
eluded,  the  obMrvalioa  of  Newton.  Tiiis  new  principle 
bei^g  now  citablifhed,  bo  wee  toon  able  to  conctract 
object  gtaim,  in  wbieli  the  diflefent  tdimngifatUty  «f  the 
nyi  of  lidit  wae  cui  lotted,  and  the  nnine  of  nehinnwtic 

en  lo  flMU  hy  tba  bMe  Dr.  Beade.  on  account  of  their 
ng  fnf  ftom  the  priiaalie  coioan. 
As  usually  happens  on  (ocb  occeliont,  no  sonner  wa> 
the  achromatic  telencope  made  public,  than  the  rivalship 
of  fomniuTs,  till-  jl•;^Unl^y  isl  philoMiphens  at  home, 
led  tluin  to  doubt  of  iij  rcalitv  ;  and  Kuler  himself,  in  his 
paper  reail  t»  tore  the  .Aciuli my  nl  .Si  irnee-s  at  Berlin,  in 
the  ye»r  17(1+,  >uy5,  "  I  am  not  atihaiiu  ii  tVanklv  lo  avow, 
IIkiI  iIk-  (iiM  atcoutits  which  «iTr  published  of  it,  ap- 
]Han-ii  VI  suspicious,  aiul  even  so  contrary  to  the  best 
establislutl  pruicipUs,  tliat  I  could  not  prevail  upon  my- 
self to  |iive  cmiit  lo  tliein  ;"  niid  he  adds,  "  I  should 
never  have  submitted  lo  iln-  proofs  which  Mr.  Dollond 
produced  to  support  this  strange  phenomenon,  if  M. 
Claimut,  who  must  at  first  have  been  equally  surprised  at 
it,  bad  not  most  positively  assured  me,  that  Dullond'e 
experiments  were  but  too  well  founded."  And  wbni  Ar 
fact  could  no  longer  be  diiputed,  they  eadeamiumd  to  find 
a  prior  inventor,  to  whom  it  might  be  aaciihed,and  leveM 
OOqjeptorers  were  honoured  with  the  title  of  dhoatefcn. 
■  la  the  beginnin!;  of  the  year  176*1,  Mr.  Dollond  wm 
deeted  Fellow  of  tJie  Koyal  Society,  and  appointed  op- 
tician to  bis  majesty,  but  did  not  live  to  enjoy  those  ho- 
nours long;  for  on  the  ."^Oih  of  November,  in  the  same 
year,  as  he  was  reading  a  new  publication  by  M.  Clairaut, 
en  the  theory  or  the  moon,  and  on  which  lie  haii  b<'en  in- 
li  iitly  enj^Bue.i  for  several  hours,  he  was  seized  witli 
.1.1  uhich  /enderi'd  him  immediately  s[H-echlc9iy 

uiul  ott.(?u,necl  hi*  death  in  a  few  hours  afterwards. 

Bi  side*  Mr.  Pclir  Dollond,  whom  we  have  had  occa- 
sion to  meniioii  in  the  course  of  this  memoir.  Lis  family, 
at  his  death,  consisted  of  three  daughters  and  U  iOn,  who^ 
posiming  the  name  of  his  father,  and,  we  may  add,  a 
poitiuno?the  family  abilities,  carrier  on  the  opticnl  busi- 
ness, in  partnership  witli  his  elder  brother.  S-e  also  tbe 
articles  AcHROHanc  and  TaLKscure. 

DOME,  is  a  louad,  vaulted,  or  arched  roof,  of  a 
diuicb,  ball,  pavitioni  «catib«le»  tlnir^asek  &«,  fay  way 
of  crownhw,  or  acfoter^ln  pinic  7»  >•  npraentrd  the 
plan  nnd  devntien  of  a  dome  conatmcted  without  en- 
triagi  Igr  Mr*  S>  Bnnoe ;  vie,  fig.  \  the  plan,  and  fig.  3 
the  elevation.  Tbe  fint  courae  consists  of  the  stones 
marked  1,  I,  1,  &c,  of  different  sijes,  the  large  ones  ex- 
actly twice  the  height  of  the  small  ones,  placed  nllernately, 
and  ionr.ing  inti  rv.ils  to  receive  the  stones  inai  ked  '2.  2,2. 
1  lie  mlu  r  courses  are  continued  in  the  same  nianiicr,  tic- 
coriling  lo  the  i>i<l<-r  of  the  hi;iirei  to  the  lop. 

It  IS  e»!dciil,  Ifom  the  convi  r^^incor  wedne-like  form  of 
the  intervnld,  that  the  stones  llic\  receive  can  only  bo 
inserted  from  the  outside,  nnd  cannot  lall  tliroui^h  ;  there- 
fore the  whole  doux'  in-iy  lie  limit  without  rculring  Ct 
tcmpnrarv  support.  To  break  the  upright  joints,  the 
•tones  mil  V  be  cut  of  tbe  form  marked  in  fig.  .*> ;  and  those 
marked  16,  1 7,  ttc,  near  the  key-stones,  may  be  eobuged 
as  at  fig  4. 

For  tbe  maibntatical  theoiy  of  Oona^  tea  my  new 
TkncUs  vol.  I»  pa.  fis,  fee. 
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DOMINICAL  Ltiur,  otherwise  caJled  the  Sckdat 
LiUltf  i*MW  of  thtrse  tirst  seven  li-tten  of  the  alphabet, 
ABCDKro,  li»e<i  ill  almanacs,^  &c,  to  mark  or  (lenote 
the  Soniliiys  throughout  the  year,  l  lic  rt'u»uii  for  IMing 
I  ktten,  ii  became  tbat  la  the  number  of  days  in  a 
({  Mid  tlie  method  of  wing  them  is  ibn:  the  iint 
A  is  set  opposite  the  1st  day  uf  the  ycsr,  the  9d 
■  •  opposite  thu  day  uf  the  year,  die  td  letter  C 
I  the  3d  ifaqr  of  the  year,  and  w  en  ttfough  iIm 
Mfca  blien ;  after  whieh  they  are  repeaMd  oner  aiw  over 
again,  all  the  way  to  the  end  of  the  year,  the  letter  a 
denoting  the  .Sth  day,  the  letter  b  the  Otb,  tfc.  Then, 
whichever  ol  [li«  Irttt  r>  so  placed,  falls  opposite  the  (irst 
Sunday  iii  ilie  year,  the  same  letter,  it  ts  emieiit,  uill 
fall  opposite  tnery  tutiirc  Sunday  tbrousluut  t!,(  s  ui, 
because  the  number  ui  the  letters  is  llic  suiiii  as  the  iiuiu- 
bei  il  il  i^s  in  the  week,  being  b< it li  7  iii  iuiiiib<T  ;  iliut  is, 
in  common  vc;ir» ;  but  in  leajHyears,  an  interruption  ot 
the  order  talvi-i  place  in  them.  Tor,  «n  iiccouul  nl  the 
intercalary  day,  either  iho  letters  must  be  thrust  out  of 
their  piaci-s  for  the  whole  year  afterwards,  so  as  that  the 
letter,  fur  example,  which  answers  to  thr  1st  of  March, 
»halt  likewise  answer  tothcSd,  tec;  or  else  the  intercalary 
day  mutt  be  denoted  by  the  lame  letter  as  the  piecedinj; 
-line.  This  latter  expedient  was  judged  to  be  the  best,  and 
•eeaniii^y  all  the  Snnd^s  in  the  year  after  the  intei^ 
eaiaiy  day  have  aoBthcr  Daaiakal  ktser. 

Toe  Dominical  letters  «ne  iatmdiicad  iMo  the  ca> 
leadar  by  the  primitive  Chiwtians,  instead  of  the  nundinii) 
IrtMfS  in  the  Roman  calendar  ;  and  in  this  manner  were 
those  seven  letters  set  opposite  the  days  of  the  year,  to 
denote  the  days  in  tht-  ueek,  in  most  of  our  common 
almanacs,  till  the  year  1771,  when  the  initial  letters  of 
the  days  of  the  weei,  urn-  m'nci-.div  iii".  ir^rrcil  in^ii-.iH  uf 
them,  cxrcjiting  the  .Sinulay  littti  itsclt,  uhich  is  still 
retained. 

1':  J  in  tlie  liin-goiiij;  accoiiiit  it  IdIIuws,  that, 
1st,  As  the  common  year  consists  of  3().)  days,  or  .'>  i 
wctks,  ami  one  day  over;  tlie  Iftters  |;<i  one.  <li\  Lrnck- 
wards  every  common  year  :  so  that  in  sucli  tx  \i  »i.  r.  iIm 
beginning  or  tirst  day  fall  on  a  Sunday,  the  next  )eur  it 
will  fall  on  a  Saturday,  the  next  on  a  Friday,  and  so  on. 
Coosequeiitly,  if  o  be  the  Doounicai  letter  for  the  present 
year,  r  will  be  that  the  naak ynr;  and  toon  la  aie> 
Uograde  ofdcn 

M,  As  the  bitiestile  or  kap-year  cottaisis  of  S66  days^ 
or  M  ivwdit,  aad  i  days  over,  the  beginning  of  the  year 
■eat  after  Uiseatile  goes  beck  3  days.   Whcacv,  if  ia  ~ 


5th,  Henc*  the  invention  of  the  solar  cycle  of  ?R  yetrii  s 
on  the  expiration  of  which  the  Di  niinicul  letters  aio 
restored  successively  to  the  •uinie  days  of  the  month,  or 
the  same  order  of  ih  ■  It  ii< f«  returns. 

Ihjmd  tlie  lio Mill icAi.  Lttur^ aigf  gwmyiarm  find 
the  cycle  of  the  sun  for  that  year,  as  directed  vnder 
Cycles  Md  the  Domiaieal  latter  is  found  correspondiag 
n>  it,  WhcB  theea  aie  two  hUcrs,  the  proposed  year  is 
Wesexdies  the  fmcr  tt  Am,  sctving  till  tiie  end  of 
Ptbrvaiy,  and  the  latter  lor  dw  iimt  of  the  year.  ' 

The  1  )ommicttl  letter  fur  any  yew  of  the  praeent  cen- 
tury may  be  found  thus: 

I'o  the  number  of  yciirs  since  !).<■  il.iu-  ISCK),  add  liu  ir 
fourth  part,  plus  •2;  iiiul  divide  tlie  sum  liy  7,  then  suti. 
lr;i<  t  till  n  mainder  lioni  7,  nnd  the  liist  number  will  lie 
that  ill  sM iM  iif;  to  the  Uoiuinical  letter;  that  is,  if  tlie 
rcmaind  1  h.  1 ,  ir  irsswers  to  a,  2  to  b,  &c,  and  0  to  o. 

Supposre,  lor  example,  wc  wanted  the  Dominical  letter 
lor  the  year  1833. 

Here  rt.'5  +  8-»-2=*3,  bcijig  divided  by  7,  leaves  a  re- 
mainder I,  which  taken  from  7,  gives  6  ;  answeriqg  to  r, 
which  therefore  is  the  Dominical  letter  for  that  year. 

When  the  year  is  bissextile,  that  is,  wh^n  the  date  of 
it  is  divisible  by  4,  then  the  letter  obtained  from  this  rale 
IS  that  used  from  February  to  the  end  of  thdycar,  Ml^ 
the  Sunday  letter  from  the  beginoij^of  the  year,  tvthe 
end  of  February,  will  be  that,  next  in  order  in  die  alpliahpt, 
aoless  the  liimncr  is  c,  in  which  case  the  latter  will  be  a. 

By  the  relbmatien  of  the  cakadar  under  Pope  Grt* 
^ly  lha  13th,  the  order  of  the  Domii&cal  Ictteia  was 
again  disturbed  ia  the  Gregorian  year ;  for  the  year  iMt, 
which  had  O  for  its  letter  st  the  beginning,  by  retrench- 
ing 10  days  eficr  the  4th  of  October,  came  to  have  r: 
by  which  means  the  Dominical  letter  of  the  ancient  .lu- 
liun  calendar  Is  t  places  before  that  of  the  Gregorian, 
the  letter  a  in  the  torraer  untwcriqgto  D  in  the  latter. 
DO.VION.    S«  DuNCKov. 

DONN  'l!i^vj.\Mi\).  a  respectable  tniilhem.Kiriiu., 
i.  -rri  Pit  Hidi'tord,  in  Devtuisliin' ,  if!  I7'.*9.  Hi'  kept 
ii^;i:  j  'l  111  tiiiit  h.Miii  lor  some  years,  Hrid  while  there, 
niailf  u  complete  survey  aiid  map  of  the  county,  for 
which  he  received  a  premium  of  lOOl.  from  the  society 
for  promoting  arts  and  commerce.  He  al>o  published  hiD 
Malhematicul  Essays  in  Svo,  which  had  a  favourable  re- 
ception, and  procured  bin  the  oflice  of  kipper  of  the  - 
library  at  Bristol;  where  be  also  kept  a  flourishing  aca- 
demy for  some  j'ears.  -  In  1771  he  printed  on  Epitome  of 
Nattttal  and  Experimental  Pbiloso^y,  Itao;  and  la 
of  the  MMiextiia  year  the  Dominical  letter  were   1774,  a  wodc,  entitled,  The  Briti^  Marinei's  AsaittaM^ 


•,~that«M  the  following  year  will  ha  t. 

S<l,  Since  in  leap-years  the  hKCicalaiy  day  fidh  ou 
the  24th  of  February,  in  which  case  the  $4th  and  S5th 
day*  are  considered  as  one  day,  and  denoted  by  the  same 
letter ;  after  the  24th  day  of  February  the  Doininictil 
h  tler  goe-i  back  one  place:  thus,  if  in  the  be;;iiiniiiu;  of 
the  year  the  Dominical  letter  be  «,  it  Will  til'terwiirds 
chuiiye  to  the  letter  y  for  the  rerniiiiiing  Sund.n-  i  t  ilir 
year.  With  US,  however,  this  day  is  now  added  at  the 
en<l  of  Fcbroaiy,  aad  from  thence  it  la  that  the  change 
takes  place. 

4tb,  As  every  fourth  year  is  bissextile,  or  lenp-ye.ir, 
end  as  the  number  of  letters  is  7i  the  same  order  ol 
Dominical  Ictten  only  returns  in4  times  7,  or  years ; 
which,  without  the  imeiruptiOB  of  hiiaei^lilet,  would  re- 
tom  iu  7  ytais. 


beiac  «  collection  of  tablet  for  nautical  purposes.  In 
1796  ha  was  apaofoted  to  the  sinecure  offic«  of  master  of 
inecbanies  to  the  Ititig.  Besides  the  books  above  men- 
tioned. In:  published  also  treatises  on  Arithmetic,  Book- 
keepinp,  Geotnetry,  and  Trigonometry.  Mr.  Uonn  died 
in  179^,  I  l      1;  behind  Udi  the  ehaiacter  of  an  ingenion 

and  worthy  man. 

r)ORAI)0,  a  southern  Ci  nstrllation,  r.ot  visible  in  our  ■ 
latitude;  called  alio  Xiphrus.  or  ilio  hword-tish.  Its 
Stars,  in  Sharp's  calalocnc,  me  fi. 

DORIC  Order  ol  Architecluie,  is  the  second  of  the 
five  orders,  being  pliiced  between  tlie  Tuscan  .md  the, 
Ionic.  The  Doric  seems  the  most  natural,  and  in-it  pro- 
portioned, of  all  the  orders;  all  its  parts  bring  founded 
on  the  natural  position  of  solid  bodies ;  for  which  reason 
it  it  OMWt  prapar  to  ba  used  in  great  and  masay  halMiiMi^ 
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tbe  outtide  «f  ihurdicii  and  public  plncck.  The  Doric 
order  has  no  (iinaiiu  jitu  on  its  base  nor  its  capital.  Its 
column  is  8  tin  meters  hi^,  aitd  its  friete  it  divided  be- 
tween triglypl>»  and  metope*. 

DORMtK,  or  UoHM  A  NT,  in  Architecture,  denotes  a 
window  made  in  the  roof  of  a  buiiclmg,  or  aboto  tbo  «»• 
tabUlura ;  bnia  laiied  upon  tbe  niten. 

DOUBLE  turimiat  AnI,  om  with  •'dooble  gnomon, 
tbe  one  poiatinf  out  the  hour  on  iha  onier  drcbr,  tbe 
other.  OB  the  tlMeu<>raphic  piojectiaodrawn  vpon  it.  Tbi* 
dial  finds  the  meridian,  (lie  hour,  the  san't  phwe,  'riiiBil^ 
letting,  &c,  and  many  other  problems  of  the  globe. 

Double  Fomi,  in  the  Higher  Geomeiry,  is  a  point 
which  is  cummnn  to  two  parts  or  te;''!,  or  branches  of 
Minic  ciuvr  III  tlir  'Jd  or  higher  unit  r  :  ■ .  ;  ii  a>,  an  in- 
fiiiitclv  iinHll  oval,  or  a  cusp,  or  the  trui  ii  i m  tntersec- 
iioii,  kVc,  'i|  such  curves.  See  NeniKM-,  1  uiinieratio 
Linearuiu,  tic,  ilr  Curvarum  Punctis  Duijlici^ub. 

Dov  Ul.l.  Siriri.    Sir  Star. 

DoiJHLERO^  F.luliudy,  Is  iiii  instrumrnt  capable  of 
ttu^jnicMiiiig  a  V-  ry  small  iiuaiitity  nf  electricity,  so  as  to 
render  it  more  than  ttullicicutly  inunifiiii,  by  means  nf  an 
Olecirororlcr,  or  even  capable  of  alfording sparks. 

'ihe  invention  of  this  instrument  is  due  to  the  Uiv. 
Abruliani  IVnnei;  the  desciipiion  of  which  is  cuniaincd 
in  the  second  piirt  of  the  77th  volamn  of  tbo  Pbilo«upliicMl 
Traiuaciiuiisi  atid  in  the  samnTtaBaactiooi^ibrihe  year 
17S8,  Mr.  Cavallo  baa  gpten  an  aecowit,  at  eonttdcmbla 
leaglb,  of  ht%axperiaMnil»aiMlobMt*atlons  ob  tbis  imtnip 
meat,  as  improved  by  hiMucl^  and  alio  in  its  oitapml  lorai  s 
fnMH  wbieb  ho  eonelttdei,  *'  that  tbe  invenmn  of  tbe- 
Uoublcr  is  eery  ingenious,  but  its  um:  cnunot  be  depnidi^ 
on  that  is  to  say,  far  B«certainiii<;  small  quantities  of 
elcrtricity,  hec:<usr  thutigh  no  electricity  be  communi- 
cated to  tbe  plates  of  the  instruments,  yet  by  the  usual 
prt'Ciss  111'  (liiubling,  a  certain  quajitity  ol  j(  will  In-  pra- 
d'.iceii.  l  or  ihi'  description  of  a  very  ingenious  instru- 
iii'Mil  lor  tins  purjHAe,  by  Mr.  NicholsOtl,  MO  PlliloiOpbU 
crtl  I  raiivuctKuii  lur  the  year  17S8. 

Doi'Bi.iNO  n  Ctipe,  or  l'n\nt  of  l^nd,  in  N.iviuali  m, 
viSuifies  the  coining  up  with  it,  passing  by  il,  and  le«ving 
It  hehind  the  ship.  The  Portuguese  pretend  that  they 
lirsl  doubled  the  l/ape  of  Good  Hope,  under  their  udinirul 
Vaaquex  de  Gama ;  but  there  are  accounts  in  history, 
porticolarly  in  flcrodotus,  that  the  Egyptians,  Carlhagi- 
aiaiN,  &c',  had  done  the  same  long  befbietbcm. 

DOUCIN'E,  in  Archiieciure,  it  an  ornament  on  tbe 
highest  piirc  ol  the  cornice,  or  a  mouMiiy  cut  ta  tbe  figure 
of  a.wavei  half  cpuvcx.  and  half  concave. 

DRACHM,  OT  DiEam,  it  tbo  namaof  a  small  wei^t 
ttwd  with  us,  .md  is  of  two  kiqdaa  via^  the  Bth  part  of  a« 
ounce  in  Apothecaries*  weight  and  tbe  l6ib  part  of  an 
ounce  in  Avuinlupois  weight. 

DRACO,  the  DRAOON.n  constillation  of  the  northern- 
hemisphere,  whose  oilirin  is  variously  fabled  by  the  GrevlOt 
some  ol  tliein  rrpn  si  nlii'i!  il  the  Draaon  which  "uurded 
the  I  li-sprriuii  l.'Uil,  "r  jJ  rliii'ii  a|ipi(>,  hui  iiein^  killul  liy 
III  iculis,  .lumi,  a  rr«atd  lur  lis  laillidil  servicis,  timk 
It  u|>  hr.iM  ii,  uimI  so  formed  this  C"n.li'llatio:i ;  while 
others  ^iiy,  lliiil  in  •.:.(■  iv:ir  o(  the  giants,  lliis  Ura-liiii  »as 
,  broughi  inio  ch(  riinibiit,  an  1  (ip|Mi-ed  to  Mimrva,  when 
the  goildess  taking  the  Dia^jon  in  her  hand,  tlin  «'  htm. 
ivtisted  lis  he  was,  up  to  the  skies,  and  fixed  limi  to  lln 
axis  o(  tbe  heavens,  before  be  bad  time  to  unwind  his  con- 
tortions. / 


The  stars  m  thi«  constellation  are,  according  to  Pu^ 
lemy,  31  -,  according  to  Tycho^M;  Hofelius,  40;  Bayer, 
33  ;  and  Flamsteed,  SO.  - 

DRAGON,  ill  Astroui'my.    See  DuApo. 

DkiiooH  V  Htad,  and  Tmil,  are  the  nodes  ol  tbe  planets, 
but  murp  particularly  «if  the  rouon,  being  the  points  in 
wbieb  tbr  ecliptic  is  interkceiod  by  brr  orbiti  in  an  ai^ 
of  about  5**  ir.  One  of  these  points  It  aoribwaid,  ttw 
moon  then  brginiting  to  have  north  latitudes  ami  the  other 
KNithwaid,  wberothccoBipeDecs  tooth  bttitudet  the  far- 
mer point  being  ifpnwMed  by  the  knot  0  Ibr  tbe  bead, 
and  the  other  by  the  same  reeenwd,  or  O  fur  the  tail. 
And  near  these  |><iints  it  is  that  all  eclipses ofthe  sun  and 
moon  happen.  Tlu-se  interM-rtions  are  not  uluays  in  tbe 
s.ime  two  ]M>inls  of  the  cclipiii  ,  lnii  li  !■  i  ,  i  ii  irograde 
motion,  at  the  rate  ul  11'  pi'r  aa\  ,  iind  ouuipivliisg  their 
circle  III  IS  years  C'-^3  days 

l)uAc.i)N-/}r.i«M,  III  ArchitrcMire,  rii>' (MO  strong  braces 
or  slmls,  Maniiirij;  usi.i' :  a  lii  i      ■ ',-jiijiiicr,  and  ) 
an  anylc  on  the  thouliler  i>i  the  king-piece. 

UHA.M.    See  Drachm. 

DltAUtill'l'-CmpoMef,  those  provided  with  leTCrtl 
moveable  points,  todtaw  fine dtailgbts  iaarcbitectuir, kc 
See  Compass. 

DRaUGHT'MmH  01*  large  books  of  iron,  fimdoa 
the  cheeks  of  a  gun-carriage,  two  on  each  tide,  ooencar 
the  trunnion  hole,  and  the  other  at  the  tram. 

ORAW>Ai<ge,  a  biidite  made,  after  the  menoer  of  a 
Sooc,  to  be  drawn  up^  or  let  doorn,  as  occaiioo  reqviiaii 
before  the  gate  of  a  town  or  caatie. 

ORirr,  S 11  OCT,  or  Tb  r^st  of  an  Arch,  h  the  push  or 
force  it  exerts. 

Dairr,  in  Navigation,  d<  notes  tbe  angle  which  the  line 
of  a  ship's  motion  makes  with  the  nearest  meridian,  when 
she  drives  vviili  lar  side  to  the  wind  and  waves,  and  is  not 
i;(iverned  by  thr  power  I  tin  '  Ini;  and  also  the  distance 
Mhich  the  ship  dnvis  uii  taat  line,  s«i  called  onlv  in  a 
storm. 

DUIP,  in  .\rchitecture.    Sec  Lahmu?k. 

l)LX"riLri  Y,  a  projverty  ,of  ceitaiii  lui'lies,  by  which 
lliev  aie  capable  of  being  beaten,  pressed,  drawn,  or 
stritctiid  fi  rth,  vtithout  breaking;  or  by  which  they  are 
ca|>abie  of  great  alterations  in  their  iigure  mid  direensioot, 
and^of  gaining  in  one  way  as  tbcy  lose  in  .H'othi  r. 

Such  an-  nietftls,  which,  t>eing  urged  by  the  hammer, 
gain  in  length  and  breadth  w  bat  they  lose  in  ibicknCM;  or, 
bring  drawn  into  wire  through  holes  in  iron,  become  longer 
as  tiny  are  nwde  more  slenwr.  Socb  also  are  gums,  glut?, 
ictiM,  and  toone  other  bodies;  which,  thougb  not  malie- 
able,  may  yet  ba  demwainated  ductile,  in  as  much  ai»whr« 
Bofirncd  by  wairr,  ire^  or  some  elbitr  menslrunn,  tbqr 
nsy  be  drawn  inlo  thiMdfe. 

Some  bodies  are  ductile  both  when  tbry  are  hot  and 
cold.  Slid  in  all  eireomstnnces :  such  are  metals,  and  es- 
pecially j;i>ld  aiiii  s  Im  i  ;  other  bodies  are  ductile  only 
wliei)  thi  y  liuM-  a  nrliiiii  ilegriv  i  f  heat;  such  a- pi  ass, 
ail  i  V.  lis,  itiiil  ^urh  liKi  >uli'-lan<'i  5  :  i.rruTsu;;uiriarriliictilc 
(lily  ulnn  nlil,  and  biiall- when  hot ;  us  some  kinds  of 

11'  n,  vi^.  iiir.s,'  raii.'ii  hy  workmen  mdsboit,  asaliobnis, 

and  s.'Hii-  nii  taliit  allnys. 

The  cause  ol  ductility  is  vi  iy  ol  scure ;  as  depending 
much  on  hardness,  a  quality  whose  nature  wi  know  very 
little  alioni  ll  is  true,  it  is  usual  to  iicd  uiit  for  hard- 
nets  from  the  force  of  attraction  between  ttie  particles  of 
the  bard  b«ly ;  and  for  ductility,  from  tbe  partidei  of  tba 
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ductile  body  U'lDg  ai  it  ttcrajointad,  and  eiitan^ed  whli 
«acli  otber.  Uui  vt  hboat  liwclNng  on  an^  fanciful  byp«« 
Ibwci  ibout  ductilitj^wv  nwy  »niiiw  oandra  witb  Mine 
traly  Anuliig  cimmoatineet  aaA  plwponcu  af  ili  in  the 
iimnoet  of  gM,  g|ltin»  bimI  spiden'  wdbi.  (IbienniK 
bowmr,  it»t  ibc  dodiliiy  of  bmuIi  dcerMM*  in  the 
lowing  order:  gold,  silver,  copper,  iron,  tin,  lead. 

Dircni.iTT  qf  Gold.  One  of  the  properties  of  gold  is, 
lu  be  the  raost  durtilt-  of  all  bodices  ;  of  wbich  the  gold- 
beaters and  gold-wirtwinnver*,  furniah  us  with  abundant 
prool.  Fii.  MiTsrnne,  M.  itohaii't,  Dr.  llallfy,  &r,  have 
inade  cotliputarions  of  i(  :  Imt  iticy  Iruslid  to  ihc  ic[>cn-t5 
of  the  workmen.  Nf.  Ui-aiimur,  m  tin'  .Mi-moin  ',  ilc  TAca- 
deniic  Royalc  d<-«  Scifiitc?,  un.  171-i,  took  »  surer  way; 
he  made  ilie  (.•xpt  iinn  ot  Iuiiim  It.  A  !,iii;^k-  j;rain  of  g'dil, 
he  found,  cvon  in  ilir  common  gold  leat,  u»ed  in  most  ol 
ourgildings,  is  c.mi  ok'd  into  36  and  uhalfsquaf^c  inches; 
and  an  ounce  ol  "old,  wihirh.  In  form  of  a  cube,  ha*  not 
half  an  inch  for  its  side,  is  beaten  und«rthe  liaipmer  into 
a  surfurc  ol'  146'  und  a  half  square  feet;  an  extent al moat 
double  to  what  could  be  done  in  former  limes;  In  Fn. 
Memnoc'a  time,  it  waa  deemed  prodig^oui^  that  u  ounce 
of  gold  ibottid  ftrm  l6bO  Inwa;  «bich»  t^gelher,  oaly 
mnde  n  auriiMe  of  lOi$  aquafo  iwt. 

Bat  the  diatemioB  of  gold  under  the  hammer  (hoiwover 
eontfdenblie),  is  nothing  i»  that  which  it  undergo  in  the 
drtwhi^iMi.  There  arc  !>old  leam,  in  some  pom  icsrce 
TTptW  P-"^'  of  "n  inch  thick;  but  xy,Anny  "f"" 
inch  is  a  ci>n>idonible  thickness,  in  compuhsoii  of  (hat  of 
ihi-  ^olil  v[)iin  1)11  Mik  in  i  \\t  nold  tlifi  ad.  To  conceive 
j)r.ii)ii_;iou'i  (luclility,  it  is  ni'c cssury  lo  liavc  some  idea 
of  thf  niaiiii' I  III  'aIi  ;  ilir  "  n  1 -cii ,iwi-f*  iHori'etl.  The 
«irr,  anil  tlimol  ttiiii  >vi-  conujuinly  call  sold  thread,  Arc, 
(h'IiicIi  1'  <iiilv  siU'-r  wire  eIIi,  or  coNcrid  mi-r  with  gold) 
is<l:a»ii  Iroiii  .\  lur^e  iii<iol  of  silver,  usually  about  thirty 
pouii'ls  \vi  liim.  Tiiw  thry  firm  into  a  cylinder,  or  roll, 
about  an  inch  and  n  half  in  diameter,  and  twenty-two 
inches  Ion!;,  and  cover  it  with  th«' leaves  prepared  by  the 
gold-beater,  laying  one  over  another,  till  the  cover  is  a  deal 
ihiclicr  than  that  in  our  ordinary  gilding;  and  yet,  even 
then,  it  is  very  ibin ;  as  will  be  easily  conceived  from  the 
quantity  of  goiil  that  is  used  for  Riding  the  thirty  pounds 
M  Ml«er,  which  ac4dom  excoada  two  ounces ;  and,  fre- 
qurntty*  little  more  than  one.  In  ellecit  the  fiill  l^ick- 
mm  of  the  goM  on  the  in^nt  nuelyoieaada^or^ 
part ;  and  lomctime*  not        part  of  an  inch. 

The  ingot  is  then  sncccmively  dawn  lht««|g{hriiM»  hoka- 
of  several  irons,  each  smatWr  than'iba  other,  liU  it  heaa 
fiiu-  it<,  or  liner  lliaii,  a  hair.  F.very  new  hole  lessens  its 
dianii'tiT  ;  but  it  qaiiis  in  length  what  it  loses  in  thick- 
ness; and  of  roursi'  nun  ave^  io  Mirlace  :  ji  t  the  gold  slill 
covers  it;  it  lollfiw^  lIn-  mIut  m  all  ils  e\tciT.ion,  and 
never  leavrs  thi'  lll^llltl•^^  |iarl  liare,  not  even  to  the  ini- 
cro-.ro]H-  ll''\v  i>i!  LOici  iv.ii.iU  llien'lori'  iiuist  it  I"'  at- 
K  n',i:il:'il  wirlr  ■  iiu'iii  is  ifrawu  1:  t.i  .1  tlinad,  whose 
diaiucUT  is  1)000  tunes  le^s  than  that  of  ilie  inijol.  M. 
Reaumur,  by  exact  wei^^hing,  and  rigorous  calrulafion, 
loiind,  that  one  ounce  of  the  thread  was  'i'l'il  feet  lonjf ; 
and  the  whole  injjot  1 163.V.J')  feet.  Pans  measure,  or  §6 
French  Ir.i 211114  ;  ef^ual  to  1204400  Knglish  feet,  or  240 
miles  Kn^lish  ;  an  extent  which  far  surpasses  what  Fa. 
Mencnne,  Furetiiie,  JDri  Hallcy,  fcc,  ever  thought  of. 

Menenne  ««yi»  tlnit  half  an  oonoe  «f  iho  thim  w  100 
•toiMa  or  rathoms  loiig;  on  which  edcuIation»  an  otince- 


would  only  be  1200  feet  whereaa  M.  Beaumur  findfil 
Dr.  Halley  makes  feet  of  tht  wire  one  sraia  b 
weight,  and  one  grain  of  the  gold  ynids)  anil  onM> 
queatly  thutfOplhouaaadth  part  of  a  graM»nhofa  «HaAlii 
of  an  inch.  IV  diameter  of  itrnwiniwlbaBd  ewNllAii 
partofaninch ;  andthetftielmewof  thegoUon^lMAOOlll 
port  of  an  inch.  But  this  too  comes  ibort  of  M.BctlUivri 
for,  on  this  principle,  the  ounce  of  wire  would  only  ho 
3680  feet. 

But  the  ingot  is  not  even  in  this  caie  e.\tendcd  to  its  full 
length.  'I'lie  i;reatest  pari  of  our  gold  tliread  is  «.pun,  or 
wound  on  silk  ;  and,  before  it  is  spun,  Ihey  Hat  it,  by  pass- 
in:;  it  between  two  rolls,  or  wlirels  of  exceedingly  well 
|Mihshed  steel;  which  wheels,  in  Hutting  it,  lengthen  it  by 
above  one-sevenih.  So  that  our  2+0  inilr»  are  thus  ex- 
tended to  974.  Now,  the  breadth  of  these  lamin;e,  or 
platen,  .NI.  Keauinur  finds,  is  only  one-8th  of  a  line,  or  ' 
onr-9(>tb  of  an  inch;  and  their  thickness one-3072d.  Jbc 
ounce  of  gold,  then,  is  here  extended  to  a  surtiice  of  1  IpO 
squar^  feet ;  wherpa.s,  the  utmost  the  eoKl-beaters  can  do, 
we  have  observed,  is  to  extend  it  to  1 4-6  square  feet.  From 
M.  Reaumui's  calculus,  it  is  found  to  be  ono-17M00th  of 
a  line,  or  ane-2IOOOOOib  of  an  indi ;  which  ia  scafOfr«n^ 
Htth  of  the  thiekncM  that  Dr.  HalUy  ii^paaed. 

But  In  uddi^  that,  from  this  s«p|Miitmn  th«  tUcknaia 
of  the  gcild  it  cveiy  where  equal,  vliich  it  no  tmyt  |lh>ba- 
Ue;  for  in  heating  the  gold  learn, whatever  care  ihcy  can 
htttow,  it  is  impoaaible  to  extend  tbem  equally.  This  w« 
easily  find,  by  ihe  greater  opacity  of  snme  parts  than ' 
others;  for,  w'.i  ri'  Ii  ^if  is  i:.ii  k..  .t,  it  will  L;ild  the  wire 
the  thickest;  ami  Riiiumur,  by  compotiriK  w  hat  the  thick- 
ness .  1'  the  -iiiii  in  .--t  be  where  it  is  tlii:'.:.!--! .  tur.ls  it  only 
one-.j  1  juouuih  part  ol  an  inch.  Yet  even  this  is  not  the 
utmost  ductility  of  gold  ;  for,  instead  of  two  ounces  of 
gold  to  the  inpot,  w  inch  we  have  here  computed  upon,  a 
single  one  migh:  hase  been  used;  and  then  (he  thickness 
of  the  golri,  in  the  thinnest  places,  would  only  have  been 
the  ti,'}(XK>nOtb  part  of  an  inch. 

And  still  by  only  pressing  them  more  between  the  flat- 
ter's wheels,  they  are  e.Mended  to  double  the  breadth  and 
propoitioAnbly  in  length.  So  that  their  thicknew,  at  last,, 
will- be  reduced  10  «ne-thiit6«B  or  lbttft«eD.miUiontli  part 
of  an  inch. 

Yet,  with  thit  aroaiing  thinom  of  the  gold,  it  is  ttiU  a 
peifisct  cover  for  the'ailm :  the  hcst  aye,  or  evm  the  Imm 
mIcnNoope,  camnt  diioover  the  IcaM  chasm,  or  diteoft- 
tinuity.  TtenilBOtaBaiwRuwto  admit  alcohol  ofwiae^ 
tiw  robtilest  fluid  in  ttature,  or  even  light  itself,  onlem  it 
he  owing  to  cracks  occasicuied  by  repeated  stnikes  of  the 
hammer.  To  which  we  may  add,  that  if  a  piece  of  this 
gold  thread,  or  gi'ld  plate,  be  laid  to  rlis^  ilw  n  .ujuafortis, 
the  silver  will  be  all  excavated,  or  eaten  .;iit.  mul  the  gold 
left  entire,  in  little  tubuh"'. 

It  shoulil  be  observed,  (hat  gold,  w  hen  it  has  been  struck  . 
for  some  lime  by  a  hammer,  or  violently  comf n  ^■ 
by  gtdd  wire-dnuvers,  becomes  more  hard,  elastic  and 
stiff,  and  less  ductile,  so  that  it  is  apt  to  be  crackeJ  or 
lorn ;  the  same  thing  happens  to  the  oibcr  metals  by  per- 
Cimioa  and  cpmpression  ;  but  ductility  and  tractability 
may  bo  restored  to  metals  in  ihat  state,  by  annealing  them, 
or  making  tbem  red  hot.  GoUl,  however,  sc-emstii  be 
more  alitcied  by  paicutsion  and  annealing,  than  any  other 


As  Bo  the  DwcTiun  4^  •Q^.^oi'Mk  it  i>  noty^t  cariiad. 
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til  (hat  pitch.  We  inutt  not  be  (urprised  that,  ainoug  the 
ductile  bodies  of  this  class,  the  lint  fbceb  pum  to  tb* 
OKMt  bcittle  of  ftU  others, — glasi. 

DnCTiLtTY  qf  Glau.  It  is  known  that,  when  well  pe- 
netrated with  the  beat  of  ihe  6n,  ibe  workmen  can  figure 
and  manage  gloM  like  soft  WU|  bttt  what  is  most  rrmark- 
able,  it  mty  be  dnwn  or  ipm  out  into  thread*  exceed- 
ingly fine  and  Ioih.  Our  oniiMiy  spiDoers  do  not  foim 
tb«r  tlnndt  4if  tiUy  flax,  or  tlw  like,  with  b«lf  tbc  eaae 
■od  npedidon,  a»  the  glue-«{HBiieii  do  thiwdt  of  thw 
h«itdt\Mtler.  Some  of  ibea  that  w«  wc«l  iit  pimnce 
for  diildrra'a  beads,  end  divers  •ther^worhs,  m*  aivch 
finer  than  any  hiir*  nid  which  bend  ud  wsvs  like  it  with 
every  wind. 

Nothing  is  iiKirc  siniplo  and  <  ii>y  tl.aii  t1ie  im  tVuHi  of 
making  them  :  tin  re  art"  two  »nrlinu  :i  cmpl'Ai  il  ;  tin-  Iii?t 
holds  one  end  of  a  pu-Cc  of  civer  Ilie  liiitlic  i-I  ii  Uiiip; 
and,  wlii-ti  On;  hi'al  lia>  Mit't.-iied  it,  :i  sn-imii  .i|it  r.il')r  .ip- 
plics  Liirliisb  riM-.k  lo  the  metal  ih.j-  n  I  j-^iuiit  ami,  \vi;li- 
drawiiig  the  huok  again,  it  brings  witli  it  atlm  ail  nl  j;!  is*, 
which  (till  adheres  to  the  mass:  then,  titling  iu\  hi>uk  uii 
the  circanferrnce  of  a  wheel  about  two  feet  ami  a  half  in 
'  dIUMlar,  he  turns  the  » lieei  u>  fait  us  he  pleav-s  ;  which, 
drawing  out  the  tbroad,  winds  it  on  iu  liuii  till,  after  e 
eertain  nuinbct«of  itvolulion,  it  itcowicd  wlthftihcin 
of  gltus  thread. 

The  mus  in  fuaion  of«r  the  Uap  dimioiihes  inicn- 
^bif :  being  wound  out,  m  it  wecet  like  •  pelotoon,  or 
^lusof  silk,  opoo  thewhed}  md  the  p«rtt,esthqr>«CMde 
ft«Bi  thtlMM^coolhi^  bwom  noi*  eohorcnt  to  thoee 
Mzt  to  them  i  and  this  by  dc^raet:  the  parts  ncamt  the 
fire  arc  always  the  least  coherent,  and  of  course  must  give 
way  lo  the  eSbrt  the  rest  make  to  draw  them  towards  the 
«1m  i1.  Tliij  <  Ircuintcii-ncc  ui  llim' threads  is  usually  a 
flai  o»al,  b<  lug  or  V  times  as  broad  as  thick:  »ome  of 
them  sieru  scarce  larger  than  the  thread  of  a  silk-worro, 
and  arc  surprisingly  tVjtible.  If  the  ivro  ends  of  such 
threads  be  knotted  t'jgetber,  they  may  be  drawn  and  bent, 
till  the  aperture,  or  space  in  the  middle  of  tbe  knot,  doth 
not  exceed  oiie4th  of  »  Hue,  or  ooe-mh  of  an  iuch  dia- 
neter. 

HiMOe  If.  Reanrour  advances,  that  the  flexibility  of 
ghna  inCMases  in  profmrtion  to  the  fineness  of  liie  threads ; 
■ud  that,  pcobabi)  ,  ^  e  but  the  art  of  drawing  threads 
M  fine  as  a  spider's  \v<  b,  we  might  weave  stuffs  and  cloths 
of  them  for  wear.  :  urdingly,  he  made  some  experi- 
nciitit  this  way,  and  iband  he  could  make  threads  fine 
eiMNight  w>  iun^iB  his  jodgBent^aa  nadeea*  thmw^hat 
h«  omld  «o*«r  iMho  thaai  mg  aBongh  lo  do  any  ihiag 
with  then. 

DwcTitiTT  <ir  Spider/  Webi.   See  We». 

DUNGEON,  DoMjoM,  in  Fortification,  the  highest  part 
of  a  castle  built  after  the  ancient  mode;  serving  as  a  watch- 
tower,  or  place  of  observation;  and  also  for  tbo  retreat  of 
n  i^iiii  i^on.in  case  of  necessity, so  that  they  aaayeapitulate 
with  greater  advantage. 

DUNN  (Samuej.),  was  a  native  of  Cietlilun,  in  Do- 
vtinshire,  wfu  re  he  kept  a  mathematical  school  lor  se\eral 
years;  but  alti  rwards  removed  tr)  Chelsea,  where  he  Ion:; 
kept  an  academy.  He  was  a  person  well  skilled  in  naiiii- 
cal  calculylions,  and  was  a  guod  practical  astronomer, 
haiqg  employ^'d  as  mathematical  examiner  for  tlic  East- 
India  service.  Besides  several  papers  of  bis  inserted  in  the 
Phika.  l^aos.  he  waa  also  tm  author  of  sonAs  teparau 


works  on  practical  branches  of  malbciuuLics  ;  and  he  pub- 
lished a  folio  Atlas,  which  has  been  held  in  some  estima- 
tion. Mr.  Dunn  died  in  good  circuAMlances,  and  be- 
queathed an  ebi.'ite  of  about  SOl.  a  year,  to  suppoit  a  ma> 
tnematical  schcMjl  in  his  native  town,  lihe  first  master  to 
which  was  appointed  in  1793. 

OUOOEiClUAl^  a  kind  of  multi^ation  in  arith* 
nelic,  by  which  artificer*  square  their  dknwnsloiiB,thBt  is, 
Buliiply  then  topether,  to  obtain  the  eoMenls  of  their 
worfca,in  square  Met,  inches,  end  parts.  The  method  is,  to 
multiply  the  Icet  aad  Inches  ip  the  one  dimension,  by  each 
of  those  in  tbe  other  srfiarattly,  in  so  many  lines,  the  like 
names  set  under  each  other,  fiet  under  Icet,  ami  inches 
under  inches,  and  then  adding  their  like  parts  together, 
hire  annexed;   liivl  mullipi',  lrl^  141.  ;);iic.      j^i  (jjnc 
by  the  H.  ami  tlit  ii  liy  tlo'  time,  obwrvnig        ^  ^ 
to  carry  1  lor  e\iry  r.',  fr^jiii  one  denunii-      ^'  "' 
nation  to  ihe  otln  t.    Or,  iij*ir;wl  of  mniii-       _  , 

]iivri:;  Li\  tbe  0  inches,  or  hult  u  foot,  it  is     —  * 

belter  lo  take  half  the  upper  line,  or  divide  *i 
It  by  '2.  The  sum  of  the  produrl>  is  6(>f.  -iii'ie.  lor  the 
content.  But  it  is  to  be  noted,  that  though  the  66  are 
square  feet,  yet  the  ^Jinc,  are  not  »quare  inches,  but  t^ 
parts,  in  12,  of  a  s(|Uftve  foot,  ur  tnelfih-parts  of  a 
foot,  that  is,  4^  parallclo^rains,  each  of  I  I '.xh  long  and 
1  inch'  broad.  See  the  article  Dmdedmal  AaiTiiiiiTlc ; 
•s  alio  Citoaa  Mukiplieaiioit,  and  moat  fauoks  an  Aiitlf 
mede  or  Mansniaitiso. 

DUPLE,  or  Dotrau  JlaljlB,  is  that  in  which  the  anie- 
catat  is  dottbla  tha  eomequcu}  or  where  thati^mMnt 
oftbe  ratio  is' t.   Thus,  6  to  s  is  in  a  duple  ratio. 

At^DuPLF.  Ratio,  is  that  in  which  the  consequent  is 
double  the  antecedent;  or  in  which  the  exponent  of  the 
ratio  iH  |.    As  in  3  to  (i,  which  is  in  subduple  ratio. 

DUPLICVTE  Ratio,  is  the  square  of  a  ratio,  or  the 
ratii'  i  f  t;.,i-  -..iK.rcs  of  two  ijuantuii ^.  'I'liu?.,  the  dupli- 
cate ratii'  i  t  Ii  :ii  b,  is  the  ratio  of  ir  to  or  ol  the  square 
of  a  to  thr  ,JM  (if  6, —  In  a  series  of  !;e(im<tii(al  propor- 
tionals, the  I'-t  term  is  to  the  3d,  in  a  iluplitute  ratio  of 
the  1st  to  the  2d,  or  as  the  square  of  the  first  to  the  square 
oftbe  2d  :  Thus,  in  the  gcomctricals  2,  4,  8,  16,  ^c,  the' 
ratio  of  2  to  8,  is  the  doplicate  of  that  of  '2  to  4,  or  as  the 
square  of  9  to  the  square  of  4,  that  is,  as  4  lo  1&  So  that 
duplicate  ratio  is  the  ratio  of  Ibe  squares,  as  ttipUcalen* 
tio  is  the  ratio  of  the  cubes,  6tc. 

DUPUCATIOM,  is  tbe  doubling  of  a  qwwiity,  or  mul- 
tiplyiiV  it  by  S,  or  addiim  it  to  itself. 

DorucATioir  qfm  CSte,  h  finding  out  the  side  of  a 
cnhothatshaU  ho  double  in  solidi^  to  agieen  en^i  which 
is  a  edebnted  problem,  much  eultiwbd  by  tha  ancient 
geometricians,  nbotit  COOn  yean  agfs. 

It  was  fir-t  propoxd  by  iheende  of  Apollo  at  Del- 
phc  ;  will;  h,  being  consulted  about  the  manner  of  stop- 
ping a  pla^ue  then  raging  at  Athens,  returne4  for  answer, 
that  the  plague  shtEuld  ceiiM-  when  Apollo's  uliar,  which 
was  cubical,  should  be  doubled.  Upon  this  ihey  applied 
thcmseWes  in  good  earnest,  to  s»'<-k  the  duplicature  of  the 
cube,  which  from  thence  was  called  the  Oelian  problem. 

This  problem  cannot  Ix-  rfteclfd  ge«iiiietri<  ally,  as  it  re- 
quire* the  solution  of  a  cubic  equation,  or  requires  llic 
finding  of  two  mean  proportionals,  viz,  between  the  side  of 
the  given  cube  and  the  double  of  the  same,  the  first  of 
which  two  mean  proportionals  is  Ibe  side  of  the  double 
cube,  as  was  lirtt  obaenred  by  Hippocnus  of  Chios.  For, 
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let  a  be  the  »idc  of  the  ni.i  11  cube,  and  :  llio  side  of  tlie 
doublc  cube  M>ught ;  tlu':\  it  i  ,  c"  =  ..'.<\  or  a' 
i»i  >o  tliat,  if  n  ami  »  bi- li.i  ] uiul  ^il  lcriri>  iM' a  kcl  «l 
COntinttcil  |jii.p>>iii<iiiulv,  ihorwi'  :  z'  i>  i)h  rano  uf  llie 
■quare  of  tin-  \st  to  tiu-  *<|uiiri'  of  she  wiiicli,  it  is 
known,  i»  the  sanif  «&  t(n-  ratio  of  llit  l^t  ttTin  to  tl»'  3il, 
or  of  tbc  2(1  to  thr  4tli,  that  is  of  z  to  3a;  tbeixTorr,  « 
Mng  the  2d  term,  'ia  u  iil  ho  tlie  4tli.  So  thai  s,  the  side 
of  tlM««be (ought,  is  tlx-  of  fouricrmtiu  continued  pro- 
pOirthMlfdio  IttMd  4th  being  0  and  9«,  lliBt  ii,  the  side  of 
thedotMeeutw  h  tiu:  fint  uf  two  mean  proportionab  be- 
tween ami  39. 

Eniocins,  in  hitCommentaricton  Arcnimodn,  gives 
«eral  way*  of  peifonaing  tbis  by  tho  umotabe.  In  Pappus 
loo  arc  Uiund  three  dilTfrenl  ways;  the  first  nceovdiM  to 
Archimedes,  the  seconil  accordin"  to  Hero,  and  ihle  Sdby 
un  inslruiTunt  invinted  liy  P.i|)|>us,  which  gives  all  the 
prriportiuii'-  n  .jiiiriHi.  'I  iir  Sicur  de  Comiers  has  also  pub- 
inhcd  .1  I  i  iii<>ri>!r.il>.iii  :il  lln'  saii.c  probli  ni,  by  means  ot 
a  Cumpfi''!*  »  iih  tlirri  li  Bui  all  these  niulhudi are  unly 
mcchanic:il.  Sir  X  .ile  iu^  Ma\imus,  lib.  8;  also  tii- 
tociu<'«  Cimiin.  nil  lili.  ,\  Arcliiiued<ii  (h-  *>';>hn?rii  et  Cy- 
lindro;  ulid  l':ippu>,  lib.  J,  pr<i|i.o,  ami  lil>.  i,  |ir(.j).22. 

DURER  (Albert),  descended  nt  au  iiuii):aiiiui  fa- 
niljtlMl  born  at  Nuremberg,  in  147 1 ,  wnt  one  of  the  best 
engrWWlt  yuile»»» and  practical  geomdriciun^  of  his  age. 
]]simllt  thSMflW  time  a  man  of  letters  and  a  philoso- 
plwr;  nnd  iie  was  an  intimate  friend  of  Krakinus,  who  re- 
vbedsoine  of  the  pieci-s  n  hich  lie  published.  He  was  also 
A  of  business,  and  for  many  yean  ihe  leading  magis- 
tmto  of  Nnrpmberg.  , 

Though  not  tho  inventor,  bo  was  one  of  the  first  and 
greatest  improven  of  the  art  of  engravinj;.  Hewas  bow 
ever  the  inventor  of  cutting  in  wood,  which  he  dctijcd  and 
practised  in  great  perfection,  using  this  way  for  expedi- 
tion, as  he  hail  a  miilliiiidc  of  deiia;ns  to  execute;  and  as 
his  work  «as  usually  done  in  the  most  exquisite  manner, 
hi)"  |iii  ci  ■-  l'>iil<  li  im  up  imich  lime.  Fur  in  tniitiy  <if  those 
prim-  «hu  li  ho  executed  on  copfHr,  the  engraving  15  elc- 
j^.ii.t  to  a  hi;;li  dr^r«x>.  His  Hcll-Scene  in  particular,  en- 
frra«rn  m  ihr  year  1513,  is  as  highly  finished  a  pniil  as 
ever  was  i  n^ii.viil,  and  as  happily  executed.  In  hij 
wooden  prints  too  it  is  surprising  to  *ee  io  niuth  meaning 
in  to  early  a  lnu^ter.  In  fact,  Durcr  was  u  man  I'l  a  very 
r^^tensivc  genius.  His  pictures  were  excellent ;  as  well  as 
his  prints,  which  Were  very  numerous.  They  were  much 
admired,  from  the  6nU  and  soon  bou^t  tip;  which  put 
bia  wilir,  who  was  anMbcr  Xantippe,  on  urging  him  to 
''•penii  more  time  upon  encraving  than  he  was  inclined  to 
do:  for  he  was  ricii;  and  chose  rather  to  practise  his  an 
a*  an  aniu«<'inent,  than  as  a  tnuineta.  Ha  died  at  Nn- 
wnherg,  in  ISTS,  at  57  yean  of^ 

.\llM-rt  Durer  wrote  smeial  boolie,  in  Ibe  German  lan- 
guage, which  were  tramkiad  imo  Latin  byotber  persons, 
and  puUiihcd  after  his  dealb :  Tii^ 


1.  His  book  upim  the  rules  of  painting,  eutitled,  lie 
."^ imiii  uia  rartium  iii  u  cto  lurniis  liumanorum  Corpo- 
runi,  is  <>:,v  ot  ilieui ;  primed  in  folio,  at  Nuremberg,  >u 
i53'>.  aiui  at  Paris  111 1537-  An  Italian  mrioB  alio  Wti 

publi<>hcU  ul  Venice,  in  1591.  f 

2.  ln>titutione!<  Ge<imctricas;  Paris  153S. 

3.  Uc  Urbibus,  Arcibus,  Castellisque  cqndcndiset  mn- 
niendis ;  Paris  1531. 

4.  Dc  Varietate  Figurarum,  et  Flexuris  Partium,  et 
Gestibus  Imaginum;  Nuremberg  1534. 

The  figures  in  tbeao  boohs,  wlUdi  an  from  woodtu 
plalasi  are  venr  oumenMia,  and  noat  admirably  well  ow- 
cuted,  indeed  nr  beyond  any  tbing  of  tbe  Itind  done  in  our 
own  days.  Soaw  of  them  also  ai«  ofa  very  large  siae,  a*' 
miichas  10  inches  in  length,  and  of  a  proportional  breadth, 
whicb  being  exquisitely  worked,  most  nave  cost  great  la- 
bour. His  geometry  is  chiefly  of  the  practical  kind,  con- 
sisting of  the  most  curious  descriptions,  inscriptions,  and 
circuniscripliiiiis  <d  geonielrieal  lines,  planes,  and  solids. 
Wc  here  meet,  for  the  (list  iiiiif,  «iih  the  pliiiie  figures, 
which  folded  up  niakr  i!..  livc-  rei:ul.ir  fir  pUitoiiir  bodi<-s, 
as  well  as  that  curiou*  conslriit lnui  <  f  a  peiiUigon,  being 
ihe  lusl  method  in  prob.  23  ot  my  MenNUration. 

DYK,  in  Arrlaieciure,  the  trunk  ol  the  pedestal,  orthat 
part  belwi'eii  the  base  and  the  comice,  being  ISO  called,  be- 
cause It  is  often  made  in  the  fo'm  of  a  dye  or  cube. 

DYNAMICS,  is  tbe  science  of  moving  powers;  mote 
particularly  ol  tbe  motion  of  liodies  tluit  ^lutually  act  on 
each  other.  Sec  Mienaiiics,  Honov, Commujcica- 
TtoN  {ff  Motiat,  OsciLLATtoir,  Paactrssioii,  tec,  also 
my  Course  of  Mathematics,  vol.  2;  besides  tbe  Me- 
cani^ue  Philosophiquo  of  Ptoiijf,  tbe  Mecaniquo  Analy- 
tiqua  of  Lagrange,  and  ibo  MacaniqaeOdatlaof  Lanhse. 

l>YNOMETEEis  tbc  nimn  of  aa  iMtraneiitlMeiHM 
for  measuring  the  muscular  stm^  of  men  and  other 
animals.  Mr.  Graham,  many  years  ago,  invented  an  in- 
strument for  this  purpose,  which  was  afterwards  improved 
by  Dr.  Desagulicrs;  but  it  was  Still  too  bulky  and  limited 
in  its  operations,  to  be  of  much  us«.  The  defect  of  this 
nitic  liine  induced  M.  I/roy,  of  the  Academy  of  Sciences 
at  fans,  to  consiruct  unolhcr  on  more  siroplc  principles, 
and  which  was  certainly  more  useful  for  the  purpose  it  was 
designed  fur,  than  .Mr.  Graham's,  'i'he  prinriple  of  this 
instrument  was  not  much  unlike  that  uf  the  common 
spring  steelyard,  and  perhaps  it  would  have  bet  n  «,till 
better,  had  its  principles  bc<?n  exactly  the  same;  fur  with 
this  last-mentioned  instrument,  it  is  evident  that  the 
power  of  an  animal  may  be  as  accurately  ascertained  as 
the  welirht  ofa  body,  aodnotbilig  more  simple  can  WCU 
be  devised. 

OYPT£a^  or  DirTWi,iMs&  kind  of  t«apKcfW«Bii» 
pisiiil  itMBd  «itb  a  dovhla  »ow  of  columns;  nnd  tbe 
psetrio-diptwa,  or  ftlse  diptaia,  was  the  same,  only  dm 
mm  eneompaMid  «ltb  a  siiig^  raw  of  columns,  instead  of 
adflnbieoiMi, 
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I^AGLE,  /f</ui/n,  i»  a  cuiisti  lhiiloii  <i|'  llii;  nortliern  lic- 
misphrrc,  having  its  rii;lit  u  mi;  ci.tnigiious  to  tlu"  equi- 
noctial. For  tin?  stars  in  liuv  Cl>ll^I^Ha^il(ll,  w  A<jir!l.A. 
EARTH,  Tfrra,  in  Natural  lnnl..,M(>lis,  .-nr  cl'  tru'  |.-iir 
ments  of  clieancionls;  for,  arc'inlmi;  tn  tintr  system, 
iNldics  wcro  consiiliTcd  u'm  U.ililo  into  four  simple 
doBMiUi  or  coDttitucnt  paru,  namvl^  ,  uir,  tire,  watrr, 
•ad  «rth.  The  two  fotmet  avowedly  almost  nn- 
knowo;  most  liquids  wire  suppmod  to  be  modificalioiw 
«f  the  third,  and  the  solid  pariich's  of  bo<)ict  were  at* 
.tribated  to  the  last  £arUi  in  thia  extended  tense  wa* 
defined,  a  simple,  diy,  nd  eoM  ralntance;  and  a*  »ucb, 
nn  iflfredient  that  entered  into  tbr  composition  of  all  na> 
tttnl  bodlcf.  Modem  chembu,  though  tbcy  have  it' 
tainad  the  terra  in  a  much  more  restricted  acine,  Imn  jei 
included  under  It  a  sufTiciently  ht-terogeacout  Miemblay 
of  bodies,  many  of  which  may  be  liuire  pioperly  COniidcKd 
as  belonging  to  the  class  of  alkalies. 

The  earths  at  present  knortii,  :iie  nine  in  number; 
namely,  Silcx,  Zircon,  Alumine,  (ilytine,  Vtlrin,  Ilary 
les,  Strontiun,  Lime,  and  Magm-sia.  And  »li<  n  llieyHrc 
purified  by  art  from  all  fureiyii  iTUStiin',  they  ai;rre  in  the 
following;  properties  :  1.  They  are  of  a  ■i;<:--~\  - !,i(e  t  nl.iur. 
2.  They  are  inlui-il>le  by  a  very  intense  lient.  3.  Tlu  y 
•re  not  reducible  to  the  metallic  slate  by  being  lu  ati  d  in 
contact  with  combustible  n^atter.  Of  those  nine  caritis, 
however,  the  Init  fimir  have  hi  di  '  properties  of  alkalies; 
whence  they  are  sometimes  culled  alkaline  earths;  and 
autnjr  chemists  are  of  opinion  that  the  term  earth  ought 
only  to  be  npplied  to  ibe  five  fonner,  by  which  arrange- 
mcnt  the  two  claian  of  cnrtbe  and  alknlia  would  admit 
of  diatinct  chemical  definitions,  which  at  present  it  wanted. 

EaSTR«  in  Geography,  the  terraqueous  globn  or  IwU 
which  wc  inhabit,  consitting  of  land  and  ««n. 

J^gurt  <if  the  ¥.A  RTH.  The  ancienli  had  vtiion  opi* 
nions  as  to  iIk-  figure  of  the  earth ;  tome,  a*  Annximmi- 
dcr  and  Ij  ucijipus,  lield  it  cylindrical,  orinformofa 
drum;  but  (lu  pnnciji.il  M;MiiiMri  was,  thai  it  was  flat; 
that  the  visible  horizon  w  as  ihe  bounds  of  the  earth,  and 
the  ocean  the  bounds  of  thi'  horizon  ;  that  the  lieavi  ns 
and  earth  above  this  ocean  con>-tituU  <!  the  universe  ;  and 
that  all  U  ncalh  the  ocean  was  Hades:  and  of  this  same 
opinion  were  uUo  »omr  of  the  Christian  lathers  ;  as  Lnc- 
tantius,  St.  Aiimi^tiDe,  &c.  Sec  L;ictiin.  lib.  ."3,  cap.  '2  i  ; 
St.  Aug.  lib.  It),  de  CiMtate  Dei  ;  ,\ristot.  de Ccelo,  lib. 
S.cap.  13. 

Such  of  the  ancientt  however  as  understood  any  thing 
of  astronomy,  and  capecially  the  doctrine  of  eclipses, 
must  luve  been  acquainted  with  the  round  figure  of  the 
ntfth;  es  the  ancient  Balralonian  astronomers,  vt  ho  liad 
caleuhled  edipic*  long  before  tbe  time  of  Alexander,  and 
Theks  the  Grecian,  who  predicted  an  cdipae  of  the  «n. 

Thttlhn  exMrier  «f  the  eai^h  is  round,  or  rotund,  ic 
■tutiimt  to  the  moct  common  perception,  in  th«  cnie  of  n 
■hip  aailini;  either  from  the  land,  or  towards  it ;  for  when 
a  person  stands  upon  the  <ihore,  and  sees  a  ship  sail  from 
the  land,  out  to  sea  ;  at  (\nt  heloses  sight  of  the  hull  and 
lower  parts  uf  the  ship,  next  the  rigging  and  middle  parts, 
■ad  kutly  of  tbo  to^'of  tha  mum  theauelm,  inneiy 


case  ihf  rolinidity  of  the  xa  between  the  ship  and  ihr 
eye  h<-ing  very  visible:  [lie  contrary  happens  when  a  snip 
sails  to *u  tils  Us  ;  «  e  t;  I  st  M  e  the  lops  o!  1  lie  m  ists  appea  i 
just  over  the  i. .tinuhiy  i,l  iKe  m-k  ;  next  «e  pcrreue  the 
rigging,  and  lastly  the  hull  uf  the  ship  ilsi-ll :  all  which 
it  well  illuittaled  by  the  foUowi^g  figwi*. 


The  round  figure  of  the  earth  is  also  evident  from  the 
eclipses  of  the  '>un  and  moon;  for  in  all  eclipae*  of  the 
moon,  which  arc  caused  by  the  moon  piming  thRMuft 
the  earth'a  shadow,  that  shadow  always  appears  circular 
upon  tlielkoe  of  tht  moon,  whatever  way  it  be  projected. 
Whether  ca«t,«csi^  north,  or  south,  and  however  iisdia« 
meter  vnry,  according  to  the  greater  or  lest  distance  from 
the  earth.  Hoice  it  followt,  that  the  thadovr  of  the 
earth,  in  all  tittmtioni,  is  really  conical ;  and  consequently 
the  body  that  pnyacts  it,  i  iba  aatth,  itat  leastaaaTly 
spherical. 

The  spherical  figure  of  ilie  earth  is  also  evinceil  from 
the  rising  and  selling  of  tiie  sun,  moon,  and  sUtrs;  all 
w  hich  happen  sooner  to  thos<-  who  live  to  the  east,  and 
later  to  those  living  we^iwardly;  and  that  more  or  less  so, 
iicc  irdin;;  to  llie  liistann-. 

So  also,  III  ijailiiig  to  the  norlhvtard,  the  north  pole  and 
northern  stars  Ijecome  moie  elevated,  and  the  south  pole 
and  southern  stars  more  depressed;  the  elevation  northerly 
•increasir^  equally  with  tbe  depression  southerly ;  and 
each  of  ihem  proportionably  to  the  distance  ;  and  the 
same  thing  happens  in  going  to  the  southward  ;  that  is,  in 
this  case  the  south  pole  is  elevated,  and  the  north  pokt  de* 
preated.  Besides,  the  oblique  atcrmions,  dcaecoaiaiia, 
emeniona,  arid  amplitudes  of  the  lisint;  and  setting  of  tha 
ma  and  slan  in  every  latittide,  arc  B|n«eable  to  tha 
suppotition  of  the  carta's  bring  of  a  spherical  form:  all 
which  could  not  happen  if  it  waaof  any  other  figure^ 

But  the  moat  COBWiringfproof  of  the  spherical  figure  of 
the  earth,  and  which  bid*  defiance  to  every  objection,  is, 
that  many  celebrated  navigators  have  sailed  round  it,  pro- 
ceeding in  a  certain  direction,  and  by  coiutantly  pur- 
Ming  UM  Sana  cmusr,  fiata  finally  arrival  at  tbe  port 
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whmc^  thpy  departed.  Tbc  firet  wlto  sneoaeM  ia  this 
daring  attrmpi,  was  Ferd.  Magellu,  ■  PortugncM,  in  the 

rr  1519,  Mid  who  cocnpleted  bb  tour  in  ltS4  dtyu 
the  year  1547  F^mneii  Drake  pc'rfonned  th«  Mm«  in 
1050 day*;  in  ibe  year  1386',  Sir '(  ho.  Cuvrmlish  made 
the  same  voyns--  in  777  day«;  Simun  C'ijr<li-»,  of  Roltcr- 
iluni,  in  the  y  ar  1  j.'JO  ;  uiiil  ni  ihc  yv.ir  I  V'f,  OI:\(r 
No<jrt,  n  lloUiincler,  in  l<>77  days  ;  \  an  Si  Imntiii,  in  l/U' 
year  Kil .'>,  in  7  ly  <lay>  ;  Jutv  IIi-rmdUo  iiinl  Juli.  lliiy- 
Ccii-,  in  til.-  M  ir  Ui'^*!,  in  iliiys.  :  iirul  many  olhcis 
li:H'  -i:;tc  iici inrim  i!  the  imm;:  un 'ii ,  riitularly 

An»oii.  Hi '•,i:t:,j:-.villiMiiiii  Ciicik  ■,  :.oiiH  II ini  N  s.iiiling  round 
.by  tlu'  .'U'tuuKi,  >!imt'timoi  to  tl,c  wuslward,  till  at 
Itostli  they  arnvc'd  a^uin  in  tlurope,  uiience  they  set  out ; 
and  in  thv  cuurw  of  their  v»ya<;p,  observi-d  that  all  the 
phenomena,  built  of  tbc  bcavi-ns  and  earth,  curmponded 
tO^  and  evinced  this  spherical  lijsure. 

The  globular  iijturc  of  the  earth  is  also  inferred  from  tlic 
operation  of  Imtlin^  in  which  it  is  found  neceiaary  to 
inalia  an  alfowaaee  for  the  diflwence  bctween«ho  apparent 
awt  the  tqie  level. 

The  natmal  canfeofthk  sphericity  o'f  the  j;)ob«  la» 'ac- 
cording to  Sir  baac  Newton^  the  grrai  principle  of  at- 
tnction,  which  the  Creator  has  atampnl  on  a^l  the  ntatler 
in  the  univene ;  and  by  which  all  bodies,  and  all  the 
parts  of  bodies,  nrainally  attract  one  anuitirr.- And  the 
same  is  the  cau^*  of  the  sphericity  of  ttu  drops  of  rain, 
quiclvsilvcr,  Htc. 

What  the  eurth  Inso  ofil*  >phericity  by  nKnintains  and 
valleys,  is  notliin>!  considc  rabie  ;  the  hii;hcst  eminence 
being  scarce  equivalent  to  the  miniiti  vi  prutuberutice  on 
the  !iurl",,ce  of  an  orange.  Its  c!iiIi  i  l  :,m'  lri..:i  a  [lerfi  ct 
sphere,  bi>«ever,  is  mon- considerable  in  another  respect, 
by  which  it  approaches  nearly  to  llie  sbape  id'  tin  orange, 
,  or  10  an  oblate  spheroid,  being  a  little  flatted  at  tlie  poles, 
'  and  raised  about  the  e<iuatorial  parts,  so  that  the  axis 
from  pole  to  pole  is  leu  than  the  equatorial  diameter. 
What  gave  tbc  lint  OCCauon  to  the  discovery  of  this  figure 
of  the  earth,  was  the  observations  of  some  French  and 
English  philosupben  in  the  East  Indies,  and  other  parts, 
who  CMind  that  pemkilams  performed  their  vibratioas 
slower,  the  nearer  they  came  to  the  cqnaior ;  whaoee  it 
fellows,  that  the  velocity lof  the  descent  of  bodieeW^gra- 
vity,  is  less  in  coontrics  nearer  to  the  equator}  aad  coo- 
se«]nently  that,  those  parts  aie  farther  lemoveU  from  the 
centre  of  the  earth,  or  from  the  common  eentte  of  gm* 
vity.  See  the  History  of  tbc  Royal  Academy  of  ScieMt^ 
by  I)u  Hanu  l,  p.  IIU.  156,  JuO  ;  and  Hist,  de  TAcad. 
Roy.  I700aiid  1701.  Tills  eirciinistance put  Hu\j;riii<  and 
Newton  upon  finding;  out  i\w  ruuse,  which  th<  y  attri- 
buted to  tb.'  n  si  hilioti  of  Ibe  earth  about  its  axis.  If 
the  eartii  wi  ir  in  n  duid  «late,  its  rotation  round  ils  uxrs 
woubl  nec<-s»arily  isKiki  it  jnil  on  such  a  fitjure,  bccaUM; 
the  centrifugal  force  l>i  inj  nieatesl  towards  the  ruuator, 
the  fluid  wuulil  there  nn-  and  swell  roost;  and  that  its 
fiqurr  really  >hould  be  so  now,  seems  necessary,  to  keep 
the  sen  in  tli<'^  equinoctial  regions  from  overflowing  the 
earth  about  thcae  parts.  See  this  curious  suhject  well 
handled  by  Huygcns,  in  bis  discourse  De  Causa  Gravi- 
ta^'ji.''  154.  where  he  slates  the  ratio  of  the  polar  dia- 
metentthat  of  the  equator,  as  577  to  578.  Aad'Moir* 
MB, iMilPrhieipia,fiist  published  in  l(>8$,  denoDitralea, 
ftoln  no  theory  of  that  the  figure  of  the  earth 


all  the  ports  of  dw  eulk  wcfe  of  m  uniform  dmtily 
thmugbont,  and  that  dM-propertlMi  of  the  polar  to  tho 
.  equatorial  diameter  of  the  earth,  would  be  that  ofSs*) 
to  69-2,  or  nearly  that  of  39$  to  S30,  or  as  -995(1522  to  1 . 

This  proportion  of  the  two'diametors  was  tukulutid  l.y 
Newton  in  tbc  following  manner.  Having  found  that  Ibe 
centrifugal  force  at  the  equator  i.v  ^^ib  of  gravity,  be 
assumes,  ai  an  hypothesis,  that  the  aMsofihe  eaith  is  to 
till'  iliami  tcr  of  tlic equator  as  100  to  lUl.und  tbci.cedt- 
terniines  what  must  be  the  centrifugal  force  at  the  equator 
to  j;ive  the  riirlli  >uch  a  form,  and  finds  it  to  be  t^ths  ul 
gravity:  then,  by  the  rule.of  proportion,  if  a  centrifugal 
(urce  i  <(u;d  to  ^  J  ribs  of  gravity  uould  make  tho  earth 
hl>;lRr  III  the  equator  than  at  llie  poles  by  f^tb  of  the 
whole  bei<;ht  ul  tho  poles,  a  centrifuj;al  force  that  Is  the 
tf^ih  of  gravity  will  make  it  higher  by  a  proportional  ex- 
cess, which  by  calculation  is  Yvrth  if  the  height  at  the 
poles;  ud  thus  he  discovered  that  ibe  diameter  et  the 
equator  is  to  the  diameter  at  the  {K>leS|  or  the  axis,  as 
930  to  399.  But  this  computation  supposes  the  earth  to 
be  every  whew  «l  nimifcnB  density ;  whereas  if  the  earth 
is  more  demoMartJte  centre,  then  bodies  at  the  poles  will 
be  BOK  attiacied  by  this  additional  matter  heing  nearer ; 
and  therefore  the  exoeM  of  the  seroi-diaaeter  of  the  equa- 
lorabove  the  semi-axis,  will  be  dilicrent.  According  to 
this  proportion  betvveeti  ihr  ;wodiameters,  Neu  ton  farther 
computes,  from  the  dilfcn  r.t  tncasures  of  a  drt;r«e,  that 
the  equatorial  dinnii  ter  will  exceed  llie  polar,  by  3+!  iiuli  s. 

Nevertbuless,  Messrs.  C'a'.sini,  both  falber  and  son,  tlie 
one  in  1701,  and  ibe  other  in  17  i:;,  ;il!i  niptcd  lo  pr^  v., 
in  the  Memoirs  of  the  Ro^al  Araili  niy  of  Scii nn  s,  thai 
the  earth  was  an  oblong  spheroid  ;  and  in  171  S,  M.  Ca-.- 
sini  again  undertook,  Irom  observations,  to  show  that,  on 
the  contrary,  the  longest  diameter  passes  through  the  poles; 
which  gave  occasion  for  John  Bernoulli,  in  bis  Essui  d'une 
Nouvelle  Physique  Celeste,  nrinird  at  Paris  in  1735,  to 
triumph  over  the  British  philosopher,  apprehending  that 
these  observations  would  invulidale  what  Newton  bad  d«- 
monetnted.  And  in  1790,  M.  Ue  Mairan  advanced  aiw 
gomenli,  supposed  to  be  strengthened  by  geometrical  dc- 
■soostratiom,  further  to  confirm  the  aucrttons  of  Cnssini. 
But  in  1735  two  companies  of  mathematicians  imo  em- 
ployed, one  for  n  northein,  and  another  Ibr  a  aonthern 
expedition,  the  result  of  whose  ohservations  and  measure- 
ment plainly  proved  that  the  earth  was  flatted  at  the  poles; 
and  so  it  has  been  considered  ever  since.    -See  Deo  a  tx. 

The  proportion  of  the  equatoiial  diami  iei  |r-  tie  polar, 
as  stated  by  the  gentlemen  eiiqdoyed  on  tbc  r,..rthi  rn  ex- 
pedition for  measuring  a  dcgrei'  of  thi  1111  ridiiin,  is  ils  1 
to  O'ilS.Ol  ;  by  the  Spanish  matheuiuucians  as  200°  tu  265, 
t  T  as  I  to  ()-9!)63«i  by  M.  Bougueras  179  to  178,  or  as 
1  to  o  yy+4i.  * 

'.As  to  all  < cnilnsions  bowcter  deduced  from  tin  Im^th 
of  pendulums  in  diflerent  places,  it  is  In  be  observed  that 
they  proceed  upon  the  supposition  of  thi' uniform  density 
of  the  earth,  which  is  a  very  improbable  circumstance  ;  as 
justly  observed  by  Dr.  Honley  in  his  l< Her  tu  Captain 
Pbipps:  "You  finish  your  atrticic,"  he  concludes,  "  relating  ; 
to  the  pendulum  with  saying,  *  that  these  observations 
give  a  figure  of  the  earth  nearer  to  Sir  Isaac  Newton's 
computation,  than  any  others  that  have  hitherto  been 
made  ;*  and  then  yov  stale  the  several  (igutes  given, 
ran  imapne,  by  fermer  ohsenatiou,  and  by  your  own. 
ho  that  o{  an  oblate  spheroid  generated  by  tho  fO>    Now  it  is  very  true,  that  ^the  meridians  be  vllipea,  or 
tidoBof  an  ellipse  about  its  shortest  diameter,  provided   y  the  %ui«-  of  the  earth  he  that  of  •  spheroid  generated 
Voi»I.  31* 
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[>y  till  inoUii.t'ii  iilaii  i.llif>^i»,liiriiuif;on  ils  sikiirtcr  axis, 
itic  (luriicuUr  (tgwtv,  »r  lln-  iHii  litiiy  ul  tin- i^c-iii'iiiliiig 
cUi|Mjs,  wbich  yiiur  iibM-ituliniis  i;>tt',  i>  m  aitT  to  uhut 
Sir  blue  Nvw^u»  "  ^I'^iulil  bo,  if  Ibc  j;lubc  wciL- 

iHNIIOgRiCOUK,  (ban  any  thai  cuii  Ul-  ilvntvii  Itum  f<  cnier 
obaer*>tk>r».  Bui  yt  it  is  nut  whul  >uu  iaiMssini-,  'I'.tking 
the  gain  of  tin-  imikIuIuoi  in  laiiiuot  7;/^  m'  exactly  as 
yoututt'  it,  the  Jiifeneaccbt'lwi  rii  ibf  niu.itorinl  anUlhe 
pater  iliamelcr,  it  about «  mucli  1cm  ibau  ihr  Ni  wionkn 


ccilaiiity,  "bal  relation »ub%isl»  bclucfii  ilif  nnc  <niiLnUty 
and  tlx  fiilit-r;  i)Ur"liole  llitory,  i'xti)ii  so  f;ii  u>  it  le- 
lalc'^  to  tbi-  hnmi'gt  nrcius  spbrr^id,  ib  built  upuataUeaV 
"tintllliutl*,  and  ihi  lr  is  IW  »Hyir>;>  uliitt  figure  of  tbcmtll. 
any  nb^f  rvalion*  (if  liic  p-niluluoi  ^vc." 

ill-  then  lays  dowu  lhi>  fulkming  tiildr,  uiiirh  sham 
thv  dtOcrrnt  mulit  of  obtrrvaiiont  niu<U-  in  diflvr«4it  laii* 
tudm;  in  which  the  lir»i  tbn  e  columns  cantain  ihenaiij^ 
of  the  Mwral  ctinrrvrn,  tiif>°  pkcct  of  obkcintioq,  ami 

EHtatfon  »aiiM  it,  wui  the  fayputhni*  of  homoturmnix  the  lalitiidv  of  each ;  the  4th  i-«i«na  thuw*  ihr  i|VBntity 
I  imuirr.  a«)t>u  trwiion  it  to  br  gmtn-  The  pro>  of  P— n  in  »ucfa  part*  as  11  is  lOOOOO,  it  ilt^uoHt  from 
I  a  SIS  ta  31 1  should  jodced,  aecoitling  lo  your   comparing  ibr  hntfh  .of  the  prndulum  at  each  ptece  of 

wlMcrvation,  with  the  length  of  il.c  t-tjuaturiul  pc^ullUuBl 
M  delriinhird  by  M.  Bougut  i,  upon  the  tuppotition  Awt 
■hi-  iiirremriits  and  decrements  ol  torcr,  as  llie  lalituda  it 
ini  n  used  mt  lowen-d,  observe  llie  ]iro|iurlion  which  ihcoiy 
H>>iuii^.  Oiilv  ihf  Cif  iiiul  the  List  value  of  P  — H  .ire  con- 
cludiU  Iroiii  I  Miii'arisiiii:i  Willi  ti  e  pcnduluiii  ul  Orietiwich 
and  Ml  biiMli>ii,  nut  ..t  ilio  equulor.  1  he.)lh  column  iihuwa 
the  vtiluc  oj^  cormponduig  lu  every  value  of  P —til,  ac- 
conUiig  Is  Ciaifaii|*B  thMHrB : 


pornon  ,  ^ 

obiemtipmtbe  Ae  prop«jriiun  of  the  force  ibat  acu  upan 
the  pendttUun  at  the  poln,  tu  the  force  acting  upon  it  at 
the  equator.  But  thi»  is  by  nu  mcuns  the  Mine  with  the 
proportion  of  the  equdturi.il  (iiuiiieter  ti>  the  polar.  If  the 
globe  were  hoiiiii};i  in  nii-,  tlu  et|u.iti.ria!  diameter  would 
exceed  the  j.oKir  by  ■,{■,,  ■  l  liie  l<  nglli  ol  the  latter:  and 
the  (xjUr  tcrtc  «(..ulil  .iNn  exrerd  llic  i  qLiit.iri.il  by  the 
li»,e  p.irt.  lint  it  till'  dilJereute  belvneii  ilie  |Mdiir  und 
cquHti'ii.d  liiicc  be  greater  til  a  II  (whuli  lii.i)  Ije  tbo 

Cii-w  ill  an  hi  lerngenoous  globe,  ami  ^o^■n.^  lo  le  the  casi 
in  luir!!,)  ihcn  tbc  difference  of  the  di^iueti  IS  should,  ac- 
cording to  llit'uiy,  lie  le>9  than  yf;.  and  vice  veisa. 

^'  Icoofeit  this  is  by  no  inci-ns  obvious  at  lirst  si.<;ht ; 
.  to  far  othcrwite,  that  the  mistake,  which  you  have  fuilen 
into,  was  once  vtry  general.    Many  of  the  heat  inaibi^ 
awtidaiH  wcremitmi  by  too. implicit  a  reliance  upon  the 
WUbaii^  of  Ncwtoa»  who  had  certainly  conlimd  hiv  m- 
valigatioBa  to  the  hioiMinwow  spheroid,  and  bad  ibou^t 
•hottt  the  hcleroeeneout  oaly  in  a  lone  and  general  way. 
The  late  Mr.  Clairaut  wm  the  fint  who  tet  the  matter 
.right,  in  hit  elegant  and  ttibtle  trtatiie«on  the  figure  of 
!  the  earth.   That  worit  has  now  been  mnjf  yrai'  in  the 
hands  of  mathematicians,  among  whom  I  imu^ine.  tlirre 
arc  none,  who  have  considered  the  subject  attentively, 
that  do  not  nrquicsce  in  the  author's  conclusions. 

"  In  the  second  part  of  that  treatise,  it  is  proseil,  lliat 
putting  P  fur  the  poUir  force,  11  fur  the  <  quaiorial,  3  lor 
(he  true  elliplicily  of  the  i-arth's  ligure,  and  t  foff  thc  eU 
,  lipticity  uf  the  homogeneous  ipbenod,  then 
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"  Uy  this  table  ft  appears,  that  the  ohtervation  In  tho 

tnitlil!  [Kills  of  the  globe,  setting  aside  llus  single 00c at 
the  Cape,  Mie  a.^  consistent  HS  could  reiuon<ibly  be  ex- 
pected ;  snd  they  repr»sent  the  elliplicily  ol  ihe  earth  at 
about  lk!t  whtn  we  come  within  10  degreesof  the 

equator,  11  liniiiLl  si<  iii  'Jiat  llie  furcr  i  t  ^mv ity  suddenly 
becomes  much  lesi,  anii  «ilb  n  the  like  distanre  of  the 
poles  much  greater  than  it  could  be  in  such  a  spheroid.'' 

The  following  problem,  cominunicnlcd  by  Dr.  LeBtfarr> 
land  to  Dr.  Peniberton,  and  published  by  .Mr.  R<ibertson, 
serves  lor  finding  tbc  proportion  between  the  axis  and  the 
equatorial  diameter,  fmra  raeftsurvs  takcD  of  a  degree  of 
the  meridian  in  two  difefcat  latitude^  Mipposing  Ihe  earth 
anobhilciphcfoid. 


B««-»:thefvfim>iwSf  ^ 

and  therefi  I^ ,  HKi.nllni;  ii.>  your  observation,  fs,^,. 

This  is  ibe  just  concUisuni  fri  m  yuur  observations  of  the 

pendulum,  taking  it  for  gr.mti  d,  il  a',  the  meridians  are 

ellipses:  \»hich  is  an  h)p<iihes,s,  ujion  which  all  the 

reasoningsof  theory  have  hitherto  proci  i  d.  d.  But  plausible 

f»  it  may  leem,  I  must  say,  that  there  is  much  reason  from 
[  oiperiioent  tu  call  it  in  question.    If  it  were  true,  the 

irtcretnent  of  the  force  which  actuates  the  pendulum, 

as  we  approach  the  poles,  should  be  as  the  square  of  the 
\  uuf  pf  the  latitude:  or,  which  is  the  tame  thing,  the  dc- 
\  CfMMUti  *■  w  approach  Ibe  equator,  should  be  as  the 
.  ^nue  oif  (he  coeine  of  the  iatitade.  Bat  whoever  lahea 

the  piun*  to  compoio  together  MKh  of  the  ohMrvMhrnt  of 
.  tho  pendolum  in  diffnent  latitules  as  seen  tu  have  been 
°  Moa  with  the  greatest  care,  will  find  that  the  Inrrememli 

and  4ccremvnts do  by  no  means  follow  these  proportions  ; 
'  and  in  those  which  I  have  exiimim  il,  I  find  a  legularify 

in  the  deviation  which  Utile  reseniblis  the  nu  ri'  error  of 

observation.    Tlie  unavoidable  ct-nclusiun  is,  that  the  true 

figure  of  tlx  im  i  ;-'iiuns  is  nri  iHipiical.     1 1  the  mi  >  i.l  i.ms 

itre  not  cllip-iis,  UicdilTerenceof  the  diameters  may  ladeni,  •  ^       *  i. 

or  it  may  not,  be  pr.iportional  to  ihe  ditrerence'bctwMn  Let  AVaphcnn  ellipse,  rrpretentiog  a  t.*etion  of  Ike 
,  ihepoUr  and  the  wiiaiomj  forccj  but  it  is  (juile  an  tin- ^  c»nh  through  the  axis  rp;  the  cquaionai  dnmcter,^^ 
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Ibe  gmter  Mis  of  the  cIlipM',  bring  At;  let  s  *&4  r  b« 

two  [>Ucn  wbi-rc  the  moMurc  of  a  degree  has  bpon  tftkf  n ; 

tliL'^t  tHCftsiires  arc  proportinruil  lo  lUv  radii  of  curvalure 
ill  tlic  elli[«e  at  tluKsc  plaii's  ;  mmi  if  c«,  cr  bi'  coiijuaatra 
tlic  !lianicli'ri  n  i.osf  viTl  ii  i'^  ;irc  r  aiiJ  > ,  Ck!  "ill  In-  li> 
CU  HI  llic  suljlrii>ln  itf  fatii)  <jI  llif  iii<liii»  i  (i rvntutc  iit 
K,  to  thai  .'It  r,  by  Cor.  I,  prup.  I.  pi'ii  (i  ot MiIia-s's 
Conic  ^cCliuMs,  iMiil  ill  n/f'irr  in  ii  j;m  i;  niliofti  i,!\f  ani>- 
llicr;  till-  iuitr,l<-s  wcp,  u<  p  an-  liiimulis  ut  r.  inni 
r  ;  »(>  that,  druwiiig  yv  parailr)  to  rp,  and  yxvw  to  An, 
IIr-sc  iinglf »  iR-iiig  jtivi-n,  H5  well  as  (In-  ratio  of  eg  to  CK, 
ttte  rectilinear  (uure  ctqxt  is  |;ivTn  irt  spccirs ;  and  the 

ntlAOf  VC*-^  «i*(s«X  »  XW)  IQ  RZ«—  (iV*(=KX  X 

zs)  b  ff,mn,  which  is  the  nuiu  of  ctMocp' ;  therefore 
tbantioof  CAto  cf  i<  givi-n. 

Hence,  if  tbc.iuiM  uid  coiino  of  the  greater  latituile, 
Ift  eieii  racaicfitod  in  the  rabtiipliGitie  imtio  of.  the  me«. 
tore  of  the  degiee  ia  the  mrt^  latituile,  to  thtt  io  the 
imetf  then  tnediiEmiice  or  the  iqinKt  of  the  ■v^nenlcd 
aine,  and  the  line  of  the  leMAr  IttiUMlc^  wUt  he  to  the 
tiit&rrnce  of  th«  94(U*i»  of  tho  eoHiie  of  the  1«Kr  lati- 
lude  and  (he  angmciitcd  cosine,  in  ibe'dapiicale  ratio  of 
thi'  <  quaiurial  to  xhe  polar  diunetrr.  For  cq.  b«nj>  taltcn 
in  CQ  r<)u>il  to  CR,  and  drawn  pamlUI  tn  qv,  rv  and 
rq,  CZ  and  2R  will  he  the  si^ns  and  Ci>5inei  of  the  rfSp«'C- 
tive  ltttiltMle<i,  lu  tlj  s  iMii'  radius  ;  an<l  cv,  vq  will  bc  llw 
tO£;men!ntiiiMs  <it  i  t  ^c.  1  ciy,  in  the  ratio  n.uix'd. 

ileiiCr.  i  i  h:;.!  lln  rj'.io  bftwei-n  tho  t'.vouM.s  of  the 
earth,  1<  (  e  (ienute  the  greater,  and  f  the  lesser  of  the 
two  lRiitiidc3.  M  and  n  the  rtipecUve  mcitllfn  ttkcn 
in  each ;  and  let  p  denote 
.  .  M    .       .cof*  r  —  F*  K  cot*  ■ ,  iimraafc 
^  s  ^  p*  +  nil'  I  —  m'  r         KTcaicT  »t\i 

It  also  appears  by  the  above  problem,  that  mIich  one  of 
the  degrees  nicnanred,  it  at  the  equator,  the  cosine  of  the 
lttit«&  of  the  other  being  aufmentcd  in  the  subinplu  am 
ratio  of  the  iiegieaa,  the  tangent  of  the  latitude  will  be 
to  the  tangent  UMKring  to  the  augmented  cosine,  in  the 
ratio  of  ike  giealer  axis  to  the  less.  For  tuppoting  S  the 
fince  a«t  W  the  ctjoator;  then  if  the  lemi-circle  iwnp  he 
4«Rrihldr  «iMl  h  joined,  and  aio  dnurn  paralM  to  oc:  en 
iithecoiitMof  (hektitadototfaefiulhncv,  and  cr  that 
rmninBrnnmrntii  in  the  ratio  before-named ;  yq  bring  to ' 
thnt  ii  w  lo  d  or  CP,  as  the  tangent  of  the  angle  TCQ, 
tbelntitttd««f  the  point  r.,  to  the  Mnfrnt  of  the  angle  Td^ 
beloti^ngitolbe  aujimt  nied  cwine.  Thus,  if  M  represent  the 
measure  in  a  latitu>le  denoted  by  %,  unil  n  the  measure  at 
the  equator,  let  a  denote  an  antrlr  viUu<i-  measure  is 

tm.  B  Then   —  is  =  . 

Rut  M,  or  the  length  ol'  rv  degre<-,  ohlaineH  liy  actual 
mensuration  in  different  latitudes,  is  known  from  the  ful- 
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■Vovt,  by  comparing  each  r^t'ihr-  (ir*.:  tivf  with  the  6th 
ot  Intt,  there  are  obtahn'U  5  results,  each  showing  the 


B'A* 

ntatkn  of  the  nxiv  or  diameters;  the  arithmetical  mtnoa 
of  nil  of  Which  givrs  that  ratio  ns  1  to  0'99<>747,  which 
is  the  ratio  ofSos  (o307.  Hut  if  ihclu*t  oftlu  fnur  j.- 
sults  be  omitted,  the  ntidium  among  the  other  four  gtv.  ^ 
till'  r.uio  cf  1  I;,  o  ijiKjsrfi,  or -of  320  lo  Sift  which  it, 

pmbably  noari»t  llic  trinh. 

Now  the  n\ii;;i.itu(l(-,  .t*  wi  H  ;i^  ihe  !ii;tire  of  the  earth, 
that  is  the  piil:ir  ami  erpuHdri.il  diiunfti'rs,  nwy  he  de- 
(Uiceil  from  the  fijri  (.'.iini;  pniblf  in.  I'or,  as  half  the  Intus 
ri  ftum  of  till-  greater  axis  ah  is  the  radius  of  curvature 
nl  A,  it  is  j^iven  in  magnitude  from  the  degree  measured 
llieri',  and  Ihenee  t]ie  a.xe»  thcmselvrs  arc  given.  Thus, 
the  circular  arc  wIkim:  length  is  equal  to  the  radius  bein^ 
57'29i78  degrees,  if  this  number  be  multiplied  by  56757 
torses,  the  measure  of  a  degnt-  at  the  equator,  the  product 
will  be  the  radius  of  curvature  there,  or  half  the  latnt 
rvctum  of  the  greater  axis;  and  this  is  to  half  the loacr 
■xit  in  the  ratio  of  the  leat  uii  to  th«  greater,  that  ii^  at 
919  to  UOi  whence  the  two  axct  nre'5SlM9f2  and. 
fiSM70ft  taita^i  «r190l  aiii  f9^  Bt«liah  niUi}  nod 
the  dMtifericv  betw^  die  two  meet  about  SS  mtlet.  See 
Robertson's  Naeigatiom,  vol,  9,  pa.  206  &c.  See  also 
Suite  de»  Mem.  de  TAcaJ.  1718,  pa.247 ;  and  Maclaurin's 
Fluxions,  vol  b  Nik  I,  cli.  14.  Also  the  later  ineasure- 
mcnt'  of  the  rrencli  Iiibiilutc,  of  Swanberg,  uf  Coluiie! 
M  ;i ili^c,  lV  c,  (<c. 

And  tuurly  the  same  ratio  is  deducid  from  the 
of  pendulums  vibratin;;  iii  tlie  same  lime,  iti  d  lTcrt  r  i  la- 
titudes; provided  it  be  allo«<  d  tiiRt  the  meridiutu  aire 
real  ellipses,  or  the  earth  a  true  tpheroid,  which  hnweier 
can  only  take  place  io  the  case  ol  an  uniform  gravity  in 
all  parts  of  the  earth. 

Thus,  in  the  new  Petersburg  Acts,  for  theyan  17M 
and  l7H9i  arc  accounts  and  i  .ilriilations  of  r.xprriinnnta 
ri  lalive  to  this  sulijeCT,  by  M.  Krafll.  These  experiment! 
were  made  at  dillirent  times,  and  in  various  parts  of  the 
Kttssian  empire.  I'hts  goutleaino  hat  collected  and  com* 
pored  them,  and  drawn  the  nrapercMnieliiileiia fhin  them: 
IInh  ho  jnfan  that  the  leMh  «  of  •  pendulum  that  swii^ 
ittnndi  I0  nv  fjmu  Itmnde  A,  and  in  a  tcmpcratui*  ef 
10  degrees  of  KMiinttr''a  thenmnirter,  be  detmndned 
by  this  cqtiation:zs4S<|'l78  ■«■  9-9SI  sine*  A,  lio«  of 
•  Flench  foot,  or  X  =  39"0O45  m-  0-206sinc'  X,  in  English 
inches,  in  the  temperature  of  fi3  of  Fahrenheit's  ihermo* 
meter. 

This  expression  neurly  agrei-5,  not  only  with  all  tin; 
rxperiincnti  made  on  the  pendulum  in  Hussia,  but  also 
with  those  of  Mr.  Graham  in  Kngland,  and  those  of  Mr. 
Lyon*  in  79'  -iO'  north  latitude,  where  he  found  its  length 
to  be  431*38  lines.  It  also  shows  ihi' "augmentation  of 
gravity  from  the  equatnr  ii>  tlic  purallcl  of  agivcn  latitude 
X:  for,  j/Uttingi^forthe  gi.t'..ty  under  the  equator,  o  for 
that  und<  r  the  pole,  and  y  l<>r  I'l  it  uinli  i  lla-  latiludeA, 
M.  Kratrt  finds;  a  (1  0  0062848  tine'  X) and  there- 
for, u  =  J  0053841^. 

Fran  this  proportion  of  gravity  under  diflerent  lati- 
todci,  the  same  author  infers  that,  in  Oase  the  earth  i>  a 
bomofCiwottteUi{iiHHd,iuoblalene«t  must  be  yf^i  instead 
of  whidi  wiiifttto  he  the  ictult  oi  this  byputhoiai 
hat.on  the  mppotitiaD  thnt  tfan  anrth  it  aJbetoragencoiii 
dli|itaid,  he  Indt  in  obfclawM,  A  d^neod  frani  that* 
experiaients,  tobeTtri  «Ud>JVin««ithlb«t|«inltilip 
from  the  measurement  of  tew  oflhe  dcgreet  of  tlw  men* 
dwiu  inaiv,-.  This  confimtaitabtervation  of  M.  Laplace, 
that,  li  the  hypothesis  of  tbecarth't  homogeneity  be  givea 
•  9  L  S 
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up*  tbrn  Uieary,  Ihe  tntnvmamt  af  itfffn  of  Ulitadt^ 
>  and  cxperinent*  with  the  pt-n<iuluin,  ill  agm  in  tlwir  n- 

'  »ult  with  mpi-ci  10  the  oblaicncss  of  ibc  earth.   Sm  M«* 
moirts  (k  I'Acad.  1783,  p«.  17,  anil  hi*  later  wuri(«. 

Ill  ihr  Pliilos.  Tr»ii«.  fur  J791,  pa.  236,  Mr.  Dalby  hnit 
p\ri\  Millie  rHlciiIotioiK  (in  mcaaumi  cli*;;rri» of  tlu-  mrri- 
111  in;  niniici'  In  ;:jU'I-,  lh:il  lliOM'  ili  .;u  »-s  niia^un  J  in 
tMiiiiic  lalini-ii \\A\  answir  luiirlv  tn  .ui  <'!l;|i>iiul  »h"i'-«* 
OACjaroili  Ihe  ruti"  :.'>>igli<-il  h\  Nrv,  .Ij-ii  "t  'JJi' 

lo  .Vml  .I'i  In  ilic  i)r> lull' 111  !.i)riic- -il  im-  olhci^, 

I^'^\ur^is  till-  |">li'  ;i!»l  cijii  iK  r,  liu  ihiliks  clu'^'  «U 
t  j\iM'>!  liy  llu  ri  i.  r*  III       ijI>m:ih  il  <  cj<-*tial  arcs. 

On  tlir  sLip|>i>»ilioii  ihut  thi-  eurlh'v  ll;;uri-  is  tliut  i>l  an 
cblatc -I  In  mill,  II  lta!i  bit'll  »buw-u,  l^t,  I  ha!  n  (lc>:m' iil 
llii-  f.irtl/^  •.  iH)iiti>r  is  ihe  first  uf  Iwo  nil  iHi  |ir' pi  uimmls, 
'  bvlvrct'll  ihu  \ui,i  nuy:  (ii'Kn'CS  of  Inlilmli  .  .1,  If  ihie 
equatorial  dianu  it  r  in  lu  the  pular  axis,  i>^  i  u>  17<), 
the  lat.  in  vt  liicb  Uir  d<-2;rec  of^lai.  it  equul  lo  a  iti  grrt'  <i| 
llw  equator,  wiK  be  54'^4S'2«".  If  the  proporiiun  U-  330 
t0  939,  the  lat  oomca  <mt  i*"*!)'  91".  Sd*  If  the  pm- 
poftion  he  MO  taiT9»  ^  where  the  degree  ni  the 
meridian  n  equal  to  a  degree  of  a  circle  wfaeae  dianelcr  is 
equal  to  iIm  earth'*  axh,  wlU  be  35°  SV  SOf* ;  awunias 
the  pnipiiriion  ;'.3i>  to  2^.9,  that  lat.  will  be  3$^  ISf  95  . 

(Uorslcy's  Tracis,  p.3g4,  &c.) 

M.  Swiihbi  obsiTvcs,  that  occultait'iiis  of  the  tl.sril 
«tnis  by  the  moon  in  aiiutbcr  incthoH  by  which  the  ti^urc 
<if  llji"  tarth  may  bi.-  di-ttnuincd :  and  iM.  Tn'isnccki-r,  after 
ri'inpsiriiii;  a  yrcat  numtuT  of  iheso  occullaliiu)'!,  conclude* 
iz'r.ii  (Ik  111  tli.it  llu'  illi[.!ici;v  ('I  till-  caiih  i^  -ji-j. 

1  III' I'M.flli-nt  ii;;i'.*i(.'imiln  liui  mil  a^diiiionici  i-i]ilari', 
ill  hi*  .MccaiiHim  f't'li  ^if,  lias  CiiU  iilati'ii  UU' rllijititilv  nl 
liievarlb,  tVum  liic  clTccl  ut  prcccisiun  and  nulntioii,  i<> 
be  jjf",  which  ii  iie<iily  an  aiiihinctical  mean  nnioni; 
ihiHe  obtained  from  uccultatioua  of  the  ttan*  and  the 
vibmlbiu  of  the  (rtrndulun.  The  theory  of  theoMou  also 
gpw*  j4t  fortheellipticit^. 

.Tbc  preceding  cllipticitict  of  the  earth,  expressed  in 
parts  of  it»  equatorial  dianictcrt  .with  their  avibon,  and 
the  principles  from  which' they  were  derived,  may  becx' 
hibiti'din  orn.-  \itvv.  n«  follows: 


A'lihon. 

Hrincipln. 

Huj^frnt  • 

Theory  of  gr^vi^. 

il^npeitaii^  Ac. 

• 

Mcmnratinn  of  ifca.  1 

Swaobeiji  * 

Clniraut.  - 
Treisnecker 
Ijiplacc  - 

J  tt'itt 

X  ITT 

1 

{ 

Rotatory  iiiMiion 
\  liiratioii  ol  prnduluin.  1 
Occiili.  of  sliirs, 
l'r('Cr»sioii  and  niilation.l 
Tiu'<ry  lit  till-  nun  in 

The  variety  in  the  preci'  lini;  nsiilis  prcenis  nii  in- 
teresting cin  iim.'tlMiCr,  us  u  imfK  Urv  -niiii  tluni.;  in  the 
lig^ITe  and  conforinatK  ii  i>l  ihi-  mith,  uIik  ti  i>  n'lt  vd  un- 
dentoud,  mid  iiatiii.rl-.  jiwy  riv  t  .  il:.i  f  llnuii.ri  i|„ 
porlant  niid  intr.entr  i-iir  .lioiis,  lo  wl.uii  nil  (in  iicciiinu- 
iatcd  kno«liil^i  I, I  !•  1  presi  nt  linio  has  nm  lurii  ablr  to 
obtain  conipl!  ti  »j  luti.iii>.  Is  iln-  isirlti  a  s|,heroid  of  ro- 
l.itif.li  '  .\rr  thi  iiinu;.  Ill  :'iiil  snitbcrn  heini-phciri equa- 

and  simiiur  to  each  other  i  What  is  the  ratio  »f  an  arc  of 
Die  meridian»  measured  in  «  ptrcn  latitndc,  to  the  whoia 


iMkidianf  It  itpariiafa  no  Ijaproheble  coujectnre,  that 
the  cllectt  of  prMesdon  and  nutation,  with  the  vibcatkioa 
of  the  pcndttlum,  w  ill  be  found  amoli;;  the  mont  MCttlMe 
mean*  of  determinuig,  at  Iea»t,  tbu  geuenti  outlines  of 

our  glolie. 

Tiii((uct  draw*  ume  pleasing  infi  rmccs,  in  ihr  form 
of  purado.Ms,  from  the  ruuiid  fii^ure  nl  ilic  <  ;  ae,  1st, 
Tlial  il  iiiiy  part  i  t  the  suif.ice  of  llu-  <  airli  W'  rr(|yite 
pl.nir,  a  ni.  ii  i  miiIiI  no  mole  walk  upiiL;lit  up<in  il,  than 
on  llir --nil- nl  a  iniiiiniiiin.  Cd,  That  ihi' (rim  la  r  »  hvad 
u  s  a  ii\  1  all  I  «pat  ■  iliaii  In-  Iri  t  ;  and  a  liorsi  niun  than  a 
t'liilinan;  a*  iiim  ,  i n  u  i;r(  ati.  r  L'i rrle,  :til,  'That  a  ve4-' 
si  1,  |iili  i.j  w.itir,  Uiini;  lalsiil  |t»'ipi:*i.  K'j'.irU,  s-iiiii'  i>l 
lilt-  wall  r  %vill  III'  runiiiiually  llimiii;^  i>ui,  y<  i  the  vesMsl 
still  remain  full ;  and  on  the  contiary.  il  a  ti  sselof  water 
be  let  perpendicularly  down,  tin  v.^^h  notlimi:  flow  oilt» 
yet  it  will  cease  lo  be  full:  coiisi(|iiii  :ly  iheie  is  more 
MMter  contained  in  ilir  name  vcusel  at  the  fwot  uf  a  muaO'- 
lain,  than  oi}  the  top  ;  U^cautc  ilie  surface  uf  ihc  water  it 
formed  into  a  ■egnirni  of  a  smaller  sphere  below  than 
above.  Tacq.Astnia.  lib.  I,  cap.S. 

(Aanges  t^fike  Eautk.  Mr.  n'>)  V  suspects  that  there 
ate  great,  though  slow  internal  clian>$c«,  in  the  mavs  of  the 
ceith.  He  draws hisaixunwMi  from  the  varielie<)  observed 
in -the  cbanite  of  the  magnetic  nrrdle,  and  fnim  the  ob- 
served ciiiiiigi's  in  the  teni|HTulure  ufcliinules.  Hut  as  lo 
ihe  latter,  ihere  is  reason  to  suspect  thai  he  could  not 
have  diariis  nt  ll-<'  '.M-aJn  r  -^ullim  :it  lo  direct  his  judge' 
meiil.     Bo)  li  V  \\     k-,  aiir.  Mil.  1 ,  pa. &c. 

.1/(i;,'H.:  ,■.  (Ar  I! ART  11.    Tlie  nolmii  nf  ll.t  ni»2- 

ncli'-tn  nf  ill  irlii  ^v.l^  st,;it.<!  by  OiUKil;  and  li<i^'ltt 

>-ilppiisi>  nja^rulic  i  ttluvia  n.dviii^  In-iti  one  ptrfe  tO  the 
oltier.     ^l•e  his  \\  orks  abr.  vol.  1 ,  pa.        ■J'W.  . 

Dr.  Knight  also  ihinki  that  tliceurlh  ni;iv  he  considered 
as  a  great  loadstone,  uhoM;  inujiia  liCBl  parts  aredi^MScd 
in  a  very  irri'giitur  manner ;  ami  lhat'lheiOUth  poleof  ti|e 
earth  is  an«kigiiu»  to  the  north  pole  hi  nmgnclSt  that  is, 
the  pole  by  which  the  mdguetical  stream  enters.  Sao 
AlAOtin. 

He  observes  also;  that  all  the  phenomena  attending  the 
din-ctioD-of  the  needle,  in  different  part*  of  the  earth, 
in  a  great  mcMure  concipond  with  what  Iwppena  to  n 
needle,  when  placed  oa  a  lainpfenneUa;  if  we  malie  al- 
io uancn  for  the  different  dispnuiions  of  the  magMtioal 

patts,  with  respect  to  each  other,  and  ronsidcr  the  smith 
pole  of  the  earth  a*  a  north  pole  with  retard  tr)  niagiu  iism. 
The  earl h  niiiiht  become  iiiii;;ni.  tu  .il  I  n  llu  iron  i  ns  it 
ciinrains,  for  all  ininores  an  i.ijiabK  i  I  iinijiiietiMii  ;  and 
that  n  ({real  purl  of  llie  i.iiili  ci>l:-ist-  ><l  inm  is  nnt'i  ri'ii 
prob.ihle  by  lis  ijrehl  natlr.iin  spitihc  .;raMly,  being 
nearly  .5  times  thai  ol  uuier.  Il  ;s  irue,  llu  might 
notw  ithstaiidin;:  liiive  leinaint  d  uiiiiia^iu  ticul,  uiikss  some 
cause  had  e.\isted  CH[iable  of  iiiukins'  llnit  n  pelldit  mat- 
ter producing  m.igni  livni  inovc  in  a  stream  through  tbo 
euHh. 

Now  (br  doctor  thinks  that  such  cause  does  exist. 
Fi>r  if  the  earth  revolves  round  the  sun  in  an  i-llipMS,  aid 
tbr  si*uth  pole  of  the  canh  isdirecifd  towards  tiiesun,  at 
the  time  of  its  descent  towards  it,  a  stn-era  of  rrpt  llent 
matter  will  thi'nce  be  made  to  enter  at  the  sooth  pole,  and 
Ksue  out  at  the  north.  And  he  su|>jtvftb,  ihat'tbt*  earth 
b*-infi  ill  iu  p<  rihelion  in  winter  luy  be  om.'  reason  why 
magiierism  ia  ftronter  In  this  season  than  in  nummer. 
The  cause  here  assi;;neil  fur  llie  eauh's  iiia';nelisin  must 
continue,  and  petliaps  intpruw  it,  from  year  to  year. 
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Flencc  Uic  doctor  lliinks  it  prubjible,  ibat  xhc  rartb'c  mag- 
nLtUm  hM  be«a  inqtrnving  ever  since  ilie  cmtioii,  aiM 

that  thii  may  br  on«  reii»on  why  the  use  of  the  rompws 
wat  nut  dif cov(  reil  suoucr.-  Sor  Dr.  Knight's  AUcai|il  lo 
demoiistraie,  ihnt  all  the  phenomena  in  nature  may  be 
explained  by  AtlrM'titm  and  AepuUion,  prop.  87* 

Uagtiilmde  mut  Ca$uituiie»  V      I^AftTii.   This  has. 
been  variossly  dHermined  by  didin^it  authorst  bnth  an* 
eiani  and  nooern.  Th«  nsual  tiniy  has  bren,  to  in(  <i>urc 
the  lenfulb  of  one  dri;rre  of  the  meridian,  and  inulti|ily  it 

SjKlO,  for  the  wliolo  circumfrrencf.  Si-c  Dr.G  rkb. 
ugem-t)  Liiertiu>  inloriiis  ti>,  ihal  AnaxiiiiundiT.  a  »cliul.ir 
ot  Tliuici,  will,  ir.id  uUmit  .1  hO  VI  iirs  l«  tort'  llic  birlli  of 
Cliriir,  Mas  llic  lir^i  ulm  giivc  uii  urrount  of  llio  circuin- 
fpixrur  III  llii'  va  iiiifl  liiiJ  ;  aiiil  il  si'i  iii*  lilm^'  i. 
was  us'  il  bv  siHrii(lin<;  iiKilbfiiiHiici.iiis,  till  llso  tiim  .-l 
tratostliLius  Ariitoile,  lU  llic  ciul  nf  lil'.  J  IK'  Ca-lo, 
say*,  tile  iiiilllii  iiiiiliciaiis  wlio  h.ivc  ulliiiiplnl  l<i  iiu'U- 
tuiL-  iIm'  circuit  uf  I  hi- earl  li,  inaki'  it  VDOt^O  stadiums ; 
which  it  is  thought  It  iKi-  iiutiiber  ciotcrmiiicd  by  AniiM- 
inandcr. 

£rulo^thi.-lu-(>,  who  lin  il  iilioiil  OOO  years  bofore  Chri>t. 
was  thi"  ni'St  who  uiuli  riinik  tlii>  liu>iin->i  ;  iis 
Cleomcdcs  rcbltcs,  he  pfrfuriut'ci  by  uking  the  sun's  zriiiih 
distances,  and  neasuring  the  distance  between  tun  yUcvs 
under  the  same  meridians  by  which  he  dedaoeU  for  the 
whole  circnit  about  2J000O  Madinini,  which  Pliny  states 
at  sidbo  Roman  mikst  nckmiqg  each  ni  lOOO  pares. 
.  But  this  nuasttro  was  coiisideied  to  be  faUc  by  mnny  of 
the  ancient  mtttberoaticiann,  and  particularly  by  Hippar- 
chtts,  who  livpd  100  ycat^  nfierwards,  and  who  added 
250O0  stadiums  t"  llif  tiituit  "{  Knitnstliciips. 

Posiidonius,  111  till-  iiiiii'  lit  CictT'i  and  Tonifwy  the 
(•rcat,  nr.\t  measured  "tin  rarlli,  m/,  liy  iiiran'.  'if  the  al- 
titudi's  cjf  a  star,  and  imasiiiin;;  a  part  of  a  iiu  iiilianj 
from  which  lii-  coiiclu  li  ij  tliat  the  cin  tiiiirfn  iu  o  was 
24()0O0  stadiums,  acci  iiiirig  In  Cleomedes,  but  oiiiy 
ISdOdO  uccuidiiig;  to  Si.abo. 

Ptolomy,  ill  liis  Cipoprapiiy,  say*  (hat  Marinus,  a  crlt"- 
brated  p<  i>^ra])lnT,  nil' in|>tcd  tonicthinj;  of  the  same  kind  ; 
and  in  lib.  I ,  cap.  .3,  tii'  nirntinns  that  he  himst-lf  had  tried 
to  iii  rli  rin  llu-  mimio  ihiiii'  in  a  manner  dilTereiit  from  any 
Oth'.  rs  bt  fore  his  lime,  which  wa»  by  means  of  places  un- 
der dilTvrenl  meridians :  but  he  dors  not  say  how  much  be 
made  ih^ number;  for  lie  still  made  use  of  the  numbrr 
180000,  which  bad  been  before  employed. 

Snellias  relates,  from  the  ArafataA  gjEegrapher  Abel- 
Adea,  who  lived  about  the  year  1500,  that  nbwit  the  year 
800^  Almaimou.  aii  Arabian  kiitg^  having  eolleeied  to- 
gether some  skilful  malhemaiiciaiM,  commanded  them  to 
bnd  out  the  circuntfcrcDce  iif  the  cutb.  Accordingly 
they  m  ide  rlioire  of  the  fields  of  Mesnputaniia,  where 
thrv  ine.isureil  uinler  ihe  same  meridian  fsmn  north  lo 
soutli,  till  till'  \-<\<-  «as  doprissed  iino  degree  lower:  which 
rocasuri'  liny  liuunl  i  (jii.J  t  i  Mi  miles,  or  Sty\  :  so  thxt 
according;  lo  (hem  tiie  circuit  nl  (lie  laith  i^  .?<  1 1  fit)  or 
203 iO  inilrs. 

I(  WH-  a  Iniijj  time  alter  this,  bil'Tc  any  uiorc  attempts 
of  lliis  ki;i  !  uere  iiiaile. '  At  length,  however,  Snell, 
above  lueiitioiied,  professor  of  mathematics  at  Li'ydrn, 
about  the  year  l6^>,  with  great  skill  and  labour,  by  mra- 
surin^  lai^ 'dialanees.  bciwi'iii  two  parallels,  found  one 
ilr^n  e  c(]iial  to  'M500  p«'rchca,  each  of  which  is  1'^  llhin- 
latid  feet^  amounting  tti  19  Dutch  miles,  and  so  ibc  whole 
pcripherjr  0840  nim;  a  mile  beiitg,  accwdiqg  to  him. 


ld(X)  peiehib.  ur  isotKi  Khuiluiid  fcct.  Sce  llin  irtaflK 
called  r.ial'islhciK-s  IVituvus. 

The  nrxi  that  uiiderio<ik  this  measurement, was  Itichard 
Norwood,  who  in  the  year  1(»35,  by  mea'-uring  (hcdif- 
tance  froii)  Lomiun  lo  ^  <irk  with  n  cbaia,  and  tailing  the 
sun's  meridian  altitude,  .lune  llih  old  style,  with  aiex- 
,tant  of  about  h  kti  'radius,  'found  a  degree  contained 
36730O  fed,  or  69  miles  and  a  half  and  14  pules ;  and 
thcmnt  Ihe  dreumfetence  of  »  great  cinle  of  the  enrtb  is 
a  little  more  than  ^SOSS  miles,  and  the  diamaler  a  little 
raurc  than  7<K>()  milr^.  See  the  particulars  of  this  mc«- 
sun-ment  in  his  Seanuln^■  I'ruclice. 

The  n»-aMiremeii!  <it  ti  i  <art!i  by  Snell,  ihou^'ji  '.rri' 
iii);ciiiuus  aii  l  irmilili-^'MiK  ,  .  nil  mm  li  more  arcuralf  ihun 
aiiy  of  till'  alieieiits.  hi  mj  --iill  llmujlil  i>v  ^"iiie  French 
inathcmalician-.  liable  In  ct  ii.uii  siimll  i  rrors,  the  busi- 
ness «a>  lelii  «ed,  Hiter  Sncll's  manner,  liv  ricanl  nnd 
nther  niHtheiiialiciaiis,  by  the  kirit;'\  order;  nsin-;  a  ipia- 
draiit  of  a,  I'll  nth  ht  t  radius;  and  ihiy  tliiiH  found  a  d«"- 
gree  contained  a't?3(>0  l/encb  li  el.  See  I'lciird's  treatise,. 
La  Mesure  de  la  Tem<  ' 

.M.  Cassini  the  younger,  in  the  ye;ir  1700,  1-y  the  king's 
commnnil  also,  renewed  the  biisinoss  with  a  quadrant  of 
10  feet  radius,  for  taking  (he  latitude,  and  another  of  3^ 
feet  for  lakn.^  the  an<;li's  of  (he  triangles;  and  fwnda 
degree,  from  hi,  t^alculation,  cvntainnl  57S93  toiies,'  or 
alttUMt  6i}\  English  miks. 

Several  other  neaaumnenu  have  been  takm,  the  beat 
of  which  lire  the  following,  witli  the  corresgiuiidu^g  mtaa 
icmiiHamcter  annexed,  in  Englishmiles. 

Ulloa  and  Condaminc    -      •  -SSSZ^  miles. 
CasMiii  and  Lacaille       -       -  3937'! 
l>;iti.ille       -  •    .       -       -  ^9t'*7 
IJoicovich     -       .       •       .    .-59550  ^ 
Liosjtanig    ■  -       -       -       -  3<)j8'2 
Cefirral  Roy         -       -       -    .lysb  H     '  ■ 
Major  Lunibimi     ...    ;;<(56  ,5 
The  medium  anmn^  all  these  is  u'.iilv  3yj7  inilrs, 
which  may  be  taken  for  the  mean  semidrnmeter  of  th 
earth.    And  supposing  the  solar  parallaclic  angle  to  be 
S'''0,  it  w  ill  be,  as  sin.  S'-b':  mdius  :  :  3967  :  95  millions 
of  miles  nearly,  the  earth's  distance  from  the  sun. 

Hence  the  mniBCircumieivnceii  84862  miles,  which 
givciy6(^^  miles  for  tlie  mcdibm  length  of  a  degvee  of  % 
great  circle. 

Sec  the  results  of  many  other  meas^iremcnts  under  tha 
article  DiamES,  and  from  the  preceding  part  of  the  pvo« 
sent  anicloi   From  the  mean  of  all  wbidi,  fho  following. 
dunenaioBt  may  bctahcn  as  near  the  truth : 
the  drcumferenco     •       4809  miles, 
the  diameter       -        -     9791-t  mili-fl, 
Ihe  superficies      •     1967^75K*0  square  miles, 
the  solidity      -      USpA^SCOlJdOu  cubic  miles. 
.Also  the  seas  and  unknown  parts  of  the  earth,  by  a  mea- 
surement of  the  bi  '-t  ir.apv,  (  niitaiii  Kio  i Jd.'d  square 
miles,  (he  inhabited  pans  38923180;  of  wtin  o  Europe 
cnntair.s  4t.>6u63  ;  Asia,  fOrMSSSt  Africa,  9<>M807: 
and  Anuftca.  141  I0R74. 

The  terr.iqueous  plube  has  two  nioii'  ii-,  bi-vides  that 
on  which  the  preci  ssiUjn  of  ihe  equinoxes  depends;  the 
one  diurnal  uromid  its  own  axis  in  the  space  of  C4  boars, 
which  cnnslituies  the  natural  day;  the  other  annual, 
about  the  sun,  in  an  elliptical  orbit  or  track,  in  363  days 
6  hotul,  cooslilttiing  the  year.  From  the  former  arise 
thedisciytia  of  day  an^  night;  and  Aon  th*  htier. 


EAR  I  * 

Ate  victttiliidn  of  scnsoin,  ijiring,  Kummn*,  AUtumii,  aiid 
wiBlcr. 

JIm  tcrraqneoas  jj^bc  it  diiiinguiiliod.  into  ihtee  |Mrl> 
or  Ti^ions,  vii,  l«t,  TIh>  ncteniKl  part  or  crtnli  Mng  tbnt 
froui  wbiirb  vr{;rt«Uc»  iprini  and  8niiiinl<>  arc  nuranl. 
Sd,  Ttiv  rai'ldir,  ur  inlcrflUHlialF  |Ari,  wbicli  (tonMiapd 
In  r.'SiiU,  «-\lfinlin»  turtticr  thuii  huutnn  laUnir  ever  yet 
puiccruu il.  3',  lilt-  iiilt'iiiul  i>r  crulral  |mrl,  wtiirli  is 
iit:iilt  u.;knii»ri  \<i  u^.  Ill'  by  niidiy  iiutli'irs  »U|>|i<"scil 
ot  u  iiiiiiiui  iJi'  ii;iti:ri';  l)\  I'liicis,  a  or  spin-re  ot"  fire  ; 
bvi>tlu-i->,  ;ui  .iliv^'  iir  <  ■  illt'i  lti 111  III  «aliT>.  Mirinuruii  d  l  y 
tbt-"  ^tralu  ul  i  arlli ;  mid  Uy  (i!.'i<-rs,  u  ii'illmv,  i  iii|ily  >|nco, 
inhiibi|i'i<  til,  uiiiiiiii^,  ttliii  linvi'  thiirsuii,  moon,  )ilanci:>, 
and  otlior  coiiviniciicci  uiliiiii  tlii-  xaiiie.  ISut  othi-rs  tti- 
vidc  iIh-  body  ol  llii-  gloU-  into  two  piitt*,  viz,  the  external 
part,  called  the  corli^x,  incluHin-;  ilie  inlornal,  which  they 
call  ibdnurlfus^being  of  a  diflt-reni  nature  from  the  former, 
and  possrMCil  liy  fire,  water,  or  more  likely  by  a  cotwider- 
able  portion  of  metals,  and  prnbnbly  mo»tly  iron,  as  it  has 
been  found,  bjr  my  calculation,  that  the  mwn  deuity  of 
Ike  whole  earth  in  nnr  donlde  the  denily  of  oooinoD 
alone^  See  my  determinatioQ  of  li,  Phik«.  Tom,  1778, 
pa.  781 ;  or  my  Thwta,  vol.  t,  tract  9S. 

The  external  part  of  the  globe  either  exhibits  Ineqoali- 
ti(«,  as  mountaiiM  and  valley* ;  or  it  hi  plane  and  level :  or 
holloHotI  into  chuitiii'ls  fi»>iirx's,  &c,  where  rivers,  lakes, 
uiul  dcm,  flow  in  all  din-ciioiis.  'riie-.e  in<-r|unlilii s  in  llic 
f.<c<'  I't  tiie  earth  nin^t  rmtiir;ili-.Ib  Mipji'i'-c  Imve  arisen  frdiii 
a  riipt'iri'  <M  siiliveiMoii  iil  it,  !iy  tin-  lorci"  either  tif  llit- 
sulitei rniR'"U5  Im  ^  tir  «;ili'rs.  The  fi^nij,  in  i:^  natural 
atld  ori.iinnl  iiale,  it  IiB!>  been  supposed  by  Dri^rarte^, 
and  after  him,  Burnet,  Slenu,  Woodward,  \Vhi^rnll,  and 
othi  rs,  wa«  perfectly  round,  smooth,  and  ei|uablei  and 
they  account  for  its  pnsenl  rudi^and  irresuUr  fom, prill- 
Cipally  from  liic  great  (lelu!>e.    See  Deluoe. 

In  the  external,  or  cortical  part  of  the  earth,  (here  ap- 
pear various  strata,  Mippuscd  the  sediments  of  several 
.jlood»i  the  water))  nt  winch,  being  replete  with  matters  of 
iiiveft  kinds,  as  tbey  dried  up*  or  oued  tbrougli,  depociled 
thceedilhmnt  iMiion,  which  ia  time  hwdenoa  into  ttiata 
of  tioae.  iuait  coal,  clay,  &c. ' 

Dr.  Woodward  faaa  considered  tba  cimimsiaBeea  of 
these  «ruU  with  great  attention,  via,  thcif  order,  iitynher, 
and  situation  wiltt  respect  tn  the  hoilfon,  depth,  inter- 
»rctioru,  li-wures.  Colour,  consistence,  &c.  lie  ascrib<-» 
the  orijtm  itiid  formaliou  of  them  all,  to  the  preat  flood, 
6(C.  Al  ihril  lei  rll-iU- rexilulmn  he  'ir|ipi.>'.(  >  that  ull  sorts 
of  lerri  -ilriiii  iioiiii-s  had  In  en  di>soKi\l  iuid  iiii\ed  \»itli 
the  water*,  l'orininj{  all  together  a  char>«  or  confus«  d  mass. 
This  mass  of  lei  restrial  particles,  intermixed  with  water, 
he  conceives  was  at  length  precipitated  lo  the  bottom  ; 
and  tliat  generally  according  V>  the  (irder  of  gravity,  tlte 
heaviest  sinking  litst,  and  the  lik^htesl  ufleiwurd^;  by 
which  means  the  strata  were  formed  of  which  the  earth 
COOItett;  which,  attaining  their  solidity  and  hardness  by 
ikysii.  h'^r  rnntinnrd  so  ever  since.  These  sediments, 
he  fuitber  Condudrs,  were  at  first  all  parallel  and  con- 
ccalikal }  aad  dw  iUflaice  of  tbe  earth  formed  of  them, 
periiKtlyeaiooth  and  riq(ular}  hot  ihatincvKtia  of  itaM^ 
Siven  ONages  arising,  from  carthqnakei,  vokaiwce,  &c, 
^  order  aad  regularity  of  the  strata  was  distnrtied  and 
broken,  and  the  surface  of  the  earth  by  such  means 
brought  to  tbe  Irregular  form  in  which  it  now  appears. 

M.  Do  Daflbn  surmises  that  the  earth,  as  well  a»  the 
other  pbiacts,  are  parts  struck  off  from  the  body  of  the 


ran  by  the  colliiion  of  cnmvtsi  and  that  when  (be  ear($ 
asstiniKi  ils  form,  it  wa>  in-a  stale  of  tiqarfiiction  hf  Sff, 
Bat  this  c:inn- 1  be  granted;  for  if  tlwy  were  itrack  nil 
from  the  boily  of  tbe  sail,  ihey  amuld  nuNra  in.  orUis  that 
woatdalwaya  pass  thrasib  the  snn,  instead  »f  having  th<r 
•an  for  their  focus,  orcratre,  as  they  are  now  found  to 
have;  so  that  having  been  Mruck  off  they  would  fall  down 
into  the  sun  again,  tcrminatiiii;  thiir  career  as  it  were 
;if|.T  iMif  revidutioil  iMily. 

l'n>iih-s  these,  vari<jii>  otliiT  Ky|in"lu'><'s  Imri'  I«n  n  ad- 
MiiKi'ii,  ;(!|  i  f  tlum  h'lai  vi  r  rm  re  ur  h  '.s  I'.'ihle  !i>  ob- 
il■f:ll.:l^;  11,  nui-I  ftl«a^^  he  tin-  tase  wild  eonrhi<ions- 
iJr.osn  Inuii  uiicerl.iin  (lal:i.  \\  c  iiiHy  lnnv<'\tr  purlieu- 
\iinin-  Dr.  James  Htttiuii's  treatise,  on  this  »iibject,as  one 
de.serviii!>  the  niost  .ittrnlioii,  and  fMm  which  awh  Bl^ 
ful  inhirmMtioii  may  be  derived, 

Laktii,  in  Astronomy,  h  one  of  the  p^ary  ptaiielV 
accordint;  to  the  system  of  Copernicus,  or  Py  thagoras  j 
its  a&trononiicnl  charaCcr  or  mark  being  Q:  but  ac» 
conlim{  to  tbe  Ptolemaic  bypMbcsis,  ii  is  tbe  ceatn  of 
tbe  system,  for,  whether  the  earth  move  o»  remain  at 
rast,  (hat  {•»  whcdier  It  be  Ixed  in  the  centre,  hariof  the 
ran,  (hcheavctiB  aad  elan  moving' round  it  fram  east  to 
wast;  OTf  dMie.hdag  at  rest,  whether  the  earth  only 
moves  from  west  to  east,  is  the  great  article  that  disiin- 
gu!>hes  the  Ptolemaic  system  from  the  C\  pi  rnir.'»n. 

Motion  of  tke  V.MtTH.  It  has  alremly  Let  n  olmerved 
that,  besides  the  siiiajl  moiion  of  the  earth  wimh  raij«<5 
the  precession  of  the  eipmioses,  the  earth  has  tuo  creat 
ami  ilnlipendeiif  motions;  via,  the  one  by  which  rt  :uri;j 
run  lid  its  own  a\is,  in  the  spi^e  of  24  hours  nearls ,  «  hich 
causes  the  conuiiual  <ucco,Mon  nf  day  aiul  iii^ht  ;  hihI 
the  other  an  absidute  motion  of  iu  wliole  mass  in  3  larce 
orbit  about  the  sun,  having  that  luinioary  for  its  centie, 
so  that  its  axis  keeps  always  parallel  to  itself,  inclined  in 
tbe  same  angle  CD  its  path,  and  by  that  means  cawing  tha 
vicissitudes  of  seasons,  spcing,-nimmer,  aalutnn,  and  winter. 

It  is  indeed  true  that,  IS  lo  sense,  the  earth  appears  to 
be  fixed  in  the  centre,  with  the  ran,  slara  and  ncaveat 
moving  round  it  evnyday;  aad  iiich,  deabtleM  wohM 
bo  eonsidened  as  the  true  natare  of  the  aolionB  in  tha  lint 
early  agm  of  maakind,  as  tbcjf  are  aiili  hv  the  rude  and 
unlcanwd.  But  to  a  ihinkiog  and  leaned  mind,  tha 
contrary  will  soon  appear. 

Indeed  there  are  traces  of  the  kimnledge  of  thr^r  mo- 
tions in  the  earliest  age  of  ihe  sciences.  Cicero,  in  his 
Tu^c.  ()ii«',I.  >iiy^  that  Niertus  of  SyrnciiH-  fiist  disco- 
vered that  the  eaith  liaii  a  (jiuriial  motion,  by  \»liich  it 
revo|v<-d  munri  i!^  axi^  cM  ry  '.'4  h>)urs ;  and  Plutarch, 
de  Placit-  Ptiih  si.ph.  ml  .nns  us  that  Phil'ilaiis  di>covered 
its  annual  molii.n  i<ii]nil  'he  ^'jn  ;  aJ  i>  Ai  i  t.Trchiu,  about 
100  years  after  I'hiiolaiis,  alludes  lo  ll.  -  iiiulion  of  the 
eiiili  ill  -.liiiTigcr  and  ch  afer  terms,  a-  ^^e  arc  assured  by 
Archimedes,  in  his  Arenarius  And  the  same,  we  ttl% 
further  assun-d,  was  thaapiiiion  and  iloctriric.of  Py  thagorat. 

But  the  religious  opinions  of  the  healhi  n  world  pre- 
vented this  doctrine  from  being  more  cultivated,  l-'or, 
AristMrckus  being  accused  of  sacrilege  by  Clcaiitha  for 
moving  Vesta  and  tbe  tutelar  dcttict  of  tbe  tioivrne  oat 
of  their  pboes,  the  philosophen  ware  obli|ed  to  dJiMmble, 
and  seem  to  relinqaiih  so  perilous  a.poeition. 

Many  ages  aftcwards,  NicCusanus  revived  the  ancient 
system,  in  his  Dnet.  de  Pignorent.  and  asserted  tbe  mo- 
tion of  (he  earth:  but  the  doctrine  gained  very  liitlr 
ground  till  Ihe  time  of  Copbrnicns,  who  showed  its  great 


Mtility  aud  advatilagn  in  Mtronomy ;  wad  who  hid  immv-   LrUtd;  eamlle  i  (lig.  1,  plate  x)  represent  th*  um,  iDMtiit 


tifatrly  »1]  llie  pltilusopliert  and  aslronompn  on  bis  »tdp, 
lliat  (laii'tl  to  (litii-r  troiii  itic  CTunil,  uii.l  wcil-  nuC  iil'iitul 
of  eceloia^liCiil  C(i\»iiri',  »linU  whs  not  let-,  iluiii;! rous 
uii.li't  till  (.  li I  Isti.in  vlivia-iib.iiii '[>.  ;h;iri  ii  had  briii  under 
thii!  ol  tm  III  -iihi'ii.  I'or,  bi\.<iisr  ii  iji.m  p.ir(->  nt  S<rtp- 
l;iri/  m.ik'  im. nii' •  >  ui  thi'  slulnlity  ol  thi-  rari;!,  anil  <il  llie 
million  111  thr  Mill,  IIS  ihr  ri>iiu  unil  sillmg,  «ViC,  liic 
falhi'i-5  ol  cliurch  thought  tlivir  tflii-ioii  nquiicil  tl  lit 
(hey  >h>>ulU  (k  li  mi,  with  :ill  its  |>o\ti  r,  what  (hry  tiiii- 
Ci'ivt'd  to  he  its  d^*ctriiii<>,  uiiil  to  c<'ii)Uto  uml  |)uiiii<li 
overy  Miii'iiipt  at  inniiviun  n  on  thote  points  'iVru  is 
now  h«nvi'\('r^o  douijt  ih.it  i:i  Lich  wstuiCr*  llu'cxprrs- 
•iou*  arc  only  to  bi;  conMtlfnd  as  nci'mnmodatid  to  ap- 
prsraiices,  ani!  the  vulvar  notKni^  ol  tiling''. 
'  By  ibv  diurnnl  rotation  of  tho  mib  on  it»  axis,  the 
wme  |)h««o|hn«  must  lmk«  pkcp  u  if  (t  hafl  no  tiich 
liuMioo,  ihM'  ii,  H  if  the  tvn  hikI  aliin  ktoIwcI  about  it. 


wliich  the  earth  or  >,  &c,  is  movfd  in  its  dlipliaU  or- 
bit ABCD,  or  ecliplic,  und  cutting  the  rquator  Oncrf in  tho 

noilis  E  iiiul  «  :  tlu'M,  Mi'^pcniling  the  lerrclla  by  iH  north 
[j.ile,  iiii<t  tiifniiij;  U,  -  I  --ir  |:  mkti,  round  the  <  i  I  p'lr,  lis 
iiM>  will  ;j|iia_\»  hr  |i:uMlkl  tn  Its  first  poiilmii,  aiiu  iIk* 
vnrjmii  M  inon<  will  he  reprviitril  at  ihr  iJilh  ii  lit  p.'Uls 
ot  (he  p.ilt).  'rh!i«,  when  the  cuttli  f>  al  2S  m  r,  the  en- 
lii;litOiieil  hiill  lit'  :t  nu'liirlen  the  >')iilh  ]iijIi.',  ainl  li  iivi-s  ihe 
north  polu  in  ilBtkneiis,  nialfpig  our  wir.ler;  at  g  it  i* 
upriiig,  and  tlie  two  polfs  nrr  e<|ually  illununatrd,  and  tltc 
daysiiro  every  where  of  the  same  Irngth  ;  «l  ii  or  \rf  it  i-» 
our  »uii|nier,  (he  norlh  polar  parts  beiiiu;  in  the  illnniiiiutetl 
Iicmitpliere,  and  :he  soiithcni  in  (lie  dark  one i  lastly,  tl 
£  it  autuiiia,  the  polcj,  being  equally  iUtllMilWtnl  tgWD, 
Mid  the  days  of  i-qual  Ivngih  every  whrre. 

Eaktb,  te  UmmU^  Matttr,  Ikmiy,  and  4ttr9ctht 
t^infir,  ThiHicb  iha  rel«|iw  dmiiin  of  the  earth  and 


Pot,  turninn  miind  fron  weit  i6  ««m,  catHca  the  aun  and  .noit  of  thr  other  pbncf a  haw  been  knowfi  a  conidefaUio 
all  tbi-  visible  heavt-na  to  hivre  the  ajppwMMW  of  loorim   li<M  it  i»  b« «eiy  l|itv|^ttwt  we  haw  came  to  the  hnow  ' 


the  Contrary  way,  or  from  vast  to  wvst,  as  are  daily  Kfe 

(hcni.  bo  that,  when  in  its  rotation  it  has  bruughl  the 
sun  or  a  star  to  appear  just  in  (he  huritun  in  Ihe  east, 
the)  are  llieii  •^aiil  to  \i<-  i  imhj;  ;  uml  as  the  eai  t!i  ConliilUe* 
to  nsirlu'  ill  n  aii  i  more  towards  thi'  east,  ullur  ht;ir4 
seem  to  n^e  aiiil  aiUance  wa'itwarib,  puisiiii;  the  inendun 
ol  tilt  oliMrkir,  wliiii  they  are  <iiii-  M.iitli  lri>in  huti,  ami 
at  their  giealcit  altitude  above  horizon  ;  alter  whieh, 
by  a  coiitiiiuunci'  ol  (he  iaiiie  iimliom,  va,  of  the  earth.*s 
rotation  lii^twarit^,  and  the  luininiirie«'  appaient  cminter 
4lutian  wi  ^twarilt,  the<c  decline  from  the  meridian,  or 
aauth  point,  towards  the  ue<»(,  where  bring  arrived,  they 
are  said  to  M  t  and  descend  below  i( ;  and  so  on  oonlillll* 
ally  from  day  (o  day ;  thus  making  it  day  while  the  tUJt  i| 
above  the  borison,  and  night  wbiio  be  is  below  it. 


Icdj^e  of  the  ^woiute  gniviiy  or  dimsiiy  «f  the  wbule  i 
of  the  earth.  Thiit  1  hnve  calcujalcd  qml  deduced  frogi 
the  observations  made  by  Dr.  .Mavkelyiie,  (lute  Astmnomor 
Uoyul.)iit  (lie mountain Schchallieii,  iiuIh  \eai,  i77»,-5, 
and  S.  'Ihe  ullnielion  of  (hat  mountain  on  a  p!ummet> 
being  obseivi d  on  butli  sides  ui  it.aiui  jt\  niass  bi  iiii;co(n- 
puli  d  lioni  a  iiiinili.  r  nl  jiitioiis  in  all  diiectioiis,  atui 
eoiiMsting  111  •stone  ;  t[ie>e  data  being  then  Compared  with 
the  known  atirnciion  and  magnitude  of  tlio  eattb,  £|Bvc 
by  |iroportioii  it>  mean  density,  whieh  is  to  that  of  wati^r 
nearly  as  5  to  I,  und  to  coinmon  «toi|o  at  2  tO  1 :  from 
w  hich  very  considerable  mean  drnsily,it  Hity  baprettiined 
that  the  internal  parts  contain  some  grent  anCQtitiM  ef 
^IMtala.  . 
From  the  density,  ihua  ibund,  its  qMamity  of 


■ove  ine  oerison,  ana  nigoi  wniie  ne  la  oeiow  ii.  Fran  ibc  ueiwiiy,  iniw  louna,  its  q^aoiity  qf  Vwivr 

.  While  the  <«rth  ia  thw  levolviug  on  ita  axle,  it  bat  the  bccooci  known,  Iwinf  equal  to  the  pmriact «  1t»  deutity 

aa»  linif  carried  by  its  proper  motion  la  ita  orbit  raonA  by  its  mi^aitude.    Fro«i  wiovi  experiments  too,  we 

the  aun,  aa  &ne  of  the  planets,  namely,  between  the  orhiv  ■  kiww  that  iM  pttnctiw  Iwcr,  at  the  wrfacc,  is  such,  thai 

«rVcwHandMan,hafili|thearbiia«r  VemnaadMercury  M^MuNiw  thrMi||li  •  apace  of  16^  feet  in  ihc  6rst 

wtllih  ittown,er  between itand  the lun, in Ae centre,  and  ardiMeVtlme:  whence  the  force  at  any 


tiMMe  .ef  Man,  Jupiter,  Saturn,  &c,  without  or  above  it; 
'which  irethen'fore  called  superior  planets,  and  the  others 

the  inferior  oiieH;  which  is  called  the  annual  moliuti  of 
the  earth,  because  it  i»  performed  in  ayejT,  of  3(i5  days  6 
hours  nearly,  or  rutin  r  M\!>  days  b  hours  t.Q  minutes, 
from  either  eijuinox  or  xiUtice  to  the  same  aKain,  >*liich 
compliu-i  thr  tropical  year;  luil  in  ::!  ;i,i\  •, mi;  mh-  t'l 
the  Dunic  again,  as  sei  ii  from  tiie  buii,  in  ,U>5  days  (>  hours 
9  niinutO',  which  is  called  the  sidereal  year.  The  ligurc 
of  this  orbit  is  ellipitical,  liaving  the  sun  in  one  I'ocu*,  the 
metin  distance  being  about  95  niilions  of  miles,  which  is 
upon  the  sitppoiitioD  that  the  sun's  parallax  is  about  t"y, 

,  'or  tlie angle  vnider  wllcb  the  eitrth's  semi-diamcter  wouM 
'appear  to  an  obaerver  placed  in  the  sun :  and  the  exccii* 
tricity  of  the  orbit,  or  didance  of  the  sun,  in  ^e  focus, 
from  the  centre  <rf  ihia  clliptie  orbit,  ii  abont  ^th  of  the 
mean  distance. 

How  this  aaanal  JMtion  i»  perfbrvied  in  such  «  man- 
ner; that  the  earth's  aitb  ie  every  where  parallel,  or  in  the 
'lame  direction  in  every  part  of  the  orbit ;  by  which  means 
"It  happens,  (bat  at  one  time  of  the  year  the  sun  enlightens 
'more  of  (he  north  polar  parts,  and  at  tho  opposite  season 
'of  the  year  more  of  the  southern  parts,  thus  showing  all 
the  varieties  of  seasons,  spring,  summer,  autumn  and  win- 
•    leri  which  may  be  lUustrittcd  in  ihc  following  tnauncr: 


any  other  place,  ei- 
ther within  or  without  it,  becomes  kuow  n  ;  for  the  force 
at  any  part  within  it  (supposing!  it  every  where  uniform) 
is  din  rtly  as  its  distann-  tin-  eenlre  ;  but  the  force 

of  Htiy  [lart  witliout  it,  reciprocally  as  the  square  of  its 
distance  fiom  the  cmtre. 

r.\ST,  one  of  the  cardinal  poinLs  of  th<  horiiou,  or  <if 
'111'  (on-pass,  b<-ing  (he  nuddli'  point  of  it  Letwi-en  north 
and  ^(  11th.  on  that  side  where  the  wjn  rises,  or  the  point 
in  wliii  Ii  i:  :  ■  intcrbecled  on  that  side  by  the  prime  vertical. 

EAb  rfc.U,  a  least  of  ihc  church,  held  in  rociiiory 
our  Saviour's  resurrection.  This  feast  has  been  annually, 
celebrated  ever  since  the  time  of  (he  aponlea^aDd  ia  oiw 
of  (he  tnost  considerable  festivals  in  (be  hrfayilW  n  Ifwdif  i 
being  that  which  regulate*  and. dclcrmjiifa  |j|e  livM  of  iril 
the  other  moveable  feasts.  i       •  ,•  ' 

The  rule  for  the  celebration  of  ea«lert  ftaiad  )tg 
cooodl  ef  Nice,  in  the  year  325,  i>,  that  it  be  held  on  the 
tind^  which  falls  upon,  or  next  eAc/i  the  full  mcon 
which  happens  next  aAer  the  SUI  of  ftlarch  ;  that  i<,  the 
Sunday  which  falls  upon,  or  next  after  the  fir'-i  I  jll  moon 
after  the  vernal  etjuinox.  The  reason  of  wtiicli  drcree 
»  as,:lKi'  'A.n  Ch  ristiajis  might  avoid  cideLralinn  iht  ir  caster 
at  the  same  time  with  the  Jewish  passovir,  which,  ac» 
cording  to  the  institution  of  Moaes,  vat  held  the  very  tUy 
of  the  fuU  moon,  ^j^^    .  ./o  ,  '  :  \  r  i'^If-      .  '"if  . 
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7b  /kd  F.ASTEK  «ec»ri^ 

«o  the  Old.  or  Julian  Styte. 

In  till'  a  i:uM  il  li.lili',  tiiicl 
the  golden  nuriiLit,  wrih  ihc 
diiv  of  (ill  p.iMiliiil  iiluoti, 
and  the  sumi.ty  li'Ui'i  uiwicxetl; 
compare  ihiii  Idler  with  tlx* 
rIoininicMl  lutter  ur  llic  given 
year,  thiit  it  m»y  appear  how 
many  day»  sre  to  be  adiiM  to 
the  dsy  «f  the.  paschal  fall 
moon,  to  give  rt$ier>ilny. 

Far  Eumfle.  In  the  yrar 
171Af  the  dominical  letter  iii  b, 
wui  the  guMcB  number'  i«  6, 
opposite  to  which  clmda  April 
10  tu  the  day  of  the  pmcW 
fcU  nbeo oppoiite  to  which 
is  tlie  Sunday  Uller  b,  which 
happening  to  \k  the  mmt-  wiili 
that  of  the  given  year,  that  <lay 
iv  a  suniluy  ;  and  llicri'l'iuv 
caster  will  tall  7  d.»ys  after, 
viz,  on  the  17th  of  April. 

But  in  thi5  con)|unation,  the 
vernal  ei|iiiniix  is  Mippn'cd 
fixed  to  the  21sl  of  .March; 
and  the  cycle  of  19  years,  or 
golden  numbers,  is  suppmed  to 
point  out  theplaeatof  the  new 
and  full  moons  exactly;  both 
which  suppositions  are  errone- 
ous: to  that^e  Julian  caaler 
iiaver  happent  at  iti  due  lime^ 
mkm  by  MCMent.  For  Imtniice,  in  the  above  exMupie 
the  vernal  equinox  &Uion  the  10th  of  March,  eleven  dajrs 
before  the  rule  luppous  it;  and  the  paschni  full  moon  on 
tbe  7th  of  April,  or  3  days  earlier  than  was  supposed : 
«nd  iher<  lVi;i  laster-day  should  be  held  OD  tho'lOth  of 
April,  iii»l«i<i  of  the  17lh. 

Thi'tcrriir  li:»d  ;;ro'.vn  to  such  a  licighl,  that  Pope  Gre- 
gory the  1 :1th  thuunht  it  necessary  li>  correct  it;  and  nc- 
co;  ii:ii;lv.  in  the  year  1582,  by  the  advice  of  Aloysius  I.i- 
\int  anil  odn  rv,  he  ordertd  10  days  to  be  thrown  out  of 
October,  to  bring  the  vernal  equiimv  liark  nrjain  to  dio 
21sl  of  March  :  and  hence  arise  the  terms  Gregorian  ca- 
lendar, Gregorian  year,  &c. 

This  correction  howp»pr  did  tiot  eniinly  remove  the 
error;  for  (be  equino.xes  and  soUtices  still  anticipate  28* 
SO*  in  every  100  Gregorian  years ;  but  ibc  difference  it  to 
ineoMiderable  at  not  to  amount  to  a  whole  day^  or  34 
honn,  in  leai  than  jOSS  Giegorian  yean. 

The  Grecoriaa,  or  New  Style,  wu  not  intradueed  into 
England  till  the  yeer  1758,  when  eleven  'dayt  were  thrown 
out,  viz,  between  the  3d  end  14th  of  Sqlember,  the  error 

nmonnting  then  to  that  ijuantity. 

T\t  find  Eastkr  according  U  At  Wsw  Or  Grtgoricm 
Style,  lilt  the  Year  ipOO  eiclunvr. 

Look  for  the  colden  number  of  the  year  in  the  fint  co- 
luinfi  of  til,  Miilr,  loj.iiii-i  nliicti  »tutuls  the  day  of  the 
pMChiil  riiiKui  ;  ilveii  look  in  ttie  ."Jr!  roliinin  for  the  sun- 
day  li  tti  r,  nr\t  altt  r  day  of  the  full  tiioon,  and  the 
day  of  the  month  standiti^  auaniit  that  Sunday  letter  is 
lastiT-day.  Win  n  the  full  moon  hap[>cm  OA  •  tUlldey, 
lUcn  the  nest  «unday  after  is  easterly. 
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I'itr  Lximph-.  Foi  li.''  yiar 
IRi.l,  tl.e  ii;':ld<ii  nnnilirr  ii  \); 
as;aiEist  which  v|auil5  .April  tlie 
Ijlli,  and  the  next  >un  let- 
ter,  «  llll.  ll    1>    I  ,    bi.  ln'A  ihiit, 

standN  opposjie  April  18,  which 
is  till  reiuro  (be  oatler-day  for 

the  year  181.1. 

Thouj;h  the  Grc^orsaii  ca- 
lendar be  much  preicrable  to 
the  Julian,  it  is  yet  nut  without 
it«  (Ivkxts.  It  canrwt,  tor  in- 
stance, heep  tlic  equinox  b]> 
way«  fixed  on  the  9  Ist  of  March, 
hut  It  will  vary  between  the 
I9th  and  the  23d.  To  which 
H-e  may  add,  that  (lie  full  moon 
liappi  nin^on  the'JOlhof  Mai(  h, 
niijjht  sometimo  be  |  iinlial  ; 
jet  it  is  not  uli  ■w.  I  iis  stuh  in 
the  Grivorian  Coinpuialioii;  B!> 
on  the  Contrary,  i!;t  fn  l  niuon 
of  the  '.2'Jd  of  Maith  m.i\  lie 
allowed  for  pa>chal,  «hir  li  it  is 
not.  Scalij;iT  and  (,'ain»iu>i 
have  aUo  pointed  out  olh-  r  in- 
uecuracn-?,  in  thi? calendar.  An 
excellent  paper  on  this  suhject 
by  the  Earl  of  Macclesfit-ld, 
may  be  swn  in  tbe  Philos.- 
1  rani.  vol.  40,  pa.  417  »  »y 
AbiidK.  vol.  X,  pa.  3S. 

CAsnn.  T<rai.  SeoTsaN. 

EBBING  endPitOwiiio  ^ 
fir  An.  SceTiptt. 

RCCENTRIC.  Sec  ExCfcirrRtc. 

ECCr.NTRICITY.    S<c  Kxcentrici  rv. 

ECHO,  a  sound  reflected,  or  n'verbi  rated  from  some 
body,  and  ihi  occ  ii  ioiind  or  repealed  to  tin  ear. —  l  or 
an  echo  to  l)e  In  .inl,  tin  car  muit  be  in  tlie  line  of  n  flec- 
tion  ;  tlint  the  person  w  ho  iri.nlr  iln  smnul,  nuiy  lieir  tlx 
echo,  it  is  nrci-^saiy  Im  ^aouM  Lu  in  a  | n  |  ciuIk  ular  ;o 
till-  I  la<-o  VI  liii  h  1 1  '■(■..  is  i(  ;  an  J  for  a  In  nlliple  oi  Muln^a- 
pical  echo,  it  l^  neci  vvary  tiiat  ll.ere  ^holJld  ho  n  iiuniiHT 
of  walls  and  vaults,  rocks  and  cavities,  eillur  pliiced  be- 
hind each  other,  or  fronting  each  otLer.  Tliose  murmurs 
in  the  air,  that  are  occasioned  by  the  discharge  of  great 
guns,  \c,  aie  a  kiml  of  indefinite  echoes,  and  aic  pr(^ 
durrd  iV  aTi  tht  \  aporoi^»  particle's  stisp«>Dded  in  (he  atmo- 
sphere, which  resist  the  undulations  of  sound,  and  rever- 

faenle  them  to  the  cer. 

There  can  bo  no  echo,  unless  the  direct  and  reflex 
iounda  follow  one  another  at  a  tuflicicnl  distance  of  time; 
tat  if  the  reflex  sound  arrive  at  the  car  faefons  the  impn^ 
ftlon  of  the  direct  sound  ecaict,  it  will  net  be  doubled,  hot 
only  rendered  more  intcnto.  Now  if  we  allow  that  9  or  10 
syllables  can  be  pronounced  in  atecond,  in  order  to  pre- 
serve the  sounils  articulale  and  diitinct,  there  should  be 
about  the  9th  part  of  %  second  between  the  times  of  their 
Bppulscio  the  car;  or,  as  sound  flies  ubout  114*2  feet  in  a 
second,  the  said  difference  should  be  ^  of  \IVI,  or  127 
feet  ;  and  therefore  every  syllable  will  be  reflected  to  tbe 
ear  at  the  distance  of  about  "0  feet  from  tin  reflecting 
body  ;  but  as,  in  the  ordinary  way  of  speaking,  .1  "i  4  syl- 
lable* only  are  uttered  in  a  second,  tUe  speaker,  that  he 
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mttjf  have  ihc  ti-ho  returned  a«.  soon  a*  ihcy  arc  pxprrssrd, 
ihould  stand  about  500  feet  from  th?  rcllecting  body  ;  ami 
in  in  proportion  far  any  other  nmtibcr  o(  iyU»[)k-s. 
Mersenno  aliuw<i  for  a  moiiosyllaljli-  the  di«tance  of  69 
feel;  Morton,  90  fcet;  for  a  ditqrilabic  iOi  feel,  a  irayl- 
,  labia  16O  feet,  a  tetrasyllable  1  Bi  fcct,  and  §  pcolaiy liable 
'  204  feel.   Mat.  Hiit.  Noftbamplon,  tm.  5,  (ml.  S5S> 

FnNB  wiwt  has  been  laid,  it  lollom  that  echoea  may  be 
«lfliiad  Ibr  laeMaiing  ixncecMible  diiiancci.  Him^  Mr. 
I]ateni,itBnding«n  the  faania  of  tbeT(uunr<,oppouie  t» 
Woolwich,  observed  that  the  echo  of  a  »ingle  tounti  vrn 
rellecled  bark  from  tlio  boun-s  in  3»cconJ»;  consequently 
the  sum  of  ihc  liiiixt  urui  relK  \  ni\s  niu^l  have  U'cn  I  143 
X  3=34'i6  Kti,  iui.l  the  hall  ol  il,  17  IJ  hot,  the  breadtli 

Ol  thl'  livvT  III  lllill  |llnC<'. 

It  al-o  t'oildw  tliai  the  crhnmg  body  being  ivmoviil  lar- 
liier  ofi',  it  n'riici>  more  ul  lln  -.  iiiid  thun  when  ruarer; 
which  is  (he  reason  why  s<im<'  pchcn  rofjoat  Imt  ihr- 
lable,  or  one  word,  und  some  many.  Ot  Un -i-,  ■.dim- mi 
tonical,  which  only  ivturn  a  voice  whrn  nuKlnluiid  intu 
lomc particular  musical  tonr;  and  other-,  poh NWIaliiral. 
Thai  fine  echo  in  Woodstock  park,  Dr.  Plot  ii^»ure»  us, in 
tbe  day-lime  will  rt-turn  very  distinctly  17  syl labia, and  in 
the  night  'ZO.    Nut.  Hi»t.  U.\f.  cap.  1,  pa.  7- 

Echoing  bodies  may  be  to  contrived,  and  placed,  as  that 
rcRecting  tbe  aonod  frma  one  to  tbe  other,a  nuliiple  eebo, 
or  many  echoaibihall  aiiib— At  Romcath,  near  Gla^giMr, 
in  Seotund,  there  it  aa  edw  that  rrpeat*  »  tana  played 
with  a  trmapet  three  ttmet  completely  and  didincllj.— 
At  the  aepulchre  of  Mciella,  wife  of  Crairai,  there  wia  an 
ecbOf  which  repeated  what  a  man  said  five  times. — Same 
auth<m  mention  a  tower  at  Cxzicus,  ulrru  the  echo  is 
rcpeattd  'even  tiini-s.and  one  at  Brusii  Is,  ihnt  unswi  rs  13 
limes. 

But  the  (inist  echo  ivc  read  of,  is  that  mcnlirtned  iiy 
1'  1:11.1 Ill  ii  ^  li"'.!'-!  on  StallUb'-.  i'.icli.nH,  liL.  (■,  ■. i  r 
whicii  n  pcuU'il  thl-  vvonis  a  man  uttered  17  times.  This 
was  oil  ihi-  banks  of  ih-  between  Coblentz  and  Hin- 

^en.  And  whereas,  in  common  echoes,  the  rv-prtitioti  is 
not  heard  till  sume  time  after  hearing  the  words  spokt  11,  or 
tJie  Doti's  »unij; ;  in  this,  the  person  who  speaks,  or  Aiiigs,  i-. 
scarce  heard  .-it  all ;  but  the  repetition  very  clearly,  and 
always  in  surprising  varieties;  the  echo  seeiuin"  some- 
times to  approach  ncarer,and»omeiimi  s  farther  oiT;  some- 
times the  voice  is  heard  very  distinctly,  and  sometimes 
tcarOB  at  all :  one  person  hears  only  one  voice,  and  another 
ie*enl;  one  bean  tbecchaootheiifbttand  theeibcroa 
thela^&e. 

Addison,  at»d  other  tmvellen  in  Italy,  ncntioa  an  echo 
atSimonetta  palace,  near  Milan,  still  more  extraordinary, 
reluniing  the  sound  of  a  pistol  S6  tines.  The  echo  is 
heard  behind  the  house,  which  has  two  wngs  ;  the  pistol 

is  lii-cliiii  4ed  fidin  11  \»indo«  in  one  of  these  wing^,  the 
sound  IS  nturncd  fioni  a  ilr:<d  wall  in  the  other  wing,  and 
beard  from  a  window  in  the  b  ick  lront.  See  Addis.Tra- 
vels,  pa.  32;  Misvm.  Voyag.  d  ltal.  torn.  2,  pa.  l.Q{); 
Philo*.  Trans.       ISO.  pa.  220. 

Afjain,  a  multiple  echo  miiy  be  made,  by  sw  placing  the 
cchom;;  iiodie*,  at  unequal  ilistances,  as  that  they  may  re- 
Hcct  ail  one  way,  and  ool  one  on  the  other;  by  which 
means,  a  manifold  tiuccmnini  sound  will  be  heard;  one 
clap  of  Ihc  hands  like  many;  one  Aa  like  a  liughler;  one 
single  word  like  many  of  the  same  tone  and  accent ;  and  so 
one  musical  instiument  Uk«  many  of  the  same  hiad«  imi> 
lating  each  Other.  , 

Voul. 
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Lastly,  Kchoing  bodies  may  be  so  coiiliivecij  that  from 
anyone  t:iveii  sound,  they  shall  produce  many  echoM, 
diUerpnt  both  as  to  tone  aiid  inwuaion.  By  which  meabs 
11  musical  room  may  be  so  contfiwd,  that  not  only  one  in- 
strument playing  in  it  shall  seem  many  of  tbe  same  MWt  and' 
siicr,  but  even  a  concert  of  difiemt  ones;  this  may  be 
Goniriv«d  by  placine  certain  echoihg  Uulin  so,  as  jbat 
buy  aoic  played,  ihwl  be  retained  by  ihem  in'Sds,  tftbf» 
and  Stbi.  - 

.  GcBo  is  also  used  for  the  place  where  the  rrpetition  of 
tht  sound  is  produced,  or  heard.  This  is  uither  naljiral  or 
artificial.  1  he  place  where  the  speaker  standi  is  called* 

the  centrum  phonicutu ;  and  the  object  or  placf  that  reiQrU 

the  Voice,  the  centi  um  phonocunipticum. 

l.ciii.i,  in  .-\relii[i  elliip,  :■>  iiji|iln<l  to  Ci-rtaiii  Moihs  ;ind 
arthrs,  iiio'.tl)  i.f  rllipticiil  or  |iariilHilirai  fiijiiri?.;  u'ed  to 
redouble  Miuiids,  uiul  iiroduci-  arlilitial  et;.oi .. — The  me- 
thod ol  ma  kiiij;  tlieiii  is  taught  iiy  f .  Blaiiciiiil,  in  his  tcbo- 
nn  tna,  a;  tlie  end  of  his  book  on  the  Sphere. 

Our  <i|  ilie  liiH  st  echoes  in  Kngliind,  i-»  that  commonly 
ealled  the  svliis|UT]iig-gallery,  in  the  dome  of  St.  Paul's, 
London;  and  another  in  Gloucester  cathedral.  >ee  Wiii»- 
rtntvO' Places, 

Vitruvius  tells  Mj  that  indiven^  p.irti  of  Greece  and  Italy 
there  were  bnaen  VCSseU,  ni  juily  lunged  under  the  seats 
of  tbe  theatres,  to  render  the  sound  »f  the  actois'  voices 
more  clear,  and  make  a  kind  of  echo ;  by  which  inatlN» 
eveiy  one  of  the  prod^ioui  mnltitude  of  pofioni,  prcarat  at* 
those  tpectadei,  toilght  bear  with  ease  and  pleasare. ' 

BCLIPSAREOn,  an  instnmnt  invented  by  Mr.  Fet* 
guson  forahowiDgthe  phenomena  of  eclipses;  as  tolhnr^ 
time,  quantity, duration,  pro^rc^s,  &c.  Fe^Qson'a  AitiMi.,' 
or  Philos.  Trans. vol.48,  pa.  520. 

!"'"!  irSI",  ;i  piiwition  of  the  light  of  one  of  ;he  lunii- 
runes,  by  ;ijc  jntri position  of  some  opaque  budy,  either 
ln  tv\ri-ri  II  ai:<l  lli(-<  vr,  or  Ix  tuet-n  il  mvl  iln'  siii;.  The 
uncii-ni!,  had  terrible  ideas  cd  ei'lip>.e- ;  sii|i;i'  sing  llu  in  pre- 
s.n;;i  s  <if  some  dreadful  cvi  ni^.  I'iiil.ntri  iissUfi  s  Us.  iliiit 
at  Uume  it  was  not  allowed  to  tiilK  juildirly  I'f  a.ny  iia-  , 
tiirul  causes  of  eclipses;  tin  j>.  jm' n  ojiirnon  luntiiiij;  su 
strongly  in  favour  of  thiir  supeiantnral  proilnelion,  at 
least  tlanc  of  the  moon;  for  n«  to  lhi:M' o(  tin-  sun,  they 
had  some  idea  that  ibey  were  caused  by  the  interposition 
of  the  moon  between  lu  and  the  ton ;  but  wete  at  a  loss 
for  a  body  to  interpose  between  ns  and  the  mixm,  which 
tiiey  thought  most  be  the  way,  if  the  <-clips4's  of  the  moon 
were  produced  by  nalutal  caines.  Tbey  tfaexefore  made 
n  grnt  noise  with  braaen  imtnments,  and- set  up  land 
dMiits,duiiof  cclifoeaoftfa^mooni  thinking  by  thai  means 
to  saie  her  in  idwnr:  whence  Juvenal,  sjieaking  of  a 
talkative  wemMi,  mjjt, "  Una  labomati  nMeritsaccuricfO 
lunc*  Othets  atlribnied  the  eriipw  of  the  moon  to  Ike  * 
arts  of  magicians,  who,  by  their  enchantments,  pricked  hcT 
out  of  heaven,  and  made  her  skim  over  the  yras.s. 

The  nativi  s  "f  Mexico  k<v|i  (ii^t  durin:,'  t'sc  lime  of 
eclipsc-s;  and  [tarUcularly  t'o  ir  wonn  11,  ulio  bi  ai  nnd  abuse 
themselves,  drawinp  blood  fii'r.i  their  aim-,  iVr;  in-agi- 
ning  the  moon  has  been  woumUd  by  I  lie  sun,  in  some  quar^ 
rel  between  them.  a 

The  Chinese  have  an  idea  that  ecii(!sii>  are  occasioned 
by  gresit  diSgons,  who  are  re-idy  to  devour  the  sun  and 
moon;  and  therefore  when  they  perceive  an«clip«e,  ihcy 
rattle  drums  and  brass  kettles,  till  they  think  themoMler^ 
terrified  bf  tha  noiar,  lets  go  his  prey. 

The  •upcntitioai  nodoa  entertained  <^  edipaei,  ham 

a  M         -  ' 
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lomebmr*  of  considerable  advantmge,  «t  wa»  the  case    and  moon :  nor  do  ibry  liAppi  n  every  full  moon,  because 
■wilb  Christopher  Columbus,  the  discoverer  of  America,    of  ibe  obliquily  i  t  tin  moon's  palb  wiib  revpttt  to  the  • 
who)  bcit^  driven  on  jlbc  island  of  Jamaica  in  the  year    sun'*,  or  more  properly  ihi  earth's;  but  only  in  such  full 
1493,  Mul  dUtiesM-d  for  want  of  provMions,  was  iefui«d    moons  as  bappi  n  cipher  at  the  intersection  of  those  two 
n-liefby  the  mtmas  but  having  threatened  ibcni  with  •   paths,  cullciJ  the  moon's  nodes,  or  very  near  them;  vie, 
plague,  at  the  sum  time  ftNVtelling  an  eclipse  as  a  token    whi  n  the  moon's  latitude,  or  distance  betwren  the  ccalm 
«f  i^  which  happened  accuiding  tohb  prediction,  the  bat-  of  ibv  earth  and  moon,  b  hna  than  the  aum  of  the  appamot 
barians  wem  to  imified,  that  Uiey  itrovc  tiJio  abouM  bo   aeroi-diametera  of  the  moon  and  the  eanh't  ihadow. 
the  first  in  bringing  him  suppUn,  thmwiflg  than  at  bis      The  ^uf  Cbrvmttmeet  im  Imar  Be^m  ai«  the  Ibl- 
ftet,  and  imploring  his  forgiveness.   Bot  the  tnottstfihing.  lowing:— I.  All  lunar  ccilpia  areitaivmal,  or  viiible  In  • 
cirriit(i~l:inri  o^  liii*  kind  wast  lie  prediction  of  an  eclipM   all  parts  of  the  earth  which  have  the  mooD  above  their  ho- 
ot tin-  suii  by  1  hiiU"*,  the  ureat  father  of  astronomy,  which   rilon;  and  are  csery  when  of  the  same  magnitude,  with 
h»t)pened,  iu  t.  MlMiL;  tuMuyi  r's  cuiculutinn,  on  ilu  i7ib  of    the  same  beginning  and  end. — 2.  In  all  lunwr  eclipses,  ibc 
May,  6'03  yrars  lid.  re  Clinvl,  ni  "u-  monu-iil  tbat  Cya-N-    CHNterii  side  is  what  first  iromerces  and  tinirges  ngmu,  i.e. 
an'S  iini' oi"  the  Mcdcs,  uiiil  A  i.  ll.i  ■  mii«  <jI  llie  I.ydiaiis,     ibi-  lift-linnfl  >iilc  of  the  mukhi  ;in        lixik  li  her 
»tri'  preparing  lor  bxtllc;  but  alnnuid  at  ibc  apiu  arunce    tVo.ii  ihr  r.rjrlli  ;  lur  tbc  proper  niotioii  of  tbr  nioun  being 
of  the  eclipse,  tbey  i!iiin<  dlalely  laid  duwii  !!.>  ir  iiniis.  and    swil'ler  Ib.iii  Iioit  ot  the  t  arth's  shadow,  (be  moon  ap-* 
lugoiiated  n  pence  :  and  thus  ignorance,  wliich  is  often  su    pmai  hi-s  it  troin  ibc  vi  csl,  o'-'crtakes  ami  pa>s<  s  ihrotinh  it 
injurious  to  the  hHppine^^of  man,  may,  in  thisinStatWCi  b«-    "  ith  ;be  moon's  cast  side  foremost,  Kaviin;  liic  shadow  be- 
■aid  t|>  have  largely  contribute*!  towards  it.  hmd,  to  the  westward. — 3.  Total  ■  clipj,-*,  and  those  of  the 

DwraWoN  ttfiM  Eclipse,  i»  the  time  of  its  COBtimialKe,  longc  st  duration,  bai)pen  in  the  v>  ry  nodes  of  the  ecliptic; 
or  the  time  between  the  immersion  and  cmernou.  because  the  section  <.|  the  eunh's  shadow,  then  falliu  on 

hMunkm,  or  lHeidence,<ifa»  EcLirsE,  is  the  momcBt  tht  moon,  is  con.siderably  larger  than  her  disc.  Tnere 
when  theeclip*e  begins,  or  when  part  of  the  sun,  moon,  or  may,  however,  be  total  eclipses  within  a  small  distaace  of 
ptanet  tint  begins  to  be  obMVnd.  the  nodes    but  their  dtu-atum  is  the  less  as  they  are  fiHtbcr 

MmHwm,  at  Rxput^aiait,  if  «■  Eclipsb,  is  the  time  from  it ;  till  they  becoae  only  partial  oiK!s,and  at  laU^aoM 
lAen  the  eelipwd  lominaiy  b^tu  to  ic-appvar,  or  eroergo  at  all. — I.  The  noon,  viw  in  the  middle  of  an  ceUpao,  has 
out  of  the  shadow.  usually  a  faint  appearance  of  light,  resembling  tamiM 

Quantity  of  an  Ecmpse,  is  the  part  of  the  luminary  copper;  which  GaaModu^RkrioIni,  Kepler,&c,  attiibala 
edipseii.  To  determine  this  part,  it  is  usual  to  divide  the  Jo  the  light  of  the  HHIt  ttfracted  by  the  earth's  atmo- 
diamcicr  ot' the  liioiinary  into  1'.'  equal  portions,  called  sphere,  arid  SO  transmitted  thitherw— Lastly.  She  becomes 
dimts;  whenci-  the  rrlips"  1  to  be  of  so  many  dijjits,  sensibly  more  dim  and  pale,  Ud'ore  entering  into  the  real 
Hrconliiii  to  thr  luii-Ll  i  r  oi  (h '  in  ontained  in  that  part  of  shiolnw  ;  o»  in;i  to  a  penumbra  which  surrounds  that  sha- 
llie  diamelL-r  which  is  eclipsed  nr         11  red.  dow  to  some  distante. 

Kchp-<H  ;iie  tlivitii  d,  Willi  tespect  to  the  luiiiiiinry  .-,>/rw«'mv ')/ fjoiTr  teLlPsts,  or  the  method  of  calcu- 
eclipsetl,  into  Kc^/pjci  o/i/.f  »an,  "/ </if  i».oci«,  and  o////f  «a-  lating  their  tiino,  places,  magnitudes,  and  other  pheno- 
ttUita:  and  with  respect  to  the  circuuutaucet,  into  total,  mcna.  The  IM  preliminary  is  to  find  the  length  of  the 
partial,  tamalar,  cmirai^&c*  earth's  conical  shadow  ;  which  may  be  lound  either  fron 

•  Annular  Eclipsf.,  i^when  the  whole  is  eclipsed,  except    the  distance  befwirn  the  ^  arth  and  sun,  and  the  proportion 
a  rin-*,  or  annulus,  which  appears  round  the  border  or  edge,    of  their  diameters,  or  from  the  angle  of  the  sun's  apparent 
Crvtnii  KcLlPiiR,  is  one  in  which  the  centres  of  the  two    magnitude  at  the  time.    Thus,  supp<iee  the  seroiaxis  of  the 
lumi;iarics  ami  th« earth  come  into  the  same  rifjht  line.        eailh's  orbit  95,000000  miles,  and  the  ejtciiitricity  of 
fartMl  Eci.tWB,itwhenoalyapartof  the  luminary  is    the  orbit  1,377000  miles,  making  the  greatest  distanoo 
ccliMNl.  •  And  a  <K>.:t77000  miles,  or,  M9*  semidiameien  of  the  aaithi 

rafol  Ecuran,  it  that  in  which  the  whole  luninaiy  ia  and  the  tun'*  armidiamaier  being  to  die  earth'a,  aa  IK  to 
darkened.  1  i  then  aa  40  :      : :  i>b  :       that  it,  tit  :  1  : ; 

Gcutat  ^tt*  iifoM,  it  •  privntioil  of  the  ligiht  of  the  34104  :  Sia  WDldiameleta  of  the  earth  =  rc  the  length 
moon,  occasioned  by  ihe  interpoulion  of  the  body  of  the  of  the  earth'*  shadow.  Otherwise,  suppose  .the  angle 
earth  directly  between  the  sun  and  moon,  and  so  inter-  aes,  or  the  sun's  apporvnt  Mmidiameirr  be  lb'  56",  and 
ccpttng  the  sun's  rays  that  they  cannot  arrive  at  the  moon,    the  angle  bae,  or  the  tlUo's  parallax  X-fi",  then  is  their 

to  ill.  iiiuo  her.    (_)r,  the  ob-scurfttioii  of  t!  !■  ir.  i.  :.  may     difference,  or  tlie  an-;Ie  ace  =  l.i'  ;7  1";  hence,  a»  tang. 

be  couiidi  u-d  ;i8  a  sectii'H  ol  the  » iirth's  conical  iliaUuw,  by  la'+7'4  :  radius  ;  :  be  or  1  :  [  N  Murly  =  cE,  the 
the  moon  jtassitig  tbroi/f<h  some  part  of  il.  same  distance  as  U  tore.     Ilrnce,  as  !;:<■  imiiin's  lea.st  dis- 

Thc  manner  of  this  eclipse  is  represented  in  this  figure,  tance  from  the  earth  is  scarce  56"  sernidiaineters,  and  the 
where  a  iBdlCMtn,k  tbeenrthiaad  MOT  II  the  inOOn«  grcutt  st  nut  more  than  04,  the  mo4>n,  when  in  opposition 

to  the  sun,  111  or  near  the  nodel,  will  fall  into  the  earth's 
sh:uli'w,  .ind  will  he  eclipsed,  as  the  length  of  thesbadow 
is  almost  4  times  the  moon's  distance. 

3.  Ta^/ind  the  apparent  ttmidiamtter  qf  the  ettrA'i  tbtuktu^ 
ill  the  place  where  the  moon  pastes  throiuh  it,  at  any 
given  lime.  Add  together  the  Sim  and  mooinnainllaitat^ 
•nd  from  the  sum  subtiact  the  apparent  tomliHaineter  of- 
tha  sun :  so  shall  the  remainder  be  the  apparent  lemidia* 
Lunar  ocliptcs  only  happen  at  the  time  of  full  moon ;  meter  of  the  shadow,  at  the  place  of  the  moon's  passage, 
because  it  it  only  at  Hmt  time  tha  earth  b  batwcen  tb«  sun  For'  enamplc,  the  S8tb  of  Apr9  IfSKtt  at  midnight,  tho 
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moon's  parallax  is  6l'  sTi  to  which  add  8'6"  or  9">  f"' 
«he  sun's  parallax,  from  the  sum  til'  18"  take  15'  56",  the 
sun's  apparent  seraidiametcr,  and  tht-  remaimlrr  45'  22* 
it  the  srmidiainrlcr  of  the  shadow  nt  the  place  where 
'  the  muon  pa>^si-s  through  ut  tlmt  time.  But  ioine  omit 
the  »un'»  panillax,  as  nf  no  conscqui-ncc ;  and  increase 
the  apparent  scinidiamrter  of  the  shadow  by  one  whole 
minute,  fur  the  shadow  of  the  atmosphere  ;  w  hich  would 
give  the  «  niiJinmeter  of  the  shadow,  in  the  case  above, 
4(r  IS". 

3.  There  must  nlio  he  bad,  the  true  distance  of  the 
mo6n  from  the  node^  at  the  mean  opposition;  and  the 
true  time  -if  the  op^msitioii,  with  the  true  place  of  the  sun 
and  moon,  reduced  to  the  ecliptic  ;  als«  the  moon's  true 
latitude  at  the  time  <if  the  true  opposiliun ;  the  angle  of 
the  moon's  way  with  the  ecliptic,  and  the  true  horary  mo- 
tions of  the  sun  and  moon:  from  which  nil  the  circum- 
stances of -her  eclipse  may  be  computed  by  common  arith- 
metic and  trigfinoinelry. 

To  Construct  an  EcLiPSK  of  the  Moon.—-\jtX  «w  lie  a, 
part  of  the  ecliptic,  and  c  the  centre  of  the  earth's 
shadow,  through  which  diaw  perpendicular  to  ew,  the 
line  CN  towards  the  north,  if  the  moon  have  north  lati- 
tude at  the  time  of  the  eclipse,  or  c»  southward,  if  she 
have  south  latitude.  Make  the  angle  NCb  equal  to  the 
an;;Ie  of  the  moon's  way  with  the  ecliptic,  which  may  be 
always  taken  nt  5"  35',  on  an  average,  without  sensible 
error;  an<l  bisect  this  angle  by  the  right  linecr;  in  which 
line  it  is  that  the  true  equal  time  of  opposition  of  the  sun 
and  moon  falU,  as  given  by  the  tables. 

From  n  conv<  nient  srulc  of  equal  parts,  representing 
minuter  of  a  depree, 
take  the  moon's  lati- 
tude at  the  true  time 
of  ftillm<Min,  and  set 
it  from  c  to  c,  on 
the  line  rr;  and 
through  tht-  p»iint  G, 
atright  niiglis  to  cd, 
draw  the  ri>;ht  line 
liKCiLl  tor  the  path 
of  themooli's  crnlrr. 
Then  is  i,  the  piiiiit 
in  theearth'sshadow, 
where  the  moon's 
centre  is  at  the  middle  of  theeclip«e  ;  o  the  point  where  her 
centre  is  at  the  tabular  time  of  her  being  full ;  and  K  the 
poinf  where  hi  r  centre  is  at  the  instant  of  her  ecliptic  op- 
[KMition  :  also  i  the  moon's  centre  at  the  moment  of  im- 
mersion, and  H  her  centre  at  the  end  of  the  eclipse. 

With  the  moon's semidiametrr  as  .t  radius,  and  the  points 
1,  L,  H,  as  Centres,  describe  circles  for  the  moun  at  the  be- 
;;inning,  middle,  and  end  of  the  eclipse. 

rinally,  the  length  of  the  line  of  path  lit.  measured  on 
the  s.ime  scale,  will  "-erve  to  determine  the  duration  of  the 
•clipsc,  vi«,  by  saying.  As  the  moon's  horary  motion  from 
the  sun  is  to  lit : :  1  hour  or  00  niin.  to  the  whole  dura- 
tion of  the  eclipse. 

To  Compute  a  iMnar  EcLirsE.  rhis  will  be  very  easy 
from  the  foregoing  construction.  For,  l-t,in  tjie  triangle 
CCL,  right-angled  at  l,  there  are  given  the  hypothenuse 
c<;  =  the  moon's  latitude  at  the  time  of  full  moon,  and 
the  angle  r.CL  =  thc  half  of  5°  ■J.V;  to  find  the  legs  CL 
and  to. — 2d,  In  the  right-angled  triangle  rut.  or  cii.,  arc 
given  the  leg  ci,,  and  hypothenuse  cii  or  ci,  ibe  sum  of 
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the  winidiameters  of  the  moon  and  the  earlli's  shiidoW ;  frf 
find  LM  or  i.i,  half  the  diflerence  of  the  sun's  and  moon's 
motions  during  the  time  of  the  eclipse.— 3d,  As  the  dif- 
ference of  the  horary  motions  of  the  luminaries  is  to  one 
hour,  or  6o  min.  :  :  iil  to  the  semiduration  of  the  eclips*-, 
and  : :  ol  to  the  dilTcr«>nce  between  the  opjiosition  and  mid- 
dle of  the  eclipse;  this  last, therefore  taken  from  the  time 
of  full  moon,  gives  the  time  of  the  middle  of  the  eclipse; 
frcjm  which  subtracting  the  time  in  Li,  or  ^emilluratinn 
b4-forc  found,  gi>es  the  beginning  of  the  eclipse ;  or  add 
the  same,  and  it  gives  the  end  of  it. — Lastly,  liom  ciithc 
M>niidiameter  of  the  shadow,  take  cl,  and  there  n  mains 
LO  ;  to  which  add  LP,  the  moon's  seniidi.imcter,  when  ne- 
cessary, the  sum  of  which  is  OP  the  quantity  eclipsed. 

Note,  When  the  moon's  distance  fmm  the  node  exceeds 
12°,  there  can  bt  no  eclipse  of  the  moon ;  or,  more  iiccu- 
rately,  the  limit  i*  from  lOf  to  1 2 degrees,  according 
to  tha  distances  of  the  sun,  earth,  and  moon. 

Eclipse tht  Stai,  is  an  occuhatiun  of  thesun'v  bojy, 
occasioned  by  the  interposition  of  the  m<K>n  bet*een  the 
earth  and  sun.  On  which  account  it  is  by  some  consi- 
derrd  as  an  eclipse  of  the  earth,  since  the  light  of  the  sun 
is  hid  from  it  by  the  moon,  whose  shadow  involves  a  part 
of  the  earth. 

The  manner  of  a  solar  eclipse  is  reprcsenlid  in  tbi* 
figure;  where  a  is  ifik  sun,  at  the  mofln,  and  co  the  earth, 


rmso  the  moon's  conical  shudow,  travt  lling  ovir  a  part  ui 
the  earth  cod,  and  making  :i  complete  eclipse  to  all  the 
inhabitants  residing  in  that  truck,  but  mi  when-  dse;  ex- 
cepting that  fur  a  large  space  ar.)und  it  iheie  in  a  fainter 
shade,  included  within  all  the  space  rcD*,  which  is  called 
the  IVnumbra. 

Hence,  solar  eclipsi-s  happen  when  the  moon  is  in  con- 
junction with  the  sun,  or  at  the  new  miH>n,  and  also  in  the 
nodes  or  near  them,  the  limit  being  about  17  degrees  on 
each  tide  of  it ;  and  such  eclipses  only  happen  u  hen  the 
latitude  of  the  moon,  viewtd  from  the  earth,  is  less  than 
the  sum  of  the  apparent  seii.idiaim-ters  of  the  sun  and  ' 
moon;  U-caute  the  moon's  way  is  oblique  to  the  ecliptic, 
or  sun's  path,  making  an  angle  of  nearly  5*^  35'  with  it. 

In  the  nudes,  when  the  moon  has  nn  visible  latitude, 
the  occupation  is  total;  and  with  vime continuance,  whi  n 
the  disc  of  the  moon  in  perigee  appears  greater  than  that 
of  the  iiin  in  apogee,  and  its  shadow  i>  extended  beyond 
the  surface  uf  the  earth  ;  and  without  contmuanca  at 
small  distances  when  the  cusp,  or  point  of  I  he  moon's 
shadow,  barely  touches  the  earth.  Lastly,  out  of  the  nodes, 
but  near  them,  the  eclipses  are  p.irlial. 

The  other  circurostancei  of  nolar  iclipses  are,  1.  That 
none  of  them  are  universal  ;  that  is,  none  of  them  are  been 
throughout  the  whole  hemi^piieie  which  the  sun  is  then 
above;  the  moon's  disc  being  too  small  and  much  too 
near  the  earth,  to  hide  the  sun  from  its  whole  disc.  Com- 
monly the  moon's  dark  shadow  covers  only  a  »pot  nn  the 
earth's  surface,  about  ISO  miles  bruad  when  the  sua'* 
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<iistauc'i'  greatest,  uii'J  the  incxjn's  U-a»t.  But  h«r  partial 
shaiUi\v,or  penumbra,  luay  tlini  cover  a  circular  »pHce  of 
4900  miles  in  (lianu'ttr,  »iUiiri  vtbich  llie  sun  is  mure  or 
Iw*  itlipsed,  u»  llip  placfi  aru  nearer  to  or  tiirtlier  from  ibe 
centre  of  Ifail  ahailuw.  In  thi»  cuk-  thcaxi»  i>(  the  sKude 
paiMS  tbnmgb  tbe  centre  of  the  earth,  or  tlit  n<  w  muon 
happens  exactly  in  thi-  node,  and  then  it  ii.evtdcot  tbat  the 
M:ction  of  the  shadow  is  circular;  but  in  every  otbercase 
Uw  g>nic«l  chiulow  it  cut  obUqvely  by  the  »urface  of  tbe 
lartb,  aad  iha  MCtioa  it  an  oval,  and  very  nearly  a  true 
cUiput, 

2.  Nor  don  the  i dipst!  appear  the  tame  in  all  partt  of 

the  earth,  where  it  is  seen ;  but  when  in  one  place  it  is 
total,  in  another  it  ii  only  jiartia).  Furtliei,  when  the 
muuii  np]i(ai%  much  Ir^-.  Iliiiri  tin  mid,  ab  rliietly  the 
Cilic  whi  n  ihe  is  in  !ipog<-e  aii  l  lliu  ^ull  111  |KiiaiT,  llic 
vertex  of  the  lunar  shadow  is  tlu'ii  tuo  slaiit  to  n.'t:.  tlu 
earth;  tor  tlxm^jh  llie  moon  be  lu  :i  cctitr.il  ci  iiiuniliuii 
wkli  the  SUM  .ii  litis  lime,  yi  t  vln'  li  11  il  lur^i  >'nou;;li  to 
Coicr  Ills  "hul.'  <l|vr-,  but  li'ts  lii^  liinb  a|i;ji  a  L.(  id 

ring  or  biMrrU  1,  ami      c.iu^c*  lui  aiiiiulur  rch))<»'. 

3.  A  snlur  ecli|)M'  docs  not  happen  i't  tiie  sunie  lime,  m 
all  places  where  il  is  scm;  but  appears  mure  early  lu  ihi' 
wckicrn  part*,  and  lulcr  to  tbe  eastern ;  as  the  motion  of 
the  moon,  and  comoiioently  of  her  ibiidow,  it  frum  wett 
To  ea»i.  c 

4»  In  most  s'lar  irlipse^  the  mnon't  dis6  i»  core  red 
vitbulkint  iigiiLi  which  is  aitribtiUid  to  tlie  idicxioiruf 
Ibe  light  rroro  the  iilomimted  part  of  the  tuth. 

Lastly.  Ja  loud  eclipicsof  tbe  sun,  the  ■ooA'^i  linb  it 
Kcn  turrounded  by  a  pal*  circle  of  ti^t;  wibich  tome 
itstronomen  coMldcr  as  an  indication  of  a  lunar  ntmo- 
spbere  ;  but  Others  at  the  atmosphere  of  the  stin,  because 
it  tiai  been  observed  to  move  e(|uully  with  (lie  sun,  and 
not  wilh  the  moon;  and  l>r*id«>,  il  is  ni-inTidly  believed 
that  the  mcxu)  is  uiiliuiit  unv  utmospheri',  iinhu  it  be  one 
thzt  IS  small,  and  veiy  rare;  which  lall'-r  suppusi- 

tior.  may  now  bccoii-uUTrd  as  a  i.rri  wfll  <  staljlisi(t  <l,  bciiiy 
CtHifirnii'd  liy  »  va-:  numbi  r  nf  aUi  niui  observations. 

Tij  ilrw  t  .iii':  il'c  Jj,i!i;ii!.\  0/ u  S.ili.r  ll(  i.ip«K.  If  (tic 
moon's  parallax  »i  ri'  incinisidt  raMi-,  ilie  bDunds  of  a  solar 
ecli|>se  «oiild  Ik;  tlvti-riii.ncil  111  ilie  ine  manner  as  those 
of  a  lunar;  hut  as  11  has  a  scnsilde  paralUx,  the  method 
of  prooMding  it  a  little  diai'rciit,  s  u. 

1.  Add  twfethrr  the  apparent  s«>midi»meicrs  of  the  lu- 
minariettbotb  inapop  e  and  |ieriKee;  which  gives  SS'O" 
for  the  grrnicsi  sum  uf  thvm,  and  'Mf  31"  fitr  tbe  hmttram. 

2.  Since  the  parallax  diminitbes  the  aorllM*m  lalilude 
and  aupmeolt  the  tiwihi>m,  therrfunr  let  the  grmtctt  pa- 
rallax jn  blitude  be  added  to  the  former  tunu,  and  aho 
Mibtiac|e4  from  them :  thus  in  each  caic  Ihiric  will  he 
had  the  tfue  latitude,  beyond  which  there  ran  be  no 
CClipae.  This  latitude  bt  inu  given,  the  moon's  distance 
from  the  nodes,  bei|uiid  «hich  eclifBes  cannot  liappeo,  is 
iMiitiil  as  for  a  lunar  eclij.M'.  'I'tiis  hmii  is  iirarly  bettVCCn 
Ui  j  iiiid  IS^  decrees  linu  iiL'.  fi<im  iKc  Hoc],  s. 

To Jind  t'l  D^iti  i-ilip^J.  Add  ihe  appan  at  >i midia- 
t?u'lri>  111  llie  luiiiiiiaMcs  into  i:nr  sum  ;  liotii  which  sub- 
tract iKl'  niiMiii's  a)i|iarcrit  laiituai.';  tin-  reiniiinder  is  the 
>■<  iu]iKs,  or  |)ait^  <.rihi'  dlariu  li  r  eclipsed.  Then  say.  As 
l;a  a.  dliiint  tri  ol  ihc  sun  is  to  the  scruphs  eclipsed;  so 
uri  t)  digits  reduced  into  scriipU-*,  vi«,  360  scruples  or 
ii>mul.'s,  to  the  digiis  \c  cclipse'd. 

Tu  dttrriuiiu  ihc  DuriuioH  qf  a  Solar  LcLiFkR.  Find 
'  the  bviaiy  moiioD  of  the  moon  from  tbe  aua,  fur  ooe  hour 


U'fcire  the  conjunction,  and  another  hour  after  .  then  say. 
As  the  former  horary  iiintiuM  is  to  the  M  cotids  in  an  hour, 
so  are  the  scruples  of  half  duration  (found  ac  in  a  lunar 
eclipse)  to  the  timeuf  immersion;  and  a* the lalldr  horary 
motion  is  lu  the  tame  seconds,  to  are  thr  same  tcroplet  of ' 
half  duration  to  the  time  ofemenion.  I  Jistly,  Adding  the 
limes  nf  iroineision  tutdcmenion  togeth«  r,  the  aggwgitei* 
the  total  duration.  * 

The  moon's  mparent  diameter  when  targnt,  exeeedi* 
tltc  tan't  whan  healt,  only  by  S*  of  a  degKe;  and  in  the 
greamt  eolar  eclipie  that  can  happen  at  any  time  aad 
place,  the  total  danneia  cannot  continue  any  Umjtrr  than 
whilst  tbe  moon  is  moving  tbroiigh  (hi*  'J^  from  thi'  sun  ii^ 
her  orbit,  w  hich  is  about  4  minutes  of  time  :  for  the  mo- 
tion of  il,e  shadow  on  the  earth's  dive  e-.  njiial  lo  the 
moon's  motion  from  the  sun,  whieh  mi  aceouui  oi  ihe 
l■Jll!.'^  leilati'.n  on  its  axis  111  the  same  dirtclem,  or  east- 
uarii,  1'  all  111!  5(){  minuti's  ol  a  degree  ex  1  i  iiour,  al,^ 
iticaii  :  I'l  ;  hat  SI'  laiifli  ol  the  moon's  is  eiiual  to 

,'jfv|  dej^K  es  ol  a  grea!  liiele  on  the  eavlS. ,  In  eauM-  liie  cii- 
euiiitereiici' of  (be  naioii's  orbit  is  aboiit  (iii  times  the  cir» 
cuiiifen  i;ee  of  (lie  eartji ;  and  therefore  llie  mooii'sshaduw 
^oes  .'!(>;  degrees,  or  M30  geo|nphieal  uilet  in  aa  hour, 
or  3(4  i»ii<-^>  in  a  mifiutc. 

T»dtlermimilie  Btgiimii^,  Midile,  ami  End,  of  a  5of«r 
ScUptt.  Krnro  the  moon's  latitude,  for  the  time  of  ron* 
Junction,  liiid  the  arch  01.  (last  Ii;;.  hut  me),  or  the  dit- 
tanoc  of  the  gicatctt  obacarity.  Then  lay.  At  the  horary 
motion  of  the  moon  fran  tbe  mn*  befbivthe  conjunction* 
it  to  1  hour;  to  it  the  dialance  of  the  greatcat  darkncm, 
10  the  inlertal  of  lime  belween  the  grcaiekt  darknem  aad 
the  cotyunction.  Subtnci  this  interval,  in  the  Itt  and  3d 
quarter  of  the  apomaly,  from  the  lime  of  the  conjuac- 
tion  ;  and  in  the  other  quarters,  add  it  to  the  same;  then 
the  result  will  be  the  lime  of  the  greatest  daiki^ess.  l,a.stly, 
troiii  ilic  lime  of  ihe  greali  st  car^iies-  5ublnu  t  the  time  of 
iiicidi  iiee,  and  add  it  to  the  tune  ol  emersion;  the  diffe- 
rence in  tlie  ilrst  rn^e  will  be  the  begini^iogt  andlbaiun* 
ill  llie  laller  case,  the  end  of  the  eclipv. 

'io  ('ijV.'j/a(<' KcLlPsES  1;/' fAr  Sun.  J.  Find  the  mean 
new  moon,  and  thence  the  true  one;  with  the  place  of  tbe 
luminaries  for  the  appan-nt  time  of  the  true  one. — 2.  Fof 
Ihe  apparent  time  of  the  true  new  moon,  compute  tbe  ap- 
parent time  of  the  new  Hioon  obeerved. — 3,  For  tbe  ap- 
panrnt  time  of  iIks  new  moon  seen,  compute  the  latitude 
Mvn.— 4.  Thence  (totcnaine  the  digits  eclipeed. — h.  Find 
thelifliet  of  the  greaitat  daikncie,  immersion,  and  emer* 
tion^  "C*  Thence  delenaine  the  beginning  and  ending  of 
tbe  cdfpse. 

Fniw  the  foregoing  problemt,  it  it  ovidrni  tbat  all  tha 
trauUe  and  iatigue  of  the  calculat  arises  from  the  paiak 
laxcs  of  longitude  and  latitude,  without  which,  the  calcH» 
latiun  of  solar  edipaci  wo«ld  be  tbe  tame  wkb  that  of  InaaK 

ones.  ' 

Sec  the  Cunstrurlion  and  Calculation  of  !'<  li.ise^  by 
Flamsteed,  in  Sii  Jonas  Moore's  System  of  Matla  inaiics, 
and  m  I  e(:;uMin'N  .Xstronowy,  iVc. 

In  tM  I'iiilos.  Trans.  N  k)  1 ,  isa  eaiitriwince  to  tcprp- 
si  lit  SI  lai  t  elipses,  by  means  ol  the  tcrrrslrial  globe,  by 
M.  Jse!>uer,  prsiftsscir  of  matheruatics  at  tiottingen.  And 
Mr.  Ferguson  tilled  a  terrestrial  globe,  si>  ns  to  show 
the  time,  (jiiRiilily,  duration,  and  progress  of  solar  ecliptct* 
at  any  plate  ot  '.lie  earth  where  they  arc  visible;  wblcb 
he  call*  ilic  £clip*areoii.  lie  hat  alao  given  a  laige  ca- 
talogue of  ancient  and  fluden  eclipw^  including  thaw  i»* 
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conk'ti  ill  liistory,  from  721  \c.iis  Ik  lore  Christ,  (o  a.  D. 
14H5-,  rtlxi  (.uiDputcil  (cliiiiis  from  HS5  to  1700,011(1 
all  the  oclipscs  visible  in  l'".urii|]c  liora  170O  to  1800.  Sec 
his  Astron. 

-  The  Number  ofEcLirMi,  oS  both  luroiaari«s,  in  any 
year,  cannui  be  less  than  two,  'tior  more  than  seven;  the 
nml  ummI  number  is  4,  ami  it  is  rare  to  have  mom  than 
0.  Tberraaonof  nrbicb  limitutiun is  obvious;  because 
tb*  aun  passes  by  both  ibe  nodes  but  once  in  a  year,  un- 
lat  he  pass  by  oiie  of  tbam  iii  the  beginning  of  the  ycur ; 
in  wbicbeaae  he  wii)  pass  by  ibeaMicagain  a  Ituk  brfoic 
the  end  of  the  year  i  because  tba  nodee  no¥e  badcwards 
19f  degrees  every  year,  so  ibaltlte  sun  will  come  to  either 
of  them  173  days  Ulerthrulhor:  if  either  node  be  within 
17°  of  the  sun  at  the  time  of  new  moon,  the  «un  uill  Ih> 
eclip»e(l ;  and  at  the  subsequent  nppii>iiion,  the  moon  will 
be  eclipsed  in  the  other  nude,  and  come  round  |i>  the  m  \t 
Conjunction  before  the  former  node  Iw  l7°Ln'y(irul  tlirsiin, 
and  eclipse  him  a^ain.    Win  n  tlin  r  i  rli|;st :  n  ;  I  mi 

cither  node,  the  like  numLt  r  coinrnunly  iiaji|n  lis  iilxmt 
the  i'ji|iH>itc  line  ;  llu'  -uiic<irrie>  ti<  il  in  173  daysofter- 
ward,  and  ()  lunations  conluui  only  i  days  more.  Thus 
there  may  ho  two  eclipses  ol  i)ie  •vti  ii,  and  one  of  the  moon, 
about  each  of  the  nodes,  iiut  nhm  the  moon  changes 
in  either  of  ibe  nodes,  she  cannut  be  near  enough  the 
other  node»  at  the  next  full,  to  be  cclipMsd ;  and  in  6  lunar 
imwtht  afterwaid  the  will  change  aenr  theethar  nodet  in 
which  case  tbere  cannot  be  mom  than  .two  edipaes  jn  a 
year,  both  of  the  sun. 

iVrW  4f  Ecunits,  is  the  period  of  tine  hi  which  the 
tame  eclipaes  leluni  again ;  and  at'the  node*  move  back- 
wards 19f  degrees  every  year,  they  must  shift  through 
every  point  of  the  ecliptic  in  IS  years  and  205  days ;  and 
this  Would  be  the  regular  period  of  their  liun,  ifany 
completi'  luiiubrr  of  lunations  were  finished  »itlu>sjt  .-ifrac- 
liitn  ;  lull  t:iis  i^  iiol  ihc  case,  iiowever.in  2^3  mean  Iti- 
nHUiiii!.,  (liter  tlie^un,  moon,  and  nodes  have  been  once  in 
»  line  of  conjunction,  they  n  turn  so  nearly  to  the  same 
state  ataiii,  )i!>ihat  (he  same  node  which  wai  in  conjunction 
v\  itli  the  >un  :iiid  moon  Ht  the  beginmiif;  uf  the  lirst  nf  these 
luiialiuiii.  Hilt  be  with  in  12S'  of  the  line  of  conjunction 
uith  the  sun  and  moon  again,  when  the  last  of  these  luna- 
tions is  CDiiiplctetl  ;  mid  in  this  period  there  will  be  a  re- 
gular n  tiirn  of  oclip*es  for  many  ages.  To  the  mean  time 
of  any  solar  or  lunar  eclii>se,  by  adding;  this  period,  or  18 
Julian  yeuni  1 1  days  7  hours  43  minutes  20  seconds,  when 
the  last  dsy  it  February  in  leap-yean  is  4  times  induided, 
or  «  day  U-n  when  it  occurs  5  times,  we  iImII  base  the 
mean  time  of  the  retnm  of  theiame  eclipse.  In  m  inlei^ 
vol  of  6SS0  mean  lunationi,  containing  557  yearn  SI  days 
U  hmn 30  mimitn  II  kenMl^  the  san  and  node  meet 
so  nearly,  As  to  be  disMnt  only  1 1  seconds. 

TAf  Uit  of  LcLiPsEs.  In  astronomy,  eclipses  of  the 
miKjn  deterniiiie  the  spherical  figure  of  the  earth  ;  they  alio 
show  that  the  SUM  is  larjjer  llian  ihe  tarlh,  and  llieeuri'i 
than  the  rnonli.  Eclijises  also,  tliiil  are  similar  in  alltir- 
cumvtaiiLi  V,  and  that  hapjioii  nt  n  l:^illl■|■nllle  iii[er\ als  of 
lime,  sefvi:  |i>  ascerlain  llie  peiiod  of  the  moon's  motion. 
In  geography,  eclipse-s  discover  the  lon<;ilude  of  ditierent 
places  ;  fur  w  hich  purpose  ihuseof  the  moon  are  the  more 
useful,  because  ihey  are  more  often  visible,  and  the  same 
lunar  cciipw-  is  of  e<|ual  magnitude  end  duration  at  all 
pLuca  where  it  is  seen. .  In  chronolog),  both  sular  and 
luMir  eclipara  serve  v>  dctcrmiae  ouctly  the  lime  of  any 
pMtjewni.  • 


The  following  is  a  h*t  of  nil  the  solar  eclipses  visibteia 

lhi^  rmuitiy  hll  the  year  ;  the  timCt  Mipled  lO Lcl- 

ccster»birc,  the  middle  ut  J£ugluad. 

A  JMt  ^ all  Ike  Solar  Eclipses  ikaluiUbe  vtMie  iSB 
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KcLiFSK*  o/ihe  Salellilcs.  Sec  b ATr.i.i.nRi  of  Jvpiter. 
— The  priiieiiml  circumstances  here  observed  are,  1.  That 
the  stii'llnes  of  Jupiter  undeig»  two  or  three  kinds  of 
oclipsei;  the  tint  of  which  are  proper,  being  such  as hap> 
pen  when  Jupitei's  body  is  directly  interposed  balaremi 
them  and  the  tno;  whkh  cclipam  happen  alimiiteesiy 
day.  VaiviDs  aiiUion  h»ve  gteen  lulcs  Ibr  eowputiag 
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eclipaet  of  the  satcUitctof  Jupiter;  as  Flaintti't-d,  Canini, 
WargcQtiu,  SiC 

lae  aecood  sort  aie  occulUlions,  rather  than  obtcrva- 
tioM;  when  the  iMrlUiea,  coming  too  near  the  body  of 
JapMcr,anUwt  in  hi*  light;«hieli  RioctolicalboocMorB 
ftmiirri  Mtti^g  jovially.  In  which  caw,  tho  BcwMt  or 
int  MinUle  auubil*  «  diiid  kind  ofcclipte;  being  tUf- 
'  MmdIIke  •  nynnd  mKola,  or  dark  spot,  tialiHiing  tbc 
•  disc  of  Jupiter,  with  u  motion  contrary'  to  that  of  the  sa- 
tellite ;  like  a*  the  moon's  shadow,  projected  on  the  earth, 
will  uppcur  to  <io,  to  iIr-  lunar  iiiliiihit^mls. 

The  eclipses  of  J\jpiti  r's  sjitilliti's  furniili  vriv  j;i>(nl 
,  means  of  finding  l!ic  lonj;iludL'  ut  mu.  '1  bo»L-  I'spi'ciall  v  ol 
the  first  wttHite  iirc  much  surer  than  tiic  <  c1i))m-',  oI  tlu- 
■  moon,  ami  ^  v  .ilvo  happen  much  oftencr  :  thu  muiii  i  i 
of  applying  ilirin  i»  <ilsu  \cry  easy,  in  the  Philo*. Iraos. 
fur  I7  8(i,  Mr.  Pigott  gave  a  prcft  rsble  BcdMld  ^th* lu- 
nar transits,    iivc  Longitude. 

ECLIITIC,  in  Astronomy,  it  greut  circle  of  the  sphere 
Coaceiveri  to  paii  through  tl^e  middh'  of  the  zu<liac.  it 
it  aomctimcs  called  tha  via  sulis,  or  sun's  pih,  being  tha 
track  which  he  appeals  to  deacrifaeampngihe  fixed  slarsi 
though  more  properly  itii  the  apparent  path  of  the  earth, 
•a  viewed  fiom  the  attn^and  thaitce  called  the  heliocentric 
dick  of  the  caiHi.  It  is  called  the  ecliptic,  bccauie  all 
lito«eUnM«f  the  sun  or  moon  happen  when  the  nwon 
cnHBca  it,or  h  nearly  is  anaoftliosatwo  pans  of  her  orbit 
where  it  crosses  the  ecUpliCt  which  poiouaie  called  the 
moon's  nodes. 

Ujiijii  liii-  1  rli|-tif  A'i-  iiiiirked  and  counter!  tin-  r'  n- 
li  ^ti.il  -ifjns,  All!  s,  Taurus,  Gemini,  &c  ;  and  ahc.  I  Ik-  Imini- 
tuJc  ut  the  planoti  und  ilurs.  It?  situation  h  oblique  «ilh 
ri-s[ii  |i  J  ihi-  equator,  which  it  ciils  in  two  oppugn c  pumls, 
VI7,  ti.i:  IjL  !;niniii;;  of  Aries  and  libra,  being  iliii  rtly  up- 
posile  to  L'ueb  other,  and  called  the  equino.xcs,  inHkiiig 
one  half  of  the  ecliptic  to  the  north,  and  the  other  half 
.  OB  the  loaih  side  of  the  equator ;  the  two  extreme  points 
*  of  it,  to  dw  north  and  south,  which  are  onpoiite  to  each 
ottert  and  at  a  quadrant  distance  from  the  equinoctial 
pclnla  both  ways,  arc  called  the  solstices,  or  solstitial 
foinm  or  alto  the  two  tranici>  whkh  are  at  the  beginning 
•f  Cueer  andCapiko«i,.Ming  at  the  larthcat  dlManca  of 
aojr  poinli  odt  from  the  cfuMgr,  which  dislanea  Is  tba 
ann«m  of  the  ana's  greatest  dedfaiaiion^  and  is  the  lania 
with  the  obliqnity  of  the  ecliptic^  or  the  ai^  it  makes 
with  fhecqoator. 

This  obliquity  of  the  ecliptic  is  not  permanent,  but  is 
continually  varying,  by  the  ecliptic  appront-hing  nearer 
and  nearer  to  a  parallelism  v^ith  the  (■((.hiii  i .  ni  \W  uiu: 
at  present  of  in  lOO  year*,  as  i*  deuuci  a  tn/rsi  an- 
cient an^  modern  observations  rnmparfd  togr  ther  ;  nml  ai 
the  mean  obliquity  of  the  ecliptic  was  23"  i!>'  about  the 
end  of  the  year  1788,  or  beginning  of  1789,  by  adding 
•♦36  of  a  second  for  each  preceding  year,  or  subtractini; 
the  same  for  each  following  year,  the  mean  obliquity  will 
be  found  nearly,  for  any  year  eitiier  befon-  or  since  that 
period.  The  quantity  howevrmf  this  change  is  variously 
staled  by  different  authors.  Hippurcbus, almost  two  thou- 
sand  years  since,  (>b!>erted  the  oblir|uity  of  the  ecliptic, 
and  found  it  about  23°  51';  andaUsucceedinigaitronomcii^ 
lo  the  present  timet  having  obmrred  the  same,  have  found 
it  always  less  and  lew ;  l>ei  ng  now  rather  under  29*  Stf ; 
a  diflbrenoa of  about  SS"  in  1^60  yean ;  which  gives  ame> 
dian  of  70^  in  100  yoait.  Thaea  isno  doubt,  howevar, 
that'tha  dimiatttiflo  b  wiaUa. 


It  it  now  well  known  that  this  change  in  the  obliquity 
of  the  ediptic,  is  wholly  owing  to  the  action«  of  the  planets 
Upon  the  earth,  and  especially  the  planets  Vrau>  and  Ju' 
pitcr,  hut  chiefly  the  former,  ike  Lagrange's  excellent 
Daper  an  this  aiimect  la  the  Memoirs  ol  the  French  Aca^ 
demyfbrl77«»Ois«hifsial77«:aBA  Ulamie'a  Aitnm. 
vol.  3,  art  tfSl.  According  lo  Lagrange,  who  pmceeds 
upoB  Aeoiy,  dm  annual  change  of  obliquity  is  variable^ 
and  has  its  liesita :  about  9000  years  ago,  ho  thinks  it  was 
aAer  the  rate  of  at>out  38"  in  100  yenrs;  tlint  it  is.now, 
and  will  be  for  40O  years  in  ccn.r,  .jfi"  |h  r  n  imiry  ;  but 
years  hence,  49"  p>'r  cen'.ury,  At  t^rdinj;  tuC'asMiii, 
«  !j<i  roni|nil<  »  tr"iM  nlisersiiiinns  <if  the  obliquity  between 
(!  ••  \ears  l73.i)aiiil  I77M.  ihi- annual  clmn2»'  ut  prew-nt  is 
'•i>  ur  I'm  KKI  years.  But  i;t-eMrinni;  lo  Liilunde.  the 
dirnuuKioii  Is  ut  the  rale  e.f  4'2"'6  per  Century  ;  while 
l)r.  Muskelyne  nmkes  it  5(/  in  lhe>unie  lime.  Uul  lalir 
t.lisj  riHlintis  ivnil  ilie  ralrnljitinns  of  Luplace,  give  now 
5J  ":  ;  ii  ilii  iiM      %eculiir  Mtriation. 

Ik-sides  the  diminution  of  ibe  obliquity  of  the  ecliptic, 
at  theabove  rale,  wluch  arises  from  Hibange  ni  tin  ecliptic 
itself,  it  it  subject  lo  two  periodical  iuequalitica,  the  cmmi 
produced  by  ihe  unequal  (brcp  of  the  s«a  In  canting  the 
preceitioa  of  the  cquiaokes*  and  the  other  depepdiqg  lA 
the  nutation  of  tha  earth'b  aaia.  See  the  Explanatioa  sad 
Use  of  Dr.  Mafkelyae^s  TWhs  and  Observationt,  pa.  vi, 
where  be  shows  how  to  ealctilate  those  inequalities ;  and 
also,  from  his  own  observation),  lictermines  the  mean  ob- 
liquity of  the  ecliptic  to  the  beginning  of  the  jear  176;/, 
to  I).'  .'.i '  'iH'  <)'  7- 

Tu  And  thf  ()i.',tj!u;y  of  the  F.diptc,  or  ihe  t;reateit  de- 
clmaliosi  "f  tlie  sun: — AI>oiit  the  time  of  the  siiiimor  sol- 
stice o()»(;r»t  Very  carefully  the  sun'i  ii  nitii  (H  lnire  for 
SI  veral  da^s  together;  then  ihi'  ditfi  reiu  e  |ji  t»eeii  this 
distance  and  the  latitude  of  the  place,  »ill  be  the  obliquity 
sought,  when  the  sun  and  equator  are  both  on  one  side  of 
the  place  of  observation  ;  Imt  tin  ir  sum  will  be  the  obli- 
quity when  they  arc  on  il.tK  ren'  -uli  s  of  it.  Or,  It  may 
be  found  by  observing  Ihe  meridian  altitude,  or  tcnith 
distance,  of  the  sun's  centre,  on  the  days  of  the  summer 
and  winter  solstice;  then  the  diicrenoe  of  the  two  will  be 
the  distanoe  between  Ihe  traptca,  the  half  ef  which  will 
be  the  oblifii^  sn^fiL  i 

By  tha  tame  method  too,  the  deetinattan  of  the  saa 
from  the  equator  for  any  other  day  mny  be  four.d  ;  and 
thus  a  table  of  his  declination  fur  every  dav  in  the  year 
might  be  constructed.  Thut  alto  the  docrmation  of  the 
stars  mi>;ht  he  found. 

']'!•  iil.M  rM-.Ih  I  Ti'tr.  ini  iiir  I  ^  ut.i'A  ai;i  v\i  tfnob- 
liijuuy  (il  llie  eelipae,  have  bin,  t{tlletled  logelliiT  ;  and 
allliou^h  some  oj  iheni  may  not  be  quite  accurate,  yet 
they  sufficiently  sliow  the  gradual  anil  C(>nlinu«l  decrease 
of  the  (■bliquily  iVdni  the  times  of  the  eiii  liot  observutions 
ilo«n  to  the  present  time.  The  chief  i4  those  observation* 
may  be  seen  in  ihc  following  table  ;  where  the  first  Co- 
lumn contains  the  rvame  of  the  observer,  or  author;  the 
2d,  theyeur  before  or  after  Ghrittj  and  the  3d,theobliq«ity 
of  the  ecliptic  for  the  time. 

See  Plolem.  Aha.  lib.  I,  cap.  10 ;  Riccioli  Aim.  vol.  1, 
lib.  9i  cafi.  9Ti  Flamslfcd*  Proleg.  Ilisi.  Cml. vol.  St  Phi- 
Um.  Unas.  l69;  ibid.  vol.  ffS.pt.  1;  Lmig't  Astraa. 
voL  IfCap.  t6;  Memoirs  of  the  Acad.  an.  I7l6i  I7M, 
r761>,  1767, 1774, 1778 ;  AcU  Knid.  Lipsia;,  1719:  Nant. 
Aim.  1779  i  Maikelyne'aObsarv.  Explaa.pa.vi  i  die.  See 
LariACB. 
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AccuriJing  to  an  aticienl  cadiliun  of  the  £|^p(iaiu^ 
nit  ntiuncd  by  llLTodotu»,  the  ecliptic  bad  formerly  beep 
perpendicular  lo  thu  cquatur :  they  were  led  iato  tUe  oih 
tioD  by  obaerviri  L',  im  n  li>t>g  serieft  of  yean,  that  lha  ob- 
liquity was  continually  diiniiijabio|;  or,  which  aaMMUli 
to  thi  !.atnc  thing,  that  tbc  cclipOc  was  coBtinually  8p> 
proacbing  to  the  equalor.  Hegce  tbey  took  occaaioB  to 
itjtpect  that  thcne  two  dicki,  in  the  b(^tnin|^  hadbtan 
as&roffeMbolberatMMailCk  tint  n»  ijemadlcakr  to 
each  oiher.  Diodoruf  sieuliu  ivhtei,  tint  the  Chaldeam 
reckoited  403,000  years  from  tbair  fint  obtervatiuns  to 
the  time  of  Alexander's  tntering  Babylon.  This  pnormous 
account  may  have  &omc  founil»i<"ri,  on  Jlio  sujiposition 
(hat  the  Chaldeans  deduced  it  from  ;.'.(■  ili  iiiuiuiiuri  of  the 
(ililiqiiitv  ot  the  ecliptic  at  llif  ;i  niiiiutc  in  100 

years.    .M.  de  Louvilie,  tsiuog  the  obli<{iuty,  such  ai  it 
tem  «t  ^  tima  of  Akiiaadcf'a  eotnim  intft 
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Babylon,  iind  going  back  to  the  time  when  ihu  icliptir, 
bt  that  rtvte,  must  havu  Iwi-ti  perpendicular  to  tiu  i  qualor, 
actually  riiidb  +Oi,i)V.:  K.gyptiun  or  Chaldiaii  ycarj; 
which  is  only  jS  years  slii>rt  nt  ilmt  opoclia.  Indeed  there 
if  DO  way  so  probable  ol"  accounting  tor  ihi  laluilmis  an- 
tiquity of  (he  Egyptians,  Chaldrun».  ^Ve,  as  Itoni  the  hup- 
poisition  of  long  periods  of  \er_v  »losi  ceb  '-tial  motions,  a 
■mall  part  of  which  they  had  obiierved,  and  from  which 
ifaey  Calculated  the  beginniiig  of  the  period,  making  the 
worM  uul  their  own  nation  to  cmnmeiice  t^ibrri  Or 
ftlimft  thqr  lonictimn  counted  months  or  days  for  year*. 

EcbUmC,  inGcogiapby.  a  great  qircic  on  the  terrcs- 
ttW  ^obc^  in  Ihc  fiane  of*  or  diicclljr  under,  tbe  celestial 
«dntie. 

■ettmc,  Eclipticut,  something  belonging  to  the  ecli|H 
tic>  or  to  eclipse*;  ak  ecliptic  conjunction,  opposition,  ttc. 

Ecliptic  Bom^tOir  Limiit,  are  the  greatest  distances 
from  the  nodes  at  which  the  ran  or  moon  can  be  eclip!>ed ; 
namely,  near  18  dcgmt  for  tho  MB,  and  19  dcgiees  for 
the  inoun. 

Ecliptic  Digit',  Dtgiti  ccliplici.    ?ee  Diimt--. 

Pole t  of  th(  KcLlPTlc,  ore  the  t«o  o|i[iii?i'i'  )K.inls  of 
the  sphere  wliicli  are  each  every  >n1i<-U'  ei|>,jili>  ii  xant 
from  the  ecliptic,  viz,  WU  .  Tiie  diitance  ot  slic  po.is  of 
tlie  ecliptic  from  the  poles  o(  the  equator,  'ir  ol  the  vwirld, 
it  always  equal  to  the  varying  distance  of  the  obliuuily  of 
the  ecliptic,  whicb  fur  the  year  1800  mt»,  accofaiug  to 
Dr.  Maskelyne,  23°  27'  ^ 

Reduction  to  the  ECLIPTIC.    Sc*  KsOltef  1011. 

EFFECT.  The  result  or  consequence  of  the  appUcatioo 
of  scauw, 'or  agent,  on  some  iiubject.  It  is  one  of  ihe 
gtMit  anona  in  phikiopbj,  that  dfccu  are  alwajfi  pnH 
poHloBal  I*  tlw  nowcia  of  their  adequals  caiiaei, 

EFFECTIOM,  deaoicB  the  geometrical  comtraction  of 
a  proporition.  The  torai  ii  alto  uwd  in  rcfmnce  to  pro- 
blems and  practices ;  which,  when  they  are  dedttdble  from, 
or  founded  on  some  general  propo<<ition$,  arc  called  the 
geometrical  Section  of  them. 

EFrilRVESCKNCE,  U  p<,^'.ik„\y  used  for  a  light 
ebulhlion,  or  a  brisk  intf  .Htinc  iiv .-  .  |  roduccd  in  a  liquor 
by  the  fir>l  action  of  heat,  with  any  remarkable  s<-paration 
of  its  parts. 

EFFICIENT  Qiii.ic,  is  that  which  produces  an  etfcet. 
See  C  A  us  J.  and  Effjct. 

KpriciRSTS,  in  Anthmclic,  ate  the  numbers  given  for 
an  operation  of  multiplication,  and  are  otherwise  called 
the  factors.  Hence  the  term  coefficients  in  algebra,  which 
«re  the  nvmbei*  prelixed  to,  or  thai  niiilti[i9]r  tbo  leltan 
or  alg^biate  qnantities. 
EFFLUVIUM*  •  inx  or  CKbalatioii  of  aimita  particles 


may  body;  or  an  cnianatipa  of  •ublilo  cwrpucles 
fro*  •  Bixe4  leiiiihk  body,  by  a  kind  of  motion  of 
■ration. 

CASTIC,  an  appellation  given  to  all  bodies  endowed 
with  the  property  of  chsticitv  or  springiness. 

Elastic  jBody,  is  that  wnich  changes  its  figure,  and 

yields  to  any  impulse  or  pressure,  but  endeavours  by  its 
own  nature  Bnd  force  to  restore  the  same  again  ;  or,  it  is 
a  body  of  such  a  nature  liial,  when  compressed  or  con- 
densed, it  vriU  make  an  tfiiilt  lo  set  itself  at  liberty,  and 
to  re)M-l  the  body  that  constrained  it:  such,  lor  instance, 
as  a  bow,  or  a  sword-blade,  &c,  which  are  easily  Ifnt,  but 
presently  return  to  their  fu; IN.  r  iitjir..  liuJ  i \tensiun.  All 
Dodiet  partake  of  this  property  in  su«io  degree,  though 


perhajiS  none  nie  perfectly  eiaUlC,  05  none  are  found  to 

u  Morc  ihenisrU.  s  with  a  ftxce  equal  to  that  wilb  whicfc 

they  are  toiupiesM-d. 

Tin'  priiicipiil  phenomena  observable  in  elastic  bodies, 
are,  I.  '1  li.it  an  elastic  boily  (i.  e.  a  body  perlVelly  elastic, 
if  any  such  llnte  be)  eiideusours  to  restore  itself  with  the 
same  force  with  which  it  is  pressed  or  bent.  i.  An  elastic 
bo<ly  e.\erls  its  force  i(|ually  (o«iir;ls  all  sides;  though 
the  eRect  IS  chieliy  found  un  that  tide  where  the  rrsismnco 
is  wi  aki'st ;  as  is  evident  in  tho  case  of  a'gnn  rx|d«litig  n 
ball,  u  bow  shooting  oat  an  arrow,  Ac— tf.  Elutic  bo- 
dies,  III  w  hiuever  manner  ihry  ate  stnick  or  impvlleil,  are 
indecl^-d  and  rebound  after  the  saaut  manner:  thus  a  bell 
yields  the  lama  musical  sound,  in  whatever  inanner,  or  on 
wbaimr  side  it  be  sirack ;  the  same  of  a  tense  or  mu>iral 
chord ;  and  a  body  rebounds  from  a  plane  in  the  same 
anj^e  in  which  >t  meets  or  strikes  it,  making'  the  anpU-  of 
incidence  equal  to  the  angle  ol  relfection,  whether  tt.e  m- 
tehsity  of  the  sln  ke  be  i;ieiii  or  -111, III. —  1.  .\  prrti  eily 
fluid  biKly  t  aiinol  be  elastic,  if  u  bi  ailiiunj  iim  lU  parts 
cannot  be  roniprissed. — 5.  A  body  perfectly  solid,  can- 
not bi'  elastic;  because,  having  no  p<»f»s,  it  is  ineapuble 
I  t  ing  compr»'ssed.--tj.  The  ilaslie  propirtns  ot  bodies 
seein  lo  differ,  according  to  thiti  greater  or  les.s  dmsity  or 
ronipartiiess.  though  not  in  an  equal  degree  :  thus,  nietals 
arc  rendered  more  compact  anil  elasiic  by  being  ham* 
mend:  tempered  steel  is  much  more  elastic  than  soft 
steel;  and  the  density  of  the  former  is  to  that  of  the  latter 
as  7809  to  773*.  Cold  condenses  suiid  boui. and  leij. 
ders  them  more  clastic ;  while  heat,  that  n-luxes  them, 
ba.s  the  op^Kisiic  cflixti  but,  on  the  contrary,  air,  and 
other  elastic  fluids,  are  cxpaadcd  by  beat,  and  lendend 
more  rhutic^FQr  the  laws  of  motioa  and  pereumluB  in 
•elastic  bodies,  aeo  Moyuw,  and  Famqwnioir. 

EtAiTic  drte.   8eo  CaTENama. 

Elastic  Pfuidi.  SeeAia,  EucTRlctTY,  GAa,  Elas- 
tic Vapoves,  &e. 

Elastic  Gam.  Tlw  same  usCaOVtchooc,  or  ImUaa 
llubber. 

El  1^  i>  ''iy'i9ur.«,  or /'/Hjiif,  an  surh  .1-  :i  i\  lie  cora- 
presseil  luecliaiiicully  into  a  less  space,  ami  wnn.ii  resume 
lh(  ir  fi  rmer  state  when  the  compressing  force  is  with- 
drawn; such  as  ntmosphcricair,  and  all  the  aerial  fluids, 
'.^.iii  .-ill  kinds  of  fumes  rslacd  by  means  of  heat,  whether 

from  solid  or  tluid  bodies. 

Of  these,  some  remain  clastic  only  while  u  ec  r.siderable 
decree  of  heat  is  applied  to  tlioni.  <ir  lo  the  siibsiance 
which  products  lb.  Ill  ;  while  oiL<js  rotilinue  elastic  in 
every  degree  of  cold  thai  ha?  jet  been  obs<  ned.  Of  iho 
former  kind,  are  the  vapours  of  water,  spirit  of  wine,  mer* 
cury,  satamrooniac,  awl  all  kinds  of  sublinabie  salia;  of 
the  latter,  those  of  spirit  of  lalt,  atixiufn  of  vitriolic  acid 
and  iron,  nitrous  ncid,  and  various  other  roemls,  ami  in 
short  the  sc«»nlspe{:i«a  of  serial  ll«uds  indtscriroinatcty. 

The  elastic,  fo^cc  with  which  any  one  of  these  fluids  is 
endowed,  has  not  yet  been  calculated,  as  beinu  ultimately 
grvater  than  any  obstacle  we  can  put  in  ils  v\.i\ .  Thu*,  mi 
compressing  atniosplif  tic  air,  iiml  i|,at  lor  nnie  little 
time  at  tii-.t  ;1  e,;-i]v  vniils  lo  imy  f  lee  /|ipliiii;  luit  iil 
every  succc eiiinp  imhiil  ;,!  ihe  r.  si-lanee  l.<  conn  -  sti oni;i  r, 
and  a  gicuk  r  mi  l  ::i  i  ,i'ii  force  im.-i  bi- .i[  plirii.  ;o  com- 
press it  fiullier.  .\s  lln-  compression  gots  on,  tiic  vessel 
containing  the  air  bectines  hot;  but  no  power  w  hul<  vcr 
baa  yet  been  able  lo  any  degree  to  destroy  the  vlasliciiy  of 
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'  the  contained  fluid ;  for,  upon  rrraoving  the  pmsDn*,  his 
always  fbund  (o  occupy  the  vrry  same  space  that  it  did 
before.  The  cue  tt  the  HUBe  with  the  ■team  of  water,  to 
which  a  mlBeieiil  boat  b  applied  to  keep  it  frooi  condene* 
im  into  tmer  agdn. 

EuntClTTf  or  EuiTic  Am,  that  property  of  bodiai 
hj  which  thiy  faMoie  Aeaudra  to  tlwir  ibrmer  tgaitt 
mer  any  extnwl  prntofe. 

The  cause  or  principfe  of  this  important  property,  elas- 
ticity, is  vnrtously  accounted  for.  The  Carn-sians  ascribe 
it  to  a  subtile  mailer  makinp  an  rffurt  lu  tlirough 
pnrw  that  arcttH)  narrow  for  it.  TiiU5,-iiy  tiny,  in  U'lul- 
mi;  or  ^lJMlllr<■«.^inK  a  hard  elastic  body,  as  a  bmv,  tor  jn- 
»tancc,  iti  pans  recede  from  each  dlhcr  <iri  cmivcx 
side,  anil  appruuch  on  the  Ck  nciivo  oin- :  C(insr<|Ui'inlv  tlie 
porci  iirp  cunlracli-d  or  striuii  ind  t>u  ihi'  concave  side; 
and,  if  tlify  witc  before  round,  arc  now  perhaps  oval  :  so 
that  tbc  materia  subtilis,  or  matter  of  the  second  clement, 
endeavouring  to  ]>ais  out  of  the  pom  thus  straitened, 
must  make  an  eflbrt,  at  the  same  time,  to  restore  the  body 
to  the  state  it  was  in  when  the  pores  were  cylindrical, I.e. 
before  the  bow  was  bent :  and  in  tbisconsisit  ila  elnsiicity. 

Other  hier  philoaopbers  accooni  for  daittciiy  much 
after  the  wme  manner  at  the  CartcuaM;  with  this  difler'- 
CBCB  only,  that  inrtead  of  iha  ■ubliie  malier  of  the  Caite- 
Ham,  tMM  MbMliuta  ether,  or  •  fine  ethereal  aedlum 
that  pervateall  bodiet. 

Othen,  setting.aside  the  precarions  nonon  uf  a  materia 
tnbtitis,  account  (or  elasticity  from  the  Rrvat  l«w  of  na- 
ture, ailraction,  or  the  cause  of  thr  cohesion  of  c  p  iris 
of  M>lid  und  firm  bodies.  Thus,  say  tbey.  when  n  liard 
body  is  struck  or  bent,  so  that  the  component  parts  nre 
moved  a  little  from  each  other,  Vml  not  quite  disjointed 
or  broken  off.  or  s<  puraled  so  s  ir  to  be  out  of  the  po«er 
of  that  attracting  force  by  which  they  cohere ;  tbcy  must, 
on  removing  the  external  vioknce,  ipiing  haiefc  to  their 
former  natural  state. 

Others  again  resolve  elasticity  into  the  pressure  of  the 
atmosphere  :  for  a  violent  tension,  or  comprearion,  thou^ 
not  so  great  as  to  separate  the  constituent  parlielee  of  bo* 
dies  fu  enough  to  let  in  any  foreign  matter,  must  yet  occa- 
don  many  little  vacaola  between  the  separated  surfaces; 
w  that  on  the  mnoval  of  tho  fbrce  they  will  daw  tf^n 
bf  th«  prtesaio    the  aerial  fiuid  omb  the  extmial  pirta. 

I^ily,  Othcn  attrihnte  the  elaaiicity  nf  all  hard  bodies 
to  the  power  of  milition  in  the  «r  ineluded  within  then; 
and  so  make  the  elastic  force  of  the  air  the  principle  of 
elasticity  in  all  other  bodies.  See  Desaguliers's  Kxper. 
Philos.  vol.  2,  pu.  .18,  \r 

T/tc  Elasticitv  o/  Huids  ih  iiLtL/uinid  for  from  their 
particles  being  all  endowed  with  a  ceiilrifiinni  force; 
wtienre  Sir  l^aC  Newton  demnnstratei,,  prop.  03,  lib.  2, 
thiir  |i:ii:ic'i  5,  wliith  na'.urally  avoid  or  fly  off  from  one 
another  by  such  forces  as  arc  recipmcaHy  proportional  to 
the  distances  of  their  cenlres,  will  coropo^e  un  elastic  lluid, 
whose  density  is  proportional  to  its  co|ppre8sioii ;  and  vice 
versa,  if  any  fluid  be  composed  of  particle*  that  fly  off  or 
avoid  one  another,  and  have  its  <lensity  proportional  to  its 
compression,  then  the  centrifugal  forces  of  those  particles 
will  he  reciprocally  proportional  to  the  disunces  of  their 
centres. 

Air  is  the  lorcc  trilb  which  tUtt 
dCBMUt  ewdearours  to  expand,  aod  with  wMch  it  dbaa 

actoally  dilate  itself,  on  removing  the  force  that 
prrttcs  it.  The  elasticity  or  sprii^  of  the  air  WW 
Vol.  U 


discovered  by  Lord  Dacon,  and  farther  established  by  Ga- 
lileo.  Its  existence  is  thin,  proved  by  the  latter  philoso- 
pher: An  cxtraordinaiy  quanlihr  of  air  heing  intruded*, 
bymcans  of  a  syringe,  into  a  hollow  hall  or  shell  of  ^aas 
or  malal.  till  such  time  ai  the  hall,  with.ita  aeccflhtn  of 
.air,  weigh  considerably  moiw  in  the  bahneo  than  it  did 
beCnve;  then,  OMning  the  mouth  of  tho  hall,  the  tir 
rmhet  o«t,  till  no  bell  rink  to  iti  former  we^t.  Hence 
he  inferred,  that  justa*  nuch  air  had  ibsued  out,  as  com- 
pressed air  had  been  compressed  in.  Air  therefore  re- 
turns to  its  former  deforce  of  e.vpansiun,  on  removing  the 
force  that  compressed  or  resisted  its  expansion  ;  and  con- 
seiniently  it  is  enduwed  '.vnh  iiii  rla^liL  loirc  It  iiii;v  Ic 
ad'ied,  that  as  the  nir  t'  '.iiul  (n  r'.i-h  (.  ..t  in  ivery  sitii.i- 
lion  or  directn nl  ihr  tnitice,  :.'.<'  e;a-.lic  Il'TCc  iiclb  i  vei  y 
way,  or  in  every  diiectiun  ahke.  See  Air,  and  Atmo- 
spiiEae. 

The  cauH^  of  elasticity  in  air  has  been  usually  ascribed 
to  a  repulsion  between  it*  particles ;  but  what  is  the  cause 
of  that  repulsion  i  The  term  repulsion,  like  that  of  at- 
traction, tequireeto  be  defined  ;  and  probably  it  willlw 
found  in  mosi  case*  to  be  the  effect  of  the  action  of  some 
other  fluid.  Thus,  it  is  found  that  the  elasticity  of  the  at- 
mosphere is  very  considerably  aflcctcd  by  heat.  Sspposing 
a  quantity  of  air  heated  to  soch  a  "^V**  ■* 
n^rrnbcit's  therroomeier  to  tl<,  it  will  then  occupy  a 
eoBttderable  space ;  hat  if  It  be  cooled  again  to  such  a 
degree,  as  to  sink  the  thermometer  to  0,  it  will  shrink.up 
to  less  than  half  the  former  bulk.  The  quantity  of  repul- 
sive power  therefore  acquired  by  the  air,  while  passing 
from  one  of  lhe<e  states  to  the  other,  is  evidently  owing 
to  tlip  hi  at  (I  tn  it,  iji  T:iki'ii  nw;:v  fiMiii  II-  Nor  does 
there  ici'ni  In  1  ■  .iiiv  rciinin  1. 1  -.u thiit  the  quantity 
of  elastiri I ',■  lit  ri  (iul -I I  r -iiriuri  i[  villi  pDSM-sses,  is  owing 
to  any  otht  r  cause  than  the  tire  rmiiinned  in  it.  The  sup- 
position that  repulsion  is  a  primary  cause,  inde[H-ndetit  of 
all  others,  has  given  rise  to  many  erroneous  theories,  and 
very  much  embarrassed  phikWOphcfS  in  OCCOUlNil^  for 
the  phenomena  of  elasticity. 

The  elatticily  of  the  air  is  not  only  proportional  tO  Itt 
density,  but  is  always  equal  to  the  force  which  compresses 
it,  because  these  two  forces  exactly  balance  each  olHI>r. 
This  elasticity,  in  tho  atmaapheric  air,  is  measured  by  the 
height  of  thoboronietcr  at  any  liawi  ollowing  for  its  heat 
or  tcropenitnfe, after  lUs  rate,  via,  the 434th  part  breach 
d^ree  of  Fahfinthrti'k  thetaonoler,  above  or  bolow  soma 
mean  temperature,  as  S8*)  for  bj  that  part  of  the  wholo 
it  is  that  air  expands  or  cowlfacts,  or  else  increases  or  do> 
creast-s  in  its  elasticity,  for  each  dcjjree  of  the  thermome- 
ter. Str  Geo.  Shuckbur^h,  in  the  Philos.  Tr.nis.  (or  1777, 
pa.  561. 

ELECTIONS,  or  Chnwr,  Mcinily  ti.c  neural  diffi>rrnt 
ways  of  taking  anv  numb  r  r;{  tfunc  propii-ed,  either  se- 
parately, or  as  combiiii  d  it)  [j  iir>.  in  threes,  in  fours.  Ate; 
not  a*  to  tlie  order,  but  nly  as  to  the  numt>crand  variety 
of  them.  Thus,  of  the  things  a,  b,  c,  d,e,StC,  the  elec- 
tions of 

one  thing  arc  (a,)  1  =»  2"  —  1, 
two  things  are  (a,  6,  oft)  3  =:  8*  — 
lhrcolhin|pare(a,  b,  c,  ak,  ae,  be,  ebe)  7  a*  S*  —  I ,  &c ; 
and  of  any  number,  o,  «)i  the  elections  are  S*  —  I ;  that 
ii,  one  loa  than  thepowar  of  S  whose  cupdnent  is%iho 
mimber  of  single  things  to  bt  cbooeB,  dtiwr  sepaiaidy  or 
m  combination.    See  CowatwaTiow. 
ELECTBIC,  in  Physics,  is  a  term  applied  to  thowsttb> 
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tlnucr^  in  wlncli  (hr  i  li  ciru  liiiul  tan  be  i  xcili  ci,  and 
,  aci tiiiuilateii,  uiiliuut  tniiiMuuiiiig  it;  and  wliicb  arc 
lliiii  fort  cullctl  miii-ci  iKliu  tors,  They  are  also  calk-il 
ordinal  tli  ctiicrt.  and  Klcctiic;-  [kt  s<  .  1  In-  wiirj  is  do- 
ri*i'd  Irorii  y}Xtxrp>v,  amber,  iim.-  i>i  liic  most  obs^-rkuble 
iioii-ceiidurtor^,  and  ihc  only  one  itnown  to  (he  ancientv 
To  ibi*  cluM  alsu  belong  glu»!i,  and  all  vilrilicalluni),  even 
of  melmls ;  nil  prvriou>  siiuncs,  of  which  ihc  raosi  iran^ 
parent  are  tbo  Uot  ntinf,  and  rciiinout  coinpouiioiit  j 
tulphgr,  bmI  baked  wu<id;  ull  biiuiiiinousmbiimcin»wa]c» 
silk,  and  eoUonjall  dry  animal  subttancc?,  as  rrathcn, 
wool,  liaift  &c;  afam  paper,  white  sugar,  uiid  bugar-cundy; 
likcwiw  ajr»  oUs,  cbueolaie,  calces  of  netab  kimI  icni- 
'  ncttb,  the  Mbct  of  aMmal  ami  wgetable  aMhetwiCW,  tfae- 
TOit  of  nwtaia,  sU  dry  vcgelalile  aubiaDoa,  and  itoius,  of 
wkich  the  hutint  are  the  best 

SnbKances  of  thi$  kind  may  be  excited,  so  as  lo  cxhi* 
bit  the  i-lcctric  appearaiim  of  attracting  find  repelling  light 
tn'ilh^,  i  iiiitlini  a  111  li^ht,  ulUiulod  with  asnnpping 

litiisr,  rtinl  \i.  lai:ua  currt  ut  ul  iiir,  (he  ieniiatiun  of  which 
txivnibli  s  [(ku  III' a  vp..,j,.r'>  mU  cirawii  o'.rr  tho  face,  i\c, 
and  a  sun  II  lik;  lii.il  ni  jitin.-i  hoi ui  ;  and  ihii  i-xcilin^ 
may  be  litlnr  iiii!ilui.id  l^v  iiiciion,  or  by  heating  and 
Cuoling,  or  by  mi  lling,  and  one  mrltcd  subsluncc 

into  another. —  liic  term  l^  jutuliaily  applied  to  the  pIcc- 
tric,  vix,  the  giube,  or  cylinder,  inc.  used  in  electrical 
machiiiei,  for  collecting  the  fluid  by  friction. 

)-!lrcthic A  I.  Air  Tkermamcier,  au  inatiument  contrived 
by  Mr.  Kinner&lry  vi  Philadelphia,  ami  used  in  dcicriniD- 
in^  the  effecl*  of  the  electrical  expiation  upon  air ;  a  4e- 
Kription  of  which  may  bt  fcen  ia'FniiUin  Letlen,  tic, 
pa.S»ft4lo,  t7<>j). 

Elictbical  Apfmv^,  eonutii  of  glasa  tBhca.  about 
3  ieet  tonig,  md  an  inch  and  a  half  in  diaowter,  one  of 
-  which  abould  bo  cloaed  at  one  end,  and  furnished  at  the 
other  end  with  a  brass  aip  and  &i<>p-cock,  tu  rarefy  or 
conden«e  the  inci'Hed  air ;  clicks  of  seulinn-wax,  or  lubes 
of  rniigh  gill's,  <ir  i;lais  tubes  covered  with  sealing-v\a.\,  or 
fyllllder^  of  bukeil  \wiod  lor  producing  the  riyiillve  i  kc- 
tnciiy;  with  J'I  im  iu|]li;r!),  as  black  uileii  viU,  \\a\\ 
amulguin  iip^m  it  I'.i  the  i.imuct,  and  snii  ru-w  llaiuu  I,  or 
hare-skins,  (^r  rat-;kniv,  laiiin'<l  "illi  the  haii  un,  ti;r  the 
luller;  coated  jars,  or  (ilalts  ol  t;tasi,  eislier  sin!»lc  or 
Cdinbined  in  a  ballerj,  for  accumulating  electricity  ;  me- 
'  tal  rods,  as  dischargers ;  an  ilrctiical  machine ;  tdectru- 
metcri,  and  insulaterl  stools,  supported  by  pillars  of  glus<i, 
covered  with  sealing-wax,  or  baked  wood,  vamiibed  or 
boiled  in  linieed  oil. 

£LECTftiCAi.  /hmoffAen,  n  a  stream  or  maaa  of  the 
electric  fluid  which  surrouiidt  an  eadtcd  or  cicctfified 
bo4y«  to  a  certain  distance. 

BcBCTEicai,  Bail*,  iiea  Balu,  and  EucnOMBYiK. 

E&acraicAi,  Bamn^  consittB  of  a  number  of  coated 
jars,  placed  near  each  other  in  a  convenient  manner. 
These  being  cliargcdi  or  electrified,  and  connK-t'  I  >, 
each  other,  are  then  soddcnly  rxplodcd  or  di'-ci-aii;!  ii, 
with  ;i  [iriiiii jiour.  t  iled.    Sie  liAntuv, 

Kttc THicAL  IkUn,  are  a  set  ol  hells  mounted  in  a  pe- 
culiar maimer,  so  us  to  be  rung  by  ine.iiia  i  f  liie  .u  tma  i,f 
the  electric  lluid.  Fig.  10,  idale  vii,  i-  |>le^.  iitv  n  u'i 
bclKs  of  ihiH  k.ii(l  ;  «hen  the  clapper  is  sn-jieinli  ■!  1;  an 
the  riy  />(•(/,  llie  a\iv  uliirli  rests  in  a  ^in;iU  (i"h-  I'li  the 
l"p  ul  the  i;hi>!.  pill.ii  cj'\  ilie  U|ili<  r  part  ot  tl,<' axi.s  moves 
freely  on,  and  is  suppuiled  by  a  bok:  iu  tb«  brass  piece  ^J, 
aod  bdb  of  diAnot  tonco  are  placed  iwuid  tin  fawd 
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AlK.    nils  app.Traius  bcmg  placed  nfar  the  cylinder,  the  • 
ptiiiM'  coiiiluctor  being  removed,  will,  when  the  inachiuc  i* 
in  action,  be  put  III  luutiun,  the  clapper  of  nhich  striking 
the  belU  in  succession,  produces  an  agreeable  harmony. 

KLbCiaif  F.xjitrimfn's,  are  Certain  C.\|Hniiieiits  madf 
by  means  of  an  tA  tliie  machmc  and  apparatus ;  sonic- 
tiroes  in  order  to  discover  the  nature  and  propertiesof  the 
electric  Hiu<!,  ait'!  at  olheis  for  tlx'  uimisenvent  of  the 
Operator  or  by-stHtidert.  Byt,  ina  wurk  like  the  present, 
it  is  impoaribic  to  pive  any  thing  like  a  •omplrte  set  of 
experiments:  we  have  however  K-lected  the  following ; 
and  must  refer  the  reader,  for  others,  to  Adamt'Si  Ca*al- 
ki's,  and  Cuthbertsoo's  works  on  tbissulyect. 

fipcriiaMt  1.  Put  the  machine  m  action,  connect  the  • 
cn^ui  by  a  chain  with  the  gnwiad,  and  those  bodies 
which  cunmunicaitt  with  the  positive  conductor  will  be 
electrified  positively.  Connect  ihe  politiTC  coitductor 
with  the  earth  by  a  chain,  take  off  the  chuin  trum  Ihe 
cii>hion,  atiil  ilmse  bodies  which  cuinmunirate  «ltli  lt:<; 
cusiiion,  11  M'^iiiue  c'liiduclor,  «ill  U  eUctrifud  nega- 
tively. 

I'.xpir.  1.  f'oiimct  llie  prisitivo  conductor  bv  a  chain 
with  tlio  table;  turn  Mie  c^liiiiler,  aii<l  the  cushion  will 
befi  iiial  tu  W  iH  i;alm  ly  eiictiltifd.  lake  the  chain  off 
tri  m  thi  poMtnc  roiulucior,  and  both  will  e.xhibit  signs  of 
electricity;  but  any  electrified  body,  which  is  attracted 
by  the  one,  will  be  repelled  by  the  other.  If  they  are 
brought  suflltciently  near  to  each  otiwr,  sparks  will  pass 
between  them,  and  they  will  act  on  cack  other  stronger 
than  on  any  other  bodies.  If  they  an  CwiUKCted  toge- 
ther, the  iKctriciiy  of  the  one  will  dastray  that  uf  the 
other;  for  thot^h  the  fluid  sccaa  lo  proceed  from  the 
oishioB  to  the  conductor,  Aa  Iwn,  whan  thus  conjoined, 
will  nhibit  m  signs  of  elcciridty,  becanso  the  luid  is 
eoBliimaUy  cireuiaring  tnm  oaa  lo  the  other,  and  is  tbera- 
ftnr  kept  always  in  the  same  slate. 

We  see,  by  this  experiment,  ihnt  electric  appearances 
arc  produced  both  in  the  electric  which  ise.\citid,  and 
the  substance  by  which  it  is  e.\citcd,  pnividi-d  that  sub- 
stance be  insuluttd  ;  but  their  electric  powers  are  din'ctly 
n  ver-se  of  each  onii  r,  and  .ivay  he  distinguished  by  oppo- 
site rlt'l  tts. 

EijKr.  3.  If  till'  cushion  and  tlic  conductor  are  both  in- 
sulated, it  is  oliserstd,  llint  the  Ies<i  electric  fluid  is  o6> 
lained,  the  more  perfect  the  insulation  i>  made. 

'I  he  inoislnre,  which  is  at  all  tinnss  floating  in  tha 
air,  lovethei' Miiii  the  small  points,  from  which  it  rs  im- 
possible (otall)  lo  free  Ihe  cushion,  do  not  permit  it  So  be 
perfectly  insulated,  so  a«  to  nlTord  no  supply  of  electric 
■matter  to  the  einhion.  If  the  air,  and  other  parts  of  the 
apparatus  very  dry,  little  or  no  electricity  will  be 
produced  under  the  abow-mrntkined  circumstanees. 
From  this  experiment  it  is  infened,  that  Ihe  electric 
powers  do  not  exist  in  the  ciectrica  themselves,  but  are 
prodoced  fion  the  earfli  by  llw  ancltation  of  electrics ; 
or  that  the  electric  matter  on  Ihe  prime  conductor  is  not 
produced  by  the  ^i-  lion  of  the  cyliiidtt  a^i  .ist  the 
cushion,  but  is  coU  iinl  hy  that  opi  iation  (i<.iiu  ;t,  and 
fioiii  ihii-e  bo'ii' s  u Inch  lire  connecli d  with  it. 

/■'.ijiff.  \.  lomii  a  I'aii  .  f  insulated  pilh  balls  wiih  an 
<\(il.  <i  ^lass  luhe,  iJiey  will  heroine  e!',  i  lrjli<  il,  an  I  will 
uej.arjte  lioin  each  other ;  the  balls  arc  elcctrilicd  posi- 
tively, and  arc  therefore  attracted  by  excited  wax,  and 
repelled  by  excited  glii«s«  As  those  light  substances, 
which  possess  tha  same  dectiie  power,  lapd  each  other ; 
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m  an  CUflf  dit«>Ter«whcthcr  th^jr  ire  electrified  posi-  Erper.  g.  Ptare  a  iqntre  piece  of  Imf  bras*  or  silver  on 
tivejy  Ot  Mg^livdy,  by  presenting  m  CXCitcd  slick  of  the  under  plate,  hold  this  parallel  to  the  upp*r  one,  at 
Mding-wnx  or  glass  to  them.  If  tbey«re  attracted  by  the  about  Sot  6  ii\cbes  fron  it ;  tnm  the  raichtne,  and  the 
gllMi,  they  arc  ncgati^'dy,  if  twpelled  by  it,  they  are  po-  leaf  will  then  rise  up  inw  ■  mtinl  iktiatiain,  and  remain 
tilifcij  clecldCed ;  un  ilio  cooimy^'if  rncllea  hj  the  between  the  two  plntn,  withoat  tonchi^g  cither  «f  them. 
•xdtM  WHtf  they  are  negative,  jf  attmcted,  poiitive.  Picacnt  n  metal  point  towards  the  lenf>  and  it  will  imne- 
tn  atemaimng  the  natum  of  the  dectrie  powen,  we   diatdy'  hSl  down.  Place  a  hi«M  bidl  at  the  and  of  the 

eondnetor,  and  when  the  leaf  of  braM  is  suspcn<)cd  be- 
tween the  plate  and  ball,  move  ihe  plate  round  tin  i  uti, 
and  the  leaf  will  also  move  round  without  louchni^ 
cither  plate  or  ball. 

Eiper.  to.  I'iace  two  wires  directly  under,  and  parallel, 
to  each  other;  »u!i|K-nd  one  from  the  conductor,  let  the 
other  communicate  with  the  tahle  ;  then  fi  lij;lit  image 
|il,ULii  between  these,  will,  when  the  coriciucinr  is  elec* 
trjiied.  appear  lilic  a  kind  of  electrical  mpe-dancer. 

Etfirr.  II.  I'ul  a  jiointcd  wire  into  one  of  the  holoe 
which  are  at  the  end  of  the  conductor,  huh!  a  glaii 
tumbler  over  the'|K>int,  covering  it  with  your  hands,  which 
serve  as  a  tampoiwy  coating;  then  electriry  the  con> 
doctor,  and  An 'the  tumbler  round,  that  the  whole  in- 


I  avoid  bringing  the  bodies  to  be  tried  near  each  other 
suddenly ;  or  one  with  a  strong  electricity  near  another 
which  is  weakly  so;  as  it  may  render  the  experiment 
doubtful,  by  atlrnrtnv,  .'ii;.!  in>t  repelliiii;  the  liyht  body. 

Erper.  a.  Jtisulatc  :i  lima  nu  ::illie  rod,  suspend  a  pjir 
"I  [■.■Ji  hjils  irMiii  i  iicli  i-iid  III  It,  )ihicr  (;iie  ol  the  ends  at 
nli  .iu  ti><<  inches  from  tlic  ]innii'  ci  rul netor,  ihe  other 
emi  a-  ;  ir  from  it  as  f)i>>silite,  ckrtrilv  the  eoridurtcir, 
and  the  eli  ctric  fluid  in  the  rod  will  bednten  to  thai  end 
which  is  furthest  from  the  conductor;  *n  that  one  end 
will  be  electrified  nefjalively,  the  other  end  positively,  as 
will  be  seen  by  the  bulls. 

Erper.  6.  Fix  the  end  of  a  wire,  havinz  feathers  at- 
tached to  it,  in  the  small  hole  which  is  at  the  end  of  the 


prime  conductor;  turn  the  cylinder,  and  the  feathers,    Icriorsurface  may  receive  the  fluid  from  the  point;  place 
which  are  connected  with  the  wire  by  linen  threads,  will   a  few  pith  balls  on  the  table,  and  cwrcr  them  with  this  • 


lapante  fram  each  other;  the  Abrous  and  downy  parti  glass  tomUer,  the  balls  will  immediately  bctin  tnlcap  up 
will  become  tuigid,  and  expand  in  a  pleasing  manner,   and  down  as  if  thay  wen  antmatetl,  and  will 

for  a  e«»idemble  time. 


and  in  a  variety  of  directions. 

Prasi-nt  a  mvlallic  "point,  or  the  finger,  or  any  other 
condociins  solstancr,  to  the  feathers,  the  downy  parts 
thereof  will  immedintely  collapse,  the  drveigence  of  the 

fen[lii  IS  will  ceaise,  and  they  will  approach  each  otbor, 
and  lI  ml;  mund  the  non-electric  body. 

I'lie  li  ithiTs  '•e|ianite  fri>m  each  other,  and  lend  to- 
wards unelectf ilied  bodies,  from  the  eliorl  made  by  the 
■Icclricity  which  is  comniuiiie;iti  <l  to  them  to  diffoK Itidf, 
and  the  resistance  it  meets  with  Irom  tbeair. 

Exper.  7.  Tlx  the  end  i»t  the  wire  into  the  hole  at  the 
end  of  the  conductor,  as  heture,  ha%ing  now  two  pith 
balls  attached,  instead  ol  the  feathers;  put  ihe  machine 
in  action,  and  the  two  small  balls  will  recede  fiom  each 
Other.  Bring  ft  conducting  sub-«tniice  within  (he  sphere  of 
their  action,  ami  they  will  Ay  towards  it ;  touch  the  con- 
ductor witli  a  BoiHelectric,  and  they  will  immediately 
coma  togelhcTi 


Siptr,  13.  Connect  one  end  of  a  chain  with  the  onlside 

of  a  charged  jar,  and  let  the  other  cd'I  lie  on  the  table, 
place  the  end  of  another  piece  of  chain  ut  about  one 
quarter  of  an  inch  disiiini  irom  the  liirnn'r  ;  then  set  a 
decanter  of  water  on  these  separated  ends,  and  on  making 
Ihe  di»char]ge  through  the  chain,  the  water  will  appear 

perfectly  and  beauliliilly  luminous. 

F.ijter.  13.  Let  any  person  stand  un  :>ii  iii'-uhiled  .-timl, 

and  connect  himself  by  a  wire  or  chain  with  (he  priiTie 

condticlor,  and  he  will  then  exhibit  the  same  rippe;iianei  > 

winch  are  observed  in  the  conductor,  titid  will  attract 

light  boiiie's,  givi-  thespark,  ficc,  and  ihusnAord  a  pleasing 

mode  of  diversifying  every  expi riinenl.    ll  is  however 

absolutely  necessary,  to  the  cdniplete  success  of  thh  «»•  • 

periment,  that  no  part  of  the  clothes  touch,  the  door, 

table,  \c,  and  that  the  glass  feet  be  carefully  dried;  a 

sheet  of  dry  brown  paper  placed  under  the  stnoLwill  bib 
r.„.^  ^  .-_^^i.r_  -^^^  I...  .L.  2-  i-^.I^ 


llie  ball»  do  not  always  divti^  so  much  as  might  ha  found  «f  comidciaUe  service,  by  mdcriog  the  insobttion 
daipaemi,  from  the  action  of  their  atmoaphem,  bccane 
thrr  are  inRiMnccd  by  that  of  the  conductor.  . 

The  balls,  or  feathers,  will  separate,  Aec,  in  Iho  same 
manner,  if  they  are  annexed  to  a  negative  oondactor. 

£r/ier.  8.  Present  a  line  thread  towards  an  rlcctrrficd 
conductor ;  when  it  is  at  n  proper  distance,  it  will  fly  to- 
wards, Slid  stick  to  tlie  eiimliirtor,  and  ninvey  the  elec  t r: c 
fluid  from  it  to  the  hiiml  ;  n-move  the  thread  to  a  mikiII 
distance  fruiii  the  enniliictur,  luul  it  will  fly  Ij  n  k  »nnls 
and  forwaiiK  with  f;real  vcloeity  and  in  a  very  ]lll■;^^^ll^ 
manner:  present  the  SHine  tliiead  towariis  one  that  banns 
from  the  eonilnelur,  they  will  ultratt  ami  join  each  nlln  r. 
liriiir:  a  ni  :i  i  ll  rtric  body,  as  a  brass  ball,  near  lhe«e 
threails,  the  ball  will  repel  that  held  by  the  hand,  and 
attract  that  ubirii  i^  fixed  |o  (he  conductor:  the  upper 
thread  renders  the  brass  ball  negative, "and  therefore  goes 
towards  it;  while  the  under  thread,  which  is  also  ne;7ii. 
tive,  is  re(H?llcd.   Let  the  ball  be  brought  near  the  lower 


If  the  insulated  person  lay  his  bands  on  the  clofhrs  of  [ 
one         is  not  so,  especially  if  they  arr  woollen,  they  ' 
win  holb-iiyl  as  it  were  many  pins  piiekingthcm,  us  long 
as  the  cylinder  is  in  motion. 

Erper.  14.  Place  the  bias's  ball  of  a  coated  jai  in  cm- 
1  act  with  the  prime  conilueio-,  w!;i!e  'i.r  c.nrM.ji  r..:,i- 
inunicates  «i!h  the  table,  iiiiu  iIm  cjlinder,  and  the 
boc'e  Mill  ,11  :'.  little  tiiiir  be  ch;!n;ed.  Now  to  di»rh.'Jrj;e 
the  jiir,  tliat  IS  to  rcsteri-  it  [o  :is  lu-.lurul  stale,  brii>;;oiie 
em  I  of  a  conductin;;  substaiiei  m  iniuatt  ^^  ilii  I  lie  i  ii(si<)p 
coating,  and  let  the  other  be  brought  neni  the  knob  of 
tlie  jar  which  communicatee  with  the  inside  coaiiiv^.  and 
a  strong  explosion  will  take  place,  the  electric  li^bt  w  ill 
be  visible,  and  the  report  very  loud.  Char^^e  tlir  jar 
azain,  then  touch  the  outside  coating  with  one  hand,  and 
the  knob  with  the  Other,  Ity  which  means  ihe  bottle  will 
be  discharged,  and  a  sudden  peculiar  sensation  will  bn 


part  of  the  under  one,  and  it  will  be  attracted  by  it.  The  perorlvad,  which  is  called  the  electric  shock.  The  shocl^, 
junctiasi  of  the  threads  arises finn  tba cdbrt  thcdectiic  when  it  is  taken  b  this  maimer,  gnerally  aflbcu  the 
nmto  diffaio itrelf  tiuiMiglhthem.  *(iila,  dbowi,  and  hmati  and  whan  it  is  Strang  it  re. 

3  N  ft 
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Mmbkt  ft  tmivonal  blow.  This  peculiar  'Mmation  is 
protmbly 'owing  to  tli«  iwo-ibkl  tnd  insiantuicous  actiun 
of  (he  electric  thM,  which' mten  aad  fpei  ovt  of  Um 
body,  and  the  nutom  pvti  tbraiigh  which  it  fmu%,  at 
one  iihI  Uw  tame  instant.  It  has  heea  ako  ohwncdl« 
.flat  nature  hu  appointiid  a  certain  modificalion  cf  tha 
electric  ^uid  in  all  termtrial  bodies,  which  wc  violate 
in  our  experimrnts ;  when  this  viulalion  is  Moall,  the 
powers  (if  iiiUiiir  opi  rate  in  n  m  nilo  rnaxiiier,  to  rrclify 
the  (Jisord<  r  \\<'  Ii.hl-  iiilrudun'cl  ;  but  wbvll  ibc  ilcviatJon 

\f,  coiisKleruiilc,  ihi  ii:\t<!rnl  pnucrt  mton  thc  original 

Ctiiiatitutixn  witli  cMri'MR'  MuKiiti'. 

If  several  piT!.i-i'.>  Ji  in  luimJ-.  :!n'  lint  touches  the 
putsiiic  ot  chi»r;;iiJ jMf,  ami  the  ia^t  the  knob,  tlic  bottle 
will  be  (lischaigt'ti,  niid  they  wiiliitl  !>  1 1  ilic  shuck  at  the 
kurae  iiistutit ;  but  tli<-  «realer  the  number  of  persons  arc 
.that  talte  a  shuck,  thu  «t-.ikrr  arc  its  efffct». 

Thc  furrc  of  the  shock  is  in  proportion  to  the  quantity 
of  coated  surfaces,  tlie  thinness  of  thegla^s,  anil  the  power 
of  tlie  machine  i  or  the  eScct  of  the  Leytlcn  nbial  it  iih 
created  in  propottian  M  m4mny  the  equilibfram  on  tba 
■nrlacn. 


ELE 


A^cnlS.  A  cork  ball,  or  an  artiilcial  spider,  made  oil,  tam 
t  hunt  ooric  witli  Ugt  tS  Ihea  thmid,  suapcoded  bjr  bow*  Mn 
tic,  will  play  between  the  bnoba  of  two  bottle**  eiia  w   purpow  c 


itiliaUitawiodinii*,  tiU.it  ant«aa«t  tba  book,  whraca.it 
it  coaveyed  to  the  grouail  by  a  chain  i  and  thus  tb«  lucid 
appearance  at  eacb  hnak  cxhibita  a  word  in  chaiadMa 
oiffiie.  • 

ELBcmcai.  Wit  ia  a  Aae  mre  fluid  wUdi  iMutB' 
firom,  and  sWioatida.  electrified  bodiaa. 

ELCCTaiCAl  Bu,  an  instrument  contrived  by  Dr> 
Franklin,  to  verify  bit  hypothrtis  of  the  identity  nf elec» 
Irlcil)  and  lisjhtlnriL;.  k  c'>:ibi>.u-d  nf  ;•.  I.ii^t  iliin  silk 
buliilitiebiil,  i  \ti  iiilcil  and  tasttned  ut  liic  tnur  corne  r* 
to  two  slindt  r  -.trips  of  cedar,  and  ar<  i  uinmiliitcd  Hitli  a 
tail,  loop,  unii  >liin'{,  so  as  to  rise  in  tin  uir  like  a  |)!  )>(*r 
kite,  Tij  the-  top  of  the  uprij^lit  stick  ol  llic  cru5->  »as 
fixed  a  very  shar|i-p<>iiited  wirr,  riiuij;  a  fimt  or  more 
above  the  wiuid  ;  iilid  lo  lire  end  of  tin-  twine,  next  the 
Itaiid,  a  silk  ribband  was  liul.  Frum  a  key  suspended  at 
the  junction  of  the  luiine  and  silk,  when  the  kite  it  raised 
during  a  ihuniler-storin,  a  pbial  may  be  charged,  and 
electric  fire  collected,  as  is  uxi^Uly  done  by  meant  of  an 
exniedglaiaiubrorglubr.  Phihs. Trans,  vol.47,  pa.565, 
or  Fkalkikliu'i  Leticn,  pa.  in  aitd  U2.— Kitet  made  of 
paper,  oo*eted  with  vamiah,  or  with  well  bollad  Uaacad 
wmorK  them  from  the  rsio,  with  aatick  and  t 


of 

•ilk,  will  play 

whteh  b  charged  positively,  the  other 
will  ina  little  time  dischuri;c  them 

Erper.  |6.  A  laH  su^|nnilfil  on  silk,  and  placed  be- 
tween two  brass  baiU.  uno  pruci-eihiig  from  the  outside, 
ami  the  other  from  llie  ln^i^j^■  iif  a  Li-ydcn  jar,  when  the 
bottle  is  clutri^eii,  \hII  Hy  I'lnm  (>nc  knob  tu  the  other  iand 
by  thus  Conveyinc;  thc  fluid  from  the  iiuida  tO  the  OUtlida 
of  the  bottle,  will  soon  discharge  it. 

Erptr.  17.  Take  a  glass  tube,  round  which,  at  small, 
but  equal  distances  from  each  otliei,  (lieces  of  tin-foil  are 
pastt  il  111  u  >piriil  foiiu  from  eiul  to  end;  this  tube  i»  in- 
closed in  a  larger  one,  tilted  »ith  brass  caps  at  each  end, 
which  are  connected  with  the  tm-fuil  uf  the  inner  tBb& 
Hold  one  end.  in  the  hand,  and  apply  the  other  near 
enough  to.  the  prime  conductor  to  take  ipaikt  fiom  it,  a 
'bcattttfiU  and  lucid  ipot  will  then  be  aacn  at  aaeh  lepara- 

tioB  of  the  tia-iinl ;  which  multiply,  aait  were^  the  tpark  /  the  robbers  i»  lb*'  two  lullaiB'i,  d;  of  baked  wood,  are 


ik«  lha  commuo  onrt  med  fay  boyi*  will  aOfWcr  lb* 
purpow  extirmely  well,  and  ai«  very  aaeful  ia  dalce» 
miaing  the  ekctriciiy  of  tba  atmcaphcmi   See  Cm- 

vufrroa. 

Kl.tCTRir  \L  ^lacfiint,  a  piece  of  nu  clianism  in  which 
an  electric  body,  such  us  glass,  sulphur,  resin,  &c,  ia 
Ml iiji  cteil  ;i(  1 1 .( -iMij,  in  order  to  excile  in  it  tlmt  power 
which  is  commonly  knuwn  under  the  name  ol  electricity. 

It  would  be  useless  to  trace  tins  mHchine  llumi^h  all 
its  various  forms  and  iinprmenients,  Mhicii  the  ingriiuity 
and  industry  of  philosophers  have  given  to  it;  \\e  shnll 
therefore  limit  ounclvet  to  describing  and  exhibiting  sooic 
of  the  nio«t  approved  coottructlonB,  which  mi^'bacnn* 
merated  as  followt.  ' 

DtKTiption  qf  lUe  muM         Electrical  Mackina. 

Fig.  1,  plate  ki,  reprrsentt  Ur.  Priestley's  machiaa» 
whicn  is  a  very  extensively  useful  one,  described  in  hi* 
Hitloiy  of  Elecirici^  » ia  which  f  it  the  ilobe,  or  eleettic } 


taken  froea  the  conductor ;  for  if  there  was  no  break  in 
the  tin-foil,  the  electric  fluid  would  past  oflT  unpercdeed. 

Exper.  18.  To  take  the  electric  tpara  with  a  mi-tal  point, 
screw  a  pointed  brass  wire  into  one  end  of  a  spiral  tube, 
nuit  pn/sent  it  to  the  conduclur  u|i:lr  '}:■:  rnur'.iue  is  in 
action;  then  a  strung  spark  '.vill  ju-s  In  nvi  rr.  flic  con- 
ductor and  the  point. 

Eiper.  !<}.  Take  a  clean  <iiy  tulx  ,  -if  about  a 

quart!  r  <il  mi  inch  bore,  and  insert  u  pointed  uin:  111  ti.is 
tube,  keep  the  pointed  en(j  at  some  distance  lioin  thc  end 
of  the  tube,  at  the  same  time  let  thc  other  end  be  con- 
nected with  the  ground,  bring  the  former  towards  the 
prime  conductor,  and  strong  2i^-xA«  sparks,  attended 
with  n  peculiar  nolic^  will  pass  between  the  conductor 
and  thc  point. 

£9a-.20.  The  Luminout  >Vbrd.  This  cxperinent  it 
exactly  ^  the  tame  priociplei  as  Experiment  17.  Xbe 
word  ia  formed  by  the  imall  lepaiationaniada  m  the  tio- 
foil,  which  it  parted  on  a  piece  ofglhn,  that  it  fixed  in  a 
frame  of  baked  wood,  having  a  bmia  baM  at  oaa  and. 
To  make  the  experiment,  hold  the  frame  In  the  band, 
and  pr.  ^eii:  the  ball  to  the  conductor,  the  spark  received 
on  tilts  »iil  be  comnoiticated  to  the  tin-foil,  and  follow 


teveral  holea  to  reoaivtf  Ifaa  apindles  of  different  globes  or 
cylinders,  teveral  of  which  may  be  put  on  together,  to  in- 
crease the  e!.cTr:L;iy  :  tclm\%  the  prime  conductor,  beinga 
copper  tube,  V  :|>|.i  rted  nn  attand  of  glass  or  baked  wood. 

Dr.  \\  atMiriS,  in.ichine,  for  using  s«'veral  globes  iit  once, 
to  accuin  ..l.i[i  I  UM  lit  quantity  of  electricity,  is  leprcsented 
fig 

Fin.  5  n  (  resi  a  very  port-ible  electrical  machine 
invent' <l  I'V  Mi.  Iliisd,  itiid  irnpnived  by  .Mr.  l-ine.  a  is 
the  ^liiss  cylinder,  moved  vertically  by  means  of  (he  pulley 
<4t  tlic  lower  end  of  the  axis,  the  pulley  beitig  turned  by 
thc  large  wheel  a  pa^rallrl  to  thc  table :  there  arc  also  se- 
veral pulleys,  of  diflarenttiset,  cilherof  which  may  be  uaed, 
according  as  thc  motion  is  required  to  beiplicker  or  sIow«r. 
The  conductor  c  i>  furnished  with  pointi  to  collect  tha 
fluid,  and  it  screwed  to  the  win  of  a  coated  jar  o.  Tha 
figure  shows  also  the  manner  of  qtptyitV  Mr.  LaaA  ebo* 
tramelar  to  diia  nwchiaa. 

Elactiicai  mud^met  baeo of  late  years undeigonasomo 
wy  essential  alieia^nt  and  improvemenit ;  both  from 
the  snggittioat  of  private  electricians,  and  the  inventions 
of  Messrs.  Adamt,  Nairne,  and  Junes,  instruoMlS-Bsaksn 
in  London i  stmie  of  wbicli  are  at  follow: 
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Figr  4  repitscnli »  very  convmicnt  machine  for  pmcUce.  some  j^neral  nnd  pracitcal 

TImi  bumc  of  t\m  mocliino  consist*  of  the  bottom  Uxird  served  for  the  preservadm  a 

JMVPi  whieb.  when  Uw  Mchitw  »  lupd,  mnrt  be  fiutea-  tbent,  in  makiag  tssperincDtt. 

«d  to  the  tttUe  by  two  inclal  crampi.  ir  «»  two  ravad  MoUtora  isd  imt,  bat  |iwtieohi1y  tfa 

fQUn,  vf  bokcil  «wod,  whkh  iupport  the  qrKiidrf  o  by  dtnimnuel  lo  the  power  of  en  cketmal 


<rt*wiy  to  be  ob' 
of 


tlyi  «iclai  of  the  biowi  or  wooden  n^t  inrned  KMMtimee 
bymimplc  wioch  i, nnd  lonielinics  bynpulkjrnnH  whet-l, 
at  in  the  nest  ll|r.  llic  rubber  »-fixcd  to  n  glnis  pillar  k, 

which  is  (astrlied  tu  n  wouiletl  bii>i«  L  at  the  bolluin.  The 
conductor  k  h  luunlly  niuHe  of  brass  or  tin  ji«|mnr>ed,  and 
Ls  insulated  by  a  gliu>9  plilLi-,  nricurd  into  a  noodrn  bii!iis 
or  tocii,  must  cimvcnuiilly  pliiced  piirallil  id  the  i  \  liiidc  r. 

1  ig-  i  rfprisfiits  »n  clectncjtl  msirhuic,  '.vit:-  a  con- 
ductiii  111  lln-  shsipc  rif  11  t;  nnd  an  improved  raedical  ap- 
paruliis,  »  |i,  le  It  it  ilcci  :>s,i  ly  li>  t>nu  llie  shodtiu  theems, 
or  an)  ollu-i  parlicutar  purl  itt  the  body. 

Fij;.  ti  shows  Mr.  Nairne's  patent  machine  lor  medical 
purpriH-s.  Its  cylifld«r  is  about  7  inches  iii  diame- 
ter, and  I'J  U)(\g,  with  tWO  Condocton penllel  to  it.  The 
rubber  is  tustened  to  the  coDdueloT  n;  and  conust*  of  n 
ciuhiun  of  leather  slutted,  hnviogn  piece  of  »ilk  glued  to 


nccfmry  to  guard  agaimt  both,  es  orach  a*  majr  be 
pmeticable ;  hervce  when  not  ectually  in  use,  the  fflachine 
shoold  be  kept  in  a  dry  and  clean  place,  and  at  least  tbe 

glass  part  of  it  should  not  be  suffered  lo  rcniuiii  dirty  and 
soiled.  If  it  ha*  U-eii  long  neglected,  the  opt  rator,  in  or- 
(l*T  to  n  ndi  r  it  ready  for  use,  must,  in  the  first  place,  re- 
movt'  tin-  fubber;  he  mu»t  then  place  the  machine  at  a 
niodi  rale  distance  from  the  fire,  so  as  to  render  every  pan 
of  it  pi  rfecily  dry.  but  not  too  warm.  This  done,  and  the 
du»t  nni  .xtd,  l!ie  gluvs  part  must  bo  repcatr<lly  rubbed 
with  a  clean  and  warm  handkerchief,  or  towel;  the  rubber 
likewise  must  be  cleaned,  rvmoving  all  (he  old  amalgam 
that  may  have  adhered  to  it.  The  glass  plate,  or  cylin- 
der, in  its  fOtntion  frequently  contracts  some  dark  spots  or 
Concretions  on  its  surface,  which  tend  to  diminish  its 
|NHrer,  nnd  which  must  therefore  be  removed.  Previoasly 


its  under  part.   Tbe  coaducton  are  mode  of  tin,  nnd  Co-    to  replndng  the  rubber,  tbe  fullowtng  operation  gcnenity 

vcred  with  black  lacker,  each  of.  them  containing  a  kufa   '- '  '■ —  •-  s— 

cnnted  giasa  jar,  nnd  tikewiw  n  mailer  onc^  or  »  coalni 
tube^  which  are  virible  when  the  caps  va  an  removed. 
To  eacb  condnetor  it  fixed  a  ktiob  o»  Wthe  occaAmal 
smpciuioa  of  a  chain  to  product  poiitive  or  negative  e)ec> 
tiicily.  Hint  part  of  the  winch  c  which  acts  as  a  lever  in 
turning  the  cylinder,  is  of  glass.  Thus  every  part  of  the 
mac  111  ir.  s  III  ■,:  liUfd,  the  Cylinder  ils<'ll  and  ils  bra?.*  cups 
notcxcipud;  by  wbltli  means  viry  litllr  of  tlieelictri- 
city  is  d:bsjpj(i.d,and  hrnc*-  of  rours<'  llie  etti  ^T^  nn-  likely 
to  be  tiio  more  pimcHnl :  llie  inventor  bas  also  adapted  to 
ihi^  iiKu  II. II.  soiiu-  (le.Mbie  cundut  iiiii;  jiiinis,  a  discharging 
eleclroniiler,  (Sec,  lor  the  practice  of  medical  electiirity. 

Tlie  large  electrical  machine  placed  in  Teyler's  Museum 
at  Harlem,  was  constructed  by  Mr.  John  Cuthbertson,  an 
English  iii»lruinent-roaker;  and  it  has,  fnr  the  electric,  two 
glass  plates  of  6'5  inches  diameter,  made  of  French  glass, 
fts  tliis  is  found  to  produce  the  most  electricity  ne.\t  to 
£t^i»h  flint  glass,  which  could  not  be  made  of  oinfiicieBl 
riie:  tbeic  plates  are  set  on  tbe  anme  boriaootal  aitii^at  the 
dieiaiwir  of  7i  inches,  and  nre  excited  by  8  rubhH%eaich 
inches  hum  ha/^  sides  of  the  platts  ar?  covered 
with  »  fcnnoof  ntbslanco  to  the  distance  of  l6{  in^he^ 
from  tbe  ceutrF«  both  to  strengthen  the  plates,  and  to  pre- 
vent any  rieciricity  from  being  carried  off  by  the  axis.  Ils 
battery  of  jur*  contains  2i25  square  feet  of  coated  surface, 
and  cll'  i  t^  ^111-  nstonishinsly  great ;  h'-  i  [  rm  f  of  which 
we  nuiili'.iii  till  iiillowing  pailiciilars :  'l  lie  ^  lisiition  com- 
monly calleu  !-.t 
action,  ,^  kit  li\ 
truin   'U'.'  |ii  III 


«eb,  when  this  niiichuu-  in 
-^.taiiders  ut  the  distance  of  S 
uctor.  A  thread  I)  fiet  \oug, 
suspended  ]HT[Kndicul.arlj',  was  sensibly  altracied  by  the 
prime  conductor  at  the  distance  of  38  feet,  and  a  pointed 
wire  pnwnlcd  to  tbs  prime  conductor  appeared  luminous 
even  at  tbe  distance  of  2S  feet.  A  single  s|>ark  from  the 
prime  coodttctor  melted  a  considerable  length  of  gold  leaf. 
And  n  Lnden  phial,  containing  about  a  square  foot  of 
coated  sttilwe,  was  fully  cbni(ged  by  about  half  a  i«:volu> 
lioo  of  the  plates,  |o  es  to  duelwrce  itself;  and  by  repeated 
trials  it  was  found  tbe^  in  one  minute'j  tinM,  this  phial 
discharged  itself  76, 78,  and  frequently  even  80  time*  in  * 
minute,  liavingtbus  described  the  electrical  machines  uf 
the  most  approved  construction,  it  only  tt^maiiis  to  add 


contributn  towards  iiKieniii|  the  excitation.  It  i 
in  tottchiug  cylinder  wMi  the  botttm  of  a,  ullow  caa> 
din,  in  atrcaks  parallel  to  the  axis  of  the  cylinder,  theii 
rub  tha  cylinder  tinio  with  a  dry  warm  liaen  cloths  taUag 
care  that  this  cloth  be  not  very  old,  for  in  that  case  it  i« 
apt  to  leave  liliiments  about  the  glass  and  about  the  rest  of 
the  machine.  'I  liis  done,  the  rubbi-r  is  li.ved  in  its  place, 
and  its  supporter  beine  properly  mljusted  as  to  pressure,  as 
also  a  chain  sus|K-nded  from  llu'  i  iiliber,  connecting  it  with 
lli<-  ijii.ir  (i|  tlic  rmini,  lin  n  tin'  niachuie  is  ruiidv  lor  opera- 
tion, eMr|ii  tliv  BpplK'atmii  oi  iliu  aiimliiam,  in  vshirh  the 
followinj;  diM  <  ti.iiis  ii;iist  lie  I  l.>M'rved. 

Formerly  llie  amalgam  was  spread  upon  the  riibfier;  but 
experience  has  shown  that  it  is  much  b<  tti  r  for  it  to  be 
fixed  clc«n  in  its  place,  and  then  to  apply  Ibc  amalgam 
upon  a  piece  of  leather,  to  the  surface  of  the  cylinder, 
while  this  is  revolving  in  its  usual  directiort;  for  by  this 
means  the  resolution  of  the  plate  or  cylinder  will  carry 
from  tbe  leather  a  sufficient  qoanlity  of  the  amalgam,  and 
*wilh  deposit  it  upon  the  rubber.  The  leather  with  the 
amalgam  need  not  he  applied  lotiger  than  tbe  cylinder  • 
maka  10  or  19  levolntiow,  moving  the  leatbMr  at  tbfrsame 
time^bM^wanl  bad'lorward,  fmm  one  end  of  the  cylinder 
to  the  other, In  order  that  the  amalgam  may  be  equally  dio^ 
triboted.  Now  if  the  cylinder  be  turneil,  and  a  hatid  or 
the  ends  of  the  fingers  be  presented  lo  it.  a  crackling  noise, 
which  is  accompanied  with  luminutis  brushes  and  dense 
sparks  of  the  electric  fire,  «ili  bi-  observjd,  particularly  in 
11  dark  room,  wlncli  iippearaiiccs  indicate  that  the  ma- 
chilH"  is  in  good  aclii  n;  ihin,  the  prinu'  (  i.nrluctor  being 
situated  ill  its  proper  place,  v<iu  tsu  .  r  s  d  to  pi  rfornj 
the  experiments.  During  the  pei I'oriiianc';  of  which,  the 
electrilied  part  of  the  machine  is  apt  lo  attract  dust  from 
all  quarters,  which  the  operator  must  guard  against-  as 
much  as  possible,  b)  liequently  wiping  tliose  parts  wilbft 
clean  and  perfectly  dry  clntl ,  or  silk  handki;rchief. 

The  aaonlgiam  which  we  havi  mentioned  above  is  gene- 
rally compand  of  1  pan  of  sine,  and  4  or  5  parts  of 
quicksilver,whicilillvaiBalgamnied  in  the  following  manner. 

Let  the  quicksilver  he  heated  to  about  the  degree  ^boil-« 
hif  water;  then,  tbe  tine  being  already  m«lwi  in  a  cru- 
cible, pour  the  quicfciUver  first  into  n  iraoden  box,  a^d 
immediately  after  tbe  melted  ibc.  Umi  shot  the  ban, 
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mA  khake  ii  for  iiliottt  half  a  ininiiU.  After  tbii  yov  nml 


HtMiy  jif  CLBcnucrrVi^'llifl  mpfrly  wkieh 
wait  til)  the  amalgam  ii  quite  c»ld,  or  imrly  w,  when  Wr  poiirMet  of  attracting  Hjlht  hodiei,  wm  nbicrvrd  bj 
yoa  mtiy  mix  ntne  grraM'  with  It  by  trituration.  If  the  Thala  of  MilctD»»fiOO  jnnin  befiweChikt,  who  concluded 
m»licd  sine  be  poured  into  the  qqtckiilvcr  when  cold*  «  from  hence  ibat  it  was  aitimalcd.  But  the  firrt  petaoa  who 


very  amail  portion  o(  the  furiner  will  be  inwlgamaled,  tho 
n*t  nrmainmv  in  lumin  of  (ilficri  nt  listes. 

*I"hc above  is  !!:>•  method  rci  "iiimcinlcd  by  M,  Cavallo, 
but  Rlr.diliibcilson  f^ivos  lln  lulluu  mj;  di 1 1  clioiis  for  pre- 
parinu «ni!ilu.im.  Tulii- imt  p;'. u  l  iin  anil  /mr,  melt  tln'in 
ill  u  cruciLiie,  and  pi'iji  tin  in  i/.i  piiits  nl  mercury, 
ttlncJi  put  into  u  wii.idrn  l;>t\  n-mltr  lor  the  piirpois*-; 
ami  sliiike  the  Imx  lili  ilie  metal!,  are  colil.  The  amalgam 
1;  then  to  I.e  pulvei  iwu  in  ii  meliil  mort  ir  Ui  n  very  line 
(Hiuiler, Hiiti  Mtivfwards  niiM'<l  mtlt  a  suliicicnt  quiuuityof 
liog»-lard,  to  make  it  into  h  ya^w. 

.    KLSCTaiCAL  Phial.    HiX  LCYDKR  P/ital. 

Elbctucal /^iMrr.  Sc«  EiBCTniCAL^^ynrHfa^tnd 

IlECraiCAI.  Machine. 

Hl£CTUIc  A  L  Shock,  is  tlie  *ui|,!en  explusion  hrtwecn  the 


cxprenly  mentioned  lliit  mbatancr,  was  Thcopbratius, 
about  300  yean  befi>re*Chriit.  Tho  attractive  property 
ol  amber  is  also  occasionally  noticed  ty  Plinv,  and  other 
iiatiimlKts,  j-iirticul»rlvGas»cndus,Sirl(cneltn  Dif;by.  and 

^17  I  In  V  1)T  I'.i  n.  li'.it  It  " as  neni  rally  a|i[)rcliLTideil  llint 
tills  <|i.K>l.l_v  ".vjis  peculiar  to  amber  and  jet.  and  peih:ips 
ii^al<',  till  Dr.  Cjillier!,  a  nntive  nf  Colcbi-sti-r,  and  a  I'liy- 
biciiin  111  Loiulnti,  jiulilislied  his  tieatise  I)e  Magnate,  tn  tiic 
111  lU.  (iiHh'ii  inaile  many  considi-rablc  expcii- 

meni«  und  discoveries,  considering  thf  tbcn  infant  state  of 
the  science.  He  enlarged  the  list  both  of  electrics,  and 
of  ihc  bodies  on  which  (hey  act;  and  'remarked,  thai  a 
dfynirwas  must  favouniblc  to  elcrtric-al  apprarances.vtrhili! 
a  rnr>i«t  air  almost  annihilates  the  electric  Tirtuo:  he  alio 
observed  the  conical  figure  assumed  by  electrified  dioptof 


oppoaitt  tiUea  of  a  cbargrd  electric ;  so  called  because  if  walrr.  He  cmiaidercd  electrical  attraction  cepualel]^  Irom 

>,  .1 —  •  ..  •  -#  . — ■      wpttlikm,  which  he  thought  had  BO  place  In  el«ctri«ty,a» 

n  phenomeooB  «mitarto  the  attraction  of  coUcUoBiaiM  he 
iningincdfthnl  ckctriawere  brougbt  into  contact  with  the 
bodfcs  on  which  they  net  by  their  cillnvia,«iicilcd  hgr  fnc- 
tkm. 

Tlie  in!»eiiious  Mr.  Boyle  adrlcd  lo  (he  catalogue  of  elec- 
tric substances;  but  he  thought  that  glass  posse»»p<l  this 
yiOMor  in  a  \ery  lo»  <lej;ri'e  :  lie  found,  !h:jt  the  eleclritily 
of  hH  biidies,  in  which  it  niii;ht  he  excited,  iucreused 
by  wipin;;  and  vviiiiuing  them  before  thr^•  vmtc  rubbed; 
that  an  exci'ed  electric  «a<i  acted  on  by  other  bodin.  as 
itrnnslv  iis  It  acted  upon  tliem  :  ih.it  diamonds  rubbed 
agiimst  any  kind  of  stutV,  emitted  light  in  the  dark;  and 
that  feathers  would  cling  to  the  fingers,  and  to  other  iub- 
stanccJi,  after  they  had  been  attracted  by  eh  ctrics.  He  ac- 
counted for  electrical  attraction,  by  supposing  a  glutinous 
effluvia  emitted  from  eleciricsi  which  laid  iiold  of  small 
bodies,  in  iu  way,  and  canicdithem  bnckjto  the  body  from 
which  it  proceeded. 

Quo  Ouericke,  the  celebrated  invnitor  of  the  nii^pump, 
liwd  nbottt  ibe  same  time.  This  ingenious  philosopher 
difoovercd,  by  means  of  a  globe  of  sulphur,  that  a  body 
once  attncted  by  an  electric,  was  next  repelled,  and  that 
it  continued  in  this  itale  of  lepulston  till  it  was  tourhrd 
by  »oine  other  body;  he  also  observed  (he  sound  and 
light  produced  by  the  excitation  of  hi*  globe;  and  that 
bodi<-4  iminerged  in  electrical  atmospheie^  are  themselves 
eleclntied,  with  an  electricity  oii[>usitc  lo  that  of  the  at- 
mosphere. 

Tlie  light  rmittcil  by  electrical  bodies  i*as,  si.on  after, 
ob-erved  to  much  greater  advantage  by  Dr.  Wall,  who 
a»cribes  the  light  to  the  electrical  property  wrhich  they 
possess;  and  he  suggests  a  similirity  between  the  cftcb  of 
electricity  and  lightning. 

Sir  Isaac  Newton  was  not  inattentive  to  this  subject:  he 
observed  that  tjxcited  gla^»  attracted  light  bodies  on  the 
side  opposite  to  that  on  which  it  was  rubbed ;  and  he 


ibe.difehatgn  be  made  through  the  body  of  an  nninwl,  it 
aecniioni  n  luddcn  motion  by  the  contraciiofiof  themuo- 
clothnnig|i*^l>Kl> 't  pa»s<^'>,  accompanied  with  n  dhagree- 
nble  tensaiion.  1'hr  force  of  this  shock  i«  proporii<  nrd  to 
the  quantity  of  coaled  surface,  the  thinnru  uf  the  glass, 
and  tlie  power  of  the  machine  by  which  it  is  charged.  Its 
\clociiy  Is  nlnx»l  in>(«n(unwu>.  and  it  has  not  been  found 
to  take  up  tbcleaittcmibte  timeinpMiingtothogpunieM 

distances. 

It  has  liowever  hu  n  nUseiveil  ihnt  the  electrical  shock 
IS  weakened  by  beino  ciimniuiiiuaieil  through  BTveml  per- 
sons in  contact  with  one  anutlicr.  Indeed  it  is  obstructed 
in  its  passage,  even  through  the  best  conductors,  as  it  will 
prefer  a  short  pns->age  through  the  air  to  a  long  one  through 
the  must  perfect  condui  t. >r>. ;  ami  if  the  circuit  be  inter- 
rupted, either  by  clectni  s  m  ■  ery  imperfect  conductors 
of  *  moderate  thickness,  the  shuck  w  ill  rend  tbera  in  its 
piingp,  disperw  thi  m  in  every  dinction,  and  exhibit  the 
nppvnnnce  ofh  tnddeo  expomion  of  the  air  about  th«  con- 
tK  of  the  shock.  Aatrangthoclt  madotopoMthnq^or 
orarthe  belly  of  n  amcle,  forces  it  to  emaract;  and  sent 
tbtough  a  •mall  animal  body,  deprives  H  instantly  of  life, 
.and  hastens  putnfactioti.  It  gives  ftolarity  to  hingnetic 
needles,  reveres  their  poles,  and  produces  effects  precisely 
limiUtr,  though  itiferior  in  degree,  to  those  of  lightniof. 
Electric  A  L  iW.    See  S  par. 

l.I^r.r'1  lUCl  1  Y,  or  f'.i.iirriuc.vi.  Force,  is  that  power 
or  propirty,  which  Has  lirM  rved  in  niiiber,  the  lyncu- 
Huin,  or  tiiui nialiii,  and  which  .".ealin^-wax,  glass,  and  a 
variety  ol  other  subslaiice>i, called  electrics,  are  now  known 
to  possess,  of  attracting  light  bodic-s,  when  excited  by  heat 
or  friction;  und  which  is  also  capable  of  l>eing  communi- 
cated in  partici-lar  circumstances  to  other  bodies. 

Ei-ECTRiciTV  als'i  denotes  the  science,  or  (hat  part  of 
natural  philoso^thy,  which  proposes  to  investiftate  the  nature 
and  eflbcts  of  this  power.  From  >;;.r(rpy,  the  Greek  name 
fornnber,  is  derived  the  lerm  electricity,  which  is  ttow 


veryextensively  applied,  not  only  to  ihepowcrof  attracting  ascribed  (he  action  of  electric  bodies  to  an  elastic  iuid, 

light  bodies  inherent  in  amber,  but  to  oUiar  ^mllnr  powers,  which  freely  penctrain  f^M$h  nod  the  emissioH  of  it.lo  the 

nnd  their  various  eOTccts,  inwhatnnr  bodies  they  fciide»  of  vibmlory  motionsof  the  parts  of  excited  bodies, 

to  whatever  bodies  they  may  bo-comuuncalnd.  Moiche^  Mr.  Hnsfkibee  wrote  on  this  subject  in  Iho  year  lfV9, 

Jiraek  and  i£pinas  have  ofaeertcd  •  Conidenble  malogirt  when  »  new SMaebnunencrd  in  the  history  of  this  science, 

in^k  variety  of  particniari,  faMwenn  lha  poweis  nf  djoetq-  Ht  limt  took  notice  of  the  great  electrical  power  of  ghus, 

city  and  magnetism:  and  they  havtnbopointtd  oat  imiiy  and  the  light  proceeding  from  it;  though  others  bad  l>e- 

jnstances  In  whidi  they  differ.  fore  observed  the  light  proceeding  from  other  electrified 
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•ulntaMn:  he  alto  noted  the  noise  uccanonvd  by  it,  with   itancei;  which  was  6nt  don*  b^  Or.  Ludolf,  in  ike  be> 

«  variety  of  ithviKinuniu  n-laiing  to  eleciriciil  attraction  ginning  of  the  ytar  17^4,  who,  with  sparlcs  excited  by  Ibe 

«ikI  rrpuUion.    He  &nt  inlndiKed  a  glut  |l«be  ialo  ibe  ffklion  «f «  f^m  tubei  kindled  the  ethcueai  tpirit  of  Av-  , 

•leariul  appanauai  n>  which  cimmMlaiMo  naay  of  iik  bcniw.   VHiililn  <fid  the  nunc  by  a  spcifc  from  hk  mn 

inporlMt  Mcateiin  anj  be  «ttribiit(ii.   ■  ^Hfff  ^  which  he  Idndled  Frvncii  famiM^,  and  other 

After  hie  limo  ibeiv  waa  on  inUTval  of  near  90  yaaia  lo  ijririt*,  after  previowiy  hcntint;  them.    Mr.  Grahth  fired 

the  pragma  of  thi;i  uieiice,  till  Mr.  Sicpht-n  Crry  estab-  the  Rrnolte  of  a  candle  just  bluHn  out,  and  *o  li«htid  it  « 

lislied  a  new  sum  in  the  history  uf  rlectntity.    1  <i  him  we  aj(iiiii ;  and  Mr.  Botefire<l  uun-|j<iud»r,  by  means  of  its  in- 

(iwc  llii;  imputlaut  ili>LciM  ry  of  cunimniiicalini;  I  III- power  HatnmHble  vupour.    It  uai  iil&o  at  this  liiiio  Li-doll  lhc 

ot  native  t-licliic»  to  olhir  bixlii-,  m»hir!i  u  t,iii,'j<it  be  younger  demonstiati  j,  ihul  llic  liiii.inims  ban  nirur  Whi 

excited,  lis   sii|i|ini  tJiii;  ihciii  on  ■•kI.i  :i  liiu-.  Ii;iir  liiu*,  nimti- polli'tlly  cleelritiil  by  lla- mutii.n  ot  tlie  iiuiclsiivrr. 

rakesi  ot  loin  ui  ul  i^s ;  and  •  Ki  a  ii  ^<\^  aci  ur.iii'  i!i>ant-  The  elpctric.il  »liir  and  I'lctlmal  btUs  vmic  also  ot'  Gi  r- 

tiun  thai)  li.ni  I  kIhtI'i  biiu  im    {:   l'rrAi<iL  i  lirirus  and  man  invention. 

nuM'b-'t tries  ;  be  iikcu  i4<'  sUuwid  llw  i  Uect  uf  i  Uclricily        From  this  period  Pr.  \VHt«<inr<iti'<ttlor:ibly  ilislingiiisbul 

L>\\  vs.ilcr  iiiiirh  iiiiirc  ob\iolialy  tllOII  Ciilliert  had  dlHIsill  bli!i'<('lt  iiubr  purMiiI  i.nhK  •!>  iiDct' ;  be  liicii  a  variety  of 

the  mlancy  o)  this  science.  Mibslances  by  Iheeliclriral  "paik.find  first  iliscovere<l  thut 

The  experiiuruti  ot  Mr.  Grey  were  repeated  by  M.  du  they  are  capable  of  U'iiijj  liri  fj  by  the  repuUivc  power  of 

Fay.  tiiembcr  ol  the  AcadciDy  ot$(.-ieiice<sai  I'iirisio  which  alectricity.    In  the  year  i74-j.  the  uc'cumuluii"n  ot  the 

'   he  added  many  new  expeninenti  and  di-<coveric»  of  bia  okciriea]  ptwer  in  ^lasiS  by  Muan»  ot  Un-  Ix-jden  pliiair 

own.  Me  ubva-ved,  that  electrical  operations  are  obMrllC^  Wia  fint  di»covcr»l.  S  e  l.i.vOKN /'Aiii/.' and  lor  the  nie«  • 

ed  by  great  heat,  as  well  a»  by  a  motatair;  that  nil  Uuiiet,  thod  pracliM-d  about  tins  tinie,  of  maaauring  tlx-  diistanco 

both M>tid  and  Muid,  would  receive electricity.wbrn pla«rd  tn  which  the  deciricat  »h(*cb  maf  bec«t»«c)cd,  kc- £Im- 

oQwirm  or  dry  ||aaa,  or  tnUitgrwax;  that  ihowboiiira  irM  CniC«iT.^<-Dr.  WatioD  diacefwed  Ibat  iboglaaa 

which  an  ■nlnfaUy  the  Iraat  ckctric,  have  the  fftMeu  tubea  and  glubca  do  not  contain  the  electric  nfbtler  ia 

dtjpce  of  elcctiicity  cootaiuiiicMod  to  them  by  the  a»  tbemMlvei^  but  unly  aerve  atlint>nM>vcnordeumninai% 

|) roach  of  the  excited  tobe.  He  imnmitied  the  olrctne  aa  he  CKprents  it,  of  that  power ;  whteh  waa  aiao  coa> 

.  virtue lhrouj;h  a  diitanee of  1956  feet;  and  tirttobacrved  firmed  towanbthceiidaf  1/45,  by  Mr.Bi'njaminWilaon, 

the  electric  spark  from  a  lirnig  body,  !iu<ip«'nded  on  silken  who  made  the  same  discovery,  th:il  the  rh  clric  fluid  dues 

lines,  and  noted  several  circnmstancm  attending  it.    M,  not  come  from  the  <;l<ilie,  but  (rem  thi-iiirili, Hinlotheriiui)- 

du  K.i;,         t  tstablish' <1  a  pi  inciple,  tint  *upt;eslr(l  by  Otto  electric  bodies  about  the  apparatus.   Dr.  \ValMjn  alsodis- 

Guiiief..',  that  tlectnc  bmln  >,  atiraLt  ail  those  that  nre  cosered  wb»l  Dr.  Franklin  observed  alxnil  the  same  time 

not  so,  and  n  pel  ihcra  ;is  soon  as  tin  y  arc  Ik-coimc  tkc-  i"  Anuiic.i,  and  called  tliu  plus  unil  miiuis  i  li  ctricily. 

trie,  by  the  vitinily  or  contact  cl  the  i  kctnc  body.     Ilo  Hi-  likewise  showed  that  tlie<  b  ctncn).itti  r  passed  through 

likewise  inferreil  tnuii  oilier  I  xpi  riiiieiits,  thiit  there  were  llu  siii  statice  of  tlie  niclal  ol  cimiiniinication,  and  not 

two  kinds  of  electricity ;  one  of  » Inch  he  culle<l  the  vitreous,  men  K  over  the  surface.    'I  be  hisluiy  of  medical  electri- 

bcloiigini;  (u  glass, rock  crystal, &c;  and  the  other  resinous,  city  cominenceil  in  the  year  1747  ;  but  wu  are  uniler  the 

as  tfaat  of  amU'r,  guin-lac,  &c,  which  are  diilinguiahed  by  necesuty  of  omitting  many  experiments,  and  conclusions 

their  repelling  those  r>f  the  same  Itind,  and  attracting  each  drawn  fruni  them,  by  Mr.  W  ilson,  .Mr.  Smeaioirs  and  Dr. 

other.    He  farther  obarrvcd,  that  oommnnicaied.  electric  bliles  in  Lngland,  and  by  the  Abhi  NulU  t,  with  regard 

city  had  the  tame  pfopef^  aa the  exrited;  and  thatclee-  to  the  etlect  of  electricity  on  the  evaporation  orHuids,  on 

trie  tubttanca  oitnict  the  dew  more  than  conductor*.  aolids,  and  on  animal  and  other  oiganized  bodies,  iu 

Mr.  Grey,  ie»utning'hi« espcrimenit  in  1734,  suspended  France, 
ncveml  ^ce«  of  adal  on  ulhea  linca,  and  found  that  by      While  the  pbilofopben  of  Europe  were  buiily  employed 

electrifying  them  they  gave  apaibs ;  which  waa  the  origin  in  electrical  expcrime&lt  aad  pursuits,  those  of  Ameno, 

ofmeuliic  cooduclora:  aiidontliisoccasionbedlacoveiM  and  Dr,  Fk'aBkliii  in  particular,  were  equally  indtMrioMbi 

.  a  cone  or  pnicil  of  electric  light,  such  at  it  now  known  and  nolem  tttccctaful.    Hi*  diaeoveriea  and  obaervationa 

to  issue  from  an  electrified  point.    And  from  other  ex-  in  electricity  were  communicat<-d  in  teveral  letters  to  a 

perimrnls  he  concluded  that  the  electric  power  s^-ems  to  friend  ;  the  first  of  which  is  dated  in  1747,  nnd  the  last  - 

lie  «if  the  .sjinie  natiiic  »  itli  tliat  of  thuinli  r  aixl  li^htnins.  in  17.i4  ;  the  particulars  of  his  ijslem  ni  iy  be  se<  ii  under 

Dr.  Desa;;uliti5  succeetiiil  Mr.  Grey  in  tiie  pro-ecution  the   nrlicle*.  Tkeory  of  KLtCTRlciTY.   Li.vdkn  I'hial , 

of  this  bliiiicb  of  pliildvi  j/..  . .     I  re  iicciiUiil  i,\  his  first  Poi N  T!t,  Cii .\  HG  i  s  e. ,  CiMie  rToic,  K  i  vc  riuei,  ^ic. 
experiments  IS  dated  in  i/.>if,  ami  to  Inni  we  i>\ir  thoso        The  «imil:>iilv  iKtsveeii  eleeiDcilv  uml  lielatinii;  (ind 

technical  terms  111  ciiiiducl'irs  urniin-eli  elncs, anil  ■.  li  ctrirs  been  siil;!ii  sted  by  s,  ^e i al  «  nn  fs  ;  ami   Itr.  I'ran.slin  lust 

perse;  he  also  liisl  laiikdl  pure  i  ii  .unoiij;  the  i  Irclrics  |"  r  proposed  a  nutbod  of  biiiii;i:ib;  :i.e  n>.»Her  to  ihi-  (est  of 

se,  and  supposed  its  electiicity  Kp  Ih-  'iI  the  vitrenus  kind,  i  xpetiineiit,  by  ruisini;  iin  cU-ctriCal  kite  ;  by  which  means 

After  the  year  l?*^',  m  «liich  Dr.  De-saguliers  con-  he  siieceeded  in  collecting  electrical  lire  Irom  the  clouds, 

eluded  his  experiments,  the  subject  was  taken  up  and  pur-  in  17.^'.',  one  month  after  the  same  theory  had  had  b<en 

sued  in  GcrdHiDy :  tl|^  globe  was  substituted  fur  the  tube,  verilied  in  France,  and  without  know  in):  what  had  bei<n 

which  had  hcail^i^i  ever  rinoe  the  time  of  HawlisUe,  d'>ne  there  :  and  to  him  we  owe  the  practical  application  *' 

and  a  cushion  was  soon  after  used  at  arublxr,  instead  of  of  this  discovery,  in  securing  buildiogi  from  the  damage  • 

the  hand  ;  it  was  also  .aboot  this  time  that  cyliiukts  be-  of  lightning,  by  erecting  metallic  couducton.   Sec  Con- 

gan  to  be  u»ed  ifM^tfA^of  the  j^ofaes;  and  aome  of  the  DVCroUf  andLiciiTNtito. 

German  electriciMia  a^ide  uae  of  many  globes  at  Oe  larao      In  die  aubaequent  period  of  the  biatory  of  electtkiiy, 

time.   By  thuaincnaiing  the  electrical  power,  they  were  Mr.  Canton  in  England,  and  Signior  Beccaria  in  Italy) 

the  fint  wbo  aucowiied  in  setting  fiie  to  ioflammable  tub*  ac()uucd  distinguitlied  rcputattiou.  They  both  diieovcred. 
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indf-p«ndfntlv  of  oncli  other,  iliul  nir  if>  capatilp  of  rtTtiv. 
ing  clecincily  by  comnnjMii.atiiiii,  and  ol  rulaining  ilwlan 
rrccivcd.  Air.  Canton  hIm),  tuwurds  itu'  laticr  end  uf  the 
yvvr  175S,  punHlcd  »  Mlitiol  cx|>i-ninrnt>,  nrhicli  |irovcJ 
tiiKt  ibe  appranuin*  «f  pwitive  and  nogativr  ckciricity, 
wUeb  haa  hitherto  liecn^decnwd  cuential  ami  uiicl>Hii))e- 
shle  pranMtin  uf  dMbBcM  wbtfuicv*,  as  ol  glass  aud  leaU 
in^««x  for  iaMBKC^  depends  the  wtfaee  uf  the  electrio, 
and  tliatordw  rabtor.  •  Tbi*  hypothMia*  verified  by 
BMmiu  experinmiti,  ttccMioiwd  s  controvwqr  betrncn 
Mr.  Canton  aiid  Mr.  Delaval,  ulio  still  BMiBlnilied lluit 
lhc«i-iiifrcn'nt  pourrs  di  ponded  entirely  Oil  the  labstMiec* 
(hcnis>  Ucs.  About  tliit  time  aUn  some  ettriouf  oxptfi- 
niciits  were  peiforini-d  by  fourofihcprincipal  doctriciatB 
ot' iKat  pcnnil,  m/..  Dr.  I'raiiUin,  .1.  ':  "M-.-m^.  C'l.iidm, 
NVilcki',  ami  -t  ()iiiu>,  lo  ascerlaii)  ihi-  rmUirc-  iit  ultcUiC  at- 
iiui>[>KMi-.  ;  tlif  n  sulir.fwhieh  Kv  under  that  aiticlt".  The 
theory  01  two  rlcctric  fluid*,  alwHyt  co-existent  and  coun- 
trraclinti  each  nihcr,  tliougU  nol  absolutely  iudepcndeiit, 
was  muiiitftiiu'd  by  a  courw  of  experiments  on  silk  stock- 
ings of  dilfi'rrnt  colours,  communicated  to  tbc  Royal  So- 
ciety by  Mr.  Syminer,  in  the  year  1759,  nnd  which  were 
fhiuerpunttedb^  Mr.  Cigna  uf  Turin,  uho  published  an 
account  bf  ilicni  la  the  Memoirs  of  the  Academy  at  Turin 
fer  the  year  176A. 

ilany  tmtanece  occur  in  the  history  of  the  Kiencc 
•boat  Uiit  amtt  of  the  aitoaisbiag  force  of  the  dcctrie 
■hackt  ia  meltii^  wfareSt  and  piodaciog  other  liaiikr 
feels:  but  tiie  noat  renarkaUo  u  an  axperimeat  of  S. 
Beccaria,in  which  he  thttSlvri*ilird  netala.  8M»l«lait- 
]>erimenu  were  also  made  by  Dr.  Watson.  Mr.Sneatfln, 
Mr.  Canton,and  others.on  the  passage  of  the  electric  fluid 
through  a  vacuum,  and  its  luminous  appearance, 'and  on 
thepowoi  )i,isM  1  1;  h\  ct  rtiiiii  subManci  s  of  reiuining  the 
ligbtconnuunauuii  io  llu  ni  by  anrlectric  «  xplosion.  Mr. 
Canton,  S.  Ucccaria,  and  othfrs,mude  iii  i:.y  1  n  |)<rinit:jls 
toidentily  <-lectiicity  niul  lightning,  to  !i-.ii  r!uin  tlu'  state 
<jt  tlic  atino»phere  at  ditTi'rcnt  timrh,  ai.d  to  explain  the 
various  phenomena  ot  the  aurora  borealiis,  watcr-s])uuti, 
hurricanci,  &c.  on  the  principles  of  this  science. 

Those  who  are  desirous  of  farther  information  with  re- 
apCCt  to  the  biMory  of  electrical  rNpeiimrnl>  and  ili!,c<i- 
veries,  may  consult  Dr.  Priestley's  History  and  Present 
State  of  Klectricity.  This  author  however,  it  not  merely 
an  historian ;  his  work  contains  many  original  experiments 
aad  diMOveikt  made  by  himself.  He  asceriaincd  the 
candwtiag  power  of  charcoal  and  of  hot  gliai»  tfaa  «laG» 
tficily  of  £]Md  and  inflaBuiable  air,  and  of  oil}  dio  dif^ 
fcianea  between  neir  aad  old  with  reipcct  lo  iha 
diffusion  of  electricity  over  its  surface ;  ilic  lateral  explo> 
sion  in  electrical  discbarges  ;  a  new  method  of  fixing  cir- 
cular-coloured upois  on  the  surlacrs  of  metals,  and  the 
most  probable  difllmnrc between  l  U  i  iiii  s  ;;nd conductors, 
6iC,  The  science  is  also  f^really  iiylebud  lo  many  other 
persons,  either  lor  tiieir  e.xpenmeiits  and  impiovenients 
in  it,  or  for  treatises  and  olhir  writings  upon  it;  iis  Mr. 
Henley,  to  whom  wc  owe  several  curious  experiments  aiid 
observations  on  the  electrical  and  conducting;  quality  of 
different  substances,  as  chocolate,  vapour,  &c,  with  the 
reason  uf  tin  ditfercncc  between  them  ;  the  fusion  of  pla- 
tioa  ;  th  11 1  tun  of  the  electric  fluid*  aad  its  course  in  a 

dlKharge  ;  the  method  of  estimutin<;  the  quantity  of  it  in 
electrical  bodies  by  «n  electroiiieter  ;  the  influence  of 

MtnUi&Xs&c  AUoMeasn.  Van  Manna.  VaaS«rinden» 
FHfBWB,  CavalK  Lara  Mahaa,  MdnHb       iu,  tu 


iliur  several  (realises  on  the  subject  of  electricity,  any  of 
\\liu'h  n'.ny  U  consulted  with  advantagt 'lOT  Ifaceaped* 
menis  and  principles  ol'  the  science. 

Sfedtcal  t'.\.r.rTnir.ir\.  It  is  natural  lo  imt^ne  that 
a  power  of  such  efficacy  as  that  of  electricity  would  soon 
be  applied  to  medical  purposes;  especially,  since  it  has 
been  found  itt*ariably  to  increase  ibo-senaifak  pcrspim* 
tion,  to  qaichen  the  cireu|^tioa  of  the  blood*  audio  pun 
fliolothe  glandularsecrrtioB :  atDCordingly,  iMwy  instances 
ooenr  in  the  latu-r  pi.>riod  of  iha  histoiy  of  this  icienoe,  in 
whkh  it  has  been  applied  with  coandefable  advaniaga 
and  wcce*.  And  arooAg  ifie  varicqr  of  cases  in  which  it 
haa  beea  tried,  there  are  none  where  it  has  been  found  pre- 
judtnal,' except  those  of  pregnancy  and  the  venereal  dis- 
ease. In  I'i' lit  di^' ■!  :1(  IS,  l:i  I]  11  h  it  has  been  used  with 
pcrscvt-ruiice,  it  luis  gnenat  ieii<.la  li  mpfirary  and  partial 
relief,  and  in  many  it  has  ellected  a  complete  cure.  Nu- 
merous initancesof  (his  kind  may  be  seen  in  the  Philos. 
'^^un^.,  and  the  »  rltiiiiis  on  this  vciencc  by  McBlla  Lotct, 
Westley,  Ferouson,  Cavallo,  fee,  iScc. 

Theory  of  Ki.f.ctricitv.  It  is  bnrdly  necessary  to  re- 
cite the  ancient  hypotheses  on  this  subject ;  such  as  that 
of  the  sympathetic  powder  of  the  I'l  ripateiics;  ihat  of 
unctuous  effluvia  emitted  by  excited  bodies,  and  leiurtl- 
ing  to  tliom  e^am,  adopted  by  Gilbert,  (iavicndu*.  Sir 
Kenelm  Digby,  &c ;  or  that  of  the  Cariceians,  wboascribcA 
electricity  10  the  globule*  of  the  first  drnwnti,  dieehaigetf 
thiDOgh  the  pores  of  tho  rabbed  aabstence,  ^iid  in  their 
tatum  carrying  with  them  thoia  light  bodies,  in  whose 
porcathey  were  entangled;  thoe  bypolbeie*  were  trnme<l 
in  tho  infancy,  not  only  of  this  science,  but  of  phiiusnplty 
in  general,  and  have  long  since  been  deservedly  explcxled. 
In  the  more  advanced  state  of  electricity  there  have  been 
two  ]innripal  tlu-ories,  eaeli  of  which  has  had  ilsadvif- 
cates.  The  one,  i>  that  of  two  di.slinct  electric  fluids,  re- 
ju]]-i\('  n5|n  et  to  themselves,  and  attractive  of  one 
anotlitr,  uuopted  by  M.  du  Kny,  on  discovering  the  two 
opp<i!!itc  species  ol  iKi  ir.rity,  si/,  ll>e  vitreous  and  re- 
sinous, and  since  iiew-modelled  by  Air.  Symmer.  It  is 
supposed  that  these  two  fluids  are  equally  attracted  by  all 
bodies,  and  exist  in  intimate  union  in  their  pores;  and  that 
in  this  state  they  exhibit  no  mark  ol'tlirir  existence.  But 
that  the  friction  of  an  electric  by  a  rubber srparaiea  these 
laids,  and  caitscs  the  vitreous  electricity  of  the  robber  to 
paia  to  kha  elacuic,  and  then  to  4bo  priina  cundodor  of  • 
roacbiae^  whila  the  lesinou*  declricity  of  tho  condaclor 
and  elecirie  ia  convayed  lo  the  rubber:  and  Jthna  tha 
quality  of  the  electric  fluid,  possessed  by  the  eondactor 
and  tlianibbcrs  iichaqpd,  while  tbc  quantity  mneimtha 
same  in  each.  In  this  state  of  separation,  the  two  electric 
fluids  will  exert  their  lespeciive  powers;  and  any  num- 
i)cr  of  Ixwlic!  chan»i-d  with  either  of  the  m  will  repel  each 
other,  aitiiii  I  till  >!•  bodies  that  have  less  of  eacii  parti- 
cular Hum  tl,an  tliemselves,  and  be  still  more  .iitnicted  by 
bodies  that  arc  wholly  destitute  of  it,  or  tLat  are  i>vei- 
chaiged  with  llie  contrary.  According  lu  this  ilieorv,  the 
electric  spark  niiik<s  a  double  current  ;  one  riui<l  pavsiog 
to  an  eicctriticd  conductor  from  any  substance  presented 
to  it,  while  the  same  cpiantily  uf  the  other  fluid  passes 
from  it ;  and  when  each  b<Hly  receive*  its  ii.ttural  quanttly 
of  biiih  fluids,  the  balance  of  the  two  powers  is  restored, 
and  both  bodies  are  unclectrified.  For  a  fiirther  accojint 
of  the  explication  of  lone  of  tha  prindpal  nhenomniaof 
olectiici9  by  tbia  thaoiy,  aaa  Or.  WuAiy't  Hietofy, 
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The  other  theory  is  commonly  disiinguiilicd  under  the 
di  noiniiialioi)  of  pinUhf  and  nf^alive  elecliicity,  being  first 
suggested  by  Dr.  WatMin,  but  dii;(»led,  illustrated,  and 
contirini'd  by  Dr.  h  ruiikiin  ,  aiul  Miice  that  it  Uua  brtii 
kuown  by  the  appt-llaiion  of  the  Franklinian  hypuihcsis. 
It  is  here  tupposi'd  that  all  the  pbmuineiia  of  clectririty 
depend  on  unc  fluid,  aui  generut,  extremely  siibiilc  and 
clastic,  dispersed  tbrottgbtbe  por«sof  all  bc>lli<'^,  by  which 
tlie  particle*  of  it  arc  as  strongly  attractrd  as  they  are  re- 
pelled by  one  another.  When  bodies  poMesii  their  natu- 
ral share  of  tbit  fluid,  or  such  k  qaantitpr  as  tbey  can  re- 
tain by  (heir  MKMitrMtioai  it  it  uen  Mid  they  are  io  an 
unelcctriiad  Mate ;  bui  wbeo  the  equilibrium  is  diaturbrd, 
and  tlwy  citlier  avquiv  an  additiiftial  quantity .^mi  other 


plained  by  means  of  a  subtile  medtura  ililTused  iwcr  (he 

iurluci  5  iif  all  bodif'",  uiid  rcsislitij  ihi'  eiitraiuc  niW  i  xit ' 
of  llif  Ill  I  ;  «liicli  iiifdiuiii,  It  li  ^ii|ipu<,e<i,  is  lliL'  hair.e 
with  till  LltLirK  iljiJ,  ami  niuic  i .ii dii  tlu' suiiacrs  <if 
CuuiiuctiH  :iii.l  iiiiiic  li.ii^i- ami  itM^ti:;;^  .ni  tli..,-r  i;f,!tc- 
tricb  :  but  iJi.  rrn-  iliy  tciii.iik'-  th.i!,  tlmiiiili  lln  s  iii;a' 
p^lvi(.•^s  5V111U  Ci-iiniii:iii  piopt-rliis,  llu-y  liiHt  utlur,  t  .<sfii- 
tiully  rlislini  I  ;  :lu  <  ttii  r  i>  repclleil  by  all  t'lher  raaltrr, 
wlirriias  the  elettnc  iluiil  is  strongly  atlractnl  liy  it. 
Olbirs  La*e  had  recourM!  to  the  cluincnt  of  fire  ;  a.-id 
from  lUo  >U|ipos«d  identity  of  tire  and  tin'  olccirie  fluid, 
as  wi  l;  a:>  from  the  similarity  of  some  of  tliiir  ctli  cts,  tllC 
latter  has  been  usually  nlled  thi;  elrcnic  lire :  but  moat 
electricians  have  sopfiosed  that  it  b  a  Said  >ui  generis. 


bodies,  or  lose  part  of  iheir  own  natural  share^iycommu-  *Wr.<^wadiah  has  .publjpliad  an  attempt  to;  deduce  and 


•  nicaiion  /o  other  bodi^  they  exhibit  Hectical  appcar- 

ii:.ci^.  In  tlic  former  casr  it  is  --aiil  llu-y  are  eleclrified 
pcisitivcly,  vs  |iUis  ;  and  in  lln- ulhi-r  iitxiilncly,  or  mums. 
'I  lii-.  rltttiH  tliiiii,  u  l>  Mi|>|ni'-rd,  mon'S  will)  gri'at  fa^C 
in  tiiiisf  bodies  tlial  are  called  Conduclors,  but  »uli  c.\- 
Irtiiie  diflicully  and  ^l^l«nl■■,^  in  the  pores  of  elrclries  ; 
wln  iit'c  il  happens,  (hat  ali  electrics  arc  imperim  alile  to 
il.  It  Is  I'lrdii  T  slippysed  t?;al  clettriCs  Culitaill  ahviiys  an 
cijiial  ([Mantily  of  ibis  fluid,  so  that  thert  can  be  no  sur- 
cliari^e  <ir  increase  on  one  side,  without  apruportioiiule  de- 
crease or  l<j»>  on  the  otkeri  ^d  vice  versa;  i>iid  iis  the 
electric  does  not  admit  tbe  pacsaKe  of  the  fluid  through 
ill  pores,  there  will  be  un  accunuiatioooii  one  side,  and  a 
COVmipMiding  deticicncy  on  the  other.  Thiw  when  both 
lidcfl  «i«  ooonectcd.  together  by  proper  condoeion,  the 
equilibiiimi  irill  he  mloicd  by  tha  riuhing  of  the  tedun- 
dMit  fluid  from  the  overchaiyed  Mifcce  to  the  mbautted 
one.  Thua  alio,  if  ait  electric  ba  nbhed  by  a  conduct- 
ing ^bitance,  the  electricity  is  onljr  convcycil  from  one  to 
the  other,  the  one  givinn  what  the  (Ahcr  recipivrs ;  and  if 
one  be  electrified  positively,  the  ntlier  be  electrilii'<l 
negatively,  unless  the  hiss  be  5up|)iieil  by  ntlicr  bodies 
connected  uitli  il,  as  in  the  caji'  uf  tin  elertric  and  insu- 
lated rubber  of  a  machine,  'ihis  tlitotv  mtvi'S  likewise 
to  illustfHte  ihe  ulln  r  [dirnomcna  and  (ipt  ralniiis  m  [lie 
scienci' of  electricity,  'i'lms,  l;i)il:is  dirii  ieii;.v  olirtiifud 
will  iiiiturally  attract  each  uthei,  till  liny  mutually  inve 
and  receive  an  e<|iinl  quantity  of  the  eUctiic  fluid,  ami  tin- 
e<|uilibrium  is  nstnred  between  iheni.  Beccaria  sup- 
poses, that  tins  cftiBCt  is  prrHkiced  by  the  electric  mutter 
making  a  vacuum  in  iti  pie.  a:;<  .  iild  the  contiguous  air 
afterwards  collapsing,  and  so  pushing  the  bodies  toge- 
ther. 

The  influcsce  of  points,  in  drawing  or  thruwing  off  the 
dectrio  fluid,  dependa  on  ihe  lew  resistance  it  tinds  to  en- 
ter or  pma  off  thioogh  lower  particles  than  throi^jb  a 
greater  ttnmbcr,  wIiom  RMitance  is  united  in  flat  or  round 
lUffaces.  The  dectric  light  la  aupposed  to  be  part  of  the 
electric  fluid,  which  appears  when  it  is  p i ope riy  agitated; 
and  the  sound  of  an  explosion  is  produced  by  vibrationt, 
occasioned  by  the  airs  being  displaced  by  the  electric 
lluid,  and  a^iain  ^■,l'ld.nl^  mllu|isinL;, 

As  to  t!>v  nature  <■!  the  .lerlnc  lluid,  pluloSopluTS  have 
enierlaitn  d  m  ly  ilin.n  nt  Mntinienls:  simie,  and  amoni; 
ihein  Ml,  W'lbiMi,  liavi'  sii|i|)i/bed  that  it  !s  ll.e  same  witli 
the  ether  ot  Sii  l-anc  Xewi^ii,  tti  \vtneli  t!ic  |.dienomena 
of  attraction  and  rrpulsmii  are  iiH  i  ibed;  uliile  the  li^ht, 
sni'dl,  anil  oiln-r  sensible  qualitu  >  of  it,  are  referred  to  the 
gfosft  r  purtii-les  of  bodies,  driven  from  tbelb  by  liie  forci- 
ble acnun  df  this  ether  j  and  dther.anpeanuiccs  are  ex> 

VoJL.  I. 


explain  come  of  the  prlnq|ial  j^hcnomena  of  dcctricjiiy  in 
u  raatberoaticiil  and  sys&aw^6  manner,  from  tli«  nature' 
of  this  fluid,  considered  ai^couipused  el  particles  that  nv  ' 
pel  each  Other,  and  altran.the  particles  of  all  other  mat- 
ter, with  a  furcc  inversely  as  some  less  power  of  tl^  di- 
stance than  i\n.-  cube,  while  the  particles  •>!  all  i>thei  in.ii- 
ttr  re|>el  each  other,  and  attract  those  Ot'li.e  electric  lluid, 
according  to  the  saiiic  lau  ,  Plnlos.  'Ii..ii>.  ■.•■],  iil,  |  a.  j.S-t 
—667.  And  u  .similar  nypntlusii  tiiui  nieihou  ul  reason- 
inii  wii-^  aNo  proposed  by  M.  .'l^piuus,  in  bit  TcntamcB 

'I'lieona-  l.U-clrieitiitis  e!  .Ma'^netismi. 

Dr.  I'l  e  sllej  eijiiel  i,ili  s,  Iri  in  esp  i  iincnis  which  he 
made,  that  the  eletmc  mallet  either  is  phlogiston,  or  con- 
tains it,  since  lie  luuiid  thut  both  produced  similar  otTi-cIs. 
And  Mr.  Henley  also  apprehrndsi  that  the  elerinc  fluid 
is  a  modification  of  that  elcinfnt,'W)iich,  I'u  its  quiescent 
stale,  is  called  phlogiilon;  in  its  first  active  stale,  elcctri* 
city :  and  when  violeotly  a^taivd,  fire.  Perhaps- we  may 
be  allowed  to  cnhsqp  our  views,  and  consider  the  sun  as 
the  feuolain  of  the  dectric  fluid,  and  thv  todiacal  light, 
the  tails  of  comets,  the  attiora  bwealis^  lightainig,  and  ar- 
lificial  elrctridl^,  as  its  Various  and  not  very  diiaimilar 
modUintioni.  <)n  this  subject,  see  Priestley's  Hist,  of 
Kleclr.  vd.  9,  p«h  S,  §  l,  3,  ;>  j  Wilson's  Essay  towards 
an  Explication  of  the  Phenomena  of  lilectricity,  ^  c  ;  Wil- 
son and  Hoadley's  Oba.  &c,  pa.  55,  I75P ;  Frcke's  l..vsav 
'11  rlie  Cause  of  I'.li  rtricity,  1 7  4f'  ;  I'liestli  y  on  .Air,  vol.  I , 
p.i.  1S(),274,  &c;  Philus. 'I  runs  V(>1.  07,  pa.  !•.;<>;  I'ales* 
Letters,  ell  Ihe  satne  vu!;h<.l  ;  and  Cavalln's  l,i  elinrv. 

t-LLC'l  ItO.M  L  Tf.ll,  IS  .m  in-tiunieiit  Ihal  e.eaMUf^  ilie 
quanlityj  and  determines  the  niialii',  ul  i  liUjit  ity,  i:i  .ir.y 
electrihed  body.  PreMous  to  the  iineiitn  ii  i  i  instruiin  nis 
<d  llii->  kind,  Mr.  Cart'on  I'stiinateil  the  ijuaiitity  o|  elec- 
tricity in  a  charged  phial,  by  presenting  tiie  phial  with 
one  hand  loan  insulated  conductor, and ^ving ilfttqmrh, 
which  lie  took  nifwith  the  other;  proceeding  in  this  man- 
ner till  (he  phial  uus  liischui^ed,  nhrti  he  dcirrmioed  the 
heigiht  of  the  charge  by  the  number  of  sparky  Klrrtro- 
mielenaivaf  various  kinds:  as  1,  the aingle  thread  ;  "3, 
the  cork  or  pith  balls;  3,  the  quwlpwit;  aad  4^  thedia- 
char{;iiig  elcclromctrr,  6tc. 

The  1st,  or  most  ^imple  decli.oiarter,  is  a  iinctt  thread, 
called  by  Dr.  Desi^uln  rs,  the  f Amrtf  of  f Wal>;  which,  bf 
inj;  l)i<uis;lii  mur  an  electrified  body,  is  attracted  by  U  : 
but  this  does  liiili-  mure  than  dettraiine  uhetlier  the  fHwIy 
is  in  any  degrii   li.  i  .  1 1  lied  e;   U"!;  vii'lunt  ileteriiiiinn.; 


aliU 


w.th  any  ()reeisi"'.  ii   ijtianliiy,  niu. 

It.  'I'iie  .Ablr  N-Jihl  useii  luo  thread-,  ^hinv  iic  the  I'l - 
grte  ul  electricity  by  ibe  angle  of  liieir  oiverjjei.cy  t  xhi- 
faitcd  in  ihdr  shadow  on  a  board  placed  bohud  them. 

SO 
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llr>  Ciuiloo'f  vkcUnnieicr  cttn»Uti  d  of  two  balU  or  the  setnidrck,  and  so  mark  tbr  degree  td  which  the  cOR 

curk,  or  phh  of  cMcTt  aboDt  the       uf  a  foiall  pi-a,  siis-  (utrior  wdeclrified,  or  the  litight  to  which  the  chaifp  oT 

pendetl  by  foe  Uncn  &n»d»,  .«bottt  6  inches  long,  which  any  jar  or  briery    adtmnccd.   (See  fig.  8.) 
iriay     wvitni  in  •  weak  witttioii  of  nit.  (Sec  fig.  7>)  It      M.Okvalto  alao  contrived  tevml  lmBniiaiitclcctreiBe<: 

ibe  box  containitip  thi  so  htlh  be  imulated,  hf  puueine  &  pm%  for  diflrnn-.t       :  as  mutf  be  wttn  la  hit  Tretuhc  on 

on  a  drinkini;  glH!.s,  \c,  and  an  exclt«t  Mnoolh  glaa  tube  Electricity,  pa.  370,  <Vi,  and  in-Hw  Plkikia.TnaM.  vol.  (>'7, 


be  brouglit  m-ar  llieni,  lliey  will  tir-it  be  attracted  by  it, 
anil  then  be  both  repelled,  from  the  f;la*»,  and  Crotti  each 
other;  but  it  i.xcui  il  wa.x  b<  ii|)j  lii.'d  tu  tin  in,  ibey  will 
Kriitluuliy  appioiith  iiml  Cun.t'  t'<o,  ihci  ;  mid  vice  verMi. 
'i  bis  f\p|iiii;Uiis  will  :ils<i  >i  11  f  tu  iliMcrmirii'  0.:v  eli-ctric i ; ) 
til"  'uc  clllUl^^  utui  air,  iiy  l.nl.liiii;  ilii']!i  at  a  builiticjit  ih- 
liance  fruiii  binUiitiu;',  tM  ■■^,  i\r;  fur  if  tilt' cleciricily  of 
ttte  clouds  or  air  be  pr>Mtivi-,  their  inutual  repuMun  uilK 
increase  by  the  approach  of  eNCited  <;Ib>.'>,  or  decrra>e  by 
the  approach  of  amber  or  M-aling-wax  ;  and  on  the  con- 

■  trary,  if  it  be  Iterative,  their  repuUiuii  mil  be  ditiiiiushed 
by  the  former,  and  increoH-d  by  the  latter.   See  Philos. 

■  Transact,  vol.  48,  psirt  1  and  2,  for  an  atcoant  of  Mr. 
CaiAoa'«  curimi»  i^xperimcnis  with  this  apparatus.  If 
tnio  balls  9f  this  kind  he  innexed  to  a  prime  conductor, 
they  will  serve  m  determine  bath  the  d«]p«e  and  qtnlity 
of  its  electrification,  by  their  mattial  rrputiioA  aiid  diTKr« 
gcncy. 

The  Discharging  Electrometer  (rig.  3,  plate  xi.)  *•»  in- 
•  vented  by  Mr.  Lane.  It  ron<.i<>ts  of  btaas  worli  O,  the 
lower  part  i>f  which  it  cncloM-d  in  the  pillar  f,  made  of 
baked  wood,  and  boiled  in  imsoed  oil,  and  bored  cylindri- 
cally  about  two-thirds  of  it^  length;  the  brass  work  is 
Sm  vI  lit  the  [lill.ir  by  the  srrev^-  11,  moveable  in  the  gmose 
I  ;  am!  through  the  •;ame  is  made  to  pass  a  stei  l  irrew 
L,  It)  thi'  end  01  >il.icli,  iiiiil  iippoiite  tu  K,  w!/ich  is  ii  pi~ 
lisbed  hemispherical  piece  of  bras.s,  attached  to  the  prime 
•onductor,  is  fixed  a  ball  of  brass  M,well  polished ;  and  to  this 
screw  is  uacxcd  *  circular  plate  o,  divided  into  1 2  equal 
The  use  ef-tUs  dcctromctcr  is  to  discharge  a  jar 
9,  or  any  battery  connected  with  the  conductor,  without 
m  discliarging  rod,  and  to  give  shucks  succes»ively  of  the 
I  dMrec  of  strength:  OR  which  account  it  is  «ciy  tit 


pa.  48  and 

EI.ECTROPHOR.  or  Klectbopiiouiis,  an  instru- 
ment for  showing  perpt  tuul  1 1' <  rricity  ;  which  was  in- 
it  nn  H  liy  M.  VullR,  o|  C.'dxi,  mur  .^Iilan,  in  Italy.-  The 
I;.  I :  hmc  C'liisins  I  t  Iw u  |d.ilr'-,  (Sg  y,  mu- of  which  B  is  a 
CiiiuiiU'  plute  ul  glii^^i  cim-ied  uii  ritlii-r  side  with  some 
resiiimis  electric,  und  ll.e  hiIkt  .\  i^  a  plale  i)f  liiiiss.  i>i  a 
circulur  b<iard,  coated  tin-iml",  umi  luriiisbed  with  a 
glil>^  liiuidle  1,  whicli  niav  In'  hcn  wed  into  its  Cenlfe  by 
ineauMif  a  surket.  Now,  if  the  plate  h  hi  excited  by  rub-" 
bing  it  with  new  white  flannel,  and  tl  e  [  late  a  be  applied 
t'l  its  coaled  side,  a  finig^r,  or  any  otln  1  ci'iidtirtrir,  >vi|| 

reci  ive  aiparic  00  touching  tbi^  ph;le  ;  uiid  il  the  pl:Ue  A 
be  (hen  separated,  by  means  of  the  handle  1,  it  will  be 
found  strongly  elcclnfu-d,  with  an  electricity  ctintraiy  to 
that  of  the  pUte  b.  Then  rephicing  the  plate  A,  toudhiac 
it  whb  the  fingtr,  and  sepainting  it  again,  it  will  be  fouM 
dectiificd  as  Sefiire,  and  give  a  spark  to  any  conductor, 
attended  with  a  snapping  t><iis«;  and  by  this  ineiins  a 
coaled  phial  may  be  thari;(il.  The  Mine  phenomena  may 
n-pcatedly  b<'  e.xhibitnl,  without  any  renewed  excitaliun 
of  the  <  lertrlr  jihii  [i  ,  iSie  clecliic  p<m<  r  id'  n  having 
curitiiiui  d  for  several  days,  ;uid  even  weeks,  after  cxcita-. 

tioii :  though  thcra  it  no  reasou  to  imagine  that  it  is  pe^  . 

pftiial. 

M.  (^avullo  pivpari  s  tliis  ni.ncliiiie  by  coaling  the  glass 
|ilu;e  w  wh  sealin^-wax  ;  and  the  late  Mr.  Adams,  pliiloso- 
p!>:rnI-ln^lrument■m»ker,  prejiared  them  with  plates  form- 
ed from  a  composition  of  two  parts  of  shell-Uc,  and  one 
of  Venice  turpentine,  without  any  glass.  The  action  of 
this  plate  depet>ds  on  a  principle  discovered  and  illustrated 
by  the  experiments  of  Franklin,  Canton,  Wilcke,and  .Spi- 
nas, vii,  tlint  an  excited  electric  tc|icU  the  electricity  of 


tu  medial  purposes,  ifow,  ifa  person  holds  a  wire  nst-  another  body,  brouf^  withhi  its  sphere  of  acikm,  aod 


ened  to  the  screw  a  in  one  hand,  and  another  wire  fixed 
to  K, 'which  is  a  loop  of  brass  wire  na.<>sing  from  the  frame 
of  the  machine  to  a  tin-plate,  on  which  tbe  phial  Pttands, 
he  will  perceive  no  shock,  while  k  and  M  are  in  CMtact ; 
'  and  the  di  ertH-  of  tlu'  explosion,  a.s  well  as  the tpuitity  of 
.tlcctricity  Bccuiiiuluied  111  the  phial,  will  be  regtilateo  by 
thc!  distance  between  k  and  M.  Philos.  Trans,  vol.  57, 
pa.  451. —  Mr.  Henley  much  improved  Sir.  IjitK-'-'  eleciro- 
meter,  by  t.ikini;  uwiiy  the  screw,  the  doul.I^ -rnill<  il  nut, 
and  the  sharp-edgid  craduated  plate,  and  at'ilni'^  dtlier 
things  in  their  stead.  Mr.  Henlcy'i  diselmru'T  lA  lli"<  kind 
has  two  tube',  one  sliiliiij;  wilbin  llie  other,  to  lengthen 
and  accommodate  it  t(i  lurgi  r  appar.itus. 

.The  Quadrant  Lleciroineter  of  Mr.  Henley,  cousisttt  of 
a,  slen,  teniiinatin"  at  its  lower  imd  with  a  brass  ierrnle 
and  screw,  fur  fastening  it  on  any  occasion ;  and  its  up- 
her  part  ends  in  a  balL  Near  the  top  is  fixed  a  graduated 
senicirde  »f  ivory,  on  the  centivof  whi<^  the  index,  be- 
ing a  very  light  md  with  a  Cork  ball  at  its  extremity. 


gives  it  a  contrary  electricity.  Thus  the  plate  a  ,  toucbei 
by  a  conductor,  while  in  contact  with  the  plate  b,  which 
is  negatively  cliKtrificd,  it  wili  acquire  an  additional  quan- 
tity of  the  electric  fiuid  firom  the  conductor;  but  if  it 
were  in  contact  with  a  plate  elrctrilied  po^iiively,  it  would 
part  with  its  elertririty  to  the  con<lucit>r  conneeteii  with 
it.  See  nn  icciiuiit  of  >-<  vi  r.il  curious  oxperinn  nrs  wuh 
tli:<  inacl.iiie,  \,\  .Mr.  Iluiley,  M.  Cavallo,  and  Dr.  In- 
i;rnhcni»x,  ;n  t!.e  I'fiiin^.  I'rans.  vol.  66,  pa.  513  ;  vol,  67, 
pu.  1  l(<  iii.d  ai.<l  ^<l|.  ()H,  pa.  1027  and  1040. 

l;l.i;\|l.NT.VK\  ,  soi.a  ihiii;;  tlml  relates  to  tlie  princi- 
pU s  or  elctneiits  of  bodies,  or  &cience> ;  as  F.lenientury  Air, 
I-'ire,  Geometry,  -Music.  &c. 

ELllMBN'fS,  the  first  principles  of  which  all  bodica 
and  tbinjp  are  composed.  These  are  supposed  lew  in 
number,  unchangeable,  and  by  their  combinations  produ- 
cin<;  that  extensive  variety  of  objects  to  be  met  with  in  the 
works  of  nature.  iDemoc/itus  stands  at  the  head  of  ihn 
elementary  philosophers^  in  which  he  Isfidlowed  hy  £pi> 


icaidiiag'to  the  brass  ferrule  of  the  stem,  is  made  to  turn  curus,and  mn  ny  oiheip  after  them,  of  the  Cpicufcan  and 

on  n  pin  in  the  brass  picee,  so  as  lo  fcc^  near  the  graF  corpuscular  piiiiosophers. 

duatctf  limb  of  thescmiciicle.   Wben  the  elcetMHMtor  It      Among  tliose  «rho  coostder  matter,  or  the  elements,  as 

not  eloctrified,  the  index  hangs  parallel  to  the  stem ;  hot  corraptible,  some  assert  that  there  is  only  one  element  in 

as  soon  as  it  begins  to  be  electrified,  the  index,  repelled  nature,  while  others  maintain  that  there  are  s<  '  i  i  Of 

hy  the  stem,  bc;gitui  to  move  along  the  graduated  «dge  ul  the  fwmer,  the  principal  arc  Ucraclitus,  who  coii^ider:  tire 
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jts.  tilis  clcmpnt ;  Art&ximcnes  asserU  that  il  is  air;  Thslw 
IVlilcsiuN  snys  water,  and  llcsiod  earth-    1  Ir^iod  !■>  f<il- 
lowed  by  IWrnardin,  IVIenius;  and  'Ihales  by  many  of 
'the  cheini^lb. 

Among  tbusc  yrha  admit  tcverfl  corruptible  ctenicnt*, 
the  principnl  are  the  Periptlctick;  who,  aAcr  ifarir  leader 
Jlriatotle,  contend  for  four  ekntcsl*.  vi*,  lire,  mir»  irtiMr, 
m4  ewtb.  Armtoile  luok  til*  mtiaii  from  llippocnlea; 
Hippocrat<-s  from  PytKagpiH}  anil  Pytbaf^wat  Uom 
Ocellu'i  Lucutius,  wha  Unwm  wn  the  nnt  autlwr  of  it, 
or  from  the  orienlal*. 

Til*  iMdarn  dwnii^  however,  do  not  acknowledga 
■n^'panicttkr  avmhar  of  doHMtrtt,  but  &erly  adnlt  ioio 
ihn  elm  all  subitmoefl  -that  have  not  bei-n  d(!Comp4Med. 
An  clement  n  therrfore  merely  ono  i>f  iho  \»it  rr.>.ult»  of 
chemical  iinalyjit;  and  in  dcnuini^  .ittn^  subttAncos  elr- 
niintary  or  Miiijilr,  «!.■  chihhI  r  i  ui  ^ucll  I'lily  with 
rf;;aid  to  tt,e  |)re.M-iit  >tali'  uf  i  hi mical  sch  iico.  It  13 
lifU  prubaLiU' liny  (nu-ul  llu-  •.im|>K'.-.".  fcoilirs  with  which  wc 
art  atiiuiiiiuid.  i»  icuily  ami  t>vtiitially  ulemcutary,  and 
it  is  at  best  neiilless  to  enter  Into  an  enquiry  in  whicfc  then 
are  no  fac«  to  rf^st  on  for  support. 

Eu  MtNTs,  a  term  :i';no  used  for  the  first  grounds  and 
pnncipU^  ot  uits  and  sciences  aathe  Elements  of  georac- 
try,  Elcnicn."iof  niutbtmatics,  fltr.  So  Euclid's  Elements, 
or  simply  the  Elements,  us  they  were  anciently  and  |»ecu- 
liarly  named,  di'note>  the  treatise  oa  the  fiUef  propertioe 
of  geometrical  figures  by  that  author. 

The  Elements  of  mathcmatict  bavo  been  delivered 
by  aeveral  anthors  in  their  oonnei,  syttems,  itc  The 
fint  work  of  kind  |»  that  of  Herigon,  in  Latin  and 
Fiencht  nd  pnbUihed  in  l694,  in  5  tomes ;  which  coa- 
tmm  Endid'e  Eleotentf  and  Data,  Apollonius,  TheodtH 
ainSi  &c;  with  the  modem  elements  of  arithmetic,  algc- 
fera,  trigonometry,  architecture,  geography,  navigation, 
oplits,  f-pfierirs,  astronomy,  muMC,  jR-rjpeclive,  &c. 
The  work  iv  reiiiLirkable  for  this,  that  a  kind  of  real  and 
universal  chaiacIi  lN  are  U'-ed  lhrMu;;ht;iii  ;  to  tliat  thc 
dcmonstraliuus  may  be  understood  by  tuch  as  only  re- 
member the  characters,  wilhQVt  anj  da|Mndonfia  ob  fam- 
guagc  or  words  at  all. 

Since  llengon,  the  elements  of  tlie  several  paill  of 
mathematics  have  been  also  delivered  by  many  others  ; 
particularly'  the  Jesuit  Schottus,  inhisCur»u«  Mathema- 
ticu<i,  in  1674;  De  Cbales,  in  his  Cursus,  l674  ;  Sir  Jonas 
Moore,  in  his  New  System  of  Mathematics,  in  1681; 
Oianam,  iu  his  Coursde  Mathematiquc,  in  1699;  Jones, 
In  Jlif  Syoopiiii  Palmariorum  Mathescos,  in  1706 ;  and 
ouwy  V»0U,  hiUabo«e«U,  Chiiit.  WoMna,  or  Wolf, 
in  hit  ElonviM  MaAwaoi  Ualniwit  in*  wli  4ta^  lb* 
btpublUMiiiomat  aaddHitdial7IS|  •ve^excal- 
lantworkof^kimi.  Anodwradition  oflba  imk  wh 
pobiiihad  at  Oeneva,  in  5  vols  4to,  of  the  wnnd  dates 
17SS,  1733,  1735,  1738.  end  1741. 

The  Elements  of  Kucliil,  a,-*  tl.ry  were  the  first,  so 
they  still  continue  to  be  the  best  <,\«ti  in  ul  i;eoiiietty  yet 
extant.  They  are  contained  in  1  =•  lMHlk^,  >i\  which  nume- 
rous ciHtioiib  and  corarocntarifs  hftve  be  n  published. 
Proclus  wrote  a  commentary  on  this  nurk,  iviiil  Ori  r.u^ 
Fincus  2  ive  u  printed  edition  of  thc  fust  (1  bunLs,  in  i  iJO, 
Willi  riiitii,  tu  explain  Euclid's  sense,  PeU  tarius  <iid  the 
taiuv  iti  1 5i7-  Nic.  Tartaglia  also,  about  the  same  time, 
made  a  comment  on  all  the  a 5  hooka,  widl  the  addition 
of  many  thioy  of  Itis  own.  Aadthaai 
by  Bidbpkr  in  1570}  and  if 


F.  I-  E 

year  I : 


French  nobleman,  in  the  year  Ij'S,  witii  tMiisiil!  ruble 
addition!  as  to  the  coinpan  .  mi  it.  !  in'^criptions  4if  solid 
bodies;  which  work  was  alterwanU  republished  with  a 
prolix  commentary,  by  C'iuvius.  But  the  tirstsvho  ttaivs- 
latcd  them  intol^tin,  while  they  were  yet  unknown  to  the 
European  nations,  was  Adbclanl,  or  Adelard,  a  learned 
El\glishu)an,  who  perlbrmeil  this  task  in  the  IQih  century. 
Commandine  also  gave  a  good  edition  of  this  »  jrk,  and 
in  1703  Or.Giegoiy  puhlikbed  an  edition  of  the  whole 
woriia  of  Eudidt  tn  Greek  and  Latin.  But  it  would  he 
cadlew  to  ootice  all  the  ediiiuiu  of  thi»  odebraled  per- 
fonaance  that  have  been  ^ven  ;  wntie  of  thebclt  of  tbao 
howei'er  are  those  of  Tacquet,  Ozanatn,  WUsMa,  Sia|W, 
.Playfair,  Ingram,  and  more  particularly  that  of  Dr.  Bob. 
Siinsou,  of  Glasgow. 

,  Ik^sidc  these  there  arc  several  other  writers  on  geome- 
try, who  have  not  loUowcd  Euclid  stiictly  *  ilu  r  in  form 
or  arrangement ;  ii-^  st  is  tliouaht  by  some,  itiat  in  the 
prisent  slate  of  i;  i  :i  niBtical  knowledge,  a  system  of 
geometry  less  tedioll^  and  prolix  tlian  Euclid's  would  be 
a  Considerable  acquisition. 

Elcnekts,  in  the  Higher  or  Sublime  Geometry,  are 
the  infinitely  small  parts  or  diHenntiak,  of  a  tight  Una, 
cur\e,  surface,  or  solid.  .  ■ 

Ei.KMK\TS,  in  Astronomy,  ai«  thote  principles  de- 
duced from  afttronoinical  observations  and  calculatiom, 
and  auch  fundamental  numbers,  as  are  cmphfed  in  tho 
oonttmctian  of  Ublee  exhibiting  the  planeiar)*  motions. 
Hhh,  thaalaimite  of  the  tbeoiy  of  the  sun,  or  rather  of 
ihacnrA,  ihow  iti  mean  motion  anid  exccaliicily*  with 
the  ttoltoii  of  tba  aphelia.  And  Ao  ela—nta  of  tb»- 
theory  of  the  moon,  relate  IP  her  mcnn  inotinnt  dnt  of 
the  node  and  apogee,  the  excentrid^,  tm  inelimtian  oC 
her  orbit  to  the  plane  of  the  ecliptic;  ttt,  Vdt  the  pai^ 
ticulars  of  which  see  thc  respt-ctive  nana  above  men* 

tiulied. 

KI.KVATION,  ihc  height  or  altitude  of  any  object. 

Klkvamon,  in  Archi<ecture,  licnr.rrs  a  iJiuiip;hl  or 
dcscriplion  ol  thc  principal  front  or  side  ol  a  builditigj 
called  also  its  upright  or  orthography. 

Ei.E  V  ATIOK,  in  Astronomy  and  Geography,  is  various  j 
as  elevation  of  the  equator,  of  the  pole,  of  a  star,  JtC. 

Elevation  qfthe  Equator,  is  the  heijrht  of  the  equator 
above  the  horizon  ;  or  an  arc  of  the  nu  ridian  intercepted 
between  the  c4)uator  and  the  horizon  of  the  place. — The- 
elevation  of  the  equator  and  of  the  pule  together  alwayC' 
moke  tip  a  quadrant ;  the  one  being  tlie  complement  ol 
thc  other.  Therefore,  the  elevation  of  the  pole  being 
found,  and  auhtncied  from  jM)^,  leavca  Ihhalevalion  of 
iheequBlor. 

Etivanna  ^  <lr  Mr.  la  its         above  the  bo» 
liion ;  or  that  inc  of  thanendiau  which  it  cumpteheodad.  _ 
between  thc  equator  and  the  horiion  of  the  plecfc.  Tba  * 
elevation  of  the  pole  is  always  equal  to  the  latitude  of  thn 

place;  that  is,  the  arc  of  the  meridian  intercepted  bO' 
twcen  the  pole  and  the  horizon,  is  every  where  equal' (O 
the  arc  of  thc  same  meridian  intercepie<l  between  the 
cquatorVnd  the  zenith.  Thus  thc  north  pole  is  elevated 
.')  l  "  :U' ^-iljiive  tlie  ii;iriz.  :i  of  London  ;  and  thc  distance, 
or  ; 
the  I 

latitude. 

Elcvation  qf  a  Star,  or  of  any  other  ppint  in  the 
•pberc,  it  the  angular  height  above  the  hphsooi  or  an 


number  of  degrees,  is  thc  seme  between  Loitdon  and 
!  equator ;  n  that  London  ii  abo  in  51*91'  «f  north 


tttf  U  the  angular  neigni  aoovc  ue  npnsw,  or  w 
•   aiC  of  Ik*  mdCHCilcle  intercepted  between  ifcc  Mv  and 
•.308 
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the  hortson.  The  meridiiin  •Ititudc  of  any  biuli  point.oTits 
«\f itodr  wiico  so  ihc  lurriiiiaii,  is  iliegr>  ii:i  ^t  pn  viblv. 

KiBTATiov  ^«  CMWii ,  or  jUoTMr,  i»  tbe  anglo  which 
ihr  bore  or  the  axit  of  the  ple^  nwkca  with  the  hori- 
zontal plane. 

AHgle<ifV.LtVArt99t 'm  thr  ande  which  eny  liueof  - 
din-ciiun  makm  above  a  horisontal  line.  « 

Elevation  i«  alto  umJ  by  mme  writenon  Penpec> 
live,  the  !'CiMi<>;(rapb),  or  perspective  ivprcMntatioa 
of  clip  svhulo  l^xly  or  biiil<linu. 

i:l.I.MlN.\  1  ION,  III  .\lij^.-lir«,  is  ihat  (>|:,  i;i;i..ii  l.y 
«!iu  li  any  luiiiiU  r  n  cf  rqijulion*.  Cdntainlii^  n  unkiicMii 
<iii.»iuill«-s,  Ik'Hij;  sivoii,  »i'  lliwl  mu-  i'<)lliitli  n  v»  Im  li  Jii- 
»iilv,s  «iii|y  iitif  uiiknoH  ii  (]iiaiilitv  ;  >ii  ili.ii  Ijv  n  soKirn 
this  <  i|U  ilKiii,  \vi-  .'!j|ai:i  llic  ^;iluc  I'l  ilur.  uiiknovMi 
f]u.inl'ty,  aiiil  ri  UiRiii:;  our  l<;ick  ii^mii,  m-  ubtuili 

:iNi>  till  i,i;lui-.  i.t  nil  ihf  o!h'_r  <|uwitilii  >,  "liiili,  in  llic 
r<iur~f  III' ihc  upvruiinni  are  fuuiid  to  have  certain  rela- 
tioRs  witli,  ur  dependeBce  on  each  ether.   See  £xna> 

MIX  Alt  ON.  • 

ELI>IPSE,  or  CLLir^is,  i«  one  of  the  cuaic  srctioM, 
popularly  called  na  oval :  it  wa»  lir>t  called  an  LIUpwor 
£|[ipsi»  by  ApuUoniiu,  the  lint  and  principal  atlthof  on 
the  conic  lectitfiif,  became  in  thia  figure  the  aqiiani  of 
the  ordtnatn  are  Icm  than,  or  defeciive  ti,  the  radanglca 
under  ilic  parnnrteni  and  abkciiaca. 

Tbisti^iiri-  11  dilii-remly  defined  hydiflinvnt  authon; 
either  frum  some  uf  iu  prupertirs,  or  from  m-chanical 
conttructiun,  or  frum  the  icction  of  a  cone,  which  i«  the 
id  HI'"-!  iMturilway.  Tha; 
J-ig.  1.  Fig.«. 


I.  An  rllipsr  i<,  a  piano  (isiiire  made  by  CUttillg  a  cone 
l)y  a  plane  <jIjIi<]ii(  ly  l!irMUi;h  the  uppositc  lide»  of  it;  (ir 
so  us  lli.ll  llu'  plaiU'  inakt  v  a  ariuK-  with  the  blue  than 
thi-  mJc  of  ti»'  rone  makes  with  il;  as  aiid  fig- 1.  The 
liiio  An  C'lniiccting  tiic  upper  and  lower  points  of  the 
section,  is  the  transverse  axis;  ilie  middle  of  il  c,  is  the 
centre;  and  the  pirprndicular  lo  it  die,  tlyough  the 
centre,  is  the  conjugate  axi^.  The  parameter,  or  litus 
rectum,  is  a  dd  proportional  to  the  transverse  and  con> 
jugate  axes;  and  the  foci  un-  two  points  in  the  transvcne 
.axis,  at  such  equal  distances  from  the  centre,  that  the 
double  ordinates  passing  through  those  points,  and  per* 
pendicnlar  to  tlic  transverse,  arc  equal  to  the  parameter. 

9.  The  elUpie  i»  also  varioKily  daciibod  from  aoiBe  of 
its  propertiet ;  the  principal  of  which  are  M  Ibibw:  That 
if  two  lines  be  drawn  from  two  eertaia  polnta  0  and  d  in 
°tM  axis,  fig.  Q,  to  any  point  a  in  the  arcamlbnice,  the 
»ttm  of  those  two  lines  ce  and  ob  will  be  every  where 
equal  to  tbe  same  constant  quantity,  vix,  to  the  axis  ab. 
Fig.  3.  Fie*  4. 


And,  aecoodly,  that  the  rectangle  AO  a  ob  (fig,  3)  of  the 
ahsciiMt,  tcndiog  contrary  ^ay%  it  t»  ea*  theiqeare  of 
the  ordinate,  aa  a  a*  to  is*,  the  aqiMR  of  the  traaaveDa 
axie  10  tha  square  of  the  cwq}ufM»,  or,  which  ia  (he  tana' 
tliiBgi  u  the  transvenaaxit  ib  to  the  paiamctor;  bcaida 
variom  other  properda. 

'  9.  The«lli|Me  u  also  Yariowly  daacribed  fhm  nicch»> 
nical  comtmrtiom, -which  alio  depend  on  some  of  its 

peculiar  prupertirs.  Ui,  Ifin  the  axis  ab,  there  be  taken 
any  point  i  (tig.  4) ;  and  with  the  radii  ai,  at,  and  centre* 
r  aniij\  the  two  loci,  arcs  be  descrilied,  tliri-<  ,ir<  s  will 
intersect  in  certain  points  r.,  r..  r,  which  ni)l  Ijv  in  die 
rune  or  circuiiiliieiire  i  f  liietignre:  and  thus  scMral 
points  I  1m  inp  taken  in  tin- axis  .sb,  a«  many  more  points, 
r,  f,  &c,  will  be  found;  llii  :i  ihe  turve  lii.e  drawn 
through  all  lliew  poials  i ,  <■,  will  l>r  an  ellipse.  .\n<l  if 
there  Lv  taken  a  thread  of  the  exac  t  U'n',;tli  of  the  trans- 
verse axis  AB,  and  tbe  ends  of  the  thnad  be  fixetj  by 
pins  in  the  two  foci  r  and  /  (fig.  i) ;  then, moving  a  pen 
or  pencil  within  the  thread,  so  as  to  heep  it  alwaya 
strricbed.  it  will  dcMiibe  an  ellipse.  Or  it  may  be  m- 
scribod  hum  the  projier^  of  the  dirsctiix. 

figifi.  Rg.fi> 


lb  oowtract  oa  Eliinb,  liters  ars  maiiy  other 
ways  of  dfescribingor  oonitnicliagaiid]i|is%  beridss  those 

already  raenlinned.  ' 

Ist.  Il  up<iM  the  j;iven  transverse  a.xis  there  be  ilesciibed 
a  circle  acii  (Iii;.6'),  to  which  there  be  drawn  any  ordi- 
nate DO, uri'l  :ir.  1 1  taken  a  +th  proportionalto  the  trans- 
verse, the  ct'iijajratr,  and  the  ordinate  u<i  ;  then  c  is  a 
point  in  the  curve.  Or  if  the  circle  agb  be  described  on 
the  conjugate  axis  ab,  to  which  any  ordinate  dg  is  drawn, 
in  which  taking  dt:  in  like  manner  a  4tb  proportional  to 
the  conjugate,  tlie  txaotveiir,  and  ordinate  4g,  then  shall 
X  be  a  point  in  the  curve.  Or,,  Iwsing  dcsenhed  tbe  two 
circles,  and  drawn  the  common  radius  cg«  cutting  them 
ia  o  and  g ;  and  then  dgE  being  drawn  parallel  to  the 
transverse,  and  BOB  pan^  to  the  ceiguiM^  the  iateiw 
section  a  of  these  two  Unes  will  ha  ia  the  curve  of  the 
ellipse.  And  thus  Kvenl  points  b  hai^g  feiud,  the  curve 
may  be  drawn  thi«mjh  then  all  wiUi  oalBady  iMBd. 
Fig.  7.  Jif*' 


S.  Or  take  three  rulers,  of  which  the  two  on  and  n 
(fig.  7)  are  of  the  lei^  of  the  tnuisverse  axis  LK,  and 
die  aird  vo  equal  to  ai  the  distance  betweio  the  fiici-} 
then  connecting  these  mkf*  so  as  to  be  atercaUe  «b 
thaibd  M  oBd  1,  and  aboot  iha  poiati  r  aad  ^  ihiir 
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Infection  t  will  always  be  in  the  rurw  Af  the  ellipw;  »u 
thial  by  moving  tbe'rakn  Bbont  the  jointi,  with  •  pencil 
pused  thruugh  tke  tiliu  tude  in  tbcm^  it  will'  tnce  oat 
the  ellipse  lk.  • 
Fig.  9. 


3.  If  nr'.i-  rinl  a  dfuiiv  (uo 
■  and  ]0),  v\hicli  iirr  nuu 
CkirpcuUT*5  joK'.i-riili',  l,i 
to  b<»  iiii.%,/iiljl<-  iir.iiut  tlie 
ihc  ruivf  I'     ii  11  ;il<ili 


u«l  rulers  ab,  db,  ((ij.  <) 

ibU-  about  the  pnint  B,  like  n 
tiisti  nid  10  t!:c  riilcr  I  K,  mi 
point  A  ;  Hnd  il  tlie  •■ml  i>  tif 
the  side  of  ibc  ruler  I.K,  tbrn 


tkny  pouu  t,  talkt n  iii  tlic  Mde  of  the  ruler  DB,  will  describo 
an  ellipse,  whoM-  cviKrc  it  A,  OOl^qgatB  uit  SOK,  Mid 
tnnivirs*  axis  2a  B     2  be. 

Another  mrtbod  of  dncriptfon  is  by  the  eUiplkal  com- 
pass.   Se«  that  arti(  Ic,  (»  low. 

The  inoit  Rrmaiinb/c  Pn,pertic$  nf  the  EtHpw,  Ut  M 
fellow:—!.  Titc  reci«ii(iU«  uxtdrr  the  sbBdmB  we  ftvh 
porlionBl  lo  tbe  ninBiw  of  their  ordwaieti  or  •»  the 
•qaare  of  any  uii,  or  any  dinmrter.  {•  to  the  iqnuv  of 
it>  coDjugatp,  M  il  the  rtetaimls  Kmler  two  abwiuei  of 
the  foimer,  (u  (ho  )<|uare  uf  thdr  ordinate  purallcl  to  the 
litter;  or  again,  as  uny  diamcttT  is  to  iis  |iaruiuuier,  m  is 
the  mid  rectangle  under  twu  ul<sri-v<'>  uf  that  dianH  ti  r,  to 
the  square  of  their  urdinatr.  S»  ihui  \i  it  Ix  un  t  diame- 
ter, c  its  coiijiigaje,  }>  1(9  parameter,  «>  that  //  =c'-^rf,  x 
the  <jnc  abs.1  iis,  d  —  x  the  otbtr,  and  y  the  ordinate;  then, 
at  <f'  :  c'  ;  :  i(d  ~  i)  :  j,',  or  rf'y'  =  e*x{d  ~  i)  ; 
orasd  :  p  :  :  jr(rf  —  x)  :  j,',  or  dy'  =  pi{d  —  x)  . 
l''rora  eitber  of  which  equations,  called  the  equation  of 
the  curve,  any  one  of  the  quantities  may  be  found,  when 
till-  iilhi  r  t'jiee  are  )>iven. 

2-  I'hc  sum  of  two  lines  drawn  from  the  foci  to  meet 
in  any  point  of  the  curve,  is  always  equal  to  the  trans- 
verse axis ;  that  is,  cb  Dit  =  ab,  in  the  2d  Con- 
acqucntly  th9  line  co  drawn  front  the  focns  to  the  end  of 
the  conjugB>«  axi^,  is  eqttal  ti>  At  the 

Fig.  II. 

*.  3.  If  from  an/ 
point  of  the  eurfe^ 
thnre  he  dnwn  on 
ordinate  to  cither' 


axia,  and  also  a  tan- 
gent meeting  the  axis 
produced  ;  then  half 
that  axis  mil  be  u 
mean  proportional 
between  the  diaances  fr.im  the  c  cntn'  to  the  two  points  of 
intcnectiuii  i  VIZ,  CA  u  mi  ni  (>T  iji' I lional  between  CD 
and  CT  ;  und  cuns'.  inn  iill)  nil  tlie  tangents  TR,  Tti,  meet 
In  the  saiii  pitiiit  al  the  jHi;duced,  wbicli  arc  drawn 
from  the  eMreiiiitie*  E,  E,  of  the  common  ordinates  de, 
DK,  (it  all  ellipse-,  described  on  the  sattc  axis  as. 

♦.  'i  wo  lidi-s  drawn  from  the  foci  to  any  point  of  the 
curve,  make  equal  anoles  with  the  tangent  at  that  point: 
that  i««  the  ^fbt  =s  ^/vj.  And  benoc  a  line  drawn 
to  blMct  the  Migle  tff,  will  be  perp«ndiealar  io  the  laa< 
§wt  nad  curve  at  the  point  u. 

■  S.AUparallel<|gEaiutlntanfNnedby  tangcnl^diam 


tliroueli  the  pxininitic*  o4  anjtdiameler  and  it*  conjii|^te» 
and  thus  circumserilml  about  an  eUipteti  are  e(|tial  to 
each  other;  and  every  Mich  poralletogram  is  tipial  lo  the 
rectaii^e  of  the  two  axes.  * 

6.  •The  sum  of  the  l^uam  of  evrry  pair  of  cunjujtate 
diamelers,  i%  equal  lo  the  same  con'^iani  quuntiiy,  %  i^,  the 
sum  of  the  squares  of  the  two  uxos. 

•  7-  If  a  Circle  Ih-  de>erib<'d  upmi  ellhi-r  a\i«,  und  horn 
any  poiiil  in  th^it  axis  an  (irdiuale  l>i'  >li.t»ii  both  to  tlio 
cirele  and  to  (he  ellipsis;  then  will  the  ordinate  of  the 
lire  <  1 1  t>.  ilie  ordinate  of  tbe  ellipse,  as  axis  il  to 
ihi-  ■itlii-i  a\iy :  \n,  ^ 

m:  :  ab  :  :  m>  :  DB,  (in  the  6th  fi^) 
ami  <jA  :  AK  :  :         :  </e. 

And  in  the  same  pmportion  i*  tbe  area  of  the  circle  to  the 
area  9f  tho  ellipse,  or  any  c<>i te^peiidiii;;  scgineiils  aI>o, 
ADE.  Also  the  area  of  tbe  ellipse  is  a  mean  pmpurtional 
betnren  the  areas  of  the  inscribe<l  and  circumscribed  Cir- 
cles.    1  li  iire  thertfon', 

8.  Ti>  jitul  the  area  m  EtUpte.  Multiply  tbe  tnro 
axes  lo^eihi T,  and  tfaatpradnct  by7854,for  the  area.  Or» 

9.  Tojmd  tlie  «raa  aisp  t^gmeit  abb-  Find  the  an* 
of  the  earrci|ionding  srginent  ado  of  a  drele  on  the  mhm 
diametiT  ab  ;  then  say,  as  the  axis  a»:  its  coi^.  «^ : :  cite, 
aeg.  ado  I  elliptic  srg.  abb. 

10.  T»  find  the  /(df^  <ff  the  loMr  cirpistfirBBcm^  rte 
Blipte.  Multiply  tbe  drcumfetence  of  the  circumscribiiy 
circle4w  the  snoi  of  the  leiiea 

_    _        s'.sf  _  e-fjH" 

^      a'      1'.*'  ~  y.t'.b 
fcrencc ; 


tec,  for  the  circum- 


a'.4'.6'.»' 

where  d  is  the  difference  between  an  unit  and  the 
square  of  the  loss  axis  divided  by  the  square  of  the  greater. 
&«•  another  scries,  p.  17H,  vol.  4,  Fdinb.  Ph:l  s,  Traiii. 
Or,  for  a  near  upproMniatloii,  lake  the  tiieun.li tcik-.: 
of  the  circle  whose  dianieter  is  an  aritliiut  tical  mean  be- 
tween the         axes,  or  hall  their  5uni :  that 

\(t  -H  ri  X  auWi  =  the  perimeter  nearly;  being  about 
(he  <:u(ith  part  tuo  little;  where<  denotes  the  tnasvene, 

and  c  the  cunjiigule  axis. 

Or,  again,  take  the  circumference  of  the  circICi  Uw 
square  of  whose  diameter  is  half  tbe  sum  of,  or  an 
arithmetical  mean  between,  the  squares  of  the  two  axes-: 
3-1416  as  the  perinieler  nearly; 
being  about  the  2onth  part  too  great. 

Hence  combining  these  two  appfoxt mating  rules  to- 
getber,  the  pcriphcr}'  of  the  ellipie  will  be  very  nearly 
v'iuiil  to  half  their  sum,  or  equal  to 
iW    «f)  «  S'Uifi,  within  abottt  the 

30000th  part  uf  the  tniih. 

For  the  length  of  any  particular  arc,  and  many  other 
parts  about  the  ellipse, see  my  Mensuration,  pa.  CI -\  .'ve, 
4lh  edit.  See  also  my  Conic  Sections,  for  muriy  other 
propetlus  111  tbe  cllipie,  espi  ci.illy  such  as  are  cunniion 
lo  the  hyperbola  uliu,  or  to  Hie  runic  setlions  in  ^eiKral. 

Infinite  Kllipsks.    Sci'  I'.l lii-tdi d. 

MI.LIP.'^OII),  is  ail  elliptical  spheroid,  biiiig  the  solid 
geiiei;^r<  ii  I  \  he  revolutliMiof  Btt ellipie abtntt^tfaer  Bxls. 
See  SriiKAniu;  ^        .  ' 

ELLIPTIC  or  £u.iniCAt,  soaiethini  telatiqg  to  an 
ellipse. 

Eburrtc  CompoMet,  or  Ex-bflrtCAi.  CmpoM,  is  an' 
instruioent  for  dcscribit^  ellipses  at  one  revolution  of  the 
indeit.  It  conusta  of  a  cros  aboh  (fig.  8.)  with  grooves 
IB  it»  and  an  indax  cs*  sliding  in  dovetail  grooves;  by 
the  cod  *  d«K(ibci  tha  curve  of  an  dlipic. 


p.  M  n 
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F-LtirTH  Al,  Conoitl,  is  somcsimcs  iiM?d  lor  the  i|il>ciwiiJ, 
or  I'llipuiiil. 

Rlliitical  Dial,  an  iintnitiivn".  iisually  lu^ulf  ul  |ira*'<, 
will)  a  juinl  to  fflld  li>j>>'lLi  i,  unit  tiiu  j^iiiiitidii  lo  lail  ll.it, 

for  the  convvntenri-  uf  the  pockeu  liy  iha  insuymcui 
are  found  the  incriilian,  the  kour  of  iho  day/  the  ming 
■mil  ii«ttinj;  of  the  sua,  &c. 

ELLIFriCITY,  of  tbv  tornsiriBl  sptioniMt » tlic  nlioi, 
or  thfi  dtlll-niflce.  bctwrt-^  i|)c  urn  wflMutct.  .  It  u  muslly 
expicMed  in  t«rnw  of  the  greater,  or  ndius  of  the  rquaior. 


ins  <l»y* ;  wliiih,  Willi  ilje  -1  Lis^rxtilf  dnys  loippfn- 
iiig  ill  the  lunar  cvclf,  make  ClSilay*,  and  the  v^h()lt^ 
(>y3y  il<iy«,  the  same  tlic  l*j  Milnr  yi'Mr»,  which  mako 
thr  kiniir  cycle.  •. 

In  Ibv  t'ourte  of  I9.ye*r*'hrrc  are  228  common  mooM^ 
and  7  einbulismic  inoui»,  which  arc  distnliuted  iajliii 
msniwr,  vii,  ibc  :ld,  (iib,  <»tb,  llth,  14th,  I7tb,  and  191'h 
yran,  are  cmboUunir,  add  m»  cootain  584  day*  cadi. 
And  this  «at  tba  tnoihod  uf  rompuiing  thne  among  the 
GiBrkt:  though  they  did  not  urictiy  uhevrve  it,  at  it 


that  hp  bf  what  fractiuoal  ^it  ihl«  cxccc the  axi>  or   aeenu  the  Jews  did.  And  the  method  of  the  Gm  U  ww 

m.   Ill  .:  :.  1 — L —    IMIowwl  by  the  Rom  am  till  the  time  of  Julius  Cxsar. 

Th«  eiiibolismir  mnntbt,  liice  uilu  r  Iniuir  months,  sumc> 
tinifs  contain  30  days,  and  stinictiir.es  only  29  days. 

I  lir  I'.mif  iiitiiic  r.j',i<!.\  i;re  ihoH'  brim  i  n  IJ)  und  ?y  ; 
wliit!.  an  V,,  r.iiUii,  LuaiiM',  MithlLt  uddition  of  the 
i  |i.it  [  II,  thi  y  i  xcud  liu  hiiiiiIht  3fl ;  or  rather,  because 
th<-  ttliu  li  li  ne  tlii  vt.  i|jiic(i,  are  einbulimnic  ;  having 
13  mtmns  lach,  llu'  UWh  being  the  embulismic. 

EiMliOLlisMUS,  in  Chronology,  ^ignitio^  inlcrcalaiion. 
Ai  the  Greeks  u>c>l  tlie  lunur  year,  which  containa  only 
354  dayt;  in  ordiT  that  iIm-v  inight  bring  it  to  the  aolar 
year,  of  96&  days,  they  had  an  embolitm  every  tve  of 
tlmeyaui,  when  they  added  a  13th  lunar  BOBth. 

EMBRASUHU,  in  Archiirctare,  an  cnlatgeoicBt  of  tlw 
aperture  or  vpcoii^  of  »  door»  or  window,  wiihin-sirte  iho 
wall,  alopinK  back  uiwarda,  to  gin:  the  greater  play  lur  the 
opening  of  the  door»  cascnnit,  dtCt  or  to  talM  io  lAe  ■««• 
light. 

EMfcRMOitca,  ia  Fortificalion,  are  the  a[>erit:ic!i  nr 
holes  ihruuph  which  the  cannon  are  pointed,  whether  in 
ciM  CI,!;!  s,  Ijatteries,  or  in  tlie  parapets  of  walls.  In  the 
iiiivy,  llieH'  are  Called  port-hiili  'I  he  embrasures  are 
jilac'cd  \'i  or  15  Iti  t  Hpiirt  troni  <uc)i  i/llicr;  being  made 
»loptii(5  or  (ipc  ninc  outwards,  from  ()  lo  9  li  i  t  wide  on  the 
outside  of  Lii<  \v  nl,  11  lid  from  S  lo  3  within,  to  allow  the 
gun  lo  travtrie  from  ^ide  tu  side.  Their  ba>e  is  about  H 
or  3  feet  above  the  platfnnn  on  the  inside  ot  the  wall,  but 
sloping  down  outwards,  so  as  to  be  only  about  If  above 
it  on  the  uutsiile ;  in  order  that  lhaiMUalc  may  be  occa>> 
sioiially  depressed,  when  it  is  necessary  to  point  the  gUB 
in  that  direction. 

EMJkRCENT  Year,  in  CbronoloQri  is  the  C|)och»l 
whidi  any  people  begin  to  contpule  their  timlt  or  < ' 
$0,  our  emerg^t  year  is  sometimes  tha  year  of  the  < 
tion,  but  more  usually  the  year  of  the  ^lirth  <if  Chritl. 
Hie  Jews  wd  that  «f  the  Delti|ie,  arlhe  Eaodm,  jlw. 
The  emergent  year  of  the  Gnekf,  ma  tha  r 
Olympic  games  ;  while  that  of  thO'l 
of  the  Huildinf^of  their  City. 

F.MEUSlON,  iti  .\^lroiiorii V,  la  the  r<-appearance  of 
the  sun,  tniion,  or  other  plain  t,  alu  r  hauii!;  been  eclipsed, 
or  hid  by  theintcrpi»ition  ol  tlic  iuofiri,e;irtli,or  othi  r  body. 

The  irainersioira  and  <  iiieriKnis  ot  J  iipiler  b  lirsl  salelliie, 
are  particularly  ii>f  fiil  tor  linilins  ionntludes  of  places; 
the  immersions  beinf;  observed  from  Jupiter's  cunjunctitm 
with  tbe  sun,  till  his  opposition  ;  and  the  emersions  froat 
the  opposition  till  the  ronjunrtion.  Rut  within  13  dayt 
of  the  conjunction,  boili  Ufore  and  after  it,  they  cannot 
ba  observed,  tbe  plaaet  and  bis  aatcUiies  being  tbeo  loet 
in  tha  sna's  light. 

Ehumom  is  also  used  when  a  ala^,  aftar  bring  hid  hjr 
tta  lun,  begins  to  re-appear,  and  ctnargea  eat  af  nit  nyi, 
MiitirfMor         qfEnamuoa,  an  are  af  ihcaoonb 
orbit,  wUdt'lMr  CHrtie  pHMB  tnar,  fiMn'.ikn  lima  dha 


polir  diameler.   The  quBmlty  of  this  el  I  i  p  1  i  c  i  t  y  hat 
VarioukI)  ilS^igned  by  ditfen'nt  mathemalicmn>.    Sir  Isaac 
Newton,  supposing  the  earth  of  uniftrni  density,  gave  ^-j^ 

f  ir  ill  ,  llipiiiiry ;  Ho.covu  li,  I'lom  a  mean  ol  several  a(i- 
ineiivureini  ids,  stjad  n  .it  ;  Ijilande  at  ;  Lupliue, 
TttJ  '*>i<j'>ur,  yjy;  Carouge,  ;  Ki:ilt,  .i,;  an<l  Play- 
mir,  from  a  theorem  of  Cliin^iiil,  upplml  to  the  hetero- 
geneom  >.ii|i<toid,  sta'i'*  it  at.j,;j.  Seitinu  aMile  iliose 
which  are  deduced  from  the  hypotne^is  oi  unit'Tm  lieiiMty, 
■jli  may  be  admitted  as  the  most  proLable  vhIup  of  the 
ellipiiriiy.  Under  the  article  Earth,  see  other  propor- 
ti  In,  iir>d  the  manner  of  deducing  them. 
ELLirrotD,  an  infinite  or  iadefinile  ellipse,  defintdlgf 

the  indefinite  equation  oy"  — xA  whaiam 

or  n  are  greater  than  1 :  for  when  they  are  each  I,  it  de- 
notes the  common  ellipse.  There  arc  several  kinds  or 
degrees  of  elliptoids,  which  receivi  iln  ir  ileiiominalioivs 
from  the  exponent  ot  -1-  n  oi  ihe  onlinate  y.  As  the  cu- 
bical eltiptoid,  expres»e(l  by  ly^  =  (rt  —  r)j  tbO  bi- 
quadratic, or  sursolid  ny' =  ir  ('l  — j)*;  &C 

ELONCiATlON,  in  Astronomy,  the  distance  of  a 
planet  from  the  sun,  with  respect  to  the  earth  ;  or  the 
unglc  formed  l>y  two  lines  drawn  from  the  earth,  the  one 
to  the  sun,  iuid,tbe  other  to  the  planet;  or  the  arc  mca> 
anting  that  an^:  or  it  is  the  difference  betwaentbatttaTa 
place  and  tbe  geocentric  place  of  the  planet. 

The  greatest  elongation,  is  tbe  greatest  distance  to 
which  the  fiMoem  laceda  from  tha  «in»  on  dthar  nda. 
Tliit  It  chiefly  eonaMared  in  tha  inferior  planela,  Vtmn 
and  Mercury;  the  greatest  cloitgttion  of  Venus  being 
about  47t  degrees,  and  of  Mcreuiy  only  about  27i  de- 
grees ;  which  is  the  reason  that  this  planet  ia  tonwiy 
seen,  being  usually  lost  in  the  sun's  beams. 

I  .Mlil'.K-/>«3r*,  «re  certain  days  observed  by  the  church 
at  lour  lUflVrenl  veasons  of  llie  M'ar ;  viz,  the  Wednesday, 
friduy,  iiinl  -aiuriliiy  next  alter  (^ua.!ra^i-^;mn  v.inHny,  or 
the  lit  huiniav  m  1^  nt ;  Hll-  r  W  lnt-^unday  ;  after  Holy- 
rood,  or  H<i|ycrii-.'!,  the  14tli  day  of  September;  and  after 
St.  Lucy,  the  I3lh  day  of  Dccemhcr.  The  n«me,  it 
ti«m.s  is  derived  from  embers,  or  ii^hes,  wliicii  it  i*  Mi)>- 
posed  the  primitive  Christians  strewed  on  their  beads  at 
tliese  Solemn  lasts. 

EMBEH-H'reX-ji,  are  those  weeks  in  which  tbe  ember- 
dayabll.  Tbe^- ember-wcekt  are  now  chiefly  noticed  on 
aeoount  of  tbe  ordination  of  prints  and  deacons ;  because 
tha  canon  appoints  Ike  snndayt  next  alter  the  ember-weeks 
for  the  solemn  timet  of  ordination;  though  the  bishops,  if 
they  pVease,  may  ordain  on  any  tuadny  or  holiday.  . 

EMBOLIMAAN,  and  EHnouaiiic,  /aicrvnliqpb- it 
chiefly  need  in  speaking  of  the  additioaal  montht  intcrtcd 
by  chronologisU  to  form  the  lunar  cycia  of  ISyM**-  Ttw 
19  solar  years,  consist  of  6.039  days  and  IB  hoQit,  and 
the  19  lunar  years  of  only  67 ''6  days,  so  that  it  was  found 
necessary  to  intercalate  or  insert  7  lunar  months,  coBtai»> 
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bcfias  to  emerge  out  of  ttit  l  artli's  ^I'ndou  ,  tn  the  ciul  ol  lli>  would  frequently  tiand  up  to  h\»  middle  in  w«ter  while 

tbc  eclip»c.                                                ^  tubitig;  a  divcruvn  h«  WM  \try  fond  itf.    He  used 

EaBMWir,  in  Pbyiio,  tbe  ri>iog  of  Aoy  solid  above  ^  iludy  incMMUly  for  loiae  timc^  and  Hm  for  relaxation 

tl>e  ancftoe  «f  •  fluid,  that  ii  mecificstly  b««vi«'  than  the  *  tihe  <  iwnble  to  some  poi*d«lHin»t whm )»  could  get  any 

mU4»  talPirkkli  itlMul  been  vioMiiUy  iminef||iMl,orpushed.  bmljr  to  drink  «i(h  and  talk  to.  He  mi  •  married  maa, 

bik  one  oFriie  knuem  'Jawt  of  hydnnlatici,  tkat  a  lightcp  but  %ith(Mit  cbildmii  and  kls  wife  nierl  lo  i^n  em  an  old- 
•oliJ,  being  luroed  4nm»  iatn  a  bcmiier  tnid,  iaimmalely 
endeavour*  to  emrrce;  and  ihat  with  a  force  et^iial  to  toe 

excess  i)f  [hr  wc-iijlit  ot  a  quaiiiiry  nf  (he  tliiid  ubove  that  of 
Hti  rqiinl  lii  lk  lit  ilif  holnl.     I  bus,  it  ihu  body  br  immprecd 
in  a  (liud  III  iliiuldf  It*  "^pccilic  gniMl  ..  i:  v  p  r  ,  '  i 
asain,  till  (mil  Hi  bulk  bi-  nbuve  tbt  mi  1;m  i  .1        iL  iil. 

"  I  J'.^ON  (Willi**!),  ul  itf-rr.!  .1,1  ::„,■.■  .. nuiii- 
ciaii,  wiii  burn  in  June  17DI,  iil  1 1  lu^uuti,  ,1  Mllajie 
about  throe  itiik^  soutli  ot  Dai linj;tii  1  ,  mi  ihr  bi.t  trr*  nt' 
tbc  county  t'l  Dyrliain  ;  at  least  it  is  ri  riain  tliat  he  rt- 
lided  here  t'roro  hii  childhood.  His  l^ith)  r  iJudlcy  Liiht- 
son  WH1  u  v(  lioolin»»ii-r.  and  a  tolembkc  prufici<|pt  joLthe 
iBathL'niuiic> ;  Htul  vutuuiic  hit  books  and  inst  " 
probably  hi«  sim's  ^(I'nius,  though  ciiiiiie|i|(j|^Jittefl!S^  tt\'^' 


fathioncd  wheel,  «f  bis  own  makiiig,  a  dniring  of  wkilk 

is  given  in  his  Mrchanirl. 

Mr.  KmcrSLin,  from  his  strong  xlj^orous  nund  and  close 
oppliciilioii,  hail  .'icuuiri'il  a  dofp  l»iio«li-di:<'  ol  all  the 
~  1,1:  iii  ii:.  iMi'.i  (  -  .md  physics,  on  every  part  of 
I'lju-ii  111'  "i.'ir     ■I'U  (.-'-.iliM-'!.,  ihouj^h  in  a  rather  anli- 
qu.1t  . I  nil  iiinnncr.     He  Has  imt  reiii-irkablo,  how- 

ever, tor  griuus  or  discoveries  of  lii-.  own,  a>  hi*  works 
»llf»\v  ii.irdly  iiiiy  tiuce*  nt' orii;ili;il  invention.  He  was 
well  skilled  in  llie  M  wnr--  cf  music,  the  theory  of  sounds,, 
and  th«  various  sc:isl>-  :  1  ancient  and  modem;  Iwt  ke 
wa*  u  Very  poor  perfuriuer,  though  he  could  make  and  T9* 
pair  »oiite  insinimflHs,  and  lomciiine!.  wem  uboui  the 
country  tuninate^picfaords,  as  well  as  cleaning  clocks. 

1'lie  tollowil^  a  list  of  Mr.  Enter^on's  works}  all  of 
them  printet  in  Svo*  excepting  bis  Mechanics  'R^fl^^^ 
crementsin  4to,  and  his  Navigation  in  ISmo.  I.TmEw* 
trine  nf  Pluxiun'i. — 3.  The  Projection  of  the  Sphcn,  or* 
tbugraphic,  siereu|;raphic,  and  giionMiiical.— S.  Hie  He. 
ments  of  Trigonometr)  .-^4.  The  Principk-s  of  Mechanics. 
— 5.  A  Treatise  of  Navigation.— 6.  A  Treatise  on  Arith- 

iiutic. — 7.  .\  Treatise  on  Gioiiietry. —  8  A  'I  realise  of 
.'\ii;i  br;«,  in  i  b<ioks> — f).  The  Method  of  liicienieiili. — 
li'.  Antlimrtic  of  Infinites,  ami  the  < 'u-iil  i  imiiv,  '.vith 
ulbcr  Curve  I.im-, — 11.  KlcnieiiU  nf  0(>M  >  Perspec- 
tive.— 12  .Vslniinrn). — 13.  MechMriirs,  •.•.nn  (  V  iilripetsl 
and  CcntriUii;ai  i'orccs. — 1+.  Matin  rnatical  I'rinciples  of 
Geography,  Navigation,  and  iMiil.ir.j', — 1  o.  Commentary 
on  the  Pnticipia,  with  the  Defence  of  New  ton.— 16".  Mis- 
cellanies. 

Besides  these,  Mr.  Kmcrson  was  a  frequent  matiieiaa- 
tictkl  correspondent  in  the  Ladies*  Diary,  the  Palladiami 
&c,  iu  the  ficliliotu  names  of  Merones,  Nirhol  Dixoo, 
and  other  fanciful  appellalion».  In  the  sainc  workii,  sotne- 
times  a  riddle  or  a  question  in  rhym^  showed  that  be  teat 
not  dcstitute-of  poetical  talents. 

EMINENTI AL  JifMKtai,  a  lerli  used  by  some  algek'n^ 
iaii,intha  iBvcatigatkniof  tbeareafofcorrilincalfigiiieCtlar 
a  kind  oT  assaniad  eqtwtieit  tkat  conlrins  anotker  eqnatioa 
eminently,  the  latter  bdng  a  parlicttlar  case  of  the  former. 
Hayes's  Flu.v.  pa.  97- 

KNCKINTR,  a  French  term,  in  Fortification,  signify- 
I'l.^  :hi  K-ili-  uiclo<ure,  circumierence,  or  coiii|!;i'.ii,  of  a 
fiirlilieil  )il;,i  e,  whether  built  with  stone  or  bntV,,  nr  unly 
made  of  (  in'i.  a-ii  whetbi  rwith  or  without  I tii  ro,  ijcc. 

I'.NCVC  l.C)l'.i:.I)lA,  the  circle  or  thaiti  uf  ..rts  and 
jciences  ;  somelimos  also  » l  itti  ii  Cyclopxdiii. 

Numerous  are  the  eiicyclop:pdiBs,  orpeiieral  dictionaries 
that  have  been  published  ;  but  our  business  is  only  with 
tluMe  which  treat  chivriy  on  the  mathematical  orpbiloso- 
pkicalwicnces.  The  firiit  dictionary  of  ihiii  kind,  it  ap- 
pears, was  that  of  Dasypodius,  printed  in  1673^  under 
the  title  of  AifHtar,  »cu  Dictionariuro  natfaeowticanmi, 
kools  tobcpublisbed,ie*iHiigsk<etby  sheet  bimsdf: — for  inquodefinitiooesetdivisionescvniincntiirsciefitiaram  ma. 
trusting  no  eye  but  Us  own,  wasalvrayaafamurite  maxim  tkem«tjcanim,aritkmctiem,fleCtM.CouraduDuBypodio  au- 
with  hiin.  In  m<>chaiucal  Buiijects.  he  always  tried  tke  '  Aon;  a «er* oxttaoidfaHuy  woHi  for  tke  time  iilits pub* 
pre>p<nition.s  practically,  making  all  the  different  parts  licatioB,  and  of  which  anew  editioii  wia  printed  at  Stiw- 
himself  on  a  small  scale  ;  so  tliai  liis  liouve  was  tilled  with  hnrg,  in  1579.— In  1 632  camaoitt  the  work  J.iLAlMedii 
«11  kinds  of  mechanical  iiutrui&euts,  together  or  disjutntod.    Encyclopedia,  iu  2  vuU>  folio:  aa  elaborate  pcrformaoce  j 


themaiical  studies,  imcbt  never  have  bee^vmnnt:  but 
besides  his  tatbcr'*  iimtructioWioar  authorwHraMplOdHii' 
the  laarnrd  languages  by  a  young  clfu^maiii'ttwnr  ^itliM- 
of  Hurwortb,  who  was  boarded  at  his  father'*  house. 
Btii^  satisfied  with  a  moderate  competence  lefi  him  by  bis 
parents,  ke  dcwted  himself  to  a  ttudious  retirement, 
which  be  thus  closely  punued,  in  the  same  place,  through 
the  course  of  a  long  life,  being  rar»tly  very  health;. ,  nil  in- 
wards the  latter  part  of  his  days,  when  be  was  much  allln  lui 
with  tbi  ^truie.  T(>i\  ;iiii5  till'  I  ;,i^e  isl  tlin\rnr  17>il,  bfint; 
setiiible  Lil  hill  u]j[irouebii!g  diisnl  jlini;,  he  ilr-pusnii  ml  the 
■vv  hole  <i|  his  n.  i:(:em»tiCttl  lib:;irv  In  m  IjnoKM-ilri  iit  Vnlk  ; 

and  on  .May  the  '.^Oth,  1782,  bi»  lingering  and  painful  di^ 

order  put  an  end  to  UsUftatkiaiittive  viUags,  beii^iKar 

61  years  ot'  ugi-. 

Mr.  Emerson,  in  bis  pemm,  was  rather  short,  but  strong 
and  vreil  made,  with  an  open  cooatenance  and  ruddy  com- 
alexioii.  He  was  of  a  singular  turn  in  his  behaviour, 
dnaii  and  conversation  *,  his  manner  and  appearance  bein*; 
ntker  plain  and  uncounly :  he  had  strong  natural  rocntul 
parti,  and  ^ould  discoufse  sensibly  on  any  subject,  but 
wai  always  positive  and  impatient  of  contradiction.  He 
speM  kii  whole  life  in  ckwe  st«dy«  and  writing  books, 
from  dm  profits  of  whick,  ke  redeemed  kit  little  patriiqony 
firom  some  original  incumkmnee.  In  kit  drcm  ka  was  as 
sii^lar  as  in  every  thing  else.  He  pouessed  commonly 
but  one  suit  of  clothes  at  a  time,  and  those  very  oM  in 
their  appearance.  He  seldom  used  a  waistcoat;  and  his 
CT.^at  he  wore  open  before,  i \ce[^t  tin-  lower  hutlnn  ;  iind 
his  shirl  rjuile  the  reven.e  .ifoneia  comtriur.  iim  ,  Ilie  (mid 
Side  luinm:  fon  nmi.t,  to  ciiver  his  breu.M,  a.-.i!  bv.ttiined 
close  Ml  the  ctdl.ir  bebmd.  He  aKn  i.ai'.  a  kuiti  nf  rusty- 
Colourrd  wLp,  without  a  crooked  hair  m  it,  "Inch  jin). 
bably  had  never  been  tortured  with  a  comb  from  the  time 
of  its  being  made ;  and  the  bat  he  wore  bad  served  him  the 
greater  part  of  his  life,  of  which  he  gradually  lessened  the 
flaps,  bit  by  bit,  as  it  lost  its  elasticity,  till  little  or  no- 
thing but  tb«  crown  remained. 

He  sometimes  walked  up  to  London  when  he  had  any 
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wim  h  WHS  Uillinvcil  m  Hi57,  '»>'  Krliauli  Wigulii  Idea  V.ii- 
c\tl<'|ia-(ii;i;  .Miitlii  m:ilico-|<liilo*0|)liicii';  a  wiirk  iiul  su- 
p«il«Ii\<  l>  i '.u  rossli^,  r  v(  ti  liir  tiial  pcriDti.  Of  ii  Mmilar 
kind  1*  lin-  l/  xuon  M  i#i.  As; nui.  CicoiiKl.  of  V'alalis, 
■urinml  at  I'aris  in  \tUi^,  >s\t>;  as  aNo  the  Oiciinimairc; 
MlltlM!inBtM|UC  ol'  ( )z,iii.iin,  jji  iiilitd  in  1  vol.  41o,  Hi.tn. 
*A»  to  the  wurks  of  Ccr.  J.  Vutaiitv  (l6aO},  and  of 
BwaAtat  {t69i),Jl\iey  ate  little  more  than  catalogues  of 
nttfaematicsl  book*. 

TTje  neM  importani  »trp  was  madi:  by  Ur.  Hariit,  in 
his  Lcxirnn  Tcchnicuro,  publi^htd,  the  Isl  vol.  in  17<M»tbe 
Sd  in  1710.  Tlii»isthc  rnrlimt  Kn^rtish  wnrk  that  aasutncs 

10  gciod  ()ur|iirbr  the  svslfiimlic  lurm  of  a  ;;<  iifral  <iic- 
liotmry,  ami  iiHituiits  tn  «lliit  ti>  tacli  iirUclc  iL«i  compa- 
lative  |)iirliiiii  in  tin'  »i  nl  ■.c  m  ;»cr.  The  author  pi»- 
scssid  MTV  I  .iii^I'Iq  I LTMi-i.ii  kiii>« l«>dgo  ;  bill  Ins  at- 
laiiniii  ^■ls  ;|..  n  m.i fli.'in.incMii  anil  |)hili)su)«lirr  «crc  most 
Cnns|i!rmiii':.  In  tin-  ilhidit.  in  I73fi,  a  suj'plcnHlU  was 
added  by  the  bD(ik>elleis,  bill  «it  inniin  iinportHnce. — Va- 
rious diclninaiici),  conijiriMng  nuiif  or  less  of  scii  ntific  nia- 
teriaU,  wore  published  belwttn  tbc  Units  of  Harris's  Lo.\- 
icon  aTiil  Chambers's  CyclopjLNlia  ;  such,  fur  instancp,  as 
thu  Great  IJictionary  of  the  French  Academy,  the  Dic- 

.  tionary  of  the  Jesuits  of  Trfvoux,  the  Chemiciil  Dictionary 
.  of  Jotinvun,  the  Mfdicnl  onvs  of  Blancbard  and  Castellai, 
4h»  Mathetutical  DictioMria  of  Stone  and  Wolliua,  the 
St*  Dictlonaiy  of  Mainwaringi  the  Djctiomiy  of  the  BIbIa 
by  Calmct,  Ibe  I.cxiron  Philowphicam  of  Ch«o«in»  a  mrk 
or  importance,  <-sitecially  in  the  autbenratict  and  phito* 
aophyoftbeaiiciiiits;  tlie  Lexicon  of  J.  BurkafdMonkeni, 
in,  1715;  Jablonski's  lexicon  in  1721;  and  Collicr't ((reat 
Historical  Dictionary,  bepuii  in  IfifH.Hiid  finiithedin  1727. 

The  first  cdiiiiin  of  Chamln  rs's  (.'vclopxulia  came  out  in 
17-7,  -  Vi.]..  Iiilm  ;  (it  niiirli  th''  juil'lic  dini;iiiil  occa- 
siijlnd  It  '.J  I'tiit,  la  17jS,  u  in  ir>-V''.  "  -Kh  T-H, 
M\d  .1  !lli  in  IJHi.  Tills  unpreccdiiitid  siicrt^s  indiiceii 
Iheprf-prii-'ors,  nt  a  crcHt  t.Vp'MiM-.  to  i  i:.'ii  :r  CJ.  I,.  Siolt 
and  I>l.  IM!  (1.  pu  .1  >u]i|il'  tui-:::  lo  llii'  (nli  iMiilioli, 

vliirh  Mils  arcotdinaly  piildislieti  in  itdiiiti  <nal  voluims. 
Tile /ill  ed;li  II,  Ciiinpli  led  in  17*>6'in  four  thick  (olio  vo- 
lumes, ri  't  till' (iisa<lviiniage of  ihc  double  alphabets, 
by  inrorpo  .;!!.. :  :'r  in  into  one,  by  ilie  labour  nnd  akill 
nf  that  able  editor  Dr.  Ahr.  Kec*. 

Fron^thispt'rio«i,  dictiiniario  devoted  to  arts  and  sciences, 
as  well  us  general  dictionariei,  iacteased  very  rapidly,  bnib 
in  nnmbi'r  aiul  imp«>rinnce  s  of  irhidi  a  lew  of  the  chief 
may  ho  nouead  i  aS»  the  Medical  Uictiooarirt  of  Mothcrby , 
Qninipy,  Jamet,  Ttirtoa,  and  the  Edinburgh  Dictionary ; 
the  Chemical  IMctionark*  of  Micquer,  Nfchoboni  and 
the  Aikinst  the  Dicrioiihriet  of  Ousseme  and  Rasrhes,  on 
Numismaifdoay  ;  those  of  Miller,  Msirlyn.  tuid  Dickson, 
nil  (■iii(!eiiini;  ;  lluvst- of  Rnfn.  ('Hrnin^liani,  aiid  .hirob, 

011  L;i»  ;  Jiie  Mnririe  1  )ielirimi ii>  id  < "hiipinaii  and  l  al- 
Cimrr;  tin  iiiiildei'n  Maiiaziiie,  ami  I  riiliii'iiV  I )irtii>iiary 
<it  Artlrii  ("li.ie  ;  J'iiiU  rl's  t  >irii'iniiairi' <l<  1' I  .ii;:' tiii  ur  ct 
<k'  r  \rnllrfir.  ninl  .Iiiiiii  ^■»  Militar\  Du'lionatv  ;  I'nkilig- 
loii\  I  )u  iior..!' V  111  l'.i;nii  i^;  Moilinu  r's  and  Pustle- 
thwai  i's  I)ii  iionariit.ul  I  i ,td<' mid  Comnn  rci' ;  llousseau's, 
lli'S  l<''»,  .m  '  lin-liy's  Dirlioi.atio  ol  Muslc  ;  our  own  Ma- 
tiirmntiral  and  l'li)l'>s"pliiral  Diriinnury;  and  tbc  Oiction- 
nairi-di-  I'b.&icpir  ui  M,  Liiic?.  .  I'bediliip'oce  exerted  by 
the  anlfiors  i.i  iIk'm-,  and  a  few  other  diclionarin  appro*' 
priatid  lo  svpai.itc  branches  nf  science,  and  by  the  editors 
of  encydupaidias, .  baa  operated  recipracally  to  improve 
both  t  and  ocnee  it  hm  tMppened,  that  msDy  of  Inch  die-- 


lionaries,  dunii;4  inc  last  50  years,  have  greatly  cnnlriboird 
)u  the  iii>|<ruven)enl  anti  dittusion  of  human  ki)ow'ledf;e. 

't  he  l.ibours  of  the  contijicntal  cncyclopxdists,  during 
rtiis  perio<l,  are  also  of  much  importance.  Amon^  the 
u'oik.s  ol  the  Germans  may  be  noticed,  the  Univcfsal  Lex- 
•icon  of  Ludwiji,  in  U33 — 1750,  in  64  voluntcs ; Oekono> 
mitcbe  Eocyclupadia,  by  Kriiniti,  in  1773;  the  Encydo- 
pildia  der  m*ioriac)wn»  PhUoMphincco,  und  Mathenwtn- 
chcn  W  is<cnchalien*by  lliiich,iii  I77<(and  179it  XJiigefa 
Kiicyclopadie  alli-r  nathematiichai  Winctfthaftra  ihte 
Geschicbie  und  Litteraturi  by  Hoimtha),  in  1790.  To 
these  may  be  added,  (be  Swedish  Ehcyctopadia,  by  Gior- 
"cll,  in  1785;  Kirtl  the  r.iicyciopedia  llaliana  ov\ero  Hi- 
bliolheca  univcrsah'  dellu  umane  cognizioni,  at  Naph":  in 
I7.S8. 

Our  iiti<;hbours  liie  l-ii'iicii  also  haic  ila-  I):c!i<iiiimire 
Ulllversel  de  Matlwrnatique  et  de  l'h\ sii.iic,  liv  .M.  S.nc- 
ricn,  111  17^3;  the  tiicyclopcdie,  nu  l)i(  liDiinaiu  rai- 
sonne't  des  Sciences,  des  Arts,  et  <les  Mf;n'i--,  li\  Diderot, 
Diilembt-rl,  iVc,  in  17.'>  l' — 17.''7;  the  Diclionnaiie  Porta- 
tif.  III  I7(»'<)-,  the  Dictiiilinuiie  dc  l'h_vsit|Uc  Portalif,  in 
17'>i;  till' new  edition  of  the  F.ncydopedie,  by  Diderot, 
&c,  III  39  vols,  in  177H,  177!>;  and  the  EinsclopcdieMe- 
thodique,  by  DalcmU  rt,  Bi»»ut,Ci>ndoicet,  LaUtide,  &e, 
which  comnicnccd  in  I7S5,  and  consists  of  separate  ali 
pliabeu^  or  dictionaries,  for  the  leveral  arti  and  tcicaeci. 

Wc  oust  now  ^anoe  lapidly  at  tbe  labowa  of  Bfitich 
eacyclantBdiitt  unoe  the  tioie  «f  Chamben;  poaaing  over 
thepnidnctionaof  Owen,  Procter,  Castieau,  Hall,  Howard, 
and  Kendal,  with  a  mere  notice  of  their  nanca;  the  only 
one  of  which  thai  we  do  not  feel  desirottt  to  forget  is 
Owcii.  We  must  however  mention,  with  commendation, 
the  Dictionary  of  Arts  and  Sciences,  published  in  1766, 
by  Cr'nvdir,  in  :>  vols.  Ho;  (he  (tlilDrs  of  vthich  were, 
the  I'll  V.  J.  -Scott,  Tniiity-Crjlli'iir,  C.inibriclf^e  ;  Mr.  Chus. 
Green,  assistant  at  llie  t'lyal  obscrvaloiv  ;  Mr.  J.  M<ad.  s; 
anil  Mr.  l  alconer,  the  uiilijtHiniite  author  (d  the  Ship- 
wreck. 

I'he  uork  last  mentioned,  though  respectable,  is  tar  in- 
ferior to  Chambers,  who  has  hovirever  now  had  sonic  for- 
midable rivals  in  Hritain ;  vi;,  the  Encycloptedia  Drilan- 
idea,  published  in  Kdinburgh,  first  we  believe  in  IjSSt  iS 
4  vols.  410,  and  afterwards  in  lu  vols.  This  work  seem* 
also  to  have  been  the  first  that  attempted  the  innovation 
of  incornorating  ayatmni  or  treatitesgi  along  with  the  usual 
artidei  m  the  dphabetkal  arrangement.  The  3d  edition 
of  1hi>  Eacydopatdia,  cuperintended  by  Dr.  Gleig,  was 
finished  in  1800;  the  whole  with  a  auppicinent,  making 
80  large  valuntes.  It  contains,  bcsidca  the  ipatnA  mat- 
ters treated  in  Chambcni'B  wArk,  the  additional  subjects  of 
bioi^raphy,  iiisturyi  anil  f<i'o^riiphy.  It  is  .-i«iTork,  in  many 
n  spects,  of  considerable  cxci  llcnce  :  it  toninionly  ex- 
plains the  principles  nmi  |tr;u  lir<'s,  111  llii  i.iin  -s  ails  and 
sciences,  with  oiiat  ciirii  rlrii'-'>  aiul  p.  r.-pii  uil\ .  .Many 
I  t  I  111  I : i'ali>'.^  I!  cdniaiii'-.  re  <l : .ivmi  up  by  some  of  the 
In.  si  cii'.ihe!  I  Scntci.  pr<  li^sui>,  Hbicli  do  thein  prcat  cre- 
dit.—11, 1  l  iiLili^li  I  jn  s  1.  Ii-pifdia  was  completed  in  KmoU. 
.|lo.  III  ISO. J.  1  he  iiBiiiis  of  ill  1 'iiidiicloi s  are  iiol  men- 
tioned; but  lhe\  are  commonly  uinln  -tood  to  have  bi  I'li 
Dr.  .Aikiii  ami  .Mr.  lioulston.  Its  general  plan  >s  much 
like  iliKi  of  (he  I'.nryctopsedia  BrininAicu,  but^DUCh  'less 
imbued  with  onjeittai  musierly  coiii|Ju»itiom. 
.  Such  h  the  general  diO'usicn  ol  knowledge  i&  Ais  coun- 
try, and  so  prevalent  is  the  desire  to  pnncss  a  library  as 
it  wcia  in  one  work,  that  besidei  two  gicneral  dictlooaiks 
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just  finished,  no  less  than  six  others  arc  now  in  course  of 
|)ublicalion,  viz,  The  Ltic)'cii>psiiia  Loniiimmis;  a  ncwr 
c-dilion  of  the  Encyclopaedia  Perlhciisis  ;  Brewster's  Kdin- 
burgh  F.ncyc1op«diu ;  thi-  Pantolo«;ia,  or  New  Cyclopae- 
dia, by  Mr.  Good,  Dr.  O.  Gregi>ry,  and  Mr.  Hosuorlfa,  in- 
cluding all  English  words,  b4.>iides  all  scit  iiccs  and  human 
knuwlcdf{c,  to  be  C(>nipri!>ed  in  lU  or  12  volumes;  also 
a  new  edition  of  the  Kncyclopjcdia  Dnlannioti,  and  Dr. 
Uefs's  New  Cyclopzdia,  both  to  be  extended  to  several 
more  volumes. 

ENDECAGON,  a  plane  j'comctrical  figure  of  ele»on 
(ides  and  angles,  otherwise  called  uiidec:igon.  Il  each  kitle 
of  this  figure  \k-  1,  its  area  will  be  9  36jOJ99s=  \'  of  the 
tang,  of  73iV  ^^S^''**^'  I"  the  radius  1.  boc  my  Mensura- 
tion, pu.  85,&c,  4th  edit.    SecaUo  Recular  Figure. 

ENFILADE,  u  l-Vnch  term  in  Fonificution,  applied  to 
those  trenches,  and  other  linrs,  that  are  ranged  in  a  right 
line,  and  so  may  be  scoured  or  swept  by  the  cannon  length- 
ways, or  in  the  direction  of  the  line. 

To  ENriLADE,  is  to  sweep  lenglhwayi  by  the  firing  of 
cannon,  &c. 

yf  Battery  d'Cs'riLADe,  is  that  where  the  cannon  sweep 

a  right  line. 

A  Post,  or  Command  d'ExriLADE,  is  a  height  from 
which  a  whole  line  may  be  swept  at  once. 

ENGINE,  in  Mechanics,  a  compound  machine, consist- 
ing of  s«"veral  simple  ones,  as  wheels,  screws,  levers,  or  the 
like,  combined  together,  in  order  to  lift,  cast,  or  sustain  • 
weight,  or  produce  some  other  considerable  effect,  to  as  to 
save  either  force  or  time.  There  are  numberless  kinds  of 
enjjinet;  of  which  some  arc  for  war,  as  the  lialista,  Cata- 
pulta.  Scorpion,  Aries  or  Ram,  ik:c;  others  for  the  lirts  of 
peace,  as  milh,  cranes,  presses,  cltKks,  watches, &c,  &c. 

ENGINEER  is  applied  toa  contriver  or  maker  of  any 
kind  of  useful  engines  or  machines;  or  who  is  particularly 
skilled  or  employed  in  them.  And  he  is  denominated 
either  a  civil  or  military  engineer,  according  as  the  objects 
of  his  profession  icspect  civil  or  military  purposes. 

A  military  engineer  should  be  au  expert  mathematician 
and  draughtsman,  and  particularly  versed  in  fortification 
and  gunnery,  being  the  person  officially  employed  to  di- 
rect the  operations  both  for  attacking  and  defending  works. 
When  at  a  siege  the  engineers  have  narrowly  surveyed  the 
place,  they  an-  to  m.ikc  their  report  to  the  general,  or 
commander,  by  acquainting  him  which  piirt  they  judge 
the  weakest,  and  where  approaches  may  be  made  with 
most  success.  It  is  their  bu»in<'ss  also  to  draw  the  lines 
of  circumvailation  and  contravallation  ;  also  to  mark  out 
the  trenches,  places  of  arras,  batteries,  and  lodgments, 
and  in  general  to  direct  the  workmen  in  all  such  opera- 
tions. 

ENHARMONIC,  ihc  last  of  the  three  kinds  of  music 
It  abounds  in  diese.^,  or  the  least  sensible  divisions  of  a  tone. 
■S«>4>  Philus.  Trans.  No.  4NI;  also  Wallis's  Appendix  to 
I'lolem.  pa.  105,  l66". 

ENNEADECATERIS,  in  Chronology,  a  cycle  or  pe- 
riod of  19  solar  year>,  being  the  same  as  the  golden  num- 
\>cj  and  lunar  cycle,  or  cycle  of  the  moon;  which  see;  as 
also  Emholismic. 

EN  N  E.\QON,  a  plane  geometrical  figure  of  9  »idos  and 
angles;  and  is  otherwise  called  a  nonngnn.  If  each  side 
of  this  figure  be  1,  its  area  will  be  ()•  1 8 1 8C4>2  =  J  of  the 
tang,  of  70  ilegrees,  to  the  radius  1.  See  my  Mensuration, 
pa.  .S5,  4lh  eilit.    See  also  the  article  IIeo  ulak  Figure, 

EN  r.VHL.Vrt'RE,  in  Architecture,  is  that  part  of  the 
\'«L.  I.  . 
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order  of  a  colunnD  which  is  over  the  ckpilal,  comprehend- 
ing the  architrave,  fri/e,  and  cornice. 

Entaih  atuie.  or  ExTAttLENBirT,  is  •ometiraes  also 
used  for  the  last  row  of  stones  on  the  top  of  the  wall  of  a 
building,  on  which  the  timber  and  coveting  rest ;  some- 
times also  called  the  drip,  because  it  projects  a  little,  to 
throw  the  water  off. 

ENVELUFE,  in  Fortification,  it  •  mound  of  earth, 
sbrortimes  raised  in  the  ditch  of  a  place,  and  sometimes 
beyond  it,  being  either  in  form  of  u  single  parapet,  or  of  a 
small  parapet  hordered  with  a  parapet.  These  envelopes 
arc  made  only  to  cover  weak  parts  with  single  lioe.<t,  with- 
out advancing  towards  the  field,  which  cannot  be  done 
without  works  that  require  a  great  deal  of  room,  sucti  as 
hom-works,  half-moons,  ttc.  Envelopes  arc  sometimes 
called  Sillons,  Con trc^rds.  Conserves,  Lunettes,  ^-c. 

ENUMEILATION,  numbering  or  counting.  Sir  Isaac 
Newton  wrote  a  very  ingenious  treatise  on  the  enumeration 
of  tlie  lines  of  the  3d  order. 

EOLIPILE.  SecitoLipiLt. 

EPACI",  in  Chronology,  the  excess  of  the  solar  month 
above  the  lunur  sy nodical  month;  or  of  the  solar  year 
above  the  lunar  year  of  12  synodical  months;  or  of  several 
solar  months  above  as  many  synodical  months ;  or  of  sevx-ral 
solar  years  above  as  many  periods  each  consisting  of  IS 
synodical  months. 

The  epacis  therefore  arc  either  annual  or  menstrual. 

Meiutrval  Epacts,  arc  the  excesses  of  the  civil  calen- 
dar month  above  the  lunar  month.  Suppose,  for  example. 
It  were  n<!w  roiKin  on  the  1st  day  of  January:  then  since 
the  month  of  January  contains  31  days. 
And  the  lunar  month  -  -  SJT  IS*  44"  3'; 
The  menstrual  cpuci  IS     -       -      1      11      13  57 

AiiHuul  Ep.scts,  are  the  excesses  of  the  solar  yeai  above 
the  lunar.  Hvncr, 

As  iJic  Julian  sglnr  year  is  -  365'^  fi""  0"  0*, 
And  the  Julian  lunar  year  -  354-  8  48  38, 
The  annual  epact  will  be  •  10  11  .  \l  23, 
that  is,  almost  1 1  days.  Consequently  the  epact  of  1 
years,  is  22  days;  of  3  years,  33  days;  or  rather  3,  since 
30  days  make  an  cmbolis^ic,  or  intercalary  month  ; 
therefore,  adding  still  11,  the  epact  of  4  years  is  14  days; 
and  so  of  the  rest  ns  in  the  following  table,  where  il  may 
be  observed,  that  they  do  not  become  3U,  or  U  again,  till 
the  19th  year;  so  that  at  the  20lh  year  the  cpaCt  is  11 
again;  and  hence  the  cycle  of  epacts  expires  wiih  the  Jol- 
den  oumber,-or  lunar  cycle  of  10  years,  and  begins  with 
the  same  again. 

Tabtt  <if  Jutitot  Epactt. 


Numb. 

Epom. 

Golikn 
Nsimb. 

EpMli. 

Golden 
N  uml». 

11 

VIII 

28 

XV 

13 

1 1 

22 

IX 

9 

XVI 

26 

111 

3 

.\ 

SO 

XVII 

8 

IV 

14 

XI 

1 

XVIII 

1!) 

V 

ai 

XII 

12 

Xl.\ 

307 

VI 

6' 

XIII 

23 

or  03 

VII 

17 

XIV 

4 

Again,  as  the  now  moons  are  the  sane,  or  fall  on  the 

same  day,  every  19  y«-ars,  so  the  difference  between  the  so- 
lar and  lunar  yeais'is  the  same  every  I9  years.  And  be- 
cause the  said  diflerence  is  always  to  l>e  added  to  the  lunar 
year,  to  adjust  or  make  it  equal  to  the  solar  year ;  there-, 
fore  the  said  difference  respectively  belonging  to  each  year 
3  P 
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of  the  muon'!)  cycle,  is  called  tbe  cpacl  of  the  said  yi-.u, 
that  is,  the  tiuiiiIxT  lo  br  added  lo  the  said  jear,  to  niai><: 
it  equal  to  the  solar  year ;  and  upon  thia  mutual  telaiion 
between  the  cycle  of  tlNiiooa  iMlksGyde  of  tkecpacli» 
ia  founded  this 

Rule  f  'r  nr.din^  the  Julian  EpacI,  belongim;  in  uvy  year 
of  the  Moon!  Cycle. — Multiply  the  golden  number,  or  tbe 
given  year  of  ihc  moon's  cycle,  by  1 1,  and  the  product  will 
be  the  cpact.if  It  be  less  thaoSa:  but  if  it  exceed  30^  then 
l^t  as  many  3U's  as  the  pfoAuct  ConUUM^  tad  tbe  n> 
aMinder  will  be  tbe  epact. 

SmU  to  jM  the  Gregorian  Epad. — Ist,  The  diiSereace 
between  the  Julian  and  Gregorian  yean  being  equal  to  the 
difference  between  tbe  solar  and  lunar  year,  or  1 1  days, 
Ibwafoie  ibB  GrcgMiuk  ■pact  kg  any  year  u  the  mmt  widi 
tha  Julian  epact  for  the  pvecedim  yaars  and  bence  tba 


OnjpiiiO  «;iact  will  be  ikudt  bf  tuMnetiog  1  from  tbe 


foldin nubrr,  tuultiplyiac  tbe  Naaindrr  by  1 1,  and  t 
jeCtiMtbe3lhi  wbicb  ru&will  serve  till  the  year  1900; 
but  after  tbat  year,  tbe  Gregorian  epact  will  be  found  by 
this  rule:  Divide  the  centuri'i  (  f  tin-  ^iitii  '.i  jr  l>y  4; 
multiply  the  remainder  by  17;  Id  (xnil  ict  add +3 
tiineii  t!ie  quotient,  us  also  the  nuiui.i.  r  >'i,  iiiid  divide  tbe 
whole  sum  by  25,  reserving  the  qu.  iji  nt  .  ikm  multiply 
tbe  gulden  number  by  II,  and  from  the  iiinLlnL-t  ^uhtract 
the  reserved  quotient;  so  shall  the  reiimindcr,  alter  reject- 
ing all  the  3&S  conlaincil  in  it,  be  the  epact  sought. 

The  foUotufing  table  contain*  tbe  golden  oaaben,  wivh 
flMir  eomipoading  fpwtit  till  Hw  yMT  190a 

Table  qf  Gregorian  T.pactt. 


Niii-.,!-. 

1  Nunil, 

I 

0 

VIII 

17 

XV 

4 

II 

11 

IX 

28 

XVI 

15 

III 

22 

X 

9 

xvn 

2d 

ly 

3 

XI 

20 

XVtll 

7 

V 

1  \, 

xtl 

1 

XIX 

IS 

VI 

25 

XIU 

It 

I 

0 

VM 

« 

fS  -1 

nstrnnfimical  almanac.  It  is  from  such  tables  as  tbrse  that 

x'v.v  vrlL]i?(C5,  conjun<  tii-us,  atnl  .(<;i>  Ltb  of  the  planets  are 
compiiti  il;  as  also  horoscopes,  or  celestial  schemes,  eon- 
structi'il,  i\r. 

1  he  lullowing  list  of  authois  of  published  cpbeaeiidca 
has  U-en  cbielly  collected  ftom  WcMlo'a  HiMofj  «(  A*> 

tronomy,  in  4  to.  7  41. 


On  llu  ;-i:bjict  of  ipatls,  \Volfius's  Elemental  fhiD- 
nslogla;  ;  upud  Opera,  toin,  4,  pa.  133;  aLsu  Pbiius.  I  raas. 
*ol.  4(>,  \iA.  417,  or  No.  455,  art.  5. 

El'.M  LK,  or  Ksi  AULE,  iu  Foriification,  tbe  shoulder 
of  the  bastion,  or  the  angle  made  by  thefrcaaBd  flank) 
otherwise  called  the  angle  ol  the  epiiulc. 

F.P.MJM'.MENT,  in  Forlihcntion,  a  side-work  hastily 
raised,  to  cover  the  cannon  or  the  men ;  and  is  made  either 
of  earth  thrown  up,  ur  bags  tilled  with  earth  or  sand,  or  of 
gabions,  or  fascine4,&c;  of  which  latter  lort  are  commonly 
constructed  the  epaulcment*  «( the  plaeeiof  ann  fiw  the 
cavalry  behind  the  trenches. 

EpAUtEMZST,  is  also  u»ed  for  a  demi-bastion,  consist- 
ing of  «  fiwe  and  flank,  placed  at  tbe  point  of  a  bom- 
woili  orcnwD-wnrit:  and  a  little  (hmk  added  to  tbe tMes 
efbotiMPorbi,  to  defend  tbcm  when  they  are  too  long:  alio 
9at  the  ledottbli  made  oo  a  right  line,  lo  fortify  it.  And 
lasdty*  Aw  an  orillon,  or  mnis  of  earth  almost  square,  faced 
and  lined  with  a  wall,  and  designed  to  cover  the  cannon  of 
a  casemate. 

EPHEMERIS,  Ephemkhidp.s,  tables  calculated  by 
astronomers,  showit;['  ih.  jircsi  nt  slate  of  tin'  iii-avt  fur 
every  day  at  noon;  i^at  is,  the  places  in  which  ail  the 
Vbuirii  m  fovBid  at  tbnt  timj  diwiiiigbtttlitlbfron  aa 


K«giofnaat*ntu,/nimU7S  («  lso« 

—  1494 -•ISOO 
~   1494— ISlt 

—  isaa 

—  IS34  — Uil 

—  ISSO 

—  1M4— i««a 

—  im  — iMr 

—  ISil  — IS6« 

—  Ii>4  —  IS76 

—  im— IS77 

—  IIM— M06 

—  »fa«— IM4 

—  lUl  —  l«ilo 

—  uae— i««o 

—  I5»0 —  I6IS 

—  IJ'JV  —  IflSJ 

—  I61J  —  lOiO 


Gcuricui 

Rhrttroi 

Stiai 

MiaU 

ntana 


Mujitiys 

Errrbut 
OriKM 

Pum« 

MflOUillUD 

!!?!•. 


HeckM 


Lahitc 


iMi  —  laio 

|6J7  —  16<9 

164R  —  1700 

1641  —  1600 

—  lan 

16M  — 1CS7 

16«4  —  1670 
1666  —  IMO 
16JJ  —  1701 
167S  —  I6|4 

»70»  — ijao 

iMi— ina 
i«ga— im 
trei  — 1703 
vet  —  170S 


Bnuliea 
MtnCnafi 


Con 

Tietid 
Utrbm 


Godh 
MmM 
LiUiide 

Jfmunt 

|it«iij  vi  L011 

giiude 
SfihmnMw 

im  Maa** 


Jnm  1703  to  1714 

iirtf<i>iyM  '> 

ifsa— 17s* 

in 

i6}«  — ia«« 

lAse  —  i7ot 

1701  —  i7<e 

I7«9  —  17a* 

iras  —  i;«o 

>7M— 177* 

t77»'~17U 

17SS  — 17M 

17M 

\- 

mrntCclcv* 

t<-i,  \,j 
Dc>|>Ucea  » 


Nauiit-al  Aiaa* 
mr,  by 


I7I»  — 17t» 
IfW  — l|«ft 
1715  —  If44 

174s  —  I7i» 
17iJ  —  176S 
I76i  —  J77J 
177*  —  1784 
1784  —  I79» 


—   1767  —  ISU 


There  aie 
demies  of 


puhliibedanch  cphameridM  by  the  Acd* 
other  aaliaH{  bnt  that  which  it  in  moM 
eaieca  for  its  aeenniciyand  me  in  finding  the  longitude,  it 
tha  Nantical  AlnaaaCi  or  Artnnonical  Kpheifieris,  ptib> 
Med  in  England  by  the  Board  of  Longitude,  under  the 
dinction  of  tbe  astmnoroer  royal,  which  commenced  with 
the  year  17(i7i  by  Dr.  Maskilvne  :  besides  many  other 
smaller  annual  ephrnierides,  by  White,  Partridge,  Parker, 
and  many  nmrt . 

F.PICllAli  \1  US,  an  ancient  poet  and  philosopher, 
born  in  Sit  ilv,  'aus  a  iM  ^ir  of  Pythagoras, and  tlounsbiii 
ill  llu' liiia- ol  llii-ro,  IU  » bosc  reign  it  is  said  he  introduced 
r i/u  iily  :il  Syracuse.  Me  also  wrote  Ireuti^ei  on  philoso- 
phy and  medicine;  but  none  of  his  works  have  been  pny 
served.  He  died  at  90  years  of  age,  according  to  LaertiuSf 
who  has  pnserved  four  verses  inscribed  on  his  statue. 

Kl'lCUUUS,  a  celebrated  ancient  philosopher,  wis 
born  at  Gargeltium  in  Attica,  in  the  I09lh  Olympiad,  or 
about  340  yean  before  Christ.  He  settled  at  .\tbcns  in  a 
line  garden  be  bad  bought;  where  be  lived  with  hit  friends 
in  nmk  tnnquiUity,  and  edncnted  a  great  number  of  dia* 
dnlce  i  who  U«ed  all  in  eommo  with  thek  nailer.  Hi« 
Bcnoot  MM  Mver  divided,  but  hb  doctrine  wai  folloiitd  an 
an  onde;  and  the  respect  which  his  disciples  paid  to  hit 
memory  is  admimblo ;  his  birth-day  being  kept  even  in 
Pliny's  time,  and  the  month  he  was  born  in  was  ob- 
served as  a  continued  festival ;  his  picture  was  also  dis- 
played in  numberless  places.  He  wrote  a  great  many 
books,  and  valued  himself  upon  making  no  quoutions.  Ho 
niH4  lb*  atotoical  qr*taa  to  gjnnt  npuirann*  tbougb  bo 
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EPICYCLOID,  u  a  curve  generated  bv  th«  mralotiaa 
«f  •  point  of  the  periphery  of  a  circle,  iraick  nttl  i 


ma  not  (be  inventor  of  it,  but  only  made  tome  change  in 
dwt  of  Denocritus.    As  to  his  doctrine  couccming  tho 

(upreme  food  or  koppineM,  it  mm  very  liable  u>  be  luisre-  or  upon  the  cirnaaaiifeRace  at  aBotkcr  drdeu  cltber  oa 
prcfcnM,  aad  ioaio  01  cfedB  proMedoii  from  thence,  the  convex  or  eoncAva  M  joT  it.  When  •  clrde  ral|a 
*iudt  diacwditBdl  Ma aect, thoogh  oniitaarwdly.  Ueina  •la^gatliii^Uu^»wiiitiaiiscircamleiaieedasciibea 
char|M.wlt]i  Mrwrting tho  woiaiiip of  the lod^  tain'  dw cuw calhid  *  cjdeU.  But  if,  instead  of  the  rMit 
ciria|  men  to  dcboocheiy.   But  be  d^d  not  mgel  hludf  ttwi^  As  cifelo  roU  along  the  circumference-  of  anotter 

ctoeK  «itber  eqal  to  the  fotaer  or  not,  then  tbc  corva 
•deacribed  by  any  pciat  in  it>  drcuntfeiciKa  k  what  h 
called  the  epicycloid. 

_  If  the  gencr.uiog  clrclr  roll  alnn^  llic  convvxitj  Oftho  , 
circumference,  the  curve  ik  culi<'d  an  u]ip<'r,  or  exterior 
epicycloid;  but  if  along  the  c^iiu  vn,  it  i,  railed  a 
lower,  or  interior  ejiicycloicl.  AUn  liii-  circle  that  re- 
volves IS  eallcd  tlx:  gi  tu  rant  ;  and  the  arc  of  that  cirtle 
which  i(  revolvua,  it  callod  the  base  of  tho  cptcy 


on  tfth  occaaion :  ha  published  his  opiniona  to  the  whole 

world ;  MTotc  some  books  of  devotion  ;  recommended  the 
Teiicruticiii  of  the  gods,  sobriety,  and  chastity,  livinw  in  en 
excmphirv  niann:  r,  and  conformaM\  tn  lf;c  riili's  of  (iLi!!>- 
suphiciil  .v.-iluru  and  frugality.  Oassendus  hiis  given  us 
all  tha',  i  t  1 '  i.ld  collect  from  the  ancients  concerning  the 
person  and  doctrine  of  this  philosopher;  by  whom  we  are 
informed  that  be  died  of  eauppwailott  of  uriua,  t  tho  age 
of  72  years. 

Epici^klan  Philotophy,  the  doctrine,  or  sjitcm  of  phi- 
losophy, maintained  by  £picurusand  bis  followers;  which 
consisted  of  three  partt}  canoiHcat,  physical,  and  ethical. 
The  first  respected  the  canons  or  rules  of  judging;  in  which 
aoundne^s  and  simplicity  of  sense,  assisted  by  some  natural 
fcAeeiioni,  chiefly  formed  bit  art.  His  search  after  truth 
pnweadod  only  by  the  temet ;  to  the  evidence  of  which  he 
nm  ao  gteat  a  certainty,  that  he  conaidctad  then  aa  en 
in&lliUe  raieflf  trath,andter»ad  thetethefttattMlonl 
I^M  of  mnUnd.  Id  the  3d  part  of  hit  pldoiof^^  he 
laid  down  atonu,  space,  and  gravity,  at  the  nnlprinaplea 
of  all  things.  He  awrted  the  existence  ofa  God,  whom 
be  accounted  a  blessed  immortal  being,  but  who  did  not 
concf'ni  .'liiiiM'lf  with  human  affairs. 

As  to  his  ethics,  bo  made  the  supreme  good  of  man  to 
consist  in  pleasure,  and  consequently  supreme  evil  in  pain. 
Nature  itself,  says  he,  teaches  us  this  truth  ;  and  prompts 
tis  from  our  birth  to  procure  whatcvrr  gives  us  pleasure, 
and  to  avoid  that  which  gives  us  pain.  To  this  end  he 
proposes  a  ix-medy  against  the  sharpness  of  pain,  which  is 
to  divert  the  mind  drom  it,  by  tumiqg  our  whole  attention 
upon  the  pjiamrcs  we  have  formerly  enjoyed.  He  held 
that  the  wise  man  must  be  happy,  as  long  as  he  is  wise: 
pain,  by  not  depriving  him  of  bis  wisdom,  cannot  deprive 
iiin  of  isia  bapjHness :  from  which  it  would  seem  that  hia 
pleaaan  eooanled  rather  ia  intellectual  than  in  sensual 
(•y^irtMila:  llMm^  thiaisa  point  itioagllyooBleiiedt  pio> 

.  EPICUREANS,  the  sect  of  pUlowphcw  hoMiai  or 
ibllowing  thu  principle*  aad  doctrine  eif  Epieuntt.  At 

(he  nature  of  the  pleasure,  in  which  the  chief  happiness 
of  man  is  supposed  to  be  Seated,  is  a  great  problem  in  the 
morals  of  Epicurus,  there  hence  arise  two  kinds  of  Epicu- 
reans, the  rigid  and  the  remiss :  the  Arst  were  those  who 
undersiix>d  Epicurus's  notion  of  pleasure  in  the  best  sense, 
and  piftced  all  their  happiness  in  the  pure  pleasures  of  the 
noiiul,  arising  from  tlii'  i  rin.'.K  u  m!  virtue:  while  the  loose 
or  remiu  Epicureans,  taking  the  words  of  tbatj>biloM- 
pher  in  a  gross  sense,  placx-d  all  their  happiMM  IA  bodSly 
pleasures  or  debauchery. 

EPICYCLE,  in  the  ancient  Astronomy,  a  little  circle 
having  its  centre  in  the  circumference  of  a  greater  one; 
or  a  small  orb  or  iphere,  which  beihg  fixed  in  the  dc^ 
ferent  of  a  planet,  is  carried  «long  with  it,  and  yet,  by  its 
own  peculiar  noliati,  carries  the  plaMt  ftstencd  to  it 
twuod  its  proper  oentfew—lt  waa  by  menu  of  apcycks 
that  Ptolemy  and  his  followen  iol«ed  the  miova  pMno* 
■am  of  the  plancit,  bataaoic  especially  their  statiawead 
nttogndttioM.*  ^ 


Thus,  in  the  above  figure,  uF.ir  is  the  exterior  epicy- 
cloid, and  get  the  interior  epicycloid,  to  the  former  of 
which  SB  u  the  geneisot,  and  oar  the  base,  and  to  ibo 
latter  the  dfde  ra  is  the  genecaiit,  hariogthe  nc  ot  for 
its  base. 

Hie  konour  of  the  invention  of  thb  cnmis  due  to  lf.< 
Roomer,  a  celebrated  Danish  astronomer,  who  did  not 
treat  of  it  as  a  purely  geometrical  spccubuion  J  bntatt 
of  great  utility,  being,  as  he  Aoqoht,  Ae  form  adii 
oqght  to  1>e  civen  lo  the  teeth  of  wheris,  in  ■ediiiMiT, 
in  order  to  duainili  the  ftittfam  of  them  a^nst  ee^ 
other,  and  to  lender  the  aetioB  of  the  powers  more  equal* 
This  idee  oceuned  to  M.  Boener  wlule  be  was  in  Fteis 
about  the  year  lfi74,  notwithstanding  SI.  Lahire,  i  n 
published  a  \'.r;rk  uji  in  this  Mihicrt,  and  seems  to 
lay  claim  to  the  iiiveuliun  ;  but  he  was  justly  confuted 
by  Leibnitz,  who  was  in  Paris  during  the  visit  of  tho 
Danish  mjuheroatician  Roeroer,  and  knew  both  of  the 
invention  and   its  application  to  mechanical  purposes. 
Sir  Isaac  Newton  and  John  Bernoulli  have  each  consi- 
dered the  nature  and  properties  of  this  curve,  which  are 
both  numerous  and  interesting  ;  but  our  limits  will  only 
adroit  the  insertion  of  some  of  those  which  are  more  par- 
ticularly deserving  of  attention.   It  is  a  remarkable  pro- 
perty of  circular  epicycMdi^  that  they  an-  sometimes 
gtoiuetflcal,  thoofh  the  common  cycloid,  which  is  much 
aionnupleiBappaavaBce,  as  arigbtJs  more  si  mole  than 
a  curve,  la  always  mechanical,  or  tiaaseeDdenul.  The 
cases  where  the  qiicycloid  is  geometrical,  are  those  ia 
whidh  there  js  a  attmerical  ratio  bctwcca  the  dfcurn* 
Ihreaeti  of  the  circle  which  ihm>th»haa|h«B<dKgMM- 
rant;  for  where  there  is  no  ratioMil  ratio  hc^wooi  them, 
the  curve  bet^imcs  mechanical. 

It  is  also  a  remarkable  property  of  epicycloids,  whether 
they  be  gionirlrical  or  iraibcendental,  that  they  are  al- 
v»ays  reclitiulile,  at  least  in  tbc  ca?<-  whore  the  derf  nbm^r 

point  it  taJu'u  in  tlic  circumference  of  the  generating 
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•citclc.  Thuii,  tilt"  curve  oi  tlic  iiucjtliiid  oef,  it  to  1 
timet  the  diameter  ol'  (hi-  iii  iieratini;  circle  nr.,  as  the  turn 
of  the  diainctera  of  the  t»u  circirs,  is  to  that  of  tfa«  baae. 
Botifthe  epicycloid  is  inferior,  as  rcjr,  thenimteul  of  Um 
•urn  of  the  tiiiimeter>  w«  tnuat  lake  tbcir  dilffrenrr. 

It  may  bImj  be  observed,  ai  a  carious  circumstance, 
that  when  the  diameter  of  the  geuerant  it  equal  to  half 
«bat  of  tlie  circk  foming  the  bax-,  at  ia  fig.  2;  then  the 
epicycloid  dqenenuca  into  »  right  line,  deccriUng  the 
.  oiniMter  of  tM  latter  circle.  We  nay  alto  farther  re- 
,  mark,  that  when  the  detcribing  point  h  taken  rithi  r 
within  or  without  the  generant,  the  length  of  the  i-picy- 
cloid  is  L'tjual  tu  i!ie  circttnfiti«Bce  of  an  dUpie,  which  to 
easily  const riictpil. 

As  to  thp  an  IS  of  i  pic  vrl'>iJ»,  thry  arc  ili  !•  i  in  iu'd 
from  tSic  t'jll  i« pRijjdiliuM.  As  tice  laJ.u.-.  tji  the 
circ)o  I'l-rnrnz  tie  basi-,  is  Ic  .1  timrs  tliut  radius  plus 
twice  lhat  ul  tliL- tfi  su'rant  ;  >n  is  iln- cirtulai  si'i;iiU'UI  Ai,  to 
tlie  t  [mycl<inlital  sp;iri'  l>n  ;  or,  so  is  thu  wlinU  un-a  of 
the  gi  iicrani,  lo  ihc  ciiUrL-  area  of  the  epicycloid  iK.ii. 

Dt.  Hullt'y  has  iilwj  i;iu>n  a  <;i'iH'i-al  prf'position  i<ir  ilic 
measuring  of  all  cycloids  and  epicycloids :  which  is  this, 
the  area  of  a  cycloid,  or  epicycloid,  cither  primary,  or 
ooBlncted,  or  p'rolatr,  h  tu  the  area  of  the  gencmting 
drde;  and  also  the  nrea^  nf  the  parte  generated  in  those 
enrvcti  to  t!w  aneat  uf  analogoua  aqpnenis  of  the  circle; 
at  the  vm  oi  doable  the  velocity  «  the  centre  and  the 
velocity  of  the  dtvular  motian^  6  lo  tUs  veloci^  of  the 
dicttlar  molion.  Sbc  the  Demomtr.  in  the  Philoe.TkaBi. 
Mo.  21 8,  wmy  Abridg.  vol.  4.  pa.  47. 

^Acr^af  EriCTCLOiDS  are  formed  by  a  puint  of  tlia 
'  revolving  circle,  when  its  plane  inake»  a  constant  angle 
with  the  plane  of  the  circle  on  which  it  revolves.  Messrs. 
Bwnimlli,  Maupertuis,  Nicole,  and  Cluiraut,  have  <ie- 
monslraiid  -t  vcral  properties  of  the»e  epicycloids,  lu  Hist. 
Acad.  Sci.  for  17-i2. 

EiMCYCtoiDS.   Fttrahnlic,  Elliptic,  &c. 

If  a  parabola  mil  u|ioii  ai'.otlii'r  <  (|ual  tu  il;  iLs  Inrus 
vrill  de«cril>c  a  right  line  perpendicular  to  the  axis  of  the 
quiescent  parab^hi  :  nho  the  vertex  of  the  rolling  para- 
bola will  descrilH-  the  cirsoid  of  Dioeles;  and  any  other 
point  uf  it  \nll  describe  some  one  of  Newton's  deibctive 
hyperbolas,  having  u  double  point  in  the  tikepoiotof  the 
quiescent  patabolB. 

In  like  manner,  if  an  dlipic  revolve  upon'  another  el- 
lipse, e4ual  and  similar  lo  it»  its  fbcoa  trilLdcaeiibe  a 
cirele, whoae  ocDtic  is  in  the  other  fiKiHyaod  coneoqiKMly 
the  radius  it  equal  to  the  axis  of  the  dlipait;  mad  any 
other  point  in  the  plane  of  the  dlipic  will  describe  a  Uae 
of  the  4th  order. 

The  same  may  be  said  also  of  an  hyperbola,  revolving 
upon  another,  equiil  and  similar  to  it ;  for  one  nf  the  foci 
will  describe  a  circli',  iiuvsni;  its  centre  in  iliu  >  iri.  r  I'ikjus, 
aod  ihii  radituvvill  be  the  pnocipal  axikol  the  hyperbola;. 


and  any  other  ]iuitit  of  the  hyperbola  will  defcnbe  a  line 
of  the  nil  unlur. 

Coiiceniirig  then*-  lines,  ice  Newioo't  Principia,  lib.  1 : 
alio  Lahire's  .Menioirei  de  Matbeniatiquo  ice,  where  lie 
shows  the  nature  of  this  line,  and  its  uto  in  mechanic*  > 
sec  also  Maclaurin's  Ucometria  Chguiiea;  the  Pbiloe. 
'I  ran>.  No.2l7,  pa.  1 13 ;  and  Mo.21g,  pa.  12S. 

tPIPHANY,  aChfiitiaa  fcaUval,  otharwiieealled  the 
Manifaitation  of  Chriit  to  the  (^ti1r$,  observed  uo  ihn. 
6Ui  of  Jannaiy,  In  honour  of  the  appearance  of  Chriat  to' 
the  three  magi  or  wiie  aeUt  who  came  lo  adore  him  and 
bring  him  preaenti. 

EPISTYLR,  in  the  ancient  .Architecture,  a  ti  rm  U'rd 
by  the  (Greeks  for  what  we  call  the  architrave,  ti^i,  a  luaiiinv 
stone,  or  a  pH:ce  of  wood«  laid  iniBedialdy  over  the 

capital  of  a  ci  iiinin. 

EPOCH,  or  I  rocH.<,  a  term  or  il\rd  point  of  iimc, 
whence  the  succcxding  year*  arc  t  iimfjuicd  or  rrckoned. 
Ditferent  nations  make  usr  i>i  .hiiri.  iit  i  jioclis.  The 
Christians  chirlly  use  the  epoch  ol  the  iiatiMiy  or  incarna- 
tion of  Jesu^  Cliri»t;  the  Mahonietuns,  that  of  the  Hc- 
gira;  the  Jews,  tliut  of  the  Creation  of  the  Worhl,  or  that 
oi  till-  Deluge;  the  ancient  Greeks,  that  of  the  Olym- 
piads; the  liomans,  that  of  the  Ituilding  of  their  City  ;lha 
ancient  Persians  and  Assyrians,  that  of  Nabimaiiar ;  && 

The  doctrine  and  use  of  epoch*  is  of  very  great  extent 
in  chronolt^.  To  mloce  the  yean  of  one  epoch  to  thon 
of  another,  i. «.  to  And  what  year  of  oae  conespondt  l» 
a  giveu  year  of  aaollier  i  a  period  of  yean  baa  been  » 
vented*  which,  commoidac  before  dl  the  known  epoebs,  ■ 
H,  aa  it  were,  a  common  receptacle  of  them  dl,  cdled 
the  Julian  Period.  To  this  p<Ti<>d  all  the  epochs  are  re- 
duced; that  is,  the  year  of  this  period  when  each  epoch 
commences,  is  so  detctniim  il  ;  ilial,  aiidin:;  liie  i:\\fn 
yejir  of  one  ejKicli  to  tin  yi  ai  ul  tlie  puiod  ciirn  spoiHlin^ 
with  iLs  rise,  and  Iroiii  the  sum  subliacliii;;  llie  \i  urol  lliu 
sanii-  periiKl  corropoii<liii;>  to  tlie  titliur  epoch,  the  re- 
mainder is  tlu-  VI  ar  ot  tin"  reijuiri'd  t  pm  li. 

Lpocii  of  thrttt,  lb  llu-  common  epoch  throughout 
Europe,  conimi'ncin>;  .it  il«Mippos<  d  time  of  his  nativity,. 
December  25  ;  or  rather,  according  to  the  usual  ac- 
count, from  his  circumcision,  or  the  Ui  of  January. 
The  author  of  this  rfwxh  was  an  abbot  of  Rome,  one 
Dionysius  Exiguus,  a  Scythian,  about  the  year  507  or 
327.  Dionysius  began  his  account  from  the  conception. 
or  incarnation,  wraally  called  the  Annunciation,  or  Lady* 
Day :  which  method  obtdned  in  the  dominions  uf  Great 
Biitdn  till  the 'year  1753,  before  wbicfa  time  the  Dlony^ 
•Ian  was  the  aame  at  tbe  English  epoch:  bat  In  that  year' 
the  Oragorian  calendar  having  b<jeo  admitted  br  act  of 
parliament,  they  now  reckon  from  the  Hftl  of  Januaiyt. 
as  in  the  other  parts  of  Europe,  c.\cept  in  the  COttlt  oC 

Rome,  where  ihr  >'|iii(  ji  of  the  lacaiwnoo  Mill- ditdtta> 
fiui  the  dale  of  their  bulls. 
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N.  B.  The  ynmbtrlbfrClwiil,  ti*  tiioi*  Mbm  ib*  N|ni(*4  m«t  of 


The  Creation  ut  I  ill- World    -    ,  - 
The  Deluge,  or  Nuuli's  flood 
Auyrinn  inonarrliy  fouatled  by  Nioirod 
Tlie  biiili  tit  Abraham  .       -  ,  . 

Kingiioiit  of  Ath«n*  fouiukd  by  Ccciopi 
Entrance  of  the  hraeliM  inlo  CoMMl  ' 
Thedtt^ttclMBofl^oy     -  ,  • 
Solomon  i  tesple  (bunded    -  • 
Tbe  A  rgoMdtie  expedition  - 
Lycur^ut  (brrord  hi*  laws 

Arbacc#,  first  king  of  the  Mi;d«">  - 
OlyrapiatUuf  iIh  Circtks  bi-gan 
'lliniif  iniilt,  or  Roman  Era  -      -  *  • 
Era  I  I  NjilRinasMir  .... 
Fir-I:  n.iiiylodisli  .a|itisay,  l>)  Ni'buchldDCUar 
Tin  2  \  liitt'i.  jriil  hirtli  III  (-"yriis  - 
.Solo:i:oii'^  U'lfipU-  il  -tt-iyi  il 
Cyrus  bfg.ui  lu  tci^ti  in  Uabjluii  - 
Ptlviixiniu-^iaii  H.ir  bcj;.in     -  • 
Alexander  the  Great  «Jivd     -  - 
Captivity  of  100,000  h-vs  by  PMlmy 
Arcbiroedn  kllli-d at  Syracuse  • 
Juliuk  Cnar  invaded  Rritaio 
lie  correct td  ibe  calendar  -  • 
The  true  year  of  Christ's  hirth  • 

Tfe  CHriMjcii  fi«  kjf w  Acm: 

Dionytiui,or  vulgar  era  of  Cbrist"*  faifth 
ChmC  crucified,  Friday  April  3d  - 
Jeniwhm  deatmcd  - 
Adrian's  wall  boilt  in  Britain 

Dioclesian  I'.poch.Hf  thatof  Mar^n 
Tlie  council  ol  Nice    -       -       -  » 
Constantiiir  the  («n  at  <iii  il    -  • 
Tlx-  Saxoii^  in«  it(  d  into  Uiitain 
Hcgini,  or  ri;.'.ril  of  M<jhj 
DoMlh  lil  M<ilpiuniiir'd 
The  PerM.in  \  rsii-^ird 
Sun,  Moon,  mi  l  l'l.iii..i>  T}  .  11,  i  .  ?  ,  8  in  ^, 
Art  of  pr  iitii;'^  .li-.<  i;.'.<'i'i  d    .       -       .  - 
The  Ui-iormaiioii  iji'!;un  by  Marliu  Luther 
The  Ciili  tuUr  c<irr<-cted  by  FU(K  Gregory 
Oliver  Cronnvi  11  died 
Sir  Is.:ac  NVwtun  born,  Orir.  '35  - 
Wade  Pri^identofthc  Uuyal  S<icieiy 
Died,  Miircli  '.'mh      -   '  - 
New  I'l  'II.  t  ili»tnvcred  by  Ilerschel_ 
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•  EPROUV'ETTE,  in  Ounnery,  is  n  machine  for  showing 
dMStRDgth  or  <]iii>lity  of  gunpowder-  F.prouvi  ttes  have 
been  made  of  variotu  kinds  and  shapes.  The  best  i>  that 
described  in  my  Tracts,  vol.  3,  pa.  153. 

EQUABLE  Jfoii(m,C!^<iy,  I'eheUyi  See,  is  that  which 
is  naUbrai,  or  without  alleratinn,  or  by  which  equal  spaeat 
Mtt  paascd  om  in  equal  timw.  Hencei  l^iespaccs,  passed 
over  ia  equaUe  motioa*,  are  praporttonal  to  the  times*  So 
that  if  a  body  pais  over  2o  feet  in  1  tecond  of  tima,  U 
will  pais  overdo  feet  in  'i  iiccoiids,  and  so  on. 

Eqvablt  JcMfarafcri  oribMnM;  &c,ii  wlieethein»' 


tion  or  change  is  incrrated  or  decreased  by  equal  quaiK 
titie*  nr  d(  ^;re<'s  in  equal  tint"*. 

EQU.'VL,  a  term  of  relation  between  dilTcreot  things^ 
but  of  the  »amc  kind,  tna^nitudc,  quantity,  or  quality. — 
Wotlius  defines  equals  to  be  thuac  thiiigi  tbat  may  be  subats* 
toted  for  each  other,  widwnt  any  alteration  of  their  aiUHH 
dQT'— It  is  an  axioia  its  nwlheanaiks  die,  that  two  thian 
which  are  equal  to  ttw  sane  thiagr  dso  equal  to  cadi 
other.  And  if  equals  be  equally  altered,  by  equal  a(U 
dition,  subtraction,  inultiplicatioo,  divi^ioo,  &c,  the 
mils  «iU^  I ' 
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aE4VAL  Circle*,  uttibmt 
EqVAL  AHgks,  antlMM 
dinad.  «r  which  (u*  nwawn 
E«VAt>  Lmt,  m  Itnet  of  the 
Equ AL  Phnt  Kgin$,  m  tho«  whoteiinM  m  aiiHli 
whether  the  figvro  b«  of  the  same  form  or  not. 

Equal  Sotitb,  an-  such  »5  arc  of  the  samr  space,  capa- 
city, or  solid  content ;  whither  they  hv  ot  thu  same  kind 
or  not. 

Eyi  Ai,  Curratnres,  arc  sucb  as  have  the  same  or  equal 
radii  of  cunature. 

Hqi/al  Ratios,  are  those  whose  terms  are'in  the  same 
prnporlion. 

KijL  .vL,  in  Optics,  !«.  said  of  things  that  are  serii  under 
equal  iUiijU  s. 

EQUALITV,  the  exact  agreement  of  two  tbingi  in  re- 
i|MCt  to  their  quimiUy.  Thoae  figares  are  e«|uiil  which 
nay  occupy  the  same  space,  or  may  be  conceived  to  po«- 
■ew  the  Mme  space,  by  tbeltexionor  transpusiiioii  of  their 
parts.   Sea  a  learited  dlKoune  apon  this  aubloct,  by  Dr. 

Barrow,  in  hi*  iitb  and  12th  UathmatkalLrctmai.   ,  —w- 

Equality,  Ib  Algahia,  tha  fdatioo  or conpaiiKKi  b^  bye, k  winal  to  twoothm  RfmcBlad bf  c audi, 
tween  two  quantilfea  that  are  really  or  dfiscunlly  cqoal.      -     -•  ^  . 

Sea  Equation.— Equality,  in  Algebra,  is  miatly  deiwled 
by  two  equal  parallel  lines,  ass:  ihot}-^  Ss5,  i.a, 
S  pItts  3,  are  equal  to  5.  Thil  character  =  was  lint  iiH 
troducrd  by  Robert  Kecorde.  Desicaries,  and  tome  others 
after  liim,  iim  tl.i  mark  «  instead  of  it :  as  2  -t-  3  a  5. 

EyCALiTv.iii  Asiroiiiitii y.    Circfe  q/"  Equality,  or 
the  Equant.    See  Ctiit  lv,  and  Kquant. 

Ratio  Of  Prop(rrlHm  of  Eiji'alitv,  it  that  bftweiMi  two 
ei|ual  numbers  or  ipiamiiies. 

Propiwiion  ol  Eyi  ai.itv  ncnh/  ntnged,  or  "  wquo  <yr- 
dinata,  is  (hat  in  uhlcli  two  terms,  in  a  rank  or  series,  arc 
proportional  to  as  many  terms  in  another  serie*,cumpared 
to  eiach  other  in  the  same  order,  i.  c.  the  first  of  one  tank 
to  the  first  of  another,  the  2d  to  the  2d,  &c. 

Proportion  qf  Equality  tvmly  duturbti,  called  altonr 
Ofm pertmbata,  is  that  in  which  more  than  two  terms  of 
are  proportional  to  as  many  terms  .of  another. 


then  the  .parallels  taken  from  between  (he  points  of  the 
o^ar  bodies,  or  sphere,  will  be  the  sides  or  dinaaier,  eqval 
•evaially  to  the  tpheia  or  body  first  given. 

BQUATION,  in  Algtbra,  an  expmnon  of  equality 
between  two  different  ^uantitiea:  or  two  qoantitics,  whe- 
ther simple  or  compound,  with  the  mark  of  equality  be> 
twecn  them  :  as2  +  3  =  7— 2;  or2x  3=6;  or  5  x  3 
=  30-^5;  ora-i-5=c;  or  r' -♦- ai  =  6 ;  <cc.  When 
the  two  sirlcs  of  v.f  1  ijiiiition  are  the  »amc,  the  expression 
becomeit  an  idrtitiiy.  "s  A  =  5,  ora  — a.&c.  Sumetimea 
the  quaniiiies  &ni  placed  nil  on  one  side,  and  made  equal 
toO,  or  nothing,  on  the  other  side;  as5— 5=0,  oro  —  6 
=  0:  which  is  li  1  iiiurL-  iliiiii  setting  down  the  diflercnce 
of  two  equal  qiiaiuiiui  equal  to  nnthinsj. — The  character 
or  »ign  usually  employed  lo  denote  an  equation,  i»  =  , 
which  is  placed  between  the  two  equal  qualities,  called 
the  two  side«  of  the  equation.  '  ' 

llic  Terwu  of  an  EaoATioK,  arc  the  sererat  quantities 
or  parts  of  whi^  it  is  composed.  Thus,  of  the  equation 
»fb  =  c,  the  terms  are  a,  and  e:  and  dte  tenor  or  isft* 
port  uf  the  expression  is,  that  MMM  qnanllly 


compared  ttf  each  other  in  a  difletentand  mtetnipted  oi^ 
der;  vii,  the  1st  of  oaannk  to  tha  Sd  of  another,  the  Sd 
10  the  Sd,  dee. 

EQUAMT,  orJEqtrAWT,  in  Astronomy,  a  circle  lbr> 
nerly  COae*l*cd  by  astronomers,  in  the'ptane  of  the  de- 
ferent, or  exCentric ;  for  regulating  and  adjusting  certain 
WotioMof  the  planets,  and  reducing  them  more  easily  to  a 
ealcutus:  but  in  the  modem  astronomy  they  ai  e  not  u^A. 

EQUATED  yinomo/y.    Jvi' Avon  a  l  v. 

EgfATED  Bodies.  On  Guiiter's  Sector  are  sometimes 
placed  tv,  o  lines,  uiis«enn(;  to  one  another,  and  called  the 
lim-s  of  equaled  bodies;  being  situated  between  the  lines 
of  superficies  and  sidids,  and  are  marked  with  the  letters 
D,  I,  c,  s,  o,  T,  to  signify  dodecahedron,  icosahedron, 
CuIk  .  sphere,  oclaln-riron,  and  tetrahedrun. 

The  uses  of  these  lilies  are,  Ist,  When  the  diamrter  of 
the  sphere  is  given,  to  find  the  sides  of  the  five  regular 
bodies,  each  equal  lo  that  sphere;  2d,  From  the  side  of 
any  one  of  ihov  hodies  bi'in^  given,  to  find  the  diameter 
of  the  sphere,  arwi  the  sides  of  the  other  bodies,  which 
shall  be  each  equal  to  the  first  given  body.  So  that  when 
tJw  spiieie  is  g|*en,  take  its  dianeler,  and  apply  it  on  the 
aeetor  in  the  poiaa  a,  a;  bnt  whan  one  of  the  other  li»e 
bodies  is  ffna,  apply  its  sid«  over  biU  pnii|r  poinb; 


EqualienB  tie  either  siHpk  or  afeeted  or  c 
A  Sini^  E^tTATioN  is  that  which  hu  only  i 
of  the  nunown  quantity :  aa  •    »  a  sl^  or  a^mie,  or 

A*    Ss*  =      ttc;  where  *  denotes  the  imkliownqunnF 

tity,  and  the  other  letters  known  ones. 

An  Affecttd,  or  A4fieted,ot  GmpowtdEftVArios,  con- 
tains two  or  more  different  powers:  a*  i* -♦- oj:  =  4,  or 
x'-4x'-t-  5z  =  :5,%Vc 

Again,  ee|ualiuns  arc  denominated  from  the  highest 
power  contained  in  then;  naqnadnlic^eHfas^Uquaaalic^ 
&c.  Thus, 

.\  'Suudratic  E^jlf  atiov,  is  (hat  in  which  the  unknown 
quantity  rises  to  two  dimensions,  or  lo  the  square  or  2d 
power:  as  *'  -t-  2(Jir  =  2tX),  or  i'  —  ax  =  b. 

A  Qibic  EqiiATlOK,  is  that  in  which  the  unknown 
quantity  is  of  three  dimensions,  or  rises  to  the  3d  power* 
as     =  25,  ot  x'  -  2x*  =  27,  or     —  <u'     6x  s  e. 

A  Biquadratic  Eqc  ATioji,  is  that  in  which  the  unknown 
quantity  is  of  4  dimansioos,  or  liias  to  the  4th  or  biqna- 
dratic power:  aaa*Bt5,  or«*  — tOrsl0^or«'<i'«s* 
f  lte*-t-ersA 
And  so  on  for  other  hl^r  ordeis  of  cqnadont. 
The  Maot  of  an  Equatiok,  is  the  value  of  the  tw- 
known  letter  or  quantity  contaiiied  m  it.  And  thb  value 
being  substituted  in  the  lerms  of  the  equation  instead  of 
that  letter  or  quantity,  will  cause  both  sides  to  vanish,  or 
will  make  the  rne  -Mr  i  \ncily  equal  to  the  other.  So  the 
root  of  the  i  i|i..ition  3x  +  IS  =  24',  is  2;  for  by  using 

2  for  I,  il  I   ci  ;  .es  3  H  2  -I-  IS  =  0       18  =  J  I 

Every  ei|uatioii  has  iis  many  roofs  as  il  has  (liim  iisions, 
or  iL>  il  contains  unils  in  tlie  index  of  the  highest  power, 
when  the  powers  arc  all  reduced  to  integral  exponents. 
So  the  simple  equation  of  the  Ist  power,  has  only  one 
root ;  but  the  quadratic  has  2,  the  cubic  3,  the-  biqua- 
dratic 4.  &c.  Thus  the  two  root>  of  this  equation 
j'  —  4r  =  —  3  are  1  and  3 ;  for  eiiber  of  these  substi- 
tuted for  X  makes  x*  —  4xb  —  3.  Also  the  throe  roots 
ofz*-4t*  —  iljTM  — 90,orx*  — 4ir*  — Ux  30=0, 
are  8,  and  —  S;  ns  will  appear  by  suliatitutiug  eaich  of 
theta  instead  of  « in  dM  eqnatioa,  bj  which  aeaaa  it  wjli 
always  be  irand  lo  ha  eqnal  to  0.  And  so  of  others. 
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according  to  the  powered  tin-  unknown  k'tier,  the  highest 
power  being  placed  lir>t  on  iIk-  h  it  hand,  anil  that  trrm 
ti)  \\H\c  only  -t-  I  iiir  iti  i (x-liicuiit ;  u!»o  all  the  lerm* 
conlaininj;  the  unknown  l.ttir  to  be  on  one  side  of  the 
equal  lull,  unil  tlie  iib»olutc  known  term  only  on  lk« 
other  side.  ' 

Now  this  reduction  chiolly  respects  the  fir»t  tena*  or 
that  which  contaiit»  the  highciit  power,  of  the  unlowm 
i|iualtty  J  ud  tb«  gviw ral  rule  for  ndttciB(  it  n,  to  tfOt' 
■ider  in  irkit  mutncr  it  is  involved  or  connected  with  otker 
qmniitiei,  and  then  pflrfann  the  counter  or  oppmita  n> 
htion  or  opantioo;  fiir  twn  operatiun  It  imdmie  or 
countmcted  by  iho  i««ciae,or  U;  w  addition  %jf  anb- 
tractkMi  moiriplicatibn  by  diviiaon,  invoiuiion  by  avolnF 
tioot  dee:  then  briagall  the  unknown  ternis  to  on«  aide, 
and  known  tenntothe  other  side,  chank^mg  the  tig|u» 
f'rntn  to  ~,  Of  from  —  to  of  llu»e  terms  which  aio 
changed  from  one  side  lo  ihe  I'ther;  and  iustly  diviiie  by 
the  CLM-fficn  nt  o)  ilir  iir>[  imn,  «  iili  il«  sign.  . 
TbU5,  for  example,  il  jx  —      =  3x  -i-  4: 

the  n  IS  5r  -  3i  =  12  ♦  ♦lOr  SjCKlfi) 
antl  ^<^   X  =  -^A  =  8. 
See  oth(  r  I'Xiimple-*  in  my  Course  of  Matheraalics,  vol.  1, 
On  Etiracting  or  Finding  ihr  Roalt  of  HgUATlONS. 
This  i»  finding  tin-  vulue  or  valut-i  ut  the  unknown  letter 

wjtiTgand imf  ntjiitiTr r''^ir^'^''»  "  •**  *"  'J*"**'"".  '"f  which  are  various,  accordiug 

•<>S»aal&W«land'-|  +  i  degree  of  the  equation, 

litivek  ami  tvo  inaginty.  "  ^'^P^'  LqvArwv. 

Hnring  reduced  the  equHtion  as  attove,  bybrii^ogthe 
«iuM#n  temw  to  one  aide,  and  the  knowi;  ones  to  ^lle 
r*  fraeiqg  tbt  Ibrniar  from  radical*  and  fractioat,  by 
their  counter  OfMiatioBih  oiid  laaliy  dividing  hv  the  cuk 
eflicienis  of  the  unknown  ijnantity,  tbc  value  of  it  It  ikan 
found :  as  in  the  cxMi|ile  of  ivdocdon  nbovo  j^na. 
3.  Kir  (*r  Saott  tf  fhadnUe  EooATmna. 
Thr».c  are  umally  Iwuid  by  what  is  cnlkd  Oowpleling 
the  ^<tu)ire ;  which  oomialf  in  »quaringhalf  ihe  eocAldent 
of  the  2d  term,  and  adding  it  to  both  tide*  of  the  equa- 
tion i  for  then  the  unknown  side  is  a  complete  square  of 
n  binomial,  and  the  other  lide  consists  only  of  known 
qtiantitirs.  Then  fore,  extracting  the  root  on  both  sides,  the 
root  of  th<'  finit  M(le  be  a  binomnil,  one  part  of  which 
is  the  un'kiio«ii  h-ttiT,  an. I  tiie  nthiT  a  known  qimntity, 
and  ihi'  r  ot  of  ihc  otlu  r  side  n  taki  n  t  ilhor  -<-  or  — , 
since  tlio  S(|uari'  of  either  of  lhes<-  is  llu-  ^iinic  pm  si  quan- 
tity: lastly,  bringing  over  tht-  kni-wn  (lau  of  llu- binomial 
rout  to  the  other  side,  with  a  contrary  sign,  it  will  gi«o 
the  two  roots  or  values  of  the  unkitown  ieUersongbt.  See 
examples  in  my  Course,  vol.  1. 

3.  Fw  tit  Root*  qf  Cubic  K^ju  ation  s. 
A  Cubic  Fquatios  is  that  in  which  the  unknown  letter 
MCendt  to  (he  JiJ  power;  »s  ~      or  jt'  -t-  ax'^ 

bs  =  e.  The  2d  term  of  <>very  cubic  equation  being  lakfsn 
away.  (weTaAHSFoaMATtoy,)  those  cquationa  may  all 
be  reduced  to  thia  form,  ax.=  b ;  and  the  groenl 
value  of  one  root  i»  X  =:  V[i  »  *  v'Ci  <>•  +  A-'OJ  * 
VCi^-'V'C^f +  TUt  rule  is  tttoaUy  called- 

Cardaii'i,  beeanae  fliat  pubjiihed  by  him,  but  it  wa»  in- 
vented both  by  Scipio  Fcrreus^  and  Nich.  Tartnieaf  bj . 
the  latter  of  whom  it  was  communicated  to  Cardan.  See 
the  .nrllck'  A  I  f.  ciin  A. 

\Vhin  li.c  Jtl  term  is  negative,  or  the  equation  of  this 


Ciifjctcnis  c^f  ihcir  Ternsi. — In  every  equation,  when  the 
ti'nns  i  ingtii  in  order  according  to  the  order  of  the 
powers,  till-  greater  before  the  less;  the  first  term  or 
highest  power  being  frei  .  '  l  i;'-  l  uifiicient,  by  ilividjng  all 
the  terms  of  the  equation  by  it,  and  all  brought  to  oim: 
side,  and  made  equal  to  notkiflg  oa  tka  oUmt  aide,  then 
h  will  appear  in  this  form, 

and  ibo  idalkai  between  dM  nwla  and  eaelEeiaali,'  an 

as  follow : 

1st,  Tlie  coeOicicnt  «  of  the  td  ten,  la  equal  to  tba 

sum  of  all  the  roots. 

2d,  The  coefheionl  i  of  the  3d  term,  i^  ■ 
sum  of  all  the  products  of  the  roots  ihm  r.in 
multiplying  every  two  of  them  together. 

3d,  The  coetTicients  c,  d,  e,  &c,  of  the  toll 
arc  respectively  equal  to  the  sumH>f  the  pri 
roots  made  by  multiplyinjj  every  three  together,  or  every 
four  togi  iher,  or  every  five  together,  &c,  the  signs  of  all 
tbe  roots  bong  changed,  as  will  be  seen  when  we  treat  of 
the  Oenc ration  of  Equations. 

Tbe  roots  of  equations  arc  positive  or  negative,  and 
real  or  imaginary.    Thus,  the  two  roots  of  the  equation 

•-  4t=  —  3,  are  1  and  St  real  and  bothpoiitivei  but 
the  roots  of  the  equation  X*  — 41*—  llxoi  —  SO,  are  t, 
A,and— 3,  via,  real,  two 
roott  of  the  aqnatioo  J 

V— SSb'One  ml  md  pMitiveb  ant  two  maginaiy. 

On  tbe  AncralfM  oi  ffnoifooit^TUi  bonly Uw  mlp 
tiplyiikg  of  certain  assumed  simple  cqnationa  (ogetiuri  to 

produce  compound  ones,  with  intent  to  show  ne  nature 

of  these  ;  it  method  which  was  invTnled  by  Harriot,  and  is 
as  foHoH»:  Suppose  jr  to  denote  the  unknown  quantity 
of  any  equation,  and  let  the  roots  of  that  equation,  or  the 
values  of  T,  be,  a,  h,  e,  rf,  Acc;  that  is  x  =:a,  and  i  =  i, 
and  x=s  .  ,  iVr  ;  i,r  x  —  a  =  0,  and  X  — 4  =  1),  an,!  x  -  <  =  0, 

ttc ;  ihrn  multiply  these  last  equations  together,  thus, 

I  —  a  =0 
X  —  6  =  () 


=  0 


oicdi 


le 

it} 

Now  the  noli  of  Acae  eqiuaona  ara  «,  lb  <•  d,  &c; 
nad  it  laobvkma  thai  tho  ann  of  nil  the  noM  b  the  co- 
eAoient  of  the  4il  term,  tbe  sum  of  all  the  produda.  of 
•voiy  two  Is  the  coefficient  of  the  Sd  torm^  tho  hhb  of  alt 
the  pradtttts  of  every  three  that  of  the  4lh  term,  and  ao 
on,  to  the  last  term,  w  hich  is  the  contmu.il  product  of  all 
the  roots;  and  the  same  law  may  always  be  observed, 
whatever  be  the  (lirm-n»i'iii  .ir  .U  iiee  of  the  equation. 

Oil  the  Reduction  nf  lii.  c  \  r  n  iS  S. — This  is  to  transt'orin 
or  change  llie:n  tn  tr.nr  !,ir!i])|i  ',(  ihil  moit  comiuoilious 
form,  in  order  to  prepare  them  for  findiog  or  extracting 

their  roou.  Itiiahmyi 


form. 


=  ±b,  the  radical  v'(i 


.  ly)  bc- 


cotoet  ^iii"  —  WtOt'),  which  will  be  imaginary  or  impos- 

)iU«  wIcB      ?  fM  Ah  il^  for  D^Oft' ^  ^ 
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will  then  beihc  square  root  ol  a  iiii;ativ>'  <juaiitiiy,  .Wiich 
is  impossible:  mid  yet,  m  this  cn'-i,  thi  ro.  t  x  is  a  real 
quautity ;  thougb  al<;ebraii>(!i  have  never  bcuii  able  lo  had 
ft  iwl  finitf  gctieral  t'xprv»ion  lor  it.  And  thit  itwfait 
WgMWnlly  called  the  Irri-ducibli' Ciiv. 

This  CBi4:  may  indcfd  be  rewjlvcd  by  the  trisectiun  of 
an  arc  or  angle;  nr  by  bhv  of  ilu-  u-^Uiil  nu  tliods  <i(  con- 
verging; or  by  general  e.\[iir>sii .;i>  m  uirunu-  series.  Sec 
SMMdmoii'*  Aloebni,  pa.  7(J;  i'bUus.  Tihim.  vol.  IH, 
ya.  191^  and  voC  70,  pa.  413 ,  or  my  Abridg.  vol.  3,  pa. 
396;  vol.  «»pa.3S4.  and  voLl5,pa.l^9.  Seeabotlw 
■rtiele  Cvsic  ~ 


Lirtnis  iif  the  Roots  of  iin  E«jt7ATl0.v.     See  LiMITS. 
Literal  V.ijv  \y]  OS,  is  a  general  equation  fffn  li|(L<l  ill 
•loUcrs,  as  ronlTa.iislinguislictl  from  a 

A'uwfra/ i\,tn  A  1  I  OK,  one  expressed  in  luimheit. 
Jteciprocal  Eyl  atiok.  '  Sec  UeciprocaL. 
Trtaucendenlal  E<4^jaTI0S.     S*e  TftAMacSlTDKKTAI,. 
Kqvatiok  (if  I'aymaUs,  in  Arilhmptic,  is  (he  finding  a 
time  when,  if  a  sum  td' money  be  paid,  which  ii  equal  lo 
the  sum  of  tcveral  other*  due  at  differait  timcii  no  loia 
will  be  siutained  by  either  pafty^^-Tlw  rah  umallynvoi 
for  thii^rpote,  in  tiw  coBiiiaa.  book*  of  trithiMtic,  is 


Mr.  Cotca  obacrm,  in  fai^Lagoraetria,  p.  9$^  that  ^ 
solution  of  all  cubic  equation*  depends  either  on  th*  tri- 

si  ctiuiiuf  a  ratio,  or  of  an  iingle:  which  method  is  C9t- 
pluitieil  111  Saundcrsoii's  Aljjeb.  (>ii.7IS, 

litquadiatic  LgUATloN pirlln'-e  lliut  .ire  (if  t  (iirni/ii- 
sions,  are  resolved  aOcr  \.'.riou>  iiie(tni>i'-.  '1  lie  l'i>t  iiile 
was  ;;iscn  by  Lewis  I  err.iri,  tbe  rompr.iiii'ii  nl  (';)id.in, 
whicli  15  one  «t  tl)e  licat.  A  second  ineliiud  u.is  ;  iv<  n  liy 
J)escartes,  and  another  by  .Mr.  i>iiii|isoii  and  Dr.  Waniii;. 
for  the  e.vplaii.il  mil  i>l  vvhirh,  >i  r  lliyi' aiiratu  EquuHon^. 
F.<}l'ATioss  uf  f  e  ll.^lia-  l).':;i  ccf  or  Oriicn. 
There  is  no  general  rule  to  express  algcbrnicully  the 
roots  of  oi)nations  above  those  ol  the  4lh  degree  ;  and 
therelore  methods  of  approximation  arc  here  made  use  of, 
which,  thouj^h  not  accuntely,  are  yet  practically  true. 

Some  of  tbeie  excel  in  easo  and  simplicity,  'and  others 
in  quicknasofeoamgin^.  Amon^  tlie.se  may  be  reckoned 
fini,  OonUo  Poaitna,  or  Trial-and-£m>r,  both  in  reipoct 
of  ease  and  univctsalilyi  at  it  applies  in  the  simplest  man- 
ner to  all  kinds  of  equtMns  whatever,  not  axcapling  even 
exponential  ones,  radical  FXpmuons  of  emr  so  complex 
a  lorm,  oxpressioiis  of  logarithms,  of  arches  by  the  siq« 
or  tangents,  of  arcs  of  curves  by  the  abscisses,  or  any 
other  fluents,  or  r'Kits  nf  lluxional  equations.  For  an  ex- 
planation of  tins  mill  otlu  r  methods  of  cons  ermine  to  the 
roots  of  equati'ins,  by  llalliy,  New  tin;,  ItapliM  ii,  fee,  iS;c. 
icc  ArrnoxiM  ATiov, ami  Con  ve  nr. i .n g  ;  ami  my  C'uii r^' 
of  Mstliematics,  vol.  1. 

Ik^idesthc  methods  above  adverted  ti\  ihc  re  have  been 
,8ome  others,  given  in  the  .Memoirs  ot  !.e\ei;il  .■\riiiieniii  v, 
and  elsewhere.  A«,  by  M.  Daniel  IWrhuulli,  in  the  Ana 
Pietropoiitana,  torn.  3,  pa.  <)2  ;  by  Euler,  in  the  same,  vol. 
6,  New  Series,  and  torn.  5,  pa.  63  and  S'i  ;  by  Mr.  'ITios. 
SimpMin,  in  his  Kssays,  pa.  83  ;  in  his  Dissertations,  pa. 
102;  in  his  Algebra,  pa.  158 ;  and  in  his  Select  Exercises 
pa.  915.* 

fSmirrarrfaii  of  E«OATiaira.   See  Consthvgtiov. 
OiywHsfnaof  EQvanoirs.  See  DEraEssioii. 

'  I  {a'EQVATioiis.  See  Eumqiatioii. 

of  EguATiovB.  See  TKAHsroitKA* 

.^MsoAtie  EquATioir.  See  AasoLura. 

Aifccted,  or  .f|!f«ci^  EqvATioa.   See  ArracTBD. 

TUtTertntiiil  Kyi'ATtiN,  is  the  equation  of  differences  nr 
fluxions. 

K.QU.\'l'IONb  of  Cfifu/i/iun.     Ste  CoNUri  lox, /iytea- 

if. 

Emineal  ml  )LitV  St  lOS.    See  Lmivkntia  I.. 

Exponential  Kgi' ation,  one  in  winch  ibe  exponents  of 
the  powers  are  variable  or  unknown  quuniities.  St«  Ex- 
^OSEMIAI.. 

ptmaUifU  i'AtUATiox,  i»  the  equation  of  the  fluents. 
AtxiMaf  EQii4tlos,  is  the  aqnation  of  the  fltnikiH. 


this:  Uiilliplyeaidi  paymant  by  ibatimo  it  is  due  at, 
then  divide  the  sum  of  th«  pcadacis  by  the  sum  of  the 
payowntSt  for  the  equated  time.  For  example.  If  20f.  be 
due  at  2  months,  and  40/.  at  4  months,  to  find,  as  an 
equivalent,  when  the  whole'  6"0/.  may  be  paid  at  onn . 
Ibre  then  .TU  x  J  +  40  x  4  =  40  ^-'l()0  =  ilKl,  is  t.'-.e 
sum  lit  the  |iriKiuc:s ;  and  30  -i-  40  =  bo,  u  the  sum  of 

tia  pi.ynii  iiis ;  heiue  joo ()i  -      IS  the  cqoaicd  time, 

I'ur  III,  ki[ig  the  whole  pajnieiii  ,  i  once. 

Iln^  iiuili..il.  It  is  obsidus,  iai\n<it  be  quite  correct 
«lu  ii  the  two  payments,  as  heie,  arc  uneijual,  because 
III!  .'teijunt  of  ib»' interest  on  the  two  sum:  is  nmsidered. 
W  'iu  u  is  alluueJ  l.>r,  iMr.  ■M.ilcolni,  in  his  Anthmelic, 
has  ^i veil  a  correct  rule  for  two  pay  int>ntt  at  simple  ilH 
tenet,  which  is  this :  Up  uenute  lite  first  payment,  and 
'the  time  till  it  is  liue  ;  uiso  p  =  another  payment,  and 
T=  its  tliiie:  ana  if  r  iJi  iicte  otie  year's  interest  of  it; 


next,  putting  o  =  t  t 


,anclcsT(  ■ 


iix"  i«  -  i  v'C"'  -4c)  b  the  equated  time  fiv  £  t»» 
payflKWs.  And  here  if  the  fonaer  example  be  taken,  it 
gi«e(ps>20,  fas,  r  a40,  T  =  4,  andra^  far  a 

rate  of  5  percent.    Henc««n6^  aadcsSOSj  thca| 

0  -  tv/  (a'  -  4  c)  =  3-34.10  is  Ae  true  equaled  lime,  aU 
lowing  simple  interest,  beiny;  very  nearly  equal  to  the  for- 
mer, which  wa»  3  3333  itc.  And  if  compound  inierett 
wen  allowed,tbp  result  would  beaaamllmatterdiiiiMent 

still. 

\Vhi  11  thn  enr  mon-  p.iynierils  are  oncerried,  thi  n  Mal- 
L'ljiii's  nil  iIuhI  n  coiniiu  iri'- <I,  hI  lir-t  e<jualitit;  lur  Iwiipav- 
lix  iit',  an. I  i;eM  Imt  ihe  lesii't  aiul  a  3il  |>ii)nn  i;t.  arnl  mi 
on,  is  not  strictly  just.  Hut  in  all  such  cases,  to  obtain  a  ^ 
true  answer,  .Malcolm's  general  principle  ought  to  beus<'d, 
viz,  making  the  interests  of  the  sums  that  are  kept  later 
than  they  are  due,  equal  to  the  discounts  of  those  that 
are  paid  before  they  arc  due.  1°hc  resolution  of  the  n  iult 
ing  equation  will,  indeed,  require  some  knowledge  m  al- 
lien. Bui  ibr  ordinary  use,  the  common  rale  will  bring 
otttaoiwecs  sufficiently  near  the  truth. 

EQVATiiur  qf  a  Curve,  is  an  equatioa  showing  the 
nature  of  a  cur«<od>y  <  xprcssing  the  relation  betwecnaay 
absciss  and  its  corresponding  ordinal,  or  else  the  telatiosi 
of  their  fluxions,  \c.  Tons,  the  equation  to  theciiclr, 
is  ar — I  =  V  ,  whin  a  >  its  iliametcr,  x  any  alisciu, 
or  part  I  t  liial  ilmriii  ti  r,  and  v  the  ordinate  at  that  point 
ot  thij  ihiimeti  r ;  that  is,  wliatcver  absciss  is  d<'iii>;-  ■!  Ii\ 
J-,  the  square  of  its  corresponding  ordinate  will  be  ax—z'. 

1  n  lilic  manner  the  equation 

of   the     ^AlmaA    tc  ^  i 


ellipse 


of  the  hyperbola  is  (i 

of  the  parabola  is  •    -    •  px  =  y. 
Where  •  is  ao  axis,  and  ^  Ue  paivneler* 
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And  in  like  manner  for  any  other  curves.. 


t    ^81  ) 
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See  Absciss. 

This  method  of  uxpro^ing  ibc  nature  ut'  curves  by  alge- 
braical equations,  was  <ir»c  introduced  by  Di'!icarie», 
who,  by  thus  connecting  together  the  two  sciences  of  al- 
gebra and  gcurai'try,  made  thciu  mutually  assist  tach 
cither,  and  so  laid  the  foundation  of  the  great  improve- 
ments that  have  been  made  in  ever)'  branch  of  them  since 
that  time.  !>»•«  Descartcs's  Geometry;  also  Newton's 
Lines  of  tlic  3d  Urder,  and  many  other  similar  works  on 
curve  lines,  by  several  uuthun.    Sec  Curve. 

Equation,  in  Astronomy,  as  Annual  Equatiun,  is 
cither  o{  the  mean  motion  of  the  sun  and  moon,  or  of  the 
moon's  apogee  and  nodes. 

The  annuiilequuiion  of  the  tun's  centre  being  given,  the 
other  three  correspondent  annual  equations  will  be  also 
given,  i«nd  theacfoie  a  table  of  the  lint  will  serve  for  them 
all.  Thus,  if  the  annual  equation  of  the  suti's  centre, 
taJtcn  from  such  a  table  for  any  time,  be  called  t;  and  if 
■to*^  A,  and  =  B  ;  then  will  the  other  annual  equations 
for  that  time  be  ns  follow  : 

A  t-      A  =  »t,  that  of  the  moun's  mean  motion ; 
and  R  -t-  y^B  =  u,  that  of  the  moon's  apogee  ; 
and  J  B  —  TT9B  =  n,  that  of  her  nodes. 

And  here  it  must  be  observed,  that  when  f,  or  the  equa- 
tion of  the  sun's  centre,  is  additive;  then  «•  is  negative,  a 
is  positive,  and  n  is  negative.  But  on  the  contrary,  when  * 
is  negative  or  subductive;  then  m  is  positive,  a  negative, 
and  n  positive. 

There  is  also  an  Equation  (ff  tke  moon'i  mean  motion,  de- 
pending on  the  situation  of  her  apogee  in  resptHrt  of  the 
son  ;  which  is  greatest  when  the  moon's  apogee  is  in  an 
octant  with  the  tun,  and  is  nothing  a^ull  when  it  is  in  the 
quadratures  or  syzygies.  This  equation  when  greatest, 
and  the  sun  in  perigee,  is  3'  56",  But  it  is  never  above 
3' 34"  when  the  suD  is  in  apogee.  At  other  distances  of 
the  sun  from  the  earth,  this  equation  when  greatest,  is  re- 
ciprocally as  the  cube  of  that  distance.  Bnt  when  the 
moon's  apogee  is  any  where  out  of  the  octants,  this  equa- 
tion becomes  commonly  less,  and  is  at  the  same  distance 
between  the  earth  and  sun,  as  the  sine  of  double  the 
distance  of  the  moon's  apogee  from  the  next  quadrature 
or  syzygy,  is  to  radius.  This  is  to  be  added  to  the  moon's 
motion  while  her  apogee  posses  from  a  quadrature  with 
the  sun  to  a  syzygy ;  but  is  to  be  subtracted  from  it,  while 
the  apogee  moves  from  tin/  syzygy  to  the  quadrature. 

There  is  another  Equation  qf  the  motm't  motion,  which 
depends  on  the  aspect  of  the  nodes  of  the  moon's  orbit 
with  re»(H-ct  to  the  sun:  anil  this  is  greatest  when  her  nodes 
are  in  octants  to  the  sun,  nn<l  quite  vanishes  when  they 
.come  to  their  quadratures  or  syzyoivs.  This  equation  is 
proportional  to  the  sine  of  double  the  distance  of  the  node 
from  the  next  tyzygy  or  quadrature  ;  and  at  the  greatest 
is  only  47".  This  must  Iw  added  to  the  moon's  mean  mo- 
tion while  the  nodes  are  passing  from  the  syzygieswitb  the 
sun  to  their  quadratures;  but  subtriicted  while  they  pabS 
from  the  quadrature«  to  the  syjygics.  From  the  sun's  true 
place  subtract  the  equaled  mean  motion  of  the  luiutr  apo- 
gee, as.  was  shown  above,  and  the  remainder  will  be  the 
annual  argument  of  the  said  apogee  ;  from  which  the  ex- 
centricity  of  the  moon  nnd  the  3d  equation  of  her  apogee 
may  be  compared.  Sec  TTicory  nf  the  .Moov's  motiont,  &c. 

EglT  ATION  <if  the  Centre,  called  also  Pr04thaphereiis,  and 
Total  ProithaplieredA,  is  the  difli  tencc  l>etwcen  the  true 
•nd  mean  place  of  a  planei^r  the  angle  made  by  the  lines 
of  the  true  and  mean  place ;  or,  which  amouitU  to  the 
\  ot.  1. 


Suii'f  Ujngiti^r*. 

-  ()■'  9?  32'  0-6" 

-  0    8  50  il-b 
true  dif.  Ion.  5        18  27 
51.  4S"'  42'  =  3t)5-2421527  ; 
U   13   3S  =  1780108505: 

300°  :  1 75-45i948 

'  of  mean  motion, 
of  true  motion ; 


tarae^  between  the  mean  and  equated  anomaly.  Tlie 
greatest  equation  of  the  centre  may  Li'  obtained  by  find- 
ing the  sun's  longitude  at  the  times  when  he  is  near  his 
mean  distances,  for  then  the  difference  will  give  the  true 
motion  for  that  interval  of  time  :  next  liiid  the  sun's  mean 
motion  for  the  same  interval  of  nme  ;  and  then  half  the 
dilferencc  between  \lw  true  and  mean  motions  will  show 
the  greatest  equation  of  thecctitie. 

For  example,  by  observations  made  at  the  Royal  Ol)- 
servatory  at  Greenwich,  it  apiH-«rs  that  at  the  iollowing 
mean  times  the  sun's  longitudes  were  as cxjiressed  below,  viic, 
Mean  lime*. 

1769  Oct.  I  at       49"  12' 

1770  Mar.  29  at  0    4  iO 
dif.  of  time  178*  0  15  38  ; 
tropical  year        =  30"5* 
observed  interval  =178 
then  365-2121527:  178  01085648 
or  175°  27'  21"  the  mean  inoiiou. 
Therefore      -       175°  27'  21 
answers  to      -        179   18  27 
their  difference  is         3  51  0' 
and  its  half    -  1  55  33 

is  ilie  greatest  equation  of  the  centre  according  to  these 
observations: 

To  find  the  Equation  of  tlu  Centre,  which  is  Kepler's 
problem,  and  requires  a  very  troublesome  operation,  es- 
pecially in  the  more  excentric  orbits.  The  method  of 
performing  this,  has  been  shown  by  Newton,  Gregory, 
Keil,  Machin,  Lficaille,  and  others,  by  methods  little  dif- 
fering from  one  another ;  which  consist  principally  in  find- 
ing a  certain  intcrmediaie  angle,  called  the  cxccnthc  ano- 
maly ;  having  known  the  mean  anarooly,  and  the  dimen- 
sions of  the  sun's  orbit.  The  mean  anomaly  is  easily 
found,  by  determining  the  exact  tilUc  when  the  sun  is  in 
the  aphelion,  and  using  the  following  proportion,  viz. 
As  the  time  of  a  tropical  revolution,  or  solar  year. 
It  to  the  interval  between  the  aphelion  and  given  time. 
So  is  30"O  degrees,  to  the  degrees  of  the  mean  anomaly. 
Or  it  may  be  found  by  taking  the  lun'a  mean  motion  at 
the  given  time  out  of  tables. 

To  find  the  Excentric  AnonuUy,  say, 
As  the  aphelion  distance,  ,  * 

Is  to  the  perihelion  distance  ; 
So  is  the  tangent  of  half  the  mean  anomaly, 
To  the  tangent  of  an  arc. 

Which  arc  added  to  half  the  mean  anomaly,  gi%-es  the 
excentric  anomaly.  Then, 

To  find  the  True  Anomafy,  say. 
As  the  square  rout  of  the  aphelion  distance, 
Is  to  the  square  root  of  the  p<-rihelion  distance  ; 
So  is  the  tangent  of  half  the  excentric  anomaly, 
To  the  tangent  of  half  the  true  anomaly. 

Then,  the  difference  between  the  true  and  mean  ano- 
maly, gives  the  equation  of  the  centre,  sought.  Which  is 
sublractive,  from  the  aphelion  to  the  perihelion,  or  in  (he 
first  6  >igns  of  anomaly ;  and  additive,  from  the  perihelion 
to  the  aphelion,  or  in  the  last  6  sigits  of  anomaly ;  and 
hence  called  Proslhaphercsis. 

By  this  problem  a  table  may  easily  l>e  formed.  When 
the  equations  of  the  centre  for  every  degree  of  the  first  6 
signs  of  mean  anomaly  are  found,  they  will  serve  also  for 
the  degrees  of  the  last  6'  signs,  because  equal  anomalies 
are  at  equal  distances  on  both  sides  of  their  apses.  'I'here- 
fore  set  Ibcse  equations  orderly  to  thcirsigns  aud  degicts 

3Vl 
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nt  Hiioiii.dv -,  the  Aim  (i*  being  reckoMil  fironllw  top  of 
liii-  lui.U:  dovviuvurils  and  Mgned  Mtooor;  the  hit  fi,  fcr 

wijR-li  ilii-  siii.o  ruiiiitiuns  si-i\c,  in  »  cantrar]^  otdiri 
iti«  rrrkcuu-.l  i:jn!  ilic  b'>itorii  u|>»an!»,  and  maricrd  otfcf. 

L<  t  iil-u  tin-  iliLlcruiCC  liotuecn  cveiA  iiiljacrTit  two  equa- 
lioiis,  cailid  tabular  dilVcrenccs.  be  m  S  hi  aiiolhcr  tolutiin. 
Hence,  from  these  equations  of  the  cmtre,  Buyinented  or 
>iiniioi>hcd  by  the  proportivnal  putis  of  their  respective 
tabular  difieiences,  for  any  given  miiuiti  b  mul  mkhhK, 
may  easily  Ik-  deduced  e<|uaiion5  ol  the  cihtre  lo  any 
ttiean  nnomaly  proposed.  S<-e  lU>brrt»Qn's  Klein,  ol  Nft- 
vig.  book  5,.  pa.  :s6,  iyo,  2yo,  and  :50.S,  vsheie  such  a  ta- 
bic of  etjuations  is  j;iv<  n. 

Eulcr  hat  paiticularly  coiuiUcn»l  this  subject,  in  the 
Mem.  de  I' Acad,  de  Berlin,  loin.  fo*S2A  et  aeq.  whet* 
be  lesolvn  the  feUoaring  proUeM : 

1.  To  find  the  true  and  nicm  WMNnnly  corresponding 
to  tho  irinneA  neon  diitmce  from  the  tun  ;  that  is,  when 
the  ptanet  i»  in  the  exttmnity  of  the  conjuj^te  axis  uf  its 
orbit. — 2.  The  cxccntricity  of  a  planet  bring  jiiven,  tO 
find  the  ejtcenlric  anomaly  corn-sponding  lo  the  greatciA 
cguation. — 3.  The  cxcentricity  being  given,  to  lind  the 
tman  anomaly  corresponding  lo  the  greatest  equation.— 
4.  I  r.  iii  till  siuiic  ilalii,  to  tilul  the  true  anomaly  cornv 
spcmdiiiL'  !i>  tills  ttjuatioti — 5.  Fruni  the  same  data,  to 
Ml  I  .  I  I  St  equation. — 6°.  Th^giPtattit  equaUoo  be- 
in;;  :;in  ii,  tu  tiiul  llir  cNCenlricity. 

f.iiler  (ib-tni-s,  lii.il  tbis  problem  is  very  il'.lTiciill,  and 
that  it  can  only  be  resolved  by  appioN:iniino!i  antl  icntR- 
tively,  in  the  manner  he  inonlioiis  ;  but  if  the  exci  ul  ricity 
be  not  great,  it  may  then  be  found  directly  from  the 
greatest  e«|ttation.  Thus,  if  die  gicatnt  equation,  be  asK, 
ami  the  cxcentririty  =  n  ;  then  is 


sw 

5*.J.>.7 


n'      &c ;  and  by  reversion 
ai'  —  kc.    Where  the  greatest 
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equation  m  must  be  expressed  in  pans  of  the  radius, 
which  may  be  done  by  reducing  lite  angle  m  into  seconds, 
and  adding 4'6S5A749  to  the  log.  of  the  resulting  num* 
bar,  which  will  be  (lie  log.  of  the  number  m.  The  mean 
anomaly  to  which  this  gre^itest  eijuadon  flomapondt,  will 

be«MjKf-f-4m'~^a^-^m*-«&c.  Whence, 

if  90"  be  added  to  4  of  the  ^natctl  equation,  die  mm  will 
be  the  mean  anomaly  nfficicntly  exact. 

Ealer  subjoins  a  table,  by  which  may  b«  found  the 
greatest  equations,  with  tho  mean  and  excentric  anoma- 
lies corfrspondii)"  to  these  gn-atest  equations  for  every 
100th  part  of  unity,  winch  he  supposes  equal  to  the  great- 
est cNCeiiiiK  ity,  or  when  the  transverse  and  distaiitr  of 
the  b<  rump  inliiiite.  'I'tic  lust  column  of  tlic  table 
LUi's  nUo  tlie  iiiL'arithm  of  llml  il  -r.iiire  of  tbe  planet 
from  the  sun  «  lien*  its  equulioo  is  i4rra!!'>t,  I'v  nieiins  of 
this  table,  any  rxn  niricitv  lieiiiu  ijiveii.  I  In-  (  n  responding 
greatest  equation  will  be  found  by  interpulalion.  Hut  the 
principal  use  of  (he  table  is  to  determine  the  excentricity 
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dtan  of  any  place;  and  bad  th«  sui  ao  nurtioo  io  th» 
ecliptic,  or  was  bis  motion  reduced  to  Ibe  equator  of  in^ 
tight  ascomioe  uniform,  he  would  always  return  to  the 
meridian  after  equal  interyab  of  time.   But  hi*  appanmt 

moiion  in  the  ecliptic  being  continually  varying,  and  bis 
motion  in  ri^ht  ascension  beinj;  rmderetl  further  uneriual 
on  account  <i(  ilii  nijliijiiitv  "f  the  ecliptic  to  the  equator, 
U  lollows  Ironi  iho-e  t  ausis  thai  the  intervals  of  his  lelura 
to  the  niendiiiii  b^  c^  tin'  u:u<|Ual,  and  the  snu  \m11  i;r:ulii- 
al'.v  conir  too  -lou  or  lo"  soon  to  tho  Duridjiui  (or  an 
I'ljuable  motiiui,  such  ibat  ol  dorks  and  vviitclies  oU£;hl 
to  be;  and  lhi>  niuidsition  or  aciiltrution  of  the  suns* 
comino  to  the  meri<iii'.n,  is  cullnl  i!k'  equation  of  time. 

Now,  Computing  the  celestial  niotiims  iiccording  to 
equal  time,  it  is  necessary  to  turn  thai  time  back  again 
into  apparent  time,  that  ibey  may  correspond  to  obsvrva*- 
Iton :  OD  the  cnnirary,  any  phenomenon  being  oheerved, 
the  apparent  time  of  it  must  be  odomtcd  into  equal  time, 
to  have  it  cortcspond  with  the  timet  marked  in  the  astrb- 
>  iMMnical  tables. 

IIk  equation  of  time  it  nothing  arfnur  dillerent  timet 
in  the  jfear,  at  which  lime  ib«  whole  mean  nnl  uinquar  ' 
notions  exactly  agree;  viz,  about  the  tjth  ot  .\|'ril,  the 
lAthof  June,  the  31si  of  August,  and  the  24tli  uf  Deci-ra-  ° 
bcr :  but  at  all  other  times  the  sun  is  either  too  fast  or 
too  slow  for  nil  ar., '  qiial,  or  clock  litre,  by  a  rerlainnuro- 
bi  r  of  minutes  and  seconds,  v»hich  Bt  the  nri-atist  is  Itl* 
14",  and  happens  abiuil  lln  l-i  oi  November  :  i  vi  r,[hcr 
duy  throughout  tbe  year  haviiij;  a  ci  rtuiii  t|uaiiliiy  o(  this 
difference  belonginj;  lo  it  ;  which  however  is  not  e.xactly- 
,  the  same  every  year,  but  only  every  4th  year;  for  which 
n-ason  it  is  necessary^o  have  i  labUs  oi  ihis  i  i]initii>n,  viai, 
one  for  each  of  the  (our  years  in  the  period  of  leap-years. 
Instead  of  these,  we  shall  insert  here,  one  general  equation 
of  lime,  according  to  the  place  of  the  sun,  in  every  point 
of  the  ecliptic:  where  it  is  to  be  ohserviil,  (hat  the  sign 
of  the  ecliptic  is  placed  at  the  tops  ol  the  columns,  and 
the  particular  degree  of  the  sun's  place,  in  each  sign,  in 
the  fint  and  kntcolumnts  and  in  the  an|Me  of  ncetiiyin. 
all  tbe  other  columns,  is  the  equation  of  tine,  in  nriiiulefl 
and  seconds,  w  hen  the  sun  bu  any  paiticnlar  lomilude: 
supposing  the  obli<|uity  of  tbc  ecHplic  89° 98',  and  the 
sun's  apopci-  in  9"  of  ex. 

The  equnitons  with  the  sign  are  to  be  added  lo, 
and  those  with  the  sign  —  are  lo  be  Mibtracted  from,  the 
apparent  lime,  to  give  (he  nienn  lime.  l  ln-  preciiling 
s|'_'n.  «liitlu'r  it  be  or  — ,  at  the  tup  of  am'  r.ilu:sil>, 
lH  lon«>  lo  all  tbe  luimbcrs  t«r  equutions  in  that  column 

lill  the  sign  rbaii::' v ;  afier  wliicli,  the  lenwinder  of  the 

column  takes  the  contrarv  sis;n. 


Tbe  eqiialion  answeiiiii!  to  anv  pei 


't  loni.itijiii'  be- 


when  the  gre8(e«(  equiiiion  is  known  ;  and  without  this  tmiantet. 


tween  one  degiveand  another,  or  any  number  of  minutes 
or  parts  of  a  degree,  is  to  ho  found  by  proportion  in  the 
usual  way,  viz,  us  1°  or  6°0',  is  to  lhat  number  nf  minutta,. 
so  IS  the  whole  difference  in  the  equation,  from  the  given, 
whole  degree  of  loii|g;itnda  to  the  next  degree,  to  the  pro- 
portional part  of  it  'answering  to  the  gjeen  number  of 


help  Eulcr  thinks  the  proliK  rn  cannot  be  resolved. 

EdVATIOM  <^  Time,  denotes  the  dilVrrenCC  between 
mean  and  appatcnt  lime,  or  the  reduction  of  tbe  apparent 
unequal  liaie,  or  motion  uf  the  sun  or  a  planet,  to  equal 
and.meaa  tiaw,  or  motion;  or  the  cqimtion  of  time  is  tbe 
diflanence  between  the  tun's  mean  motion,  and  his  right 
atcenswtt.  Apparent  time  is  that  whidiialics  its  begm- 
ning  Jn*m  the  passage  of  the  aun't  ecntie  o«er  the  meri- 


Sce  Tables  of  the  Equation  of  "nme  computed  for 
every  year,  in  the  Nautical  Almanac,  by  a  method  pro- 
posed and  Ulnstraled  by  Dr.  Maskclyne,  late  attnuMBcr 
royal,  via,  by  taking  the  difference  between  the  son's 
true  right  ascension  and  his  mean  longitude,  curaected 
by  the  equation  of  the  equinoiie^  in  li^ht  ascension,  and' 
turning  it  into  lime  at  the  rate  of  1  minute  of  lime  to  15 
of  light  aanciuion.  Philos.  Trans,  vol.  S4,  pa.  9d(i. 


li  Q  V  [    40,1    ]  En  M 

TABi.t     lJi(  Eifluuion  <if  Time,  for  every  Degree  <if  tke  Sun's  Longitude. 
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EQUATOR,  in  GTOgraphy,  a  grx'ut  circlf  of  thf  rarth,  The  circle  in  the  h.'  ivt  ii<  cniif  rivefl  directly  over  the  cqua- 
equally  distant  fruin  its  tno  poles,  and  dividing  it  into  lur,  is  the  equinoctial.  Sec  H<j(  inoctiai..  T'he greatest 
two  Muai  parts,  or  hemitphcret,  (he  nonbern  and  wutli-  be^t  of  tho  equator  above  the  iiorifor^  is  equal  (0  ih% 
«nt.  Tbe  equator  ii  aonaliiiMa  aimplrcanad  tho  liimgllitirnilii  nf  ifcf  plan 

Tablh/ot  turning  Degrees  and  Mimie*  into  Time,  and  the  Contrary. 


n' 

M 

H. 

M. 

D. 

H 

D. 

|h 

M. 

D. 

H 

M. 

1  D. 

II.  M. 

n. 

1" 

M. 

n. 

!„.«. 

1 

H. 

M. 

D. 

11. 

>».• 

M.  ». 

"mT 

M,  ■». 

M. 

1  M.  >. 

t. 

M 

j 

M. 

M.  S. 

M. 

M.  S 

M. 

M 

ll  M. 

M.  S. 

4 

21 

1 

2i 

41 

2 

44 

61 

[* 

4 

81 

5 

24 

101 

0 

44 

121 

8 

4 

141 

9 

24 

161 

10 

14 

0 

>i 

■i2 

1 

2s 

v.' 

4'- 

4 

8 

S2 

•> 

2s 

1  lo-.' 

0 

+fi 

1 22 

3 

H 

142 

9 

2  s 

16l' 

in 

48 

0 

12 

23 

1 

32 

43 

52  i 

63 

4 

r.' 

1  S3 

'1 

32 

103 

>) 

5.' 

I2f 

8 

12 

143 

9 

3J 

16'! 

10 

52 

0 

16 

24 

1 

36 

44 

2 

50 : 

04 

4 

16 

8  4 

3(1 

10^ 

r, 

56 

12  t 

H 

16 

1  t4 

9 

36 

■  ]tH 

!0 

56 

0 

20 

2-> 

1 

40 

45 

3 

0 

65 

4 

20 

.^5 

5 

41) 

105 

7 

0 

12> 

S 

■20 

1  45 

9 

•K) 

165 

1 1 

0 

(.!  0 

2t 

|26 

1 

44  j 

40 

3 

4 ' 

66 

4 

24 

86 

5 

44 

106 

7 

4 

126 

8 

24 

lUi 

9 

44 

166 

1 1 

4 

1) 

28 

[27 

I 

48  1 

47 

3 

8  il  67  1  4  28 

H7 

5 

43 

107 

7 

8 

l'-'7 

8 

2» 

147 

y 

48 

167 

1  i 

8 

0 

3  if 

28 

1 

52' 

48 

3 

12 

riH 

4 

32 

88 

5 

52 

|(1H 

7 

12 

\2h 

H 

3-' 

148 

9 

52 

16B 

1  ( 

12. 

9IO 

36 

129 

1 

56 

49 

3 

16 

til 

4 

36 

89 

5 

56 

109 

7 

]i> 

12- 

S 

30 

1  4'» 

fy 

169 

II. 

16 

10 

0 

40 

130 

2 

0 

50 

3 

20 

70 

4 

Hi 

!)!' 

0 

1  10 

7 

2i) 

130 

.S 

40 

150 

10 

0, 

170 

1 1 

20 

1  1 

0 

44 

31 

I 

♦1 

51 

3 

24 

71 

4 

44 

91 

u 

4 

111 

7 

2  4 

131 

44 

151 

10 

4 

171 

1 1 

24 

12 

0 

48 

■32 

8 

52 

3 

28  1 

72 

4 

48 

92 

6 

1 12 

7 

2S 

132 

8 

48 

152 

10 

» 

172 

1 1 

28 

13 

0 

52 

33 

2 

12 

53 

3 

32 

73 

4 

52 

US 

6 

'2  . 

113 

7 

32 

133 

3 

52 

153 

10 

12 

173 

1 1 

32 

1  1 

0 

50 

|34 

■2 

16 

54 

3 

36 

74 

4 

56 

94 

6 

16, 

114 

7 

36 

134 

8 

56 

154 

10 

16 

174 

1 1 

36 

15 

1 

0 

,35 

2 

20 

55 

3 

40 

75 

5 

0 

95 

6 

20 

115 

7 

40  1 

135 

9 

0 

155 

10 

201 

175 

1 1 

40 

16 

1 

4 

36 

2 

24 

50 

3 

76 

5 

4 

96 

6 

24 

1  10 

7 

44 

135 

9 

4 

156 

10 

24, 

176 

1 1 

44 

17 

1 

S 

.37 

2 

28 

57 

3 

43  1 

77 

5 

S 

97 

f> 

2S 

1  17 

7 

IS  ' 

137 

9 

8 

157 

10 

VS  ' 

177 

11 

48 

IS 

1 

12 

38 

2 

32 

58 

3 

52  1 

78 

5 

12 

9ii 

ri 

32 

1  KS 

7 

"i 

13S 

9 

12 

15.Sj 

10 

32 

17R 

1 1 

52 

lU 

1 

16 

39 

2 

30, 

5y 

3 

50 

71) 

5 

10 

99 

6 

90 

119 

7 

139 

9 

10 

159 

10 

3ti 

179 

11 

50 

20 

l.40|3 

40| 

«o 

4 

0 

80 

5  SO 

100 1 

8 

40 

190 

$ 

,140 

9  20 

Idol 

10 

40 

180 

iS 

0 

r.  o  V 


E  0  U 


Aaonc  whole  rcvoluliuti  ol  the  oarth,  or  of  the  :t6o°  of 
c4)umior,  i»  performed  io  24  huurv,  which  i»  itt  ilir 
nis  of  li*  ftt  hour i  htncc  the  number  uf  dcgnt-s  of  tbi: 
equatAFi  unfcaiig  to  uny  other  given  time,  or  the  time 
HMmriqg  to  any  given  sunber  of  degrees  of  th^equattor^ 
will  b*  euily  found  by  proportkm,  vii, 


;  any  time    :  itt 
1^: :  uy  dqpeer:  UMir~ttm«. 
AaA  tbw  ■  conuied  the  foregoing  table  for  turnim  lime 
IBIO  JtgfeM  of  tM  e(|iwtor,  siid  the  contrary. 

EQUATORIAL,  UnneruU,  or  Portable  Omibva- 
TORT,  U  an  instrument  intt-ndvil  lu  aiMvrcr  a  nambvr  of 
useful  purpose!!  in  practical  attronumy,  indepctidcntly  of 
any  particular  ob!i«rvaiory.  It  tiiuy  be  criiployt-tl  in  any 
Meailv  room  or  [tUi  o,  and  it  perform*  most  oi  tlir  useful 
probiL'iiib  iM  the  •icicatc  of  ustroiiomy.  The  fullo»iiig  i» 
the  desrn|)liMii  <.i|'  olio  Uti'ly  iiuiiiiril  liv  Mr.  Uani-dcn, 
and  niMno<l  the  L'niven«il  Liiuatorml,  the  deicriplion  ol 
»lilrh  wast  givfii  by  the  Hon.  Stcwurt  Miickuii^ic. 

The  principal  parts  of  this  instrument  (tig.  2,  plate  \iti.) 
are,  in.  The  aximulh  or  horizontal  circle  a,  which  re- 
presents the  horiaon  of  the  place,  and  moves  on  a  long 
asit  a,  calleil  the  vertical  axis.  2d,  The  equatorial  or 
lioor^ircle  c,  reptesetilitig  the  equator,  placed  at  right 
angles  to  the  polar  axi«  d,  or  the  u^is  of  the  e«rtb»  upon 
wbich  it  JBOffoa,  Sd^  TbcsemicirdeofilcclinalioRX*  on 
which  the  takioope  is  placcdi  and  manag  on  iho  axil  of 
deeUaationk  orihe  axia  of  notion  of  the  Nna  «(  colUmn- 
tion  f;  which  drdaa  are  niMraied  and  divided  as  in  the 
falbwing  table  :   ^  


each  siilc,  one  exprrsaing  the  degree  of  altitude  of  the  ob- 
jt'Cl  MuwcJ,  and  the  other  expressing  the  minute;>  and 
kecoadi  of  the  error  occaaiotied  by  refraction,  correspond* 
ii^  to  that  degree  of  ultituile.  To  tbit  (padrant  is  con- 
nected a  *roall  round  level  k,  which  is  adjusted  partly  by 
the  pinion  tiiat  turm  tlie  whole  of  this  apparatoa,  and 
pwtly  by  the  jindcix  of  the  jfuadnnt ;  for  which  pnipoie 
the  Mmethm  circle  ii  Mt  to  the  •aiae  ninwe  be,  wbicb- 
At  mdex  poima  to  un  the  limb  of  the  quadrant ;  and  if 
the  minute  he,  given  by  the  quadrant,  Hxceed  tbe  aT  IS* 
contained  in  onecntire  revolution  of  the  refraction  circle, 
this  must  be  set  to  the  excew  above  one  or  more  of  its 
uiitire  revolution-  ;  ihi'ti  thi-  centre  of  the  tr(J^^  hairs  will 
«p{H'ac  to  be  raiwU  uii  a  circle  ol  altitude  tu  the  iulditional 
height  which  the  eiTor  «f  icfmclion  will  occmioo  at  that 

altitude. 

The  pi  incijial  Riljilstnu^nt  ill  thi'- instniment,  U  that  oi 
malcinp  the  line  of  colliniation  to  lU'sciibc  a  yioriion  ol  an 
houi-circh' in  the  hu;i»cn>  :  luonlti  to  which,  tlic  .iziiiiuili 
circle  must  be  truly  level  ;  the  line  of  coliimution,  or 
some  corresponding  line  represented  by  the  hinull  briisa 
rrul-M  parullel  toil,  riiu^t  l>c  perpemliculiir  to  the  axn- 
of  iti  own  projji  i  ji.oi  un;  and  this  Inst  axis  must  be  per* 
uendictUar  to  the  polar  axis.   On  the  braw  itid  M  tbera- 
n  cccubnally  placed  a  banging  level  v,  the  uae  of  whirii' 
will  appear  from  the  following  direction  i 
Tbe  aximmh  ctrde  BMy  be  made  ievd  by  tnminig  the 


Mnwmnf  ilir  n- 
djvuiont  un  itirjt^ 


Atimnth  or' 

horizontal 
circle 
ElquaUirial 
•    or  hour 
circle 
Vertirjl  5i'-"l 
micirelf  for  I 
dec|iiiatiuii  | 
orlaiittide.  J 


5  £ 


5-1 


51 


5- 


15' 

15', 
or  1  m. 

in  lime 

15' 


Non.  t>( 
;»ci  i'^vet 


OiTid 

limb  iiHci 

ptl.  nf  Ini 


DiriiM  hy 
Nofll.  mm 
(M>.(ii'li)r, 


31)" 

30" 
2" 

30" 


45th 


45tb 


49d 


iSMtb 


U50th 


.  '4tbt  Tbe  telescope,  b  an  acbromalic  reftactor  with  a 
triple  ot^t^law,  whotefocel-diatanceii  17  inchat,  and 
iia  aponui*  S4ft  iac^  and  it  is  fumisbed  with  SdiHincitt 
cye^tuhct)  ao  that  ill  magniiyii^  poweia  extend  from  44 
fo  iSS.  The  IdeKopein  tbb  equaUtrial  may  be  broagbt 
parallel  to  tlie  polar  axis,  as  in  the  figure,  so  as  to  poiat 
to  the  polc-xtar  in  any  part  of  its  diurnal  revolution;  and 
thus  it  has  been  obs*rve<l  near  noon,  when  the  sun  has 
alioriL'  very  bright.  5lh,  The  ajiparatos  l<ir  corri'ct)Mj» 
the  ei  ior  in  altitude  occiiMoiK-d  by  relructinii,  whn  li 
applied  to  the  end  of  the  Iflcucopi'  ncM  the  cyi-nlnss,  atul 
Coii^isla  ol  II  slide  c  niovinj;  m  a  urouNc  or  dove-tiiil,  mid 
carrying  llic  scveiiil  lyr-tuhrN  ot  tin-  telescope,  on  i\lii<  h 
slide  there  is  an  nuie.x  toriispondin;2  to  five  small  diviuioiis 
<  ni;ravrd  on  the  dove-tiiil ;  a  very  small  circle,  called  the 
rclrattion  circle  it,  movenble  bv  a  tinger-screw  at  theex- 
tti  mily  of  the  rnd  of  the  telescope  ne.xt  the  eye-gla-ss  ; 
which  circle  it  divided  into  half  minutes,  one  whole  revo- 
lution of  it  being  oooal  to  3^  18",  and  by  its  motion  it 
raises  the  centre  of  iIm  ctom  hain  on  a  circle  of  altitude ; 
and  alw  a  quadrant  i  of  1|  inc.  radiui,  trith  diviiicm  on 


instrument  till  one«fthelefelshepai*Uel  to  an  imi^pBara 
linejoiningtwoof  theftoticrew*;  then  adjust  that  leen- 
with  tbt<ae  two  ieet  screws;  turn  the  circle  IM^,  or  half, 
round  ;  and  if  the  bubble  be  not  then  right,  correct  half 

the  error  by  the  screw  belonging  to  the  level,  and  the 
otiier  half  <-i  ror  by  the  two  foot  screws,  icpeuting  this 
operation  nil  flu  l.ubblecotne  rivhl  ;  thru  liirn  the  circle 
yo"  from  till  iwu  foriiii-r  positions,  and  s<t  the  bubble 
right  again,  if  it  In  \<  mn^,  by  the  foot  -crew  at  the  end 
of  the  level  ;  when  tliis  is  dune,  ndju-yl  tlic  other  level  by 
its  own  screw,  and  the  azimuth  circle  will  i>e  truly  level. 
The  hanging  U-vel  must  then  be  fixed  to  tbe  brass  rod  by 
0gtvro  hooks  of  equal  length,  and  made  truly  parnllel  to  it: 
fur  which  purpose,  the  pi>lar  axis  must  be  made  perpco- 
dicuUr  or  nearly  perpendicular  to  the  hoviMtt}  tnen  ad> 
jtut  the  level  by  (ne  pinion  of  the  declination  Mondrcte : 
.  letRie  die  level,  and  if  it  be  wrong,  correct  half  lha 
tot  by  a  mwll  tleel  acrew  that  lies  nndcr  one  end  of  the 
laael,  and  the  other  half  onror  by  the  pinion  uf  the  decli- 
nalion-enniarcK  rencatiag  the  operation  tilL  tbe  bubble- 
be  lUht  in  both  poaitiooe.  To  maha  the  bnw  rod,  oin> 
wbidi  the  lewd  is  suspended,  at  right  nngks  to  the  axia 
of  oKition  of  tbe  telcsco|K<,  or  line  of  calimation,.  maha- 
thc  polar  axis  horizontal,  or  nearly  fO ;  aet  the  decliMp 
tion  semicircle  to  0  ,  and  turn  the  bour-circle  till  the 
bubble  be  properly  adjusted:  then  turn  the  declinHti<in- 
cirtk-  to  JRi-  ;  adjust  the  bubble  by  raisina  or  di-pre^sing 
thi!  polar  nxij  (tii^t  by  hand  till  it  be  marly  nj;!  i,  .iJicr- 
wurds  tighten  with  an  ivory  key  the  socket  which  run-,  on 
till' arch  wth  the  polar  axi».  and  then  a[iply  tho  si»:uf 
ivory  key  to  the  adjusting  screw  at  the  >  iid  of  the  said 
arch  till  the  bubble  be  properly  avljusted)  ;  then  turn  the 
declination-circle  to  the  opposite  .90"  ;  and  if  the  level  bo 
nottben  ifghtt  correct  half  the  error  by  the  aforesaid  ad- 
juMing  screw  at  the  end  of  the  arcbi  and  the  other  liulf 
error  by  the  two  screw*  that  laiM  OT  depRss  the  end  of 
tiie  braas  rod.  Tbe  polar  axis  leniainilig  nearly  horiaonlal- 
as  befoie,  and  the  dedinatioo^ieflHcirak  at  0",  aiUittt  the 
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tabbl*  hy  IM  ho«r>«ircli(;  ilien  torn  the  dcclinaiion- 
wmieifda  lo  9G^  and  adjint  Ihs  babble  by  nwiog  or 
dapMHiivtlie  polar  umi  dwu  tun  the  kour^rcW  13 
Imin;  and  if  the  bttfabl*  be  wronf,  correct  half  thecnor 
liy  the  polar  axi«.  and  tbe  odior  half  «rror  by  ihc  two 
pair  of  cap'-tan  screws  at  the  feet  of  the  two  sdppprtton 
one  side  of  flic  axis  of  inolioii  of  the  t<'le>cofe  ;  nnd  ihii« 
this  Bxii  Mill  bf  at  riffht  an!^U-s  to  the  polar  axi\.  The 
next  |u^;  iiicn!,  is  lo  iiial,','  ihr  centre  of  itu'  crl.^■^  limrs 
roroum  on  Ihc  bamo  ub|i-ct,  vvliijc  H  e  eye-tutje  i>  lurucd 
quite  roun^  tin-  |iiniijn  tifthc  rp(r:'.clion  apparatus:  in 
order  to  pcrfurm  tliii,  srt  llie  inticx  on  ihe  ulii'e  tu  the 
first  divi^iiin  111!  (lie  OoM'  tiiil  ;  iitiil  jer  tin- <iu i-ioii  niarki'd 
18"on  the  rel'raclion-cirrle  to  Us  index  ;  then  look  through 
the  tclcACopf,  and  with  the  pinion  turn  the  eye-tube  quite 
(uund;  then  if  the  centre  of  llic  hnirs  do  not  ri'nmiii  on 
the  same  «pot  during  that  revolution,  it  must  be  corrected 
by  the  four  small  screws,  2  and  2  at  a  lime,  ts  hich  will 
ba femid  upon  unscrewing  ilic  neamt  end  of  tbe  oye-tube  cir< 
that  eontaint  tli«  firrtcye'gUia;  repntinf  tbiacometicNi  tior 
lillll««tMia«fdw-lwiia  itmaiii  OB  tlia  HMit  looked  at  the 


daring  aVhole  revolutioa.  To  make  tbe  line  of  collljn» 
don  parmllel  to  tbe  bran  rod  on  which  the  level  faangi, 

set  ihr  polar  axis  horifuntAl,  and  the  decUnation^rde  to 

90^',  adjust  the  level  by  the  polar  axis;  look  through  the 
ti  lc5C<ipe  oti  sonic  distant  horizontal  object,  covered  by 
;Ik'  centre  of  the  cro*s  Imirs  :  then  invert  the  tele^rope, 
which  IS  (lone  by  turning  the  hour-rirrle  hull  round  ;  and 
if  tliC  Centre  uf  the  cro^s  li:iirs  do  not  com  t  the  Mirne  ob- 
ject as  In  t  in-,  correct  ti:tlt  the  error  by  means  of  the 
upper  and  lower  of  the  l  ninall  screws  at  the  eytMtid  of 
the  large  tube  ol  llic  tclest  ojM  ;  thi«  correction  will  j;ive  ii 
second  object  now  covered  by  the  centre  of  the  huir: 


wliicb  purpoar,  elevate  the  equatorial  ciido  to  theco-l<* 
titnde  of  the  |riace,  ami  aat  the  dcclinalioa-taniicircle  to 
theavn'B  dediaatioii  fiw  the  dav  and  bour  of  the  day  ic- 

a aired;  then  move  theanmulh  and  houf^ircles  both  at 
le  same  lime,  either  in  the  same  or  in  contrary  direction, 
till  you  bring  Ihe  centre  of  the  cross  I. airs  in  the  teles- 
cope exactly  10  cover  the  centre  of  tin-  y'^n  ;  tin  n,  the  in- 
dex III  trie  hour-circic  will  jfive  the  appiiri  tit  or^o|u^  lime 
ii'  ihe  instant  of  obvi  rv:itiiMi ;  and  lllU^  linir  is  kiio»ii, 
tiuiiipli  the  mn  be  .il  a  ili^^tancc  from  the  meridian;  after 
which  turn  the  lioiir-riri  li.-  nil  lb._-  iiulex  p<iin:s  preciiely 
to  \'>  o'clock,  a:iil  i.  km  r  inr  ti  Ii  sropi?  to  the  hori^un,  in  or- 
licr  to  ciliscrvc  voiiii'  point  tlu  ri'  in  the  centre  of  llie  glass  ; 
and  thai  point  is  the  meridian  mark,  found  by  oncolner- 
vulion  only.  The  best  time  for  thb  OpeittioB  !>  3  hooi* 
before,  or  3  hours  after,  12  nl  noon. 

3d,  Tb  poini  Ihe  tdeicopf  to  a  Uar,  ih/mgh  not  on  the 
meridian,  in  j&itf<^-%Af.— Having  cievaicd  the  equatorial 
rclc  to  the  co-lalitude  of  the  place,  and  set  the  decline 
tton-iemiciide  to  the  •tai'e  det^natioat  move  the  index  of 
boBi^rde  it  poiati  to  the  praeiic  time  at  which. 
theaUrirtheD  dbtant  liNmi'i^e  meridhugi,  Dwad  in  the 
tablet  of  the  f^ht  aneiiiionof  the  ctan>  and  tbeiur  will 
then  •ppear  in  the  ^au. 

BeucIeB  these  uses,  peculiar  to  tliis  instrament,  it  may 
also  be  applied  to  all  the  purposes  to  which  the  principal 
astronomical  instrumeuts  are  applied ;  such  as  a  iraitfit 
iiisirumcni,  a  quadrant,  and  an  cq«al«oItitiide  imtnip- 
Dielit,  cVc. 

See  the  description  and  drawing  of  an  equnforinl  teles- 
cope, or  poilnble  observatory,  invented  by  Mr.  Short,  in 
thr  Philos.  I  ran-.  No.  4^3,  or  *ol.  46*,  pa.  242 ;  and 
another  by  Mr.  Nairrte,  vol.  (jl,  pa.  lO"  ;  also  lbede»CTip- 
lion  by  Sir  Geo.  iShuckburgh,  in  the  I'lulos.  Ti^utfi  voLM^. 


which  roust  be  adopted  imicad  of  the  iin,!  object  ;  then 

invert  the  telescope  as  before}  aad  if  tbe  second  object  ^a.  67 ;  or  my  Abndg.  vol.  17,  pa.  'i^fS' 

be«o(  covered  by  tbe  eentra  of  tbe  bain,  coneet  ball  EQUIANGL  L.'VR  fignre,  h  one  that  h»  all  itoangin 

theonorby  tbe  same  two  screws  as  were  uced  before :  equal  among  themselves;  as  the  sqoare,  and  all  regular 

Ma  cowaclion  will  give  a  third  object,  now  covered  by  polyfoor   An  equilateral  figure  inscribed  in  &  circle,  is 

ttwcantn  of  tbe  hairs,  which  muai  be  adoptad  innoad  of  always  equiangular.  But  an  cquiatttular  figure  inicribed 

ell  m>  bi«<(f  r»-  m  a  circkv  h  not  always  eqiHiateisal,  except  when  it  bw 
"  numlH>r  of  sidea:  If  tlie  sidca  be  of  an  even  iHiin> 


ibcaceond  olijaet;  ivpcattbi*  opeiMiaM  all  m>  *Pl^T9-  Niacii 
aaaim  i  than  act  iho  howMircle  esaelly  lo  IS  bann>  the  anodd 
dcclination-clrcle  rrmaining  at  JMf  aa  Mbin  Md  if  tbe  ber,  tin 


centre  of  tbe  cms  hairs  do  not  cover  tbe  laat  oi^eet  Ihied 
en,  set  il  to  that  object  by  the  two  mnaimng  fmail 

scrcMvs  at  the  eye-end  of  the  large  tube,  and  then  the  line' 
of  cnlliniation  will  U"  parallel  to  the  bra-ss  rod.  For  recti- 
fying the  noniiiv  of  the  (leclinatioD  and  vrji  aloriul circles, 
dcpiCM  the  lelocope  a->  many  dcgrei  s  i\  c  l.i  low  0°  or  m 
on  the  declinatitirv-semieirclc,  as  are  i  qual  to  the  comple- 
ment of  the  latitude ;  tht  n  I  k'vate  the  p4^ilur  axis  till  the 
bubble  be  lii»,  izoiitnl ;  and  thus  the  equatorial  circle  will 
be  elevated  lo  the  co-latilude  of  the  place  ;  vet  !liis  circle 
to  6  hours;  and  adjust  the  level  by  the  pinion  of  the 
declination-circle ;  now  turn  the  equatorial  circle  exactly 
IS  hours  from  the  last  position  ;.  and  if  the  level  be  not 
riglhrt,  ooffiact  one  half  of  the  error  by  the  equatorial 
cirdi^  drirt-Ae^tber  hall  by  the  declination-circle:  then 
mm  tbb  eqnalBriaNircle  back  again  exactly  IS  hdnn 
from  .the  Mr  fMrnf-  imd  if  the  level  ba  Mill  wron^ 
repeat  the  iStulMllfjwW >bkfore,  till  it  be  right,  «hm 
turned  to  dlitrVbynw»#iKfch  hems,  dutve,  set  the  nonius 
of  the  cqtMloriv  cMld  exactly  to  ti  houn,  and  Ihe  nouua 
of  the  derlinationi«ircle  exactly  to  0°. 

Tlie  principal  uses  of  this  equatorial  are, 

Ut,  To  find  iMe  meridtan  by  om  oittrxntion  only:  For 


then  they  may  either  tie  all  equal,  or  else  balfof  ihem' 
will  be  equal  to  each  other,  and  the  other  half  to  cub. 
other,  tbe  equals  bring  placod'altemately.  See  the  de^ 
monsiraiion  in  my  Mathematical  Miscellany,  |>a.  272. 

F,qi'iANGi;LAR,  is  also  said  of  any  two  fii^ur^-s  of  the 
same  kind,  when  each  anple  of  the  one  is  equal  to  a  cor- 
responiling  ani-le  in  Ihc  other,  whether  each  lii;ure,  sepa- 
rately coiisidernl  in  itsrlf,  In-  nn  eqiiianf;ular  figure  oi  not, 
that  i-s,  havini;  nil  its  uiisli  s  i  rjual  to  each  other.  'Fhus, 
two  triiiii'::]!  arc  cquiaTianLir  tr,  i  ac;>  oilit  r,  H,  ix.gr.  one 
angle  in  eac  h  be  of  30",  a  second  an!:lr  in  each  of  50°, 
and  thetiiittl  an^l«' of  each  equal  lo  100  dej;rre<!. —  Iv<|ui- 
angular  triangles  have  nut  their  like  sides  necessarily 
^qual,  bnt  only  proportional  t<i  each  other;,  bot sucli  ti^ 
alkies  bein^  always  similar  to  each  other.  , 
EQUICRL  KAL  Triangle,  is  one  that  has  t»<i  of  itssidrg. 
equal  to  each  other;  but  is  more  usually  called  an  laot- 
celes  Irh^le. 

SQUldUtUS,  Gqtreutrs*  or  Bquos  Uinar,  aconslel- 
latinB  of  the  norlhtm  bediisphere.  See  £quDLBV«. 

EQUIDIPPERENT,  are  such  things «t  hnve  equal  dil^ 
ferences,  or  arithmetically  proportional.    If  the  lerma- 

I  ,1'  ti  l  ^nme  dilferencc,  via,  the  1st  and  2d,  the  2d 
and  Jd,  the  M  aud  4tb,  Sec,  they  are  said  lo  be  continually 
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cqttidilicnnt}  m  the  uitinben  »,  6, 9^  I2i  Ac,  wb.  re  i^ic 
common  difercnoe  ia  3^  But  if  the  tewnl  dilfcrent  e.m- 
iiU  ts  oiilvWw  thesamediawmce,  asthc  lat  end  std,  Uw 
3il  and  *tJ>,  the  5th  end  (itb,  dec.  ibcy  arc  Mid  to  h«  dii- 
cr.  If  K  .><|u«liirerent ;  ei  tbe  WM4  3  ead  fi,  7  and  10, 9 
and  il*. \c.   Sic  ARiTiiMKTicAt  iStig/rettiim end  IVe- 

^'"'LgL  II.ATt.nAL  F^'ure,  is  one  thit  hei  ell  itt iid«» 

.  i|u.il  t..  i  ;u  l.  .  ;.>.  r.  i>ucb  as  tbu  square,  and  nil  regulw 
[luts  j;..!!-,  HI  .1  ui.U)i;!e  liuU  bas  all  lis  angles  equal.  SeC 
KiH  I A  st.l  1  A  K. 

HguiLATEUA  1,  ;ijr/)o  Wfl,  ,is  tbal  which  has  Ibe  two 
axes  equal  lo  each  olher,  and  every  pair  of  o  i-j  :;i.Ue  dui- 
'  meleis  alM)  equal  to  each  olber.  The  asyniploles  are 
el  rii;hl  ai>cle)»  to  cacli  other,  and  make  each  hiiil  ;i  rii;;it 
engle  With  either  asis.  Also,  such  an  hyperbola  is  rqu.il 
Jo  it»  conjugate  hyperbola,  iis  well  as  to  its  uppoMte  liy- 
perlwla;  no  that  all  the  four  conjugate  hyperbolas  are  mu- 
tuelly  equal  to  each  other. 

MoiMMur,  as  the  Sd  proponionallo  the  tisn  a\e<i  is  the 
parameter;  iberefbra,  incuch  e  figure,  th-  paranu  ier  and 
two  ax<-5  are  hII  thiee  e.;.i-'l  <"  ouc  another.  Hence,  as 
the  general  r.;ii.ilioii  to  liyperl"'lab  is  y  =  ^('r  + j')or  = 
^  (/X  x%  where  t  is  tbelniiwwrM  axis,  c  the  conjugate, 
p  the  parameter,  x  the  abicin,  aad  jr  the  ordinate ;  then 
making  t.  c,  and  p  all  equal,  the  cqimtlom  fcc  the  equi 


revolution  i*  divided  into  24  hours ;  therefore  I  hour  an- 
swers to  1 5°,  or  tbe  84th  part  ol  3l>0  '.  Hencr, 
l"  of  longitude  enntieis  to  4  roia.  of  luue, 
15' ......  .  .tol  miikof  dme.' 

l' . '  .   •    •    •   •   •(0  4  9CC.  oftim^&c. 

6.  The  ithadowi  of  objerts  situated  under  ihi*  circle  are 
ciM  to  thewmthvaid  one  helf  of  the  end  to  the 
northward  duriif  the  other  helf;  end  twice  in  •  yoar*  «•> 
at  the  time  of  the  equliwsMi«  the  eon  etnoon  caMe  bo 
shadow,  beina  exHctty  in  their  wiiidi. 

EovtNocTtAL  Culure,  it  the  great  circlr  pastiitig  through 
thu  poles  of  the  vrurld  and  the  equinoctial  (loiuts,  or  fint 
piiilit^  111  .\i  les  aiui  Libia. 

Ki.li  1  soeri  AL  }>uit,  15  (  lie  whose  plane  i§  parallel  to 
th<- <  i|\iiiiocliiil.     Its  prii|M  rt  <  s  or  i  .^ii  -  iire: 

I.  The  liour-lincs  are  nil  iqUiOl)  disUiiit  Imin  lUch 
other,  viK,  la'-  ;  ami  li.e  stje  is  a  >liait;lit  pin,  m  v.n,  , 
set  up  in  the  centre  u(  the  circle,  pt i peiidicular  to  kk 
plane  of  the  dial. 

'i.  'I'liu  sun  shines  upon  the  up)MT  part  of  this  dial-pjaiie 
from  the  21st  of  March  to  the  of  Septembert  eiwon 
the  under  part  the  other  half  of  the  )car. 

Some  of  these  dials  arc  made  of  brass,  ^c;  and  let  vf 
in  a  frame,  lo  be  elevated  to  any  given  latitude. 

Lqvihoctial  Foiirii,  arc  the  two  opposite  points  vhere 
the  ecliptic  and  equinoctial  Croat  each  other;  the  one 
point  being  in  the  beginning  of  Ariea,  and  called  the  ver- 
iial  point,  or  vernal  equinox;  and  the  other  in  the  bcgin- 
h.tt  ral  hyperbola,  becomes  y'  =  IX a* ;  diflering  from  nlng  of  Libra,  and  called  tbeattlttmoal  point, or  nnttmnal 
ihc  equation  of  the  circle  only  in  the  Hgnof  the  term,  x«,  equinox.— It  i»  found  by  obaerfatioe,  thet  the  equnecdMl 
which  in  the  circle  is  ix  -  x\  when  f  it  taken  |o  rcpre-  ... 
ti-nt  the  diaiixTi  r  nl"  the  circle. 

EQI  ILIBIUU-M,  IS  an  e<(uality  between  two  equiil 
fom-s  actinc  in  oppo>ile  directinns  ;  so  that  they  niutiuilly 
balance  each  other  ;  like  thr  two  equal  arms,  or  scales,  uf 
a  balance,  ivc. 

£qviLinRlUM,  in  solid  bodies,  forms  a  rursnlrriiblc 
paitof  the  science  of  Statics.  And  Lqiniibrium  ol  tluids, 
a  considerable  part  of  the  doctrine  of  Hydrosutics. 

KQUIMULTIPLBS,  ibeproducttof  quanlitia  eqaell; 
multiplied.  . 
ThaiSfl  end  9t  are  equimultipica  of  o  and  *; 
end  aicandairfa»eequimultiplc«ofcandt/. 

Squimnltipltsofany  quantities,  have  the  same  ratio  as 
the  quantities  thenielvca.   Thus  u  -.b  -.  -.^a  -.zb .  .  ma:mb. 

EQUINOCTIAU  a  great  circle  in  the  heavens  under 
wbldt  the  equator  mow  in  iia  diurnal  oiotion.  The  poles 
«if  this  circle  are  the  poles  of  the  world,  and  it  divides  the 
sphere  into  two  etiual  parts,  the  nnrlhrrn  end  southern. 
It  cyts  the  horizon  of  any  place,  in  the  cast  and  west 
points;  and  at  the  meridian  its  elevation  abaVC  the  hflli* 
/on  is  eqiKil  to  the  co-latitudc  of  the  place.  It  has  alio 
various  oliicr  pi  operties ;  iis, 

1.  U  hea  the  sun  li  in  lliis  circle,  the  dnvS  and  nights 
in  all  parts  of  the  oailh  are  equal;  Im hm  li.  n  rises 
due  cast,  and  set*  due  west.  Hence  it  lias  tin  iiui:ie  eiiiii- 
noctial.  All  stars  wliidi  i.re  under  this  circle, i-i  Imve  no 
decrinalion,  also  rise  :lu^  eu-l,  .md  set  due  west. — All 
people  living  under  tins  circle,  or  wyu  ifie  e<|iui!i>f,  <ir 
line,  have  their  days  «iid  nijjhts  at  all  times  equal  to  each 
other.— 3.  From  this  circle,  OO  theglobe,  is  counted,  Ufnin 
the  meridian,  the  declination  in  the  heavens,  and  the  luli- 
tode on  the  earth.— 4,  Upon  the  equinoctial,  or  equator, 
ikcottnted  tbcloi^tude,  making  in  all  360°,  that  i>,  180° 
ea»t,  and  UO'  wttj^  And  at  the  time  of  otie  whole 


poinu,  and  all  the  other  points  of  the  octipdc,  ere  ( 

tinually  uiovinf;  backwards,  or  in  antccedentia,  i.e.  west- 
wards. I  b;s  retrograde  motion  of  the  equinoctial  points, 
.irisi  s  f::iiii  :lie  PncessRiii  ul  the  ^  ijuiniiMs,  and  is  made 
at  llie  rale  of  60^  seconds  every  year  nearly.  Sec  PuL- 
t  i.ssiuV,  i;Uo  the  piafiiee  to  the  Nautical  Alasanaciw 
the  yi  :ii  17y7. 

LQL  INOXES,  the  limes  when  the  sun  entirs  the 
.  equinoctial  lM>iiils;  that  is,  about  the  vMst  ul  .March  and 
S3d  of  Scplcinber  :  the  former  beini;  the  v.  rnal  or  sprins; 
equinox,  end  ike  latter  the  autumnal  equlno.x. — .As  tbe 
sun's  motion  is  unequal,  being  sometimes  quicker  niid 
sometimes  slower,  it  hence  happens  that  there  are  about  S 
days  more  Iruin  the  vernal  to  the  autujnnal  equinox,  or. 
wUlc  tbe  ran  is  on  tbe  nottbem  side  of  the  equator,  than 
while  &e  is  in  nwvii^  thi«dg|b  tbe  southern  signs,  iVom  the 
autumnal  to  the  ternel  equinox,  or  on  the  southern  side  of 
tbe  equator.   According  to  tbe  observations  of  H.Casiiui, 
the  sun  it   186''  14*  SSF  in  tbe  northern  sigps, 
and  only  178    14  A6   in  the  ■oothcni  signik 
so  that      7    23   57   is  iheirdiir.,orOBuly8  dnya. 
EQUINUS  Darbuttu,  a  kind  of  comet.  SeeHipmre. 
ECJUrr.VNGl'.N'l  l.\l.  C'lirr,  is  one  tliat  was  first  con- 
structed by  Mr.  J.  I'eiks,  the  tuiioent  of  \»hich  is  always 
ici'jiil  to  a  con.stant  line.     It  is  the  involii;r  <it  tiie  ciite- 
imri.i  ;  mA  is  als»i  the  CUive  ul  Ir.alinii  ti>  a  s;i.i:f;t;t  line. 
—  Tor  liie  various  pr<i|M  liies  ol"  tins  i  uive,  ns  ineclianicul 
cuiistructiun,  its  relation  to  tlic  caiiiuina,  ami  its  us*-  in 
dividing  the  meridian  in  .Mercalor's  prnjeclum,  we  ri  frr  to 
the  I'hiloe.  Trans.  No.  3*5:  sec  also  Urouiiham's  paper' 
on  l>oriMns,  in  the  Philos.  Trans,  vol.  SS;  m  my  Abndg. 
vol.  IS,  pa.  3.it,  for  other  curious  prtqierties  ot  this  (  nrve. 

EQUUI.EU!>,  Eqi'icci.ls,  and  Eyuus  Miinx;  Ei/ui 
nah,  the  ifoTM'f  //cad,  one  uf  tbe  48  old  conatellaiions, 
hi  ihn  northcni  bcmispheni.  tU  stnis  in  Plotaaiy's  catn- 
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•gu      4,  in  lycWb  4s  ia  Hetdna's  6»  mhI  in  F1m»- 

steedV  10. 

EUATOSTHEVES,  a  learned  Greclt  ptiiloiopher  of 
Cyn  iif,  and  librarian  of  Alexandria  under  Ptolemy  Eucr- 
^;etcs,  kins  of  li^y  pt.  l^""''""'  '»  nciciicos, 

and  tii>t  <ii>rovrn  il  ii  im  tiiod  ol  mpaMiniig  thi-  carlli"? 
magnitude;  wIkiui-  ^^.'!■'  calU'd  the  (,u-riii>;:rupliii  and 
Survcviir  el  tin' I  iiivepi<-.  Hf  !;«vc  u  iiii/tiiar.jcai  ^  dulHJii 
to  till'  ta:nou!>  pinb.cin  diMtb.ri;;  llu-  cuIh-.  Ami  iic  <;ai.i- 
a  tnrtti.";  ol  Imdiiii;  prime  numljiTs,  in  »i ilhiiiftif,  cmn- 
monly  rall<d  liratosfiu'ncs'  >:ve,  a  i<aini-d  acniunt  iit 
wbicb  i»  given  by  Ur.  Hor-ley,  in  the  I'hilos.  Truns.  ol 
i772t  or  in  in>'  Abridgment,  vol.  pa.  3I+.  Some  id  his 
works  rvRtain,  which  wcr*  printed  at  Oxford,  in  Htwtk, 
l67  i,  Kvo.  Kratuathencft  died  nbout  194  beCMrc  tlift  jnr 
Cbri»t,«t  81  y<^ars  of  mfie, 

ERKCT  f^ion.   .See  Vision.- 

Ebmt  IWa/*»  well  at  stand  parpendienkr  in  tbo  hori- 
MNii  and  aw  of  variain  kindtt  at  cract  direct^  when  Ukj 
bee  exactly  one  of  liw  four  cardinal  points,  eatt,  weu, 
norths  »uuth ;  and  erect  declining,  when  (li<-\  decline  fram 
die  cardinal  pointk    See  Dial. 

To  EaiCT  a  Perpendkulur,  a  a  p  'puUi  proU^m  in 
pracricnl  geomelry,  and  di-noii-ii  to  raiM"  a  perpendicular 
from  a  given  line,  \-(<,  u.s  distinguished  frum  deroiltiiig  or 
letting  fall  a  peipeiidiculur  on  u  line,  &C,  from  tome  point 
out  ot  It.     -See  PKKPFVntCUI.AR, 

EIUIJANLS,  /'if  Hiicr,  [1  cipn-toliulKin  of  (lie -oullit  i n 
Lemitphere,  ami  <iiii- ui  llie  4ii  nld  astriiMii'..  The  Stars 
in  llii^  CDnstellalioii,  in  I'tdli  aiv'!<  caian  i^iii. ,  are  34^  ID 
Tycho"«i  IJ),  and  in  the  ISnluli  catalogue  M. 

ERRATIC,  an  epithet  iipplied  lo  the  planets,  which  are 
calWd  erratic  ur  wandering  kiars*  in  coninulistiactiuu  to 
the  li.xcd  stars. 

£SCA  LA  L)  or  ScALAlilt,  a  furious  attack  on  a  wall 
or  a  nnpart ;  cariiedon  with  Indden,  to-pa»  tlic  ditch, 
or  mottut  tlic  laapan;  without  proceeding  in  form, 
breaking  groiuid»  or  carryitig  oo  regular  worin  to  aeenre 
the  men. 

ESPAULE,  or  Evaulc  See  Eravu. 

ESPLANADE,  in  F«rtiiicHiiuiH  called  «Im>  dada,  a 
part  which  aervet  at  a  parapet  to  the  eeunlencarp,  ot 
covert  wur;  Ix^i^S  *  doeiiviqr  or  liopo  of  earth,  com- 
Biencinj;  from  the  top  of  die  countenearp,  and  lotii^  it- 
■elf  iii^tnsibly  in  tbe  letel  of  the  champaign. 

Eil'j.AN  ADR  nieaio  al.so  the  ground  which  hatWn  le- 
velled from  tlie  ojaclh  ul  (he  toUIKel^L'ai  p.  Il>  llie  lil>t 
house*;  or  the  vacant  vjiate  lierweeii  tin  woilvS  ami  the 
houses  of  the  tuvtn.  1  In-  term  ;.h  also  applied,  in  thu 
Kcneral,  to  any  piece  of  gruuud  that  it  matte  liat  or  level, 
and  which  befo<«  had  tomo  emioHice  that  incommoded 
tbe  place. 

ESTIVAL  Occident.  Oriafl^  or  SiMcv.   See  Occi- 

UF.ST,  OaiKNT,  5>OL8TIC». 

r.s  TU.-VRY,  an  arm  at'  the  Ma;  a  Ailb;  or  the  mouth 
of  a  lake  or  river  in  which  the  tide  rccipmcfltr4i. 
•  KTIIICR,  an  element  more  fine  and  subtile  than  air;  or 
air  refined  and  tnUimed ;  or  the  matter  of  the  higbeit  re- 
gjMMit  above. 

ETiiait*  iaChemiatrv  ^.  rrrtnin  very  light,  volatile, 
Gngraat,  inflammable  Iniuor,  procured  by  dntiltalion,  by 
heat,  from  b  mixture  oi  alcuboli^aad  aulpbiuic  or  foma 

other  acid,  in  eijual  (|UHntitie«. 

The  bpecilir  uri'.Mtv  of  elher,  is  fnuii  O^'i^.'/tu  0'f)35, 
according  tu     diikreal  degrees  ot'  purity.    It  app<:ars  a 


7  ]  K  V  A  • 

limpid  and  culoorlat  liqaor,  of  a' hot  pnnsent  taite,' 
hi<;hly  fraj;nuii,  and  lo  volatile  that  h  can  hardly  hv 
poured  from  one  vessel  to  ani)|lit>r  wiiliout  triuch  los-  by 
evaporation,  the  purest  poniun  of  it  as-uminn  the  ^l^le  of 
elmtic  fluid. 

When  exposed  to  a  colfl  of  —  If)  ,  ,  thri  fri  pjte*  and 
Ci\^thlIi/>'>.  Ill  rniiili  r..t..'  ti  iiipi -atuM  ■  it  i^niit  ut'ided 
Ijv  j,cii  i;as  ur  (  uinni  i'i  ail  ;  but  niieii  kir.tilid  Mi  ii  siiilc 
ul  sjpiiur,  II  burii'*  rapMl'.  wuli  a  fine  white  Hamr,  and 
leuves  iM'liind  ii  trace  ul  cliurcoal.  In  the  Mate  tif  vapour 
it  detonates  with  comrQon  air  and  4i.\y<;rn  pis. 

LV'APOHA  riON,  the  art  of  dissipating  the  humidity 
of  a  body  in  funics  or  vapour;  ditfcrin:;  from  exhalation, 
which  IS  properly  a  dispersion  uf-dry  particles  issuing 
from  II  boilv. — l',v.ipt.rai!ijn  is  UMially  produced  by  heat, 
and  by  (he  change  of  air : .  liiiis,  common  salt  informed  by 
evaporating  ail  the  bumidiiy  frum  the  brine  or  mIi  water; 
which  evaporation  i«  either  performed  by  the  heat  of  the 
ran,  aa  in  the  talt-work*  on  the  aca-coatt,  &ci  or  by  meant 
of  lire,  at  at  the  lalMrinu^  Htc:  and  it  it  wrll  known 
how  ttwfnl  a  britfc  wind  it  in  drying  wet  dotbet,  or  the 
surface  of  the  ground ;  while  ina  calnii  itiU  atauMphcir, 
lliey  dry  extremely  slow. 

lUit,  tbuush  evaporation  be  generally  considered  as  nn 
etTeCt  of  the  heat  «nd  motion  of  the  air,  yel  M.  Gauteron, 
in  the  Mrinnin  s  de  I'Aead.  di--  S(  lei.e.  an.  I7t'5.  shows, 
that  aqinle  ii[)po5i!e  tan-i'  nin\  havi  tin  ~.inie  i  tlecf,  and 
tliat  lluiiN  liise  !iirjrei.i)  iheir  [mil--  m  t!.e  severest  Irost  than 
«hcn  the  i!ir  is  iiKiderati  !y  warm  :  lliU",  in  tbe  greftl  frost 
ul  the  year  17'  ^.  ;iiuii<l  that  thi'  i;feati'r  the  rol<l,  the 
nmie  considerable  the  evaporation  ;  and  thai  ice  itsell  lost 
'till  as  much  a<>  the  warmer  liipiors  that  did  not  fre<  iie. 

There  are  indeed  few  »ub}ects  of  philosophical  investi- 
gation that  have  occasioned  a  greater  variety  of  opinion 
than  tbe  theory  of  cvaporntiun,  or  of  the  ascent  of  water 
in  rach  aAuid  as  air,  between  8  and  9  hundred  timet 
lifter  ihai^  ibelf,  to  diHerrnt  height*,  according  to  the 
diflhrtnt  dcntitiet  or  states  of  the  aimoipbere}  in  which 
caw  it-mMt  be  qtectfically  lighter  than  the  air  through 
wfaieh.it  aaccnda.  TheCartnianaaecaantfor  it  by  sup- 
poeing,  that  by  the  nation  of  the  twi  upon  the  water,  tmall 
particlet  of  the  water  are  formed  into  bollow  apheret  and 
filled  with  the  raait^ria  subtilis,  which  render*  them  tpedK- 
cally lighter  than  the  ambient  air,  mi  that  they  arc  buoyed 
up  by  it. 

Dr.  Nienwentyt,  in  his  Religious  Philosopher,  l  uiit.  l'), 
and  s.evcral  otheri.,  ba\<-  aKiaed,  ilmi  tlie  -im  eiiii(>  pni- 
licles  ni  file,  which  ailtier.,  to  those  ol  water,  and  |./ru) 
nioUeiil.v,  i;r  stii.iil  bi>iiiis,  Injhter  th.in  an  eipial  Imlk  of 
air,  vv!-.k1i  i  mi-eijih mly  ii-e<  iid  nli  thev  r<iiiie  to  a  lieiyht 
when'  til'-  uu  !■<  <il  tin  s.niic  specltic  tnivity  with  them- 
selves; and  that  (buf-ie  particles  bring  M'paratrd  from  the 
lire  with  w  hich  they  are  incoipotal^,.  coalcice  and  de- 
iceiid  in  dew  ur  rain. 
*Dr.  galley  hat  advanced  another  hypothesiv,  which  has 
been  mure  generally  rrceivcd :  he  ima^im  il,  that  by  the 
action  of  the  ton  on  the  tnrface  of  the  waier,  the  aqueous 
particlet  are  formed  into  holhiw  tphemlci,  that  art  filled 
with  a  finer  air  highly  rarefied,  so  at  ttf  become  tpecifi- 
eally  lighter  than  tlie  eiiteraal  ale.  PMIot.  IVant.  No.< 
193,  ur  my  Abridg.  vol.     pa.  447- 

Dr.  Dcsagulicn,  diagaiis^ed  with  these  hypoibcsei,  prtH 
posos  another  in  the  Philo*.  Trans.  No.  107,  or  Ahridgi 
vol.  7,  pa.  .'3^3.  See  also  his  Cours*'  of  ENperitnenlal 
I'hilosophy,  vol.  2,  p».  33b'.    lie  supposes  thai  beat  acts 
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moro  powvrfully  on  water  than  on  common  air;  that  the 
Mine  dcgfee  of  heat  which  rarelir^  air  two-thirdt,  will 
ran*fy  water  nearly  I4|CHM>  litm-s  ;  and  that  a  v<?ry  small 
degree  of  hcjt  will  ruitir  a  kteain  ur  va^MJUr  from  water, 
even  in  winter^  while  it  oondi'nscs  the  air  t  nnd  thus  the 
pnrttckt  «r  water  are  contwieii  into  vapour  by  being 
tn/ia  10  ittpd  each  ether  ttioagly,  and,  denviagclectrici^ 
itoii  the  partidcf  of  air  to  which  they  arc  contiguoot,  are 
repelled  by  thcni  and  by  cucfa  other,  so  as  to  form  a  fluid 
which,  bciiij;  lii;htffr  than  the  air,  t'l^vn  in  it,  according  to 
iheir  rcl.iiivr  i;raviiies.  Ilu-  particio  ol  this  vapour  retain 
•their  ri|ii  llctit  i  itce  fur  h  tonsnicrabli  time,  till,  by  «onn' 
diminution  ol  iJ-'  lirr-.sitN  111  rlip  ;lii-  jii  wliicli  tlii-y  tlu.it, 
they  arc  iirrcipitjli  d  tluvviinardu,  and  brought  uitbin  the 
sphere  uf  i-ucb  other's  uilraction  of  cohodoUf  aad  ao  jom 
Bgait»  iiitii^lrojvs  of  wator. 

M.i;;y  <ibji  cUims  bave  birn  urg<'d  against  tln»  <i|H[ilijri  ; 
ai|  by  Air.  Cluri',  in  hi>  'IVi'itiise  ol  tlir  M.iIk  ii  <i|  I  luid», 
pa. and  by  Mr.  Iiu»niiig  in  hh  S\-tcm  nt  i'liilo»o- 


for  its  pariiclei  iK'ing  bv  heat  reiK-Urd  to  a  greater  distance 
from  each  other,  they  UMMfty  more  eotily  keep  the  parti- 
cles of  water,  that  are  annexed  tu  them,  from  running  into 
cohesions  that  would  obstruct,  refract,  or  reflect  the  heat: 
and  hence  it  happens  that  when  we  breathe  in  warm  nir, 
<hongh  the  laae  qiiantity  of  nwiilnTe  may  be  taheik  up 
bom  the  Innp  aa  when  we  breathe  in  cold  air.  yet  that 
moittare  b  not  to  visible.  On  which  principles  he  ao> 
counts  for  the  production  and  diflmnt  appearanoea  of 
(ogi,  mUt»,  and  clouds.  And  he  adds,  that  if  the  purlicies 
ol  wau-r  brinj;  with  them  rlcctrical  lire  when  they  attach 
llK'tii^clves  to  tlir,  tin-  rc]iuUi'in  between  the  purlicin  ol 
w.itt-r  I Icctritic  il,  jnms  uitli  the  natural  repulsion  of  the 
air  to  force  hs  p.-ii  iu  b-*  to  a  ^'n  sitcT  distance,  %n  that  the 
air  l>eing  nmrr  ilila;t  ),  i;  u-.rt  iiml  carrit-v  tin-  «atiT  up 
with  it  ;  wliH'li  imitii.ii  n  jiulsiun  of  the  p.irliclcs  of  air  is 
incicasiil  by  a  nilMuro  ol  cuihiiidii  fire  in  the  particles  of 
water.  \V'hcn  air,  loaded  with  surround.-.ig  panicles  of 
water,  is  compreas(>d  by  advene  winds,  or  by  being  driven 


phyt  part  2,  diia.  6;  to  which  Dr.  UainiliuD  iiaa  added  ageimt  monntahis,  ice,  or  condensed  by  taking  away  the 

the  two  feUowing^  vis.  That  if  beat  were  the  only  cane  of  file  that  anitled  it  in  expending,  then  the  particles  wi  I'l  ap- 

evapontlon,  water  would  mporate  GMler  in  «  warn  cinae  pnaeh  one  another,  «kI  tho  air  with  its  water  will  detcend 

rodm,  than  when  capoaed  in  a  colder  pinee,  when  than  aa  a  dew ;  or  if  die  water  sunoonding  one  particle  of  air 

ia  a  coMtut  currant  of  airt  which  i»  cvnlniy  M  cxpcri*  eena  ki  contact  widi  the  water  summodlng  another,  they 

eooe;  awl  that  the  etapamtion  of  water  baa  wrfiroHide*  will  coalewa  wui  km  a  drop,  producing  rain;  anlrince 

peniHin  on  ilB  h«ng  nnfied  by  heat,  that  it  it  carried  on  It  b  a  well-hnown  bet,  that  vapour  b  a  oood  condneloc 

en  while  water  ii  coademed  by  the  coldnew  of  the  air,  of  dcctridty,  at  well  aa  of  common  fira^  it  b  neaoaable  to 

r.iu>s  even  when  froaen  OODClude  with  Mr.  Henley,  that  evaporation  b  one  greet 

tii-  in  all  tin-  lesser  de-  ranse  of  the  clouds  becoming  at  time*  surcharged  with 


till  it  Irreccs;  and  since  it 
into  hard  ice,  it  must  aUo  i  v^i 

fin'cs  i>f  cold.  ([irriTiiie  heat  tl<)e>  not  m  rnj  Id  Vh' 

lliL'  |iriiiCipal,  murii        ihc  onlv  cause  of  cvajmiatinn. 

Oilieni  have  m<Ji'  Min  i  i>r.  I  \  comittMl  lor  ibc  plu-- 
nomcna  of  cvaporatum  on  another  priuciple,  viz,  that  of 
ioliitK  ii ;  liaviii"  shown,  from  a  variety  of  experiments, 
th;>t  what  wc  call  evaporation,  is  noihini;  more  tlian  a  <»ra- 
ilual  Mjlulinii  ()l  water  in  |ii  i.'J  ull-J  and  supported  by 
the  same  me^^ns,  viz,  attraction,  beat,  and  inwtion,  by 
which  other  solutions  are  ctfectrd. 

It  seems  however  that  the  Ahbt  Nollct  £r>t  started  this 
opinion,  in  his  l^fons  de  Physique  Experimentale,  pub- 
lished in  1743,  without  pniauing  it  much  further:  he 
there  ^^isoajeetnm  that  the  air  of  the  atmosphere  may 
■erveasaiolvciitor  .  _  " 
I  it,  and  Mccive 


tlii^  (liiii!.     Pliil.s.  Mil.  (-.  pa.  134.     See  also  vol. 

pa.  ur  1  riitiUui's  Leiiers  nnd  Papers  on  I'liilo- 

iophical  .Subjects,  pa.       &c,  and  pa.  18?,  ed.  17fi9- 

M.  In  Roi,  of  tbf  Academy  of  Sciencoat  Paris,  has  also 
advanced  ibe  same  opinion,  and  supported  it  by  n  vinitty 
ol  farts  ami  obser\ atioiis  in  the  Memoirs  li  r  the  year  17  j1- 
lli  slioMS,  that  Hater  undergoes  in  t!  u  r  n  r  uil  dissolution, 
I'orniini!  uiib  ic  a  transparent  mixture,  and  possessing  the 
same  properties  with  the  solutions  of  most  salts  in  water ; 
and  that  the  two  principal  causes  which  promote  the  so- 
lution of  water  iu  the  air,  arc  heat  and  wind ;  that  the 
holler  tlie  air  is,  within  a  certain  limit,  the  more  water  it 
will  dbaolvei  and  that  at  a  certain  degree  of  heat  the  air 
irith  ngard  to  the  bodies  that  srill  ba  •atniatcd  with  water  t  and  by  detemiliing  at  dil^ 
in  pom  the  «apenn  and  fimMiinica  the  degree  of  fhaaii'eianintianyki 


exhabtiona  that  an  detached  from  dm  mmaea  to  which  the  inluence  of  those  oaaiea  on  which  the  < 

they  belong  in  a  llnid  tlale ;  and  he  accounts  for  their  as-  that  b  tiapended  in  the  air  in  a  slate  tit  solution. '  Ae- 

_vt.  ■   i_i      :.f  *i!  cordingly,  the  air.  heated  by  evaporating  substances  to 

which  it  if  contisfuous.  becomes  more  rare  and  light,  rises 

and  gives  »aj  t.i  lim-i  r  :i  r  ;  and,  by  being  thus  removed, 
contributes  to  aectl.  iHt<  t-ln-  cva|iciratroii.  The  fixed  air 
contained  iu  the  inter:  .il  parls  (d  evapornlin^  bodies,  put 
into  action  bv  hrat,  seeni%  also  to  increa-o  their  evapora- 
tion. The  wind  is  another  cause  "i  the  increase  of  eva- 
poration, ciiietiy  by  chanj^in;;  and  reneninjj  ilie  air  which 
immediately  encompasses  the  evaporating  substHtit  .-s ;  and 
from  the  consideration  of  these  two  causes  combined,  it 
appears  why  tho  quantity  of  vapour  rai.sed  in  the  ni^lit  is 


out  on  the  same  minciples  with  the  ascent  of  liquors  in  c«- 
pillary  tubes.  On  us hypotheei!,,  the  condensation  of  the  air 
Com  ribiites,  like  the  squeezing  of  a  sponge,  to  their  descent. 

Dr.  Franklin,  in  a  paper  of  Philosophical  and  .Meleoro- 
bii;ic»l  Observ ation'-,  Conjectures,  and  .SuppoMtHln^,  oe- 
livertcl  to  tilt  Royal  Society  about  the  year  17  t7,  and 
read  in  1 7 5(i, suggested  a  similar  hypothesis;  he  observes, 
that  air  and  water  mutually  attract  each  other;  and 
hence  lie  concludes,  that  water  Vill  dissolve  in  air,  as  salt 
in  wutcr  j  every  particle  ofairassiimintione  ormore  particle 
of  water;  and  when  too  much  is  added,  it  precipitates  in 
rain.  But  aa  there  is  not  the  same  contiguity  between  the 
particles  of  air  as  there  n  between  those  of  water,  the  so- 
lution of  watar  in  air.b  not  carried  un  without  a  motion 
of  the  air,  so  as  to  cause  a  finh  accession  of  dry  particles. 
A  Hnall  degree  of  beat  so 


less  than  llmt  rain-d  in  the  day,  since  the  air  is  then  both 
less  heated  and  less  agitated.  To  the  objection  urged 
againet  Ibis  hypothcsn,  on  account  of  the  evaporation  of 
water  in  a  vacuum,  this  ingenioua  writer  replies  that  ihe 
wctthens  the  cvbeiian  of  the  water  itself  cnntaitw  al  great  quantity  of  air,  which  gfa» 
pantcles-trf  water,  that  thoae  on  the  nvbce  easily  quit  it,  dually  disengages  itie1(  and  causes  the  evaporation ;  and 
and  adhci*  to  the  partfelea  of  air :  a  greater  degne  of  heat  that  it  is  impassable  that  a  space  coniabiiiv  water  which 
bncceMCiylo  mikthocobcmoohetireaiwateraadmii  evapoialcailHnild  iemaiuperiiecilyii«e  from  air.  Tothb 
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ohjprtion  Dr.  f^obton  ofUveipooI  i«pliei,tl»t  Ui(i«|hMr' 

•|i|H-ars,  by  un(|untionable  exprrimcnb,  to  bo  acbenical 
totwnl  ofwRUT,  and,  as  sucji,  is  to  be  coiMidcred  as  oiic 
*cau»e  of  m  t-vaporation ;  heat  is  another  cau»o,  acting 
Nvitliout  the  inli-rvuntion  of  air,  and  pmduiiiiL;  a  ccpious 
fvaporaliiiii  ih  an  exliaustrd  recuivcr;  agrcfHbly  to  nn  vx- 
periincnt  of  Dr.  Irving,  who  wiys,  that  in  an  <'xlinii>.trd  re- 
ceiver water  risi-s  in  vapour  nior<'  copiotivty  ut  ISO"*  of 
Falirenheit's  thermometer,  tti«ii  In  the  i>pen  iiir  Bt  ils 
boihng  point.  Dr.  Dobtun  tiirtner  adds,  that  water  may 
e.\i»t  in  air  in  three  dillereiit  utalett ;  in  a  »tiite  of  perfect 
solution* <%ben  the  air  will  be  ck-ar,  dry,  and  heavy,  and 
itr  powenmf  solution  still  active;  in  a  state  orbcginniDg 
precipitation,  when  it  becomeii  nioi^t  and  ths,ey,  its |ra*en 
of  solution  are  diminisbed,  and  it  iM-coines  tighter  ID  piO* 
portion  a»  it*  wiier  is  depfisited ;  and  alio,  when  it  is  com- 
pletely precipitated,  wbicb  may  bapovn  either  by  a  slower 
proceti,  wbioii  tba  dnaolved  water  nlU  ia  a  dHiaui^  tain* 
or  Iqr  •  taon  Mddca  process,  wbca  it  deaewidi  in  brisk 
■bowers.  PhilokTnuH.  vol.  0r,  pa.  >i7 ;  and  PhipptTa 
Voyafa  towards  the  North  Pole,  pa. 41 1. 

Dr.  HamiltoD,  professor  of  pbilotopby  in  the  univeni^ 
of  Dublin,  trararoitted  to  the  Royal  Socioly  in  17^5,  a 
long  disiierlation  on  the  nature  of  evaporation,  inuiiirh 
he  proposes  and  rst.ib)i»hes  this  theory  of  solution;  ami 
though  other  writers  had  been  prior  in  their  conjectures, 
and  even  in  llieir  reaMiniri"  oii  tin:,  subject,  Dr.  Hamilton 
BSiuro  us,  that  he  has  not  represented  any  thing  us  new 
which  he  was  CuiibCiou*  haii  ever  been  proposed  by  any 
one  before  hiin,  even  as  a  i  mi;  .•cture.  Dr.  Hamilton  hav- 
ing evinced  the  agreement  between  solution  and  evapora- 
tion, concludcSj  that  evaporation  is  nothing  more  than  a 
gradual  solation  of  water  in  air,  prodooed  and  pramotad 
by  attraction,  haa^  owl  Modon, jiM  Mother  iolotioiiom 
effected. 

In  order  to  account  for  the  ascent  of  aqueous  vipourc 
i«to  the  atmosphere,  this  ingKoioas  writer  observasw  that 
Ihfl  lower  beds  of  the  air  bciagprasaed  hf  the  weight  of  the 
Hppar  beds  against  the  mubem  of  tba  walWs  md  eoMi> 
iwally  fttbUac  upon  it  by  ita  aiolioii,  ^tliMtaaad  dwdm 
Umm  pmicki  with  wueh  itia  in  oeotaiet,  and  irparalta 
dMm  worn  the  Kit«f  iho  water.  Andiiaeo  tho  own  of 
.solution  in  thia  em  is  tho  atimtpraftiwlloo  of  dw  pai^ 
.  tides  of  watnr  towards  the  air  thaa  Unwds  each  omr,' 
those  that  arc  already  dissolved  and  taken  up,  will  be  still 
further  raised  by  the  attraction  of  the  dry  air  that \\rs  nvpr 
them,  diiil  ;  I-  !'  v  will  tiifTuw'  th<  iiHe|iis,  r  iiiL' 
dually  liislier  itiuJ  lui^iier,  aiiH  so  leave  ilie  lower  stntu  ul  air 
nut  so  much  saluniteil  but  lliut  i(  will  sliU  be  able  to  rlis- 
solve  and  Iiii.<-  up  lre!,h  partic'.e<.  of  water  ;  winch  pr<.ce>.» 
is  greatly  promoted  by  the  motion  of  the  wind.  Win  m 
the  vapours  are  thu*  raiseii  ntid  carried  by  the  wiruU  into 
the  higher  and  colder  pans  of  the  atinosplierr,  some  of 
tbem  will  coalesce  into  shkiII  particles,  which  slightly  ai- 
meting  each  other,  imd  being  intermixed  with  air,  wilt 
form  rlonds  ;  and  th<>se  clouds  will  float  at  different 
heichts,  according  to  the  quantity  of  eapour  boma  up, 
and  the  degree  of  heat  in  the  upper  parts  of  the  atmo- 
sphere :  and  thus  clouds  arc  generally  higher  in. summer 
than  in  winter.  When  the  doudi  are  much  incnascd  by 
•  contiaunl  addition  of  vapoon,  and  their  Mrtidn  are 
driven  dose  together  by  the  force  of  the  wino^  thqr  will 
run  into  drops  heary  enough  to  fait  down  in  rain.  If  the 
clouds  be  fron-n  before  their  particles  are  gathered  into 
drops,  sraall  pieces  of  tbco,  banc  condensed  and  made 

VoL.1. 


hCMier  tf  dM  MM.  Mi  down  In  Ulfn  (lakes  of  snow. 
Whea  tlw  partidH  ai*  formed  into  drops  before  they  are 

fnNWIIslliqr  become  baibtoncs.  When  the  air  is  replete 
wilb  vapoura,  aitd  a  cold  tireeze  sprin<;s  up,  which  chcct^s 
the  solution  of  them,  clmiij,  are  formed  i.i  the  lower  purtv 
of  the  athiosphne,  aiul  compo-e  a  niisl  or  log,  which 
usually  happens  in  a  cold  morning,  and  is  dispersed  when 
the  sun  has  wiuineil  t lie  air,  tiiiil  iiiad!'  it  capable  of  dis- 
solviiij;  lhe»e  uatcry  p.iiticles,  .SoutliuU  \miiiIn  eiimniiuily 
bring  rain,  bec^iusc,  being  warm  and  n  pletiMviih  aqueous 
vapours,  they  are  cooled  by  connn|:  im-)  a  coller  climate ; 
and  therefore  they  part  with  some  of  them,  which  preci> 
pilate  in  tain  :  »liei<:!^  northerly  winds,  facing  cold,  and/ 
acquiring  additional  hmt  by  Coming  into  nwarmer  cli- 
mate,  are  ready  to  ilissolve  un.i  receive  mOK.  vtpour  tbUl 
they  before  Contained ;  aud  therefore  are  eummonly  at- 
tended  with  lair  weather. 

Changea  of  the  air,  with  respect  loitB  drnstly  inA  imrity, 
as  well  as  its  heat  mid  odd,  will  produce  contrary  cfleoia 
ia  the  solndoii  of  water,  iod  th«  eoBtequent  eeccnt  or  Ml 
of  vapours. .  Sevelal  exprrimenta  have  been  mado  wWcb 
prove  that  air,  when  rarefied,  cannot  keep  so  WOCh  WltCf 
dissolved  in  it  as  it  does  in  a  more  condensed  state;  and 
then^fore  when  the  atni(i«|iliere  is  swtijr.i:,  il  'a  il li  ater, 
^illd  change*  truni  a  'Je|]5er  to  a  riiier  "jlati  ,  tlie  iiigli  aini 
coMi  r  piiris  ot  it  «ill  let  go  some  of  the  water  before  it  is 
disii  lived,  lurruingnew  clouds,  and  ditposing  them  to  fall 
douii  \:;  r.tin  :  but  a  change  tnnii  a  lur' i  tu  .1  .ien-i  i 
stale  will  stop  the  precipitation  of  the  water,  and  enable 
the  air  to  dissolve,  either  in  whole  or  in  part,  sutnc  of 
those  clouds  that  were  formed  before,  and  render  their  par- 
ticles less  apt  to  run  into  drops  and  fall  down  in  rain  :  on 
this  account,  we  gem-rally  lind  that  the  rarefied  and  con- 
densed States  of  the  atmosphere  are  respectively  attended 
with  rain  or  fair  weather.  See  more  on  this  suigeGt  in 
the  Piiilos.  Trans,  vol.  55,  pa.  Idifijor  Handltn'a  Phileao> 
pbical  Sstsgie,  pa.  35. 

,  Or.  Halky,  ihefcai-  mantioiMd,  faroshed  several  expe- 
aiBilttt  aB  ua  mMialiaa  of  wafer ;  the  leanlt  of  which 
ia«mililMd4iiAaibnDwiii| articles;  I.  That  water  saked 
to  al^nit  the  tamo  degjw  aa  leapwater,  and  expoaed  to  • 
heat  equal  to  that  of  aMwrner's  day,  did,  from  a  drtalar 
iotfroa  of  about  8  inchca  diameter,  evaporate  at  the  rate 
of  6  ounces  in  94  hours :  whence  by  a  calculus  he  finds 
that,  in  such  circumstances,  the  water  esapor.ites  l-lOth 
of  an  inch  deep  in  12  hours  :  which  qnantity,  he  fibscrves, 
will  be  fomid  abundantly  sntTu  ient  to  riirni>hall  !  <■  rain*, 
.•springs,  dew*.  &c.  I5y  tins  experiment,  esery  10  s'juarc 
inches  of  surface  ef  the  water,  yield  in  vapour,  perifiem, 
a  cubic  inch  of  water  :  ami  each  square  foot  half  a  wine 
pint  ;  every  spat  r  ,  t  i  I.  i  i  ■•quare,  n  gullon  ;  a  tnile  >i|uaie, 
(iJ)14ton<;  urul  asquari'  ■ieijree,  of  6'9  I'.nglish  miles,  will 
evaporate  .33  iiiilli  iiis  I'l  l'ii;s  a  (lav  ;  and  thus  the  whole 
Mediterranean,  which  is  computed  to  contain  ItiO  square 
degn-es,  will  yield  at  least  4580  millions  of  Ions  each 
day.  Philos.  Trans.  Xo.  IS9  ;  or  my  Abridg.  vol.  .3,  pa., 
387. — 2.  A  surface  of  8  square  inches.esaporated  pun  ly 
by  the  natural  waniitb  of  the  ereadscr,  without  either  wind 
or  ana,  in  the  course  of  a  whole  year,  16292  graius  m' 
wtler,  or  6*  cubic  iitcbes;  conseqiicat^,  the  depth  of 
'  water  tbut  eiaponted  in  dbe  year,  amounls  to  6  inches. 
But  ihia  bring  too  little  to  miawcr  the  cspcrimeoteaf  th« 
fVracli.  who  found  that  it  rained  19  inchca  «f  water  in  one 
year  at  Paris ;  or  those  of  Mr.  Towidey,  who  foond  the 
uiDual  quantity  of  nin'  in  lancasbire  above  40  nichei} 
.  3R 
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lie  thercfofe  eoRclades,  that  die  tm  ami  wiail  con- 
Iribule  mon  w  cgrapomtivn  than  any  inAmial  heat  or  a^ 
tatioD  of  the  fmtcr.  lo  rifect,  Pr.  Halley  fixe*  the  ai»- 
Mial  evapomtion  of  Londoa  at  48  inches ;  and  Dr.  Dob* 

wa  mu^  the  same  for  Livcrpoal  at  nS^  iadiaa.  Phitoa. 

Tram.  vol.  07.  p.  2.1c.  * 

3.  Till'  <  lli  ct  ut  (lie  wind  i>  v<  ry  inn^idrrablc,  on  a 
double  account  ;  lor  tlii'  same  uIim  i \:itii>ii'>  ^liinv  a  \  rry 
singular  (|Uata^  in  tlie  viqmur*  ol  r,  vi/,  lliat  (ifaii- 
bertn^  tolhpsuilace  llmt  i  nIkiIi  iI  ihviii,  wliicii  (lu-y  clutlic 
■sit  Wire  with  a  (li-icc  of n  aji  ;  wliuli  iiiicf  111- 
vestinj;  the  vapour,  it  ifllcrwuMU  ri>rs  iii  inucb  less  quan- 
tity. Whence  ihe  quantity  of  wau-r  lost  in  'H  liour*, 
when  tbo  air  i»  very  »till,  was  very  snifill,  in  proportion  to 
what  w  tilt  utr  w  hen  there  was  a  briiJc  gale  of  wind  abroad 
10  diMipate  the  fleece,  and  make  room  fur  the  cmiMiion  of 
vaponr}  aadtUa,  even  though  th<;  I'vpvruiieiu  wa<>  made 
ia  •  place  us  secure  from  the  wind  as  could  b«  contrived. 
Meraover,  this  fleece  of  water,  hai^ng  to  the  surface  of 
water*  in  still  weather,  is  the  oocaiioii  of  very  sinfular  ap- 
pearanocs,  by  Ihe  refraction  af  the  vapaai*  diflcriagfiMi 
and  rxceading  that  of  eommoo  air;  whence  every  thing 
appears  mon  lofty,  or  laiicd  abow  Its  uaual  level,  as 
housea,  atecflo,  Mft,  Ac. 

4.  The  same  cxperimctils  show  that  the  evaporation  in 
May,  June.  July,  mdH  August,  »hirli  urr  nrnrly  equal, 
are  about  ihrii- tinier  as  ^rcat  05  those  in  tUc  niunihs  of 
November,  I)<  riiiilier,  Juriuury,  iml  1  •  bruuiy.  PhlloSa 
TraM.  No.  '^12,  or  my  Aliridg.  vul.  I,  |m.  6iS. 

Iff.  ni(nvni'ii;s,  I hi^  Art  '  I  mukino  common  scih,  p.*!. 
ISy.fixts  ibc  iMi|vorfilioii  ol  sonic  [nirti  ol  England  at /.'iH 
inchr«  during  thi-  nmntlis  of  May,  June,  July,  aud  -Aii^uji; 
and  the  cvHiioratKJii  ol  tin-  whole  year  at  more  than  140 
incbi  s.  H\U  the  cvai>()rati(in  of  the  four  »ummer  months 
at  Liverpool,  on  a  uu>tiiuin  of  4  years,  was  found  to  be 
only  18-88  inchen.  AUo  Dr.  Half*  calculates  the  greatest 
atuiual  cvMoraiion  from  the  surface  of  the  earth  in  Kng- 
land  at  &m  inches;  end  tberclbrc  the  annual  evaporation 
from  a  surface  of  water,  is  to  the  annual  cvaporatioa 
from  the  surface  uf  the  rurth  at  Liverpool,  Bcariy  as  6  to 
1.   PhiioB.  Ttans.  ml,      obt  supra.. 

In  the  Tramaclions  of  die  Aawricao  Phikaophical  So> 
daly,  wl.  3s  pa.  195,  there  iS'a0  tmsnlatti  paper  on  cva* 
Ijotatioa,  by  Dr.  Wislar:  whcse  be  allows  that  cvapora- 
tioB  aiisea .when  duiinoiit  body  is  warmer  than  ihemeilium 
itb  Ineloied  in: and,  00  the  contrary,  it  acquires  moisture 
bjNB  tlw  air,  the  colder  the  body  ib.  Tins  nn  iMiic;  off, 
and  acquiring  of  moisture,  it  is  5ho«ii,  i,  b\  ihc  ]ia>.sjt;i'  of 
heat  out  of  (be  body,  or  into  ii. 

LL'CUD,  of  jVlcgura,  a  ( idi  brelcd  phibisophcr  and 
K';'iclaM;  Ik-  «us  !i  i:i-ii|dr  of  Socrates,  i'iii<l  fliiun>i.i'd 
.ibwut  4U<)  yl■.lJ^  Ijiloi.'  (  Iiii^t.  The  Allii  niiiM!.  having 
prohibited  the  Mivriii;iiiv  from  i  nliiiiw  tbiir  city«)n  pain 
.  I  dt-ith,  shi^  pbii> -I  iii>i;uiscd  himself  in  women's 

cloili.slo  mti  r;  ;  till-  li  <  lun  s  ol  SiK:rat«.  Aflerthe  death  of 
Sociali»,rLiio  ami  "ilic  r|j.'iilobopher>.  wentio  I  uclidat  Me- 
gaia,  lo  sbt-krj  ilir  i  >.  Kis  imni  the  tyranl;.  who  governed 
Atlicni.  F-uclidadiiiilU'd  but  one  chief  good;  which  be  at 
ditJircnt  imirs  called  God,  or  the  Spiril,  or  Providei^. 

l  itis  phdosophcr  has,  by  some,  been  confounded  with 
Euclid  of  Alexandria,  the  prince  of  geomrtriciani ;  bat 
independently  of  the  difleieiit  sabject  of  their  wiidnp,  it 
n  ««-ll  known  that  Eiidid  oC  tUgum  llonriihfld  at  least  a 
eeutuiy  before  Euelid  of  Alamndriawas  bom. 

EvctiD,  ibe'cekbiaiad  natbemalician, according  to  the 
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acoowit  of  Fafipus  and  Pitodui^  'waa  botil%t  Aleuuidfiar 
in  Egypt,  wbm  be  floarisbcd  a«d  taught  matbsaMlica 
with  gmt  appbuae,  Vfder  dw  reip  of  Ptoiam^r  Ugps, 
about  280  years  before  CbrfM.  Some  Arabia»bistotiaai,* 

however,  inform  us,  that  be  was  born  at.Tyic^  that  his 

father^  name  whj  Niiucrale»,  an  inhabitant  of  Damss^— 
'I  hi;  pmticui'ir  |>la<  r  ot  his  Bauvily  a|i[>i  iir-,  Ihi  r<  lorv,  to 
be  unci'l  tain  ;  hut  whi  lfit  ror  not  Alt  Naiiui  lu  had  ihc  ho- 
nour of  giving  lurth  to  Ibis  crk-ljratcd  n:alliriimliciari,  mII 
bistoi laiis  aijii-f  tfiut  iic  flounslu'd  and  luu^^lu  iiiatbtmu- 
tu-s  ihfic,  u'.  tlic  linic  abovcmciitnmi  ii  :  wliii  b  <  ily,  from 
(hat  period  to  lb<  riiiiqm-st  of  it  by  tin  S  iiacciis,  seems  lu 
have  been  the  usuliiitf,  il  noitbi'  hii iii-|ilacc,  ofulllbr 
musl  eminent  tnathemaliciain  of  thai  tiuic.  Kuclid  re- 
duced  into  regularity  and  order  all  the  fundamental  prin- 
ciples of  pure  mulheiiiatic!),  which  hud  been  delivered 
down  by  1'halcs,  Pythagoras,  Eudoxus,  and  other  aMtbe' 
raaticians  Ufore  him,  and  added  many  oibcr>  of  his  OWtt  t 
on  winch  account  it  is  said  he  was  the  1ir»t  who  reduced 
arithaietic  and  gpometry  into  the  form  of  a  science.  Ho 
likewise  applied  bimselt  to  the  study  of  mixed  matfaamir 
dct,  particularly  to  astronomy  and  optics. 
•  His  works,  as  we  learn  from  Piqipus  and  Produa,  an 
the  Elements,  Data.  Iniroductfam  to  itenwjnv,  Pheoo- 
mcna.  Optics,  Catoprics,  a  Treatite  on  the  DivinoB  of 
Supcrlicir*,  I'oiisms,  I^ici  ud  Superfieieni,  I'allactes,  and 
l-'our  books  ol  Coriir";.  Tin-  most  cidebraled  of  these,  is 
the  llrst  v^url,,  tin  i  h  -  ,,(  ri:v  >  i  ( ,i  i  iry  ;  ol  wbii  h  lh<  10 
have  biTli  !iih:iI  I  1  K  «  t  di;.u!...,  m  all  (anguau'cs  ;  and  a  line 
edition  of  Jl  ni  'vorks.  nov  extant,  was  ]irinti  d  lo  1 7(':i,  by 
David {iii  pory,  Savilian  prott-syir  of  a»troiioiiiy  at  Oxloid. 

The  I'.leiuciiis,  ri\  fomn)oid\  piihli^bi'd,  i'oii-ist  "l  I  > 
hooks,  ofwhich  ilic  last  (wimI  15  vuspccted,  an- not  Euclid's, 
but  acomiuent  ot  llypsichs  of  .Mi  .\Lii)driu,»»ho  lived  200 
years  after  hiin.  'J  hey  arc  divided  into  three  parts,  via, 
!..e  t  jiiU'inplttliuii  ol  Superficies,  Numbers,  un<l  Solids: 
I  be  first  4  books  treat  of  planes  only  ;  the  5lh  of  tbc  pro< 
portions  of  niagniiudes  in  general  the  (>th  of  (he  propor- 
tion of  plane  figures  -.  the  7th,  btb,  and  9th,  give  us  iba 
rujidancnla]  ptopesties  of  numbers }  the  lOtb  contains  the 
tlwoiy  of  caaBmcnaurahle  nnd  incoHiiacnHinible  lints  and 
spaces  i  the  I  Ith,  13th,.  iSdi,  I4tb,  and  IJkh,  treat  of  iba 
doclriae  4if  sotdia 

There  is  no  donbt  but,  faeibm  Budid,  Elements  of  Geo-' 
metry  vveie  compiled  by  Hipjiocrstn  of  Chios,  EudOKUS,, 
Leon,  and  many  others,  mentioned  by  Proclus  in  the  be- 
aiiiriiii!;  ot  his  5ec<ind  book;  for  he  ulfirms  that  I'iuclid  iww- 
orrleiid  many  ihnijjs  in  the  f'lcnients  of  Ludoxus,  rom- 
pli  led  iii.iiiy  taiii2>  in,  ttioM-  of  Tiieatetus,  and  besides 
sirengllicncd  such  prepoMiiiins  as  beloie  were  too sli{;htly, 
or  but  superficially  eNtub;i>.bcd,  with  the  BKWt  fins  and 
convinrinj  dcmoiistralanii. 

llisiory  1;  silent  as  to  the  time  .  f  Knclid's  death,  or  his 
i>,!,e.  lJut  P.ippiLS  represents  hini  a*  a  person  of  n  ruur- 
toiius  and  iii;ri-eBble  behaviour,  and  in  great  esln  10  m,.i1i 
Ptolemy  Lagos,  king  of  Egypt;  who  one  day  asking  liim, 
whether  there  was  not  any  shorter  way  of  coniing  at  geo- 
metry than  by  his  Elements,  Euclid  is  said  to  have  au'*^ 
s  we  red,  "  lAat  there  uas  no  royal  road  to  ^(oanefly.* 

EUDIOMfil'JiR,  an  instrument  for  determining  the 
parity  of<the  air,  or  the  quantity  of  pure  and  dephlugtsii- 
cated  or  vital  air  contained  in  i^  chiefly  by  muus  of  its. 
dkmmttion  on  a  mixture  with  nitrous  air. 

lastromeatsof  thiskindwetefiistaHMic,tn  coosaquraco 
of  the  expariMeMs^aud  diaoDiwiWdf.D«wPruadqri  for  dei^ 
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UTaimiig  ihi'  salubrity  «l  dilltTi-ut  kinds  of  air.  That  wri- 
U'l  TiaMiig  (ti>eoverr<J,  t'isit  ulicii  ni(r<)U«  air  u  niixcil  with 
any  other  air,  their  original  bulk  is  dimiiiitbed;  ami  ibat 
th«  diminution  it  nearly,  it  not  (.xactl/,  in  pnponia«t  to 


ing  the  two  airs. — 2.  A  knuiii  glass  phial,  to  urvc  as  a 
measure,  ami  i»  iitiuut  oiic-lhinl  liic  size  of  (he  rcci-iver.— • 

3.  A  small  pair  ul  scul<.  >  ili:u  may  wvtgh  vvry  exactly.— 

4.  Several  glaM  butik-!!,  lor  cuniaiaing  thu  nitroiu  or 
ila  lalubrity ;  he  was  hence  led  to  adopt  Bitraiu  atr  a  olbi-r  air  to  be  used,  and  wIik  U  may  supply  the  place  uf 
true  tot  ol  the  purity  of  reapinbieuri  aad  notUiig  more  '  the  ivcipient  when  bioknu  Thi'  method  of  using  tlii*  iif 
Memod  tn  be  necessary  but  an  easy,  «xpeditiouit  ml  ae*   atnuamt  n  as  follows : — The  receiver  is  to  bo  filled  witj^ 


curate  method  of  estimating  iba  degree  of  diminuiion  in  water,  doled  exactly  >|ith  iis  glast  stopper,  wiped  diy  on 
dideTeiitCMCti  and  ibr  ^thb  mirpoae,  the  oudiwMler  «w  tht  Mlaide,  end  tlien  weighed  very  aocunlely.  •  Being 
coiitri*«dj  of  whidi  icwnl  kindt  have  beau in«C9lod»Uw   Acb  inuergid  in  a  «eMcl  of  walcr,  and  faekr  with  the 


principal  oTwhich  arc  the  fullowing. 

I.  Hm  eudiometer  originally  used  by  Dr.Prieitley  ia  a 
divided  glaas  tube,  into  which,  after  having  lille<l  it  with 
common  water,  and  inverted  it  into  the  sanio;  one  mi-a- 

suif  or  mure  ol'  Cuiiimoli  air,  and  an  rqual  ijuanlity  ol  iii- 
Iruiis  ,  uri'  Liitroduced  hy  uuims  ol  u  >iiui!l  (iIjIuI,  w  inch 
)'>  (..till  '.  ibr  measure  ;  and  thiiH  the  diminution  ni  ibc  vo- 
iunit.  til  ilie  mixture,  which  is  seen  at  once  by  iitcuiisof  the 
gruduuuoM^  1.1  the  tubtt  imtaady  diicovaft  the  purity  of 

the  air  recjviired. 

II.  1  h'.'  discovery  of  Dr.  Priestley  was  announced  to 
(he  ).ubl)L-  111  the  year  177'i;  and  »i'»«ral  (wrsoiis,  both  at 
honu-  uii<i  abroad,  presently  availed  themselves  of  it,  by 
fraioing  uther  more  (accurate  insdumeiits.  The  iirst  of 
these  was  contrived  by  M.  Laadriani ;  a  descriptinn  of 
which  ia  given  in  the  6th  volume  of  Uusicr's  Journal,  for 
the  year  1775-  It  consists  of  a  glass  tube,  litted,  by  grind- 
ing, to  a  cylindrical  vcael,  to  which  are  joined  two  glau 
C«tAa  and  a  small  basion  i  the  whole  bcii^  fixed  to  a  wooden 

In  this  inatnuneot  qpickiilver  i»  mcd  instead  of 
n  Ihoagh  ibat  ii  amndadwiihaa  ineoa*aaicaea^ha> 
I  the  nitKMM  air  acta  npoa  the  nelal,  and  icnden  the- 
expefiment  amtdgnou*.  ^ 

III.  In  1777>  Mr.  Magellan  published  aa  account  of 
thrcti  eudiometers  invented  by  himself,  consisting  of  glass 
voMela  of  rathur  dillicult  cimstruction,  and  troublesome 
to  UM-.  M.  Cuvullo  observes,  that  the  Construction  of  all 
tin-  ilin'<-  15  founded  on  a  buji]!  jhilion,  that  the  mixture  of 
nitrous  and  atmo»|ih< ricai  air,  having  coiitiniuil  (or  Mime 
limi  to  diminish,  atterwards  incrcuscsagain ;  whicli  :  i  m  i  nu 
is  a  niistake:  nor  do  ihcy  give  accurate  or  unilurin  nsultii, 
in  cxpcrimi  Ills  in. i  n       i  oitroui  and  common  air  of  pa- 

cisely  thl'  Msme  (jiiality.  ■ 

IV.  A  preferable  and  very  accurate  method  of  discover- 


mouth  downwards,  the  stopple  is  ranoved,  and,  by  mvaus 
of  a  funnel,  two  measures  ^f  common  and  one  of  tuttous 
air  aiv  introduced  into  it,  one  after  another:  these  dimi- 
nish as  soon  as  tbeycome  into  contact)  in  conset|Uencc of 

which  the  water  enters  the  riti|iient  in  prn|>(irtioui(blo 
quantity.  .Alter  being  stopped  and  well  »haken,  to  pro- 
mote the  dimiiu,tioii,  the  receiver  is  to  In-  o|ii  iird  iij^aiii 
under  watei  ;  tln  is  >tn|)ped  snd  >haV.rii  iinairi,  and  >o  on 
for  three  times  iuc^i  ^  i  i)  ,  al'tcrw  iiich  tlu'  holtln  i>  .sto|i|.K' J 
for  the  last  time  ninli  i  u.iUt,  tiieii  taken  out,  wipid  M-ry 
clean  and  dry,  anu  i  wcii;hed  xs  IhIoii'.    It  i-,  |j|ain 

(hat  now,  the  botllf  \Kmg  (illed  partly  with  eiaitic  duid 
and  partly  with  water,  it  must  be  lighter  than  when  quite 
full  of  water;  and  the  difference  between  (hose  two  wtinhl'^, 
shows  nearly  what  quantity  of  water  would  till  the  ^paCo 
occupied  by  the  diminished  clastic  Huid.  Uut,  in  majiiiig 
experiments  with  airs  of  different  degrees  of  purity,  the 
said  ditlcrencc  will  be  greater  »hca  the  diminution  is  lem, 
or  when  the  air  Is  less  pure,  and  vice  vena;  by  whifih 
means  the  can^araliae  purity  between  tsra 
ofair  ladMennMad. 

VL  But  u  this  melbod,  notwltbelaaifiM|  the 
un»  bestowed  on  it  by  the  invenior,  it  tuqeet  to  tevcial 
errors  ahd  inconveniences;  to  remedy  all  these,  another 
instrument  was  invented  by  M.  Cavallo ;  the  dcsciiption 
of  which,  being  lon^,  may  he  si-en  in  his  Ttealite  oa  the 
Nature  and  Properties  of  Air,  jta.  344. 

Other  constructions  of  the  eudiometer  have  also  been 
given  by  Mr. Caveitdish  and  Mr.  Schecle.  For  further  iii- 
I'orniation,  Nee  Magellan's  Ix'tter  to  Ur.  Priestley,  i.  rr,Ln>. 
ing  the  I)cbcri[jlion  of  a  Glass  Apparatus,  &c,  and  ol  Ni  w 
Ktidiutneters,  vVc,  r777,  pa.  15,  6cc  ;  Piiestley's  Exp.  and  . 
Obs.  Oil  Air,  vol.  3,  preface  and  appcndi.x  ;  the  methods  of 
Dr.  Ingeohousz  in  Philos.  Trdii^.  xol.OI),  iirl.  1.^;  Mrealso 


ing  the  purity  of  the  air  by  means  of  a  eudiometer,  is  re-  the  Philos.  Trans,  vol.  73  ;  and  Cavallo's  Treatise  on  Air, 
commended  by  M.Kontatia.  Tlie instrument  is  origiitally  — 
nothing  more  than  a  divided  glass  tub* ,  tlmimh  the  inven- 
tor afierwards  added  to  it  a  complical  i  u|  (  aratUt,  per- 
haps of  little  or  no  use.  The  first  simple  eudiometer  con- 
sisted only  of  a  glass  tube,  uniformly  cylindrical,  about  18 
inchat  longs  Md  S^itlu  of  an  iocb  tuamelet  within-side, 
the  outside  betag  raailied  .with  a  dianMad  at  such  di»- 
tancea  ai  aie  exactly  filled  by  eipial  measures  of  elastic 
Aoids :  and  when  any  parts  of  thoe division! are  required. 


pa.  274,  315,  3l6,  317,  328,  340,  344,  and  S»8. 

EUDOXUSj  ofCoidus,  a  city  of  Caria  in  .\sia  .Minor, 
doorished  about  S70  years  before  Christ.  He  learned  geo> 
metry  from  Archytas,  and  afterwards  travelled  into  Egypt 
to  learn  a.stronnmy  and  c>(her  sciences.   There  he  and 
Plato  studied  together,  aa  Luertlu*  infurm*  OS,  lar  tb2 
space  of  I5ycan:  and  afterwards  came  to  AA«n^  fraught 
with  all  aoito.cif  knowle^,  whi^  they  had  kiwiicd  mm 
.the  priests.  Here  Eudoxus  opened  a  sdmol;  which  ba. 
the  edge  of  a  ruler,  divided  into  iadiec  and  sinaiter  parts,  supported  with  so  much  glory  and  mxnra,  that  even  Phttoy 
is  held  against  the  lube,  so  that  the  lint  division 'of  the   tfiuugh  his  friend,  is  said  to  have  envied  faim.  Eudoxus 
ruler  may  coincide  with  one  of  the  marls  on  the  tube.  '  ~  -------- 

The  nitrous  and  ntinn^phericil  air  arc  introduced  into  this 
tui»',  i:>  <<hi>  r  tn  I.I  .inniinv:.(  d,  and  thcuce  the  parity  of 
tin-  almoii/nenc  nir  a-ri-rluiiied. 

V.  M.  Sau^siire  of  Giiicva  aUo  invented  .i  cudlnniuti  r, 
winch  he  thinks  is  more  exact  than  any  ol  triose  Ulorc 
descrihi'd;  tlji-  a]iparatus  of  whicli  i>  a>  li>liow^:  I.  A  cy- 


compovd  Elements  of  Geometry,  from  which  Euclid  li- 
berally borniwed,  as  mentioned  by  Proclus.  Ciccro  calls 
I'.udoMis  tin-  greaU  il  aiiroiiomc  r  lliat  had  ever  liveil :  and 
I'clrnniiis  Ml V,  hr -[H  nl  the  hittri  [■air  of  his  lite  upon  tlie- 
tnp  ol'a  MT\  hii;h  moui'.laiii,  that  he  mis^h  1  >:  I  :  •[  ilie 
stars  Bod  tiie  heavrn^  uitli  iimrc  roiiv, mence  and  h  si  in- 
terruption: and  »!.■  leain  troin  Siralio,  that  there  were 
lindrical  glass  bottle,  with  a  gruuud  siopplc,  containing  some  remains  uf  bis  observatory  at  Cnidus  lo  be  seen  even 
abontiH  ounceaof  air,  which  lervct  ■>  a  rccriwr  Ibr  nix*  in  hi*  tiiae.  He  died  in  the  53d  year  of  bis  age. 

»»  t 
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F\'ECT10M,  H  vtei  by  tome  utrunoraerii  for  the  li- 
l>raiion  of  the  moon;  ticing  an  inequality  in  brr  motion, 
by  which,  at  or  ntar  the  qundraturm,  she  i>  nut  in  a  line 
drawn  thrangb  the  cmin-  ut  the  enrth  to  the  sun,  ns  »he  is 
at  tix  tftypt»,m  COT^junction  and  opposhion,  bat  makes 
u  tiig|«  with  tbat  line  of  about  2°  5 1'.  The  motiau  uf 
Qba  noon  about  her  exit  only  ii  equably  wkich  Totatian  it 
^pcrfiirnwd  exaclly  in  the  Mine  tine  w'ahc  rerolm  about 
tin'eanli  i  for  wmA  mmm  it  la  that  ihe  turna  nlmyi  the 
mne  iwe  uranHs  the  f«nh  neariy,  and  would  do  ao 
eiaCtly'wm  it  not  thnt  her  mritstruul  motion  nbout  the 
earth,  in  an  fllijilic  orUit,  i^  net  equiibU';  tin  which  ac- 
naiiit  tlir  iiV'of,,  -11  u  li  nn  rlip  I  liith,  appear'  lo  lILicrati'  n 
hllk-  upt  u  luT  UX1-,  Miiniiiiiiia  I'r.im  t"ii>t  to  wi-sl,  Jintl 
siiinrtHiii  s  troiii  wi  ' ;  tn  r  i  i  ;  or  soinr  parts  in  iho  eastern 
limb  nt  tlic  moon  go  backwards  and  forwardsa  amaJi  tpace, 
Rn<l.s  nic  that  were  eoiupicuoiM,afehid,and  thentppcnr 

H'i'i- li  Tui  rivM  TiiiN  i'  tiseil  by  sonic  a->triiiiiinu  In 
ik-notn  that  equation  ol  the  moon's  nxititm,  which  is  pro- 
portiorral  to  the  «inc  of  <liiuble  the  distance  of  the  moon 
from  the  sun,  diminished  by  the  moon'*  anomaly :  this 
equation  is  nut  yet  arruntcly  determined;  some  state 
it  at  1°  30',  others  at  l'  16'.  &c.  It  i»  the  erealnt  of  all 
the  moon's  equal iuiis,  axcept  the  equation  of  the  centre. 

£V£N  Number,  a  that  arbicb  cm  be  divided  into  two 
eqiwl  whole  nomben;  tndi  as  tliewiiiii  nfaliirnmic  imm- 
ben^  3, 4, 6,  a,  10,  &c,  «nd  is  therrfora  {itnfvriy  expicned 
bvthe  form  9h. 

*  EVKNLY  JEmu  Mmkr,  ii  thkt  whiclk  can  be  twice  dl- 
iridcd  by  2,  and  thcicfoie  la  exprMMd  by  the  form  4*. 

Stkk  lt  Odd  Number,  is  that  which  can  be  only  divided 

by  S  *onco,  the  quotient  Inking  an  odd  number,  and  h 

therefore  of  liie  i' inn  4«  -t-  'J  =  '2{m-t-  I )  ,that  i<,  ihc  quo- 
tienl  is  ot  tli<-  lorm  •^n-t-  I,  which  is  ihircforc  ncce^Mirily 

•  an  odd  numbi  r. 

F.\'l'.llA Hit's  Sliding  Rule,  a  particular  »ort  of  rule  in- 
vcntcij  by  Mr.  i>,<iiiias  I'.M  nird,  for  the  parpoae  of  gtv^ 

ill".    See  Slii>in<;  UiJLR. 

KUI.KR  (I.F.ox.iRu),  one  of  the  most  celebrated  raa- 
thematiciam of  the  ISlh,or  perhaps  of  any  oilier  century. 
*  He  wna  a  natiw  of  Bwir,  and  wa.<>  bom  April  15,  1707. 
Theycan  of  hi*  infancy  were  paaicd  at  Ki(:lii'n.  »hi'ii  his 
fother  was  minlvter.  Me  was  allerwerds  sent  to  ilie  uni- 
venity  of  nuvil ;  and  us  bi^  memory  was  aMoiiishin^ly  re- 
tenti\e,  and  biN^application  regular,  he  performed  his  aca- 
demical tasks  with  great  rapidity;  ind  ai)  the  time  that  he 
saved  by  this,  was  coniccnivd  to  theittidy  of  nailMM*> 
tics,  which  soon  livcanM!  his  fiiva«rile  science.  The  early 
jtrogms  he  made  in  this  branch  of  sttidy,  added  liesh  sw 
dour  to  his  appliiatAn ;  by  which  he  likewiie  nbiatncd  • 
distlitcnishift^  mark  of  the  attentioa  and  esteem  of  profiwr 
John  Bernoulli,  who  aras  ihrtxNKofthe  moat  eminent  ni»: 
•    themnticians  111  Kurope. 

•In  17'-  '>  filler  ;iMik  I. is  dr::ii  i'  musti  r  (,f  arts; 
and  dciivi-ri  (1  '  n  liiat  ii(  r.,sii>n  a  L;ilni  ili^i  <  111 in  «  Inch 
ho  dri  w'  a  cninparisi.n  bi  lwei  n  Ihe  philosophy  ol  N'rwtoii 
and  the  Carteviun  «v«leiii,  which  rrri  |v>H  mlh  the 

grralfst  a]i|il;iii •  I  .  At  his  father's  ili  >.iri-.  In-  m  xi  Kpplu-d 
■  himself  to  Ihe  ^luily  <■!  tlienloity  and  tbe  oneusal  laniiunEi's : 
and  though  tluse  diiiHiis  were  foreign  to  his  pre  iominant 
propensity,  his  success  was  considerable  esrn  111  this  re- 
spect: however,  with  his  tiilher's  consent,  he  afterwards 
Ktaraed  -to  mathematics  as  his  ptittcipal  object.  In  con- 
titnting  to  avail  himadf  of  theeoonadaaod  iMtractiomef 


M. Bernoulli,  he  contracted  an  intimate  frieii'l^iiip  wi||^hi» 
two  tons  Nicholas  and  Daniel;  and  it  wa«  chiefly  in  GOI^ 
sequence  of  these  connexion's  that  he  afterwards  became 
the  principal  ornament  of  the  philoMjphicut  world. 

The  project  of  crrc  tint;  nn  academy  at  Petersburg,  which 
had  been  formed  by  I'eier  the  Great,  wns  executed  by 
Catharine  the  lat :  and  the  two  young  Bernoullia  bang 
invited  to  Tetrrabutrg  in  1725,  promiiisdl  Huler,  who  was 
dcairoH*  of  following  them,  tlmt  they  wiuld  use  their  «n> 
deavottia  to  piocnra  for  him  an  advantagiHiua  settleoMRt 
in  that  city,  in  the  mean  time,  by  their  advice,  he  made 
clo>e  application  to  the  study  of  philosophy,  to  which  be 
maile  happy  applicatiffiis  of  his  iiiuthematical  knuwledije, 
in  n  disM-ilntion  on  the  nature  and  propiojaticii)  <if  sound, 
and  uii  an>»<  r  to  u  pii/i-  ijUi  Ntu  ii  <  <  lu  t-miii!;  the  maNting 
of  ship*;  ti»»liicl.  till-  Ai-inli-:i.)  i  t  >ti<  iue>  attjufjded  the 
accosit,  or  second  rank,  in  ilir  \i;ir  17-7-  Ironi  thislal- 
tt-r  disCOiiiM',  and  oilier  circuiiislnmi it  Hp[M-ais  that 
Euler  had  m  ry  early  embarkeil  in  tin-  ciiiMm^  usilul 
study  of  tiavul  architecture,  which  he  alternard  enriched 
with  »o  many  \nluHble  discoverio.  T'le  Study  of  mathe- 
matics and  [ihilosopby  however  did  not  solely  engMf  hia 
nttetitioii,  as  he  in  the  mean  limealtended  tlie  mcdiCM  Mfti 
botanical  lertiires  of  ibe  professor.-  at  Basil. 

Kuler's  merit  would  have  given  him  an  easy  admission  to 
liotmurable  preRrnnent  either  in  the  nwgisifacy  or  univer> 
Miy  of  hi^  native  city,  if  both  civif  and  academical  bonoma 
bad  not  been  there  distribiitrd  by  lot.  This  being  againat 
hiin  in  a  tert^un  promotion,  he  left  his  couoiiy.  set  aht  tat 
Fetetaborg,  and  waa  mate  joiot  professor  with  his  comi* 
tiTBen  Hermann  and  Daniel  BeraoulU,  in  the  univctsity 
of  that  city. 

At  his  first  seitini;  out  in  his  netjiF  career.he  enriched  the 

aradeiiiicul  collection  with  iiiaiiv  meiimirs,  wliirli  e\<  ileJ 
a  iiolilc  emulation  between  lirni  Mtul  ihe  Bfi  iiuuliis  ;  tn 
emultttioii  that  iilwjy.  roolimK  il,  without  <iih<  r  d<;;i'nr- 
rntni2  into  a  selli^h  j<-ulousy,  or  prodntin^  1  in  h  list  alli'ra- 
tion  III  llieir  ftieiidship.  ll  w;in  ;it  ihis  tUiie  ih  il  he  mr- 
riid  to  new  depne<.  of  perlectioii  llie  irite;;r«l  calculus,  in- 
vented the  calculiitlon  by  sines,  reduced  aiiahticul  <ipem- 
tioMs  to  a  gre-.iter  Mnipticily,  itiid  thus  was  eniibhd  io 
iliiow  new  liahion  all  the  parts  of  mathematical  science. 

In  I7-'50,  luiler  was  promoted  to  the  prole-sor^bip  of 
natural  philiAophy  ;  mid  in  I7j.'1  ho  succeeded  his  Ihend 
I).  Bernoulli  in  the  mathematical  chair.  In  173^,  a  pn>> 
blem  wns  propoited  by  the  amdemy,  which  required  ex- 
pedition, and  for  the  calcniatioa  of  which  some  eminent 
maliwmayciaas  had  demanded  the  tmacv  of  some  mootfas. 
The  problem  wns  mdcrtakea  by  culer,  who'  completed 
the  calettlation  in  three  days,  16  the  gnat  aatonishment  of 
the  academy :  but  the  violent  and  laborious  efl(>rts  that  he 
raatle  to  accomplish  it,  threw,  him  into  a  fever,  thnt  en- 
dangered his  lili-,  and  deprived  him  of  the  use  ol"  his  right 
eye,  which  Htterwards  broinjht  on  u  total  blii.diies^. 

The  .Academy  of  Scieiiri  s  ut  P.iiis,  "Inch  iii  I7:!S  hnd 
adtudtied  the  prize  to  his  iiieiin  ir  t  'lnci  I  titriL'  thi'  Nuliiie 
nii'l  Properties  of  Fife,  projx/sed  for  lln  yi  1 7  in  rh'.  :iii- 
porlant  sulijiCt  of  the  i'ld- s  o)  the  Htu  ;  ,i  proiihin  whose 
s<iluiion  ciiinpieheiiiled  tin-  tin  i  i\  ol  thesolar  svsteoi,  and 
required  the  most  arduous  calcuUilions.  Luler's  soluliija 
of  this  question  was  udjud^d  u  master-piece  of  analysis 
and  geometry;  nnd  it  was  more  lionourablu  f.ir  him  to 
share  the  academical  prize  w  ith  such  illustrious  competi* 
tors  as  Maclaurio  and  Daniel  Bcrnoutli,  than  to  has* 
caxficditaway  framriniborkmnagnitudft.  Sddomsif 
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wer,  tlid  such  •  htiUiABt  competilion  adorn  the  aiiMls  of 
(be  academy  (  mod  ftA/tf^  no  rabjcci,  proposed  \ff  that 
iMrned  body,  wm  «t<!r  traMl  with  nich  force  of  raMoo* 
iBg  ud  AMUfBcy  of  iimiitifl^tioii,  m  that  which  huw  dit- 
played  UMphilowipluvipowen  of  thii  ejHraoidiiMUT  tri- 

'In  tiwjiMr  ir4I,  Eukr  wac  invited  to  Beriii  to  direct 
and  BMiat  the  academy  that  was-tlwre  riaing  into  fame. 
Oil  this  oflration  hr  enriched  the  last  volume  of  the  Mia- 

collaiiies  (Mclungi  *)  of  Berlin  with  fivt-  memoirs,  which 
ri>rm  iiii  iimni-nt,  perhaps  tin-  principal,  ri;;uro  in  that  col- 
licliiin.  i  lii'rt- Mere  liillowvil,  viitli  hhkiziiil;  nipidily.  I'V 
11  yri'at  liumL>iT  <il  nn|iorl.iiit  1 .  NtMrrlii  s.  allied  iiri- 
pi  rM'cl  tlii(iu»h  till-  inc.  ii  Us  ul  tin'  {'nisman  nt.nii  iiiy  ;  a 
volume  <if  «hich  1  Ik  ci:  t.  uhiily  (iiibinlinl  cvi  iy  \e!»r 
since  it*  <-si*l)li«liuis'iir  111  JM*.  The  IuImiups  01  l.ulrr 
will  appear  more  parlicuUrlv  asiuniihilii',  \ylieii  it  is  co::- 
tidered,  thai  while  be  waitcniichiiig  tlie  acudemy  01  IWriin 
with  a  proiuaioiTof  memoin,  on  the  d<T|H>l  parts  uf  ma- 
tbcroatical  science,  contained  always  under  some  ni'w 
point*  of  view,  and  often  replete  with  snblimf  truths,  and 
•omoumcs  discoveries  of  great  importance ;  he  still  con- 
tinued hia  pbiltjsopbicat  contributions  to  the  Petersburg 
academy,  whose  nwmolfa  display  the  manrdlous  faeun* 
diiy  ofnitgciiiua. 

ft  wu  with  itrent  difficult  that  this  extraordinary  man, 
in  1766,  obtained  perniteian''  fn»  the  king  of  Pmsaia  to 
Kturo  to  Petenburg,  where  Iw  wisbed  m  past  the  n- 
mainder  of  his  days;  but  soon  after  his  return,  frbich  was 
gniciottsly  rcwaritrd  by  the  monificenn'  of  ('atiiarim-  the 
2d,  be  was  seized  with  a  violent  disorder,  which  ended  in 
the  total  I'lM-.  (i|  (,K  -ii:!,!;  a'catunict,  formed  in  his  left 
eye,  wlucli  li.'nl  hetii  esM'niially  damat^ed  l»y  the 
of  the  oliier  eye,  arul  too  cluse  uii  upplic;<tion  1m  sIu  Iv, 
iJepri\eil  loii)  1  iilio  ly  of  ihe  of  tliiit  ot«^an.  It  uiis  111 
tills  lii^li  -.^lut:  •.iliuitinii  tlujt  he  dictated  t.i  In-.  ser..iiil,  a 
tailor's  a|)i>n  ntiee,  «ho  was  tilisoluti  ly  drvoid  ol  iniithc- 
matical  kncj«led;;e,  his  Klemenls  ol  Ali;vhra;  which  by 
their  inlriti»ic  nienl  in  point  of  perspicuity  and  nivlhuil, 
and  the  unhappy  ciicuiiistanccs  in  uhich  ihey  were  com- 
posfsd,  have  cquully  excited  Ibc  wonder  and  applauie  of 
the  learned.  This  wnric,  though  purely  elementary,  plainly 
exhibits  the  proi  >f^  uf  aa  inventive  genii^s;  mnd  it  is  pei^ 
haps  here  alunc  that  ue  meet  with  aeampl«tc  ibcory  otthe 
Diophantine  aiialyaia. 

About  this  time  M.  iMikr  was  hunourt-d  by  the  Ac«- 
Aaay  of  Scieoccs  at  Paris  with  the  place  of  one  of  the 
fimign  mettban  of  that  learned  botly ;  after  which,  tlw 
acadeainl  priae  was  adjod||ed  to  thn-v  uf  his  memoirs. 
Concerning  the  fneqtmlitiea  in  the  Mtitionsaf  the  Planets. 
The  iwa  prize  <pie-iii>iii.  piopi;!.cd  by  tiiu  Same  Acadi'my 
for  M'O  wnil  177-  >\>re  de>ii;m'd  to  obtain  from  the  la- 
bovuv  iif  .1^- .ij  .nH  T',  a  more  perfect  Ti  i  Miy  ol  the  Monn. 
M.  Lut<  r,  i  (  v  his  eldol  son,  uas  11  cora|>i  titor  f»r 

these  prues,  an  !  oM  lini-d  llieiii  both.  In  tlii»  la«t  iii' - 
moir,  he  rocrved  li.i  tnitiiercimsiclertitu  n  seseial  innnin- 
litirs  of  Ihe  moon's  motion,  vvliirli  ii  iilil  nr)i  det<  rmiae 
ill  hi*  first  theory,  on  account  of  the  coniplicuti  il  calcvila- 
tjoii',  in  uliich  the  metliod  he  liien  etiiploNcd  had  vn'sn'^vd 
bim.  ile  afleiwurd'i  tevised  his  nhoh  ilieorv,  uiili  the 
assistance  of  Jiis  son  and  Messrs.  Kraflii  and  Lrxt  II;  and  pur- 
sued tiis  researches  lill  he  had  constructed  the  new  tables, 
which  appeared,  together  w  ith  the  great  work,  in  177*. 
Instead  of  confiniia  himaelf,  as  befoia,  to  the  fruitlms  in- 


gri>e,  which  are  furnished  by  mathematical  pritictples,  he 
reducitd  them  to  the  ibrve  ordinates,  which  determine  the  ' 
place  of  the  moon :  and  he  divided  into  claiaea  all  the  i». 
equalities  of  that  planet,  as  far  as  they  depend  either  cm 
Ihe  donaaitofe  of  the  sun  aad  moon,  or  on  the  eMeiiUi> 
city,  or  Uie  paiallax,  or  the  inclination  of  the  lanar  ofldt 
All  these  means  of  investigation,  cmpUnnrd  with  such  ajt ' 
and  dexterity  as  could  only  be  enpecieil  from  a  );cnius  of 
the  first  order,  were  ailendrd  with  the  grenieKt  succi^t ; 
and  it  is  iropaesibte  to  observe  without  admiration,  Mich 
immense  ciilculations  on  Kie  one  hand,  nin^  111  ihe  i-tlicr 
the  iii^^inious  mrtlioiK  (iiiploy<'d  by  tins  ^u.it  man  to 
iibi  nl_i-  till  ■!  ,  and  to  f.ic  ilitate  tin  ii  aii|ilie^Ui";.  to  the  real 
liiotlun  "I  till'  in'.<ii).  Hot  tl.is  adii.iial Inn  I  ■  come 
Bstoni^liiiK  nt,  wl:ia\',r  luii-.i:  1  at  ivlial  prrii'd  inid  iu 
what  tirC'.liri-t:iiu  i'- all  lliis  u.i!,  i  tiected.  It  v» a-.  v\  le  11  our 
author  was  tiitall\  l>linil,  and  coiisequt  ntlv  (■bli;:i  J  lo  ar- 
ruiiiie  nil  bi«  f  iiiipijiatuins  by  the  si  le  pi»>»er>  c,i  Ins  me- 
mory and  hisji'  iiiu^  :  it  wa*  when  lie  ua^  ciiiUariasM  d  in 
his  doinestic«llisir»  by  a  dreadful  lire,  tbai  bud  cotuumcd 
great  pafCafU»aubstancr,andforcedhiroto<]uiluroiDed  . 
house,  every  comer  of  iwbich  was  known  u>  biro  by  habit,' 
which  in  some  mcesnte  supplied  the  want  of  sight.  It 
was  in  llMnecircumslancrs  Hint  Ruler  composed  a  work 
which  alone  was  sofficieai  lo  render  his  name  immortal. 

Some  time  after  this^tlie  fiMnous  oculist  U'riitarU,  by 
coaching  the  cataract,  restored  sight  to  our  author;  but 
the  joy  pnidnead  by  tliis  operation  was  of  shaft  dm-i'im. 
Some  insmnciw  of  ne$>lixeiice  on  the  part  of  his  siiT^n  n-, 
and  bis  own  imp«tien>  e  to  use  an  or^aii,  vthose  rur<' wiut 
nut  Completely  fini!>lied,  d<'prited  him  u  bicoiid  tune  and 
lur  en  r  111  III'.  M^iit  ;  a  1  <  l,i|>-a-  «  ii ich  «»as  aUo  aecoinpanied 
w  ilii  lormelitilii  |i:iii).  \S  u!i  slie  U'.sisunce  i  f  Ins  soil'?, 
Iii.n\ever,  and  ni  M  -si,,  Kralli  and  l^-xell,  he  continued 
lu-.  labours:  i.rillur  tin  iiifirmitit  s  of  old  ii2<\  the  loss 
ofhi>  si;;i  I.  iii.r  llii-  aLiitnu^s  ol  ihe  |iaiii.  CiiiM  I  <|ih  11  the 
ardour  of  hii  j:;eillil>.  Ili'  liad  eiij;aj;ed  loluiiU'li  llie  Aci^ 
demy  uf  I'etcr^buri:  vsiih  as  many  in<  iin<ii~  a^  would  bt 
sufficient  to  complete  its  acts  for  yeais  alter  liisdeatb. 
In  Ihe  !>pace  ol  7  years  he  Iransiuitied  In  liu  Acadeiuy 
above  70  lueinoirs,  and  above  200  inun-,  lefi  U-bind  him, 
were  revised  and  cuinpletet I  by  a  friend.  Such  uf  these 
<aicmoirs)i»  were  of  ancient  date  were  sepafaled  from  the 
teal,  and  form  u  rollcciion  that  vva>  publi»hed  in  tbeycar 
17M,  under  the  title  of  Analytical  Works. 

The  geuBial  kaowledge  <«f  our  author  was  more  enten- 
sito  than  coutd  well  he  expeeted^-inone  who  bad  puruia^ 
with  such  tuiremitlii|gaidv«r,niatheaiatics«mia»ironomy 
as  his  favoiiriio  sutdina.  He  had  inade  a  very  coniidef 
able  pioi-rcvs  in  Medical,  botanic4(^  and  cbiinical  science. 
What  Mra>  Mill  niore extraordinary,  he  whs  an  e\ei  lieiit 
scholar,  and  posv-sswl  in  a  hi::h  di  i:r<-e  what  is  j>eiieially' 
Cailid  erudition.  He  liaii  atk  iK  ils  n  a<l  th<  in<  s!  eini- 
11  lit  writers  r.l  unrient  Itonse  ;  tin-  civil  and  lit<M,irv  liis- 
tor\  "1  all  Hi;  ■^  ami  i.li  niilmns  \MiS  familiar  li«  hiiii  ;  and 
lorei^ners,  u  ho  w<  le  >iiii\  :ti  (jii  i  iited  with  bi»  works,  were 
astonished  to  liinl  In  the  rnnveivilion  nf  a  man,  whose 
lon^  life  seen  eil  solely  occupied  in  inallieniniical -iiicl  phy- 
sisal  ri  se.ircln  s  and  olscoM'iies,  such  an  exti  lisne  ac- 
c|uaiaUince  with  the  most  inierestini;  branches  of  litcrts. 
tUTft  In  this  respect,  no  doubt,  he  was  much  indebted  to 
a  very  uncommon  nieraofy,  which  emed  to  r,  tam  every 
idea  that  was  conveyed  to  il,  either  trom  reading'  or  Iruni 
meditation.   He  conld  (epeal  the  ibieid  of  Virgil.  froB* 


tegmtiaa  of  tkre«  difttcaiial  c<iaalioos  of  the  aecoiid  dc>  the  begiuning  to  the  epd,  withuut  hesitaliiw,  and  iadii- 
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catp  ilir  firM  unci  last  line  of  e*cry  page  of  the  (.•ditiuti  he- 

St-NLfai  Btiaclcsi  of  a  vertigo,  in  ihc  beginning  of  Sep- 
tember 1783,  whicli  diJ  not  prevent  his  computing  the 
motiont  of  (lie  iiiero»Utic  g|obei|,  were  however  the  fure- 
nuuteis  of  hk  mid ■panaf'e  out  of  tbb  life.  While  he  was 
*  BBiiiiiig  himidf  at  icn  H  i'h  <  ttr  of  h»  graiid<hi)«lKn,  Iw 
URUUritck  with  nn  a|>iiplL\>  ,  tvhich  tcnninMed  hnillu*' 
trioof  carter  mt  16  yeur«  ui  »gt. 

.  M.  Kutri's  eomtitution  «n  uncommonly  strong  and 
vigorous.  Hit  lieatth  was  good;  and  the  evening  of  hit 
loni;  life  was  calm  and  -icrim-,  sweetened  by  the  fame  that 
follows  geniu'^,  till-  ]niolic  esttem  and  rc'pcct  that  arc 
never  uitliheld  Imm  exemplary  virtue,  and  keveral  dome«- 
tic  comruris,  whichlwiiraacafableof  fccUag^andtliBicfen 
deserved  lo  eiij«iy. 

The  catalogue  ct  works  lias  beeji  |>iiine<i  in  jO  [nigi-s, 
14  of  which  conlain  ttio  miitiuscript  wmk'-.- — I'lu-  piinlid 
one»  consist  of  works  published  scpftrati  ly,  :uui  vKjrks  to 
be  iuund  in  the  memoir*  of  several  Acaili  inu-s,  viz,  iii  3S 
VOluUlM  of  the  Petersburg  Acts  (from  6  lo  10  papers  in 
each  volume)  ; — in  MHcrnl  volumes  of  the  Paris  Acts; — 
in  C(i  vdUiiiii  t  of  the  hn  ltn  Acts  (about  5  papers  to  each 
volume) in  tl^c  Acta  brudltorum,  in  2  volumes; — in 
the  MitcelUnea  Taiiiinensia; — in  vol.  9  of  the  Society  of 
UlyMiiwite in  the  Enheneridca  of  Berlin; — in  the  xMo- 
moiret  de  la  Soci^  (Scenomiqiie  fcr-lTtiSs— «ad  in  the 
Fliika.  Tknm.  by  Mten  memoin,  from  «a).  44  to  t«L6t. 

BVOLVBMT.itt  the  Higher  GMnMUy,  n  tenaned  bf 
•ome  writers  (or  the  involute,  or  curve  malting  ftMR  tM 
etoUition  of  a  curve,  in  contradistinctioa  lo  dwtovolnltii 
or  curve  suppuM-d  (o  b«  ttftttiad  OT  evolvod.  See  £v4K 
LUTE,  and  Involute. 

EVOLUTE,  in  the  Higher  Gcomi  iry,  a  curve  Gnt  pro- 
posed by  M.  Huygent,  and  »ince  nuirh  studied  by  many 
eminent  mrthematiciam.  It  is  any  curve supposi  ri  i  i  l>u 
evolved  or  opened, by  having  u  llircaci  wrapped  clo-r-  ujion 
it,  fastened  at  one  end,  uriil  brginnine  to  evolve  or  unwind 
the  thread  from  the  other  end,  keeping  slrciclicd  the  part 
evolved,  or  wound  oflf;  then  this  end  of  the  thread  will 
describe  another  curve  called  the  Involute.  Or  the  same 
involute  is  described  in  tbe  contrary  way.  by  wrapping  the 
thread  npon  thecvolute,  keeping  it  always  stretched. 

thm,  if  Broil  be  any  carve,  and  ae  either  a  part  of 
the  curve,  or  a  right  line ;  then  if  a  thread  be  wound  ckne 
opoaihc  curve  from  a  to  h,  trhen  it  ia  find,  and  dwn 
|e  mwound  from  a  ;  the  curve  a  KtOBf  from  which  it  ia 
awdvad,  b  callad  the  evoloMi  «n4  the  «mr cwrw  abco, 
dcicribed  by  the  end  of  tbe  thcead,  ai  it  efolMS  or  un- 
windi.  is  the  involute.  ,  Or,  if  thethraad  hs,  fixed  at  ir, 
be  wound  or  wrapped  upon  the  evolute  iiofba,  keeping 
it  always  streichedi  u  at  the  several  positions  of  it  bo, 
at  ,  y  n,  ta,  the  ektmail/wiU  dciciibe  tbe  invalniaciNfve 

l;CilA. 


/ 

\ 

A  r. 

From  this  description  it  appears,  l.That  the  parts  of 
the  thread  at  any  yofitiens,  as  ba,  rB,oc,  iid.  «ccare 
radii  of  curvatuMk  or  oacalatory  radii,  of  iha.  involute 
curve,  at  thcpointi «,  a,  c,  o. 

'2.  The  same  paiU  of  the  dumdi  antbo  oqMl  to  the 
corresponding  lepgtht  tM,  aiy,  ano,  ftc,  of  the  OMltMOi 
thatia, 

A*  sw  AB  if  th»«Bd.  cCeuivatuK  fo  tbe  paint  a, 
Brvap   .  .       •  a, 

cosao  -  -  -  c, 

Ms:  Alt  -  1,. 

S.  Any  radius  of  curvature  ar,  i>  pt  ipeuilicular  tu  li.i 
involute  at  the  point  8,  iind  is  a  latMjcnt  tn  (lie  cvolutr 
curve  at  the  point  y.— 4.  Tiic  e»c,lulc  is  ihf  locus  ol  ihr 
centre  of  cuivaturc  of  the  involute  curve. 

The  tindjiig  th''  nidii  of  evdliilcs,  is  a  nialttr  ui  gnat 
iinportaiK  jh  tlic  ,',i;;licr  specululinris  ui  v;enim-try ;  and 
is  even  soiiKnnub  us»liil  m  practice;  as  is  shown  by 
Huyj{rri5,  tlic  ihveiilor  oitiii*  theory,  in  applying  it  to  th« 
p>  ixluluin.  llorol.  Oscil.  part  3.  For  the  doctrine  of  tbe 
oscuhi  of  evolutes  we  arc  indebted  to  M.  Lribnits,  wbo 
^rst  showed  the  use  of  evolutes  in  the  measuring  of  curva- 
tures. 

7o>uf  tkt  £voli;tb  anf  teoAM  Oma,  the  one  fimn 
the  «ther.^For  tbia  pdipoMi,  put 
BMAB  the  involuto  cttrve, 

*  s  AB  the  abidm  of  the  iiiffol«l^ 
jtbDB  its  ordinal^ 

r  B  ieitt  ndtn  of  eurflitww, 

•  ^  Bv  tbe  absctw  of  tfaeevolnte, 
«  8B  rc  in  onUnate,  and 

«  s  AB  a  ^ven  line  (fig.  2  above). 

Hien,  by  the  nature  of  tbe  radius  of  curvature,  it  i* 

rs^— ^  -sBCasAB  -4-  BC;  abo  lyilB. 

Tx  __  xi' 

_  Tf  xi^ 

-y  =  v 
.yif 


*:«::r:  oa  = 

t:  r:  oc  =  ?  = 
«  J 

Hence  Er  =  oa  —  db  =  .-r^ 


and 

szw,  which  are 


rC  s  AD  —  AK  +  CC  =  I  —  a  -t- 

dMvaluHortheabaciaiaBdonKMteoirtheevfllvto  

Bc;  which  tberdbniB^  be  fbund  when  the  involute  b 
givcii. 

On  the  other  hand,  if  v  and  «,  or  the  ew.lutc  be  given  : 
Aen,  putting  thf  given  curve  fc  =  »  ;  since  en  =  ae  -^  Kc, 
or  r  =  0  ■*■  i,  I'm.  ,■  ttii- rBdiu^  <it'  curvaUire.  Also^ 
by  similar  triangli  s,  there  result  tbcsc  proportions,  via, 

«;w::r:     =  -^sob, 


tH 

::r:  T- 
t 


*u-l±-%t 


aOsAB  ^  PC  —  oc 
aiid  BBaoB  —  tr  as  ttiv  —  r 


whicfa  an>  the 


absciss  and  ordinate  of  the  invclutc  curve,  and  which  may 
therefore  he  found,  when  the  evolute  is  given.  It  may 
also  bo  observed  that  i*  =  "»'-»•«*,  and  a' =E*'  y'.  And 
cither  of  the  quantities  x,  y,  may  be  supposed  to  flow 
equably,  in  which  case  the  resfoeove  MCnnd  fluxion  i  or 
jf  will  be  nothing,  and  the  corramonding  term  in  the  de- 
■wuMor  JCr  — ajp  will  voaiab,^  leaving  only  the  other 
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term  m  it;  which  «ai1i»«eiliecflbctofiMdetiBgllw«re- 

,naion  simpler. 

For  Example.  If  it  be  wquired  to  f  od  tin  efololioa 
EC  wlicn  the  given  involute  a u  is  the  eOMlMll  pmboU, 
whosu  equaiiuii  u/>J=^',  ih*  parsmHor  tmngjk 

Hen  f  iV?  and  >  =  1^ 

1  =  0.  Then,  to  find  first  ae  the  ntdiu*  of  curvature  of 
ibc  paraboltt  a  n  ;ii  ifie  vertex,  when  x  =  0,  the  general 
valiM  of  the  nia :  II  s '  > :  c  urvMufo  shove  gfvett  beconct 

rm-^sa  (by  nbititiitiiic  the  valve  ofi  ood 

f>^*fl ,  which  ti  the  genenl  nine  of  ror  sc,  the 

ndius  of  rurvatiirr,  fur  any  \ului  nf  i  or  AD;  and  whf  iir 
or  AD  is  =0or  nothing,  the  value  of  r,  or  AE,  becomes 


then  a  ai^^=ip  only;  or  half  the  paimmetcr  of  the 

axit  U  the  tmUm  of  amrntnie  at  the  wnas.  of  the  para- 
bola. 

Again,  in  the  gMml  valuta oC  v  lad  «, above ^na,  by 
cnbatitutiog  the  values  of  A  f ,  aad  ^  alio  Ofof  x,  and  |p 
for  « ;  thotMs  quaalitict  bccMM 


ftr^  ;  and 


3*. 


Hssx  —  «  -t-         =  3r     1»  —  a 

Hence  then,  comparmu  the  value*  of  JT  in  both  of  thcae, 
we  have  j-*  =tV  V"'  —  ry  """^  ronw**!-  27/ir*=s  l6a*; 
which  is  the  t-i|uatioii  between  the  vbsciss  and  ordinate  of 
the  evuh.te  cunw  Kc,  ahowii^  it  to  be  the  aeratcufaica] 

parabola. 

In  iiki'  niaiiii'T  ihc  cvoluli'  to  iiii\  t'llu  r  riirvr  Is  found. 
The  eiolule  to  llie  coiuiiloli  cycluid,  is  .111  oi|u.il  lyrloid; 
a  properly  fir*l  demonstrated  by  lluygens,  mui  \vlii<  h  he 
U»ed  as  a  rcntrivance  to  make  a  jiendulum  vibrate  iiitlic 
curve  ul  u  cvrliii  i,  See  hi-"  Horn|r>g.  Oscil.  Sie  aliii, 
on  ihesuljjcct  ui\'volucr  and  involute  curves,  ihcFluxioui 
of  Newton,  MHclitiirin,  Simpson,  De1'fUpita1,&e}'Woif. 
Elrm.  Maih.  torn.  I,  \c,  &c. 

M.  V'uris;,niiti  li»i>  applied  the  doClrinc  of  the  radius  of 
thccvolutc,  to  that  of  central  forces;  so  that  haviiu  the 
radius  of  the  evuluie  of  any  curve,  there  may  bO  WUad 
the  value  of  the  central  force  of  a  body ;  which,  moving 
in  tfcas  curve,  i«  btind  Hi  the  aaroe  point  where  that  ra- 


dins  terminate*  i  orredpraealiT,  having  the  central  force 
given,  the  ndiua'  of  the  evolnte  owjr  he  detcnained. 
Hiit.derAcwLaM.  1706.' 
The  vaiiation  of  cnrvature  of  the  line  dcaerihcd  by  Ac 

evolation  of  acune,  is  mrnsured  by  thcntioofthe  ladtUs 
of  curvHtufFxf  the  evuluie,  to  the  radimof  curvature  of 
the  line  <le>cribed  by  tho  evoltttioni  See  Maclaurin's 

Flut.  art.  40^!,  prop.  36. 

linpttfcct  EvoLVTE,  a  name  given  by  M.  Reaumur  to 
a  new  kind  of  evuluie.  Mathci;iatt^ians  had  hitherto  only 
conNdered  the  perpendiculun  let  fall  from  the  iuNolutc 
on  the  convex  side  of  the  evolute:  but  if  other  lines  jiot 
perpendicular  be  dra«(n  upon  the  aatne  points,  provided 
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aildy  nnall  sides  of  aoeir  cam,  to  which'  they  wOuM 
he  10  many  t^mgenta. — Such  a  curve  b  a  kind  of  evolute, 
and  has  its  radii ;  but  it  is  an  imperfect  one,  lince  tho 
radii  are  not  perpendicular  to  the  <int  curve,  or  involute. 

Hist,  de  r.Acad.  v\c,  an.  I'Op. 

tVOlXTION,  in  Arithmetic  and  Algebra,  denoica 
the  rxti':ic[ion  uf  ri  ol^.  In  winch  "cn-.!'  It  stands  (ippoind 
to  li'.MilliIio;i,  wlijcd  Is  till   r.ii>ir.;;  (it  (lonris. 

I'.vui.fTlON ,  111  (.".■I'lni  try,  Ir.c  in>riiiiij;,  or  uofeMuig 
of  H  curve,  and  nuking  il 'U  scriur  an  1  voKriit. 

'I'he  cqualilf  rvuliitiijii  iil  liic  |jerj|ilii  rv  of  a  cirrle,  or 
other  curve,  is  such  a  gradual  approurh  dI  the  circum- 
ference to  rectitude,  as  tiuil  its  parts  di'  C'lmciir,  and 
equally  evolve  or  unbend  ;  so  that  tin-  s;ime  Hne  bocomet 
•successively  u  less  arc  of  a  reciprocally  grc-ater  circle  j 
till  at  last  they  change  into  a  straight  line.  Jii  tho  I'hiiot. 
Tran*.  No.  SbO, a  newquadratrix  to  the  circle  is  found  by 
this  means,  Uing  thecurvc  described  by  the  ciiuable  evo- 
lution of  its  periphery. 

£Uft¥TiiMY,  in  Architecture,  Fainting,  and  Sculp- 
tawii  b  a  khi4  af  awjcsty,  etrganee,  aad  eamu**  appearing 
la  the  composition  of  certain  rocroberaor  pailaof  abody,. 
bnildiag,  or  painting,  and  Ksuliing  iioB  ttie  fine  and  utact 
proportions  of  them*  •  . 

l^USTYLK,  is  the  best  manner  of  placing  coluronsr 
with  ri')(urd  to  their  distance;  which,  according  to  VitHI* 
vius,  ^boul(l  he  4  modules,  or  2j  diameters. 

I'.UTOCIl'S,  a  respfctiible  Cireek  matlu-matician,  of 
Asculon,  ill  Palestine,  abiiiit  the  ycur  of  Christ  5.'>0.  lie 
was  mie  >•(  lln'  most  ConsidiTabl<'  null  lietiiiitiriiiii<i  that' 
(lounsliid  aUiul  the  decline  '<l  tlir  m  h  ik  i  s  amonn  the 
Gnek'",  ami  hud  for  his  preceptor  Isidorus,  tin'  principal 
Hrchitecl  ol  the  church  of  Si.  Sophia  at  ( "■..-.•-t.intinople. 
\\v  IS  chii  dy  known  Imuevi  r  by  lii>  cdnirin  nlarics  on  the 
worlis  of  the  two  ancient  authors,  Archimedes  and  ApoW 
loniua.  'Jlioae  two  commentaries  arc  bath  excellent  com* 
positioni,*  to  which  we  owe  many  useful  observations  in 
the  hiatoiy  of  thii  BiaUiematics. 

His  commentaries  on  ApbUonius  are  published  in 
llalie^'s  edition  of  the  works  uf  that  author ;  and  those 
on  Aicbimcdea,  first  in  the  Basle  editioQi  in  Greek  and 
Iiatin*  ia  li43,  and  lincc  in  loaie  others,  at  the  late . 
Oxford  cdilioa,  k  179*.  Of  thaw  eoiMipeataria,  thoao 
lank  the  highett,  which  ilhutnia  Ar^Mcdali  worh  <n 
the  Sphere  and  Cyiadert  in  one  of  which  w«  have  a  le- 
dial  of  tlie  variou*  methods  practised  by  the  ancients  in 
tlie tolution  of  the  Driian  problem,  or  that  of  douMinr; 

The  others  are  of  less  value  ;  though  if  cannot 


but  be  regretted  that  Kutocins  did  not  pursue  liis  plan  u( 
cominentini;  on  all  the  work.s  of  Arcbiraedej,  with  the 
suiiie  aitcniniii  aiul  iliiigi  ncc  which  he enploycd  ia  hii 

remarks  on  ihc  spliclf  mul  cylinder. 

EXCKNTRIC,  is  apiilii'd  to  snrh  (ii;urrs,  circles, 
splieres,  A:c,  as  have  not  (he  N.iine  centre  ;  as  opposed  to. 
concentric,  which  have  the  same  centre. 

E.\CEVTHIC,  or  Excentric  Circle,  in  the  ancient  Ptole- 
maic .Astronomy,  "as  the  very  orbit  ot  the  planet  itself 
vthich  it  was  supposed  to  describe  about  the  earth,  and 
which  was  conceived  excvntric  with  it;  called  also  the 
deferent.  Hut  instead  of  these  exceoiric  circles  round 
the  earth,  the  planpts  arc  now  known  to  di3.cribc  elliptic- 
they  be  all  drawn  nnikv  the  taaie  ang^  the  edi-ct  will  orbitt  about  the  luu ;  which  accouniaforall  thaincgulari> 
■till  he  the  tame ;  that  ii,  the  ohliqoBliace  wiD  »ll  inter-  ties  of  thrir  motioni,  and  their  varioa*  diMMOra  fiaw  tha- 
ledlji  the  cnm»  and  by  ihoir  iatatMCtioa*  fom  ihe  iait  earth,       mom  jnatly  aad  nataoUy. 
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Since  k  is  found  (bat  tbe  wn'i  great- 


ExcEMTRic,  or  F.zcattrU  Ciivle,  in  ihr  Mixicrn  Aitro-       Oiktraw,  thai 
omny,  i>  thi-  cirdr  <lei>crilKd  from  tbecetitre  of  the  orbit    est  apparent  «-nii«diaiBcicr  ia  to      leukt,  at  S2'  43"  to 
iifn  plupi,  wiib  hall  the  gratteit  axk  ai  a  infm}  orit  31'  M  ,(was  ijKiS'  to  1S98*;  tlic  •un'agnttett  diataiwe 
is  tbe  diclc  thai  circunacribci  thn  cUiptie  orlMtflf  tke ,  froB  tha  «wtli  irill  be  to  hb  lent,  or  At  to  M,  aa  19$9 ' 


pluct ;  w  tbe  circle  a9B< 

£XCBIITIIIC  ,ifllMMil|Pi  v^Aw»- 

fltoft'  4f 'Ac  GeWK',  in  an  arc  .aq  of 
the  excentric  circle,  intercepted 
between  ibc  aphelion  A,  and  the 
right  liiu-  Qii,  drawn  through  the 
criilru  p  of  ihf  pluiicl  pirpi-n- 
dicular  t'j  tlic  liiif  of  llie  apses 
AD. 

iixCFNTHIC  Ki/yitlir,n,  ill  ihc 
A^tro.■^•)llly  nl'  tlii;  ii>i<  ii  irv,  Is  alt 
allele  niuilc  by  u  liiie  drawii  Inim  the  Cftitir  <  !  '.iK  i.irth, 
with  anotluT  line  drawn  frum  the  u  nlii'  <il  tlii'  i  \<inlric, 
to  ihc  boily  cir  plari-  ui  any  plaiirl.  i  his  is  the  sana'  »nh 
the  pri>»thn|)hfii  ;  and  is  equal  to  ihi-  dilioreiicc,  ac- 
counted in  an  arch  of  tbe  ecliptic,  between  the  real  and 
apparent  place  of  the  tun  or  ptanirt.  See  Kquatio*  qf 

the  Cmtre. 

EvcEXTRK-  Piact  »  finet,  m  lU orbit,  is  ihchelio- 
Ccnllic  place,  or  lli;it  in  which  it  appear*  juMt^n  Irom  the 
WD. 

Excmrnic  P/dee  n  the  tcliptic,  is  the  point  of  the 
•diplte  to  whkb  the  planet  is  referred  aa  viewed  from  the 
mn  t  md  which  coliiddto  with  the  IwlioecBtric  loi^tiide. 

EXCSMTRICIIY,  it  the  dittaace  between  the  centna 
'  of  two  drdcs,  or'  qiheia,  which  kara  not  the  mm» 
centre.  ^ 

Excenthicity,  in  the  Old  Astronomy,  is  the  distance 
between  the  centre  of  a  planet  and  the  centre  of  the  earth. 
— Ttiat  llie  plaiiels  have  sucii  .iii  rxrentririty,  is  allowed 
on  ull  ltd'",  belli-;  i  vidi  iit  Irom  \unoy>  i  ircuiiist.itR'i  i  ; 
and  particularly  from  lliis,  tli:it  llio  planeii  at  some  times 
appear  lar;;er.  and  at  ollur  time*  li>s  ;.«hich  can  only 
I'l.'i  i-iii  Ijoiii  111  lice,  ihat  liuirorbil?  In'itii;  i  xremrir  to 
UjreartK,  in  some  parb  of  iliose  orbits  tiic  plauels  are 
nearer  to  and  in  others  more  rrmotc.  And  us  to  the 
cxceatrichiet  of  tbe  sun  and  moon,  it  it  thought  they  are 
MiSciently  prored,  both  from  eclipses,  from  the  moon's 
greater  and  less  paralUx  ui  the  same  distance  from  the 
acnilh,  and  from  the  sun's  continuini^loiigpr  by  t  days  in 
the  fKuthero  beeiiipherc  than  in  tbe  southern  one. 
■  ExcxXTKiciTT,  in  the  new  AftroDony,  is  the  distance 
ce  betiiwn  tiw  «in  a  and  tbe  oentiac  of  a  planet'*  orbit  i 
'OH  the  dittonoe  of  tbe  centre  froB  the  Ibcua  of  the  eOiplic 
orbit}  called aho  the' Simple  or  Sii^ Excontricity. 

When  tbe  g:teateit  eqnaiian  of  the  centra  it  given,  the 
ementricity  of  tlie  earth's  orbit  may  be  found the  fol- 
lowing proportion ;  vijt, 

As  the  diameter  of  a  circle  in  degieci. 

Is  lo  tiie  diameter  in  equal  parts; 

So  is.  the  greali  vt  equa;     .  >  ;  'ii'.-  centre  in  degieM, 

To  tliu  e.xci  I'.tti'  ily  m  tq^ial  |i:uts.  Thus, 
Grculi-I  ciii.i:-  of  the  tent.  \'  Si'  =  V  <i;!.jS3.5:i  i^:c. 
The  diam-  of  a  tire.  U-itiii  1,  Ms  cirrimif.  is  ^  14l  ,'>!)i!(>. 
Then  314I59126":  1  :  :3()()'':  1  U  .IJJ 1 5(ja;>  diam.  in  deg. 
And  ll4  :i<)lM»oy:  1  : :  f9'.'5833;i  :  OOKiSOfi,  the  ex. 
Hence,  by  adding  thi«  to  I,  and  siitilr.u  lin;;  it  from  1, 
gives  fOl6806  =  Ah  the  aphelion  distance, and  09S3|iH 
ss  BS  the  perilkclion  distance. 
See  Rofaertion's  £lem  of  Nav^  booli  i,  pa.  SS6. 


tolSSNI;  of  which, 

the  half  dif.  it  9i\  wt  ce, 
and  halfsum  19S0(  as  C»s  ibcrefore,  ' 
a-s         :  M{ : :  1 1  :Ol68a5«ca iheeiteaBtricity,  to tlie 
RH'an  diatance  or  leoi-axii  1 }  which  b  neariy  theaame  at 
b<>fore. 

The  e.\cir.iiirl;ies  of  llif  orbits  of  the  seuial  planets, 
in  parts  of  tbetr  own  mean  distances  lOOO,  and  also  in 


Kni;lish 
orbit  of 


niilci,  aie  aa  befanr,  via,  thaencentiici^  of  tlie 


Dhu. 

Mercury 

•   910   •  - 

\'enus 

7    -  - 

-fH';,0<.ll 

Jfjirtb 

-      17    -  - 

f,(>is,t>cu 

Mar, 

.9S    -  - 

I3,4!n(),0O(i 

Vesta 

-     36    -  - 

8,ll'i,/><>0 

Juno 

'    95i    ■  - 

6"-i,ai5,wu 

I'allas 

-    246"    -  - 

73,(>(X),0(io 

Ceres 

-     78    -  - 

20,6 1 5,O0O 

Jupiter 

-     48    -  - 

23,760,(XH> 

isaturn 

-      35    -  - 

49,y4O,00O 

iierschel  - 

-     47i-  - 

86',000,<X>0 

Or  the  exccntricitica  of  the  oririia  in  parts  of  their  own 
tocaa  dittaacct  1,  and  the  tacalar  variatioss  of  the  nme^ 
according  to  Liplae^  ate  as  bdow: 

Ste-Va^ 

•  OK)O0CiOS87 

-  O-O00O(i371 

-  0-O0OO.4I63, 

-  O.OOOO90I8 

-  0-OOOSlMO 

-  OOno02507 
new  ur  Telescopic 


0205S1494  - 

0-0O6852«)8  - 

0-01683518  - 

0uv3i;uoo  - 

00fS17S10  - 

005616830  - 

O046()"7O3O  - 

of  the  Orbit»  of  the 


Merciiiy 
Venus 
Earth 

Mars 
Jupiter 
Saturn 
Il.rsrh.l  7 
or  Uranus  ) 
Excentricilie* 
Planets,  arc, 

I'iazzi,  or  Ceres  (discovered  1801)  -  - 
Olbers,  or  Pallas  (  -  -  1802)  -  - 
Hbrding,  or  Juno  (  -  -  1804)  -  y 
Diito.  according  to  Bitrckhtttdt  -  - 
Olbcia  2d,  or  Vesta  (discoT.  1807)  •  - 
The  excentrieity  of  tbe  mooo'a  orUt  it  <H>Ma$#3,  the 
greater  semi-axis  being  I. 

AtnMr  ExcximicnTfit  thediManoe  bettnonthetan 
fo<3  of  the  elliptie  orbit,  tuid  it  eqjoal  to  Rouble  the  «iag|e 
excentrieity  above  given. 

EXCESS  (Spierkal)  in  Trigonometry,  ittheexoto  of 
the  sum  of  the  three  nn^ks,  of  any  spherical  tilanpflp, 
above  2  right  angles.  I.et,  .\,  n,  c,  be  the  angles  of  a  *ph«-- 
rical  triangle;  and  a,  h,  c,  thi' sides  opposite  to  the  angles 
A,  B,  c,  re»pi>ctivi  ly  ;  n  —  rii;ht  aiiijles,  and  r  =  the  r»- 
dius  of  the  spheie  ;  then  tiie  sjilii  rita!  (  XCess  (ct.)  is  ascer- 
laitiiil  li)  till' tollo'A mc  tlieorom.  lirst  pven  by  !)imon  Lhuil- 
lier  of  tieneva  :   i  an. 

-v/(Un.  — .tan.^-^ 


007 8349 
0-2453S4 
0-254944 
0-25096 
0-093  UiW 


E,  or  :an,  ^(a  -♦-  a    c  —  a)  = 

»-*  a+e— *  r<^c— 

4 


-.Mlk- 


or  =  -v/^ftou .  -.  tan.  — — .  tan.  — — .  tan.  ^     );  where 

t  —  \{a-*'  h  -t-  c),  half  the  sum  of  the  sides.  M, 
gives  the  following  theorems  for  the  cxcvss;  . 
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K  =  (— )  n*sin.  9r     (— )  c'.  »in.  2*,  or 

FT  ^ 

E  —  {       bh  ;  where  b  =  the  baso,  and  A  =  the  lieight  of 

the  triatsgtc,  al&o  u"  =  the  iiumlicr  ot  ii  coii  Is  cunUined 
in  radiui. 

In  a  memoir  tm  tliis  bv  llurckhurdl,  in  vol.  7  of  llie 
Memoits  of  tlic  NaUunal  lii-.tiiii!i  <pf  France,  it  i*  shown 
tllAt  theMUnc  pniptTtycqually  applies  tu  such  small  trinn- 
glM  on  the  ipberoidal  sutfacu  ul  lli<-  earth  uccur  in  tire 
VHial  geodi  tic*l  opcialions ;  a»  no  appKciablv  error  will 
nriw  Ly  considering  inch  triuogles  a»-spheriml  on«s,  nor 
is  any  whutc  wdcs  arc  smoll  la  comp»riv>n  niih  a  great 
citrcle  of  the  »ptiere.  It  follous,  nays  the  author,  that 
thr  tmaU  triai^lflt  tntcol  ou  ilic  »urtiicc  of  a  apheioid 
may  be  citlcvlated  on  the  tamo  print  iplct  as  tucb  Irian* 
glet  traced  oc  the  iwfiiee  of  aspiirrci  and  both  of  them 
may  be  reduced  to  fvctilineer  triangln,  by  dininishiiig 
their  angl<.«,  each  by  a  quantity  vqual  to  ooe-tluni  of  the 
area  of  a  si^bilar  trian;;1c,  dcscribnl  on  e  sphm  wboie 
radiu-i  is  =  1— The  solution  of  »pheToidal triangles,  whose 
srIi-*  «ri:  hnmil  with  regard  to  the  dlmcDsiun^  oflhe  sphe- 
roid, depends  therefore  immediately  Oh  that  uf  n  cliliist  ar 
trianiiles  ;  not  only  "Ih  ii  t!ie  spheroid  is  i  11i[.;icm1  and  of 
rfvulutiDu,  bii;  \\'.  ':\\  il  in  in  aii\  iiiitiiii  r  iii.'^ultr,  piO- 
videil  only  lhat  il  dilRr^  im!  i.uli-  licm  ;i  sjjlKTe. 

IiXCil\NCiE,  111  Aiilliiiictic,  IV  lliL-  bLirlunii^  or  ex- 
changing thi.'  uiom-y  <-'!  'jnv  pluci'  liii  tli  it  ol  aimther  ;  or 
Sndingwbat  quaniny  ot  llu'  nn  ury  ut  ci  e  gilaci' is  equal  to 
■ajivai  lum  of  another,  according  to  a  certain  course  of  i  x- 
chumb— The  several  operations  in  this  rule  are  oidv  ilit- 
feient  applicatiotts  of  the  Rule  of  Three:  which  may  bo 
Men'is  nut  books  of  arithmetic. 

iMAfXiDn  (/ExcHAKoe,  is  the  method  of  remitting 
tDf  aad  drawing  upon,  foreign  places,  tn  mkH  %  tnanoer 
M  dMll  luB  ant  the  awtt  profitable. 

JriiraiM  it  dther  liuple  or  compound. 

SimpU  Arbitration  retpecl*  tbiKO  placn  Only.  Bci», 
by  comparing  the  pur  of  arbitnitioa  between  a  fim  and 
second  place,  and  between  the  Ist  and  a  9d,  the  rale  be- 
tween IDC  2d  and  3d  is  discovered  ;  whence  a  person  can 
judge  how  to  remit  ordruw  to  the  moat  adwuili^i  and  to 
determine  what  that  advantage  is. 

Compound  Arhiti ntivn  n^pecls  the  cases  in  which  the 
exchange*  aiiumj  three,  luur,  i)r  more  places  are  con- 
cerned. A  person  «ho  knows  at  what  r.un  he  can  draw 
or  remit  diR-clly,  and  also  lius  adviCt  i>l  llu-  tourer  of  e.\- 
change  in  foreign  parts,  may  trarc  out  a  path  (mh  circu- 
lating his  money,  through  more  or  fewer  of  such  plact^s, 
and  also  in  such  order,  as  to  make  a  benefit  of  his  »kill 
and  credit:  and  in  tliis  lies  the  great  art  of  such  Dcgucia- 
lions.  See  Hnttna^  Ariikmetic,  pa.  U)5;  aleothearii* 
cU's  .AHBiTRATioit,  aad  the  Cii  AiN  Rak. 

JCXCURSlUN,  in  Aitronomy.  BLOaOATioM. 

CiVi'lei  q/*  ExcuaMioM.   &ci'  Ciactns. 

BXEGESISi  or  Exnonica,  in  Algebiii,tt  the  finding, 
'  either  in  Bamfacta  or  Hncei  the  ronttof  thccqintignofa 
proUem,  according  as  ibe  problem  is  cither  namvnl  or 
gicometiicn|. 

EXHALATION,  a  fume  or  steam,  issuing  from  tt  body, 
and  di(rii->iji^  ilsrif  in  the  atrai>sph<'re.  The  terms  exhala- 
tion and  vapour  are  often  used  inditTeri'nlly  ;  but  the  more 
accurate  w•rl[l■^^  liisiini^Liivh  lium,  appi<,pr,ating  the  term 
vapour  to  (he  moist  fumes  laiaed  iVom  water  and  oliicr 

¥01.  I.  > 
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liijuid  bodies;  and  the  term  exhalation  to  ll.c  drv  ones 
emitted  timn  solid  bodies;  earth,  miinruls,  \c.  In 
this  senM.-,  exhalations  are  diy  and  ^ubliie  curpuscie*,  or 
effluvia,  loosened  from  liard  t< mistrial  bodies,  cither  by 
the  heat  of  the  sun,  oi  tlie  action  of  the  air,  or  ■voroe  other 
cause;  being  emitted  upwards  to  a  certain  height  in  tlie 
atmosphere,  where,  miMng  with  the  vapnuis,  they  help  to 
constitute  clouds,  and  return  back  m  dews,  irisis,  rains, 
&c.  Sir  Isaac  Newton  itiinks,  thai  true  and  permanent 
air  is  formed  from  the  exhalation  raiaed  from  the  hardest 
and  BKM  compact  bodies. 

glass,  or  other  vessel, 
applkd  on  the  plate  of  aa  air-paaip,  lo  have 'the  air 
exttackd'ovtof  It  by  the  action  of  the  pump.— Things 
pfaicfd  io  aoch  an  exhanUed  receiver,  ate  aaid  to  be  in 
taeuo. 

UXHAUSTIONS,  or  the  Maltod  <^  E.\iiaustio]Ii, 
is  a  mode  of  demonstration  founded  on  the  principle  of 

cxhau-tiii;;  a  i|uantitv  by  continually  takin|;aaay  Ct  rtain 
parts  ol  It.  1  he  metlioil  oi  e^^nlll^tions  was  liequently  rc- 
S4irlcd  to  li^  tlh  aiirieiit  niathcinaticiuiis;  as  ICuclitl,  Archi- 
mcdi->,  <N:c.  .\nLl  u  is  tou:i<l' d  on  l.iiclid  sajs  in  the 
loth  hook  of       I.l.  liii       ;  thus.' <)Uanlilie»  nrr 

equal,  whose  >iilV<  rciJti-  is  !•  ss  than  nnv  tissijinahte  quan- 
tity. Or  It  nia\  be  o'.lni  wise  ixpr,  >.-eil  l!:us  :  twoquao- 
titii'S  A  and  b  arc  equal,  when,  it  t<j  or  lioni  one  ol  tliem 
as  A,  any  other  quanliu  as  d  bo  sublracteil,  however 
sioail  it  may  be,  the  sum  or  <iiiTcrencc  thus  obtained  is  re- 
spectively greater  or  less  than  the  other  qbantitj  >:  i 
being  an  indefiiiitively  kmall  quantity, 

if    A  -t-  d  be  greater  than  a, 
-  and  A  —  d  lets  than  a,  then  is  a  «qual  to  a. 

11^ principle  is  wed  in  the  Ist  prop,  of  the  lOlh  book, 
arUch  tmporia,  that  if  Awm^the  gnatcr  of  two  quaatiuet 
be  taken  nore  than  ila  baU;  and  mm  the  remainder  more 
than  its  half,  a«d  toott}  ihnva  will  at  leiigtb  maaina 
quantity  leti  than  ckhar  of  those  proposed.  On  tbit 
foundation  it  is  demoontiBtcd,  that  if  a  legnlar  polygw  of 
infinite  sides  be  inscribed  in  a  circle,  or  dKnmKrihed 
about  it  ;  that  the  space,  which  is  the  difercncebelsreentho 
circle  and  the  polygou,  will  by  degrees  be  quite  exhausted, 
and  the  circle  Ucoiiu-  ultimately  equal  to  iLi  pol)gi>n. 
And  III  (his  way  it  is  tl^at  ArcbiroeiJcs  di  iiioiistiatcs,  that 
a  circle  is  equal  to  a  nght-aiiglid  ti  iangle,  w  hose  two  sidi's 
Bh')ut  the  right  angle  are  equal,  the  one  to  the  scniidi- 
anieier,  and  the  other  lu  the  perimeter  of  the  circle.  Prop. 
1  I)c  Dimensiuue  Circuli. 

On  the  method  of  exhaustions  depends  the  method  of  in- 
divisibles introduced  by  Cavalcrius,  which  is  but  a  shorter 
way  of  expressing  the  method  of  exhaustions;  as  also 
Watlis's  Arithmetic  of  loRnitet,  which  is  a  further  im- 
provement of  the  method  of  indivisibles;  and  hence  also 
ttte  methods  of  incrmenu.  diffemilials,  fluxion^  and 
infinite  series.  Sceiomc  account  of  the  mctfaod  of  ex- 
haustions in  Walltft'a  Algebia,  chap.  7S»  and  Booaync'f 
Algebra,  part  3,  pa.  99$r 

EXPANSION,  ia the  dilating  itielchiiiig,  or  eprcading 
otit  of  a  body,  whether  from  any  exlcmaTcauie,  a»  the 
cause  of  rarefaction,  or  from  an  internal  caaw,  ai  ela»» 
ticily.  Badici  naturally  expand  by  he  at,  and  arc  COX-  » 
trac-j  J  by  c.  .;!!  ;  hence  it  happens  that  their  dimen- 
sion- ;)rul  :,|ucilic  uravities  are  dillerent  in  diBcrent  te«- 
pcriUiir  -  ai.J  seiisorvs  of  the  year.  Air  compressed  or 
Condensed,  as  tuou  a»  the  compressing  ur  cuttdea>iiig  force 


EXP 
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k  uioovrd.rxpandi  itM'tf  by  iticlwtic  p«mr  to  its  Conner 
dinieiisiutui. 

In  MNne  few  cases  indeed,  bodicoMOa  to  expand  •<  they 
eoolf  at  water  io  the  act  of  fncnng:  but  thit  ia  owing  to 
the  extricotiun  of  a  nwabcf  of  air  bnbblaa  from  the  Aoiii 


tract  in  fixing,  after  faaving  be<-n  melted,  Contiderably 
more  than  zinc  under  Minilur  circumiitancet. 

But  of  «U  known  tubj>taoces,  thcnc  of  the  aerial  kind 
expyoid  moat  by  an  equal  degree  of  heat ;  and  in  fawfll 
the  gnalcr  quantity  of  latent  beat  that  any  tufaatanca  ood> 


atacrtuintime;  aad  ia  aotat  aO  ansalar  and  (lailval  tiliw,  tbononcaaily  ia  iteapanded:  yet  even  bare  no 

Ciallaw can  be  obwrvrd.  ItiiiadNdccriainthattha 
est  liaidsi  snch  as  mercuiy*  oil  of  vitriol,  &c,  are 
kttexpaMible  than  water,  iptrit  of  teinc^  or  other.  Which 
laal  It  IO  easily  expanded,  that  were  it  not  for  the  pre*- 
sure  of  ibc  atmosphere  il  would  be  in  a  continual  state  of 
vapour.    And  indeed  this  is  the  case,  in  some  measure, 


expansion  like  that  of  aelalt,  &c,  by  naaaa  of  heat.  Mr. 

Bbyle,  in  Us  History  of  Cold,  »ay»  that  ice  takes  up  a 

I'Hh  part  more  space  lhaa  water;  but  by  MajorWiniaini^s 

experiments  on  the  force  of  freexing  water,  I  have  found 
il  1/1(11;-.  1  111)'  about  the  17lb  or  Jm!i  |j.iit  more  space. 
Trm.-,vL;.  ■  1  llie  R.  Soc.  of  Ldiiib.  vol.  '2,  pa.  -.I.  In  Cer- 
tain Mil  (iih  ;i'm.  ,  an  i  x|iaiiMi>ii  trike'  place  wlieti  tliey  piiss 
from  a  liuid  to  a  S'lliil  tlide:  but  tbi5  t<i<i  i-.  not  to  be  ac- 
counted any  proper  <  ll<  u  <il  eiib',  t  ut  i  i  i!i,  irranperncnt 
of  tlie  parts  uf  tin  i-.ieUil  in  a  cerlaiii  iiuiiiiiri  ;  ami  !•>  there- 
fore to  be ciiiMilc  1- 'I  II- a  kiiiil  ol  crvstaliizatmn. 

The  expansion  ol  ditlerent  bodjw  by  heat  is  very  various; 
and  mpny  experinienit  upuu  il  arc  to  be  met  with  in  the 
volamcs  uf  the  Fikiio*.  'rraiis.  and  in  other  places,  lu  the 
48th  vol.  in  particular,  Mr.  Smcaton  has  given  a  table  of 
tlwaxp.-tnsiDn  of  many  diflervnt  substancet,  as  determined 
bycxperimetit,  from  which  the  following  pariicuUrs  are 


ui:!i  |Krha|i*  nil  lluni-;  as  it  lia»  been  found,  by  e.\p<'ri- 
ment^  with  llie  Usl  uir-pumps,  that  water,  and  other 
fluiil\,  iivcenil  111  vapours  the  n  >  i  ilie  i  xhau*liim  is  the 
more  perfect;  Iriim  which  it  woiil.s  stem  that  water  would 
uh'illy  rise  in  vapnor,  in  any  Ii  [iiperalure,  if  thc  ptCSSUlO 
C'l  the  atmosplieie  was  entirely  taken  oft. 

After  bodies  are  reduced  to  a  state  of  vapour,  their  ex« 
panition  Mi-ms  to  po  on  without  any  limitation,  in  pro- 
portion  to  (he  ilecree  of  heat  applied;  though  it  may  be 
impossible  to  say  what  would  be  the  ultimate  efterts  oflhat 
principle  iiciitig  upon  then  in  this  rnuntter.    The  force 


•ncxpraianlia  ten*tha«aBdth  parti  of  an 
inch,  each  snhitanea  bclag  I  flMC  or  IS  indwsiii 


Viiten  it  tf  to  bo  no|ed»  .that  the  qoantitim  of  arith  which  ibeso  ssponrs  expand  on  the  application  of 
which  answer  to  isbdrgraca  of  Fducnhaft  UgihdcgrMtofbeatisaogreat,  that  no  body  or  fbtoe  ap- 

psors  to  be  snffirlent  to  eouMaraetthairclleels.  . 

On  this  principle  depends  the  coutrocticn  of  stMun-«n> 
l^ncs,  so  aancb  employed  in  maom  mctdMUiiCBl  opera- 
tions; likewise  some  hydmulie  machines ;  and  the  iitftm- 
ments  called  manometers,  which  show  the  variation  of 
gravity  in  the  external  atmosphere,  by  thc  expansion  or 
ceiidensation  ofusmall  quantity  of  uir  conlined  in  a  proper 
vessel.  On  thi-.  pnncipli'  iiUo,  perpetual  movements  might 
be  conitructed  similar  to  those  invented  by  Mr.  Coxe,  on 
the  principle  i  t  the  barometer.  .And  a  variety  of  other 
cur.ous  ni.ii  ill  lies  may  be  constructed  on  the  |trinciplc 
of  aerial  expansion}  an  account  of  tome  of  which  it 
i;.m  :i  under  the  articles  Htmumtaticb  and  Piist;- 

>l  ATH  S. 

The  consiruciion  of  iHermnmcters  depends  also  On  the 
principle  of  the  expansion  of  fluids.  SeeTnERMoilSTIR« 
And  lor  the  eflects  of  thc  different  expansions  of  nielall,  in 
oorifcting  the  vibrationsof  pendulums,  see  PENnvLirii. 

The  expansion  of  solid  bodies  it  measured  by  an  in- 
'  rnmtnt  called  the  pyrometer;  and  f '  ' 


White  glass  barometer  tube  '  •  • 
Martial  regulus  of  antiOKNiy  • 

Blistered  steel      .  «  . 

Hard  «te«l  ... 

Iron  .... 

Bismuth  ... 
Copper  hammered 
Copper  8  parts,  mixed  with  I  of  tin 
Cast  brass  ... 
Hrass  1 6  partly  with  tin  I 
Brass  wire  ... 
Speculum  metal 

Spelter  solder,  via,  bnns  ^  ports,  sine  1 
Fine  pewter        •  •       -  - 
Grain  tin  ... 
Soft  solder,  vis.  lead  2,  tin  1  .« 
SncSporto,  tin  1,  a  littk  I 


100 
130 
ISS 

147 
131 
167 
20* 
218 
•2'25 
229 
23 
2:52 
947 

m 

Ml 
StS 
944 

Zinc  or  Spelter  ...        -  353 

Zinc  haasmercd  |  an  inch  per  febt  -  373 

By  other  experiments  it  has  likewise  been  found  that, 
for  each  ttiermometrical  degree  of  heat,  meircury,  water, 
^nd  iiir,  expand  the  following  part*  of  thcirown  balk,  via, 
Mercury  the  tWiOOthI 
Water    the  bdtftiti.  V  part  of  its  balk. 

Air  the  435ili3 

Frotii  lilt  I'm  ::'jinij  table  it  iippears,  lhat  ihrre  is  no  ge- 
neral rule  iur  "he  decree  <j|  e\pansion  tu  which  bodies  arc 
-iibu  tt  (A  the  same  lii  L'iee  uI  Ijeat,  either  fr<jni  iheir  spe- 
cific graviiy  or  olher»i»e.  Zinc,  winch  is  much  liphtCr 
llian  liail,  expands  more  with  heat  ;  while  i>lus8,  which 
IS  lighter  than  either,  expands  much  leas;  and  copper, 
which  it  heavier  than  a  mixture  of  braM  and  tin,  expands 


i  the  force  with  «  hich 
they  expand  isstill  greater  than  that  ofafirial  vapours ;  the 
flame  of  a  small  candle  produces  an  expansion  in  a  bar  uf 

iron  capable  of  oonnteracting  a  weight  of  500  pounds. 
The  quantity  of  expanuon,  however,  is  m>  small,  th:it  it 
has  never  been  applied  to  the  movement  of  any  mceliaiiual 
enninc. 

KXlM'.CrATION,  in  the  Doctrine  ofChanres  is  apjilad 
to  any  i.  iiinlTi^eiit  evi  i.t,  on  the  happeiuni;  lif  «hich,  sunic 
be  In  lit  tkr,  i\t\|nrt.<i.  This  is  capable  ul  lieing  ri'duced 
1*1  ihr  nilis  ot  toiiiii'ir,  [.''U:  I.T  a  Mini  fi  innney  in  ex- 
pectation when  a  pat'.itu'.ar  event  happi  n^,  has  a  deter, 
minate  value  before  that  event  happens.  I  hus,  if  a  person 
is  to  receive  any  sum,  as  lo'.  when  an  event  takes  placn 
vshich  has  an  equal  chance  or  prubability  of  bappeninjaad 
failing!,  the  value  of  the  expectation  is  half  that  sum,  or 
Si.  :  but  if  there  are  3  chances  for  failing,  and  on)y  I  for 


less.   It  teems  «U>.i  that  inetals  obtenw  a  pHpoition  of  Its  happcning,or  1  cbaoco  only  in  itt  favour  out  of'all  the 

expansion  in  a  fluid  slate,  quite  diifereot  from  what  they  4cbai  .  .^.A  , 

doinasoUdoiM:  forj«sulusof antimoay Meamdlocoa-  loot 


nces ;  then  the  probabibty  of  its  happening  is  only 
of    or  i,«nd  the  value  of  the  expeciatian  is_^biu^ 
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of  lOf.  uhich  is  only  '21.  lOt.  or  ball'  the  former  iam.  And 
in  sll  cauMi,  the  value  of  ihc  expectation  of  any  sum  i» 
found  by  rouliiplying  that  sum  by  the  fraction  expressing 
the  proMbility  of  obtaining  it.  So  the  value  of  the  i  x-  , 
pectation  on  100/.  when  there  are  3  cbaacca  out  of  A  for 
obtaining  it,  or  when  the  probability  ef  4^lninii||  it  k  4, 
4t  f  of  100/.  which  is  fof.  And  if  <  be  my  tum  expected 
on  ibe  happening  of  an  event,  A  the  chenen  for  thit  evcBI 
happening,  and/ihe  chances  for  in  faillini> ;  then,  there 
bring  h  chances  om  of/-*-  A  for  its  happening,  the  proba< 
bilily  "ill  bu 

^^^1  Atid  the  value  uf  Ulc  expectation  ^j^^-  SuppoWf 

for  example,  that  a  penon  is  entitled  tn  lOOL  if,  in  eaMinft 
a  die,  he  linn!:^  up  an  ucc;  and  to  iOl.  if  he  bnn;;i  up  a 
six  ;  but  in  all  otiier  citM-'.  he  is  to  have  notliini:,  to  liiid 

ibe  value  111  hii  e\peetiitii>ii  tjclV.ie  (lie  die  i»  ca'il.  In 
each  c;i-<-  the  r  <d  cliunre>,  both  lor  happ<-niui>  and 

f.iihiu,  .ire  (),  but  liir  thi'  event  lakuu  I'biee  only  I  ;  there- 
foie  I  i>i  \0:'l.  =  It)'.  1  Ji.  id.  i>  (he  valui'  <il'  t\p<-ctB- 
tion  in  thi  lirM  ca^e,  and  ^  of  40/.  =  8/.  (>.<.  !sd.  is  its  worth 
in  tile  vecoiid  case  ;  conjcqueully,  their  »utr)  iol.  is  the 
entire  value  of  his  expectation  before  he  undertakes  to 
throw.  Sl'*  Simp'ton's  or  Dc  Moivre's  Duciriiic  of 
Chances. 

ExPKCTATtoii  Lifit,  in  the  Doctrine  of  Life  Annua* 
ties,  i*  thceiiare>orn«nherofye«sof  li(r,whicfa-apenon 
of  a  gjven  age  nayt  on  an  equality  of  chance,  expect  to 
enjoy.  By  the  expectation  or  share  of  life,  says  Mr.  Simp- 
ion  (Select  Exerasca,  pa.  S73),  is  not  hcie  to  he  uiidcr- 
•Iflibd  that  particular  period  wbieh  a  person  hath  an  equal 
ehanee  af  surviving;  this  lut  hcim  a  dlfe«n|»  nod  mom 
1^01  pie  consideration.  The  expectation  of  a  life,  to  pnt  it 
in  the  most  familiar  liftht,  may  be  taken  as  the  number  of 
years  at  which  the  purchase  of  au  annuity,  granted  upon 
it,  without  discuunt  of  money,  ought  to  be  valued.  Which 
number  of  years  will  differ  more  or  less  from  the  period 
above-iiientioiu  il,nccor-llii(;  to  the  ilitleieiit  degrees  of  mor- 
tality to  which  the  sevrr.il  sta^t-s  ol'  lite  are  incident.  Thus 
it  is  much  mon'  thrm  an  eijual  ciinnce,  according  to  ttie 
table  of  the  probiibility  of  (he  diir^irion  of  life  (pa.  ut 
supra),  that  an  intanl,  just  i!>:u'  11. to  the  «oiid,  aiiues 
not  to  ttic  a4«c  of  lO  years;  yet  the  e\i>eei,i(i'.in  or  shire 
•>f  life  due  to  it,  ori  an  average,  is  ne:ii  20  vcatN.  1  lie 
which  wide  difference,  is  tiie  great  excess  of 
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EXPERIMENT,  in  PhiloHpiqr,  atrial  of  the  effect  or 
ftanU  of  ccftaiBappiioalioBa  atid  notiooa  of  natural  bo- 
dies, in  order  to  diiOiiveriaiBething  of  their  laws  and  re- 
lations, ftc.  Hie  making  of  experiments  is  become  a 
Itind  of  art;  and  there  ore  now  many  collections  of  them, 
mostly  under  the  denomination  of  Courses  of  Experimen- 
tal Philosophy.  S:  jriiiiDs  made  a  curious  collection  o( 
the  f)r)ncipjl  discoveries  arid  experiments of  the  I7th  cen- 
tury, under  the  title  of  C&Uegiutu  lixjjerimcntale.  Other 
courses  oi  experiments  have  het  n  published  by  Gravesande, 
I)e-;iL;  :liers.  Ilelsham,  Coles,  lic 

l'X!'i;iU.Mr.NTAL/'Ai/<»opAy,  i.  that  which  proccwis 
on  e.xpeniiieuts,  or  which  deduces  the  laws  of  niitara.aad 
reason  of  which  wide  dittcrcnce,  is  tUe  great  excess  of  the  properties  and  powers  of  bodies,  and  their  actions  upon 
(be  probability  of  mortality  in  the  first  ten£fyean«fli(i^  each  other,  from  sensible  experiments  and  obs<-rvations. 
above  that  respecting  the  more  mature  and  stronger  ages.  Kxpcriments  arc  of  the  utmost  imporlatice  in  phihwophy ; 
Indccd.if  the  numbmtiuit  die  at  every  age  were  to  be  the  and  the  great  advantages  the  nodera  phyiict  l»|c  over 
lame,  the  two  quantities  above  qiccilicd  would  also,  be  the  ancical,  is  chiefly  owing  to  our  nahing  mon  expcri> 
equal ;  hulerhM  tha  taid  nmbcn  become  caniinually  !«•  mento,  and  then  founding  our  theories  on  the  Nsnlie  thui 
and  lcM«  the  axpfCtBticm  mtitt  of  consequence  be  the  ohuined:  wbeteasthe  meibod«r tha uocianUsras chiefly 
greater  of  the  two.  to  b^g^  with  lh«  antimed  oauset  of  things,  and  thence  ar- 

Mr.  Simpson  has  given  a  table  and  nrie  for  lini|>ng  thia  gna.to  the  phewomenn  and  elfecti ;  on  the  contrary,  that  of 
cxpe; tation,  pa.  255  and  273  as  below.  the  roodenia  proceeds  from  expcrimenu  and  obscrrations, 

For  example,  if  it  be  required  to  lind  the  e\i>cctaiion  or   whence  the  properties  and  laws  of  natural  thiitp  are  d^ 


share  of  life,  due  to  a  person  of  30  years  ohi.  Opposite 
the  given  age  in  the  first  column  of  the  table,  stands 
III  the  second  col.  for  the  years  in  the  e.xpet  taiion  sought. 
N-e  De  .Moivre's  Doctrine  of  Chances  applied  to  the  valu- 
ation of  annuities,  parSSS;  or  Dr.  Price's  Observations  ou 
ile%,  rsionary  payments,  pa.  l69,SS4,374«  fltC;  Of  PUIot. 
irans.  vol.  59,  pa.  80. 


duced,a>i(i  general  theories  nre  formed, 

Sner.il  of  the  anrnMitH  u..,;eefl  ili;ii|i;l;t  .i^  ly  of  ex- 
l)cnnients  as  the  moderns,  niul  pr.u  risni  (tiem  nUo.  Pl.ui, 
omits  no  occit-ioii  of  speaking  ol  the  advanlaoes  of  tliem  ; 
and  .Aristotle's  history  of  animals  tx  ur^  ample  tt^limuiiy 
for  Aim.  1  )eniorritus'>  oreHt  eiiiploynu  iit  was  to  raakeex- 
periiuentt;  and  even  Kpiciiius  hiniscli  owes  part  of  bia 
glory  to  ihe  same  cause. 

Aawng  tJie  modems,  the  makiiig  of  experiments  waa 
chiefly  limiu  by  Friar  Bacon,  in  the  laib  century,  who 
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of  its  rondrntaiion  when  in  the  goniKuvilcr,  and  w 
expludi-s,  and  produm  all  thu«:  terrible  rfk-co  ihut  atlrnd 
(be  cxploMon.  Tbe  clastic  fluid  grnrralni  by  fir«d  gpuw 
powder  vxpeodt  itarif  wilb  «  Trlociiy  ef  alnuwl  KMKM  feet 
per  laeondi  aw)  widi  •  kaet  nearly  4000  iiaw»gpeatrr 


spent  a  gtvt  deal  of  money  and  labour  in  (his  pursuit.  Af- 
ter bin,  ibe  lotd  chancrllur  nacon  is  ccn!ii«J<.-red  at  the 
founder  of  ibe  pieaent  mode  of  pbiloiopbiMng  by  expcri- 
■CDi&-  Ami  bit  «Mtbod  baa  bean  pmacated  with  laudable 

enulalioD  by  tbe  Academy  del  dnenus  ibe  RotsI  So*   ^  ,  ,  

cielyt  tbe  lloyal  Aoadcmy  at  Pferia;  by  Mr.  Boybi  aad»  dian  the  preiaNte  of  the  atnoiphcieon  tbe  wmc 
above  all,  by  Sir  baac  Mcwua,  with  aMiqr  other  illwtfi*      '-■    •  - 

ou«  namef. 

(luk'cil,  (ho  making  of  cxperiracnis,  irithin  the  laat  CCB- 
lury.  It  ^.o  much  pnirli<.e<l,  that  nothing  will  pais  in  phi- 
Idmiphy,  but  what  is  i  ilhcr  founded  on  i  xpi  nrnpnts,  ur 
confiriui  d  by  llu  ni  ;  mi  that  the  new  philoiopliy  i>  alniojt 
Whoily  r\|H".liiiri)l;il. 

^'it  till  u  ari'  snnir,  ru  n  among  the  learned,  who  t[)f!iU 
ot  r\|)ri  iM'  His  ;ii  a  iIi;lVr<  lit  nmmn  r,  or  pcrhap*  rathcf  of 
ihf  ubusc  ot  ibi'Mi,  iiiid  III  dcrl-Mon  of  tlic  pn'tt  ndrrs  to  this 
|.raclicv.  Thus  tliuugh  Ur.  Kcil  ailov^s  that  pliiUisophy 
has  ivceivcd  coiitidcrublc  advantages  from  those  who  mal^c 
experiincntst  yet  he  complains  of  their  disingeuuily,  in 
too  often  «rre>tin;>  und  di>>turting  their  experiments  and 
obiertniions,  to  favour  snmc  darling  theories  they  had 
cspooaed.  Nay  more,  M.  Hartsocker,  in  bit  Reciieil  de 
pluiieBn  Piecva  de  I'liyNique,  undertakes  to  •.h<ju,  that 
f  iieh  as  employ  thrmveln-a  in  tbe  makiag  of  experimenl*, 
•re  net  propei  ly  pbiloMpbech  hut  at  it  were  the  labotnvra 
or  operaion  of  phihw^en,  that  work  under  them,  dad 


The  electllc  exploMooa  aerm  lo  be  still  much 
atnmg aitd  asionisbing;  aiinthe  case*  of  lii;htniiig,  earth- 
quakes,  nnd  volcHnoi  s;  and  evi  n  in  the  aniticiiil  rlectTl* 
city  prdduciil  by  ihc  ordinary  niuchines.    'I'lie  astoltilh- 

in:; '.I  II  ii^iii  n|  i|i\tiic  <s|il<iMcitt~,  »)iich  is  beyond  all 
posMibl'-  .ill-,  (if  an  iL-uriiii;  it,  iiiani!i->f-  itself  by  the  nniiiy 
tn-invliiliiiis  I  'ii  civ  \n'  lirur  of  ti;c-liall^  hihI  ii^iiinii.*;. 

Jii  cavi-b  «luri'  tlir  <  li'Ctric  in.itn  r  ai  ii  like  toiunioii 
fire,  the  (on  I  iho  ^^plo^io^!l,  thuiiiji  Miy  jin  at,  is  ca- 
pable ot  ii.iavuniiK'iit,  by  oinpiiiiiiL;  ilu-  ilmanccs  to 
whirh  bodies  are  thrown,  with  their  vMi<Hit.  I  lll^  iv  iiirj%t 
evident  in  volcanoes,  where  the  projeelioiMi  of  Ihi'  burning 
rocks  and  lava  niainleM  the  iinmeuMty  of  the  power,  at  the 
■aroe  time  that  thry  afford  h  mi  ihnd  uf  meaMtringit:  and 
thoe  explosions  are  owing  to  the  extrication  of  aerial  va- 
pours, «t>d  their  rarefaction  by  intense  heat. 

Next  in  titvngfh  to  the  ueiiat  vapuuro,  are  thoae  of 
aqueous  and  qthrr  iiquida.  Very  remaritable  cfllienB  of 
these  are  obiervcd  in  ftaam-cniinn ;  and  there  la  one  caae 
Irom  which  it  ha*  been  infirnd  that  aqueonk  atcan  h 


for  them,  furniriiing  then  with  UMterMla  to  buiM  their  ercn  mocb  itronfrr  tfaan  fired  gun|>o\rder.  Tbi«  i>  when 

water  ik  thrown  upon  melted  cop]M>r  :  for  here  the  explo- 
•ion  is  so  strong  as  almost  to  exceed  imagination  ;  anil  the 
roo»t  terrible  acridenli-  liiivc  hnppene'l,  even  from  so  flight 
.1  cuuw  as  one  i  t"  the  wurkinen  »pilting  in  the  furnncc 
wlirrc  fiippi  r  was  n.i  liini;;  arising  probably  from  a  smi- 

llfll  iict<>tII|HiM(ii)ri  dl' till'  W.lt'T.       K>ploS!un»  ll»|i|>l'Il  iiho 

tn^iii  the  a|i|il;ratiiiii  <jI  vwilcr  to  other  nulled  mfti;!-', 
thuuL'ti  m  a  Iimu  t  ilccro-,  wlnti  ilic  lliiul  is  applied  in  small 
qiiiuitities,  anil  t  \eu  I<i  conimon  (iir  itsi  ll,  a<>  ever)  person's 
o»ti  i\ pcneiicc  must  have  iiilurnK  il  hiin  ;  and  this  seems 
tij  bi'  occasioned  by^lie  ssiidden  run  l.irtion  of  the  water  into 
steam.  Examples  of  this  kind  often  occur  when  work- 
men arc  fastening  cramps  of  iron  into  stones ;  where  then 
sonietimes  happeM  to  be  a  little  water  in  the  hole  into 
whirh  the  lead  b  pouiwd  i  in  this  case  ibe  metal  will  ly 
out  in  such  a  nwver  aa  amieiinics  to  burn  them  eeiyaa- 
rerely.  Terrible  accidentt  of  ibis  kind  somrtimet  occur 
in  foundeite,  when  iaiga  qnanthiei  «f  melted  meial  la 
pounid  into  wet  or  damp  umhiMb.  In  theae  caiei,  tfan 
andden  expumion  of  the  aqucow  atrunt  haa  AnwnuM  ^ 
the  m«4al  with  great  violence;  and  if  any  decompoaition  ' 
has  taken  place  at  the  same  lime,  so  as  to  convert  tho 
aqueous  vapour  int6  an  aeritil  one,  the  explosion  must  be 
mil  (;rraler. 

10  this  last  kind  of  explo'ion  must  be  ri  li  rreu  that 
winch  takrs  place  on  puunt  e  i  i  ld  water  ititn  builina  or 
burning  oil  or  tallow,  oi  in  pouring  the  lattrr  u|iiin  the 
former;  the  water  hoivr\er  being  alvvav 
quantity. — Another  renmrkable  kind  ot 
■[iroduced  by  inflammable  and  dcphlDgisticiited  air,  when 
mixed  together,  and  s<'t  on  fire;  a  ciminrvtance  thai  often 
happom  in  coal'inines, &c.  '1  Iilh  ihTr  i  s  irutn  uii^  of  the 
cases  bcibre  mentioned;  for  here  isun  absolute  condensa- 
tion rather  than  an  exp^insion  tfarotighout  the  whole  of  the 
ojH-ration ;  ^nd  could  ihc  airs  be  made  to  lake  fire  through- 
out their  whole  substance  abiolutcly  at  (he  same  instant. 


ayatems  and  hypoiheiies  on.   And  tbe  learned  Mi 
in  the  beginning  of  his  discourse  on  Plato,  at  the  bend  of 

his  tranthition  of  the  works  of  that  philosopher,  deiils  still 
more  se\eiely  w  ith  the  makers  ot  expi  riments.  lie  breaks 

out  with  a  km. I  I'l  inJitmalmn  at  a  ttibi-  i>f  iilly  cuiioiis 
people,  « hohc  s'.lc  ini|il'i\  Micnt  Coii^ivl''  in  iimkini;  i  xpe- 
rimenlsrin  the  gr.iv  ity  uitl.rair,  thr  c  quibbnuin  of  limits, 
Ihc  kmd>.toiie,  iVc,  and  yet  ariMgatc  to  iIk-iiim  Ivrs  the  iioLjIc 

title  111'  |>(:l|..sn|iluTS. 

E.Kri.CJ^lCJN,  a  sudden  and  violent  expansion  of  an 
elastic  fluid,  by  which  it  instantly  throws  off  any  obstacle 
lhat  happens  to  be  in  the  way,  sontcliroes  with  astonishing 
force  arid  rapidity,  us  the  explosion  offired  gunpowder,  &c. 

Expiosior.  diflVrs  from  e.\paiision,  in  this,  that  the  latter 
i»  a  gradual  and  Continued  p<iwer,  acting  uniformly  for 
aoma  ceruin  time;  whereas  the  former  is  always  sudden, 
and  only  of  moaaantary  or  Immenanmbly  ihort  duiatioii. 
Tho  cxpanahm  of  aoM  auhitnncet  do  not  terminate  in 
'Violent  exploiiona,  pa  account  of  their  ikwneM  of  action, 
and  tha  amall  space  thtouglli  which  the  expanding  sub- 
stance moves  ;  though  their  IlTength  may  be  equally  great 
with  that  of  the  most  active  aerial  fluids.  Thus  wc  find 
that  though  wedges  of  wiK)d,  when  welled,  will  cleave 
solid  blocks  <>l  stunn,  they  ni  ver  throw  them  lo  any  dis- 
tance, as  is  the  case  with  i;u"P<'"'drr.  On  the  other 
hand,  it  is  seldom  that  ihc  im  ikimmh  i  f  imy  elastic  llmd 
bursts  a  solid  substance  without  throwing  the  fragroenU  of 
it  to  a  considefnUeditlancr,withclEtelathttw««limi«l7 
tirrible. 

The  ^n'iiter  number  of  explosive  substances  are  either 
acriul,  or  convertible  into  such,  und  raised  into  an  elastic 
fluid.  Thus  gunpowder,  w  hose  essence  seems  to  ColURtt  in 
common  air  6xed  in  the  nitre,  or  at  least  an  air  of  similar 
elasticity,  where  it  is  condened  inloa  bulk  many  hundred 
times  less  than  the  natural  stale  of  the  atmosphere ;  which 
air  being  suddenly  disengaged  by  tbe  firing  of  the  gun 


cil  :ii  a  small 
explosRin  IS  tiiat 


powder,  and  the  decompuaitiao  of  iu  parts,  it  rapidhr  ex-  there  would  be  no  ex|diMioii»  but  onW  •  andden  produce 
paudt  iiadf  again  with  •  Ibrea  pvoporaoMd  to  the  dcgin  tira  of  heut. 
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Though  <s>plokioi»  be  («HM|imei  vciy  dcMruciiv-r,  tbry 
■re  also  of  cuntidrrn.ble  uxein  Vfty  tA  m  rMIIIOvin^  ob>ta- 
cln  tbat  could  Kurcvly  be  ovcfctMae  by  any  ni<-cliiiiiicul 
.power  wbaimr.  The  principal  of  thcac  are  lUc  bluuitig- 
up  of  racks,  (he  atwanliiirof  sI'MMS  in  (juarricii,  and  other 
purposes  of  ibat  Kind.  Tbe  diMniclioil  occuiowd  by 
tbein  in  liincs  of  war,  and  the  nMcbiora  fbmiod  «pon  im 
principle  of  explo^n  for  rbe  ik-stnteiion  •of  the  hnmin 
race,  aro  well  known ;  and  if  we  ciinnol  c«ll  ihrac  MclMi; 
they  rou«t     allowed  at  k-astt  to  be  necessary  evils. 

The  effecH  ot  e\|>l(isii.ns,  wlu  n  violcnl,  art'  A'lt  at  a 
considcmble  dislMtici-.  hs  Tt-asim  oi  thv  c(mcu«itm?  ificy 
give  to  the  tttmo'-jili:  I '  .  ■-ir  Win.  Harmllim  I  ar--,  ihr  t 
at  the  cxplusions  ul  \'ebu>  :us,  In  ;  7  <i7,  Ilif  diait*  ami  «  m- 
do\s5  ot  (he  housi'S  at  Najilr^  rtuiv  ii|icii  if  unlmltiii,  and 
om-  door  « ;  v  burit  opi  n  ihiit  Ji.id  been  Iwckiil,  ihnu^li  nt 
lliL-  di5laiiio  of  6'  niili^:  uiid  the  e.\|>l<i'-ii>ri  <d  ;i  |i<mdcr- 
magHzinc,  or  a  powder-mill,  it  is  well  know  n,  ^j  n  ;id-  ih-- 
strnctioD  for  many  miles  round;  nndcvin  kilU  p(>i|'li'  hy 
tbe  mere  concussion  of  thi-  sir.  A  cu(iuu!>  (tit  ct  ul  thcin 
also  ii^  that  they  «l< C'irify  the  air,  and  tM'nglnib  »m>l(>u$, 
at  a  coDsideruble  dislaiicr.  This  is  i.Kmiys  Mt>H'rv»blp  iit 
firing  the  gui»  at  the  Tottrr  of  lx>ndon  :  and  *<)mc  years 
ago,  after  an  explosion  of  some  ponrdi-r  mills  near  that 
city,  many  people  were  alarurd  by  a  rattliog  and  break* 
iitt  of  their  cbina-srare.  In  this  respect,  Eaan-wr,  the. 
encts  of  circtfkal  explosio.ns  are  the  moit  remarfcablc, 
thoogh  not  in  the  uncommon  way  just  mentioned ;  but  it 
is  certain  that  the  influence  of  a  flash  of  lightning  is  dif>  ' 
fused  for  n  (jriHt  nay  n  un;!  the  place  where  the  eNploriVm 
happens,  producing  very  [jercoptible  channes  both  on  the 
aaimal  and  vegetable  creation. 

EXPONKNT^fo  Pirj.rr,  in  Anlhmi  lie  aiul  Algebra, 
denotes  th<-  nuniher  or  rjihiiUily  cxpn-sin;^  ihe  dcrn  !■  or 
elevation  ot  iho  jviwer,  or  «lnrh  f.h<ius  how  oKcn  a  f:i>en 
power  IS  to  -jr  diMik',1  by  its  rr>ot  b.  lorr  it  be  brought 
down  to  unity  or  1.  I  hus,  the  t-xpont-nt  or  index  of  a 
square  niiniber,  or  the  2d  power,  is  2;  of  a  cube  J  ;  and 
so  on;  the  square  being  a  power  of  the  '2d  degree;  tbe  , 
Cttbe,  ofa3d,ftc.    It  is  otherwise  called  the  index.  ■ 

Exponents,  as  now  used,  are  rather  ut  moucrn  inven> 
tloo.  Diophanti.s,  with  the  Aiabiao  and  the  firt>t  Euro- 
,  pcaa  authors,  denoted  tbe  powers  of  quantiiice  bv  sub* 
joiniiig  an  abbreviation  of  the  name  of  the  power;  tlMUglh 
slith  aone  vaoatino,  and  diffetrnce  frpm  one  aootltn'. 
Tha  names  of  the  powvir,  anil  the  raarki  for  denotiif 
thaiB,  according  to  Diophanttis,  are  as  follow :  vis, 
Names,  /Mytcf,  stfiifUf,  Surajuis,  xit»f,  tmaiMiotaiut, 
Marks,  r     ,  S»      ,  »•    ,S»  9»,itc  ; 

Vhich  we  now  denote  by  1 ,  a.       a*,  o',  4te. 

F.  I.tiCBi  Pacifiliis,  or  ])<■  riiiri:'',  fur  the  root,  iquiire, 
cube, &c,  uses  the  trrius  ion.i,  ceiiso,  cubo,  reUtn  (pn- 
no,  secundo,  tcrtio,  \:c),  or  the  abbioviatioBa cfc ca^ «■>; 
and  8*'^"''  ft'Otor  radirality. 

Cardan  used  th.'  Luiin  (:o:/.:,ii_ tn  i?  of  the  nanu  s  of  llie 
powers;  and  other  contemporary ,  luid  <  ec  n  surns'tlnic  au- 
thors, especially  thi'  Germans,  ns  Slit'elius,  SLln-ubriiu*, 
I'elitarius,  lice,  used  the  like  conirnctions,  but  sotnewbat 
varied,  thus: 

IB,  ^,  3,  O.  53>w/3>  5t(>  ^c- 

•r     4>  IW»  f>  tt>*  n>  A 

cap:    0,  1,  S,  3*  4k  S, 

,  Butii«idcalltttnwt1iodorrepR«0ilatiaii,lheMiBaaii- 

tlon  alwntda  iHa  «f  Uie  ntuum  u  in  thielart  liiw  hin 


above,  and  it  was  Siifilius  uho  hrtt  cnlled  them  ckpo* ' 
nents. 

Bombelli,  whose  Algebra  was  published  in  1479,  dc* 
notes  the  ret,  or  unknown  quantity,  by  this  mark  ^,  ami 
the  powers ^  nume rat  exponents  act  aver  it,  thnsr^, 

~  Stevintie,  who  pablishcd  his  Aiitbrndic  in  1585,  and 
hia  Algebra  soon  afterwards,  makes  use  of  a  similar  ne* 
Ihod,  but  instead  of  ^  he  uses  a  small  circle  Oi  within, 
which  he  places  the  numeral  exponent  of  thi  (xuver;  thus 

©.  (I)>  ©•  ®<       ■  'bis  way  he  c Meruls  his  iKitn- 

fion  to  fractioii^il  i\p"iieiil>,  uiid  even  to  r.idicul  ones; 
^!:ns      ,    ,  ,  fj.  -VC. 

\'iel;i  ulli  I  this  usi  d  words  again  to  denote  the  powers. 
And  Harriot  dmottd  the  po«ers  by  a  repeiiiioTi  of  tin; 
root  ;  HS  ti,  firi,  nail,  for  the  1st,  2d,  and  J<1  pom  rs.  lu- 
sleud  of  which,  Descarli-s  again  ri  stored  the  liunn  r<'il  e\- 
ponenLs,  placii.g  tlu  pi  after  tbe  mot,  when  the  power  is 
high,  tti  urdei  to  aujid  a  too  frequent  repetition  of  the 
same  k  iier ;  as  n'  a',  &c,  tbe  same  «»  is  UH'd  at  prvscoi. 
Also  Albert  Girurd,  in  l629,  ttsed  the  expotwni*  toioOI*» 
thus;  ✓,ii<,  %/,&c. 

Tbe  notation  of  powen  and  roots  by  tbe  present  mode 
of  exponents,  faas  introdtterd  a  new  and  general  arithme-' 
tic  or  exponents  or  powers;  for  hence  powers  are  niulti> 
plied  by  only  xilding  tbeir  exponents,  divided  by  Sttb> 
iractinu  (he  exponents,  nuard  to  Other  powers,  or  roou  of 
tbcm  extracted,  by  malliplyiitg  or  dividing  the  cxpooimt 
by  the  index  uf  the  powA or  root- 


So  aF  a  e^  =  0',  and  €1 


a'      a'  =  u\  :onI  a'*  -i-  a"'  «<^} 
the  'J<\  [)o>Mr  lit  fj'  Is 
an<i  the  3d  root  <if  a  '  is  '('. 
This  algorithm  >A  powei-  led  the  way  to  the  iineniion 
of  logarithms,  whith  ;ue  .inly  Ihe  iiidicis  or  espi  :.i nts  of 
powers:  and  hence  the  addition  and  subtiactioii  of  logii- 
rithms,  answer  to  the  niultiplieati'-n  and  division  >  f  nun>- 
bers;  while  the  raising  of  powers,  and  extiaciiiig  of  roots, 
is  eAcftedhy  multiplying  the  logarithm  by  the  index  of 
the  power, or  dividing  ike  logarithm  by  the  index  of  the 
root. 

£xroiiBNT4^«  Raih,  is,  by  some,  understood  to  be 
tbe  quotient  ariungfron  the  divtsion  oif  the  antecedent  of 
tha  ratio  by  the  caaiei|urnt :  in  which  aenie^  tbo  exponent 
of  die  ratio  «f  3  to  S  it  I  i  and  thel  of  the  ntio  of  3  to  3 
is  y.  Bat  otheia,,aBd  Ihoae  among  the  best  mathemati- 
cians, umlentaiMl  logarilhms  as  the  e xponcnis  of  ratios  t 
in  «  hich  sense  they  coincide  with  the  idea  of  measures  of 
ratios,  as  delivered  by  Kepler,  Mercator,  IlBllev.Cofes.itc. 

EXPONENTIAL  Catcului,  the  method  of  ditTerencing, 
or  finding  the  fluxions  of  exponential  quimtities,  and  of 
summing  up  those  dilferences,  or  finding  their  ducMs.  See 
CtLCPi-Us,  Fi.uxtoNH,  and  Fluunts. 

K\ I'o N  i.NTiAL  Cun-f,  IS  llmt  wlu  se  iiiHure  i»  di  fil  ed 
or  cxpre^ed  bs'  an  exponmiial  eijiKiiion;  as  the  curve  de- 
noted by  n"      V,  or  by  i '  = 

EXPOXINTLtL  EifUtUion,  is  one  in  whieh  is  conUiiued 
an  exponential  quantity:  as  the  eiiu.jtir)n  a'  = orj' 
=s  ab,  &c.  Exponential  equations  arc  commonly  l>»-»t  re- 
solved by  means  of  logarithms,  viz,  first  taking  the  log,  of 
the  giseu  equatioo :  thus,  by  takintf  tba  log.  of  the  equa- 
liM«*aA^  it  »  «  a  logt  of«  slo^  of  6;  and  henca 

c  an  togk  4  Hh  lofr  ^ 
Aln,lbeki.orthacqtiiiiiMiJt>awa,ii»  *.  Iag.«* 
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logp  fl^i  and  LbcD  x  is  ca«ily  found  by  tri«l-ud-«rror,  or 
tb*  doable  rule  of  potition. 

ExroiTBiiTiAL  Suwuitf,  a  that  whoM  power  is  a  vari- 
able (quantity :  ai  the  expntaion  a',  or  x>.  Exponential 

Sinuiiaa  ue  of  M«enl  degrees,  and  oidcn,  MCordios  to 
aumtier  «f  exponents  or  powm,  one  above  aaolber. 
Thus, 

is  an  expaneiuial  of  the  1st  order, 
e",  none  of  the  4d  Older,  i 

it'  is  UIIC  of  the  3d  order,  and  so  on.  * 
ikx  Bcinoulli  Oper.  torn.  1,  pa.  183,  &c. 

KXPRESSION,  in  Algebra,  b  any  al(ebfak«l  qoau^ 
tity,  simple  ur  compound :  as  the  exprmion,  Ite,  or 
w  ^{fi'  db  c*)'  Somcliipcs  also  called  a  function. 

EXTENSION,  one  of  the  eommoa  and  cianitial  pro- 
perties 9f  body ;  or  that  by  which  it  posirssca  or  taken  up 
some  part  of  unircrsal  space,  called  the  place  of  tiiat 
body.  The  cxlinsion  of  n  budy,  is  properly  sppaking  in 
every  diri'Ctii'ii  u  liutevt-r  i  liiit  i(  i<,  u^ual  to  COOtider  it  a» 
cxttndeJ  only  in  li  r.^tli,  bn-inUti,  aiui  lliirkncss.  - 

KXTERIOH  Po^-M,  <ir  Taiuj,  IS  thf  outer  or  circam- 

icribing  one.         I'n i  v (.os .  aiui  I  a Li's. 

EXTEllM  IN  Alios,  HI  IxTKRMiNATiXf,,  in  Alge- 
bra, is  ti>  take  avmy  n  rtjiin  iit)kiiowii  (njun'.ilu-s  Ir'nii  cli'- 
["  !,  Ji:  jj;  I'ljuuliDiii,  M)  a»  tina'ily  li>  iiiiM'  nuly  cjiu' (-({UHtinii 
contaimiig  orif  unknown  (juanlity  ;  ul^i  nrc  its  vaiuo  may 
be  dotcrminnl,  and  by  ini'ans  ut  l!ll^,  mul  lh<-  ft|u;ilion» 
obtained  in  the  extermination,  all  the  other  quantities  be- 
come known. 

The  rults  for  prrforraing  tliis  arc  various,  and  after  all, 
much'intut  be  left  to  the  ingenuity  of  the  algt  brai^t,  as  the 
appUcukn  and  combination  of  those  particular  lulaa,  de- 
|CiM,  in  •jTMt  mcaMtiOi  on  the  forms  and  natare  of  tbe 
cqutioiii»aM  of  wUdi  tha  unknown  quantities  ue  to  be 
oatcmiiMitad.  Tbefolloiwinghowevermay  be  considered 
as  IbnniM  principles  of  (he  operation. 

1.  Find  the  value  of  one  of  the  unknown  letters,  in 
terms  of  the  other  quantitit>5,  in  cacli  f  ;:;iv('n  equa- 
tions. Nrxl  put  two  of  iht'.'o  valuesi  equal  lo  lach  Other; 
then  one  of  thr«c  anil  a  lliinl,  fiiurtli,  he;  I'V  which 
meatu  one  unknown  quantity  will  bv  extcrmmati d  ;  and 
in  the  same  «ay  otliers  may  be  taken  away,  till  tin  lo  ri'- 
luain  only  one  <s]iiatif>n  and  onr  uilknosvn  quantity,  the 
'value  of  which  miiy      ii  l-e  f<iiii;d  by  the  Common  rule*. 

2.  Find  the  value  of  one  ni  the  unknown  letter*  in  one 
of  the  equations:  then  <ub«tilule  this  value  of  it  in  each 
of  the  other  equations  into  which  that  letter  enters,  by 
which  means  it  will  be  exterminated ;  und  in  tlic  same 
manner  we  may  take  awny  all  but  one  3<  before. 

3.  Multiply  or  divide  the  given  e()iiati(>iit  by  iuch 
numbers,  that  tbe  coefficients  of  one  «f  the  unknown 
q;uantitiM  in  each  of  the  equatione  may  be  equal  to  each 
other.  Then  tgr  adding  or  subtracting  them  as  the  case 
nquires,  that  unknown  quantity  will  be  lakco  away. 

The  following  equations  will  serve  to  illustrate  all  thcee 
rules.  •  * 
■f;i»en  ax  -t-  ly  =  n,  and  cjr  -t-  </y  s  m. 

Uy  the  (iriit  luelhod,  JU=  -;  and  x  =  . 

•t  —  h/  m—tfy 


therefore ' 

"  c 

which  is  an  rqaation 
quantity. 

ScccHu/  mtthod.  llcre 


or  (u(/  ~  be)  y  ss  4iiu  —  cn, 
oonialning  only  oiw  unknown 
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X  —  I'J? ;  and  suhalitutiag  this  vnlne  of  x  in  the  second 
equation,  we  have 

*  ^'"a^  "•"  djy  =  wi!  which  gives 

(ad  —  be)  y  —  am  —  en,  B«  before. 
Third  method.    By  muUiplying  the  fint  equatioii  by  c, 
and  the  second  hya,  we  obtain 
OCX    i»  <■■<■• 
and  acx  •^  ai^  samj  then  by  subtraction  we  have 
(«d  —  fe)jraB  aaS'— ca,  «tlllthe^^l^H■  n  -'iltas  bi  - 
fore.   Sec  llutton's  Course,  Simple  i:i|u,ii.  pi.  b.  i,  pa. 

at7,  &c. 

Many  ingenious  specimens  of  the  difKirent  methods  of 
extermination  arc  s;ncii  in  Newton's  Uniu;jiii  Anttime- 
tic.  and  Maclaunn's  Algebra.  Sec  also  an  excellent  piece 
on  ihi>  subject  under  the  article  Elimination  in  the  Kn- 

cyrli)|M'dia  Methodiquc.  ' 

KXTtUN  AI,  .lufcia,  .ire  tin- anj{lei  r  irnu  d  without  a 
tii;ure,  by  producing  its  >id<  s  out.  In  a  triatijjlc,  any  ex- 
ternal angle  \i  equal  to  the  !>'ini  <jf  both  the  two  internal 
opposite  unnl.s  taken  ioi;cllier:  and,  in  any  right-lined 
lii;ure,  the  sum  of  all  the  external  angles,  i»  equal  to  4 
right  angle*,  except  in  the  ca^e  where  one  of  tlieni  tends 
inwards.  In  which  case,  that  angle  must  be  taken  from 
the  sum  of  the  others  to  leave  four  r^taag/les.  See  Uul- 
lon's  Geom.  Theor.  l6  and  20. 

£XTHA-CSgHi(cilot3i  Sum,  such  as  are  not  properly  tn> 
dudvd  in  any  constellation.  • 

EXTRAnirMMlanr  l^taee,  »  the*  infiaile,  empty,  void 
space,  which  li  Inr  some  supposed  to  be  cx^Hded  b^imd 
th4s  bounds  uf  the  univene,  and  consequently  in  which 
there  h  really  nothing  existing. 

F.XTR.AC'  TION  of  Rood,  is  finding  the  roots  of  ;;iven 
nuinbeis,  quantities,  or  equationfi.  The  muli  of  quanti- 
ties are  denominated  Irom  llieir  pii L  I  ^ ,  ..-  :!.!  niiareni 
2d  root,  the  cubic  or  3il  root,  tin-  biquudiuiiL  i<:  roof, 
ihc  5lh  root,  &c  ;  whirli  are  tlic  roots  ol  llir  Jd,  3d,  tlh, 
5th,  Sec  powers.  The  «-.\lrurUon  of  roots  lia.s  alwiiv'v  made 
a  part  of  arithmetical  calcululion,  at  least  as  far  Lark  a^ 
the  composition  ol  powers  has  been  know  n  :  for  the  com- 
position of  powers  always  led  lo  their  resolutimi,  or  ex- 
traction of  roots,  which  is  perfornu'd  by  ihc  rules  exactly 
reverse  of  the  former.  Thus,  ifany  n  m  Lie  considered  as 
consisting  of  two  parts  a  -*-  x,  of  which  the  former  a  is 
known,  and  the  hitter  x  unkituw  n,  then  the  square  of  this 
root  is  o*  ^  Sax  x\  whicb  is  iu  composition,  and  this 
indicoled  tba  iMoltttim,  or  melbod  of  diMovering  the  un- 
known narlx;  for  having  »ubliacted  tbe  nearest  aquarao* 
from  the  given  quantity,  there  remains  far  x*  or 
(2a  x)  X  Xi  therefore  divide  this  remainder  by  ia,  the 
double  tit  the  first  member  uf  the  root,  and  The  quotient 
will  be  nearly  iqual  lu  i  the  ollur  nieinber  ;  tin  n  to. 2a 
add  this  quotient  i,  and  ihultijily  the  »un>  2a  -t- 1  by  x, 
and  I  Ik  product  will  make  up  the  remaining  part  Sax  ■♦■  x* 

of  tin-  i;uen  powir. 

'fill'  conip'JMiiun  ol  ill--  culiic  or  3d  posvcr  next  pre* 
senti  d  itseLi,  which  consiiis  ol  tiu  se  tourtcinis  a  '  ,$b*X 
-•-  :iriz'  ■*■  z' ;  by  means  of  winch  the  cube  roots  of  num- 
bers have  been  extracted ;  vi2,  by  subtracting  the  nearest 
cube  ii'  from  the  given  power,  and  dividing  the  rcpiainder 
by  M'-,  winch  givM  X  nearly  f<ir  the  (piotient ;  then  com- 
pleting the  divi»or  up  to  3a'  ■+-  3ai  -i-  x',  multiply  it  by 
X  fur  the  other  part  of  the  power  to  be  subliactcd.  And 
this  waa  tbo  exteat  of  tbe  cxinictioa  of  roots  in  ibe  time 
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of  Lactt  d«  Bmgft,  wbo,  from  I47Q  ta  1500^  wiote  Hmal 
piece*  on  arithinctic  and  allgebn,  whkk  wen  the  int 
wor^  of  Uiis  kind  prinlcd  in  Europe. ' 

It  was  nut  long  itowewr  before  the  nBtnie  wad  rompo* 

^itio^  ol  uil  liu-  tiiplur  powers  Wcame  known,  and  grncnil 
tables  «r  co(  llicii'ril>  (oUDid  for  raising  them  ;  the  first  of 
which  i*  Cdiitiiiiu  il  le  SnliliuN^  .Arnlinu  tic,  priiiH'<l  at 
NorimbtTe  in  l5iJ,  i\h<  rc  lie  lully  i  xplmiik  (heir  use  in 
cxlmcliti^  (he  lout'.  ti(  all  |i<i«ers  whatever,  by  method* 
similar  to  those  liir  iht-  si|M;iie  ami  ciihe  roots,  a»  above 
ilesci iIhiI  ,  and  thus  C'  ri  jiUted  the  <  \trarti<m  of  numeri- 
cal root*,  at  least  so  far  hs  that  method  of  resolution  ex- 
tend*. Since  that  time,  however,  many  new  modes  of 
GXlnctiuti  have  bvt-n  dcviM>d,  and  the  old  method  con- 
tiilmbly  improved. 

•  Tlw  csmciion  of  roots  of  t-quiitions  followed  cluwly 
dMtof  known  numbers.  In  Dc  Uurgo'a  time  tiMy  ex- 
tracted tbo  molB  af  qasdniie  equMium,  tlie  wno  wny  m 
at  pKMnt.  Penrnn,  Tartalni,  and  Ganlan  cxtnctnl  tha 
nolo  of  Cttbic  cquaiinns,  by  gennal  rule*.  Sooa  after- 
wacdt  tbo  Molc  of  higher  e<|u«liom  werf  extracted,  at 
ieait  in  n«nbm»  by  approximation.  And  the  late  im- 
provements in  analytinhave  fornbhed  general  rules  for 
extracting  the  roots,  in  infinite  series,  uf  all  equations 
whatever.  All  which  methods  may  be  seen  in  roost 
books  of  arithiiii'tic  an'!  alnefiiii  ',  ilieniore  it  may  be 
sufficient  to  give  here  a  short  specimen  of  soiut:  of  the  ea- 
siest rnlea  fiir  mtmctiji^  tbo  nou  of  quantltici  and  eqna* 
tions. 

I.  To  Eitract  llie  Square  Rofi. 

Separate  the  given  nuinbeni  inio  periods  of  two  figures 
each,  by  setting  a  point  over  the  place  of  units,  another 
over  the  phice  of  hundred* ;  and  so  on,  ov«r  every  seoond 
figure,  both  to  tha  left  band  in  intigen,  and  to  the  i^^t 
hand  in  decimal*. 

Find  the  grealett  square  in  the  first  period  on  the  left 
hand,  and  set  ita  not  on  the  right  hand  of  the  given  nam- 
her,  after  the  nwMier  of  a  quotient  .figun  in  diviiion. 

Snbtnaet  tha  tqnarc^  thu*  feandf  fraa  the  aaid  petiod, 
and  M  ^  temrindar  nnnax  the  tmu  tgam  «f  the  nnit 
following  period  for  a  iKvidend.  Dwilm  the  root  abom 
Ibtind  for  a  divisor,  and  <iad  haw  often  It  i*  contained  in 
the  said  dividrnJ,  exclosiw  of  ila  r%ht>liand  figure,  and 
•et  that  quotient  figure  both  in  the  quotient  and  in  the 
divivi  r 

.Mu.li|  v  the  whole  augmented  divisor  by  tLe  l.iM  quo- 
tient (;i;ur.  ,  iind  subtract  the  product  Iroin  the  said  divi- 
dend ;  ijiiii-^in^  clown  toil  the  nest  period  of  the  given 
niJinb:  r  |nr  Ji  m  'a  (li»  iih  i.J, 

Hepeitt  ihe  saiiic  priici-.'.  "ver  ui;<iin  ;  namely,  find  ano- 
ther m'vv  divisor,  by  duLbhiig  iill  the  fi;jiires  now  found  in 
the  root  i  from  which,  and  llie  last  dividend,  find  the  next 
figure  of  the  loot  a*  befofe,  and  ao  en  duon^  all  the 
period*  to  the  last. 

But  the  bett  way  of  doubling  the  root,  to  form  the  new 
divisor,  is  by  adding  the  last  figure  always  to  the  last 
divisor;  as  appeals  from  the  lollowing  examples. 

When  the  root  io  to  he  carried  into  dcaanalif  coupleu 
ef  cipher*  am  to  be  added,  instaad  of  %M«*,  as  for  a*  mav 
be  neceasaty.   In  which  '  — *■'-  — 


It  may  alio  not  he  aa^  to  add  foe  tha  tnfomation  of 
hfginiwn,  that  when  there  are  an  odd  number  afdacIiMl* 

in  the  nnnbcr  whose  root  is  to  be  cxtmcledf  thqr  4ottld 
ha  made  even,  by  annexing  a  cipher,  beforo  d»e  opetaiinn 


IS 


See  the  foUowing 

S  (  1  4142131^ 


01 
J 


99M6  (916 

61 


62b 
6 


3730 
S7S6 


.  .  .  root 
347l60(i-892 


«4 
4 

100 

96 

S81 
1 

400 
281 

4 

iigoo 
nspfi 

2 

60404» 

108 
8 


S71 
8fi4 


10760 
105«l 


11782 
2 


23.QOO 


390 


2828 

1008  . 
848 

141 

17 

.Igr  cnntinaed 


ation  is' made,  after  the  work  ha*  been  carried  on  to  half 

the  number  of  figure*,  or  one  more  than  half,  by  continiiing 

it  to  (he  other  half  only  by  the  contracted  method  of  di» 

vision;  r.-  i-n'.  ■  I'  'I. '^^ln!;  e\aiii[,|r  for  the  squat*  WOt  qf 
2  to  ujjhl  deciiuals,  ur  luiic  placv»  of  £gu|«s. 


To  extract  the  aqnaie  tOOt  «f  •  \ 
fractions,  see  CoNTiMintii  PnAcrioys. 

II.  To  Extract  ihe  Cube  Root. 
Divide  the  given  number  into  periods  of  three  figures 
each,  by  setting  a  point  over  the  place  of  units,  another 
over  the  place  of  thousands,  and  so  on,  over  every  third 
figure,  to  the  left  hand  in  integers,  and  to  the  right  in  de-^ 
cimals.  Find  the  nearest  less  cube  to  the  first  period ;  and 
set  Its  rout  in  the  quotient,  subtractin'.;  the  said  cube  from 
the  first  ix^riod ;  and  to  the  remainder  bring  down  the  it- 
Cond  period,  which  form*  the  rcsolvend. 

To  three  times  the  iqnare  of  the  root,  thna  fonnd,  add 
three  tiates  the  loot  ilH|(  selling  this  one  |daeo  more  to 
the  right  than  the  former,  and  cnll  thb  sum  the  divisor. 
Then  divide  the  retolvcnd,  wanting  the  last  figure,  by  the 
divisor,  for  the  next  figure  of  the  root,  which  annex  to  the 
former;  and  let  this  last  figure  be  called  e,  and  the  part 
of  tlie  roeit  before  found  a. 

Add  altoiaether  these  three  products,  ii^uiely,  three 
times  (.  M|uarp  multiplied  by  e,  thnce  a  nuilliplied  by  e 
sqilHie,  and  e  t  ube,  setting  each  ol  them  (ine  phice  more 
to  the  right  than  the  former,  and  call  this  sum  '.he  Mibir.i- 
hend  ;  which  should  not  exceed  the  resolvend  ;  thereiorc 
il  it  ilo,  make  ihe  (i^illr- 1-  li'ss,  Uliil  repi-at  the  operation 
for  finding  the  subtrahend,  till  one  he  found  le»s  ihuii  the 
resolvend. 

From  the  ri'solvcnd  take  the  subtrahend,  ami  to  the  re- 
mainder join  the  next  period  of  the  given  numlnT  fur  a  new 
resolvend;  to  which  form  a  new  divisor  from  the  whole  root 
now  found,  and  from  thruce.  another  figure  of  tha  root  as 
above  directed,  and  so  on,  till  all  the  figorcs  are  used. 
After  which  the  operation  may  be  eontinued  to  any  leitgtb 
also  a  coaaiderabla  abbran-  by  hringpflgalw^iwwpeitods  of  thne  ciphers  each. 


Snppaia'for  oiaaipla  it  were  reqairad  to  cxinct  tha 
eubenwtflf499M'944k 
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•3  *  3*=  27 

:i  X  3  =  3'' 
Divisor  27y 


4^8338-544  (  s€'4  root 

'<'7 


21238  rnoWend 
4  K  5*x  (>s  ids' 


the  n»U  of  nunberi  in  ftrilibmetio,  st  above  taught,  'i  bu*, 
loutnictlheiqaHen«(of«a*4>lte-»>9A  . 


I2<u  ■+-  yi' 

3* 

1  tax  ^^t>i' 

»  «  s  15559 
«  4*at  1728 


6+: 

r^/  jj^^  subtrahend 
0000000  RiMiiider 

111.  To  Kifr,7f<  the  Cube  R'm,I.  or  am/  other  RoOt 

Tlii4  is  i  >t  dixw  by  <iii<  Ki-iieral  rule,  that  I  hvn 
invi'iitfd.nml  |)ubli-licil  in  my  new  Tracts,  vol.  I,  pa.  210, 
which  ii  t'j  tiiH  iti  t  t  :  I  I  I  N  Ih- any  nuDibcr  or  power, 
wboM'  mil  root  is  to  he  cxtrartci) ;  and  li  t  tt  be  the  nearest 
nliuiuU  fijoi  of  X,  of  thf  N  imr  kiiul,  or  a"  tbc  luttfeit  ra- 
tioml  powrti)  k, either  ri.  iii>  r  i«  K>5  than  it;  tli«n«liaU 
the  true  ri)ot  bt  very  nearly  i  i" 
(«  -I-  1)n  ♦  (n  -  1)11" 

*  ^  i;  which  rule  »  gcnernl  for 

I  by  «.  Ami  by  expound- 


So  >Im>  the  root  w  carried  out  in  an  infinite  •eriet,  in 
imitslton  of  the  like  extraction  of  iiumbere  ip  infinite  de- 
thus,  tbftMiaare  root  of  a'  i» 


M 

7* 

•  ** 

jr* 

""»«" 

(«  l)M  -^.Cn-*-  !)»■ 
any  root  wboiie  index  i> 


To  extract  the  cube  raotof  «*  —  x'  by  the  general  rule 
inthe«d«rfi«k^fhwws»rf-«',  »  =o,  or  k'  =  «»; 
N  -H  2r"  =  So'  -  x»,  and  211  f  »•  =  Sa»  —  7x» ;  there;' 

for*-,  by  the  nile,  .        .  ^ 

«*       y  r 


any  rooi  wouac-iiniM*  wtomwwt-      —  — r — ~z  _*  •     J  — 

ill"  »  sucte<MVc  ly  by  all  the  numbera  S,  a|,  4, 5,  ««•  t«i*  •  „i,ich  is  the  tube  root  of  rf— «r  *eiy  nearly* 
theorem  will  give  tbc  following  pafticiiler  relet  tot  the      n„t  these  kinds    '     -  -    --  j 


1  roon^  vi<<  the 
2d  0TMiD.nK>t,  ^  ^       «  «; 

ad  Of  cube  root,  =r-r73  *  «»•' 


4th  root 

Sth  root 
6ib  root 
7th  root 


fa  +  4r* 

4m  •+■  6r' 

7  s  Ar* 


.  X  x: 


-1-  2R 


X  AS 


6N  -t-  7»* 


  kinds  of  reolt  are  bctt  extiMted  by  As  K- 

homial  Theorem ;  which  »ee.  ^ 

V.  To  Extract  the  Roou  E^atiom^Tm  js  the 
tame  thing  as  to  find  the  value  of  the  anknomi  qlMBti^ 
in  nn  equation ;  which  is  tflccted  by  variolU  me«lll,  dl^ 
p<.nding  on  the  form  of  iho  equation,  and  the  ditrwusion 
of  ihi  hishcst  power  of  the  unknown  quantity  in  it:  for 
which,  vie  the  respective  tenu,  EqitaTIOS.  Boot,  Qtr*« 
DRATic,  Cubic,  &c. 

Tbc  roost  general,  us  ^  •  IS  ihomosi  easy,  method  of  ex- 
tracting the  roots  of  all  the  liigher  equal  1011&,  is  by  double 
pOiition,ortrial-and-crmr;a»  it  easily  uiiplics  to  all  kinds  of 
eamtions,  however  complex  they  may  be,  even  logarithmic 
and  exponenUal  one*.  There  are  also  several  othrr  pood 
iMMhtMta  of  appcommating  to  the  roots  of  equaiiuns,  given 
by  Hewtflo,  HMley.  Rapbson,  De  Moivre,  Lagrange,  vScc ; 


.  byHtwton,  naueyfuapnson,  i*e  i.ioi>ie,  i^i^.«..K>,  , 

.     ,  ^'   •  »  J  j«  .k-  .  Mmnrni.  aTwhiiib  the  most  Beneral  is  a  rule  for  cMraciing  the  root 

Or  the  ihenreni  iMT  be  «tBted  in  the  form  off  a  piopor-  oiwbicii  r  «• 

v/r  UH  imi.ii™  iiw/ w  ..-w-  r-r  nf|fce  following  indefinite  equation, 


tion,  thus : 

I)  N  +  (n  +  1)  "'  :(»+  l)»  "•■  (»-•)■•  ♦»  ■  = 

the  root  •^i>u:;hi  very  maily. 

SuppoH-  for  i-\ample  it  wa?  ri^quiiftl  to  llnd  ti  "  t  ubc 
root  of  the  numltcr  C.  Here  n  =  2,  n  =  3,  and  the  nearest 
powefj  and  roui  arr  i  nch  1. 

Hence  «»  +  »'  =  ^  ^  i  =  5. 
end  n    an'  =      3  =  + ; 
then  4-  :  5  :  :  1  :  }  =        the  &r»t  apprcximatton. 
Again,  takinn  R  =  J.  Biid-eoBie«|.  »'  =  '  "  " 
H«flce2»  +  «*as**  Wr  •■ 

«nd  JI  +«B»a»«*  -  , 

(hen  37«  :  3R>  : :  *  J  l-2*99ai.  for  the  cube 

ooi  of  'I.  *Ki»  ii  i»  exact  ID  the  wry  laat  ft| 


I  ,  for 

I  itgan. 


of  the  following  indefinite  equation, 

viz,  a:  -r  In*  -t-  cs'  -t-  dt*  ■*-  ez^  (iC 

given  by  M.  Dc  Moivre  in  the  Philoa.  Trani.  vol. .20,  pa. . 

1<10.  or  my  Abr.  vol.  4,  pa.  275. 

1  \  1  UAUOS,  the  ouuide  of  an  arch,  OC  *»«Mt,  die. 
1,.\1  ULMr.-anrf-fl/ffui  Proportion,  is  when  i  Un^  Or 
any  quantity  clnuieil,  .t.  that  the  whole  linoiltoihe 
prcaler  part,  a*  thai  ^u-awr  part  is  to  the  less.  Hence, 
in  any  line  so  div  idi  il,  the  rrrtanglc  '<{  tin-  whole  line  and 
the  less  semnent,  is  erjual  to  ti.e  square  ..f  the  greater 
M  L'incni.  Euclid  shows  hi  "  to  div.d-  n  liar  in  exieme- 
xod-mean  ratio,  in  his  Elcnieiiis,  book  C,  proi^  1 1,  f.  this 
dfect:  Lot  AX  be  the  giv.-n  Ime;  to  which  dmw  aii  1'<  i- 


rool  (.1  'I.  *i«»h  IS  exaa  in  Hie  Wiy  WMnpuiv.  w.-  - —  ,  "    .,f  ...  ■     ,  .  nmduCLd  take 

And  1.,.,,  u  .,.\in,  4U  f-  'he  e'alue  of     a  p«t  Ci';^^;;^.,;^;^^^^^^^^ 

' r::;rr,r^JS.7A^  •.«-«eM-Thi,  ^t-^.TL      to  ../the  un.' ..u  ^ 

rules,  and  in  the  tame  naiHUtr  aBiliu»  divided  in  o  at  leqwtcd. 


»»  done  by  the  samr  rub 
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The  Hamc  i!;  i,v  bi-  di'iu-  otherwise  thus: 

As  1,l-;kjH',  AY.  (li^-  -2)  |>fr|H'iiiliculur  unci  =  ^ab; 

joui  JB,  on  wtiicli  hikf  ti  —  I. A,  aiiii  tlien  take  bi>  =  rc, 
Mt  sbttll  till-  liiit'  i"  liivi'K  J  Jii  o  in  rrquind. 

No  numbor  lan  Ue  liivid'  <i  mm  I'Xtri'iiK.-  uinl  mmii  pic- 
porlion,  »<>  that  it'*  two  luitt^  ^liiill  br  rational  ;  uv  is  viill 
demonstriitod  by  Clavius,  111  hi»  Coiiinicntary  on  ihv  £>th 
bgok  <if  I^uclid'i  Kl<'i»(  >it!i  i  »><(1  thi-'  '>a>n*'  (liin^  will  alto 
appear  from  the  fullowin;;  .-ilgt  braical  solutiua  ul  the  same 
problem:  Let  a  drnuie  ih'.-  uholc  line,  and  x  the  grciit  r 
|)ait;  then  sboll  tfr-j;  tic  the  Km.  pan,  anA  ihe  rccunglo 
of  Ihf  whole  a^  less  part  being  put  equal  to  the  square 
«r  the  gct-ater  pait,  gives  thh  equaliou,  a<a— x)  so^ 
—ox;  hencr  '4>  ox  s  a*  and  by  complatinf  lha  iquart, 
iind  rxlinniii^  the  root,  &c,  liiirf  i«  ut  !u;t  nhtaiiird  for 

✓  ^-1  a-v'.'. 
the  jreaUT  part x  =  —^ — a;  coiim:(|.  a  —  x  =  — —a  i» 

dialettpart.  And  at  the  Kpiara  root  of  A»  which  cuaoc 
be  exactly  extracted,  makct  a  panbn  of  both  thua  paitt, 

it  is  munire«t  that  ncithrr  of  them  can  be  obtained  in  n» 

titJiial  iiuiubiTS.. 

Euclul  iiinkc-s  ;nri  .it  use  of  this  problem,  in  several  parts 
of  Jhe  I3lli  l«ii>k  iif  tlic  EleincnlN  ;  and  bv  "H  iins  o(  it  he 
constructs  (hi'  l"ih  proposition  ol  the  4th  book,  which  i» 
to  construct  an  is>  vc<  Irs  triangle  having  each  angle  at  the 
base  double  liic  aiigli'  at  the  vortex. 

EX  rUtMKS  Co'ijunct,  and  ExTftEU»  Disjtmct,  in 
Spherical  Trigonomi  try,  are  in  the  former  ca»e  the  two 
circular  pans  that  lie  next  the  ii%5uin('<i  middle  part,  and 
in  the  latter  case  they  are  the  two  that  lie  remote  from  the 
middle  part.  T1u'»c  were  terms  employed  by  lord  Na- 
pier, in  hit  universal  the<nem  for  reiolving  all  right-angU'J 
and  quadrantal  spherical  triangle$,  and  pui>li>tR'd  in  hia 
Log^ithmorum  Canonis  Descripiio,  an.  l6'l'^.  In  this 
theoieo),  Napier  condenses  into  one  rule,  in  twu  parts,  the 
tidci  for  all  the  caici  of  righMtngled  ipherical  triangles, 
which  had  been  •epantdy  demomtnited  by  PiiiKW, 
Lanabergiui,  Coiiemicus,  Regiomontanas,  and  other*.  In 
this  theorem,  ncgU-ctins;  the  right  angle,  the  andior  calb 
the  other  live  parts,  circular  nam,  which  «!«,  the  two 
legs  about  the  ritiht  angle,  and  the  coaplemenla  of  the 
other  three,  \  ul  the  li\ pothenuse,  and  the  two  oblique 
angles.  Thi  ii,  lakiiig  any  thrcp  of  thf»e  five  parts,  one  of 
them  will  bi-  in  the  middle  b.,  iv»i',  n  V\r  nilii-i  tui',  anj 
thtrsc  two  arc  ihi^  extremes  cixijur.ct  «lii'ii  thiy  tuv  liisnu'- 
di;it'.  ly  aii|,LCriil  'jj  that  middle  pari,  or  iht-y  arc  the  I'X- 
trcnifs  disjunct  whin  thry  arc  each  separated  from  the 
middle  oiH'  by  another  part.  Thus,  the  ftfO] 
A  B,  AC,  and  the  complements  of  bc  and 
of  the  two  angles  b  and  c:  then  if 
the  tiiree  parts  ab,  and  the  comple- 
ments  of  the  angle  b  and  bypothenOM 
■C  be  taiient  these  three  are  contiguous 
loantkntheri  the  angle  b  lying  in  the 
wddk  between  the  other  two;  there* 
fcia  the  cnaplMMMt  of  » into  Middle  part,  red  A»  HI* 


the  complement  of  ac  the  tRttenm  canjancfe  But  if  the 
three  lidat  be  taken;  >ei*C(|nallyBepantcd  fran  the  two 
.  hp  Ai  and  ac.  by  the  two  auglea  b  and  c;  and  there- 
fore thcec  two  legs  an  and  ac  are  the  extremes  di»junct, 
and  the  complement  of  ne  the  middle part^'f  he  author's 
rule  for  re»olving  rach  of  tbeso  cases  b  in  two  pans,  as 
beltiw: 

The  lectai^  conniaed  by  radins  ami  the  sine  of  the 
middlipait,  is  equal  to  the  recta ngU'  of  the  tungi  nts  of 
the  extremes  conjunct,  or  i  quul  to  the  recuiigle  of  the 

sines  of  tin- extri'iiii',  ,lisj  jiict.  Wiiirh  rule  ccuupit  hends 
all  the  cases  tl'.at  on  ha|H'i  ii  in  rijjhl-aiirli-d  s|i!icrical  iri- 
aii;:)<s;  in  the  a|i|;liralioii  ol  «hi(h  r':ii  ,  the  ri|i,al  rect- 
Hiii;l(  s  air  ihviilr.l  mio  a  prk)|joni')h  mi  i>ii.iliii;y,  so  that 
Ul'.'  Uf.'.:  MjU',;ii!  n..i_\  l>e  the  last  oi  llic  luur  ti  rnis  that  arc 
Conceiiicd,  and  chiim  (jut  iilly  us  mr  n-vjionii uii;  term  in  the 
same  rec  laiule  nui'>t  be  llie  lirsl  ol  (l.<jse  ti  iiiis. 

LYE,  the  organ  of  si^jlil,  consisting  of  several  parts,  and 
of  such  fcinns  as  best  to  answer  the  puipusf  for  which  it 
was  designed.  Vision  or  sight  being  eflecicil  liy  a  lefrac- 
tion  of  Ogbt  through  the  humours  of  the  eye  to  Ihe  bot- 
tom <*r  farther  internal  part  uf  it,  where  tli^'ima^  of  ex- 
ternal objects  are  fornu  d  un  u  tine  i  ii pinWiif  Uf  the  optie- 
nerve,  called  the  retina,  thercfoR  |^e  tgiti  part  of  the 
eye  must  be  of  a  convex  figure,  anil  o^  such  a  precise  dc« 
gree  of  convexity,  as  the  (tarticular  refractive  power  of  tbe 
levrral  hiunoora  require,  for  forming  tbe  image  of  an  o^ 

B*  Et  «l  •  given  local  distance,  viS|  tho  dbneter  of  tbeq^ 
ence  we  find, 

I«t ;  The  external  part  of  (he  eye- ball  co  (Tlale  3,  fig.  8) 
is  a  strong  pellucid  substance,  properly  convex,  and 
xvhich,  when  dried,  has  some  nsiniblance  to  a  piece  of 
transparent  horn,  for  vviiich  reasun  it  is  CMlIrd  the  cornea, 
or  horny  coat  of  the  eye. 

2dly  ;  Immediately  liehijsd  !hi'<  cnat  is  a  line  clear 
humour  which,  from  it^  ■-i  l  iins  ii  ■■.i  ii  r,  called  tho 
aqueous  or  watery  humour,  and  is  c<jniained  in  the  space 
bl•^«een  CD  and  orE. 

3dly  ;  In  this  space  there  is  a  membrane  or  diaphragm, 
called  the  uvea,  with  a  bole  in  the  middle  as  at  F,  called 
tbe  pupil,  of  a  muKular  contexturt  fur  altering  the  di- 
meaeions  of  that  hole,  in-  order  to  adDust  or  admit  a  due 
quantity  of  light. 

4ihly;  Immediately  facfaind-thn  dwphragm  bplacedA 
teniicnlai^foimed  sttlntanec  ot,  of  a  consideiaUe  cduist- 
rnca,  cnUsd  tnm  it*  tsanspareucy  tbe  crysulUna  hnmonr. 
Tbb  b  contained  in  n  fine  tmic  called  the  choroidet,  aitd 
is  suspended  in  the  middle  of  the  eye  by  a  ring  of  muscu- 
lar Hbfcs  called  the  liganentum  ciliare,  as  at  o  and  k  ;  by 
which  means  it  is  moved  a  little  nearer  to,  or  further  from, 
the  bottom  of  the  eye,  to  uller  the  focru  oi-,!.!,',.  i  . 

5lhly  ;  All  the  leniaimn!;  intenor  carl  u\  ihe  i. v  ,  con- 
slituliiip  (he  i;ii:'.t  Ifiiiy  uf  it,  iium  c  ii  l  1m  i.mk',  i'>  made 
up  of  a  large  quantity  ol  a  jelly-hkr  subslaiift ,  c.i.li  d  the 
vitreous  or  glassy  humour -,  ihuugh  it  resrnilJes  plass  in 
nolhinc  except  its  transparency;  it  heiM!:  more  like  the 
while  <il  ill!  Cj^i;  than  any  other  thiiijt. 

Gibly  ;  On  one  side  of  the  backward  part  of  the  eye,  as 
at  K,  the  optic  nerve  enters  it  from  the  brain,  and  is  ex- 
panded over  all  tbe  interior  part  of  the  eye  to  &  and  a, 
the  expansion  being  named  the  retina.  (Jn  this  delicttt* 
roembiane,  the  image  iM  of  every  external  olyect  oa,  b 
formed  according  (o  the  optio  law*  of  iMUin^  in  ilM  fid* 
Umiiig  manner. 

Lat  0*  be  aoy  wry  dblwl  olgoet.  No*  •  penal 
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rays  procecdinn  from  any  poiiil  l,  will  fall  on  ihc  corin-a 
cu.iiml  be  rcfmctrd  by  the  mjui-ous  humour  under  it,  to 
a  point  ill  llif  a.\i»  of  that  pencil  continued  out.  Also  the 
raiiiuh  ol  cuiivcxity  of  the  coif>i*  being  neatly  j  of  an 
incb^  and  thr  Mm- of  incidence  in  airtn  that  of  rc-frartion 


point  M  in  the  image  is  made ;  therefore  the  setttatloo  of 
the  place  of  that  part  will  be  conce  ived  in  the  mind  to  be 
ut  o;  in  like  manner  the  idea  of  place  belonging  to  the 
point  I,  will  be  referred  in  the  a.\i»iB,  to  tbc  proper  feew 
a :  therefore  ibe  apparent  place  of  the  whole  image  im, 
in  the  aqnrouf  humour,  being  neui  ly  as  4  to  3,  suppoMiiir  will  be  conixlvcd  in  the  mind  lb  occupy  all  the  apara  ba- 
the nyt  parallel,  or  the  object  vctj^-  &r  dialant,  the  focal    twcen  o  and  t,  and  at  the  dittaoce  al  from  the  eye. 

Hence  UkewlM  n^pcnrs  the  neaon,  why  we  see  on  ob- 
ject upright  b^meamoran  inverted  image;  for  since  ttrt? 
appaieiit  plaeaofc«ciy  point  m  will  U;  in  the  axis  mo  at 
o;  and  this  ax  it  Cmaing  the  nxis  of  the  <ve  iil  in  the 


after  the  lint  lefractiont  by  lha  |woper  tbmem 
(SceOmca)        mil  he  found  1}  inch  from  Iheegnwa: 

r  being  the  radiu»  \,  and  m  to  n  at  4  to  3,  that  it  as  the 

sine  of  the  finale  of  iticideiice,  to  that  of  refraction. 

The  rayv  thus  refracli  il  in  u.'^  rornea,  fall  converging 
on  the  ciyvtallinc  liumoiii,  iMvi  liiul  to  a  point  l"228 

inch  Inlmiil  If,  a!-u  tli<'  rirlii  ..f  cDriMMty  in  the  said 
liuiii'iur  ail'  -J-  "I"'  I  ii-','fclji(-l\  ;  aivi  the  »ine  of  inci- 
lii  iKi  t'l  !iiai  of  r(  iiaci.Mii  of  liir  ai|UL-oub  into  the  Crystal- 
line humour,  having  been  found  by  experiments  to  be  as 

13  to  12;  therefore,  by  thi^  thcoretn  ^^^^ ^, . 

diiiaiice  after  refraction  in  the  cryrtalline,  will  be  1-02 


piipil,  it  follows,  that  the  sensible  placo  o  <,l  tiiat  ]jiimt 
will  lie,  without  the  <'y.  ,<iji  the  Lunlrary  >i.ic  <jf  its  axis,  to 
that  of  the  point  in  ilu-  cy.: ;  and  virir'u  tins  is  true  of  all 
otiiri  parts  or  points  iii  the  iniai;.',  it  is  cviilen;  that  the 
posuiim  ol  cvi  ry  part  uf  thr  t>!)|tct  vmII  Ih:  on  the  contrary 
side  of  the  axis  to  evi  ry  f  nrr<  >pi):uiiiit;  part  in  the  intagg^ 
and  llieroforc  the  whole  object  on  will  have  a  contrary  po> 
•iii'iii  tn  iliiii  of  the  image  iM,  or  will  appear  nprighti 

It  the  conveNity  of  the  cornea  CD  happens  not  exactly 
to  correspond  to  the  diameter  of  the  eye,  considered  W 
the  natural  focal  distance,  then  the  image  will  not  he 
formed  on  the  retina,  and  coiiMqnattly  AO  diatinct  viliaa 


inch  from  the  fore  part  of  it:  where  m=  13,  as  122, 
rs|,andds]'388. 

The  mya  now  past  from  the  cryatailinc  tu  the  vitreous  can  be  cITecled  in  such  an  eyo. 
bumonr  Mill  in  a  conmiliK  the  tines  of  inci-  If  the  cornea  ha  too  coutwy,  the  focal  dinanee  In  the 
denen  and  fcfiaeiton  beinfhcctt  aa  IS  to  19,  nt  (bnnd  by  eye  will  be  lam  than  ill  dia«eler«  and  the  inia^e  will  be 
anperiBentt  and  tincn  dm  iuHhoe  of  tbo  vitieona  hnmottr  nnncd  dinrt  of  ^  ictina.  Hence  the  reason  why  p<-ople 
IB  concave  which  receive*  the  i^f^nad  b  the  Mine  with  having  qrea  thus  formed  are  obliged  to  hold  ihingi  %'vry 
the  convexity  of  the  hinder  nnfiwa  of  the  erynalUnv,  the  near  tnem,  to  lengthen  the  focal  distances ;  and  also  why 
r;uliii-  I'l  Ik  the  ".aiiw,  \iz  f  of  an  inch.  Therefore  the  they  tisc  concave  glasses  to  couuti  ract  or  mncdy  tlic  ex- 
focal  (ii^Utnce  after  this  third  refracliua  will  be  found,  by  ce»s  of  convexity,  in  rmitr  to  vuw  Jistaiu  objicts  ilistiiictly. 


the  tame  theorem 


to  be  C  tentha  of  an  inch 

1?. 


wlirrc  m 
of  the  lens 


ot 


^\'^len  the  eye  li.is  h than  aju^l  desro  i  t  (mivrxity, 
or  i:>  too  Hat,  as  is  g'-iicrally  the  casf  witli  (M  by  a 

natural  di  liciency  of  the  aqueous  hun; mr,  la.  n  rays 
tend  to  a  |)oint  or  focus  Kpyiin<l  the  retina  or  bottom  of  the 
eye;  and  to  stip|ily  this  want  of  cuiivcxity  in  the  cornea, 
we  u^c  convex  lenso*  in  those  frames  called  spectacles,  or 
visiiiil  i^lassvi. 

Since  the  rays  of  light  oa,  ba,  which  coivsiitutc  the 
visual  angle  OAB,  will,  when  they  are  intercepted  by  a  lent, 
be  rrfancted  tuotter  to  the  axis;  the  said  aofjie  will  iheieby 
be  eidargdl,  and  the  object  of  coune  broome  magpited ; 
which  is  the  reason  why  thoee  knsca  aie  cdkd  nognifien^ 
or  reading-glaaiei. 

irill  beatittWineirAned;  and  to  do  this  we  can  move  the  The  dimensions  or  magnitude,  of  on  a(gfctOB,aie 
cryttelline  a  llllte  nram  the  cornea  by  meaJis  of  the  ligpu.  judged  uf  by  the  quantity  of  the  wi^e  oas  which  it  tab* 
Tnrntuni  ciliare,  and  thus  OH  all  occasions  it  may  be  ad-  tondi  at  the  eye.    For  if  the  same  object  be  pieced  at  two 

justed  for  a  dne  local  distance  for  every  distance  of  ob-   dtflerent  distances  t  and  v,  the  angles  uar,  o*b,  which  in 

lects,  .•xceptiii';  lliat  which  is  \(^-<  :!  an  *i  or  7  inches,  in    these  two  places  it  stibtomls  al  the  eye,  will  be  ol  diflorent 


nearly,  from  the  bimler  part  of  the  cornea; 
n=s  13,  r  =  J.  and  d  =  -82 :  the  tliickne^s 
the  cornea  being  nenrly  ^  of  an  incli. 

Now  experionrc  shows  that  the  distance  of  the  retina 
in  the  back  part  of  the  eye,  behind  the  cornea,  is  nearly 
equal  to  that  focal  distance;  and  therefore  it,  follows  that 
an  objects  at  a  great  distance  have  their  images  formed  on 
tho  letina  in  the  bottom  or  hinder  nart  ol  the  eye,  and 
thus  ia  disrinct  vitian  prodnoed  by      wondcfful  vrga  n. 

When  the  Atanco  of  objccto  ia  not  very  great,  the  local 
dntance,  after  the  lact  refraction  in  tho  ritraona  kuMNir, 

u      ■  ■ 


nia^niludcs,  and  iIk'  liiiral  dimensions,  viz,  lenuth  and 
breadth,  vvili  be  at  N  and  at  l,  ii>  thr  an;;'-  is  to  the 
angle  oab.  Bui  the  surfaces  of  the  objccij,  u  ill  be  as  the 
squares  of  thaao''aqgic%  and  the  soiiditieB  as  the  cubes  of 

them. 

It  i>  fuuiul  by  exjiorience,  that  two  points  o.  l,  in  any 
object,  will  not  be  dintincily  seen  by  the  <  ye,  till  they  aro 
near  enough  to  subtend  an  angle  oal  t  f  one  minute.  And 
tho  niy^  oM,  ni.  tthich  come  from  the  extreme  |>aris  of  hence  when  objects,  however  large  they  may  be,  are  lo  r^ 
tho  objict,  cross  each  other  in  the  middle  of  the  pupil,  note  at  not  to  be  seen  under  an  ai^e  of  one  minute,  thqr 
the  poaitioBof  the  image  in  will  be  contrary  to  that  of  tho  cannot  properly  bo  laid  to  have  any  apparent  dimensions 
aUact,orin«crted,atin  the  case  ofa  lens.  or  mugniindoat  all:  such  is  the- case  of  the  large  bodies  of 

The  apparent  pliwo  of  any  pait  of  an  olgect  it  in  the  the  planets,  comets,  and  fixed  tUrs.  But  tho  wicnoe  of 
Inis,  ana  conjugnie  focus  of  that -pencil  of  rays  fcgr  which  optics  has  supplied  means  of  enlarging  this  natnint  snail 
that  pari  or  point  it  formed  in  the  image.  Thns,  on  is  ai^  nader  which  most  distant  objects  nppcar,  and 
the  axis,  and  o  tho  focus  proper  to  ih«  rays  by  which  thn  ihanhy  increasing  their  apparent  usj^nitudes  to  •  wry 


persmis  w iii'^e  sii;lii  is  perfect,  l')Ut  uiaiiy  an- of  opinion, 
ihut  till'-  IS  (iTicli-il  liv  a  )iouer  in  the  eye  to  idler  the 
convexity  >  I  iIm'  l■r>^lalli^n'  fiiiirsfiiir  lus  oceasion  requires; 
thou<;h  this  is  mltn  r  cl<.;il)  i 

By  what  has  bieii  s  ii<l  it  appiar",  that  rays  of  light 
flowing  from  evi  ry  pi«rt  •)f  an  object  on,  placed  at  a  proper 
distance  from  the  eye,  will  have  an  image  IM  thereby 
i  on  the  retina  in  the  bottom  of  the  eye;  and  since 
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snrpiMiis  degree  to  the  imudm  of  tbM  nobk  iBMnmcat  kpplM  (a  the  eye  in  using  the 

diatcleMOpe.    •  .       '     .  ■  lent  convex  on  both  sides;  but  Kusi.ali;  i  Djmui  lonjr 

On  ibe  other  Ittndi  nera  we  in  cmtion  an  infinity  of  sine-  invented  u  miciuMiipe  ni  thl^  kniil,  ili.- powci  of 
objects,  of  such  amtll  dinenion*.  that  they  nill  not  sub-  which  he  places  k  ry  mcaily  i;  ..m  ;!iat  ui  ii,c  coninmn 
ti  iid  the  requisite  angle,  if  broujht  to  the  nearest  limits  of   sdit;  i-.m!  iin^.  cb;.  II  , 

was  iliiuble 
pi.i-itcd  i.y  t 
vi-\  Muliiri-.  'liiis 

Fiiliri  in  hi>  Optics,  as  jxissessin:;        |ii  >  uliur excellence, 
that  It  shows  all  tlic  objects  Hal,  aiid  not  ci.-oked,  aliil 
Uikrsin  :i  laiije  an-.i,  thonyli  it  raa^nities  very  mur h.  , 
BnU's  I  Vi:,  a  Mar  of  (he  hnl  mi^itude,  in  (hem 
ot  the  c<  tl^lellution  Taurus,  the  bull,  and  by  the  Anha 


distinct  vision,  viz,  6, 7,  or  8  inches  from  (he  eye,  as  found 
by  experli  nte  ;  liiuI  l(.eii  inr<-  to  render  thcra  visible  at  a 
very  near  dist  ince,  wc  l.a\i  a  sariely  of  glasses,  and  in- 
struments ol  diti'ireiit  constiur: k m.i,  as  inicroscjfus,  ilvi-, 
by  which  those  iiiuiuti'  dijicts  appear  many  thuusand 
time*  larger  than  to  tlie  naked  eye;  and  thereby  enrich 
the  miod  with  discoveries  ot  the  suhlimest  nature,  in  re<;ard 
to  creative  power,  wisiloin,  and  economy.    See  Visiov. 


i|iC]jim.|;  i>ti  the  ey<  -s;las,s,  uliieti 
■•lM^tln;;  ul  mo  plano-conve.x  pUsst-si,  so 
ni  It  iiiif  unolher  in  iIk-  middle  of  thoir  con- 
inslrunient  i^  nn.iii  commended  by 


EYE-f/^,  in  Optical  Initruipents,^i»  tbat  which  it   called  Aldeb^au. 


F. 
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X|*AC£,  or  FAf  A&i,  in  Archilecturt^  h  sonelimwed 
**-  for  dw  front  ur ontmrd  part  «f  abniUing.  wbich  im- 
mediately pmcntt  itieir  to  die  eye;  or  ^  tide  wberetbe 
cbfef  cntraooe  if,  or  neat  the  tlwct,  ttc 

Face,  FaCIA,  or  Fascia,  altio  denotra  a  flat  member, 
having  a  con«iderabte  breadth,  and  but  a  small  prujec- 
ture.    Such  arc  the  bands  of  an  architrave,  lurinii-r,  \c. 

FaCM  of  a  Bastion,  in  I'orlitication.  are  the  t«o  torti- 
MOat»id<-s,  reach)  ii!^  In  ln  she  (links  to  the  uulerrnost  point 
of  lhrba5ti<in,  u  lu  rr  thi  y  meet,  and  lorn)  the  saliantan- 
.i|  |j.i-th  II.  These  are  usually  the  first  parts  tlirit 
are  undermined,  or  bealcD  down ;  bccauK.  they  reach 
the  faribeuout,  on,  the  lemt  flanked,  and  nfo  uierefbrc 
the  weakert. 

Facc  vf  «  Pteer,  is  tlie  extent  between  tbe  bntermost 
points  of  two  adjacent  bastions ;  containing  the  curtain, 
the  two  flanks,  and  the  two  faces  of  iboae  bastions  that 
look  towards  each  other.  This  is  otherwise  called  the 
Tenaille  of  the  place. 

Fack  Prdrngiit  '*»  th*t  ]>*it  of  a  line  of  defenee  mant; 
wbich  bbelnfen  the  na^n  of  dMapaidearehould^of  n 
bmtion  and  tbe  curtain  (  or  ^  line  of  n  dcAnee  ramnt 
diminiihcd  by  tbe  fi^c  of  the  baMioii. 

FACIA,  in  Architecture.   See  Faci^'  ami  FAiaA. 

F.^CTORS,  in  Multiplication,  a  name  pten  to  the  two 
numbers  that  are  multiplii  d  together,  viz,  the  multipli- 
cand and  multiplier  ;  so  called,  because  they  arc  to  fa- 
cere  prodnctnm,  nakn  or  omHtitulo  tba  hcnun  or  pn>' 
duct. 

in  a))(ebra,  »e  >;rnerally  call  nil  those  quantities  fac- 
tors, the  product  of  which  cotistitute  any  nisebraical  ex- 
pression :  thus,  (a  ■*■  b)  and  («  —  are  tht  (actors  of  the 
cxprcsHOB  a*  —  b*;  also  a,  h,  e,  df  arc  the  factors  of  the 
quantity  nkdL  But  in  Arithmetic  tbete  an  camnranly 
called  divisors.    See  Divisoiw. 

In  tbe  Diophantine  analysis,  and  in  tbe  theory  of  nnnip, 
ben,  it  is  frcqoendy  very  advantnfBont  to  be  able  to  re- 
solve certain  algebcalcw  itatanlte  intoAeir  retpeclive 
Cleton,  aaaliointhe  invwtlgatioa  «f  tin  natureef  eqtia- 
tioni,  and  in  ibort  almottcveiy  tcnn^  of  algebra  may 
derive  fceidiar'id«Rntaf»  hm  viA  acMhw 
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tion.    Snppo!ie,  for  example,  we  had  to  multiply 


 neleni  wfahb  ftom  ibe 


fuciun  it  becomes 

by  canceling  the  i  „ 

mon  node  vf  opomthm  would  have  been  attended  vidi 

consideriible  labour. 

Tlie  limits  of  this  work  will  not  hovt  ever  admit  of  our 
entering  upon  this  subject  to  any  ex'.i-iil ;  we  iherelore  ro- 
le i  l!.'  reader  k.r  I'arlher  inlormatiou  on  this  subj6Ct  to 
l!:uler's  Alf;ebra,  v>;l.  2,  chapter  U;  to  the  additions  in 
the  same  vol.  by  Lasrange;  to  the  Analysis  liilinitorum  ; 
and  to  I.^endre's  Tbeoric  des  Nombrcs;  where  most  of 
the  follow ing  theorenenve  denentnted  in  nfaiynia^ 
terly  manner. 

a  —  bh*  factor  of  a"  —     for  all  values  of «. 
O-*-*-   -    -    -    -o"  —  A"  when  w  is  even. 
■  +         -   "   -   -n"-l-i'"  when  m  is  odd. 

•  —  1  -  •  -  -  -  ^  —  «"  for  all  values  of  m  and  n- 

•  ■t-I-  -  •  •  -  —  a*  wfaenni'<-»  iscven. 
o  +  l»  -  -  -  •  «P  •»■  a'wbenm  —  M  isodd. 

«  iaanunar.  CKMr  of  r*  —  r  iriien  e  is  a  prime  unnnber^ 
a      -  .      .  >  r^-*  — I  wbeon  iealioprinnlor. 

•  (I  .S.3— n^  1)  ^  I  t^nnnapriiab 
f  two  licton^  each  of  wbich  ii  tbesmn 


The  product  oi 
of  two  squares,  is  itself  tbi*  sum  of  two  squares. 

l^at  is,  (««  -t-  *»)  .  (c»  -♦-  (f )  =      +  n%  also 
(o*  +  6» e*  +  d*) .  ('a'  -t- 'i-  H- 't'  +  'd')=m'-^n'-4.p'*y'. 
These  two  last  properties  were  firit  demonstrated  hy 
Eulcr,  in  the  Act.  Pi  lrop.,  where  there  are  also  many " 
other  ini;rnioiis  pap<Ts  on  this  subject. 

Imacinakv  Factors.    S«-e  IjiAtJis/>Rv. 
FACTUM.tbe  product  of  two  quantiiicii  multiplied  tO> 
gether.  ,  As,  thcfiiictttmof  S  and 4  is  IC;  and  the  factnnk 
of  So  and  5&  is  I0o(. 

PACULX,  in  AsAvnony,  *  name  gjven  by  Schciaar, 
aitd  othen  afkcr  bin,  to  certain  bright  spoie  on  the  aun% 


disc,  that  appear  nmie  biii^t  and  lucid  ibaa  tba  toet  of 
his  body.-~ileieiBiw  Mtmoe  m  tbat,  on  July  Vi,  iSa*^ 
be  obier*cd  n  fiKuln  sduee  bicnddi  waacqiM)  to  •  8d  MTt 
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of  tlic  •.unN  dinmelcr.  IIi-  say.  nUo  that  tin-  nmctila: 
otUii  clmiioe  iiitii  liniil  r;  but  ttuM-  srlilom  <n  ium  r  iiilo 
niuculije.  AikI  tnme  authors  evrii  conti'iKl  that  all  the 
nmcula;  dc-Kcncrnte  intii  fantlx  Ix  tmo  tlicy  i|uiic  disap- 
•pnr.  W»tiy  «ui!i<ir»,  after  K'rrlier  und  Scht'iinT,  have 
Kpmntled  Ihr  h\ul\  lull><t  bnght,  fiery  Kptits, which 
thqr  conceive  m  be  a  kind  of  vulcniins  iu  the  body  v(  ihe 
sua:  but  Huygen»,  and  uihrrs  of  the  latot  ami  brst  ob- 
tnwn,  (niing  that  the  beit  tekscopcs  diieover  Jiotbing 
of  the  miler,  they  therefore  agree  in  exploding  «ntiicly 
the  pheiioinraa  of  fccuUei  All  the  fuundaiiMn  bo  coald 
aM  nr  the  notion  «f  fiacule,  he  »ay«,  waa,  that  in  Ae 
darkiih  etowli  which  -fMMKIidy  sunvtmrf  the  awcnb^ 
4here  arv  iDmciimes  liMrlitfl^ polnti  or  tparht  brighmr 
Ihiin  the  te^t :  ihi'  cause  of  w  hich  is  attrihiited  by  llwac 
author*  li>  the  Ireinulous  tlltion  of  the  vupoiirs  ncarour 
carlii ,  the  s.iiuc  lu  5llm<*tilno^  Umws  ii  htth-  vinevoinn  s»  in 
ih.f  cireumti  i  1  no'  «\  tlu'  sun's  disc  when  viewed  thrtnifjh 
a  lriesti  (>e.  Strictly  therit^K-,  ['ic  liiiuhc  are  not  crut- 
tutiuhi  tit  liri'  iiiui  flume,  l  iu  rrir;Ktion^  nf  flip  *!in's  rays 
ill  the  mrer  exl>:il.ilHin«,  \\iiiLli,  lieiiit;  r^iidimed  near  that 
chadc,  MH-m  to  exhilnl  ti  light  gie.iler  tiiaii  that  of  the 
sun. 

FAIIIlL,NlllllT((iABRlEL  Daxici.],  by  some  writers 
said  to  bo  a  iialue  of  I>antiic  and  by  mhert  to  be  born  at 
1lnmbiir!;h,  in  l(<H(i.  He  was  intended  for  mCfJCantile  af- 
faii^i.  But  iiio  inclitiRtioii  led  bim  to  the  ttnihr  of  natural 
pbilMophy,  and  he  applied  particularly  to  the  improve- 
BfBtol  batOBivlert  ana  tfacmioiMtcn,  comlmciing  great 
mmhora  of  the«i,  tirhidi  wcfo'  mucfa  valned.  Iw  im- 
praved  the  tfaeiBcnnrtav  hy  auliatitatiiig  mercory  imtnd 
of  ipirita  of  wine,  and  fbrncd  a  new  scale  for  the  iottnK 
■ent,  founded  m  accnrale  experiments,  fixing  the  fren- 
ing point  of  water  at  33*,  and  that  of  boiling  at  212.  This 
was  probably  done  about  the  yeiir  17'iO  ;  as,  in  his  Dis- 
ftortation  on  rheriiu>nR!rr^,  ptibli^I.ed  he  speaks  of 

having  used  it  »uiiie  year*,  to  rt^r^rtlllll  M.  Ainnnton's  ex- 
periment, who  asserted,  that  the  heat  of  lioilmg  water  was 
constant.  The  Eii^llrh  have  i;enerally  adopted  this  scale, 
though  the  French  prcferrr d  that  of  Reaumur,  and  very 
lately  their  own  centigrade  tberroaoicter.  Fahrenheit  by 
some  is  said  to  have  Imcb  lifiog  in  1740,  while  otiwneay 
he  Hied  in  I7r,<>. 

FALCAll.l).  one  of  the  phases  of  the  planaUbmlgwiy 
called  horneil,  A»tronnmers  say,  the  moon,  nr  any  planet, 
it  laleUcd,  when  the  enlightened  part  appears  in  the  form 
of  •  cmcent,  like  a  sickle,  or  reaping-hook,  which  by  the 
Ltdns  i>  called  fab.  The- moon  u  bleated  while  sh« 
novca  from  the  Sd  i|vaitet  to  tha  conjunction,  and  so  on 
fnuk  hence  to  themt  ((Barter;  the  bri|;ht  part  appearing 
then  lilio  ft  cmcnit,  «ii^  during  the  first  and  last  quarters. 
'  Butdaringthe  9i  and  Sd  quarters,  the  light  part  appears 
gibbotis,  and  the  dark  part  falcated. 

FALCON  or  Fm  cdn,  and  Falcon »;t or  Falconet, 
certain  old  sp^-rii  s  >  i  r  i  :,..n,  long  since  disused. 

FALL,  the  He. rem  nr  natural  motion  of  budit*  towards 
the  centre  of  tin- earth,  iVi:.  dalileo  jjr^t  disrovi  red  the 
law  of  the  aceelerulion  I'f  falhii<;  boiin-s  ;  that  the 
ipaces  de-^cendod  fioni  ri'sl  are  as  the  squares  of  ihr  tinirs 
of  descent  ;  or,  which  conif-i  to  the  itame  thing,  that  if  the 
whole  time  of  faliinnbo  divided  into  any  number  of  equal 
part!.,  whatever  space  it  falls  through  in  the  tirst  part  of 
tiic  time,  it  will  fall  ;i  times  as  far  in  the  9d  pact  of  time^ 
9ad  5  times  as  far  in  the  3d  portion  «f  time,  and  SO  ORf 


accoiding  to  the  uneven  numbers  1,  3,  5,  7.  sScc.  See 

ACCKI.KKATION,   1>»:SCENT.  GttAVlTY,  &C. 

FALSE  Bha YE,  Ml  Forlilk'ation.  Siu  I'M  ssi:-liRAyi'» 

Fm.sk  I 'oj It ian,  in  Arithuielic.    See  I'osi twin- . 

False  RdoI,  u  name  given  by  Cardan  to  ilic  negative 
roots  ut  equation!!,  and  iiunih<T>.  So  the  root'cf  9  may 
be  either  3  or  —  the  former  he  ciUls  the  trtie,  and  Ihe 
latter  the  fal<«  or  fictitious  root;  also  of  ibis  equation 
X'  —  r  =  (),  the  two  roots  areS  and  —  9,  tbo  fbrraer  trui*, 
and  th<'  latter  false. . 

FASCIA,  in  A»hitBetnie.  See  Facia  aoJ  Facs. 

FASCIA,  in  Actronomy,  are  certain  stripe*  or  lotnof 
hrighlimna,  obser«c<i  on  the  boilies  of  someoftbe  planets, 
liko  swathes,  Initds,  or  belts;  especially  on  the  planet  Ju- 
piter. The  bacic,  or  belts  of  Jupiter,  are  nion'  lucid 
than  the  rest  of  his  disc,  and  are  tenuinaird  t>y  parallel 
lines.  They  arc  s(pnu-!iin<s  Ittuiuli  r  nmi  si  meiiiiu's  nar- 
rower; find  do  not  always  jji'SM  ss  tfie  van  <  purl  nttiiedisc. 

.M.  Ilnygensalsn  ubsetvo  ,i  m  la/iii- kii.d  mI  las^ m  in 
Murs,  ill  I  he  year  KiiO';  b;!  i:  .-^  ilaik.i  ihun  the  rest 
of  the  disc,  and  occupied  i;s  im  !.  ii  pnrt. 

FASCINES,  in  Ftinilicit:-!!!,  u;i  lujigois  made  of  the 
twigs  and  small  bianthes  of  trees  and  bui»h-«ood,  bound 

tip  in  bumUes;  these,  being  mixed  with  earth,  serve  to 
fill  up  ditches,  and  to  nahe  the  panpel 


panpela  «f  trenebca,  b«t- 
oftholct^hof^ftvt 


FAUSSEpBra  Yij,  iu  Fortification 
about  thn?«  feet  iitK>vc  tin:     ui  ■iiounil 


tcries.  itc. 

FATHOM,  m  English 
or  "2  yards. 
FATUUS/^i>.  SeelomaAMn. 
FAUCON,  ofid  FavoiwiT,  the  same  as  Faloon  and 
Fakwtct  i  the  «U  names  of  certain  ipeciei  of  onfamnee ; 
which,  well  aa  many  otheta,  are  now  no  loi^  ia  tia^ 
OS  it  bn  been  for  aomo  time  pott  the  practice  to  dcnoni- 
Date  tfa*  tCRiml aiiCt  of  cannon  from  the  weight  of  their 
ball,  instead  of  calling  them  by  those  fanciful  and  unmean- 
ing names. 

(ilelevatn<n  of  earth, 
touiid  the  foot 
of  the  rampart  ou  the  nutside,  nefeiuied  hy  a  parapet 
about  four  or  live  fathoms  distant  from  the  upper  parajiei, 
which  parts  it  from  the  berme,  and  the  edge  of  the  ditch. 
The  fausse-bmye  is  the  same  with  what  is  otherwise  called 
chemtti  des  rondes,  and  basse  enceinte;  ils  Use  being  lor 
the  deleiiee  ot  the  dilch. 

FFBRUAUV,  the  2d  month  of  the  year,  Coolainiltt  28 
days  for  three  years,  and  every  fourth  year  $9 
These  yean  i>eing  called  Uitsextile,  or  Lnp-yea^;  siod 
letum  avny  fettith  year,  except  at  the  commencement  of 
a  oewccntury,  which  are  not  hiateztilciualcia  the  number 
of  theeentory  he  difitible by4;  tolMO  weinot  btisextUe, 
imrwill  1900  ho  WthtttSOOOvHI,  became  SO  it  divMhk 
by  4.  (Si'e  BiaBKZTii,«.) 'fntbefintagaoflUNne,  Fiehm- 
ary  was  the  last  month  of  the  your,  and  preceded  January, 
till  the  Decemviri  made  an  (^rde^  that  February  should 
he  till  .'1!  ip.i  ill'  1  ii  '.ai' ■,  i\iT ,  a;id  come  ;i(ter  .laiuiary. 

FI".l.l-<-'\\  si  1  I  Pj  (  UMIANV,  or  P.VRTNEliMISl',  IS  a 
rule  iii  ar,  lli:::ctic,  of  great  use  in  balaiiciii;;  atcounls 
amoii};  iiu  rchunts,  and  partners  ill  trade,  teiicliiii^  Imw  to 
as~i;jii  to  i  \iry  one  of  them  his  liue  share  <  i  the  ^am  or 
loss,  in  proportion  to  the  stock  be  has  contributed,  and 
the  time  it  has  been  craploycid,  or  according'  to  any  other 
conditions.  Or,  more  generally,  it  is  a  method  of  di- 
viding a  given  number,  or  quantity,  into  any  number  of 
pMt%  that  shall  have  nny  amigincd  retioo  to  one  toother. 
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Aud  ItcDCc  comi's  tliU  general  rule :  Haiiug added  into  one  t'ailu  r  use  tt  lever 
(um  the  several  nutnben  that  «Kpt«i«the  pi Dporlioia  of 

Uje  p.'ir'«,  >t  " 'll  Im>,  ' 

A>  tlu;Mi:.i  (it  ;tjc  pri^p'jfti  iit;il  nuinlnn  : 
Is  to  Uic  j^^i.'li  cjuaiitity  l'>       ilukinl  :  . 
Soiteach  projKirtion.Ll  liOmiH  r  : 

To  the  ct>rrc4|ionding-»l)arc  ul  tlti  given  qiwotity. 

F^Ssampk.  Stippow  it  be  require*]  lotliridctbe  number 
ISO.into'tliivc  pmrtt  Uml  ihftll  fao  in  praporlioa  toeurfi 
atJi^r  as  theBuralMK  t,3j  X'-lien  ISOis.th*  qomtilj  tu 

b«  ftiviikol,  ftnd  6°  is  (ho  mm  of  the  numbers  1*  9«a>Id  3» 
ahirh  <spri'><i  ttif  ]uo{>ortioiM  of  the  purrs ;  ihieKfore  u 

,'0  I;v  Ut  jjiirt, 
•10        •:<•  [);ir[, 
(ll)  i.'k-  :.ki  j.:U  i. 
.ii-l:ii':,'.>iv|iLii  KUii(iWi  cji-.i's,  one  ni 
(I,  oi  >m'  ViMtli  tin-  -tin  ^>  <il  piift- 
ili[trnii!  tiiii'--.  ,  iiiiil  tin-  n;li,T  m 
icri.' I  ;    llii:   hiitcr   luinj,  cjlltd 


120 


U>L..l-lv 


ll  |.i: 


As  120: 90: 


U  llU'tl    lllllC  J".  I 

nvfi  iiro  lojitii 
wIiilIi  ;ii.u 

Sinjln  Ki  r,iAV>(ii[i,  iimJ  Un- KirilJt  l'  D.iiib;,.'  1  t-l  luu -.liiii. 
.'>iwi,'i'<"  I  1.1  I.<il*  sij  1 1",  oi   ]';:li,c)Si  V  11  1  r  iw/'firi'  Yijiii,  i< 

tb«.>  caicin  ivliali  ;iii'  tiiiii  v  <it  oi'uiiituiMice  oi  ilic  iiiaro* 
cSp^nnen  an:  'X't  <  n[i-,i<l.T(':l,  hc.itg  ail-thv  imme;  «iul  in 
thitc^sr,       mlc  will  be  .i,  ubovc,  viz,  ' 

As  ihc  Ahi'li  ^riH'k  ■>[  ii<^f  pmrtncn-  : 

II  ta  the  wbolc  guin  ur  lost  :  ; 

So  i»  e«cb  one'*  particular  stock  : 

To  iiii  sliair  iifau'  ijai;.  <jr  K-■^~- 

l:i;imp'_ti.   l\y<i  jnirttn';--.  a  ,-*ikI  !•.,  torni  ,n  jiiiii?  stuck,  Ot' 
which  A  (.■jiiTnhvi'i  ll  7.11',  .ciii.i  n  4.t/,  wtih  mIik  Ii  thcygRin 
30/;  Uuw  HUicn  ijf  It  uuivt  rut  It  |UT-<iii  l)iivi' r 
J  75  :  Is'.  Lis.  =  a's  'hii;>', 
J  i  1  :  [  1  /.         —  r.\  --fiiiii . 
J)oii/j!e  I'ki.i.mw -Ml  I  r,  'ir  I'li. i.o^mi i  r -'/j  Tunr,  tlr 
ca«<-  Iti  which  the  turns  <il'  liiv  stntkN  <  rntiiiinnu,  an'  cnii- 
5i>U'rc<i,  l)t:C;<us<'  thov  air  nut  all  lin'  ^amt*.     Iti  lhi>  cavf, 
the  sbarcS)^!  tlic  E;ain  ur  low  mu«t  l>c  pniportimiiil,  i><>th 
to  theihMral  ^Imrtv  ot'tb^llock,  an<l  to  lh>  lini<  s  oi  thoir 
Cofititiumico,  and  Ihcnforc  proporlicmul  ti.<  lUv  pri>ducts 
fjftho  tw).    Ilcnre  ihis  rule :  Multiply  each  particulnr 
tbar«  of  the  ftock  by  the  tiiQO  of  its  cetftinvaaGc^  MHftidd 
all  the  products  tosether  Imoom  wmi  thM-aay, 
As  thii  Mm  of  the  ptoduett  : 
Is  to  th«  whole  gain  or  loss  : : 

So  is  each  s>'V<Tal  |ir<i(iitct  : 

To  the  cnrrt  s|iijni<nij;  sliiin-  i-t  tlic  i;jiin  or  lotS> 

/•".>'  I-Uutttpir.  ,\  hiul  in  company  50/.  for  4  mmtha, 
and  ti  ()0/.  iiir  5  utonths;  and  their  gain  was  24/2  how 
inu>(  It  l>c'  liw  n.u'd  between  them  i 

.V.>  <n> 

aw 


tsOO:  141.  fl«.aB'tiliu«. 

FERGUSON  (James),  an  ingenious  experimental  phi- 
losopher, mechanitt,  and  astronomer,  was  bom  in  BanS- 
shire,  in  Scotland,  1710,  of  very  poor  parents.  At  the 
veryearlint  uge  his  extraordinary  genius  b^^an  to  unfold 
itscii.  lie  tii!:t  Icurned  to  read,  by  overlie&nng  hii  father 
teach  las  elder  brother:  and  bo  bad  made  tiu!>  acquisition 
before  any  cue  strspectcd  it.    He  soon  discovered  a  pccu- 

Itaf  ustc  for  mccbaoics^  which  first  arose  oa  sceiiig  hia   the  trtie  times  of  New  and  Full  Moous,  &c ;  17&'3.— 


He  putiiKii  iiii  study  to  a  con<idoi^ 
Mr  h[,)tlh,  white  ho  was  ji't  vtry  yoiin^;  and  made  a 
witicli  III  HI  »iiil  -  work ,  f  oi'i  liivip'!  iipcc'-'i-v  'lie.    A«  h-- 

liini  at  lji>;  rn,  m-trui  d',  .  i:i-r  v.iiv  h'  l|>  Ii'j;:i  Ixj  ik',  c*.  1  v 
lliiiij;  he  .iMrr^i.'i  hadali  lli,' im  1 1 :  ul  a'i  < n  ; ^i.-jn!  ih>ci>vej ^  . 
i.Iul  ^UCll,  Viltll  ill.'^pre»*nUU-J      ,  he  !u  :.el,  ,l  i'  t'l  be. 

A»  i'lfsr  HI  .:i-  vv  iuld  permii,  lie  went  t»i*cr*ipe;  •*» 
ubich  he  nil  I  »iih  Ik  ><i>.l4ip!>,  ihni  iVhdi-red  l(i» ^unftlitU- 
Hon  leeljlf  ihrougtt  lilc  WLi'..  )!!•  V  I,  ivHht  to  a  f-nr- 
ii'.fr  (u  huae  goodness  be  :ie|..:ir,«  i,  ll  s  m  ihe  ifu.iJrtt  arid 
humble  account  of  hirmcli  nliu.U  he  prftix<'d  loouettl' 
his  pubiica(it>i>!>h  he  runttmpluied  and  Icainvd  to  kitow 
ihe^iars,  »  liile  in  teu  led  the  sheep ;  and be^o  ih« study 
of  astroBo.i .  Ij^  lay  1.1^  down,  frun^his  own observattuiis 
only,  *  ceksttal  {{Uioe.  kind  master,  ufascrving  in 

him  these  marhs  oi  II i;;ennity,  pnicurcd  him  the  counu*- 
iiajice  and  aaiittanci-  of  Mtutv  ftt-igb(i<iuj in;;  Lentfrmcrt, 
i()rini:;li  ivlie.ie  lielji  aiKi  ioilnictioiii  he  j;iniK'tl  fiirlh^r 
ki'.'Hi  h  il:.e,  h.nini;  liy  thi  >f>  iihmiis  tati|;lit  ai  ilhnii  tu  , 

uith-.  ..a' ali;L  Ijra,  ami  practical  £;coLiietry.  He  had  aNn 
nliaiiie.l  »i'iiic  iK'tKH!  i>l  iJiiiwiiii;,  uiiil  liciii;:  Mrtil  to  Ldu;- 
L.i:r_|-!,  he  tliLTO  be^an  to  take  |H)rlrail»in  miiiiiitiire,  »t  a 
Mi.  ih  price  ,  ail  <-iii plr.j (Dciil  by  which  lie*  »tipporl<  <l  him- 
■-eh  and  laiiiily  fi>r  si'veinl  yi  ar>,  botti  in  Scotland  unit 
r.a^^hiiul,  «hilf  he  »a<>  pursumu;  mtJie  scriuus  snulics.  In 
Lieidoii  lie  tir>t  |)(ihli?lied  mjiiii!  cucmus  aslrtwioniical 
lilili^  ami  calculating:  and  a:"teru.ird>  nitcc  puhhc 
lecjurcb  111  c-ypei  iincii:  j1  jdiii  .>^•.■;||■y ,  111  London  and, 
ivmst  I'l  li-.e  Ciiiiiiiry  inwiis  in  b-iiL;hiinl,  with  the  hij;iicat 
marks  of  general  appmbation.  He  was  elected  a  iirilow 
of  the  Royal  Society,  an|ii  war  excused  the  payment  of  the 
admission  l«e  and  the  u^ial  annual  ctnttiibutions,  o^c- 
contitofhlf  supposed  inability  lupay  them.  He  enjoyed 
from  the  king  a  penaiflO  of  iO  pounds  n  year,  lir-  idea 
orher  nccasional  prearols,  which  ho  privairly  acci  i^tcd 
ami  receiver!  I;..iii  ililitii^nt  quarter*,  till  llic  time  ol  bi» 
<l<uith  ;  thriui:;h  which,  und  the  fnnl*  of  his  own  lab. -jr^, 
lie-  died  worl.'i  abcjutbix  thtiii^anil  poniidi,  u  hirli  a-l<iiii>lied 
all  Ills  frirndi,  who  had  always  cnti  rtaiiiod  nu  idea  hi^ 
;;rej(  poverty.  Ili^  dr-;itli  liapjK  lnd  in  1776\  at  66  years 
of  a;Jr,  tlioii^h  he  bad  the  ap(;<  arance  of  U;iig  niucii 
oltler. 

Mr.  rrri;'i>nii  riin-l  be  alk.jwrd  to  han-  Leon  a  \«';y 
u.'.cnmmon  ;;emus,  ei|iccii\Uy  ii:  nic-chuiiical  retitmain  e, 
and  execution*,  l^r  he  cnn--ti m  U'd  iiiaiiy  niaclmas  iiiiii- 
■ed  in  a  very  neut  mam-.er.  IK  had  aU«  a  ;;'j<id  ln>ti  in 
a-trniinniy,  as  well  as  in  iiutLiiiil  and  c^llerlmeIltal  phlUi- 
■>ij[)hj, ,  and  »Vis  po>M  "ised  <il  ii  liappv  niaiilHM  iit  e\|dalriinir 
h.in-.i  if  111  an  easy,  clear,  aiai  tatuiliHr  vMiy.  IJii  L^etii'ral 
niatla  ruallc;i1  know  K5<lp;e,  hnWcK  r,  wtli  little  m  imthing,, 

Ofalgebrnheutxlcrstgod.  but.ltttle  more  than  the  not*-' 
tion;  and  he  has  often  loUf  oe  that  be  could  never  de> 
monstrate  one  proposition  in  Euclid's  Elements ;  fail  con-i 
stant  method  bciiig  to  satisfy  himself,  as  to  the  tntth  of 
any  probleHk^  widi  a  nataanRment  by  scale  and  com- 
paiaN.  He  was  a  mm  of  ■  very  dear  judgment  in  any 
thing  that  he  profasaed,  and  of  unwearied  application  to 
study :  benevolent,  meek,  and  innoccni  in  liis  manners  . 
as  a  child:  humble,  Cnurteous,  and  cumniunicatue ; 
instead  of  prdantry,  philii'tophy  acrincd  to  produce  in  hun 
only  diHidencc  and  urbanity.  Unblt  of  MTi  Feigiiaois''a 
public  works,  is  as  follows  : 

1.  Aviixmoniica!  Tables  and  Precepts,  for  calculaliiig 


F  E  R 
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9.  Tallies  and  Tracts,  relative  to  several  arls  ainl  •.ciciid  s; 
1707.  —  J.  An  l  j»y  Ititroduclioii  to  Avtrmioiny,  for  Vir.iiin 
(ii  nil.  iin'n  and  Liiilu's  ;  '^il  (  ilil.  17<i,')  —  A^ilriiiiijiiiy 
<  \[)linnfd  upon  Sir  Isaac  Ni  a  tern's  Pruu  iplrs ;  «-dit. 
l/7'i.  —  Ixcluri-s  on  biliCI  Subji'Cts  111  Mtchaiiicb, 
Hydrostatic*.  l'n»'»iniiitic>,  and  Itpiic* ;  4th  edit.  177'.'. 
— 6.  Select  .Mechanical  lucerciMV;  with  ■»h<irt  .Account 
of  the  Life  of  the  HUlhor,  by  hinurlf;  1773. — 7.  The 
Art  of  Duwing  in  Per»pcctiw  made  easy  ;  1775. — 8.  An 
.Introduction  to 'Electricity ;  1775.—*;.  Three  Lciten  to 
tin  Bev.  Jobii|£ean«iy,  on  the  Harvcit  M<Mta»  1769  aad 
1775. 

reft  MAT  (Petek),  ft  oeMhnlnl  ntllwiiMUdili  and 

philuMipher,  and  counaeilor  oT  tbe  |i«rl»iiwnt  of  Ton- 
lome^  where  br  was  bom  tonards  the  cumincncrmcnl  of 
the  »cventrcnih  ci-ntury,  or  just  l*cfore  ;  and  nuiwlth- 
ytiiriiliiii;  lie  <liil  not  iiiakt'  the inathemaSic-.  tur  whole,  nor 
ncn  lljc  principal  part  of  hi",  study,  hi- yil  nbtmiird  ron- 
Bidoniblt  Celebrity  li>r  liis  ktiuu li  ilj^i' luid  discoverie*  in 
this  hcienre.  Il<-  liail  iiKo  a  perirct  knowK'dije  of  llic 
tiri'iK  iiiil  I.iiliii  liilnudyei,  besiii'.'  iil  I  |j'  iiirii 

lutijjUage'i  ol  Uurope,  tin  the  It.ili;:ii,  S|iiiriis!i,  and  i'.ng- 
li»h.  He  also  cultivated  poetry,  junii  ol  h;*  works  being 
(till  e.\tiint.  At  the  <ame  time  he  I'ullilled  the  duties  of 
hb  office  as  counsellor  to  the  ftarlianient  of  Toulouse, 
with  assiduity  and  buiiour,  enjoying  the  reputation  of  an 
calightened  judge. 

It  WMthe  CUtoin  of  the  time  in  which  Fermat  flou- 
filhcd,  for  the  nuttlicmaticianM  of  different  countries  to 
pfopoiie  prahteiBB  to  each  otlwr  br  solution,  aiid  in  this 
kindof  WrrMpawtenoe  «•  find  bin  deeply  engaged,  pur- 
'  ticollrly.  in  u^ochm  nliliiv  M  eortaio  propetnes  of 
namben,  the  deiiioiiitialiaM«f  which  he  ^neruliy  sup- 
mvHc^i^  ulsdoilbtf«l,  lw«U  in  posMssion  uf  them: 
howevcrtliti  may  be,  meny  of  them  .-ire  evvn  now  without 

demon^tr^ilii  and  several  others  which  wi  re  left  by  him 
ill  this  stale,  wuuld  ptrhaps  still  luive  ii  ;.;j;n!;d  >o  had  it 
not  been  for  ihc  ingenuity  ;i'v:l  1  .iiii-rrv  '  i  Liili  i,  1^- 
grange,  and  "ome  other  more  modern  nial hemBlicians. 

I'ermut  lui  l  a  \.i  'iiit  di>pute  with  Descartes  on  the 
subject  of  Maxinia  niul  Minima  of  quantities  of  which  he 
was  the  author  ;  as  well  as  on  the  doctrine  of  refraction  ; 
and  though  a  compromiM:  at  length  ttjok  place  between 
tbeiD,  tbey  were  liever  good  friends  after;  but  in  this  Des- 
cartBs  WH  most  to  blame,  as  Fermat  iccms  to  have  much 
wished  for  a  complete  reconciliation.  He  died  in  the 
beginning  of  the  year  l665.  Besides  his  new  edition  of 
Uiophanlus^  Fermat  wu  author  ofl.  A  Method  for  the 
Quadimture  of  all  M»li  of  FMaholas,— S.  Another  an 
Maxiaw  and  Mininut:  which  terva  not  only  fur  the 
dcterniinaiion  of  phmi  and  Mrtid  probtemt;  but  also  tor 
drawing  tangents  to  Carre  lines,  finding  the  CcMN*  of 
gravity  in  solids,  and  the  solution  of  question  concern- 
ing numbers:  in  »hort,  a  method  very  similar  to  the 
Fluxions  of  Newton. — ;l.  An  IntuMluction  to  Oeometric 
Loci,  plaAe  and  solid. — 4-.  A  Treatise  on  SpluriCLil  Tan- 
gencies:  where  be  demonsirate>  in  the  solnJs,  the  same 
thingsaii  V'ieta demonstrated  in plune-. — 5.  A  Itestoratioii 
of  Apolloiiuis's  two  bixiks  on  Phine  I.of  i. — (i.  .\  General 
Method  for  lise  dimension  of  Curve  Lines.  IVi-Mde^  11 
liuniiier  I ,  iln  ,  smaller  pieces,  and  inuny  letl<'r5  to  kurnril 
men  ;  several  of  which  are  to  be  found  in  his  0(>era  Varia 
Walhematica,  printid  at  Toulouse,  in  folio,  IftZJJ- 

F£ItM£NTAT10N,  an  iatcaliae  aoliou,  aristoigqpoii* 


luneously  among  the  small  and  inion'.iblc  particle<i  nf  a 
mixed  body,  thus  proilucms;  a  new  lii- [ " 'Ml  1  mi ,  and  ii 
dillerent  coiiibiuuliuii  ol  Ittose  parts.  Fermentation  dif- 
fers from  dissolution,  nt  the  cause  from  its  effect,  the 
latter  being  only  a  result  or  effect  of  the  fotner. 

FF.sroON,  in  Aicbiieciure  &c,  adecoration  inform 
of  a  garland  or  cluster  of  Howers. 

FICIIANT  Fl.ink.    S-e  Flaxk. 

FiCH AKT L«n«  qf  Drftnct.  bc«  Fixed  Lineof  D^fituee. 

flELU-Boot,  in  Surveying,  a  booli  used  for  tetling 
down  angK:»,  distances,  and  other  things  rpmatkafale  in 
ttking  surveys.  The  pogwof  the  fieM-boek'may  be  con- 
veaiantiy  divided  into  time  eotumn*.  lit  the  middle  co- 
himn  are  to  be  entered  the  angles  taken  at  tiie  Vnrcral 
stations  by  the  theodolite,  with  the  distances  measured 
from  >tatiun  to  station.  And  the  olTsets,  taken  with  the 
oliset  sijilt,  on  either  siJi'  of  the  >.|iuioii  line,  are  to  be 
entered  in  the  culuiiiason  cither  >iJe  of  the  middle  column, 
according  to  their  position,  on  tin-  njht  o:  left,  with  re- 
5|iect  to  that  litve:  also  on  the  right  ur  Uli  of  these  are 
to  be  set  down  tiie  nanu  s  and  characters  of  tin-  objects, 
with  proper  remarks,  6ic.  See  a  specimen  in  my  Trea- 
tise on  McMUtatioii.  |i«.SS6»  ed.4th.  See  abo  Boft«- 

VETINO. 

Fibld-Fort.   See  Fortine. 

FiCLD-Z^eccj,  arc  small  catinon,  usually  carried  alone 
with  un  array  in  the  tield  :  suchas,one-pounders,onc-aml« 
a-h«lf,  two-t  three-,  four-,  six-,  nine-,  and  1 2-pounden ; 
which,  being  light  and  small,  an  easily  carried. 
,  FiKLD-Stqf,  is  a  staff  carried  by  the  gunners,  in  which, 
they  screw  lighted  matcbcif  when  tbey  are  -en  lerrieet 
tehieh  is  called  anning  the  lieldrsialb  See  btnatocK. 

Fino  0/  finv.  or  of  Virim,  i*  the  whole  ■pace  air  ex- 
tent within  which  objects  can  be  seen  through  an  optical 
machine,  or  at  one  view  of  the  eye  without  turning  it. 

The  precise  limits  of  this  space  are  not  easily  ascer- 
tained, lor  the  natural  view  of  the  eye.  In  looking  at  a 
small  <listftiice,  we  have  an  impt-rfect  glimpse  of  objects 
thriuieli  ;ilmost  the  extent  of  a  hemisphere,  01  ut  kaallot 
•  il  l  ...  1  (1  degrees  each  way  from  the  optic  axis  ;  but  to- 
w.irds  the  txtlcitiily  of  this  space,  objects  arc  very  imper- 
tectly  seen  ;  and  the  diameter  of  the  tiehl  of  distinct  vision 
-does  not  subtend  an  angle  of  raure  than  5  degrees  at  moit» 
so  that  the  diameter  of  a  distinct  image  on  the  retina  is 
less  than      of  an  incb  ;  but  it  is  probably  much  \cs$. 

Field  IVorh^  in  Fortification,  are  those  that  arc 
thrown  up  by  an  amy  in  beiiqing  a  forticss,  or  by  ttie 
besie)ied  to  defend  the  plifle.  Such  are  the  fiinificatioBi 
Af  camps,  higbwaysi  dec. 

FtFTH*  in  Mntic,  o«m  of  the  hamonical  intenib  or 
conooirda ;  called  kw  the  Badaili  diapeste. 

The  filUi  ii  the  3d  in  order  of  the  cuiootda,  and  the 
ratio  of  the  chords  that  produce  it,  is  that  of  S  to  2.  It 
is  called  fifth,  liecause  it  contains  five  terms,  or  sounds, 
between  it.s  cxtrenifs,  and  four  decrees;  so  that  in  the 
natural  scale  1  1  iniisic  it  come>  in  the  jtli  place,  or  order, 
from  llie  lunilninenlal. — Tin'  ini|)erlect,  or  de:.  i.  tr.  !■  fiftii, 
by  the  ancients  called  scmidiapenle,  is  less  than  the  lillh 
by  n  mean  semitone. 

1  IGCKATK  Sumbfrt,  are  those  numbers  whjch  are 
formed  from  the  addition  of  all  the  leading  terms  of  suc- 
ceesive  series,  bi^innitig  tint  with  that  of  the  natOial 
numben,eaia  the  feUowim  taUe}  «hm  the  lair  «f  oon* 
.  tifiitiiftm  if  iiimifiiiti 
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1,  2,  3,  4,  5,  6 
I,  3,  6".   10,  15,  SI 

1,  4,  10,  30,  35,  56 

1,  S,  13,  35,  70,  126  •  .    .    ,  . 

Here,  thn  ftr>t  serin  a  i:>  that  o{  the  natural  numben, 


».f«l-H) 
'        >.«  • 

w  ■  [i«4-l).(>-H) 
t.t.4 


of  which  thcgcueml  term  is  ii;.tlie  iccond  aeriat  s^is 
that  of  triangalw  Bumften,  of  which  the  gcnml  term  it 


If  DOW  from 


g<  n<  r.il  ti'rn>,  which  it  the  nth 


term  of  the  ncrics  b,  lliere  be  subtracted  lh( 

term  of  the  same  scries,  which  is     ,  .',""»  "^maiutitr 

will  be  n,  which  is  the  nth  term  uf  thaaericsA.  Heace 
we  ihiill  form  the  nth  term  of  the  lerics     by  tddiiig  to 
the*-  l  tenB«l'theiBaMiemi,lh«*lh  termofdiew* 
ties  A. 
The  tEird  leriei 
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FioomsJd  Archilccton*  end  Sculpture,  deiiote  rr  pre- 
•enuuou  of  thlnp  mule  in  solid  metter ;  as  status,  &  c. 

FtfvtMf  iB  Arithmetic,  are  the 
O^which  BBinben  are  expressed  or  wnturi,  a*  thi'  ion 

'te  J»  *•  3.  •'>,  6,  7,  8,  .0,  0.  l  iies,  r.io  u^uuUy 
celled  the  Arabic,  and  liKimn  li^uns.  fi.un  which  people 
tt  issupiiosed  ihiy  «ere  derived,  hcinij  brought  into  Vu- 
ropi-  by  the  iMoors  of  Spain,  nrul  into  l-iifrland  about  1130, 
as  Dr.  Wali.s  c,  iij.  ciuHs  :  .S.  r  ki,  Alsrbr..,  pa.  a.  How- 
ever, trt)m  Muur  uiiciMit  u.i-i-s,  supposed  to  consist 
■vir.iiv  or  in  p.ut  <.f  Am;,,.,;:  lin;ures,  come  have  concluded 
ni;:i  111.  se  (i-iir,^,  nti^iii.iii^  I  "id"  an,  were  known  end  Bicd 
I  I  iliis  cuuiiti-;,  ut  a.  t-;irly  as  the  lOthoeutny.  The 
oKIlh  daiedwovered  by  Ur.  Wallis,  was  on  B chinipiey 
piece,  at  Helmdoo,  in  Northamptonshire,  tilHl  nl99, 
that  IS  1133.  0th.  r  dates  ditcovered  aioce,  are  IO90. 
•t  Colchester,  in  Ksse.v;  MI6  or  lOlfi,  at  Widt;.  l-hall, 
near  Diintii«ford,  in  UertfordahirF;  lOli  on    '  ,  north 

ir.  ,  and 


general  tank  of  which 
Hm  WB  iBbCtact  the  precediag  oae 


diflhwnce  will  bt 


"~-»  uwiui^Hfra,  III  neraoraaoirF;  niii  on  1' 

e  ia  that  of  pyiamidiCBl BBmhen,  tite  "V"*  <>f  Mto  Ffiifb  cfaBreh  oT Runaeyin  Hampsi.i 

...  w.(»-n).t«-t-e)      .  „         .  975  o»er«mii4N.way  at  Worcester. 

"*  i.e. a  7 »       if  ftWB  thia  Dr. Weja^iwiiwer,  ha*  ur«ed  several objeciiom 

he  precediBt«ie^—V  *  l"*l>,  the  It                                 ^s  no  example  « 

,    -  ,                »••••      *  the uaa of  aBcfa  fgurca  in  any  ancient  manuscript, 

e.(«i-M)  ..,._L  ■.—L.^t.  than  aome  eaniM  nf  I.. i.^Mn. .<.;.,  1,  

1 .1 


which  is  tbc  ath  tamofthe 


B.  Whence  we  m«jr  form  the  aerica  c  by  nem 
of  the  tetiea  b,  aa  tfatt  latter  ia  forawd  fan  the  aeries  a. 

And  exactly  in  the  same  manner  the  4th  aeri<^s  d,  of 

I'll              1              a .  (n -»■  1} .  r«+e)>fa-4- a  I 
which  the  general  terra  is  — • — —  *        ■  may 

t«Save4  * 

be  fimncd  from  the  tWnl  c,  end  ao  on  of  othen. 

The  general  terroa  given  above,  at  definitions,  and  from 
which  the  successive  law  of  formation  is  deduced,  contains 
the  whole  theory  of  fi::urate  numbers,  and  |:n-f  i;[,,  at 
one  view,  the  dcnionstrution  of  the  general  proportion  men- 
tioned by  IVrmiit  in  his  noti-son  Diaphantus,  pa.  16,  and 
whirl)  lie  cimsiilered  as  one  of  hw  principal  discoveri<  >t. 

Si.  that  the  figuratc  numbers  of  any  unJi  r  rii:i\  Ix' 
tuuuil  without  computing  those  of  the  prccriliiig  orders  ; 
which  is  done  by  taking  the  successive  products  of  as 
many  of  the  terms  of  the  .irithmcticiils  I,  2,  3,  4,  5,  &c, 
ill  their  natural  ordrr.  lis  there  an-  units  in  the  number 
which  deiKiiiiiiuilrs  tlie  older  of  ligurutes  required,  and 
dividini;  thoM'  proihii  ifi  uhvays  by  the  first  product :  tbua» 
the  triangular  numbers  are  found  by  dividing  the  productB 
J  X  2,  2  X  3,  3  X  4,  4  X  5,  &c,  each  by  the  Itt  pr. 
1  K  8;  the  fiitt  pyramids  by  dividing  the  prodncta 


.  »  —  "^;"»  —  "uiiJC lions  aeainst 

the«Btl«ll9  ^C?^  «*""^'-  «-»«n'pl':  occurs  of 

the  uaa  of  BBcfa  Sgurca  in  any  ancient  manuscript,  earlier 
than  a«ne  copies  of  Juhunnrs  ^U-  Sacro  llii>co,  «  hu  died 
IB1S50,  he  thinks  it  stranije  iIimI  tiiese  finvircs  sh.uild 
Iwve  been  used  by  .nrtitio  r^  s,,  Iniii;  h,-u,iv  th,  v  aj.|R.ii  111 
the  writings  of  the  learned;  .nul  h.-  ul-,o  disputes  the  fact. 
The  Helmdon  date,  accordinr;  t<.  luiu.  should  be  12.33  ; 
the  Colchester  date  1490  ;  that  at  Widgel-hall  ha*  in  it  110 
Arabic  il;;ures.  the  1  and  6  bein^:  i  and  o,  the  initial 
letters  ol  a  name  ;  an<l  the  date  at  WorcesU'r  «B»iata»  b« 
*uppn,L<,  (.f  Uom.iii  iiu.-ncrals,  being  n>a]|y  UXV.  Seem* 
Abndg.  Philos.  Trans,  vol.  6,  pa.  32,  39,  ite. 

Mr.  GiUbon  obaervea  (in  hia  Uiatoiy  of  the  Dcdine  and 
*all  of  the  Roman  Empire,  vol.  v.  f*.a2l)  that  "  under 
the  reign  of  the  caliph  Waled,  the  Greek  languaw  and 
characters  were  excluded  from  tiie  aceoualiof  thepublte 
revenue.  If  (bis  chai^  was  productive  of  the  invention 
or  familiar  me  of  onr  prom  BUmeraU,  the  Arabic  cha- 
racter! or  ciphen.  aa  'diey  hre  commonly  styhd,  this 
ruOMtion  hat  promoted  the  most  important  u:s<  „v[ric» 
of  BTithmeric,  algebra,  and  the  mutheniatical  ^ci.  !ice>." 
On  the  other  hand  it  may  h<- oliv  rv.  <l  th.i:,  "  accnrdmn 
"'°"P'>  prohal.k-  notion,  niitiiHaiind  bv  M.  de 
Villaison  (Anecdota  (irii  fjt,  torn.  ii.  p.i.  152.  li/  ).  our 
ciphers  are  not  of  Indian  or  Arabic  invenium.  They 
were  uved  by  the  Greek,  and  L.itin  amhmeiicians  lone 
before  il„r  ag,.  ot  Boethius.  Af;,  r  ihe  cMinct.on  of  science 
iJi  rn,..  \\:.r.  il„.,  u,.,.  .,Io:,t,.,l  ,„  the  Arable  vrr»tona 


'    ^    m  f    wee*      m*mwm      [fj.— mmm  >  «w>ug  {nvUHbtV 

l»9it%<xS»4,5H4x5,  &cbythe  lint 

l«S>t3.  Aad,  ia  general,  the  %Bralo  anmbcrs  of  u  u  ,  \\   r    i  ,     ,  ,     i.w  i      .1     »  ■ 

any  eHerii..ei« found  by  aabttitutingtuccestively  1,2,  fron,  u .  on  . .  V        "  I      'a  l"^'" 

t    ,    ■   tl    ■   .—J  •    .u-  1       ^    ■  "  "' '•"'r'"'ii  niunnscript»,  and  reaUired  to  ilw  L»tin« 

.1,  4,  -..  See,  instead  of  x  in  this  general  expression  about  tl.c  iiihcLMturv"  «»»reaio  ino  tatina 

r   I    \  .1  +  i  ,x  ^  t.tu  ■      .  .      ,  .       ,  I-r/-III.I-     y-   ,      r.  „       _  '  '', 

— — j— - — - — -—J — where  the  ncton  in  the  mime-       tn-vilh  of  the  hirti.    See  Earth. 

iBlor  BBd  deBominator  are  tuppoeed  to  be  multiplied  nJ'l'ir!  '"^ '\=^"-<^"°»iy,  denote*  »  n. 

toeather,  and  lo  be  continued  till  the  number  in  each  he  P;"^^'*'"*,"  ^'  "  H>e  l«th  or  orbit  of  the  ano 

km  by  ]  than  that  which  e.xpr.-.scs  the  order  of  the  figu-  "1"!^"^   j  T^'  '1"'  "/.""'rliP-S  wththadiftmrt 

imtea'roqyi«<)  SM  .chumn',  Fluxions,  art.  3  ,1. ^n  tT^^JStl^^^^*^*"^^''^  ' 
the  notes:  alto  S 


required 

the  notes;  alto  Simpson's  Al^i  bra,  pa.  213;  or  .Malcolm's 
.Arithmetic,  pa.  3;Ki,  win  re  the  subject  of  figurales  is 
treated  in  aver)  c.xtennvc  and  perspicuous  manner. 

FIGUUE,  ill  general,  denotes  the  surface  or  tcrmi- 
n  .tin^  .  Ntreroes  of  a  body.— All  finite  bodies  have  some 
n,ur.',  fotai,  or -.haiH  ;  uhcnce,  figurability  is  reckoned 
among  the  essential  nropcrtiei  of  body,  or  matter :  «  body 
without  fifiir^  woud  be  an  iaiiaitc  body. 


and  end  of  diHm 

I  toVBi,  or  JMwBljSB,  bT  tha  Aill  moon,  such  aa, 
viewed  through  a  tdeacopewia  twoeoBvcx  glas^-s,  1,  o( 
cooaidetable  mr  in  obienrationt  of  eclipses,  and  conjunc- 
tions of  the  noon  witH  other  luminaries.  In  thi'.  ligurc 
are  usually  represented  tin  macglx-  or  ^pots  of  the  moon, 
marked  by  numbers ;  beginning  with  those  that  UsuoUy 
enter  first  within  the  shade  Bt  the  time  of  liwcdi^Ms,  aad 
alio  emerge  the  lint.    :  -  ,  . 
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PiovRi,  in  Conic  ^U«n»  flccoidingtp  Apolloniui» 
b  the  rectangle  ooBtaiiiwd  under  tlie  Utofrectum  and  the 

Iransversi- a\i»,  in  the  ellipse  and  hy|HTboln. 

l  iouRK,  in  Furtificaiion,  is  lUv  plan  «if  any  foriificd 
place;  or  tin-  intrnor  polygon,  iNic.  When  the  fcidi-*, 
and  iht  au^lc>,  arc  iiU equal,  it  ie  Culled  a  regular  figure; 
bill  « lien  UIH  i|Uiti,       ii  regular  i<:ir. 

Floi'Rt,  in  Cni  iiiilfv,  •liiuites  u  mrl'.ice  or  space  in- 
cIiim  J  on  hII  shIi-s  ;  unri  is  cither  «r.i»n.fial  "r  sul-.d;  ■(U- 
pcrliciai  when  >l  13  inclowd  by  liiu->,  ujul  ^'<\it\  wlu  n  it 
MincluM-'l  or  buululvd  by  surfuct-s. 

Figuro  «re  cilbcr  straight,  curved,  or  niixctl,  accord- 
ing u  their  boundt)  arc  'Straight,  or  cur\eil,  01  Imth.  The 
exterior  bound*  of  a  figure,  arc  called  its  sides  ;  the  lowcit 
side,  iit  ba«e;  and  the  nngular  point  opposite  the  base, 
the  vrrlex  of  the  figare  i  nUo  il>  bright,  i»  the  distance 
of  the  vertex  from  the  b«se^  or  the  pcrpemlicular  let  Ml 
upoa  it  fram  the  wrtex. 

Fat  I'Sllimh  e^mli  equiaiiguUr,  cqeiUicraJ.  circum- 
•eribcd»  iMcribed,plom^  ngoiwtimfiilM',  umilar,  Ac; 
tiM  leepeciive  wljectiTee.  > 
4ppant»  Ft«VRS,  in  Optics  that  iigwre,  or  thnie, 
under  which  an  object  appears  when  viewed  at  a  die* 
unce.  Tliis  is  oftin  very  difl'creiit  from  the  trtMt  f^glin ; 
for  a  straight  line  viewed  at  a  ilintHnce  may  appear  litit  ai 
a  point ;  a  surl.m  .l^  a  I  ne;  a  solid  as  a  »urlacc  ;  atid  a 
crooked  fiqure  .'i'-  il  :Uai^;li!  on#.  Alw,  each  of  th«e 
niuv  appear  ordilli  \<  nt  iiiimnitiiiics,  and  •.oiiiC"!  tn  of 
ditleieut  ibapos,  acroril.hi  tc  iLeir  hiluatinn  vulli  regard 
to  the  eye.    Thus,  an  "f  ;i  circle  may  appear  a 

iitraighlline  ;  a  square  or  |>uriillclogrant,  a  Itapexium,  or 
i-ven  a  triangle  ;  a  circle,  an  ellipm.;  aogllkr  MgMtoile** 
round;  aspherc,  a  circle;  6cc. 

AUo  any  ainalllightt  «  »  candle,  seen  at  a  distance  in 
the  darkt  will  appear  magnified,  and  farther  ofl  than  it 
Xoallyfaa  Add  to  thi»,  that  when  several  objocti  are 
■eenat  a  distance,  under  angles  that  are  sn  mtihII  as  to 
beimensible,  as  well  at  each  of  the  angles  subunued  by 
My  one  of  thoB,  and  that  next  to  it;  then  all  these  ob> 
joctt  nppMr  not  only  •>  cootigHout,  bnt  ■»  <toiriltt^g 
and  wemiitg  but  one  continued  aagntttide. 

FioiTRB  ^«lr  Abu-(,  Cotines,  WmiMmUr  Taiif;tntt,  or 
Secants,  Ife,  m  iglUM  SMik  by  conceiving  the  circum- 
fercnce  of  a  drcle  extended  out  in  »  right  line,  upon 
ev.  ry  ]m  int  of  which  are  erected  perpendicular  ordinate* 
et)uul  t  I  liin  sinrs,  Cosines,  &C,  of  the  corresponding 
arcs;  hihI  then  tlnn.  mil:  ilu:  nirve  line  tlirnunh  tlieexire- 
mily  ol  nil  tli<'se  ordiiiiiies  ;  which  la  called  the  figure 
of  the  sines,  cosines,  \-c. 

It  is  probable  that  these  fitiurej  tooli  tht  ir  riv  from  the 
tircuinMiince  iit  the  e xti'ii«inn  of  the  ineriiiiaii  fiin-  by  Kd- 
Mard  Wright,  who  computed  that  line  by  collect(n<>  the 
successive  sums  of  the  secants,  which  is  the  same  thing  as 
the  area  of  the  figure  of  the  secants,  being  made  up  of  all 
the  ordiiiuie>,  ur  secants,  by  the  construction  of  the 
iGgUre.  And  in  imitation  nf  ibis,  the  figures  of  the  other 
Una  have  been  invented  ;  and  by  nK-iiiisi'l  the  figure  of 
Iba  tNanti,  James  Gregory  showed  how  the  loi^rithniic 
laagmtt  nay  be  conatniclM»  in  bin  Exetviiatloaei  Gao- 
metriCK,  4to,  i6S8. 

OMMnMiim  qflfte  Fljpr««4^5teii,  Cbmo, 
Let  AM  he  (iig.  i)  be  Ibe  circle,  ad  an  are,  m  iu 
tine,  CB  it*  cosine,  as  the  werscd-cine,  at  the  tangent, 
6H  the  cotangent,  ci  the  secant,  and  cu  the  cosecant. 
Draw  a  right  line  oa  equal  to  the  wbolo  ciicomfciUKo 


aPOBA  of  die  circle,  upon  wbicb  lay  off  alio  the  leagtfa* 
of  several  arcs,  aa  the  arcs  at  cveiy  IHP,  bom  0  at  a,  in 
360^  at.tbe  oUwr  end  at  a ;  upon  Aote  pofaito  draw  pcr- 
pendicttlar  ordinates,  upwarde  or  downward*,  according 

as  the  sine,  cosine,  &c,  is  affirmative  or  negative  in  that 
part  of  the  circle,  and  equal  to  them ;  then  drawing  a 
curve  line  ihr.  iizb  tlie  cNtri'mities  of  all  these  oidinales, 
it  will  form  the  lifiuie  *>f  the  "line*.  c<»ine5.  verM-d-iities, 
tangents,  cotangents,  M-Cants,  and  co«ec;irils,  as  in  [he 
BiineNed  (igures.  Where  it  may  be  i!b>er\cil,  that  tlm 
l\illi>wing  cm  VI  S  are  the  same,  viz,  ibose  of  tlie  sines  and 
Cosines,  tbo>e  i>l  the  tangents  and  cotangeuts,  and  those  of 
the  Si  cunts  and  coK-canta;  eaccpt  in  the  diipoaitian  oC 
some  of  their  parts. 


It  may  be  Isiiowii  when  any  of  these  lines,  vii,  the  sines,, 
cosines,  ice,  arc  aflirmaiive  or  negative,  i.  e.  to  be  set  up- 
vtards  or  doivnwards,  by  observing  the  following  general 
rules  for  those  lines  In  tae  Itt,  itt,  9d,  and4tb  qdadmiUB- 
of  the  circle. 

TheiiBei  iiv.the  1st  and  Qd  are  afSrmative, 

in  the  :u\  and  iih  negative: 
Tbooosiaca       in  the  isi  and  lib  are affirmalife, 

in  the  2d  and  3d       negative : 
Tba  tangent!       in  the  1st  and  'Sd  arc  aliirraativC^ 

in  the  2d  and  4th  ucg^ffa} 
The  coU^gcelB  in  tbo  lit  and  34  an  affintttiw^. 

In  the  fd- and  4th  nmatiw: 
The  Hcaiili       iii  tba  lat  and  4th'  are  affirmative,  . 

in  the  2d  and  Sd       ne<;aitve  : 
The  cosecants     in  the  1'st  and  2d  arc  affinnaiive, ' 

in  the  -M  ■III  I  r.h  negative 
And  all  the  vvncd-Miics  aic  atiuiuiitivo. 
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To  4ni  ihe  liquoiioit  ami  Area,  /fe,  10  each  lif  ihete  Curvet. 

Draw  any  ordiiialc  </<' ;  pulling  r=  At  the  railius  of 
iho  given  circle,  i  =  arf  or  .*  o  ^ny  ab»ci»s  or  arc,  and  jf  = 
de  iu  ordiiiaii-,  which  will  be  cilhcr  ihc  sine  db  =  i,  co- 
iinc  C£  =  c,  vcm-d-sinc  ae  =  r,tnni;<'iit  av  =  /,  cotangent 
Gil  =  r,  srcant  CF  =  s,  or  cosecant  cit  =  r,  according  to 
the  nuturc  of  the  ^Stticular  construction.  Now,  from  the 
property  of  tb6  aide  am.*  obtained  these  followirtg  gene- 
nl  eqiuuioa^  ncpiHBDg  the  rehitiofli  bclweco  the  Au«iqai 
of  ■  dicuUr  are  anil  in  fitw,  or  cokm,  ftc»  tn^ 

r<  —rt  TV  • 


-f'T 


—  r"» 


And  these  »l»o  express  the  rolation  bt'l«n-n  llic  absci^isanj 
ordit>el«'of  the  curve*  m  question,  each  in  ihc  order  in 
which  it  itand«;  where  r  is  the  common  absciss  to  all  of 
them,  and  the  rr«{iccti*e  ordiiuktei  ate  »,  e, «,  t,  r, »,  and  <r. 
And  h«nce  the  MM  ftc,  of  my  of  tbote  cnma  nay  be 
Ibund,  a»  follows: 

1.  JirliU  Fir.i;RB  Smef.. — Here  X  a  ad,  iMid  *  s 
tbeoniiaate  it;  and  the  equation  of  the  carve,  as  above, 

is  i  =  -r-^ — J--  Hpncc  si  =  -r—.  n    the  Huxion  of 

\'  '■"  -  '  ,  v''.'  -  ' 

thearcai  the  correct  iluetit  of  which  :!.  r*T'"v''('''~**) 
~r*  — rc  =  f»thc  rert.iii[;le  rjt"  radiu»  uml  vers.  i.e.  —  i»r 
-K  as  »  is  incrra'fint;  or  decrcasiing  ;  vthich  is  a  gtucia!  ex- 
pression for  ilie  ureu  ade  in  the  figure  of  sines.  When 
<  =  O, as  at  a  or  this  expression  becomea  0  oi  ;  thai  is 
■0  at  a,  and  =  the  area  atb;  or  r*m  the  aiCftof 
wheo  ui  becomes  a  quadrant  af. 

2.  fe  lAr FieVR  s  0>M'n«s.— Hera  X  as  w(  and  e  a  Aj 
and  tbe  equation  of  the  cun'c  \*  x  =s. 

Hence  inrss  i»  the  ftaxion  of  the 

arms  and  the  flncntofdSe  t*r^(r*- c*)  a  ri^  the  tcct- 
•1^  ofndm  and  ai'ar.  Car  the  fenerel  area  oAeb  Whan 
•  air,  ere  33  0,  (hie  bceoinc*t*B(  the  area  q^vhoeeab* 
aeise  V'n  equal  to  a  maidnat  of  (k*  ckramfeieace)  the 
sane  as  in  the  figure  of  the  linci,  apon  an  equal  abecillL 

3.  U  the  ?iG\3Xi<if  V«ttMKa.—nm*stt4,  and 
V  Side;  and  tht!  eijualion  of  the  curve  is 

*=  7—^  •   Hencee* ae  ,   •  =  ^v^r^ 

y/j»ri- —  ra)  v'.Jir-iil  v'.i'--i.i 

is  the  tlu\ion  01  (lie  ^rri(  ;  aiu!  the  llu>  nt  of  this  is  rx  -  rs 
=  r  »  (ad  —  III)  for  the  area  ade  \n  tlie  ti;;iire  <it  \ersp<i 
sines.  Whvn  au  or  ad  i-.  n  t)U<ul]aril  ac.  or  of,  thi-  he- 
comP5  3'Ul6  X  4r'  — r'=s  ;.70Sr-  f  r  the-  area  ajg. 
And  when  ab  or  ad\%  a  semicircle  a6,  u  l)ecomeBS"I4IOr 
the  arm  at;  as  in  the  figure  of  ver»cd-«ine». 

4.  /a  de  F»VM^Ihn5*iittv— Hero*  a  «f,  anJ  <bb^ 

and  theaauation  of  the  cun'e  i«  '  = 

-  •  jtf'f 
~— .    Hence  the  fluxion  of  the  area  is  li  =  -yrrsi 

and  the  cooect  fluetit  of  ibi>  is  §H  »  byp.  log.m 

«,a  H  hyp. k» of a 

And  hence  the  figure  of  the  tangents  may  be  used  Ck 


structiiig  ihe  It^rithmic  tccaats}  a  property  thai 
marked  by  JanMi  Onfaiy  at  the  end  of  hh  ExcRlt. 

Geomct. 

When  ad  bccoinea  a  quadrant  iff,  t  being  then  ii:tir:iti', 
thii  become*  infitUte  for  the  area  ff/g.  And  the  same  for 
«)ie  figure  of  cotaagetlH  hrglDniiy  at/iaMead  «f  «. 

Voin  I> 


5.  For  Ihe  FicuaR  of  the  SecmUi. — Here  xstad,  and 
s  =  d«:  lai  the  eqantion  of  thoe«f««  i*  x  b 

1*1* 

j^7j7~>  Ucnee  u  aa  ^^ri^pj  »  «he  fluxion  of  the 

anra;  the  fluent  (jfuhich  is x  hyp.  log.  of  f.)r 

the  general  area  ade.  And  when  ad  becomes  the  qua- 
drant this  expnssion  bc«nmrs  infinite  for  the  area  nfg. 
The  same  (Jroce^»  will  ^ervc  foe  the  (jgiirt  of  cosecants,  bi- 
gici  1.^^  -I'.f  ittleadtifu. 

Hence  ihe  meildioniil  pmts  Ik  Mercatoi^  <  burtmay  be 
-calenlati'dfurany  iHiitude  -\  i>  oraii .-  {'.  r  (lie  tiicrid.patls: 
an  to  thtt  arc  oi  Iiititu4«  ^k^ttSfrthe  aum  of  the  secants  t 
totheauBof  Bamaay^nltMw^^tbeaninodMtwo^  * 
raditti  «e  or  4P  »  -AC  if  tl*  rtwi%mr.  * 

f  ILLBTs  in  Aichkegto^yMf  aftle  (qnare  mcBber  or 
oinaiMM  need  l»  ct«dlliWi|(lm)Nnoul(llng. 

nN/BUS  (Chmvt^jr  i«  ^Ach,  Fnc,  profnior  of 
niathematict  in  ttic  Royal  College  of  Paris  wustheson  of 
a  physician,  and  was  bom  at  BriniHrOiH  in  Ouuphiti^  in 
149V.     He  «<iir  .  Mifjg  lo  Pitrit,  his  frien<h  pru- 

curcd  him  .i  p!  it  i  iu  she  college  ol  N  ivairt.  Heapplicil 
himsi  lf  (tiere  t  the  »tudy  of  philoeopliy  and  polite  litPtn- 
ture  i  but  rourc  r^pcciaHy  |u  malhematirs,  in  uKitii  he 
made  considetkible  progre**,  particularly  i"  nicih-inics ; 
for,  bavim;  lot))  a  pcnin^  %r,  invmf  tnitqiiaMHta,  and  a  Mf 
fill  hand  tu  ex-:  ii  tin  ^  <i:',-!':i  i<i|pA' reputation  hy 
the  specimens  iie^a^e  oi  ijts  ingenuity. 

Finzus  first  made  himself  publicly  known  4>y  correcting 
and  publUUng  Silkcus's  Arithmetic  and  the  Margarita 
Philoeopbica.  Heafterwards  read  private  lecturei  in  uia> 
tbcnattca,  and  then  taught  that  scimc*  putdicly  in  llw 
0o}lc|oof  Gerrais;  from  the  repuutioo  bo  thw  gliioed» 
he  was  ftcommrmkd  to  Francis  lite  lit,  a*  a  propr  po^ 
son  to  teach  matbemalics  in  tbe  new  college  which  that 
prince  had  founded  at  Paris.  And  herei  though  he  spareci 
no  paint  to  improve  hit  pupils,  he  yet  foandtiaie  to  pub- 
lith  n  great  oany  booka  on  many  of  the  prindnal  paila  of 
the  iRathematicf.  But  neither  his  genius,  hi»Iiboiin» bit 
inventions,  nor  the  esteem  wbicb  nomberioH  Miaons 
siiowed  him,  could  secure  him  from  that  fate  wbicli  so 
oficn  befalls  men  of  K  '.ters.  He  wa5  obliged  to  slrti»pli! 
all  his  life-time  with  pourty  ;  and  ulien  he  liic-d,  left  a 
nuincrrius  I'nnnl y  <ki  ply  in  debt.  Howe  \er,  as  merit  must 
alwuys  bu  Oilecmi-tl  iti  u-ciet,  though  il  siUlum  hu<>  tht> 
fortune  to  be  rewarded  openly  ;  his  children  founil  friends 
who  for  their  fa  the  r'l  »ake  H'wnted  his  fanuty.— He  dtcj  in 
1         ;il  ti  1  yi  An  of >igi\  / 

I.Ike  all  other  m,itheiii.-iiii.ians  and  astronomers  of  those 
limes,  he  was  gmttly  addicted  to  astrology  ;  and  had  iho 
misfortune  to  be  a  long  time  imprisoned  for  liaviug  pre- 
dicted some  things,  that  were  not  acceptable  to  the  court 
of  Frajice.  He  was  also  one  of  iboWt  who  vainly  boMied 
of  having  found  out  the  quadiMvre  ^dkc  circle,  with  the 
lolntioQ  of  tlio  problem  of  two  mcan.probonionals,  and 
that  of  the  tiwctioa  of  an  angle;  but  htTnas  vigorot^y 
nibiad  by  Nonius,  aaweU  «a  by  Botnm  and  BoRlli»  two 
ot  ni  ovfii  pupi  Is.— Sfffcnl  of  hie  aieca*  ««■»  puhliihcd 
MfCfatriyj  ai,  his  Practical  AiitnoMtie  kk  UdS,  and 
Pmctica!  Geometry  in  1544,  both  in  4(0.  And  an  cdiiion 
itf  hii  whole  works,  translated  into  tbe  Italian  language, 
was  published  in  4to,at  Venice,  1287  icoOMUingof  AxitU- 
metic.  Practical  G«oiMtiy«CaHBOgpaphy,ikatnNiaa«y,aiui 
Dialliiig. 

flNlT^  Iho  iMOfei^  of  that  i»  hawOvd. 
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or  limited,  either  in  iU  ftotwr,  or  extent,  or  duration, 
:  a»  diMingoiclmifiom  tliep«>pirtyoriiiflui«,«r«ilh» 
•Mit  boondt.  - 
FIRE,  ii  that  nibtilf  invisible  fluid  by  which  biulics 
arr  made  hot  to  the  tauek,  and  expitndcd  ur  enlaigi-d  iu 
bulk;  by  whidi  4iiid»  are  rarefied  into  vapuur;  or  solid 
bodiM  faccone  fluid,  and  at  laat  areeiihcr  diKiipalcd  and 
carried  oflf  in  vapour,  or  eli«  melted  Into  y laa.  It  Mem* 
al»o  to  be  I  hi-  cbiet  agcM  in  nature  oa  which  aniaMl  aad 
vi-ertnbk-  lite  |ihu>  an  inmediate  dcfHiidehce.  See  Ca- 

LUKtc  a:uf  Uf  AT. 

1  he  diT.puti'O  cimctTning  lire,  wliich  long  i-xistt'd  among 
philiiMiphi  Ts,  have  nnw  m  «  gn-at  measure  subiideil. Those 
cilcbriurd  ]iliiliiwiplnTM  dl  ilii  17lh  century,  iiuron,  IJoylo, 
I  ml  N<«ti'ii,  » cn-  ut  ijjuiii'Oi,  that  fire  »hs  not  a  sub- 
stance Ikmii  oiliiT  l>odie»,  but  that  it  entiri  ly  coii- 
»i»le<i  in  cb.-  vinliiit  moiuiri  ol  the  parU  ol  any  body, 
which  was  pn'iuueil  by  the  mechanical  Ciirce  <>1  impul- 
sion, or  ot  Httruiun.  t>o  Boyle  viy^.,  «  hi  n  ii  pii  i  i'  i.|  irrm 
becomes  hot  by  hamiiu'ring,  "  there  is  nothing  lo  make 
it  aoy  except  the  forcible  motion  ol  the  hammer  inipresi- 
ing  a  treheuHAtattd  variously  determined  agitati<  n  on  the 
small  paritof  the  irmi.'  Am  Bacon  deliiK-tt  hi-at,  which 
he  makctaynoiiymous  with  &nt  an  **  expaanve  andulatoiy 
motion  in  the  aiinute  pariicba  of  a  faMy,  whereby  they 
ttmi  with  iMae  nqmlity  bom  a  centre  towards  a  circunf 
fcrcoce,  mi  at  the  aame  time  a  little  upwards."  And 
aocordiiv  to  Newtml,  iiia  is  a  body  krated  ao  hot  ■•  to 
emit  light  copioutly ;  for  what  else,  «ayi  be^  is  ivd-hot 
iron,  hut  fiiel  and  what  dse  is  a  lieiy  epal  than  led^ot 
wood  t  by  which  he  suggetta,  that  bodies  which  are  not 
(iri\  may  be  changed  and  cou verted  into  it> 

On  the  other  hand,  the  chemists  streouonsly  contend- 
ed that  tire  was  a  fluid  ot  a  cei  t.iiii  kind,  disiinct  from  all 
olliiis,  iiiiil  iiiiinTsally  present  ihioughout  the  whole 
^lii!  r.  l^Ln  rtiaaM-  paiiu.ularly  maintairwd  this  doctrine  ; 
and  111  tup)!  r<  ot  it  bnmclii  t.'.is  ari{unieiii,  that  flint  and 
sti  ej  «  ini!il  strike  lin-.  and  pi  adiice  thr  sanu'  <)ei;rei' of 
heat  ill  Nuva  /.< nibia  as  they  would  do  under  the  <  <|ualor. 
Other  Br:;iiinonts  were  drawn  from  ihe  iiicri.ised  ^v(  i^ht 
of  metallic  calces,  which  they  thousiht  proceeded  Irom 
the  fixing  of  the  element  of  lire  in  the  substance  whoie 
•eight  was  thus  increased.  '  For  a  long  lime,  ho»ever, 
the  matter  was  most  violently  disputed  ;  but  the  mechani- 
cal philosophers  at  last  prevailed  throueh  the  dcfcreoce 
paid  to  the  principles  of  Newton,  though  be  binclf  bad 
■carcely  taheo  any  aetiw  fan  in  the  contest 

The  aaperiimrts  oFDr.  Bhck,  bowcv4>r,  nnned  to  bring 
the  diipoic  (o  a  'daciiton,  and  that  in  fanour  of  the  cho 
mists,  conceraiiig  what  ha  calM  latent  beat.  From  tboae 
discoveries  it  appwHi  that  inf  RMf  'exitt  in  bodies  in  snch 
H  manner,  as  not  10  diieovar  iticlr  in  any  other  way  than 
by  its  action  on  the  miaote  parts  <  t  tI  body  ;  but  that 
suddelily  this  action  may  l>c  chantr  ■.  iu,  as  no  longer  to 
be  directed  on  the  particles  ufllu>  bmly  itself,  but  upon 
(  Xternal  objects ;  in  wiucli  case  »i  then  perceive  its  ac- 
tion by  our  s.  iisi-  ol  leeliiig.  nr  discnu-r  it  by  the  thomo* 
mcti  r,  and  tall  it  heat,  or  seii^ibli^  tut: 

1  I  111  rli:.  iliscoverv,  and  <!tln  rs  in  electricity,  i:  is  now 
pri  lly  f!<  iii  rally  allo«i  ii,  that  hcc  t%  a  distinct  liiini, 
tapnble  ol  iH  f.y^  transferred  from  nr.e  body  to  another. 
But  when  this  was  discovered,  aiKitlier  question  no  less 
perplexing  arow.  viz,  what  kind  of  a  fluid  it  was;  or 
whether  it  bean  any  analogy  to  those  witli  which  we  are 
Now  lEen     Itotind  two  flnidt^  ipii, 


bethvacqiiaiiited. 


tltc  solar  light,  and  the  electric  matter,  Uoth  of  which  oc« 
caiionaliy  act  as  fire,  and  which  therefore  seem  to  indi- 
cate an  original  identity ;  and  popularly  the  matter  bat 
t>ecn  long  siiKe  determined  ;  the  solar  ruys  and  the  d(C> 
trie  fluid  havinn  been  indiderrntly  accounted  rlementary 
fire.  Some  itub  eil  have  imagined  both  these  Anidi  to  ho 
mare  phlogiston  itself,  or  at  Icint  containing  a  lurgt  pm^ 
tluo  of  itt  and  Ur.  Seheele  went  to  fiir  in  thi<i  way  as  to 
form  an  bypolhcwv  which  he  enHeavoun'd  tn  support  by 
cxperiiiicnit,  that  b  composed  of  plil<ig;isi(in  and  de- 
phlogHticBled  air.  But  it  i*  now  ascertained  beyond 
doubt,  that. the  moll  of  such  a  combination  is  not  lire, 
but  fixed  air. 

It  was  lonj;  since  ol  servrd  by  Newton,  that  hetu  was 
certiiinly  con»ey<  d  by  a.  niedium  more  sijblilc  than  the 
cuniiiiori  air ;  foi  (wo  ilieiiiioiuelfrs,  one  included  in  the 
vacuum  of  an  air-pun.p,  the  diln  r  |:i.n  i-d  in  the  (jpi  n  air, 
at  an  ecfual  distance  from  the  lire,  would  bicoinc  equally 
Imt  111  111  arly  ihe  sami'  tinu-.  'I  his  und  oilier  e.vperiments 
>hou,  that  hre  e.xists  and  acts  where  there  is  no  other 
matter,  and  of  coniicqueiice  it  is  a  (luid  per  se,  independ- 
ent of  every  terrestrial  substanre,  without  b<-ing  gcneialed 
or  compounded  of  any  thin,;  we  arc  yet  acquainted  with* 
To  dcterniine  the  nature  of  the  fluid,  we  have  only  to  con* 
sider  whether  any  other  can  be  discovered  which  wil(  paai 
through  the  perfect  vacuum  just  mentioned,  and  act  thera 
ai  tin.  Such  a  fluid  it  found  in  the  lolar  U^t,  which  it 
well  known  to  act  etcn  hi  vactio  as  the  most  vMrnt  ilrc^ 
Tbeeolar  tkht  will  likewbe  act  in  thr  veiy  lame  manner 
in  the  meet  intenaa  cold  ;  for  M.  dc  Sanuure  has  found, 
that  on  the  cold  mountain-top  the  sun-beams  are  equally 
powerful  as  on  the  plain  below,  if  not  more  so.  It  ap- 
pears therefore,  that  the  lolar  lishi  will  proikice  heat  m- 
di  prndenl  of  any  uther  substiince  w!:,i;i  icr  ;  that  is,  wher« 
no  other  bo<ly  is  picsuiil,  tit  least  as  tar  as  we  tan  judge, 
except  the  \i^\n  ilsi  l(,  and  the  body  lo  be  acted  on.  VVe 
cannot  iheu  fnre  avoid  coiicludiii;;,  liiat  a  certain  raodifi- 
catii-n  of  the  solar  li-jlit  is  the  cause  of  heat,  expansion, 
vapour,  &c,  and  answers  to  the  rest  ol"  the  characters  given 
in  the  foregoing  dulnition  of  fii«,'nnd  that  uidepcndnt of 
any  other  substtince  whatever. 

It  IS  very  probable  too,  that  the  electric  matter  is  no 
other  than  the  solar  light  absorbed  by  the  earth,  and  that 
becoming  subject  to  new  lawi,  and  assuming  many  pro- 
perties apparently  difcrrnt  from  what  it  has  when  it  aelt 
as  light.  Even  in  this  case  it  mmHcfU  III  identity  with 
fire  or  light,  vis,  by  producing  a  moet  intense  heal  wherea 
large  quantity  of  it  passes  through  a  small  spare  So  that 
at  any  rate,  the  expeiimenla  which- have  already  been 
made,  and  the  prooisdnkwn  from  the  phenomena  of  nature, 
show  such  a  strung  affinity  between  the  i  leir.ents  of  tire, 
light,  and  electricity,  that  »c  may  not  only  assert  their 
identity  on  the  most  probable  ground?,  bet  l  iv  it  I'mn  as 
a  position  against  which  at  present  no  argument  ol  any 
w<'i){ht  has  an  exi-Ienrc. 

FiRr  -•Jriou,  IS  ,1  small  irnn  dart,  furnished  with  springs 
and  bars.iinil  also  a  match  impietinated  with  sulpliLr  and 
powder,  which  is  Mounil  a(>out  its  shatt.  It  is  chieHy  used 
by  pnvatei  rs  ami  pirates  In  lire  the  snils  of  the  em-niy's 
ship,  and  lor  this  purpose  it  is  discharped  from  a  mus- 
keioon,  or  a  swivel  gun.  The  lltttch-bcing  kindled  by  the 
explosion.  It  cciinrnunicate*  the  flame  lO  the  sail  againit 
wiiich  it  isdirectc^l,  where  the'anxwIhMqis  itself  by  meani 
Of  its  ban  and  sprii^  Thia  weapim  b  necaliar  to  hot 
cUaalH,  paitleidariy  the  Wcet  lodica}  the  nili  bdi« 
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vcrv  dry,  are  (juickly  ififiiinieil,  and  (he  Jirt>  ij  soon  coii- 
veyi<i  Id  llio  niasK,  r.f;!:iiia,  and  finally  I"  the  vi'ssel  iu-elt. 

Fmt-JialU,  lu  Artillery,  arv  ccriaiii  ImU^  cutopoacd  of 
combustible  luattm,  tucb  as  fine  «r  mraled  powder,  sul- 
pboTi  MltpetR,  nyiTi  pitch,  ^CtrThMC  are  thrown  into 
the  enMB]r««wMji«lie  nighutimck  to  dwcovrr  whm  ibey 
are ;  or  to  th  fiwiia»>»WM>  fjfdlenm,  or  UiimIi  of  tbe  br- 


uegen,  &c.  Thiy  «•  Mmntiites  anatd  with  ipikes  or 
hook*  of  iron,  ibdjiltoy  miyno^nU  ofl^teMidi  wiMm 
wteic  tb«y  are  loi^V*  ^t.*^Ht, 

FlJRB-B«l!li.or  A'<ry-Af«<«<)r«,  in  Meteorology,  ■  kiailof 
Itnmous  bodiet  mually  oppeaHng  rI  n  grrut  height  ibovs 
the  earth,  with  a  ^plrndnur  surpnising  that  of  the  raoon, 
and  sonipliitips  apparently  as  luigr.  I(  has  not  been  ob- 
-I hp  !  lluil  ll(<y  lollnw  any  rcj;ii[,ir  loiitm' m  tnolioii,  but, 
un  tlic  Ciiiiii.iM,  niiiviiig  in  all  iljii'f imns,  inij  with  VL'ry 
dilliTcMt  ili^ri'is  irt'  ctl'  iily;  1 1 1 iitly  Ijicaking  into  »e- 
vi-ral  «iiiaU(T  ;  someUnu'»  iiiukiug  a  strong  bitting 
<>ound,<>i:iii>'iiriit'^  iiuDtingorvwiiabiiig with aloodnpoit, 

uud  siinn'timi'i  no!. 

Ttiist  luiumiiu^,  ;ip[K'Hntiici's  dtiubilis'i  ci>nitilute  one 
part  rit  till-  :iiicii-'nt  iiiu(li;;ie>,  blai-iii;;  5l;its,  or  Comets, 
vbich  i<i:<i  ;!i>'y  siJiiu'liiiu'!,  rrs.  iililr  in  Iji'Iiil;  uttended  with 
a  train  ;  but  more  oltco  tbey  appear  round.  The  tint  of 
the^-  ut  ivhicii  »e  have  My  Kcurate  account,  wai  ob- 
Mrved  by  I)r.  Hallcy,  and  mmm  otber  philotopben  at  dif- 
fitrciit  places,  in  the  y  ear  17 the  height  of  which  above 
the  ■ni6ce  of  tbe  earth  wai  computed  at  moie  than  70 
inUe*.  Many  others  have  been  acctuate)^  oberrved  linca 
duit  timet  and  docrifaed  b^dillerait  pfailoiophofa.  Soa 
Ffench  Memoin,  and  Philo*.  TVana.  vwi.  30,  41, 42, 43, 
a6,  47,  48,  51,  53, 54, 63,  74,  &c.  The  vebddciiBno- 
tions,  appearances,  nnd  hi  ighis  of  all  thoe  were  frand  ta 
bo  very  variou'< ;  thLtUi;h  the  height  of  some  uf  ihein  was 
tupposed  abijM-  the  Iijidi-.  ;is!-i-^iicil  to  our  u(mo»pbere,  or 
where  It  luyi-i  ilN  reliai  :ni  pnwiT.  The  iiiu-t  remarkable 
phenomt'imn  ot  thi*  kiml  un  iecoril,  n|>;>rnri  d  on  the  I8lh 
of  Aui;iist  17Hj,  iihnul  y  ii  I  im  lv  111  :i..  .  .ruing.  It  w.'is 
seen  tn  tli<-  nirtluvani  "f  Slu  iliiiul,  .i.u,  ■oi  k  :.  soullwast- 
rrlv  diric(ii>n  tiir  ^i;i  iiriim'ii-<  -p. in  ,  I"  iii^  i  ';. served  as  far 
a.i  rli<-  '.iiii'iiern  jiroi iiiccs  I  iann-,  by  .vime  it  was 
sji.  I  ;i.  Ii.i'.i-  liren  ;it  Ufiiie,  [kinsjii;;  ovei  a  space  of 
_  |0<M)  111  abdiii  tiall  u  inimile  (jI  liiiic,  tir:d  at  a  very 

great  height.  I)^■llll^:  il»  compk-  i!  uppi  ;ii  li  several  times 
to  change  ii«  shape  ;  M>mUime>  appearing  in  the  form  of 
ijOt  ballfiomctiiiK'*  of  two  or  more;  sometimes  with  a  InuD, 
^ad  •onetimes  wiihot^  one. 

Then  are  di*e»  opinions  concerning  tbe  nature  uiiJ 
origin  of  these  melrori.  The  lint  thing  that  occuried  to 
philotophers  on  this  subject  was,  that  they  weie  bunung 
bodies  n>iii<!  from  the  (urftcc  of  the  earth,  and  flying 
through  the  uiiiiosphorc  with  great  rapidity.  But  this  by- 
poth<<sis  «rai  »oon  rejected,  AD  considering  that  tbcfs  ms 
no  power  known  hy  which  stich  bodies  could  dthtr  be 
rdiM  .i  tM  ;i  •.ufiicient  lu  islit,  or  projected  with  the  velocity 
which  liny  liiiil  by  «mie  uir;in»  .-iniuirrd.  The  next  hy- 
jKilht-'is  [liiit.  insli'iul  ut  uno  vin'^lu  IjoiJy,  they  consist 
<  f  A  iriiin  ot  iiilpliurriitis  ^^|H^ul^,  i  \t<-iidiiii;  an  imiuenie 
v»;iy  through  the  iitiip '^p  ip  1 1  ,  ;uul  liemg  kindled  at  one 
m  l,  ili>|'iav  the  lunuiuui:^  i4[  juaiance^i  in  question  by  the 
f|r.'  rlinnit);  I'mm  i.iii?  <  \Ireinity  ol  the  tniMi  to  t!ie  <i:Iut. 
But  it  !'»  '  ''^^>  conceive  how  such  niHiiors  can  e.Msl 
^ffi  be  dispusi  d  ill  stall  lines  in  so  rare  a  part  of  the  at- 
gMiphcre,  and  even  to  burn  there,  in  an  almost  perfect 
'  '       Tor  wl^*^^'  •  —-  *-■  ■  ■  -   


diineil.for  another,  uhich  was,  that  those  meteor*  nte  p<T- 
mattent  s<did  bodies,  not  rising  from  the  earth,  but  revolv- 
ing round  it  in  very  e.xcentric  orbits,  and  thus  in  their 
perigRon  *nu>vinj;  with  vast  rapidity.  Uutu  the  various 
appenrancea  of  one  and  the  wnne  meteor,  to  observen  at 
different  places,  are  not  compatible  with  the  idea  of  ,a 
sin^  body  so  icvolviBa,  this  hypnibesis  has  also  heQigivca 
np  ill  ili'tum.  Af^n  it  baa  hcvn  said,  that  these  malraTa 
M«ia  Und  of  bodies  that  take  Hie  a» soon  as  they  ccmo! 

I  ere  of  the  earih.  But  tWa  caniiot  he 
MVfOMd  aiiihoQt  inplyiitg  a  prrvious  knowledge  of  tbe 
MMI*  af  these  bodies,  which  it  is  imposfibic  wc  can  have, 
^k^atker  hypothesis  is,  that  these  tiery  meteor>  are  great 
bodidb  of  electric  niaitrr.ioovinc  fiom  one  part  of  the  hea- 
vens where,  to  our  ( m  k  .  ptinn,  il  is  superabundant,  to 
another  uheie  it  is  iifiu  ii  iit:  a  conclusion  altemhd  with 
some  [irdbrtbiiily  ,  Iniiii  'he  Biibllop;.  i  liM  rud  betvuia  rli  e- 
trlcitv  Hnil  the  |ilieric<i!U'liii  of  tin  sc  nod  ICS :  unit  liei'.ri- 
they  a|i|ic,ii  1  >  be  (/\  tin  same  oiiij'n  "ith  siiimliiiq-vlar-., 
lightniiii;,  the  aurnra-borcalis,&c,  being  ail  referred  to  the 
same  CI. use,  vir, lha  dccltMtj  of  the  atmeiphcieb  See 

Aerolitt,. 

y I Ri- Engine,  is  a  machine  for  extingoisbing  accidental 
fires  by  means  of  a  stream  or  jet  of  water.  I'bc  commuii 
squirting  fire-engine  consists  of  a  lilting' pump  placed  in  a 
vetsel  ol  water,  and  wrought  by  two  levers  that  act  always 
together.  Daring  tbe  stroke,  the  water  raised  by  the 
piston  of  the  pump  apaMs  forcibly  ibraagh  a  pipe  joined 
to  the  pump-baira,  and  made  capahla  a(  any  degree  of 
elevation  fay  ncnna  af  a  y  iel4^g  leather  pipBtV  * 
and  socket  tttming  every  way,  scroMd  on  the  top  of  the 
pwnp.  The  vessel  containing  the  water  is  cnverni  witb  a 
straiaer,  to  prevent  the  mud,  See,  which  is  poured  into  it 
%ith  the  water,  from  choking  the  pumjvwork.  Between 
the  strokes  of  this  engine  the  stream  is  discontinued,  for 
svnnt  of  an  air-M  vn  1.  H<i»i  ver,  in  M'me  rases,  eiij;ine»of 
thi>  ciinstructii>;i  have  their  u-e,  hecHUSe  ihe  sln-am, 
though  interriijiieil.  i~  much  smarler  ihun  when  the  eni:ii:e 
is  made  to  tliriii%  w.iter  in  .«  cuntinufd  stream.  Sn'  these 
engines  parnnilarlv  <h-!CTibed  in  Oe^ai^uliers's  Bxpef. 
Philos.  Mil  pii  505  ;  or  .Martin's  Philos.  Ikitan.  vol.  S, 
pa.  tip ;  <>.  i;  G r<'<;ory's  MccbaaicB.  See  aleo  the  ligNia 

of  them,  plalc  X.  tig.  3.  - 

It  appears  that  in  the  year  lfi75,  Sir  Sum.  Morland  got 
a  patent  for  a  powerful  enpine  of  this  kind.  This  machine, 
by  the  strength  of  S  men,  would  force  water  in  a  conli- 
nued  stream,  from  the  river  Tbaaias,  to  the  top  of  Wind- 
sor custle,  and  60  feel  h|g{her,  at  the  rate  «f  tiO  barrels  ail 
hour,  which  experiment  «laa  icpeatfd  several  times,  in  the 
year  Itifll,  bclbn  the  kin^  qoeen.aiid  coart;  when  his 
n^ieUjf  pfearnted  Unrland  with  a  medal,  with  hia  cffgy 
set  loand  with  diamonds,  and  appointed  him  bb  nmitir  of 
mecfaanlce,  &C. 

Flftc>£ori^ornM7,a  small  gun  or  musket,  which  Aict 
with  a  fli%hand  steel;  as  distinguished  from  the  old 
musket,  onnatch-loek,  which  was  fired  with  a  match. 
The  firc-liirk  IS  now  in  coimnoii  u'-e  uith  the  EiHopean 
armies,  iuul  carried  by  the  fout-si'iiiH  rs.  It  is  usually 
about  3  tiel  s  inches  in  the  barrel:  and,  including  tba 
stock.  4  fi  rt  .s  inches,  carryiiif;  a  leaden  bullet,  of  which  ' 
0}>  make  Jib.  Tiu'  diameter  of  the  ball  is  -56,  and  that  of 
the  barrel  '56  parts  of  an  inch.  The  time  of  tlie  loven- 
lion  of  tirclodtt  »  wmriaiB}  they  yen  h«we*er  used 
in  I6'90. 

FlttK-FbeWt  aia  coMiifuect  ivr  commnmcatiag  heat 
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to'iaoHU*  md  alio  for  answrr'ng  vnrions  purpocei  of  art 
•  mi  imngftelgra^Tiie  gi  nt  ral  proppriics  of  air  and  firo, 
OB  «bich  Ihcir  eowmction  chiefly  dcpendi,  are  the  foU 
kwing.  vis,  that  sir  i»  tanfiad  by  haal»  and  condlmMd  by 
ttAAi  or,  im  otber  wofdmihe  iant  tjinnttty «f  air  takes  »p 
non  nace  wbm  wtm  tban  when  cold.  Air -fMiiad  and 
eapndrd  by  faeat, »  spcciftcally  HgbM*  tban  i(«as  hi^m, 
and  will  ri»r  in  other  air  of  greater  dcmity :  so  ibat  a  Sn 
being  made  in  any  rhiinnoy,  the  air  about  and  fiver  thalM 
is  rarofiid  by  t!if  hr:\t,  ihrnce  becomes  liglitcr,  and  10 
lises  in  th  i  mh;  .imi  n  t-  i  al  nt  the  top  of  the  cbininey : 
the  othiT  .111  III  Ulc  riKini,  ti  nting  towards  the  chimney, 
,  supplies  Its  pl.ice,  is  then  rarefii  d  in  itv  tiirt;,  n  i  l  k-<  * 
likevv)s<-;  ami  the  place  of  ihe  air  ihus  curru'd  sjUI  ol  lln 
r.  i!ni,  siijiplii'il  hy  fvesh  air  coming  III  ihroUjih  doori  bimI 
wiBdow*,  or,  i(  iliey  in-  shut,  throiiph  everv  t  rivico  wish 
nolence;  or  if  liir  av.  nui-s  to  the  i  ;niii  Ik  mi  clowd  up, 
that  little  or  nu  fresh  supply  «f  air  can  be  obtaiivrd,  tli« 
current  up  the  fiinnel  must  flag;  and  iheiBlokia^lM lollfHr 
drivao  up,  float  about  in  the  rt>uin. 

On  tfcMC  priiifipli's,  \anous  contrivance*  and  kinds  of_ 
fiM'fratet  and  aloTcs  have  bccn<lc\iv>d,  from  the  old  very 
«fen  aad  wide  chiamry-plamt  down  tn  the  pretent 
modith  ooci^ wbich  ate  mtiRi  narrowed  in  the  front, open- 
ing, by  tide  and  baaii  jaatbir  and  a  low  breast  or  cuantle, 
boidct  the  convenwaeaof  a  flap,  c&ltcd  a  rcgUter,  Ibat 
cordis  the  tap  of  tb«  HfMlovc,  but  opening  to  any  drgiee 
whb  a  tniall  winc^  wMch  Ma  ibe  bacit  part  ilopinc  op- 
wardi,  and  lo  ibrowc  tbe  KBoke  freely  op  tbc  funnel,  ad« 
Bitting  OS  little  uir  tn  pass  as  f  ou  please ;  by  whicb  simple 
means  the  warm  air  is  kept  mnre  in  the  room,  while  the  very 
narrow  and  vlopint;  orifice  pronmt  ^tl.c  brisk  a5cenl  of  the 
smoke,  and  yclprcvculs  its  icturn  d  J^^  II  Ligain.  for  the  same 
reason. 

Another  in<^nious,  but  moTccompkx,  ajipurntus,  culled- 
the  Pciinsyh  anitt  fire-place,  was  invpiu<^d  by  Dr.  FranUir., 
«hirli  kcc(i*  a  room  vrry  warm  Uy  a  constant  supply  of 
lre^il  hot  air,  that  passes  into  il  throii^jh  stove  itrclf. 
See  the  description  in  his  Letters  and  Fupcrsou  Philaso- 
pbical  Subjects- 
Many  other  forms  of  firc-graica,  often  n{  whimsical  fi- 
jiures,  have  bee* RGonmiended  by  diffcnnt  persons;  but^ 
•  after  all,  the  eoniM*  register-grate  is  far  the  best. 

FiRB-iW,  ia  lin  Military  Art,  is  a  small  earthen  pot, 
into  which  il  put*  gmuuie.  Ailed  witb  fine  powder  till  tlia 
grenade  be  covered  i  tbe  pot-  is  ibcn  ckwed  witb  a  pice* 
of  narcbawBt,  and  two  piecca  of  aatcb  laid  aciM»  and 
lighlcd.  This  pot  being  throwavfaeie  itiedeii|aed  lo  do 
axeeolkn,  brealn  and  fires  the  powder,  aad  ihia  agM» 
firea  the  powder  in  the  grenade,  wbiob  oaght  (o  have  no 
ftue,  that  its  operation  (nay  be  the  quiclKr. 

Ratant,  or  Rrnani  Fire,  is  a  lite  from  the  artillery 
anil  .^mall  arms,  directed  parallel  tu  tlh'  hiiri/mi,  ur  to 
tliirsii  parts  of  the  works  ofa  place  llm;  .irt-  di  [i  uddi. 

Running  Kiur.  i->  when  ranks  ot  n.rn  hrc  one  after 
aiinlhir  ;  or  when  tlic  lines  of  un  tinny  ^irr  i'rjwn  out  to 
lire  on  utT  dutit  n.|  .i  virf.  nv  ;  in  uhirn  ruT  riirli  srjiimlrfin 
or  battalion  lakes  ihf  tin  from  that  on  its  right,  from  ilic 
right  of  ihc  first  line  to  the  left,  and  frtmi  ihe  li  ft  to  (he 
right  of  the  second  line,  &c.  This  is  now  commonly 
called  afcu-di-jiyt. 

t'las-iSAipi,  In  the  oavy,  are  vessels  charged  with  com- 
bustible riintrrials  Or  aiolicial  firl-^Mlr^'':  which  having 
tbc  wind  of  an  cnmn/s  aUp,  gnpj^Ie  her,  and  set  her  on- 
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fire.  Anderwn,  in  his  History  of  Commerce,  vol.  i,  p:^- 
43?,  ascribca  ,di0  ioveniinn  to  the  English,  in  ihix  in- 
stance, via,  some  ves'seis  b«-inj(  filled  with  combustible 
natter,  and  sent  among  thv  bpanisii  riiipa  composing  tlie 
Innncible  Armada  in  r;»fS;  and  hnwewroie,  it  is  said,, 
tbe  terrible  invention  of  CrMhIpa.  Btft  livy  informs  ns, 
that  the  Rhodiaoa  had  invented  a  bind  of  ft«-shipi,  which 
ware  wied  in  wictioii  with  the  ftoatan  fleet  in  their  en- 
pgemml  wlw  the  Sy riaaai  in  the  year  190  before  Christ : . 
eawldraB*  ti  oombuttiUe  and  burtiitig  materials  were 
ht)ng«W  at  their  pn«iw»,  so  that  none  of  the  enemies' 
ships  dont  approach  them  :  for  these  tVIl  im  the  voemie«' 
<:ull'._\s,  sti  i:ck  their  beaks  inl'i  lln:--,  x-:  :  at  tlw  tame 
nir.f  V.  t  thcrn  on  fire.    Livy,  hli.  v,  i nji. 

"  i!d- 1  1 11  (  .  is  a  kind  of  artiiu  ntl  .  j  fjclitious  fire,  that 
burns  v\  i  r.  mulrr  «  aier,  anil  lhin  \vi;fi  g renter  violence  than 
o'jt  <d  II.  It  IS  coniposfd  (  '  M)l|di;.r,  rapiithi.,  pilch, gum, 
and  bitumen,  and  il  i>  only  cMinguishable  by  vinegiir, 
mixed  wiih  sand  and  urini ,  or  by  covering  it  with  raw 
hides.  It  is  said  its  motion  is  coatraiy  to  that  of  natural 
fire,  alwaya  following  the  direcdaa  in  which  it  it  thrown,, 
whether  it  bo  downwards,  sideways,  or  otherwise. 

Thr  Ftriicli  call  it  Greek  fire,  or  Feu  Gn-seois, bccatise 
first  used  by  tbe  Greeks  abuat  tbe  year  660,  as  ii  ob- 
served b>-  the  Jcwit  PeUviin,  o»  the  authority  of  Mieetaa. 
Theophann^  Cedraoui,  dee.  The  iowntor,  according  to 
Ae  MOH  atMhor*  waa  an  ent^necr  of  fMiopolit,  in  Syria, 
named  GhHiiriein,  who  Ant  appliad  it  in  tteaw-lliht  com- 
nandad  liy  Conataatine'  PiofoiMtei,  against  ihe  Saracens, 
nearCyaiena,  in  the  Hellesp<fAt ;  and  with  such  effi^ct,  that 
he  burnt  the  whole  fleet,  whicb  had  on  board  30,000- 
men.  But  others  reft  r  il  to  a  much  older  date,  and  as- 
cribe the  invention  to  Marcus  Gracchus  ;  an  opinion  that 
is  supported  by  several  piiss.Tges,  l.i.rli  m  t lie  Greek  and 
Roman  wrilen;  which  show  Ibat  it  was  anciently  used 
by  eac  h  of  ihele  utMBa  in  their  watt.  Beaficay||R<  dpinalr 
Carflan. 

The  succ«s<irs  of  Constantine  used  it  (  n  srvrrrsl  occa- 
sions, with  great  advantage  :  and  it  ii.  <aitl  that  they  were 
able  lo  beep  the  secret  of  the  composition  to  themidvcir 
so  that  no  other  nation  knew  it  in  Ibe  year  I)6o, 

It  is  rcconlrd  by  Chori' r,  in  :as  Hist,  de  Dauph.  ihtf 
Hugh,  king  (!f  Uur);undy,  demanding  ships  of  the  emperor  , 
L^o  for  the  sn  ge  of  Fresne,  desired  also  the  Greek  firc..»"- 
F.  Daniel  give*  alao.a  gsod  description  af  the  Giech  di^ 
In  hit  acMuarnf  tbe  ti^  of  Danietla.  tinder  8ti  Loiiini, 
Everv  body,  tqrt  he,  was  astonished  wi A  Ae  Onoh  iiiat 
wUdi  thaTWb  Aea  prepured ;  and  the  eecret  of  which 
iaoMrlott  Thqr  Arw  it  oat  of  a  hind  of  mortar,  and- 
vomctiaMf  shot  It  wiA  an  odd  sort  of  cross-bow,  which  wa*. 
strongly  Untby  meantofa  handle,  or  winch,  with  much 
greater  force  than  the  bare  arm.  That  which  was  thrown 
Iriin.  llie  mortar  sometimes  ajiprurcd  in  l!u-  an-  ut  ihe 
iif  a  Inn,  with  a  long  tail,  liinl  n  r"  jm-  Jik.j  ilmi  of 
thunder.  The  I'rrneh,  by  degrct 3,  c  t  't.  'in  t  n|  ex»- 
tinguishinn  il  ;  in  wdicli  llu-y  succeedrd  Severn!  limes. 

.Mii  r  .lil,  |ii  rtn"  |i-  iIm  invention  of  the  vulil-fire  is  to  be 
asc rilx-il  to  oilier  nations,  and  to  a  slill  obli  r  date,  and 
that  it  was  the  same  as  that  used  anions;  ihr  Indians  in 
Alexander's  inrasiotv,  when  ir  was  salil  they  fought  with- 
thuiKler  and  lightning,  or  shot  fire  with  a  terrible  noise. 

f  IBB- /fW*,  otherwise  called  Pyrotechnia,  are  artificial 
fires,  or  preparations  made  of  gunpowder,  sulphur,  andi 
Other  iniaBimible  and  oombuitiMo  iflgredicul^  whkbam 
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(Treplaycd  at  public  rrjojcingt,  and  on  olhrr  occasions 
The  principal  of  ihcse  aro  roekcU,  scrpcnU,  »(an,  hail, 
mine*,  bombs,  garlands,  letters,  and  other  devices.  'I  be 
invention  i>f  lire-works  L*  attributed,  by  M.  Mahudel,  to 
llie  riorenlines  and  people  of  Sienna ;  whuaUo  diicoviTcd 
the  method  of  adding  to  them  decorations  of  statues,  uith 
fire  issuing  from  their  eyes  and  mouths. 

FIRKIN,  an  i.ngli!<h  measure  of  capacity;  being  the 
•lib  part  4if  a  ^xirrel  ;  or  containing  9  gallons. 

FIRLOr,  a  dry  measure  used  in  Scotland.  Theoal- 
firlut  coiiiains  2I{  pints  of  that  country,  or  about  85  Eng- 
lish pints;  and  llic  barley- lirlot,  .11  standard  pints.  The 
wbeat-firl.il  contains  about  921 1  cubic  inches ;  and  there- 
fore exceeds  tbe  English  bushel  by  60  cubic  inches,  or  al- 
most an  llnghsli  qaail. 

FIRMAMENT,  by  some  old  astronomers,  is  the  orb 
oftliefi.xed  stars,  or  the  highest  of  all  the  heavens.  But 
in  Scripture  and  common  language  it  i*  used  for  the  niiddle 
regions,  or  the  space  or  expanse  appearing  like  an  arch 
quite  around  or  aluive  us  in  the  heavens.  Many  Hiicirnts 
and  luodorns ul>o arcounled  thetirmament  a  fluid  matter; 
but  those  who  pive  it  the  name  of  firmament  must  have 
taken  it  for  a  solid  one. 

FIRMS'  LS8,  is  the  consistence  of  a  body  ;  or  that  state 
in  which  il-'  (Kirts  cohere,  or  are  united  together,  so  thai 
the  niolixn  of  one  part  induce*  a  mrttion  nf  the  ri-»t.  And 
in  this  sense  firiiinesii  stands  opposed  to  fluidity.  The  firm- 
nes.s  of  lioiliis  therefore  de|>end8  on  the  conne.Mon  or  co- 
hesion of  ttieir  pattK'les;  and  the  cause  of  coht-sioii  the 
Newtonian*  hold  to  bo  an  attractive  force,  inherent  in 
bodies,  *»hich  binds  their  small  particles  tO(>ether  ;  excrt- 
iag  itself  only  at  the  points  of  contact,  or  extremely  near 
them,  and  vnni^liin^  at  greater  distances. 

FlSSURl-.S,  in  the  History  of  the  Eurth,  are  certain 
interruptions,  mostly  parallel  to  each  other,  thai  divide  or 
separate  its  strata  from  one  another,  in  nearly  honzoniul 
directions;  and  the  parts  of  the  Mmc  stratum  in  nearly 
vertical  directintu. 

FIXED  Line  <^  Drfence,  a  lin«  drawn  along  ibc  face  of 
the  bastion,  and  terminating  in  the  curtain. 

Fixed  qf  the Zitdiac,  according  to  some,  are  the 
four  signs  Taurus,  Leo,  Scorpio,  Aquarius.  They  are  so 
called  because  the  sun  passes  them  respectively  in  the 
middle  of  each  quarter,  when  that  season  is  more  settled- 
and  fixed  than  under  the  signs  which  begin  and  end  it. 

Fixed  Slur^,  arc  such  as  consiantly  retain  the  same 
position  a.^d  di>laiice  with  nspect  to  each  other  ;  by  which 
they  are  contiadisiiniiuished  from  ermlic  or  wandering 
start,  which  are  continually  varying  their  situation  and  dis- 
tance.— ^The  fixed  stars  only  are  properly  and  absolutely 
called  stars ;  the  other  celestial  bodies  falling  under  the  dc- 
nomiruition  of  plain  ts  or  comets. 

FLXrrY,  or  FixEDSKs's,  the  quality  of  a  body  which- 
determines  it  fixed;  or  a  property  which  enables  it  to^ 
endure  the  fire  and  other  violent  agents.  A  body  may  be 
said  to  be  fixe<l  in  two  respects :  1st,  When  on  bving  ex- 
posed to  the  fire,  or  a  corrosive  menstruum,  its  particles 
are  inde<-d  Kparatedi^  and  the  body  nndered  fluid,  but 
without  being  resolved  into  its  first  elements.  The  2d, 
when  the  bo<iy  sustains  tbe  active  force  of  the  fire  or  roen- 
siruums  while  its  integral  parts  are  nut  carried  off  in 
fumes.  Each  kind  of  fixity  it  the  result  of  a  strong  or  ii>' 
timate  cohesion  between  the  particles. 

FLAMF.,  the  subtlest  and  brightest  part  of  the  fuel, 
ascending  above  it  in  a  pyntttiidal  Aguri'i  )tnd  heated  red* 
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hut.  Sir  Isaac  Newton  defines  flame  as  only  r<d-bot 
smoke,  or  the  vapour  of  any  substanpc  raised  from  it  by 
fire,  apd  heated  to  such  a  degre<-  as  to  emit  light  copiously. 
Is  not  flame,  says  he,  a  vapour,  fume,  or  e.s halation, 
heated  red-hot;  that  is,  S'>  h>>t  as  to  shine F  For  bodies 
do  nut  llanir  without  emitting  a  copious  fume;  and  this 
fume  bums  in  the  Hame.  The  ignis  faluus  is  a  vapour 
shining  without  heal ;  and  is  there  not  llie  same  diffi  renen 
bcttveen  this  vnpour  and  HHUie,  as  iM-iwien  rotten  wood 
shining  without  heat,  and  burning  conls  nt  fire  i  in  dis- 
tilling hot  spirits,  if  the  heayl  of  the  slill  be  taken  ofl,  the 
vapour  which  ascenils  will  lake  tire  at  the  tlume  of  a  can- 
dle, and  turn-,  into  Hanic.  Some  b<idies,  hraled  by  motion  • 
or  feimenlation,  if  the  heal  !>row  intense,  fuiiu-  c<ipiously ; 
Mid  if  the  heal  be  great  enough,  the  tumis  will  shine, 
and  become  flame.  Metals  in  fusion  do  not  tiame,  for 
want  of  a  copious  1'ume.  All  flaming  bodies,  as  oil,  tallow, 
wax,  wood,  fossil  ci>al,  pitch,  sulphur,  &c,  by  burning, 
waste  in  smoke,  which  at  fin>t  is  lucid  ;  but  at  a  little  dis- 
tance from  the  body  ceases  to  be  so,  and  only  continues 
hot.  When  the  flame  U  put  out,  the  smoke  is  thick,  and 
fn>q>iently  smells  strongly:  but  in  the  flume  it  los4-s  its 
smell ;  and,  according  to  the  nature  of  the  fuel,  the  flame 
is  of  divers  colours,  lliat  of  sulphur  and  spirit'of  wii>c  is 
blue;  that  of  Copper  opened  with  sublimate,  green;  that 
of  tallow,  yellow;  of  campbire,  white;  &c.  Newton's  * 
Optics,  pa.  318. 

FLAMSTEEU  (Jour),  an  eminent  English  astrono- 
mer, beinj;  indeed  the  first  astronomer-royal,  for  whose 
use  the  royal  observatory  was  built  at  Gm-nwich,  thence 
called  Flunisleed  Huuse.    He  was  born  at  Denby  in  Der- 
byshire the  l(>th  of  August  l6'U>;  and  was  educated  ut 
the  I'lee-school  o(  Derby,  where  his  father  lived.    At  14 
years  of  a^e  lie  was  afflicted  w  ilh  a  severe  illness,  which 
rendered  his  couslituiion  lender  ever  after,  and  prevented 
hiin  then  from  going  to  the  university,  for  which  he  was* 
intended.    He  iieverthtUss  prosecuted  his  school  educa- 
tion with  the  W'st  (fleet;  and,  in  l(>b'2,  on  quitting  the 
grdmmar^hool,  bte  pursued  the  natural  bent  ot  his  genius,- 
which  led  him  to  the  study  of  astronomy,  and  closel/pur- 
sited  Sacrobosco's  book  DeSpbafra,  which  fell  in  his  way, 
and  thus  laid  the  louiidation  of  all  that  mathematical  and 
astronomical  knowledge,  (or  which  he  became  afterward  * 
so  justly  celebrated,    lie  next  procured  more  mud<'rn 
books  on  the  same  subject,  and  among  ihem  Siret  te's  As- 
iroiiomia  Carolina,  then  lately  published,  from  which  he 
learned  to  calculate  eclipse»  and  the  planets'  places.  Some 
of  these  being  shown  to  Mr.  Haltun,  a  considerable  ma- 
thematician, he  lent  him  Riccioli's  AIniagestuin  Novum,- 
and  Kepler's  Tabulx  Rudolphinar,  from  which  he  gained 
much  information.    In  Ib69,  having  calculated  some  re- 
markable eclipae*  of  the  moon,  he  sent  ihrm  to  lord 
Brouncker,  pn-sident  of  the  Royal  .Society,  which  were 
gteatly  approved  by  that  learned  body,  and  procured  him 
a  letter  of  thanks  from  Mr.  Oldenburg  their  secretary,  and- 
another  from  Mr.  John  Collins,  with  whom,  and  other' 
leariii'd  men,  Mr.  F1amstc«d  for  a  long  time  afterwards 
kept  up  a  com-spcmdence  by  letters  on  literary  subjects.. 
In  \C70,  his  father,  observing  that  beheld  correspondence 
VHth  tht'se  ingenious  person*,  advist'd  him  to  take  a  jour-  ' 
ney  to  London,  to  make  himself  personally  acquainted 
with  them ;  an  ofli-r  which  he  gladly  embraced,  and  visited 
Mr.  Oldenburg  and  Mr.  Collins,  who  introduced  him  to 
Sir  Jonas  Moore,  which  proved  tbe  means  of  his  greatest 
bou<>ur  and  prvfermcni.    He  here  got  the  knowledge  ami 
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practice  o(  utimionrical  inslrumrnts,  at  U'lc>>ct>pG&,  mi- 
crooKlen,  &c  :  unci  on  hii  return,  he  callcU  ut  Ciiinbridgo, 
and  vuitrti  Dr.  Barrow,  Nfwiun,  and  other  kamrd  men 
thrre,  iind  enti-ral  biintelf  u  student  ttf  J«u»-C4j1Ii>^c.  In 
l6li  he  made  miuiy  ci-k-^itiHl  obMrvation».  which,  with 
caieuUttioiik  gf  appuIsM  ot  ibe  moon  und  plant  u  to  fixed 
•una  ht  the  year  followiiM.'  Iw  aeoi  •*>  Mr.  Oktenbuig, 
who  iMiUMwd  tbent  in  the  PhHin.  Timm. 

In  iSJi,  Mr.  Flam*te«d  wrote  •  imalt  tract  on  the  true 
ditnwten  of  all  the  plant-u,  whea  at  their  gn«te»t  and 
least  distances  trom  the  earth  j  which  bo  lrt»C  to  KewtMi 
in  1680,  who  nude  some  use  of  it  in  the  4th  boolt  of  hii 

•  Principia. — In  1074  he  w  rote  an  nu  i  in,  tu  ihOw  the 
faKity  of  a»troli>uy,  und  the  lonoiaiiCL-  uf  ihm  ■  who  ]itv 
ttndi'd  tti  it:  wuii  talt ulalioui  ol  ti'.f  li  "  A  n-ing  and 

.  settin;;;  aUo  oli.uI|;i(ii<ii5  .iii  i  appuUcs  oI  iho  mouii  ulid 
pluneti  to  the  li\nl  -[.iis.  To  >MiilIi,  ;il  Si  1  .lonilS  Moore's 
ri'(]ueiit,  hf  addiii  a  l.ii  li  ol  llic  aiooii  H  Miiitliiiies  tor  ihrit 
yi  ur;  Iroiii  which,  nr.A  ti  nn  Philips's  thi-urj  ol  llir  Ii>li  >, 
till'  hi<;h-»ater»  U  uii;  compuli-d,  h«-  tound  jh<-  una  (  imii- 
vir_\  mar.  In  1674  hf  ttl»o  drt-w  up  an  atciniiii  ■  i  the 
tide»,  fuf  the  UM>  of  the  kitig.  Sir  Juuas  al>o  I'd  the 
kii^  ami  Ihr  duke  of  Vurk,  Mme  barumptent  and  ih  rmu- 
DKtenthat  Mr.  Flaraaterd  had  given  him,  with  ihc  i.ices- 
Miy  nitfs  for  judgiu  of  the  weather  i  and  othcruis^'  took 
'every  opportunity  of  apeakiitg  favourably  of  Flamaiocd  to 
thrn,  nil  at  ki4(tb  he  brought  fain  a  warrant  lo  be  the 
U«a*»  astramner,  with  a  laMiy  of  lOOl.  per  atHwm,'  to  be 
paid  «ut  of  the  office  of  Ordnance,  beeatue  Sir  Jonu  waa 
then  earteyor  gpnenil  of  the  Ordnance.  Thi^  however 
did  not  abate  ovr  autbor't  propi  i>:>it>  lur  holy  orders, and 
he  wai  accordingly  ordained  at  Kly  by  bishop  Gunning. 

On  the  10th  of  Augu&t  l675.  the  foundation  of  the 
royiil  olisiivutory  at  Grwnwich  «a-.  lai  i  ;  and  during 
the  buildini;  of  it,  Mr.  Flanitteed  s  tciin'urury  ob«-rvatory 
was  in  thi-  ijUtrnS  iioux',  where  be  madi-  ."i:-.  (ih>rrvalmns 
of  the  appulM  s  01  ibc  moon  and  [ilaiiels  10  tin  lixeil  stars, 
and  wrote  his  Docinnc  of  the  Spin  ic  wI.k  li  «ii>  iilier- 
wards  pub)>»iied  by  Sir  Jutkai  MiHtn-,  in  Ijii>  Systeui  of  the 
Matht  matic:,. 

About  the  year  1684  hr  v»a«  prew-uied  to  tiic  living  of 
Btir*iow  in Snrrry, which  he  held  as  long  as  he  livi  d.  Mr. 
-  *Flani*leed  waa  equally  mpi-cted  by  the  ijreat  nn  n  \u<i  con- 
teapumriM,  and  by  those  who  succeeded  him.  Dr.  \\ ot- 
tuUt  in  hit  Rvdvctions  upon  Ancient  and  Modern  Lrarn* 
ing,  ntykk  our  author  one  of  the  mo^t  accurate  obacrteri 
of  the  hcaveai,  and  laya  he  calculated  lablea  of  thcedipw* 
of  the  Kvend  ealelillcat  which  proved  vwy  ttieAil.lo  the 
attronoawTi.  And  Mr.  Moljfiiaaux,  in  bit  Diitptrica 
Novoi  tpeaka  very  hifj{hlyof  hM  abiliiioai  and,  in  the  ad* 
monition  t»'tlw  reader  peiied  to  the  uork,  obv  r\es,  ihnt 
the  Keotitelticat  method  of  calcnlatinfi,  a  ruy  V  pru^n'ts  Ls 
c|uiie  new,  and  never  before  publi»hi  d  ;  but  for  the  first 
hint  <d  if,  ""y^  his  I  niUit  acknowledge  myself  oblij^cil  to 
my  WMflhy  friend  .Mr.  l  iainMiid.  Hi'  wintu  M  unil  small 
tracts,  and  fiuii  in^i  iy  [lapi  r^  iii.nTtcii  in  tli'.-  i'hilu»<i|diical 
'rransai'IiHMs,  in  eiIiuus;  t  wry  vfjlumc,  Iidiii  iIh'  4th  ti> 
the  'if)th,  niiirli  aiu  loo  numcruin  to  !«■  pnuiculatly  rocn- 
tioiiL'd  m  thi>  place. 

But  Ills  cat  uork,  and  that  whiih  cjiiluined  the  prin- 
ri[>iil  <jp<  raiiiins  (ii  |,i»  life,  »as  ihi'  Ilislona  Cahsiis  Dri- 
tuiinicn,  pulilith.'d  in  17'*'.',  in  3  lar^e  folio  volume*. 
The  brst  iif  w  hich  ronlaiii]  the  observations  of  Mr.  W'il- 
\uua  GaacuigUtt,  the  original  inventor  of  the  method  of 
inmuriiigaaqilcs  in  ateleaeope  by  mcaaa  of  temn,  and 


the  limi  who  applied  telescopical  sights  to  astronomical 
instruments,  in  obsenatiuns  raadc  at  Middleton,  near 
Lcftia  ill  Yorkshire,  between  the  ycaia  l(i38  and  l6*3  ; 
cNtntcird  Inirn  his  letten  hf  tit.  Crabtrec ;  with  tome  of 
Jdr.  Crabtree't  obscrvatiopa  about  the  same  time ;  and 
•lao  ihoae  of  Ur.Flanulfed  himu-lf,  made  at  Derby  be-' 
twccu  the  yean  iSjO  and  1675;  betidet  a'mallitude  of 
curioua  olwecvatiions,  and  neceaaary  labici  lo  he  wed 
with  them,  amde  at  the  royal  obiecvaioiy^  bciweea  the 
year*  l6l$  and  i<»SSk^The  Sd  volvow  conuim  Ut  ob- 
tannuiani,  made  with  a  nuialaicli  of  iwar  7  feet  radiiw, 
and  140  dccrece  on  the  limb*  of  the  meridional  acnith 
dictanoea  of  Uie  fixed  tiaia,  ana,  moon«  and  planets,  with 
their  transits  over  the  meridian ;  also  observations  of  the 
diami'tem  of  the  sun  and  moon,  with  tin  1  1  1  hpvs,  and 
those  of  Jupiter's  satellites,  und  vuriatniii>  ul  tin  compjus, 
from  1GS9  to  171,9'  i''-^'  tahlis  siio.nnj;  ln.w  lu  render 
the  calculation  i)t  the  plai  ci>  ut  the  irtais  iinJ  pli.iK  Is  easy 
ami  i'.\pedilious.  l"  uliicharc  uoded,  the  moan's  pliico 
at  lii-r  oppositions,  r|ua<lrAt>ur«  s,  tec  ;  also  llie  plant  In' 
plates,  ilcuvcd  Iroiu  the  obsi  rvatuiis. — The  3d  volutr»c 
contain*  a  culalogue  of  the  ti^ht>ascetuioua,  polar* 
distances,  longitudis,  and  niitgnitudo  of  itearSQOOftMd 
Stan,  with  the  cturrvspunding  variationa  uf  the  same.  To 
thia  volume  b  pitfixrd  a  pr^ce,  at  considerable  lengib. 
Containing  an  account  of  all  the  aatmaomical  obscrvationt 
made  before  his  time, » iih  a  description  of  the  in&iruaeDIa 
cmpioycdt  at  also  of  hit  owa  ofatervatinns  und  instru* 
menia;  a  new  Latb  «enloa'«f  Ptolemy's  catalogue  of 
10t$  fixed  ttaia;  and  Ulcgli-hcig'a  plycca  atmeAcd  on  the 
Latin  page,  with  the  eondetioat  t  a  tmall  catalogue  of 
the  Arabs :  TychoBrahC't  of  about  760  fixed  stars:  the 
Landgrave  of  Hesse't  of  3 S5 :  ll«veliu»'s  of  1534:  and  a 
calaloftuc  ofsomeof  the  southern  fixed  stars  not  vImIiU' 
in  our  bemi<pher«-,  calculated  from  the  ohwrvations  made 
by  Dr.  Hall'  y  at  M,  Helena,  adapted  lo  tlicycar  l7v'0. 

This  work  III-  pri  pured  in  a  s;riat  int  .tsuie  lor  the  press, 
with  much  cure  and  accuracy  ;  luit  I'lrough  a  naluml 
wraknt'iis  of  constitution,  and  li.e  a<ivaiice  ofu';e,  he  died 
of  a  stran;;ury  before  he  had  cuiiipleled  it,  December  (he 
l<)th,  1719.  ut  73  years' fii^e;  Itavinii  tin- cure  of  finnkb* 
ini>  and  publishing  his  work  tu  his  friend  Mr.  Hodgson. 
A  less  perfect  edition  of  the  Hi»loria  CcKlcstis  had  before 
been  published,  but  without  his  consent,  via,  in  1718, 
in  one  volume  folio,  containing  liis  obscrvalioiis  to  ibe 
year  1703. 

FLANK,  in  Fortification,  ia  that  part  of  the  bastion 
ruarhiag  fiwm  the  conaia  to  the  bee;  and  it  defend*  the 
curtain,  with  the  oppoiiie  face  and  flanh. 
-  OWfHf  or  SteOHd  Flank,  or  Puhk  ^f-iAe  Chrttia, 
i<  that  part  of  tfa»  curtain  lr<iin  w  l.idi  thefiiceitf  the  op- 
(Kjsite  fattstlon  can  fac  «c<-u,  bein^  cuamlacd  between  the 
iiiK's  ru^ant  and  fichtiiii,  or  the  greater  and  lessliius  of 
di-l<  ncL  ;  or  liiu  part  of  the  curtain  betaeen  the  ftunli  und 
ti,<'  poir.t  win  re  till-  fic'i.iiit  liiie  of  di  fc'licr  ti  rininates. 

Gnt.cii.  I^jw.  cir  Hctirrd  FlAsa,  is  the  platlorm  of 
the  casi  iitate,  which  lies  hid  in  the  iMMioB  ;  aitd  tk  Otiwf* 
wise  called  tlie  oriilon. 

Fii-hani  I'l.vkk,  is  that  from  which  u  cannon  playing, 
£re»  directly  on  the  face  ol  the  opposite  bastion. 

Rtaml  ot  Raiant  Flank,  is  the  puint  liom  which  (he 
line  of  defence  beuiiis,  front  the  conjunction  of  which 
with  the  curtain,  the  shot  only  raseih  the  filce  of  (he 
next  baatiaiih  which  happens  when  the  fikc*  cannot  ^  di»« 
corned  bat  Ct«m  the  AaBkakwft 
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i>tuip!e  Vt.ASKH,  arc  lines  going  from  tiie  angle  of  tbe 
fehoulilci  to  the  curtain;  llu-  rtiict'  uflko  of  whicllBlbr 
the  <lcf<  iicc  of  the  inoal  and  place 

Flank,  is  also  a  terra  of  war,  used  by  way  of  analogy 
for  the  side  of  a  battalioDt  army,  &r,  in  contndisiiaruuu 
to  till  front  and  rrar.  So,  to  UtMk  ibe  enemy  in  flnnl^, 
it  toditcowr  and  fire  up"n  ilicin  on  ooe  tide. 

FLANKKD,  t«  uw  u  "i  ^jnictJiing  timt  hu  Oankt,  or 
may  faonp^konciied  on  ihi:  flaali.  At 

Flasilm  m  timt  fciwed  kg  the  two  races  of 
liio  lMlsti4a^  and  fonninj;  iit  poluor  nngle, 

Flahkbd  Lbu  ttfDtf^aee,  FlaHIIBB  Ttwii/V,  &c. 

FLANKING,  in  j(pm-ral,  is  tbe  discowH^g  and  iiring 
upon  tliB  A!hf  ttt'  a  plarr.  body,  ballalion,  &c.  To  tkfk 
a  place,  or'»th«r  work,  is  to  dispose  it  inuch  a  manner 
at  that  cvvry  part  of  it  may  be  playrd  upon  both  in  front 
and  ivar. 

FLAT  BiuiKin.  \%  (liat  which  i«  built  on  a  right  line,  as 
(Ml  ll:e  nu<i<llc  <it  t.'ir  riin.i;ii.  iS:c. 

■  FLKlCHI'.K  ( /Simi  aium;,  on  inacni'His  nialhi  nm- 
tician,  ^VH^  ij  I  ri  :it  1 ,11 1  If  liii'i!.;lit'in,  in  Cuailici  lainl,  iii 
17  14,  unil  liM  ,ii:lit  ir,i  III  l,is  t.illu  iV  liii-in<'>5,  liii'-lmmliy 
andtdbacC"  |  ;|i<'  niiikinj.  Il<-  U-ir.  iril  ;i)r>.iil  ,iii;l  \sn:i- 
by  hi»  own  ciideiininr^,  and  ufi'  TMurds  liai;;lit  hiiii>ell 
anihractic,  and  ^rHtlualiy  tin-  M  veral  branches  of  niaihc- 
matics,  wilb  botany,  toucbiriK  the  medicinal  quuliliet  uf 
herb*.  Al  the  apr  of  30  he  turned  >cli<Milmaster,  to  which 
ptofeilion  ■  waa  aildcii  those  of  u^irologrr  and  Country 
ancior;  in  which,  by  mcam  of  iiiilutiry  and  cccunoiit)', 
Iba  two  handmaids  of  fortune,  he  was  eiMblcd  to  leave 
hiiflinijly  in  poMeiiian  of  4000/.  at  his  death,  which 
kappom^  in  179$,  in  the  79th  year  of  fail  ag^  Mr. 
Fletcher  puhlitlied,  in  1752,  an  inKeniotis  tl«ati•^  ch- 
tided  Thv  Unieenal  iilcaiurrr,  in  one  vol.  8to ;  which  was 
afterwardii  (17tf'2)  much  enlarged  and  improved,  under 
the  till'-  "f  The  Utiiversal  Measurer  and  .Mechanic,  being 
a  general  collection  of  exercises  in  most  of  ihc  luuthema- 
lical  ten  iic<~s. 

FLK.MRLK,  is  the  prupi  rly  or  quality  ol  a  body  that 
nay  be  hent 

FLF.XION,  the  ■•anio  as  Mexuns 

FLlCXl'llM.  or  I'l.F  xioN  .  is  the  hftulitii;  t>r  riirvin,; 
ol  a  line  <ir  (i^ure.  Wlirii  a  lii>>'  (ir^l  U-Md^oiie  nay,  Hii'i 
thn>  ;:raduallv  change?.  Id  :i  Ijend  the  cdriliary  »iiy,  ihe 
point  uhete  ill  •  iHo  parts  join,  or  where  tbe  bending 
,cbanK<-<>  tothi  mlu  i  sidt^  it  called  Ihe  point  of  inflexion, 
or  of  Contrary  Ite.vure. 

FLIK,  i-rl  LY,  thatpartof  the  mariner's  compass  on 
which  the  32  points  of  the  wind  arc  dniwn,  and  ovvr 
which  the  npt-dle  IS  placed,  and  fisletie;!  uniiemeolh. 

FLOAT.AMrtfi^  the  boards  fixed  to  tbe  outer  rim  of 
vndcnhol  MtetHriiccls,  senriqr  to  n-ceive  the  impulse  of 
tbe  ttram,  1^  srhtcb  the  wfacM  it  caiiied  ronnd,^Tbera 
nay  be  too  .nany  of  Ume  boarcb  oa  a  wheel.  U  is 
thonghi  to  be  the  belt  wle.  to  have  their  diitanoe  aawider 
meb,  that  eeeh  of  then  nay  cone  out  of  the  water  at 
soon  as  piisMble,  after  it  has  rcccivrd  and  acted  with  its 
full  impulse  ;  or,  which  Comes  to  the  same  thing,  when 
the  siK  tx  iiitii;  iMK  IS  in  a  direction  perpendkulur  to  the 

Mirtacr  ut  llir  "uIit. 

1ll)\iim_.  /i/ii/?r.  is  ;i  !irit!i;L'  of  bnafs,  casks,  Ac, 
coven  d  wuli  plunk*,  firmly  lji;un(l  togellitr  for  tbe  pB»- 
tagoofmen,  horses,  or  carriages,  ^c. 

FLOOD,  a  deluge  or  iauadatioD  of  water. 


Fi.Oon,  >•■  also  lisvd  in  tpeakin!;  of  the  liiir,  when  It 
is  r.sing  or  fluwii  u|i ;  in  <  r.utryilisiinrtion  to  Iheebb, 
wliirh  is  «h<  n  ii  i,  ,li  t nasingor  running  out. 

FLOORINCf,  III  Carpcniry,  is  c  tninunly  understood 
of  the  boarding  of  the  duors.  The  inrasiireineni  of  flooring 
Is  estimated  in  squares,  of  100  si|UHre  fret  each,  or  of  10  .  • 
fet-t  on  each  side  every  way  ;  10  times  10  being  100. 
Heiire,  ti  e  UniitL  el  the  Huur  l  iin;;  iiniltiplitd  by  its 
breadth,  in  fw  t.  and  iivo  (igurta  cut  vfi  m  the  rigjhlp 
band,  gives  ti.e  squares,  and  ferti  or  dcnmalt  cut  JK 
thmf  a  floor  being  911  feet  long,  and  l6  wide;  then 
a  n  Itf  aagMtouaiviect,  wr3'59  K{OBn^  the  content. 

FLUENT^  or  Abienv  Siumtiiy,  in  the  Docuine  of 
FItikioilB,  it  the  variaUe  quantity  which  is  considertd  as 
increasing  or  decreasing  i  or  the  Hueni  t.fa  ^ivtn  f!u\i<iii, 
is  lliat  quantity  whose  ikixion  being  taken,  according  lu 
the  rules  of  that  calculus,  shall  be  the  tame  with  lliegivcB 
fluxion.    See  I'h'xionh. 

CoKlempo; my  I'l  i  r.NTs,  an-  such  .is  lltiw  lueetler  or 
lor  the  Miiuc  liii.e.  ,\nd  the  same  is  l<i  lie  unilrJst^Hjd  of 
cnnli  mpoiiiry  fluxions.- — W'heu  conla(ii]iot .1  r >  tUii  are  • 
nhtnys  t  qiud,  ot  in  any  constant  latiu  ;  iht  ii  also  xre 
till  11  fluMons  respectively  either  equal,  or  in  that  same 
coiisiunt  ratio.    That  it,  ifxsy^tlien  is  is_yi.wrif 

:.v  :  :  a:  I,  then  b«:>: :  n :  1 1  ot  ifxanj^  theo  it 
X  =  nr. 

It  i«  easy  to  find  the  fluxions  to  alK  the  given  forms  of 
fluents ;  but,  on  the  contrary,  it  is  diflicult  to  find  llie 
fluttiis  ol  many  given  fluxions;  and  indeed  there  aie 
numbericw  CKsesin  which  thii  cannal  be  elfcclcd,  except 
it  be  by  the  quadratme  and  rrctiflcation  of  curve  litMfc 
or  1^  I'tguitbrnt,  or  infinite  teiica.  • 

Tnfedaeiriiic,  first  invented  by  Sir  Isaac  Ncwlottt  wa»  • 
carried  by  htm  to  a  eonsldcmble  degree  of  perftctiao,  at  • 
least  as  to  ibe  mnt  frequent,  and  raoit  uteful  fomt  of 
fluenit;  at  may  be  n^n  in  his  Fluxions,  and  in  hitQua^  • 
dratureofCurvcs.  .Maclaurin,  in  hisTrcatieeufFlaxiont, 
has  made  several  inquiries  into  fluents,  reducible  to  tbe 
rectification  of  the  i  lltpse  nnil  hvpi  rbola;  and  Dalem- 
berl  I  a«  |>ur>u>  il  il  i  -  ,1111  ,iil  ;  el,  ar.d  carried  it  farther, 
in  II  I-  .Ml  niimcs  ilr  1 '.'.cad.  di  I'.i  ilin,  torn.  '!■  p.  200.  To  • 
till'  11  l>-lir;iti  il  M.F.uler  ll.is  dfctrinc  _ri-itll_\  indebted, 
in  many  parts  of  his  vaiir>us  » riUUii^.  us  .\ell  us  in  the  In-  • 
stitutiu  Calculi  Inlr^ralis,  in  3  viiU  Vto,  I'etr.  I768. 
The  ingenious  Mr.  Cotes  contributed  very  much  to  this 
doctrine,  in  his  llarmonia  Mensuiaruro,  conierning  the 
measures  of  ratios  and  angles,  in  a  large  collection  of  dif*  • 
ferent  forms  of  fluxions,  with  their Con<nq|ionding  fluentt; 
which  was  farther prowcuted in  tbe  same  way  by  Walne^ 
ley,  in  his  Analyse  det  Mcsum  des  Rapportce  ct  dee 
Aneirt,  a  large  vol.  in  4taj  1749'  Besidce  many  other 
auniors  who,  by  their  ingeniuui  labours,  have  erratly 
coottilwicd  to  facilitate  and  extend  the  doctrine  uf  mienta; 
at  EneraDn,  Kmnson,  Laadcn,  Waring,  Itc,  in  tbie 
couMry;  I'llApital,  and  many  ether  Jeanivd  ioreignert. 
•Lastly,  in  1785  was  publitlicd  at  Viennu,  by  M.  Paccasti, 
aOerman  nobleninn,  Udliandlung  ubrr  enie  iieue  Methodc 
tu  Inlegriren,.  Iieiiig  d  method  of  integratins,  or  fluding 
till'  lliu  nts  of  givi  ii  tluxi  in  ,  l>v  the  rules  of  tlie  tiiiect 
nil  ihiid,  or  by  t  ikinr  a^'uin  the  fluxion  of  lliu  given 
lU.Muii,  ur  llie '.M  fluxioh  ut  ilie  llueni  sought  ;  and  then 
inakin;;  every  lloaiug  quantity,  itsliu.xioD,  iiiiil  'id  lluxion, 
in  Etdiiii  tnr.il  progression;  »  method  howevi  i,  .'.hjili,  it 
scctD$,«nly  bold*  true  in  the  caiieat  caae*  or  forms,  whose 
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■fluents  are  ca&ity  luitl  by  the  inoit  common  roelhoiU  :  DoriaUe  qu^ntUiti,  havini^  ihe  jiu<  i'm  of  each  muUipiifd  by 

■nd  which  nearly  resembles  llic  method  finployej  by  C'liii-  iht  oilm  (juantinf  or  quantities     1        the  Hueilt  uf  pmH 

r«ut,  in  trailing  what  he  calktl  Equations  of  C'ondilion.  term,  as  il'  there  was  only  one  lariabli-  quantity  in  it. 

As  it  is  only  in  certain  purliculnr  forms  and  cases  that  namely  that  uho^c  fluxion  is  contained  in  il,  supposing 

the  Hucnts  of  given  fluxions  can  be  found;  there  being  no  all  the  others  to  be  coustunl  in  that  term  ;  then  ^  the 

Rietbod  of  performing  this  universally  a  priori,  by  a  direct  fluents  of  all  the  terms  so  found,  be  the  very  Mwe  quai^ 

investigation,  like  finding  the  fluxion  of  a  given  fluent  tity,  that  quanlity  will  hcUie  fluent  of  the  whole.— i'hut, 

quantity  ;  we  can  do  little  more  than  lay  dowo  a  few  if  the  given  fluxkm      if  *  xy.    Then,  tlic  Ihient  of  iy 

nilct  for  iuch  foveas  of  fluxion  Mm  kuaka,  from  the  it  9,  auppotingji  conttaut;  and  the  llurnt  of  Tf  ii  ils« 

lUrect  tacthod,  lo  bHong  to  tueli  and'radi  kiodi  of  flucnl*  xjr,  Wlwa  x  ii  oowUBt ;  therefore  the  common  resulting 

or  flowing  qoroiities :  and  tliev-  rules,  hucvideBti  auiM  quantity  jgr  it  tlM  nquiiud  fluent  of  tlw  givm  fluxio* 

chiefly  consist  in  performing  such  openUiou  m  an  the  ig  xy, 

reverse  of  those  by  which  the  fluxions  are  (bond  to  g^      And,  in  like  manner,  tlio  lant  of 
flowing  quantities.    The  principal  cases  of  wbick  arc  M  ijx  ■*■  lyi.  \s  xyx. 

lollow  :  'V.  I^Tien  the  givnt  Jluximal  cxprtuion  ii  in  ihit  form 

1.  To  jind  ,ht  Fluait  qf  a  .implc  fiuzion;  or  that  in  p..  ^j^^  indudmg.tun  quantuiet,  being  the 

which  there  IS  no  variable  iiuanlity,  an'i        lirif 'iuxujnal       y  .  •» 

quantity.  This  is  done  liy  l>iiri  lv  Mil»titutmg  the  variable  A-"""  '^f for^  wio  At  laUer.  mimuthtjburion 

or  flowing  quantity  instead  ot  iiv  (luxioM,  «•!  k  ihenialt  'if""  '"'"^  '^''<''^"  into  the /bimer,  and  dirided  bg  tketnuare 

or  reverse  i>f  the  nolutioii  only.  Thus, 


The  fluent  of  ax  i>  ai. 
The  fluent  of  ay  +  'iy  h  ag 

II.  When  my  po-u.cr  of  A  flonoutg  quantity  it  multij 
hi  the _fiitiion  of  the  root.  Tlwn,  having  substituted,  as  be- 
fore, the  flowing  quantity  for  its  fluxion,  divide  the  result 
by  the  new  inJcx  of  the  power.  Or,  which  is  the  same 
thing,  liike  out,  or  dividu  by,  fbe  fluxion  of  the  root ;  add 
1  to  the  index  of  the  pover}  uud  di*id«  by  (he  indcx.w 
.increased. 

80  if  iho  fluxioo  proBoacd  be  •  3«*is 

Stfllwottt'i,dwaitb  >  -  .  Sz*} 
.'  o4d  1  to  the  index,  end  it k    -  3t°; 

dindel>ytbcindcx<i,uditit  -  ^jl*"  or  (x^; 
•which  b  the  flncQt  of  tlwpropaeed  fluxwuS^V. 

In  lilte  manner,  the  ' 
of  4aJ*  is  2oj:'  ; 

1  1 
of  3x'i  IS  2j*  ; 

of  aj"jr  IS  X 


.of 

.of  («'  +  t')'zV  is 

III.  What  the  root  uuhr  a  viHcilnm  m  »  comptmnd  quan- 
tigr:tnd/he  index  qfAe  farter  Jactor  without  the  vincu- 

■  JM  iitcrrtued  by  I,  i  amt  nmltipie  iff  that  under  the  vinctt- 
hm:  Put  a  single  vxriaiile  letter  for  the  compound  root ; 
and  subuitute  it*  powers  and  fluxion  iqstrad  of  ihoM*  of 
the  same  value,  in  the  given  quantity;  lo  will  it  bo  l«* 
duced  to  X  limpler  form,  to  which  the  pMceding.rttle  cub 
then  be  applied. 

Tlius,  if  the  given  fluxion  he  y  =  {a"  -t-  r')'j'i;  where 
3,  the  index  of  the  quantity  without  the  vinculum,  in- 
crea'ied  by  I,  makes  4,  which  is  double  of  3,  die  exponent 
of  X*  within  the  SMoe ;  thefcibie  puttinig  s,  is     •«-  x*. 


qf  the  latter:  then  the  fluent  is  the  fraction or  of  the 
hmer  quantity  divided  b^  the  latter.   That  i». 
Hie  fluent  of         it  I : 

Md  the  fluent  of  b  p. 

Though  the  examples  of  this  case  may  be  peHbnnei 
by  ttie  forgoing  one.   I'bus  the  ^vcu  flu;iion 


393?  «|«t,  lo  5  -  2  or  1  -  *j^«S 


of  urhidi  the^flumt  of  -  is  -  when  m  b  omiluti  and 

AafltteBtof^fy^'b    ^^'  or^  when  x  b  eoutaiiti 

ead  therefore,  by  that  case, 

-  is  the  fluent  of  the  whole  , 

jr  /  - 

VI.  When  the  JJuxion  qf  a  ipianiiiy  i$  dirided  by  the 
ivunuitv  ilstlf :  Then  the  fluent  is  etjuul  to  ttn  h\ ]i.  1  Sidic 
iaganiliin  of  that  quantity;  or,  wtiich  is  the'iiumc  thing, 
ili<-  f1u(  iit  is  equal  to  2 .302.')KS()9  &c,.attltiplkd  hy  fSt 
common  log.  of  the  ;aine  qunntity. 

So,  the  fluent 

of 
of 
of 


X 

BX 


ot 
of 


a  +  r 


or  r*'  i  is  the  hyp.  log.  of  x; 
is  2  X  hyp.  log.  of  z,  or  s  b.  1.  of  jcf  j 
is  a  X  h.  I.  of  X,  or  h.  1.  of  a*j 
is  the  h.  1.  of  a 


x; 


is  the  h.  1.  of  n 


VII.  Many  fluents  nmy  b*  tound  by  the  direct  nuthr  il 
nf  llnxions,  thus:  Take  the  tliixion  ii^ain  of  the  riven 
tiuxiunal  exprcsaioa,  or  the  2d  fluxion  of  the  fluent 
ihence  i»  b  «  -it*,  aiid  in  fluxion  b  £EvBcf  h«nc«  sought;  into  which  lufattitute  —  for  f,  andt  for  y,  &e, 
then  x''x  =  ix*i  =  |i  d-a'),  tad  thegtwaquami^f  '  * 

or  (a*     *')h'x  is  =  {i^i  (e  -  o*)  of  »  ^t^ja  — 

•i«'i^jt ;  and  the  fluent  of  each  term  ^ives 

*  =t's'*  -  tV»*  =       (t',:  -  or,  by  sobstK.i- 

ling  the  value  of  :  Inslrud  of  it,  llic  s.ime  fluent  is 

IV.  What  Uen  mt 


that  is,  make  x,  i,  i,  an  also  y,  f,  jl,  (*c,  in  continual  pro- 
portion, or  X  :  X  :  :  X  :  and  y  :  v  :  :  y  :  y,  &c  ;  then  di- 
vide the  j(|uare  of  the  pvi  n  fldxiunal  ex]iri>inin  by  the 
2d  fluxion,  just  found,  and  the  quotient  will  Ix:  the  fttsent 
'QUght  in  many  cases. 

Or  Ue  «MK  rwU  tmg/  be  tuberaite  delivered  tbnt:  la  the 

given  flaxkn  T,  wAe  xtat  x,y  fori,  &c,  and  call  An 

i«Hilto»  (aUnflubo  the  fluxion  ef  thb  qvaslity,  e;  then 
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make  O  :  i :  t  a  :  v,  to  thall  the  4tli'  propori 
ibe  Aonit  at  befcve.  And  ihn  ii  dM  role  of  M.  Bm)> 

h  oaj  be  ^rorcd  wbelber  tbb  be  the  true  fluent,  by 
taking  ibv  floxien  ot  k  afiiat  which,  if  it  agree  witb  tke 
propof«d  fluxion,  will  ibow  that  the  fluent  i»  right ;  other- 
wiM^  U  ii  not. 

Thu^  if  it  be  propcni-d  to  find  the  flui  nt  of  ru"  "'*. 
Here  V  =  lu""'*;  write  first  *  for  i,  and  it  is  na""**  or 
•w*  s  o :  the  iuxion  of  iliit  ia  «  s  n^jc*'  'a  tbeidbre 
o  :  F  : :  a  :  F  fcecoaua  A""**:  «r»*"»» : :  :  jr"a  p, 
the  fluent  eoa^t. 

Again,  tuppow  it  be  proposed  to  find  the  fluent  of  xy 
•*-  Ty.  More  J-  =  xy  -t-  ry;  ilicn,  writing  jt  tor  t,  and  v 
for  r.  It  •     -'    "  '    •  ■  •  ^ 


It  u  XV     xy  or  Sjw  s  a:  tbc  fluxion  of  which  u 


floras;  then 


:  r 


:  ijr       ::  3xy  :  cjr  s  r,  Oe  fluent  mglbt.  See  nlao 

Mil.  7b/«(  RMMffy  aMMt^Ta  latfe  ^firm^ 
FbuioM  CMf  Mnmi, 

'  In  Ibe  IbllmriM  taUe  up  containrd  the  mo»t  mual 
tanm  of  flnziom  tint  oeenr  In  the  practical  solution  of 
problems,  witb^lr  OOmspumliitg  fluL-nis  stl  opposiit  (o 
ilii'm ;  by  fflcana  nf  which.  vi«,  comparing  any  proposed 
fiusion  with  the  coRopoadi^g  fern  htttf  tb*  fluent  of  it 
will  be  found. 

Where  it  is  to  l,<  nolcd,  that  the  liigurilhms  in  the  mid 
forms,  are  the  bypfrbolic  one?,  which  are  found  by  multi- 
plying tho  coniiiion  logs,  l/y  C  ;}0238aOy2i);)4M  .vc.  Also 
the  arcs  whus<-  sine,  or  tangent,  &c,  are  mentioned,  have 
the  radius  I,  and  aiv  those  in  the  coiamou  tabU^  of  sines, 
tangent*,  &c. — And  the  nurabvr*  tn,  n,  &g«  are  to  bo  some 
4ttMiiti%aatheiMintfan  wfaianasO,or«aO»ft(k  - 


II 


lU 


IV 


VI 


D—  1 


t'iuenu. 


(a  ±  i')         J  S 


no—  I  . 


m—  1 


mo-»- 1 


,  .  •-I'n-i 

{nixy  +  nxj)  x        jr  , 


IB— 1  .  n— 1  .  r— I  , 

or(tni|«-i-ai>i-i-ngi«)x     J'     a  » 

or  .5!;!!^^ 


n 


1  I" 

  X 


-  1      (fl  ±  I")" 


—  or*  * 


,B-I. 


—  J  . 


log.  of  X 


±  -  log.  of  a  ±  *■ 


— log.  of  —3 


1  !«. 


jc  aicta 


9X 
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Foimt. 


XII 


XIII 


XIV 


XV 


XVI 


XVII 


XVI II 


XIX 


XX 


Fluxion*. 


—  I . 

X  X 


—  I . 

I  X 


^(dx  -  X*) 


Xy/{dx-X*) 

i^(a«  -X') 


l'uttiiig(  =  m-«-  r 


Flumtt; 


-  log.  of  ^/(±  a  i«) 


2  .  I    .  2ji» 

-  >«  arc  to  UD.  */—,  or  -  X  »rc  to  vcr».  — 

li  «        M  « 


2  .x»         2  a 

— r—  X  arc  to  secant  v/—  i  or  -    -  %  ajc  to  co»ine  — , 

1  •  .  2a  -  x« 
or  — —  K  arc  to  cosine  


-  X  arc  to  dian.  d,  and  vers,  x 
a 


—circ.  neg.  to  diain.  d  and  vert,  x 

*  >■ 

-  circ.  lonc,  rad.  a,  and  height  from  centre  r 


or 


iw 


r— r  — l.r  — r— I  j-— 2.r-3.o' 


r -t- 1  .r -•- 2.a'      r.»- l.r-t-2.r-i-3.a:' 


Ac). 


7'A«  CW  of  ike  forcgwing  TahU  qf  forvu  <^  Fluxioiu  md 
FJuents. — In  the  use  of  this  table,  it  is  to  be  observed,  that 
the  first  column  serves  only  to  show  the  number  of  (be 
form,  OS  a  mark  of  reference;  in  the  2d  column  arc  the 
several  forms  of  fluxions,  which  arc  of  different  kinds  or 
classes  ;  and  in  the  3d  or  last  column  are  the  correspond- 
ing fluents. 

The  method  of  using  the  table  is  this.  Having  any 
Auction  given,  whose  fluent  it  is  proposed  to  find:  First, 
compare  the  given  fluxion  with  the  several  forms  of  fluxions 
in  the  2d  column  of  the  table,  till  one  of  the  forms  be 
found  that  agree*  vrith  it;  which  is  done  by  comparing 
the  terms  of  the  given  fluxion  with  the  like  parts  of  the 
tabular  fluxion,  vii,  the  radical  quantity  of  the  one,  with 
that  of  the  other;  and  the  exponent*  of  the  variable  quan- 
tities of  each,  both  within  and  without  the  vinculum  ;  all 
which,  b<'ing  found  to  agree  or  correspond;  will  give  the 
particular  values  of  the  general  quantities  in  the  tabular 
form.  Then  substitute  these  particular  values,  for  the 
same  quantities  in  the  general  or  tabular  form  of  the  fluent, 
and  the  result  will  be  the  particular  Hucnt  sought;  after 
It  is  multiplied  by  any  cocflicient  the  proposed  fluxion  may 
have. 

For  Exiampk.To  fi nd  the  fl ucnt  of  the  fl  uxional  expression 
3xU.  This  agrees  with  the  first  form ;  and  by  compa- 
ring the  fluxions,  it  appears  that  x  =  x,  and  n  —  1  =  |,  or 


a  =  I ;  which  beiug  substituted  in  the  tabular  fluent,  or 

- 1",  give*,  after  multiplying  by  3  the  coefficient,  3  »  |x'' 
s 

or  {x^  for  the  fluent  sought. 

Again,  To  find  the  fluent  of  Sx'x^c"  — x',  or  5x*i 

{c^  —  x')^.  This  belongs  to  the  2d  form  ;  for  n  =  c",  and 
—  x^=  —  x*,  11  =  3  under  the  vinculum,  and  m  —  1  =  }, 
or  fli  =:  also  the  exponent  «  —  1  of  x»~'  without  the 
vinculum,  by  using  3  for  n,  isn  —  I  =2,  which  agree* 
with  x*  in  the  fluxion  given ;  and  therefore  all  the  p^rts  of 
the  form  are  found  to  answer.    Then,  substituting  these 

values  into  the  general  fluent,  ~  ~  ("  ~  **)"!  g'*«s 
-ix  ?(c>-x')t=- V(c»-x^}i 

Thirdly,  To  find  the  fluent  of  ^  ^  ^.  This  agrees  with 

the  8th  form  ;  where  ±  x»  =  -»-  x"  in  the  denominator, 
or  n  s  3 ;  and  the  numerator  x*~ '  then  becomes  x',  which 
agree*  with  the  numerator  in  the  givenfluxion,  also  a  =  1. 
Hence  then,  by  substituting  in  the  general  form  of  the 

fluent  -  logarithm  of  a     x*,  it  becomes  J  logarithm  of 

1  +  x'!"  . 

IX.  Ttfind  FUiaut  by  means  <}f  Infinite  Seria. — When  a 
finite  form  cannot  be  found  to  agree  with  a  proposed 
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fluxion,  it  is  tlicn  usual  to  throw  it  inloaiv infinite  series, 
fithi  r  by  ilivisiod,  or  extraction  ut'  roots,  or  by  the  bino- 
mial thforcm,  &c;  after  which,  thoHucni>.  of  all  tketerins 
'  ire  taken  neparetcly.  ^  _  ^ 

For  Eiiimj'U.    To  find  iho  fldoiu  of  ^ — ■ — '■ — -Jc.  Here, 

Iiy  tliv  dln;;  tlif  numerator  by  lite  dcnumitmtur,  this  •>(»- 
c.iniLb  >  —  '^t  V  3  [ -v  —  jj  8i*A  iic;  und,  thcfluents 
ol  itil  (lie  tiTins  lieiiig  taken,  give  x  —  x'  -t-  x*  —  |  j:'  |x- 
&c,  ("or  tliL-  HuL'jit  M-iu^lit. 

To  Correct  a  Flu  EST. — The  fluent  of  a  given  fiuxiot), 
tounU  «»  above,  Mimctinm  wanlii  a  corn-clioii,  to  make  it 
Contemporary  with  that  required  by  the  problem  under 
CMuideiationi  &c  :  for  the  fluent  uf  any  gi%eti  flu.xiun,  as 
»t  nty  beeither  X  (wbicb  is  found  by  tite  rule)  or  U  may 
be  jr  ±  c,  that  ii  x  plus  or  minus  sama  constant  quaniity 
e;  bccBoae  both  «umIx±c  have  thesMMliuioax:  and 
tbe  finding  of  ihb  epMluit  qiiantily  c,  n  called  oomctijig 
the  fluent.  Now  fhw  comctloB  is  to  be  Ucieniiiiied  tnm 
the  mtanof  the  problem  in  hand,  by  which  mcana  to 
haow  the  lelsiicw  which  tbe  fluent  quamitie*  have  to  each 
Other  at  some  certain  point  or  time.  Reduce  therefore 
the  general  fliiential  equation,  found  by  the  rulei  :tli(i\e, 
to  that  point  or  time  ;  then  ff  the  equation  be  true  at  iliat 
point,  it  is  c'li  ieci;  but  if  nut,  it  wiints  a  coi  ri  clmn,  and 
the  quantity  ol'  that  correctinn  is  tiic  dillercr.cp  betMt-i.n 
the  twogeiierul  sides  of  the  cquuliun  ulien  reduced  to  that 
particular  state.  Hence  the  geiiera!  rule  for  tlic  Correc- 
tion is  thi>  ; 

Connect  t!)p  constant,  but  indeterminate,  quaniity  c, 
v.;ili  I  i  t  tlie  tlucntial  equation,  as  determined  by 

the  forcgoinj;  rules;  and,  in  this  equation,  substitute  for 
the  variable  quantities  such  values  as  ihcy  are  knoun  tu 
have  at  any  particular  state,  place,  or  time;  aad  then 
from  that  paidcalar  state  of  the  equation  find  tbe  «nine 
«f    the  constant  quantity  of  the  conaction. 

Mample.  To  find  tbe  comet  ftMnt  of  •  ^  Ifnt 
the  (eneral  fluent  of  thiaii»jM  jnx*,  orxste^ 
tdtiag  in  the  corieetion  e.— Mow  if  it  be  hnown  that  c  end 
9  bclin  together,  or  that  *  s  0,-whca  *  vO{  then  writittg 
•  hon  Ibrxand  i,  the  general  equation  beoomoaO  mO  c, 
or  esO;  so  that,  the  «alao  of  c  being  0,  tha  oonoei 
inentt  are  z  as  jox*. 

Bat  if  when  sr  =  i,  anj|r  known  quantity  ;  then 

rabsdtuting  0  for  r,  and  6  for  x,  in  the  general  equation, 
it  becomes  0  =  {ah'  ■+■  c,  t'rom  wtiirh  i<  fuund  c  =:  —  yth'; 
and  thi»  being  wnttcn  for  it  in  the  general  equation,  this 
becomes  a  m|a(s'  —  ii),f(ir  the  comet,  or  oonlcmpontry 
flurnts.  * 

Or  Ki  il\ ,  if  it  be  known  that  when  £  =  d,z  =  b;  then 
subsiiiiiiiii^  d  lur  and  b  for  x,  in  the  general  fluential 
•quatimi  I  —  l^i'  ■+■  c,  it  becomes  d  —  [ub'  c ;  and 
hence  is  deduced  the  value  of  the  correction,  viz, 
c  =  r!  —  -{(ji*;  consequently,  writing  this  value  fore  In 
tbe  general  equation,  it  becomes  «=  i«(x'  —  b')  d,  for 
Che  correct  equation  of  the  floenti  in  tbie  ease. 

And  hence  arises  another  easy  and  'geiteral  iray  of  oor« 
reeling  the  fluenu,  which  is  this:  In  the  general  equation 
of  the  fluents,  write  the  particular  values  of  the  qnantitict 
which  they  are  known  to  have  at  any  eettatn  tinMi  Omu 
wbtraci  the  sides  of  the  icndting  paitkalnr  oquatiofk 
from  the  corresponding  (idea  of  Iho  geaenl  one,  and  the 
lemaindcrs  will  nie  tha  comet  oqnatioa  of  thefloenli 
eought.   So,  at  above, 

tbe  general  equation  bfing      .  t  =  aif% 

Wfile  jf  for  s,  and  A  for  jr,  ihcn       -  <i=i«t*{ 


hpnce  by  subtraction 
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or  taor'-o*'-!-  rf, 

the  correct  Anenta  at  bcforeir-See  other  methods  of  fading 
ortrantfennin^  flnanti,  in  ay  Course  of  .Mathematies. 
•  FLUID,  or  rLi;iD  Bodg,  according  u<  Newton,  i»  that 
whose  parts  yield  to  tl»e  snialli-it  (one  impresstd,  and  by 
yielding  are  easily  nviu  d  nnir.ng  each  oth.  r;  in  l  U 
M-nse  it  sta;  lis  <j|)|iojid  tp  a  miIkJ.  i  Imx  is  ihe  iielini;.'.ii 
of  a  pirlrct  fluid:  if  Ihe  fluid  ie<)n.re  ^.  [in  sensiLiir  line 
to  nioic  lis  psrls,  it  ii  inipcrlect  in  proimilion  li>  that 
torcc  ;  and  .such  jK  rhajis  are  all  the  llnidi  WO  know  of  in 
nature.    Sec  I'liunn  v. 

Tliat  IuikIs  liav<'  Micuitii^  iii  ilieir  substance  is  evident, 
because  certain  jjinjies  ir ,  Lc  dissdved  in  them  without 
illcreuMng  their  bull..  I  luts,  water  will  diMolve  a  cerliua 
quantity  «t  »iUt;  after  which  it  will  r<-ccive  a  little  sUEMr, 
und  after  that  8  little  alum;  and  all  tlib  vwihoui  increas- 
ing its  first  dimetision!.  Witifh  shows  that  the  panicles 
of  iheM-  solids  are  »o  lar  separated  as  to  become  HMller 
than  those  of  tbe  fluid,  and  to  t>e  (eceivi^d  and  contained 
in  the  inlersticcs  between  them.         ,:  ■ 

Fluids  are  either  ekinic.  rach  as  aWV^^M|pii«laitic,  as 
water,  mercury,  &e.  Tbcta  latter  ooeupjlfllEMffle  space, 
or  aio  <tf  the  same  hoik,  nndor  all  pnmnm  or  forces ;  bu  i 
the  fbnncr  dikta  and  expAnd  themielvca  continually  by 
taking  off  the  cmteiaal  pressure  from  ihcm  ;  for  which 
reason  it  is  that  the  density  and  elasticity  of  such  fluidii, 
are  proportional  to  the  force  or  weight  ;';at  compresses 
theui.  The  doctrine  aiid  Ui«s  i  1  liuids  are  o!  the  grx-atest 
extent  and  im|n.irlaiice  in  philo'sophy  :  the  properties  of 
elastic  fluids  ciii:s;Hutuift  the  iloctriiie  of  Pneumatics; 
those  of  the  ii'in-eLisiic  tluiils,  that  ol  I lydroslalics  ;  and 
the  laws  (il  their  motions,  Hydraulics.  I  or  which  see  ihi-se 
ri  ijjM  tr.i  ;irliclcs. —  For  ihe  laws  of  the  pressure  and  gra- 
viiation  ui  tiuidii  specifically  heavier  or  ligh«i>r  than  the  bo- 
dies iiiimerijtd,  set- Sf  ecific  f»'flri(y —  I'or  the  laws  ui 
the  resistance  of  duids,  or  the  n-iardalion  of  nolid  bodies 
moving  in  fluids,  sec  Rcsistance. — For  the  osceitf' of 
fluids  in  capillary  tubes,  or  between  glass  planes,  ttc,  see 
/VsTENT,  and  Capillary  TVhv. 

FLL'Ti-;$,  or  FLOniroa,  are  certain  channels  or  can- 
ties  cut  ahin;;  the  shaft  of  a  Column,  or  pilaster. 

FLUIDITY,  that  state  or  aflectioA  of  bodies,  which  d<«- 
uominalci  or  rend  en  them  fluid;*' or  that  property  by 
which  thqr  jwdd  to  thotataUMtflMoa  imiprciied:  in  con- 
tradialineiion  to  lolidi^  or  limnoi.  Fluidinr  it  to  he  caie* 
fulif  dillinguialinfcffOM  Uqaidity  or  humidity,  which  lat- 
ferimplies  wettilpor  adhering.  Thus^  air,  ether,  mer- 
cury, and  other  melted  netals,  and  even  smoke  and  (1uin« 
itself,  are  fluid  bodicfl,  hut  not  liquid  ones;  while  water, 
b<  er,  milk,  urinc^dK^an  both  linda  and  liquids  at  the 
same  time. 

The  nature  nnd  r  iuses  i  f  fluidity  ha^e  l>eei)  variously 
a>sii;ned.  'I  he  GasM  ndisis,  and  ancient  corpuscularians, 
rei['..ue  only  three  conditions  an  r>rcessary  to  it;  vie,  it 
^tu  illiitAs  and  smoothness  of  (he  particles  of  the  body, 
viii  uili.  s  ill  ■ueen  these  parlicli'i,  each  of  which  being  a 
sphencal  hgure.  'ilie  Cartesians,  and  after  thetn  Dr. 
Ilooke,  Mr.  Boyle,  &c,  besides  tluae  circumstances,  re- 
quire also  a  certain  internal  or  intestine  motion  of  the 
particles,  as  chiefly  contributing  to  fluidity.  Thus,  Mr^ 
Boyle,  in  his  History  of  Fluidity,  argues  from  wiousex- 
porinie^ts:  for  example,  a  little  dry  powder  of  alabaster, 
or  plaster  of  Paris,  mieiy  aifiad,  being  put  into  a  vessel 
om  tha fiie^  toon  ksm  to  boU-ilheiwiart  exhibiting  aU 
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the  Moliora am)  phcaouMB* of  i|  boilincliqaor:  il  tninUn 
wrimiily  in  grmt  wmt  \  wHI  bMr  Mtrring  with  s  itick  or 
Imllei'witlMnU  iMitting;  mw\  if  ^troT^sly  ^tirml  nnir  the 
■kk! iX the  venel-,  iti  will  appan ntly  (iuh  a^^irot  A, 
tiius  resembling  tbe  boiling  of  w«trr:  yet  il  Mail  .dm  while 
a  dry  parchmi  powiier. 

'Ihe  sunn-  is  oliiiTvrH  in  "^ain!  ;  a  <iivh  of  which  bcinz  ^cl 
oa  a  druiii-hi  ill),  briskly  U'att  iiby  iho  sticks,  or  on 
U[)|i«-r  sume  nf  a  mill,  it  in  all  respects  cinuliili  s  ilu-  pro- 
pi  rtiis  <if  a  lluiil  borly.  A  llpavy  bodv,  ex.  gr.  i;niin- 
iliiitt-ly  sink  ill  it  li>  thf  Ixilti-m,  and  a  light  om'  cmi  rge  to 
lilt'  lop:  tjcM  %\-u\}  <4  >:irui  iia%  u  conitliiut  vibratory  and 
(lancing  iii<itu>ii;  and  it  u  holi'  l>i>  made  IB  ihe  tide  of  the 
dob,  (he  ^aJul  mil  spin  out  likt  water. 

The  Cartesians  bnnj;  divtn  con»ideratlons  to  prove  that 
ibc  parta  of  tluids  ait'  iit  continual  motion:  u  l<it,  The 
Cheage  of  »olid»  into  fluids,  ex.  gr.  ice  into  water,  and  vice 
vena;  tht  cliief  diSien'nce  tn-twocn  the  body  in  thtiso  i»o 
■lates  contiiti^g  in  this,  that  the  pan-.,  being  lixrtl  ami  ut 
«Mt  is  the  ena,  mi»t  the  touch ;  wbeieaa  in  the  other, 
being  already  ia  motion,  they  g|«  way  to  the  di^tect  ini> 
polie.  SdlAjhatfaeu  of  Anida,  which  oomraooly  pro- 
.  cced  fiom-aMbnt  ^IttW  the  iminualiaii  of  Aaida  aaioag 
the  poiet  of  bullnlWa  aofeaiag  aad  iiaieiBt  hard  ho* 
the^edaaa^wMivemcMlTainntidrc:  to  which 
ihej  add,  dial  n*  aoMr  can  be  beoogbt  lo  a  &tate  of  Au< 
idity,  wilhont  th^  intervention  of  tome  moving  or  move- 
able body,  a»  fire,  air,  or  water.  Air,  (hi-si  jili  licdphi  rs 
hold  to  bi>  the  fiT^t  spring  of  thf  caust-^iOt  fluidity,  il  biing 
ltu>  (hat  Li.fi  nil  •lull  to  tir«  and  water,  though  itwlf  ii- 
ccivij  lis  motiuii  ami  action  from  the  tliitT, or  sublilc  me- 
dium. 

But  Boeihaavf  plcadh  strenuously  that  tiro  is  thi-  (irst 
mover,  and  the  grtat  cause  ot  all  tUmilly  in  otlur  Uidie^, 
m-i  air,  water,  &c  :  without  this,  he  says,  that  the  atmo- 
jpluTf  i:si  lf  Houltl  lix  into  one  »olid  tnau.  And  in  like 
manner,  Ur.  ISlark.of  Kdinburgh,  mentions  fluidity  as  an 
effect  of  Ileal.  The  dillt  rciit  dcarccs  of  heal  w  hich  an-  re- 
i|0ired  to  bring  dilferent  bodies  into  a  tlate  of  fluidity,  be 
^ppoaat  nay  depend  on  some  particulars  in  the  mixture 
■ad  coatpoMlion  of  ibc  bodies  tbemK-lvta:  which  ia  nn- 
dcvad  lardier  probable  ftooi  conaidering  that- the  nalairt 
atale  af  hodtai  ia  diia  latpect  ia  chaaged  by  cettaia  aii»- 
laieai  dMttiAca  two  metab  arecotnpottiidMtlheaiKlan 
'  ia'oBiaiBoaly  aMra  fiirible  thaa  ddwr  of  ihaqi  lapaniely. 
Mowton*a  idea  of  the  cause  d  fluidity  ii  dUcrent:  ha 
eonddereil  to  be  the  great  principle  of  altnictiao.  The 
various  intestine  motion  and  agitation  amom;  the  particles 
of  fluid  bodies,  he  thinks  ii  naturally  accounted  for,  by 
supposing  it  a  primary  taw  of  nature,  that  as  all  the  par- 
lic'n'-  of  matter  attract  each  other  when  within  a  certain 
tiiht.iiice  ;  io  lit  all  greater  distances,  they  avoid  and  tiy 
from  urif  another.  For  then,  though  ibeir  common 
graMCv,  ti'Selher  wilh  the  pressure  of  other  bodies  upon 
tht<:i,  ir.ay  keep  them  togrther  in  a  mass,  yet  their  con- 
tinual endeavour  to  avoid  one  another  singly,  and  the  ad- 
ventitious impulse!  of  heat  an<<  lislit,  or  other  rxternal 
causvs,  may  make  the  particles  of  Auidt  continually  move 
round  each  other,  and  Ki  produce  this  quality.  As  there- 
fun  the  cauM-  of  coheiion  of  the  partK  of  aolid  bodies  ap- 
pilars  to  be  their  mutual  attnctioot  SO,  OB  thla  principle, 
the  chiefc  i'i»  rjf  auidityteemstobeaeontntrymotinn.iai- 
prt-sscd  t  i.  u."  purticleaof  fltud*}  by  wliich  ihcy  avoid  and 
dy  from  each  uiherHM  looti  a»  they  coaie  at,  aad  aa'ioag  aa 
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all  flaidti  thai,  the  diredioa  of  their  prearare  ajj^ait  the 
vawli  whidi  coataia  iheiBtie  io  liaea  perpeoditndar  to  ' 
the  aidca  of  such  wcMl*}  which  prapeity,  bcMM  the  ae- 
cenaiy  malt  of  the  spherical  figure  ar  tho  jiiardelea  of  aay 
fiaid,show's  that  the  parts  of  all  fluidaanao^or  of  a  %ai« 
very  nearly  approaching  to  it. 

FLUX.in  llydrogiaphy.a  regular  and  periodica!  motion 
oi  file  M-a,  happening  twice  in  Z\  hours  and  48  minutes, 
ne:iilv.  'Ihe  tlux,  ^^r  tbnv,  is  one  [l.r  iiiiitir);>s  ul  li.e 
tide  :  (he  other,  by  w  hich  t'le  uat.  r  sinks  aiict  retires,  bi-ing 
called  the  n  fiiix,  iir  ( lib     '-i  i  I'ltic. 

Ikiwiin  ill.'  Uux  and  ii  IUi\  du  re  is  a  kind  of  rest  or 
cessation,  of  about  half  an  hour;  during  which  tiaia  tlie 
water  is  at  its  greatest  height,  called  high-water. 

The  fluxof  ihesea  follows  chiefly  tbecoune  oi  the  moon  ', 
and  is  always  highest  and  greatest  ut  new  and  lull  mtHim,, 
particularly  near  the  lime  of  the  equinoxes.  In  bomt:  parts, 
as  at  Mpunt  St.  Michael,  the  wau  r  rises  18  or  20  fe*t, 
though  in  the  open  sea  it  lievei  rmn  above  a  foot  or  two; 
and  iu  some  placet,  as  al>out  the  Morea,  there  is  no  flux  at 
all.  It  rum  up  aome  riven  above  120  milca :  though  up 
the  river  Thaoiea  it  goci  oaly  about  90,  via,  neat  lo  Kingji* 
ton  ia  Saney*  Above  Londan-btidge,  the  water  Aowt  « 
h«K^  aad  ebbs  8;  and  below  the  bri^gTtit'hnn'lunini, 
andeMaT. 

FLUXION,  in  the  Newtonian  analysi*,  denotes  the  rate 
or  proportion  at  which  a  floiving  or  varying  quantity  in- 
creases its  magnitude  or  f|uantity;  and  it  is  pmporlional 
lo  lliE  magiiilude  by  which  the  llowing  quantity  would  be 
uniformly  increased,  in  a  givv^n  lime,  by  thr  t'l  i  i-i  itint: 
([uantity  continuing  of  the  invariable  matniluoe  i£  lias  ai 
the  iTiumeiit  (d'  time  for  winch  the  lluxion  is  taken: 
by  wiiich  It  stands  ronlradistini'uislieti  fnmi  fluent,  or  the 
flowing  quantity,  \->  -;.ulij::l,'y.  .iinj  imluJinitcly  in- 

creasing, after  the  manner  of  a  space  which  a  botly  in  mo- 
tion describes. 

Mr.  Simpson  observes,  that  there  is  an  advantage  in 
thus  considering  fluxions,  not  as  mere  velocitieaof  increase 
at  a  certain  point,  but  as  the  magnitudes  which  would  be 
uniformly  generated  in  a  given  finite  time  :  the  imagina- 
tion ia  not  here  confihed  to  a  single  p<^>int,  an<l  the  higher 
•nfenof  Mkioai  are  rendered  much  more  easy  and  iatal* 
ligjlhle.  Aad  though  Sir  Isaac  Ncwtoa  dcfiaes  Jhutuaa 
to  be  the  wlochict  of  laotiont,  yet  hAaa  recouiao  to  the 
■wmrats  or  incfencnta,  (caeraied  in  cqaal  pariielcs  «f 
time,  to  dcterffline  those  velocitiei,  which  he  afterwarda 
directs  lo  expound  by  finite  magnitudes  of  other  kiiMls.  As 
to  the  illustration  of  this  deliiiilion,  and  the  rules  for  find- 
ing the  fluxii'ns  of  all  sorts  of  flawing  tjuaiilities,  sea  ihc 
following  ailicle,  or  ihe  Melbrid  i.f  I'ltiMolis, 

M'lfiod  or"Fi.uxloN*,  IS  the  algorithm  and  analysis  of 
fluxions  and  fluents,  or  flow  ing  quanlilies.  Most  i<iri  ign- 
crs  deflne  this  as  the  tnelhod  of  dlfli  ienr es  nr  citii  N  i;:ials, 
In'ing  the  analysis  of  indi  linitely  small  nuaiii iiii s.  But 
Ncwlon,  and  other  Knglisb  authors  call  llnse  in/iinlily 
small  qnantilics,  moiTH-nts;  considering  them  as  the  mo- 
mentary increments  of  variable  quantities;  as  of  a  line  con- 
sidered as  generated  by  the  flux  or  inotitin  of  a  point,  or  of 
a  surface  generated  by  the  flux  of  a  line.  Accnrdiaglj, 
the  variable  quantities  are  called  fluenu,  or  flowing  quaa- 
titiet;  and  the  method  of  finding  either  the  fluKiun,  or  tho 
flaeati^aiediodofflaskMia.  BBtM.Iicibniti«Miatdeia 
the  aaaao  hifinildy  ■awll  quandtics  aa  tho  difiemica!,  or 
"  I ;  and  the  method  of  fiadig 
i  ba  call*  Ac  Didtrcotial  Calculuju 
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(hit  difliwcaee  io  dw  nMne,  then  k  tnother  io  th«  oMip 
'  •  tioo.  MeettiMi  exprnm  the  flnxion  of  s'qaulity,  ni  of 
bjr<t  point  plaeed  over  it,  thus  i;  while  Leibniteeaipwtt 
lilt  dnbrealioi  of  dwrnne  x,by  preilxiog  the  iaititl  letter 
if,  ntlx.  And  except  in  tiMM  ciicnmMmbiH  Ae  two 
methods  mny  be  considered  at  tiie  nme. 

The  Mi  thod  of  Fluxions  is  probably  one  of  ihe  grciit- 
f4l,  most  iulilU',  and  sublime  discoveries  of  any  age:  it 
opens  n  new  world  to  our  view,  uiid  cxltniU  our  kticnv- 
lednc,  as  it  ri',  Id  iiidnity ;  carryiii;;  ut>  U-yoiid  the 
bourxK  that  sci  nud  to  have  been  prescribed  to  the  human 
ininil,;it  !i  a>t  intir.ilel)  Inyoiid  those  to  which  the  ancient 
gcormtrv  nii>  cciilineil. 

Thi;  histf>ry  of  this  important  discovery,  recent  as  it  is, 
a  a  little  dark  and  embroiled.  Two  of  the  greatest  men 
of  the  Invt  age  have  both  of  them  claimed  the  invenlioo. 
Sir  I.  Nruton,  aiid  M.  Leibniti;  and  nothing  can  bo  moru 
glorious  lor  the  method  itself,  than  the  ical  with  whicit 
the  partisans  of  either  side  have  astertcd  ibeir  title. 

To  exhibit  a  juat  vkv  of  ibis  dispute;  and  .of  the  pre- 
Icniiofls  of  eneh  party, m  tnay  here  advert  to  tlw  origin  of 
thadiaeoveiy,  ani  mailc  trhcte  each  daim  conunmoed, 
and  how  it  waafspported. 

The  ntiacM|ir.Mi  which  the  Melliod  of  Fluxions  is 
fiiontlea,  or  which' conducted  to  it,  had  been  laying,  and 
gradually  developing,  from  the  bcgpailiRif  of  the  17lb  ccn- 
tury,  by  Fc-nnut,  Napier,  Bari'oWjWallis,  SluVius.^c,  who 

had  mclhofib  ol  drauini:  lanc:fnl<.  i  f  rn;.\:nia and  mittima, 
of  qUAdniluio,  ice,  iu  certain  particul.ir  cuie»,  as  of  ra- 
tional r]uantitie!i,  on  nearly  the  !ia:rir  |irii]i  i|>l,>,  Ami  jt 
was  not  wonderful  that  such  a  gi  iuuj  hs  New  ton  shuuid 
soon  niter  rai>L-  those  faint  bt-jtiniiinps  into  a  regular  and 
gcnfT«l  "-vMem  of  science,  wliich  be  did  tibout  the  year 
l6(i  J,  or  M  loncr. 

The  first  tune  buweTer  that  the  method  appeared  in 
print,  was  in  Ib'Si,  when  M.  Leibnitz  gave  the  rules  of  it 
in  ibe  Aripsic  Acts  of  that  year:  but  without  the  dcmon- 
ftrationa.  Tite  two  brothers  however,  JoIia  and  Jumes 
Bernoulli,  being  struck  with  this  new  method,  applied 
themselves  diligently  to  it,  found  o«t  the  dcinoaitiBliOn% 
and  applied  the  calculus  with  great  roeceas. 

But  before  this,  M.  Leibniu  bad  proposed  bis  IMflei*^ 
cntinl  Method,  vis,  in  a  lattnr,  dated  Jan.  SI,  ifi??,  in 
wUch  I*  exactly  puneea'Or.  Bamw^  method  of  tan* 
gently  that  had  bean  pnUithcd  in  1 670 ;  and  Newton  cooh 
Bunfcaled  hii  method  of  drawing  tangenu  to  Rifr.Cidlini, 
in  a  letter  dated  Dec.  10,  l672;  which  (ctter,  together 
with  another  dated  June  13,  1 676,  were  sclit  to  M.  Leib- 
nitz by  Mr.  ().  li  iif  urf^h,  in  l()76".  So  that  lln  ii  is  a 
strong  prrsuiTijiliun  that  he  might  avail  himseil  ot  the  lu- 
&>rraauon  contained  in  these  letters  and  other  papera 
transmitted  with  tliein,  and  .-il<io  in  l6'75,  before  the  pub- 
lication of  li.s  ijiMi  ietlLT,  cuiilainin;:  llif  tir^l  h;nt  of  his 
dillerenlial  method,  indeed  it  sufficiently  appears  that 
Newton  had  invented  his  method  U  forc  the  year  !()(!<),  and 
that  he  actually  made  use  of  it  in  his  Coropendiura  of 
Analysis  and  Quadratore  of  Curves  before  that  time.  I  lis 
attention  seems  to  have  been  directed  this  way,  even  be> 
fore  the  time  of  the  plague  winch  happened  in  London  in 
1665  and  \666,  when  he  was  aliout  28  yean  of  age. 

This  h  all  that  is  heard  of  the  netbod,  till  the  year 
iSSft  wben.Mewl(Mftt«tet.worh  the  Ptlncipia  apMuedr 
wWch  ii  alaaM  lAnlljr  fooadtd  on  the  iame'eB||Enln8» 
The  coanMi  opinion  dwawniLthat  Newton  and  Leibniti 
hid  uA.  tutvud  it  ahont  vie  same  time;  and  what 
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acencd  lo  eonftim  it  wnn  that  neither  of  them  made  anv 
MMUien  of  Iheother;  and  ibk,  though  ibey  agieedin  the 
Mifattnnce  of  the  thing,  yet  they  iUklei  m  their  waj^  of 
conceiving  it,  calling  it  by  dillmnt  names,  and  u»ing  dif- 
ftnQtchwncien.  However,  forcigne  having  lir>t  ii  nrned 
the  nelhod  through  tlte  medi  um  of  Ixibnifz  5  publication, 
which  spread  the  method  tbri'U^h  f.unipe,  they  were  in- 
sensibly accustomed  to  consKlei  lorn  as  the  sole,  or  pnn- 
cipal  iiiveiiiur,  and  became  ever  atti  r  ^troimly  prejudiced 
ill  tinuur  <U  his  nutation  and  mode  <i|  conceuirip  it. 

'I  he  two  great uuthori.  thtaisc  h. without  any  Neiining 
eiiiitern,  or  dispute,  ll^  lo  l(;e  |  roperrv  oi  the  invention, 
enjoyed  the  glorious  prospect  ol  the  |iri,i;ressi  s  continually 
making  under  their  auspices,  till  the  year  when 
the  peace  began  lo  be  disturbed. 

M.Facio,  in  a  treatise  on  the  Line  of  Swiftest  Descent, 
declared,  that  he  was  obliged  to  own  Newion  as  ihc  first 
inventor  oLtbediftncntial  calculus,  and  the  liriki  by  tibuiy 
yeara)  and  that-he  left  the  wA-ld  lu  judge,  whether  Leib« 
nils,  the  second  inventor,  had  taken  any  thing  from  him. 
This  precis^  distinction  between  first  and  second  invvnior, 
with  theauipicion  it  insinuated,  raised  acantioveriy  bo> 
twean  M.LMbnita,  supported  by  the  e^lilon  of  llw  Ceipoe  . 
Act*,  -and  the  English  nalhenntieiihi^  who  declared  for 
Newton.  .  Sir  bene  himself  never  appeared  on  the  sn-ne ; 
his  glory  was  become  that  uftbe  nation;  and  his  adhe- 
rents, warm  in  the  cause  of  their  country,  needed  not  his, 
assistance  to  animate  them. 

Writinm*  oucceeileil  uich  other  but  slowly,  on  cither 
Mill  ,  |iruljaljly  on  account  of  the  distance  of  places  ;  bnt  • 
tlie  ct)nlrover«y  prcw  still  btron^er  and  stronaer:  till  at 
length  iM.  l.<  ibnit/,  in  the  year  1711,  complained  lo  thi' 
Koyal  Socrety,  tbatDr.  Keil  had  acctt^ed  hirn  of  pub- 
lishing the  .Method  of  Fluxions  invented  by  Sii  I.Newton, 
under  other  names  and  characters,  lie  insisted  that  no-, 
body  knew  belter  thap  Sir  Isaac  himself,  that  he  had 
taken  nothing  froaa^hint}  and  required  that  Dr.  Keil 
should  disavow  UioJI  coostroctioa  which  aight  he  pat 
ifywo  his  words."  / ; . 

'4'be  Socieiy,  thus  appealed  to  at  a*  judgt^  appointed  a 
oommiute  to  examine  all  th^  old  letter*,  papen,  and  d<H 
cumeat^.  that  had  pasacgl  among  the  several  mathemati* 
duut  JiaMiw  to  thu  aal|ject }  who,  after  a  strict  esatni- 
natioKcf  ^  ue  evidcace  that  eonU  he  procured,  gaveia 
tbtiT'dporl  aa  follows :  "  That  M.Lciboits  waainLoo. 
don  .in  1(973,  and  kept  a  correspondence  with  Mr. 
Collins  by  means  of  Mr.  Oldunburgfa,  till  Sept.  I676, 
when  he  returned  from  Paris  to  Hanover,  by  way  of 
I^^ndon  and  Anisterdnra  :  that  it  did  not  appear  that 
M.  Leibt'.ilz  knew  any  thing  of  the  differential  calculus 
befoje  Iji-.  ji  tter  of  ihe  21st  of  June,  16'77,  "  Inch  w»s 
a  year  alter  a  copy  of  a  letter,  written  by  Newton  in 
the  year  10/2,  had  been  sent  to  Paris  to  be  Communi- 
cated to  him,  and  above  4  years  after  Mr. Collins  begaik 
to  communicate  that  letter  to  his  correspondents ;  in 
which  the  Method  of  Fluxions  was  sui)iciently  explaiit- 
cd,  lo  let  a  man  of  his  sagacity  into  the  whole  matter:,,  ' 
and  that  Sir  I.  Newton  bad  even  iotyeiiled  his  method 
before  the  year  l6~6'.9,  aitd  coiMcauently  15  years  be*  ' 
fore  M.  Leibuitx  had  given  any  tbiiig  on  the  subject  in 
the  Lcipsic  Acts."  From  which  they  concluded  that 
ObKeilliad^etntall  iiyured  M.  Leibnitz  in  what  be  had 

The^aoeicqr  plinlcl  Ait  thdr  detcminatioo,  faigeaar 
with  aUdftptecca  and  nateriala  fritting  to  it,  under  th«  . 
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title  of  ComiDMcium  Epistolicuin  fli;  Annly^i  Proraola, 
8«o,  l^nd.  171t.  This  bouk  uu>  laatully  distributed 
through  £urop<*,  lo  viudicaic  ibe  titlu  of  the  £ngUih  am- 
tkn  10  the  diicoveiy ;  for  Novtoo  hinmlf,  «  dMaJy 
hipledt  iie««f  «p|M!aiicd  ia  ihaalliur :  whitliv it tm  thtt 
ht  imled  hit  hooottr  with  hii  comp«tfiola«  wh»  wm* 
nslous  coaogb  in  die  cause;  or  whotber h«  Mt biiaMlf 
even  Mperior  to  the  glory  of  it 

M.  Lt'ibnitx  and  hi*  fricndi  howwar  COvU  not  show  the 
same  indiflervncc:  he  wis  Accused  of  a  plagi«ri»m ;  and 
the  whole  ('oinmtTcium  Kpisii.lir uni  i  itlir  r  rxpn-ssci  i(  in 
terms,  or  liisiiiuutck  it.  Somi  allcr  l\n:  |>ut>lication  tberu- 
fori-,  n  loosf  »lK'et  was  printcil  at  P»ri»,  in  t>chall'  of  .M. 
Leibnitz,  llitu  at  Vienna.  It  is  written  with  :;rcat  /cal 
aiul  spirit ;  ami  it  IjoUlly  iiiDint.iliis  ili.jt  tin-  Mftlnxl  of 
FIti.xions  hail  nn[  prccud'  <i  ihc  Method  o)  DitriTrnci.-,;  imd 
eieii  iii^iiiuiid  V  th;il  It  iiii!;lit  hi\'.f  uri-ieli  tu  iii  ir.  The 
detiliS  of  the  proul's  however,  on  each  sitie,  wuulJ  be  ttx> 
long,  uml  cuuld  not  be  uifHerstooil  without  u  large  cnin- 
nienl,  which  must  enter  into  the  deepest  geometry.  M. 
Lciii^la  had  bcc^un  to  work  upon  u  Cumniercium  Episto- 
licttin,  in  oppo«ition  to  that  of  tlic  Royal  Society ;  but 
be  died  before  itwa»  completed. 

A  ieoond  cditioo  of  the  Commerciura  Epiatolicum  was 
piiirtod.  at  Londcm  in  ijit ;  wbca  Nevloii»  in  the  prc- 
Uice,  ■cooviit,  imi  ■uiotMioiu,  wiueh  weiead^Bd  tfi  that 


raio  or  proportiobiccordii^  to  which  uy  AowinK  qtiantt^ 
incmaes  at  any  poaitioo  or  imteoti  n  the  flux  ion  of  the* 
•aid  quantity,  at  that  (Kwiiion  or  iostant :  and  it  is  pto- 
portiiittal  {o  the  magnitude  by  which  the  flowing  f|uaatity 
vravkl  be  uniformly  increased*  in  ag^en  tine,  «i|b  the 
|MKi«titig  celerity  uniformly  eonripniad  during  tbtttlBe. 

9.  The  email  quaatitin  tbui  generated  or  deacfiM«  ° 
in  any  given  small  porHon  of  tine,  and  by  any  contlnttcd 
mntton,  cither  uniform  or  variable, arc cal1i-<l  Increments. 

4.  Hence,  if  the  motion  of  increase  ^e  uniform,  by 
which  increment^  :iic  f;cncratc'i,  the  intienieiit.s  will  m 
tlmt  Cabr  be  priijKirliiiiiiil,  m  i-i[U:il,  t'l  tlie  iiieasuiesfii  tiie 
flu.xicins  :  hut  il  tin-  rimtidn  nt  increase  he  aceeleraii'd, 
the  incri'nii  nli  so  pcr'.eraled,  in  a  f;i\eii  limti-  time,  \vill 
exceed  ihe  lUixin"  ;  itild  if  It  In- il  di  creuMii!;  nxitiot),  the 
increment  so  generated,  will  l>e  Kis  thuii  the  fluxion. 
Hut  if  the  lime  be  iIl^i.  liiideiy  ^.inall,  su  that  the  moliort 
be  considered  as  uniform  tor  that  insluJit ;  then  these 
nascent  increments  wi]|<«lways  be  propuitionul  or 

to  the  fluxions,  and  may  be  iul>«titut«d  for  them,  in  any 
calculation. 

5.  To  illustmte  these  definitions :  Suppose  a  potat  m  be 
to  aiovo  fraai  die  poaitien  At  nd  togeAeiala  a 


.edition,  parricularly  aoiweiid  all  the  otnectiaua  which 
Lribniii/uid  fiernouHi  wen  able  l»  anha  Mce  the  Omk- 
merduro  fiist  appeered  is  I71S ;  end  from  the  last  editfon 

of  the  Comincrcium,  with  the  various  original  papers 
contained  in  it,  it  evidently  appears  that  Newton  had  dis- 
covered his  MethM,:,i|  ritj>;ii,ii>  many  \L\n^  before  the 
pretensions  of  LeibmU.  bee  also  iia|ilisi.n's  History  of 
fluxions. 

There  arc  however,  areordins  to  the  opinicri  iifiomr, 
strong  presumption*  in  lavour  oi  Leibnitz;  i.e.  i!i  ii  he 
w.is  no  pliiffiary  :  for  that  Nevvtuu  was  at  least  the  lust 
inventor,  is  past  all  dispute;  his  glory  is  secure;  the 
reasonable  part,  even  among  the  foreigners,  allow  it :  and 
'  the  question  is  only,  ifhether  Leibnits  took  it  from  him, 
or  fell  upon  the  same  thing  ]irith  him  ;  for,  in  his  theory 
or  abstract  notions,  which  he  dedicated  to  the  Royal  Acax 
demy  in  l67l»  before  be  bad  seen  any  thing  of  Newton's, 
he  Uicady  snppoeed  infinitely  small  quantities,  some 
greater  than  otfaera ;  which  i»  one  of  the  great  niinciplei 
of  his  system'  But,  before  prosecvtiiig  ftitter  ue  bistMry 
and  improwemeat*  of  this  scirnre,  it  will  be  proper  to 
pivmise  somewhat  of  the  principles  and  practice  of  it,  ac- 
Oufdillgto  the  ideas  of  the  loveiiii^r. 

I'riticiplcs  of  the  Method  (4  Ft  uxiox*. 

1.  Ill  tin- doetriiie  of  tlu.xions,  mai;iiUudes  or  (|uanti- 
lics,  of  all  kind*,  are  considered,  not  as  made  up  of  a 
number  of  sniiill  parts,  but  as  generated  by  l  ontinvieil 
motion,  hy  means  of  which  they  increase  or  decrease  :  as 
u  line  by  the  motion  of  a  point;  a  surface  by  the  motion 
ot  a  line  ;  and  a  solid  by  thc'mution  of  a  surface  :  whieh 
lis  nu  new  principle  in  grometiy ;  having  bci-n  used  by 
Aichimedcs,  &c.  So  likewise,  time  may  be  considered 
as  represented  by  a  line,  increasing  uniformly  by  the  mo- 
ttoitof  a  point.  And  quantities  of  all  kinds  whatever, 
which  an  capable  of  bicrcaie  and  decrease,  may  thus 
be  icpreteatcd.  by  liaes,  auifiiccs^  or  selid^  coorideied 
as  gmented  by  motiod, 

S.  Any  quantity,  in  thie  manner  generated,  and  va- 
tiabk  ia  called  a  fluent,  or  a  flowing  quantity.  And  the 


liM  af,  with  a  aolkn  any^how  Mfulatad ;  and  taipi 
(ba  celerity  «r  the  Mint  «s  ataMfPMhiM**  labaiucb. 
aa  wonU,  if  Irom  ntesce  It  ibonid  beooBe,  or  ooolinue, 
Qoifora],  be  sufficient  to  describe,  or  pass  uniformly  over, 
the  distance  rp,  in  the  given  time  allowed  for  the  fluxion: 
then  will  the  said  line  p/>  represent  the  iluxionof  the  arid 
fluent  or  flowing  line  a  p,  ;u  that  position. 

(i.  Aj;aiii,  suppf'ie  ihu  n.'/fit  line  mn  to  move,  frotD  the 
pjbiiiuuAB,  continually  parallel  to  itself,  with  any  Con- 

B  ^f-s: — c 
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tinned  motioa,  lo  as  to  gwmla  the  fluent  or  flowiiy 
iMlaogle  Kwvtt  iriulit  tae  Mrint  ■  dcteriba  tha  Uaa  ar  % 
alio  let  the  ^aacafp  haiuea,  as  above,  to  expm  th« 
flmion  of  the  line  or  base  a»;  and  complete  the  ne^ 
aqgla  yqqp.  Then,  ia  the  same  manner  as  is  the 
flnxioa  of  the  Hnear,  so  the  small  paralleloiiniin  P9is 
the  fluxion  of  the  flowing  paralh  lugrain.  .iq  ;  boib  these 
fluxions  or  increments  being  uniformly  de«iciil>ed  in  the 
same  time. 

7.  In  like  matiner,  if  the  solid  aeiip  be  conceived  a* 
generated  by  (ha  plana  f«m  moving,  from  the  porilim 
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ASK,  always  paniiel  to  itself,  along  the  line  ao;  and  if 
lyl'denota  the  fluxion  of  tha  line  af.  Then,  as  the  paral- 
lelogram »f,  «ri>p  M  >«,  «x||lreaies  the  Ouxioa  of  the 
flowing  rectangle  aq,  bo  likewise  shall  fhe  flaxkm  of  the 
variable  solid  or  prisB  Aft  ha cxpiaieed  by  the  prism  rr, 
oVp/)  the  plane  »«.  And  in  both  these  last  two  cases, 
it  appears  tliat  the  fluxion  of  the  s'^neraied  rectangle,  or 
prum,  is  equal  to  tbe  product  of  the  geuurani,  whether 
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Vmt  or  plane,  UratM  »!»:  Ike  ftudMt  of,  tb*  Km  olong 
wbicb  it  moves. 

S.  Hitherto  tbe  gonerani,  or  genentiDg  Une  or  planr, 
liM  b«cn  coniidohid  a*  of  a  coiutant  or  invariable  magni- 
tude; in  wbidt  cut  the  flucot,  or  quantity  generated,  h 
a  parallflognun,  or  •  priioi,  the  former  being  dcacribca 
by  tbe  motiun  of  a  Um,  anl  the  lattef  fay  the  atotlon  of  a 
phne.  1b  like  nanncr  on  other  tgmat  wheth^  plane 
or  ulid^  conoeiwd  to  be  dieaibedt  hf  the  motion  .of  a 
wiriahle  napinde^  whether  it  ho  a  line  or  a  plane. 
7hiN»  let  a  variable  line  tq  be  carried  with  a  poralbl 
moiioa  along  ap,  or  wbilea  point  p  is  carri'.-d  along,  and 
dcKtibce,  the  line  at,  iuppose  another  point  q  to  be  car- 


ried by  amotion  per|>eiidicularto  the  former,  attd  to  de- 
acribe  the  line  tqi  Irt  ^  be  another  poaition  of  rq,  in<le- 
finitely  near  the  former ;  and  draw  qr  parallel  to  a  p.  Now 
in  thi!-  ruseibcre  are  several  fluent*  or  flowing  quantitiei, 
with  their  respective  fluxions :  via.  thoiine  or  fluent  ap» 
the  fluxion  of  which  it  ppj  or  Of ;  the  line  or  fluent  pq, 
the  tuxion  of  which  ii  fr;  the  curve,  er  oblique  line  A«b 
dewtibod  by  tbe  oblique  nMCioM  of  tbe  point,  the  fluxion 
of  fdUdi  it  go :  and  bnlly  iliotwtee  avq,  deaoibcd  by 
the  variable  line  pg,  and  ibe  fluxion  of  wbicb  it  the  icct- 
angle  rQrp,  or  pq  s  ppt  And  ili  the  tune  aianner  may 
any  solid  be  conceived  to  be  described,  by  the  motion  of 
a  variable  plane  paralli-1  to  ilM/if,  '.ibstMutn.;  the  vnrialiK' 
plattc  for  the  variable  line  ;  ni  which  i:a<.i  ,  tlit  lluxiiin  of 
tbe  solid,  at  any  position,  is  n  prcsenlod  by  the  viirinl 'f 
plane,  at  that  position,  drawn  into  the  fluxion  of  tho  line 
along  which  it  is  carried. 

9.  Hence  thru  tt  follows  generally,  thnt  tiie  fluxion  of 
any  fi>;urc,  wli-  ther  phiiie  or  solid,  at  any  position,  is  equal 
to  the  s<'Cti<>n  of  ii,  ul  that  position,  drawn  into  the  fluxion 
of  the  axis,  or  hne  ahmf;  which  the  vuriahle  section  is  sup- 
posed to  be  perpendicularly  carried ;  i.  e.  the  fluxion  of 
the  Sgure  aup,  is  equal  the  plane  pq  x  rp  when  thnt 
figure  i'*  a  solid,  or  to  the  ordinate  vq  it  rp  when  tbe 
flgure  is  a  surface. 

10k  It  alao  follows,  from  the  satne  premises,  that,  in  any- 
curve,  or  oblique  line,  aq,  whose  abicits  is  ap,  and  ordi* 
naic  18  r<i,  the  fluxions  ol  these  Area  Am  a  anall  r^t* 
angled  pUiie  triangle  oqr ;  ISor  qpaq*  it  tbe  Avxloa  of 
iheabaeisaAPier  thafluxiiRkefdteocdiiiMt  iq^  aai  «f 
the  fluxion  of  the  curve  or  ri^t  line  'aq.  And  cont^ 
qucntly  that,  in  any  curve,  the  sqoarc  of  the  fluxion  of  the 
curve,  is  e(|iiHl  to  the  sum  of  the  squares  of  the  fluxions  of 
the  ah'.riws  and  ordinate, wfacn  tbMO  twoliMi  are  atjigbt 
angles  lo  tadi  other. 

II.  I'roDi  the  premises  it  al>o  i  i:-  ,  that  contempo- 
raneous iluenli,  o(  quuntilies  tliat  tlow  or  increase  togetiier, 
which  arc  always  in  a  cuiislaiit  ratio  to  each  other,  have 
their  iiuxioits  also  in  the  aamc  constant  ratio  at  every 
poiidon. '  Fo(v  let  at  and  xq  be  two  coMemposaiieons 

A  r    p     B  *t  'J 

••(■HidctcribM  in  th«  mm  tino  1^  tke  noliin  of  Oo 


points  p  and  <.<,  ;  n  ntcmponncous  positions  beiqf  r,q, 
and  pfO;  and  let  ap  be  to  BO,  or  Ap  to  Xf,  in  the  cunstaat 
ratio  of  n  to  1. 

Then  is  ....  AtstH**^ 
and  -   .   -  ,    .      .     apian »  sy; 

therefore  by  subtraction,      -     ppsa  x  gy; 
that  it,  the  fluxion  rp :  fluxion    q  f  :  t  s  :  I, 
the  anno    fluent  ar :  fluent  M::nil;or 
tbe  fliixiOBiand  fluents  are  in  the  same  constant  ratio. 

But  if  the  latio  ti(  the  fluents  t>e  variable,  so  will  ibat  of 
the  flnxiont  be  also,  tiiuuE;h  not  in  the  same  variable  rtlim 
with  the  former,  at  every  po  -ition. 

The  Notaii'fti,  iNc,  in  Fluxions. 

12.  T:i  .i|  llic  loresoin;^  principles  lo  the  diti  rnkiua- 
lioti  of  ih;  tUiMuns  of  alEelii  lie  ()unntiln'>;,  by  means  of 
whirli  tlu'M'  of  ull  other  kiiuls  .'H  li.  i  niried,  it  will  he 
nrce'>-,.v_v  tir^t  to  premi-e  tiie  iiol.iliur)  ii-i  d  in  liu-^  seience, 
uilJi  ^iiivie  nLiserva;;oji'-.  As,  tli-'t,  tloil  the  fili;il  k  tlrfs  of 
llie  aiph.iU't  y,  j,  u,  vVe,  are  used  to  denote  finable  or 
rtowinj;  quan!iiie>;  iIk  initial  letters  a,  b,  c,  d,  (tc. 
Constant  or  invariable  ones ;  thus,  the  variable. base  Af  of 
the  flowing  rectangular  figure  AKQr,iit  art.  6,  may  be  rc'- 
prcsvnted  by  x:  and  the  invariable  altitude  pq,  by  a :  alao 
the  variable  hnd  or  absciss  .m',  of  the  ficures  in  art.  8, 
may  be  reprcsentisl  by  x;  tbe  variable  ordinal?  P(h  '■yj'* 
■nd  the  variable  curve  or  line  aq,  by  a. 

Secondly,  that  the  fluxion  of  a  quanti^  denoted  by  a 
single  letter^  is  repn-sented  by  the  saao  letter  with  a  point 
over  it:  Thus, the  fluxion  of  x  bexprened  bgr  ^  ^9 
bff,  nod  that  of  *  by**.  As  to  the  flnxiont  in  conttent  or 
-invariable  quantities,  at  of  «,  i,  c,  &c,  they  arc  e<\aa\  to 
0  or  nothing,  because  they  du  not  flow,  or  change  their 
masuitudc. 

'I  liirdly,  that  the  iiicreniei-.ts  of  variable  or  (lowing  quan- 
tities, are  aKo  ;l< m  ti  ii  by  the  same  letters  with  a  small  (') 
over  theui :  .So  the  inrrenicnls  of  i,  y,  i,  arc  i, y  ,  l'. 

13.  From  these  iujtai:oii-,  and  ihc  foregoing  principles, 
the  quanlitii-s  and  their  fluxions,  there  COnsiUvrcd,  will  be 
denoted  a.s  be!  i\v. 

In  all  the  foregoing  figures,  put 
the  variable  or  flowing  line       ...  aPssX, 
in  art.  6,  the  comtaot  linq       •      -    •  •  r«M«, 
in  art.  8,  the  variable  ordinate        -      ;   f4  ssjh  • 
the  vt&iabbs  curve  or  right  line     ■  •      .  AQasa; 
Tben  shall  the  several  fluxions  be  that  reprtseoted,  vis, ' 
«'m  ^  the  fluxion  of  the  line  aP,  , 
s  PQfp  the  fluxion  of  a  aqr  in  ait.'^ ' 
jr*  =  pQrp  the  fluxioit  of  APQ  in  ait.  8, 
*  =  4f  =  v/(i'-^y*)  tbe floxioa of  aq^ 
•ild«»ssirtbeflBX.ef  thcaoIidiii«rt:  7>  if 

a    denote  tho  COMtint  generating  idaoe  r«*. 
Also  iixs:  BQ  in  the  fi||urb  to  art.  1 1 , 
utid  ni-  =  aq  the  fluxion  of  the  same. 

I  k  The  prinriplt  s  nnt/ilMii  \.fiT\s,  thus  laid  down, 
\\c  muv  proceed  to  tiie  piattit  e  tiiid  rules  of  this  doctrine, 
which  consists  df  two  pimcipal  parts,  talh  d  the  direct  and 
inverse  method  of  fluxion>  ;  viz,  the  liireci  method,  which 
consists  in  finding  the  fluxion  of  .i;  y  (imposed  fluent  or 
flowing  quantity;  and  t!-c  inverse  metlioit,  which  consists 
in  findijii!  the  fluent  of  any  pniposed  fluNion.  As  to  the 
former  of  these  two  problems,  it  can  always  be  determined, 
;nd  that  in  finite  algebraic  terms ;  but  the  latter,  or  find- 
lut  of  fluents,  only  in  some  ocitain  caifa,  exwpt  by  neaiia 
«niifinll»ieTia.F-^F!nt  thcoi  of 


FLU 


n    Dirfcl  Method  i-f  Fluuom. 
15.  1'^'  t'mii  tlio  fluxion  of  tin 
gle  of  t»o  variiiUle  qiiatl(iti<.'«  ;  U-l 
ARUf  =  ly  lie  tlic  fluHin^ or  vmiiu- 
blc  rcctMHglc,  geiieraicd  by  two 
lines  K«aoa  raniwving  nlwuvi  (ht- 
jModicular  tocaeb  other,  Imm  iLc 
,  poiiliom  Ar  and  ab  ;  dcnuiing  the 
ooe  bjr  X»and  ihe  other  by  y;  anil 
■uppm^  jr  Mill  ^  lo  be  Ml  niivtrd,  that  the  cum  Aft  maj 
•Iwayt  past  thrmigb'  ibcir  inlenection  o,  or  the  oppodic 
aiulc  of  the  nictaaglf 
Nnw  thia  rectaagle  comitM  of  the  two  tiilincal  spaces 
'  AVQ,«a<i  AM,  of  which  the  fltncion  of  the  former  is  ra  x 
[rq  or  if,  anil  tliai  uf  the  latter  is  ao' «  ar  or  ty,  by  art.  8 ; 
Ihcnrfiutv  till  ^iim  <>{  the  (wa,  if  •+■     is  the  flttxkm  of  the 
wbitiv  ret  l.m:;!v'  ty  m  arqf.  • 

Tlie  fnmeotK.  !U.isc. —  l.rt  tho  siiK's  of  tlir  rcci;inrrli  ,  i 
_y,  by  llort  ii;^,  tx-i'Jiui' X  X  iinJ  'i  y :  tli.  ii  lln-  pr^jJutl 
cji  I  li I  : V  ur  -t-  -f  y  vy  j  !>■  ill  l^■  iii'w  <ir  con- 
lciii|iiii,ir,i  ■j'js  valui'  111  till;  flinnug  ri  i  !aiit;lf  TR  iir  ly ; 
.su  ):i«it  t  itii'  one  value  tVoul  the  uthor,  kikI  die  uniaiink-r 
zy  +  r'y  +  J  V,  "  ill 'h- the  increment  pi  iieinkd  ii>  the  isme 
tiiiu  as  ^  i,r  ,  i»f  »IikIi  ;1k'  hot  t<  rmjy  is  nothing,  or  in- 
cieliuileiy  small  in  respect  of  the  other  two  Icnns,  becnuie' 
i'  and  y  are  inJelinitcly  small  in  rrspectufjr  and JF}  which 
term  being  therefore  on)itte<l,  there  rvmains  si  iif  fat 
the  %'alui-  uf  that  increment:  atldlwocet^y  SUDStitOlingz 

'  andjr  fur  x  and  y,  to  which  tbcy  an  pnportioMl,  llieie 
arises  jy    jsyfur  thavahieordwflaaMBofJtp;  the  Hune 

as  before. 

17.  Hence  nay  be  derived  the  tim»om  «f  a^  powers 
and  products,  aad  of  all  other  fbrnie  of  dgebrue  quanti- 
ties whatever.  Aad  fim  for  the  eontinoiil  producii  of  any 

number  of  (niantiiies,  a»  xyi,  OTWxyz,  or  curyt,  &c.  tot 
lyz  put  9  <ir  /ir,  -.u  thnt  p^xy,  and  jyz  =  pi  =  Now, 
Ukirn  the  tliixion  of  tf  =  pz,  by  the  last  article,  it  is 

y  =zpz  H-  pz;  but  p  =  xjr,  and  to  p  sa  •*■  by  the 
lame  article;  subsiiiuting  therafbre  thCM  valnes  itip  and 

;>  itisti'ad  of  them,  in  the  \f\vf  I'f  y,  this  becomes 

V  —  ^J"*  *)-  f  fy^j  fluxion  nl  iyi  requin^cl  ;  «!;ic  h 
is  therefore  equal  I,,  tlw  ium  of  the  product?,  ariiini;  hoin 
the  fluxion  of  each  leltt  r  or  qu.Tjititv  multiplied  by  the 
pri>dticl  of  the  oilier  I\m>. 

Afiiiiii.  Ui  dotermitu'  tlic  fluxion  of  uiiyz,  the  cohtinual 
pnnlurr  .1  t-jur  vauuble  quantities;  put  this  producl,  viz, 
xciyi  or  qw  —  r,  where  q  ss  lyz  as  nhove ;  tlicn^  Uliing  the 
fluxion  by  Ihe  last  artide,  r  =  yi' jtir  •  and  diis,  by  sub- 
«titutiiip;  foi  q  and  q  their  values  as  above,  becomes 
r  =  aiyx  +  leiy.  +  u-r^z  -i-  ttfjni,  the  fluxion  of  wayi  as 
ri'fjuired  ;  consisting  of  the  fluxion  «fcacll«Uanli^diawB 
iu(:>  the  producu  of  tbc  other  thiwe. 

Inthe  vnyeamenanncrit  is  diwwvtMthkt  (he  fluxion 
Matnniiis 
•  • 

Vtnjpt    aiiuryi  ■+■  tmxyz     vwtyz     wt  xys and  »o  on,  for 

*''yjj«'"''w<''' quantities  wlialeM  r;  in  ivhieh  it  isi  always 
wand  that  there  are  as  many  terni>  aN  variabl,  quantitirj  in 
ttWJpoposcd  fluent,  a.-id  that  ih.^-  trrnn  consist  ot  the 
V^U*".*''^^'"*^''  """•'bl^'  quantity  nniliiplinl  |,y  the  product 
Of  all  the  rtbt  ol"  till'  quai.titicb. 

18.  From  hence  easily  derived  the  fluxion  of  any 
power  of  a  vuia^  quaatity,  aa  qf  j|t,  „  off 


For,  in  ibc  rectangle  or  product  xjf,  if  x  sx  jr,  HmIi  il  Hk  • 

product  jy  =  ii  or  j*.  and  also  its  fluxion 
n  -t-  XT  =  It     Tx  or  2j  r,  tliM  tluxiuii  t'. 


Agaiti,  if  all  the  three  r,  y,  i  be  equal  ;  then  is  the  pro- 
duct of  the  thn  r  j^i  =  xx t  or  r';  and  iu  fluxi^n 
iyt-*-ijz-*-  xyi  =  xjx     xit     xxs  or  Sx»r,  the  flaxion 
ofx». 

And  in  the  same  manner  h  will  ippcar  that  the 

Ouxiuu  of  r«  is  =s  4r'Jr,  •  ^ 

•     that  of  i'  is  =  ix^i, 

that  of  x"  is  =  iir""i:; 
where  m  is  any^iotiiivc  whole  number.  That  is»  the  flaxioa 
of  any  poeitive  integral  power,  is  i>f|ual  to  Ae  caponeat/if 
the  power  <n),  roultiplii^d  by  the  next  less  power  of  the 
same  quantity  (x""'},  and     tlie  flosioB  of  the  root  (i). 

.  tg.  Next,  ibr  tita  fluxion  ofa^  fiactiou,  as  ^,  of  ow 

variable  quantity  divided  by  another ;  put  the  proposed 

frHCtion     =7;  then,  multiplying  by  the  denominator. 


I  =  tty;  and  Jakinw  thi-  fluxii  ns,  r=^-t-^,or2)r=x  —  ^« 
and,  bydivision,  V  =  ^  ~      =s  (by sttbstituUi^ themloo 

ofo.or-)  -  -         ^^^^  the  fluxion  of at  irquN 

red.  That  is,  the  liUMnn  ui  miy  t'raction,  is  equal  to  the 
fluxion  of  tlie  numerator  drawn  into  the  denominator, 
minus  the  fluxion  ot  the  denominator  drawn  into  the  rtu- 
merator,  and  the  remainder  dividetl  by  the  square  of  lb* 
denominator.  . 

SO.  Hence  too  is  ca4ly  derived  the  fluxion  of  any  a»> 
gative  iateger  power  «f  a  variable  quantity,  as  or 

or  \  which  is  the  same  thing.   For  here  the  numcralor 


of  tlie  fraction  is  I,  whose  fluxion  is  nothing;  and  1 
tut,  by  the  last  article,  the  fluxion  of  such  a  fracllan,  ar 
native  po«er»  it  barely  equal  to  miausthefluitioisof  the 
r,  iiffided  by  the  square  of  tha  nui  r 


nator.  That  is,  tbe  fluxion  of  x 


-■—  1 


or  — 


(n+  i; 


x;  which  m  the 

•  '  *"  " 

rule  as  before  for,  integral  powers. 

Or,  the  same  thing  is  otherwise  derivnl  inmu  i!i;itrly 

from  the  fluxion  of  a  rectangle  or  product,  thus ;  put  the 
pfope«edfl«ttlion,«rqao(ieBl,^s9i  tbenltfs^Bi; 

ami,  takinn;  the  fluxions,  jjr"  -t-jnx""'  *  =  0;  hence 
<jfx"  =s  —  ysx""'*,  and  then  dividing  by  x"  wc  have 


—      M  (by  luhstituttng  —  for  j), 
the  same  at  before. 


or 


21.  Much  .in  the  aaae  maanar  it  obtaiacd  the  fluxioa 
•f  any  aard,  or  fmetional  power  «f  a  fluent  quantity,  wn  of 

x^  or  ^/x".    For,  putting  the  proposed  qnantity  x:;  f, 
then,  raising  each  to  the  n  powCTi      •     •    x*  =  ; 
teke  the  flpxioBa,  <nx°''«ai^~*f ; 

divide  by  af-'.  ^a.^*"!;  a.  '^1^^  a  2xV '*. 

nx  ~ 

which  is  still  the  wmc  rule  as  l>eiorr,  for  finding  the  fluxion 
of  any  power  of  a  fluent  quantity,  and  which  is  therelbrc 
geiKral,  whether  the  expoaeM  te  POVtiva  OT  Mfitiw, js- 
icgral  01  tnicuonal. 


uiyiii^od  by  Google 


FLU  [  ACS 

tt.  F^r      Flwtiom  of  TiOga- 
ridunt:  Let- A  be  the  principal 
vtnex  or:in  hyperbola,  having  its 
••ymptuttii  CD,  cv,  with  the  ordi- 
nates  DA,  BA,  PI),  6cc,  parallel  to 
tlu'in.    Then,  from  the  nature  of     r  ?i 
Ihr  bypcrb'>l:i,  nml  of  liiuiirithm'i,  it  is  linnwn  that  any 
space  Anrcj  is  (lie  log.  of  ihc  raiin  of  en  to  cv,  to  the 
modulus  A  lie  I).    Ni)»  put  rr,  =r  ba  =  1  the  side  of  the 
•square  orrlionilnis  dh  ;  m  —  tlie  modulus,  or  areu  of  on, 
or  sine  of  the  ancle  <■  t<i  the  raiiius  I  ;  also  the  ahsciw 
cr  a  X,  nod  the  ordiiuUe  rn  =y.   Then,  by  tbs  uituic 
of  tlitt  hyperbola,  cr  *  r^htimtyt  cqui  to  i 

Jjysfli;  hcnceja 


BS,  Alt  tt, 

ud  Uw  Buzioa  of  tb*  space,  or 

i<lP  ilic  fluxion  of  the  log.  of  x,  to  the  auH 

r\ud  in  th'c  ordinary  hyp.  lo^garithmt  the  roo- 

«lulii»  «  being  I ,  therefore  j  ii  (be  fluxion  of  the  hyp.  log. 

of  X  ;  which  is  tbctttfore  c^aal  to  the  fluxion  of  the  quan> 
tity,  divide<l  by  the  qnaatity  itnlC  And  the  aame  mighi 
be  »huwn  in  iioreial  Other  «myi,  indepaiideBt  of  ^e  figure 


of  the  bvpertiola. 

SS.  By  neuH  of  the  duxiont  of  logarithaw,  are  deter- 
'  mined  .thoM  of  eipoaential  ijuutitiai,  i.  e.  quaMitics 
wUdi  have  their  eipoiicat  also  a  dowieg  orMriaUe  quan- 
tiqr*  liheie  cxponentinis  era  of  two  lradi»  via,  when  the 
root  laaciMMlant  quantity,  as  «*;  and  whea  (he  root  » 
vafiaUe^'aaji^ 

In  the  formercaic,  put  the  proposed  exponential  =  c, 
a  sinjile  variable  quantity;  dien  take  the  logarithm  of 
each,  so  shall  log.  of  a  at  x .  log.  of  c;  take  tke  fluxions 

oTthcK,  io  dwll  *  B  »  .  log)  of  «t  hence  «  ss  »r .  log. 

of  e  =  X  .  log.  of  1",  t'lo  (luxiuii  of  ihc  luopc-sed  i  xpo- 
lu-ntial  r*;  and  »hicli  th<  rcluie  is  equal  to  the  said  pro- 
|iii^kJ  ij;:iiiilily,  drawn  iiilu  llu-  tluxioA  of  Iho  CSpOIIBnt, 
uiitl  aUi)  into  the  lo^.  of  the  root. 

■*'4.  Ami  ill  the  '2d  cabi',  put  the  expum-nlial  _y'  =  i; 
then  the  loganthnt/  give  log.  t  s  x  »  log.  y,  and  the 

floxiom  gpve  ~       .log.  y  -<-  z      henoe>  mtt.  kg. 

jr  +  "2  as  (by flUbltitttllngy* fort)  y»i .  log. y  rff, 

is  (he  Huxiiin  of  the  proposal  c.\ponenti:il  y^;  uljich 
thcrefote  Coii-i«.ts  of  two  terms,  of  which  the  one  i*  tin- 
fluxion  of  the  |ir"poM.>(l  (jiiixntiiy  coiiiidviins  the  expoii'  iit 
only  us  constant,  and  the  other  is  the  fluxion  of  the  same 
quantity  considering  the  mut  as  constant. 

(Iff  Second,  nird,  i(c.  Fluxions. — llavina  ewlained 
(he  manner  of  eonsidering  and  dc(eraiiiung  the  juttduniont 
of  flowing  or  raziahl^  quantities ;  it  remains  now  to  consi- 
der those  of  the  big{ber  orders,  as  2d,  3d,  4th,  &c,  fluxions. 
.  S5.  IT  the  lale  or  cekxity  with  which  any  Sowing  quan- 
tity changes  its  m^piitnda,  he  constant,  or  the  lame,  at 
•tvcfy  poMtioiij  then  is  the  fluwoo  of  it  also  coostantlj 
the  same.  But  if  (he  variatioo  of  magnitiide  be  eontinnany 
cbangjngr  either  inefaaaingor  daemwi^g;  then  will  there 
be  a  ccrtaiir  drgiee  of  fluxioin  peeiiiiar  to  every  point  or 
pnsitioa;aBd  die  rata  of  variation  or  change  in  the  flux- 
ion, is  called  the  fluxion  of  the  fluxion,  or  the  second 
fluxion  of  the  given  fluitit  quantity.  In  like  manner,  the 
variation  or  fluxion  of  tl.is  -..M  fluxiun  is  called  the  third 
Hu\iiin  of  the  flrst  prop<js<  cl  tluein  rjuaiitilv  ;  ivnd  so  oii. 
And  thesi!  orden  of  fluxions  arc  denoted  b v  tiui  fluent  let- 
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ter  or  quanrity,  with  the  coritiipondttf§|l|iltjb  Of  points 
*»er  it;  vi«,  points  for  the  id  nafiMiS  «»  the  3d 
fluxion,  4  for  the  tih  fluxion,  and  so>».  So  the  d.f. 
frrcnt  order*  of  the  fluxions  of  X,  are*.  X,'t,hc;  where 
each  IS  the  fluxion  of  i|,e  one  next  before  if 

26.  'Ilis  tl.  scription  of  the  higher  orders  of  flilKiM|i- 
may  be  illustrated  by  the  three  figures  at  the  SthardcW; 
where,  ifx  denote  thenl.^cKs  ap,  andy  theoidinale  9^', 
and  if  the  ordinate  vq  or  y  li.  w  along  the  alwcisi  ar  orx, 
with  an  uniform  motion;  then  the  fluxion  off,  vtz.xs  m 
or  gr  in  a  constant  quantity,  or  i  =  0,  in  all  the  figures. 
Aho,  in  fii;.  1,  in  which  AQ  is  a  right  line.y  is=:rf,  or 
the  fluxion  of  fg,  is  a  eonitant  quantity,  or  y  s  f«r, 
the  angle  g,  M (be  anglii  bsbigcMiBlmit.  «ris  vatq,  or 
*  to  J,  in  a  CtaHaiit  radq:  BMiirik|-Sd  figure,  la,  or 
the  fluxion  ef  Xa,  «fjtatMH|l'ibeNai«<more  and  moit>: 
and  in  dg.  5  it  cttadaiaallf  WHcdsas  ttoieand  mora ;  and 
tbewferelB  both  these  case*  y  has  altd  fluxion,  being 
poonM  in  fig.  S,  .  but  negative  in  llg.  S ;  and  so  on  for  die 
other  orders  of  fluxions. 

ST.  Thus  if,  fer  tnstance,  the  nature  of  the  cur\'c  be 
inch,  that  X»is  (Moywhertt  equal  to  aS/  ;  then,  taking  llic 
fluxions,  it  b  o^  aa  3x'j ;  and,  considering  i  a»  a  constant 
i|u.intity,  and  taking  the  fluxions  again,  the  equstiotw  of 
the  several  orders  of  fluxions  will  be  as  below ;  via, 
the  I  si  fluxions  u\  =  .ir*i,  -Jf^. )!*,:•■ '-.-^ 
the  2d  fluxions  «  v  = ')x»*,  ''  «' 

the  3d  fluxions  a',;  =  ((jj,  '     '  '  " '.  -        •  . 

the  4th  fluxions  a  y  =  0,  « 
and  all  the  hi!;her  fluxions  =  Oor  nothing.  " 

Also  tlu'  higher  ordcrf  of  fluxions' arc  linind  in  the  sane 
nianiuT  as  the  lower  ones,  Tfcia^ 
The  1st  Hut.  ofy  is  -   -    3y»y;  • 
ils«d  flux.  ,1  il  ix. ofay  ,1 

consitk  ri  il  ;i5  the  reel- VSy*/ + 
angle  of  3y  "  and  y,  is  •  J  4 
andtheflux.ofth»sagain,ort  ^flf^ 
^  the  9d  fluxion  of  «*,  ia  i  ^*  J*>vWP' 

38.  In  the  fiufn&gierlfbaK  h  MIMm  Idppoted  that 
the  flurau  incnMiV'w  tHCitlldr  flwdone  aic  positive ; 
hMh«ammm»  AttSolMidneMsdacieaw,  sndthat 
mrefbn  Wu  Idxkms  are  nq^tive :  and  whenever  this 
case,  (he  sign  of  the  fluxion  must  be  chanoed,  or 
made  contrary  to  that  of  the  fluent.    So,  of  the  rectangle 
jy,  when  both  xjuid  y  increase  loot  rlur,  the  fluxion  is 
•y  ■*•  *y  -  l*"'     ^  "f  Ihem,  as  v.  decrease,  while  the 
other,  1,  iiicreasi  s  ;  lljt  ii  llie  flu.\ion  of  y  b<  iiii;  -  >,  Ihc 
fluxion  of  ly  will  in  that  case  be  J^y  —  Jy.    This  may 
be  illustrated  l>y  the  annexed  rect- 
angle APgli  =  ry,  supposed  to  be 
gem-rated  by  tin-  motion  of  the  line 
pg  tcom  A  towards  c,  and  by  the  ruo- 
tiuii  of  the  line  HQ  from  H  towards  A  : 
for,  by  the  motion  of  pg,  from  a  to- 
wards c,  the  rectangle  is  increased, 
and  its  fluxion  is     xy,  but  by  the 
motion  of  xq,  from  r  towards  a,  the 
rectangle  is  decreased,  and  the  fluxion  of  the  decreaie  is 
ly;  therefore,  taking  the  fluxionof  the  decrease  from  that 
of  the  increate»  the  flimiott  df  the  rectangle  jy,  whsit  * 
incicases  and  *  decnaaca^       —  «7* 

-FwrthelMiMllstbo^'^r  tfca  flndingorflo^  sea 
FivxnT.  Aad  ftir  ihafemW  applieattons  of  this  sdence 
toMaxiHA  and  MuriltA,  Ae  djMnifi«rTAiiOxirTa« 
d^,  see  Hm  iM|iec(i*e  aftieus. 
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Since  the  fir»l  invenliun  of  ihii  calcului  by  Sir  I.  New- 
Ion,  II  haj  receivid  various  improvcn»enl»  from  many  eat* 
rtent  authors,  particularly  John  Bernoulli,  who  trratarf 
of  the  tluenu  belonging  l"  the  fluxiom  of  eNponential  e«- 
pressiont ;  James  Rernoulli,  Craig,  Cheync,  Cot»-»,  Jllan- 
fr*»lw  Uic-cati,  Taylor,  Faj^nanus,  Cluiiaut,  Dalembert, 
Euler.  Maclaurin,  ConJorcct,  Lctcur  ami  Jnc i|uii-r,  U«>ii- 
ganville,  Walmcslry,  Lagrange,  Emerson,  Siiup>on,  L*n- 
dcn,  \yaring,  &c.  ITiere  are  wveral  other  treaties  alio 
on  the  principle* of  8uxions,  by  llayc*,  Newyentyt,  L'Hfr- 
pital,  llodson,  Rowc,  Lyons,  Dealtry,  *ec,  Kc,  delivering 
the  elements  of  this  science  in  an  rasj  and  familiar  manner. 

FLY,  in  Mechanics,  a  heavy  weight  applied  to  certain 
machines,  to  regulate  their  motionb,  as  in  a  jack ;  or  to 
increase  their  etfect,  as  in  the  coining  engine,  &c;  by 
means  of  which  the  force  of  the  power  is  not  only  preserved, 
but  equally  distnbuled  throughout  the  revolution. 

The  tly  is  either  like  a  cross  with  heavy  weights  at  the 
ends  of  its  arms ;  or  like  a  heavy  wheel  ut  right-angles  to 
the  axis  of  motion.  It  may  be  upplied  to  various  kinds  of 
en<;ines,  whether  they  be  moved  by  men,  hors*-*.  wind,  or 
water;  and  it  is  of  great  use  in  those  pari*  of  an  engine 
which  have  a  quick  circular  motion,  and  where  the  power 
or  resistance  acts  unequally  in  llie  ditTerent  parts  of  a 
revolution.  In  this  case  ttie  fly  becomes  a  moderator, 
making  the  motion  of  revolution  almost  everywhere  equal. 

FLVKllS,  in  Architecture,  such  stairs  as  go  straight, 
and  do  n<it  wind  round,  nor  have  the  steps  made  tapering, 
but  equally  broad  at  both  ends,  l  icnce,  if  one  flight  do 
Dol  rise  to  the  top  of  tbc  story,  &c,  there  is  a  broad  half 
pace,  and  then  commonly  another  set  of  flyers. 

FLYING,  the  progressive  mdiion  of  a  bird,  or  other 
winged  animal,  through  the  air.  ITje  parts  of  birds  chiefly 
conccrtted  in  flying,  are  the  wings  and  tail :  by  tbe  former, 
the  bird  susuins  and  wafts  himself  along;  and  by  tbe 
latter  he  is  assisted  in  ascending  and  descending,  to  keep 
his  bo<ly  poised  upright  ai>d  steady.  The  wings  are  ex- 
tended or  stH'tched  quite  out,  and  then  struck  forcibly 
downwards  Against  the  air,  which  by  its  resistance  raise* 
the  bird  upuurd^;  then,  to  make  another  stroke,  the  wing, 
by  means  of  its  joints,  readily  closes  in  some  degree,  pre- 
senting tbe  sharp  edge  of  the  pinion  foremost  to  cut  tbe 
air,  and  drawing  the  collapsed  feathers  after  it  like  a  flag, 
to  diminish  the  resistance  to  the  ascent  as  much  as  pos- 
sible; tbe  wing  and  feathers  are  then  stretched  out  hori- 
xontally  a|nin,  and  another  dowtiwdM  stroke  is  given, 
which  raises  the  bird  still  higher;  and  so  on  as  far  as  be 
pleases,  or  at  least  as  far  as  the  density  of  the  air  will  sus- 
tain Jiim  ;  performing  those  motions  of  the  wings  very  ra- 
pidly, thnf  the  flight  may  be  the  quicker. 

Artificial  Flvino,  is  that  attemptoil  by  men,  &C,  by 
the  a»*islance  of  roccbauic,.  The  art  of  flying  has  been 
attempted  by  several  persons  in  all  ages.  Friar  Bacon, 
about  &00  yean  ago,  not  only  averts  the  possibility  of 
Hying,  but  affirms  that  he  himself  knew  how  to  make  a 
machine  with  which  a  man  might  be  able  to  convey  him- 
self through  the  air  like  a  bird;  and  further  adds,  that  it 
bad  been  tried  with  success.  Though  the  fact  is  to  be 
doubted,  if,  as  it  was  said,  it  consisted  in  the  following 
ni«tho<l  ;  lit,  in  a  couple  of  large  thin  hollow  copper 
globes,  exhausted  of  uir  ;  which,  Iteing  much  lighter  than 
air,  would  sustain  a  chair  on  which  a  person  might  sit. 
rather  Francisco  Lana,  in  his  Prodronio,  proposes  the 
wme  thing,  05  1^  own  idea.  He  computes,  that  a  round 
vessel  uf  plate-brass,  14  feU  ill  diameter,  weighing  Sotmccs 
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the  square  foot,  will  only  weigh  1848  ouncn  ;  whereas  « 
quantity  of  air  of  (he  same  bulk  will  weigh  near  215^ 
ounces  ;  so  that  the  globe  will  not  only  be  su>laini-d  in  the 
air,  but  uill  carry  with  it  a  weight  ol  J(M  ounces  ;  and  by 
incrensiiig  the  size  of  (he  globe,  the  thickness  of  the  metal 
regaining  the  siinie,  he  adds,  a  vessel  might  l>e  made  lo 
carry  a  murh  greater  weight.  But  the  fiillacy  is  obvious: 
a  globe  ul  the  dimensiims  he  describes,  as  Dr.  liu<ike  ob- 
serves, t^><uld  not  susmiii  the  pressure  of  the  air,  but  be 
crushed  inwards.  Indeed  it  is  not  even  proltable  that  a 
globi'  can  be  jnade  sufficiently  thin  to  float  in  the  aimo- 
spherr  alter  it  is  exhausted  of  air,  and  yet  be  strong  enough 
lo  sustain  the  compressing  force  of  the  atmosphere.  Hut 
for  this  purpose  it  seems  that  the  globt*  should  be  tilk-d 
with  an  air  as  elastic  or  sttmig  as  the  atino«phere,  ami  yel 
be  very  much  llghler  ;  such  <U  is  used  in  the  iiiongolhers 
and  balloons;  the  former  of  which  i>  tilled  nilh  comniori 
air  hcited,  so  as  to  be  more  riasiic,  and  h  ss  lieaty  ;  and 
the  luiler  t«ilh  influnimuhle  air,  uhich  is  as  clasrir  as  the 
c<iiniiioii  uir,  with  only  ubout  one-tenth  ofittwi  i^ht.  And 
thus  the  idea  of  flying,  or  rather  floating,  in  the  an.  has 
U'en  realiicd  by  the  iiiiKli'in>,  using  however  a  diri'eicnt 
kind  of  air.    See  AtRuaTATiuK. 

The  same  author  describes  a  miK  hinefor  Hying,  invented 
by  the  Sieur  Iksnirr,  a  smith  of  Sable,  in  the  county  of 
.Main.    >ee  I'hilos.  Collec.  No.  1. 

By  the  foragiiing  method  howiver,  at  best,  only  a  me- 
thod ol  llonting  can  be  obtained,  like  a  log  floating  in  a 
current ;  but  not  of  flying,  which  consists  in  moving 
through  the  air,  independent  of  any  current ;  and  which 
roust  be  etfecled  by  stmiething  in  the  nature  of  wings. 
Attempts  of  this  latter  kind  also  have  indeed  been  made 
by  seveiut  persons ;  but  it  does  not  appear  that  any  of 
them  have  been  attended  with  such  success  as  to  induce 
tbe  authors  of  those  attempts  to  make  them  public.  The 
philosophers  in  the  reign  of  King  Charles  the  2d  were 
much  employed  on  this  subject;  and  therelebrnted  Bishop 
>Vilkins  was  so  confident  of  success  in  it,  that  he  says, 
be  does  not  question  but  in  future  ages  it  will  b«  as  usual 
to  bear  a  man  call  fur  his  wings,  when  he  is  going  a  joufw 
ney,  as  it  it  now  to  call  for  his  boots. 

The  story  of  the  flight  of  Dxdalus  is  well  known. 

Flting  Pinion,  is  part  of  a  clock  having  a  fly  or  fan 
with  w  hich  to  gather  the  air,  and  so  check  the  rapidiiy  of 
(he  clock's  motion,  when  the  weight  di'scends  in  the  strik- 
ing part. 

VOCAL  'Ditlance,  the  distance  of  the  focus,  which  is 
sometimes  understood  as  its  distance  from  the  verti  x,  as 
in  the  parabola  ;  and  toinetimes  its  distance  from  thecen-. 
tre,  as  in  the  ellipse  or  hyperbola. 

FOCUS,  in  Geometry  and  the  Conic  Sections,  is  ap- 
plied to  certain  points  in  the  ellipse,  hyperbola,  and  para- 
bola, where  the  rays  reflected  from  nil  parts  of  these  curves 
concur  or  meet ;  that  ii.,  rays  issuing  from  a  luminous 
point  in  the  one  focus,  and  falling  on  all  p  ints  of  the 
curves,  are  reflected  into  the  other  focus,  or  into  the  line 
directed  to  the  other  focus  into  the  other  focus  ig 
the  ellipse  and  parabola,  and  directly  from  it  in  the  hypei^ 
boln :  which  is  the  reason  of  the  name  Focus,  or  Buriv- 
ing-poitit.  ■  Hence,  as  tbc  one  fiKrus  of  the  parabola  is  at 
an  iiihnite  distance;  and  consequently  all  riiys  drawn 
from  It,  to  any  finite  part  of  the  curve  about  the  vertex, 
are  parallel  to  one  another ;  therefore,  if  rays  from  the 
sun,  or  any  other  <ibject  so  distant  that  the  ra)s  may  be 
considered  as  paralK  I,  fall  upon  the  curve  uf  a  parabol^ 
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•r  r'lncRve  «urrare  of  apamboloiilnl  figrl^,*h<aie  nyt  Mill 
•II  bf  refli-cted  Into  iti  locus.  . 
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Tho»,  the  niys  of  from  the  focus  /,  are  n-flscted  in 
the  direction  rr,  into  the  other  focus  r,  in  the  cllip*c  and 
parabolii,  and  form  the  focus /inl<l  fq,  in  the  hyperbola. 
—In  all  ihc  three  curves,  the  double  ordinate  cu  drkwn 
UiTough  the  focus  r,  is  the  paramt'tcr  of  the  axis,  or  a  3d 
pxoportioniil  to  AB  and  ob,  thr  trantversf  and  conjugate 
axes. — In  the  cllipH'  and  parabola,  the  transverse  axis  is 
equal  to  the  sum  of  the  two  lines  rr  -t-  r/,  drawn  from  the 
foci  to  any  point  f  in  the  curve  ;  but  in  the  hyperbola,  the 
transverse  is  equal  to  the  difference  of  those  two  lines. 
That  is, 

AB  =HT  -♦-  t/'in  the  rllipsoand  parabola, 
A  B  =  rF  —  p/  in  the  hy)N-rbola. 

In  the  ellipse  and  parabola,  the  square  of  the  di»tance 
between  the  foci,  is  equal  to  the  diflerence  of  the  square* 
of  the  two  axe*;  and  in  (he  hyperbola,  it  it  equal  to  the 
sum  ol  llieir  "quares :  that  i<> 
■    r/*  =s  A  b'  —       in  the  ellipse  and  parabola. 

rf  =  AB*  ■^  "ifr*  in  ihr  h)|>erb(>la. 
•  Therefore  ibe  two  semi-axes,  with  the  distance  of  the 
focus  from  the  centre,  form  alwayn  a  ri^ht-aiigled  triangle 
Tat,  or  AUE- 

Inall  the  curves,  the  conjugate  semi-axis  is  n  mean  pro- 
portional between  the  distances  of  either  focus  from  cither 
end  of  the  transverse  axis :  that  is, 
AF    :  El  :  :  M  :  fb, 
or  Kfl'  =s  A  F  .  FB. 

If  (here  be  any  tangent  to  thete  curves,  and  two  lioex 
drawn  from  the  foci  to  the  point  of  cuniact ;  (bei«  two 
lines  will  make  equal  angles  with  thnt  tangent.    ^    ..  ,  < 
So,  if  opo  ti>uch  the  curve  at  p  ; 
then  is  the  angle  FPG  =  /./vc. 

If  a  line  be  drawn  from  either  f>rus,  perpesdicularly 
upon  a  tanjtent ;  the  distance  of  ihur  intersection  from  the 
centre  will  be  equal  to  the  lemi-transverse  axis.  So,  if 
Fit  or  /il  be  perpendicular  to  the  tangent  ph  ;  then  is 
zn  9  EA  or  BB.  CoHH-quently,  the  circle  described  on 
the  diameter  a  a,  will  pa:>s  (brau«h  all  thr  points  ii,  h. 

The  foregoing  are  the  principal  properties  that  are  com- 
mon to  the  foci  of  all  the  three  conic  sections.  To  which 
may  be  added  the  following  properties  which  are  peculiar 
to  l|ie  parabolB  :  vti,  In  the  parabuU,  the  dutoucc  from 


t  e  focus  to  the  verte^i,  i»  equal  to  |  of  the  parann  ter,  or 
lialf  the  ordinate  ai  the  focus:  vi»,  af  =  Irv.  Also,  a 
line  drawn  from  die  focus  to  any  point  in  the  curve,  is 
equal  t«  the  sum  of  the  focal  distance  from  the  rertex  and 
the  absciss  of  tlie  ordinate  to  that  point :  i.  e.  pp  =  af  -f 
AI  sa  2af  ±  rj  =  cr  ±  f«.  if  trom  any  point  of  «  pa. 
rabola  there  be  drawn  a  tangent,  and  a  perpendicular  to 
it  PK,  both  to  meet  the  a\i%  produced  ;  then  the  focus  will 
be  equally  disunt  from  (he  two  intersections  and  the  point 
of  contact:  i.e.  Fo  =  fp  =  fk.    Also  the  ^tiPt  =  kp/. 

Hence  alto  the  subnormal  ik  is  =  2a*f  =  fc  the  scmi- 
paratneier. — ^The  line  drawn  from  the  focus  to  any 
point  of  the  curve,  is  equal  to  ^  the  parameter  ol  dia- 
meter to  that  point :  i.e.  Fp  s  j.  the  parameter  of  iiie  dia- 
meter rf. — If  an  ordina(e  to  any  diameter  pass  through 
the  focus,  it  will  be  equal  to  half  its  parameter;  and  in 
■btci^i  equal  to  |  of  the  same  parameter;  or  the  alncist 
equal  to  half  the  ordinate:  i.e.  pl  =|  mbb^lm  or^  lx. 

Focus,  in  Uplict,  is  a  point  in  which  several  rays  meet, 
and  are  collected,  after  being  either  reflect'-d  or  refracted. 
It  is  so  called,  because  the  rays  being  here  brought  toge- 
ther and  united,  their  force  and  effect  are  increased,  inio. 
much  as  to  be  able  to  burn  ;  and  therefore  it  is  that  bodiaa 
are  placed  in  this  point  to  be  burnt,  or  to  show  the  cfiect 
of  burning-glasses,  or  inirroni. — It  ia  to  be  observed,  how- 
ever, that  in  practice,  thr  locus  it  not  an  absolute  point, 
but  a  space  of  some  small  breadth,  over  which  the  ray* 
are  scattered  ;  owing  to  the  difSen  nt  nature  and  rcfranfji- 
bility  of  the  rays  of  light,  and  to  the  impcrfectioas  in  tii« ' 
figure  of  the  lent,  Stc.  However,  the  smaller  this  space  ta, 
the  b<.ttcr,  or  the  nearer  to  perfection  the  instrument  ap- 
proaches. Huygens  shows  that  the  focus  of  a  leos  conves 
on  both  sides,  has  its  breadth  equal  to  ^  of  the  thiOkn«^ 
of  Ihc  lens. 

yirtual  Focus,  or  Poini  ^ Divtrftimrc,  so  called  by  Mr. 
ftlolyiieux,  is  the  point  from  which  rays  tend,  after  relras- 
tion  or  reflection;  being  in  this  rxniivct  opposed  to  the  or- 
dinary focus,  or  p<>inl  of  concurrence,  where  rays  are  mad* 
to  meet  after  refraction  or  reflection,  llius,  the  foci  of  an 
hyperb'ilaare  mutually  virtual  foci  to  each  other;  but,iii 
an  elli|j«c,  they  are  common  foci  to  each  other;  for  th« 
rkyt  are  reflected  from  the  other  foc()>  in  the  hyperbola, 
but  townrds  It  in  the  ellipse ;  as  appears  by  the  figuret  at 
the  b<-ginning  of  this  article. 

In  Dioptrim,  l«t 
ABC  be  the  o>ncl^ 
vity  of  a  glass,  whose 
Centre  is  o,  and  axis 
OE:  Lrt  FO  be  a  ray 
of  light  falling  on  (he 
gla»«,  parallel  (u  the  axis  de  ;  this 
paued  through  the  glass,  at  its  emersion  at  a  will  not  pnt- 
cecd  directly  to  h,  but  be  refracted  from  the  pcr|>eiKlicular 
DO,  and  will  bi-come  the  ray  OK,  which  being  proiluced  to 
meet  the  axis  in  t,  this  point  B  is  the  virtual  focus,  at  the 
cay  is  refracted  directly  from  this  point. 

Rulet/or  the  Foci  of  Lenta  and  Mirrori. 
I.  ia  Qttoptriet,  or  iMt*. 
\.  The  focus  of  a  convex  glass,  i.e.  the  point  whert 
parallel  rays  unito  when  transmitted  through  a  convex 
glass  whose  surface  is  the  segment  of.  a  tphcir,  is  distant 
from  the  pole  or  vertex  of  the  glass,  nearly  a  diameter 
and  half  of  the  convexity.— !2.  In  a  plarvo-convex  glass, 
the  focus  of  parallel  rays  is  disunt  from  the  polo  pf  (he 
Ktats  a  diamattf  of  the  conrctity,  if  the  scgiacat  4o  not 
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exceed  30  itffeta.   Or  tbe  rule  in  (>leiMMonirex  gle«ct 

is,  A%  107  t  193  ::  to  it  tbe  radius  of  convexity  :  to  tho 
rrfractcd  ray  taken  to  ito  eaocoiine  with  ibe  >x»i  wbicb 
iu  glaues  ot  large  »phi.rct  is  nearly  equal  Ml  die  diftaanof 
thefiicai  taiwii  in  tbe  axis.^-^  In  JottUe-cMivex  ghuia 
«f  Ibe  sanie  sphere,  tbe  fbeas  is  diilaat  fnup  tha  pal*  of 
tbe  ghw  about  tlie  ladiui.of  dw  convexitffif  tbe  ttf/anA 
be  Iwt  30  deKrres.  But  wImo  tbe  two  coavexitiet  IK  an* 
<  quni,  ur  sccnicnis  of  different  spheres,  then  tlie  rule  is,  As 
the  sunt  of  ihi>  radii  of  but h  cunvrxilics  :  is  to  the  radim 
of  cither  ronvf.Mlv  iilonc  :  :  *o  11  iSmiiMi  the  r.iiiu;>.  »(  ilu- 
othi*r  CDDvi'.xity  :  li>  tin"  (iiilanrc  ul  ilu'  incus.  Uut  lu  rc 
It  must  be  (iliMiM'ii,  tliiii  liiij  i,v.>  «hiih  litll  r  tin' 

axis  of  any  gbis*,  ate  not  unuiu  «itli  it  so  mar  ti)0|K4f  cl 
llie|(la»as  ihoH-liirlbt-r  oiV:  nor  will  tlu-  local  dmlaiicc  be 
su  great  in  ii  platio  convex  jiitis.*,  win  n  the  ronvpx  side  is 
towards  the  object,  as  wh<*n  the  pliiiK-  Mtk-  iy  towaxds  it. 
And  hence  it  is  truly  concluded,  that,  in  \ifwing  any  ob- 
ject by  a  pliui>)-coi)vex  glass,  the  convex  side  should  always 
be  turned  outwards ;  as  uUo  in  burning  by  *^<^^  tt'filas*. 
II.  For  the  Vami  F0C9»> 
K  In  concave  glasses,  when  a  ray  paws  through  air 
nraUel  to  the  axis,  the  virtual  fucut,  by  it& first  refraction, 
baoaaaes  ai  the  dtstaiKc  of  a  dinmeier  and  a  half  of  the 
concarity^S.  In.plaao-concavc  gl«»se«,  whtfn  tlie  rayi 
ftU  pafa|lel  tai,tfaa  axi^  tbe  virtual  Ibeus  ia  dislaat  fton 
the  glass,  the  diaHMt  «F  tbi.  caacavityr^.  In  plana* 
ctBKava  glasses,  a*  lOf  s  IjiS  t:  so  is  tbe  lamvs  of 
Ifca  cancmrity  )  la.Ae  datanea  of  the  nttual  focus. — 
4.  I»  double  eoncavce  of  tbe  MMW  sphere,  the  virtual 
fKus  of  panillcl.rajfs  is  at  the  distance  of  the  radius  of 

the  r  ncaviti,.  Hut,  wlnther  the  coinaMlns  he  c<|ual 
or  utuquLil.  the  virtual  focu*.  or  point  of  <-luer:;eiicy 
o)  ill'.'  (irua'.Ifl  ray*,  ii  <i: 'rrM-nieil  |jy  this  nilr  ;  As  the 
sum  ol  the  radii  of  both  concu'iiLies  :  is  la  ibt  radius  ol 
riiiii  r  concavity  :  ;  so  is  double  the  radius  of  thtf  other 
Concavity  :  t'<  the  distance  uf  the  virtual  f'lCUs. — 5.  Iti 
contuse  t;l;>>ses,  I  x|ViSed  to  Coiivi  ivinc  rays.  If  the  point 

10  which  the  incident  my  converges,  be  "farther. distant 
fn)in  the  glass  than  the  virtual  locus  of  parallel  rays,  the 
rule  for  finding  tbe.virtual  focus  of  this  ray,  is  lhi>;  .'Vs 
the  diSNence  belwefn  tbe  distance  of  this  point  from  the 

>P^«,  and  the  di^itance  of  the  virtual  focus  from  ibe  glass: 
IS  to  the  distance  of  tbe  •vittiul  focus  :  :  so  is  tbe  dis- 
tance of  tbjs  point  of  convergence  from  the  glass  :  to  tbe 
distanee  of  the  nnuol  focus  of  this  converging  ray.— ^.  In 
concave  glatsta,  if  tbe  noint  to  wbicb  the  tncMkat  ny 
convcnrs*  be  nearer  to  the  g|iys  thin  tbe  vhtoil  fticai  of 
poialM  tays,  tba  mle  to  fiad  where  h  crosea  tbe'axis,  is 
thtf ;  Ai  the  esccai  of  the  virtiml  ibcw,«bave  this  point  of 
convArgeaey :  is  i»  the  virtual  focus : :  so  is  the  distance 
of  thispointofconveffcu^y  from  the  glass  :  to  the  di«unce 
of  the  point  where  this  ray  crosses  the  axis. 

II?:  Prutical  Ralft  for  findia^  the  Foci  qf  Glaisrs, 
1 ,  To  find,  by  experiinml,  the  locus  of  a  convex  ".phe- 
rieal  plasi>,  beilii;  ol  a  Miiall  sphere.  Apply  it  to  the  end 
of  a  scvtle  ol'  indies  ai.ii  <lee:iii;il  parts,  nr.il  expose  it  to 
the  sun;  then  on  the  scale  iiiiiv  tie  sii  ii  ilie  hricht  iiiler- 
^ection  of  the  rays  measured  out :  or,  fix  a  in  ;f;e  liole  of 

11  dark  chamber  ;  and  where  u  while  p;i]ii  r  :ecene^  ihe 
distinct  t'  |iri  ■..  hiadun  of  distant  objects,  there  :?(hc  focus 
of  the  glass. — i.  l  or  a  lilav.  of  n  pretty  Ions  fi  lu«.  ob- 
■erve  some  ilisiant  oijj<  et  thr<nrjlj  It,  and  reci  ile  Iroin  the 
glass  ill  the  eye  per CMvea  all  io  osBfUMon,  or  the  object 
^ns  ta  appear  InveMMjpIlM^    the  Jbcm^, 
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3.  For  a  plaaiMonvex  gliia:  laaka  it  laBectihe  tna 
against  the  wait;  then  oa  the  nail  will  be.  sain  tieo  eoila 
of  light,  a  brighter  «|,tbin  aaoAar  nuwe  obicnie:  wltii- 
dr»w  the  glass  from  tbe  vail,  till  the  bright  Imagie  be  hi  it» 
kaat  dhneaaioi»{  then  it  the  glass  distant  from  tbe  waH 
wkmtt  •  feuith  part  of  in  foeal  U  ngt  h .— 4.  For  a  double 
convex:  expoae  each  side  ti  the  sun  in  like  manner-,  and 
observe  both  the  di*lanccs  of  the  gfass  from  the  wall :  then 
is  the  first  distance  about  half  thi  radius  i  f  the  convexity 
turned  from  the  sun  ;  and  llie  si  etiml  is  aliout  half  the 
radius  ol  the  other  Conve.xity.  TJje  raiiii  ol"  the  r.vii  con- 
vexities l.'i  iiii;  thus  knov\(i,rhe  hieiis  isilnii  found  liy  this 
rule;  .\s  il:e  sum  of  li'e  r.nlii  itt  bolli  convexilies  ;  is  to 
I  he  radius  of  either  coim  xily  .  :  so  is  d  aible  ihe  radius  of 
the  other  conve.xity  ;  to  the  distance  of  iln  ficus. 

IV.  To  find  the  Fori  of  alKlanrs  <  levnutrically.  - 
Dr.  Ilalley  has  <;i\en  a  general  iiu  'Siud  for  tindiiit;  the 
foci  of  spheiic.il  ulu<.si  s  of  alt  kiiidj,  both  concave  and 
convex;  exposed  to  any  kind  of  rays,  either  parallel, con- 
verging, or  diverging;  as  inlluny;  To  find  the  focus  of 
any  parcel  of  rays  divcr^;.,^  iVom^or  converging  to,  a 
given  point  in  the  axis  of  a  a^herical  Iciu*  aud  making  ib* 
same  an^  with  it;  the  ratio  of  the  liiMa  of  icfractioB 
being  gjlTcn. 


Suppose  OL  a  lens;  p  a  point  in  it?  surface;  v  its  pole; 
c  the  centre  of  the  spherical  segment ;  o  the  ohjpcl,  or 
point  in  the  i'.xis,  to  or  from  winch  ihe  rays  proceed ;  and 
or  a  given  r.iy  ;  aiul  supjiose  ihe  lalio  ot  letractioti  to  be 
as  I  to  J.  1  ;ieii  nuking  cr  to  co.  ,^  >  i  i  j  fur  the  im- 
mersion ol  a  ray,  or  .is  r  lo  i  lor  the  t  un  rsmii  ji.e.  as  the 
sines  of  tho  angles  in  the  nuiliuiu  whieh  Un  rav  <  titers,  to 
the  corresponding  sines  in  the  medium  out  of  which  it* 
Comes)  ';-and  laying  ca  from  c  towards  o,  the  point  a  will 
be  tbe  sanio  for  all  ibu  rays  of  the  point  o.  Lasily,dra«^ 
ing  the  radina  rc,  continued  if  necessary  ;  with  the  centre 
a,  and  dtstanee  or,  dricribe  an  arc  intciwcting  rc  in 
Then  the  line  9m,  being  drawn,  it  will  be  parallel  to  tbe 
reflected  rayj  md  pr,  baing  drawn  pataild  to  It,  will  in- 
tersect the  axil  ia  the  ponit  f,  the  fiictu  eoight.'-Or,  say 
as  c« :  cr  : :  ck  :  CP,  whkb  will  be  the  distance  of  the 
focus  Uem  the  centic  nS  the  aphcre.— And  fton  thu  ge- 
neral eoBstrttCtion,  he  adverts  to  a  number  of  particukr 
simple  cnMs.— >Dr.  Halley  gave  also  a  uni versa!. algebr^ 
cal  theorem  to  find  the  focus  of  nil  sorts  of  optic  glasses, 
or  lenses.  S»-e  also  the  I'hilos.  Trans.  No.  20.1,  or  ray  Abr. 
vol.  9,  pa.  5<)3. 

,V.  In  Caiojitrics,  of  Foci  '    /u  rfn  ./.jh. 

These  arc  eiwi ly  found  for  un  s  k:  r  .Mi  ,  m  irom  Uiis 
principle,  that  the  anjle  ol  incideiiL\  is  ,iUvay  s  equal  to  the 
iiiiLlIc  of  reflection.  '1  he  same  are  also  easily  fonnd  by  OS* 
[K-rirnent,  beinf;  expo«;d  tu  any  object. 

The  increase  of  heat  from  collecting  the  sun's  rays  into 
n  focus,  has  been  found  in  many  caM-s  of  burning-glasses, 
to  be  astonishingly  great ;  the  etfect  being  increased  as  the 
square  of  tbe  diameter  of  tbe  glass  exceeds  -that  of  tbe 
facw,  ^  V,  for  iaaiaacsk  thief  a  h«  •  b«niiog*glaa  of  IS 
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dUn«(cr;  thi*  will  ealbetor  crawd  toni  iher  all  the 
rays  of  the  aun  which  fall  npon  the  glass  into  the  compait 

of  about  {  part  ot  mi  inch  :  tin  n,  ihi^  arriis  of  the  iwu 
^pac<'5  bcin?  m  the  ^luarr  ol  12  lu  tiic  !^f|uare  nf  ^,  or  as 
tin'  111  111-  ■.!  ',>6  til  till'  s<]unre  oi  l,  thnt  i>,  a^  <i^'i(i  ro  1  ; 
it  fullo^-,  that  the  ti.  it  in  the  foru-i  will  ite  yZUi  timo 
greater  t fill II  thi- (.  pinmoii  hen;.  And  tliii  will  huvc 
an  I'llcc  t  as  ijiiat  as  tlit'  liircrt  rav'snt  the  sun  wouhl  have 
"ii  .1  litidy  |>l;iccil  Bt  the  <,l<ilh  part  (■!'  the  I'.irth's  rflslaiice 
Irom  ihi-  Sim  ;  or  the  snw  i<*  on  ii  plaai't  that  thould 
Iftovi'  round  thf  sun  at  Uul  h  very  liltip  more  than  a'dia- 
meter  of  the  .lunS  di>iiinc<'  from  hitii,  or  lhi<t  would  n;-xt  r 
appftr  farther  from  him  thun  about  :Mi  minuti>«. 

Bevidcs  l>r.  MiillryS  ni>'thod  for  lrndin|;,lhe  fixri,  several 
other  authors  ha\c  wrilti'ii  iipon  tbi>  stibjoct ;  U  Mr. 
DillOD,  in  lib  FltucioiM ;  Dr.  Unmiy,  io  hit  Elemeiil>«f 
Oioplijcs ;  M.  C«i^,  and  OuiMwr,  in  th*  M«noifM  da 
FAcai). ;  lit.  lUnnwMd  Sir  I.  Nnlon  h««e  alio  neat  Mid 
de^nt  wav^of  finding gcMiMtriailly  the  foa  of  iphcrical 
glanoa ;  whkii  may  be  secnSn  Barnw'*  Optical  Leetnna.  the 


for  the  Vortices  of  Drscartes;  on  which  A'tillairc  srv-^, 
"  Wr  muM  excuw  In*  cniiH-dics,  on  account  a(  In;,  ^u  at 
■■'■^f  \  ind  hl^  Carli.'siaij  iipinionit,  ut  they  w err  iln-i  if 
iii^  _\ niKii,  « lidi  ilu-.  vM-ri'  universally  rt'ceiviil  aM  uvir 

lju  I  i|K  . 

Ill  Ills  )ii)f  tu  ;ii  ju  rl.H  niaiu-i'^  aiiii  DutJogiies ol  the  Dead, 
thu  spirit  of  Voiiuri'  was  discerned,  ihou^li  more  ektetidcd 
and  mori-  iihilo>uphiLHl.  His  Plurality  ol  Wuilda  it  a  wolk 
bin^ular  in  it^  kind  :  lu>  dcMgu  in  tlii«  wa»,  lo  present  ttuit 
pan  ot  jiliilusophy  to  vi<  w  in  a  gay  and  |>l<■a^ing  dre»s. 

I'niitcni  lie appliad  hmifell  uho  lo  itiathcmHl.cb  and  iia- 
ttiral  philosupby;  ia  which  he.  jiruved  not  leu  tucccwl'ul 
than  he  had  been  i|t  |iaiile  literature.  Having  be«>n  ap- 
pointecl  perpetual  secretary  to  the  Acaiteniy  of  Science*, 
Jift  disehargt-d  that  irust  above  40  years  with  uoiveraal  ap« 
plauir :  hit  History  ot  the  Aeademy  often  throws  gnat 
ligbt  «t  (hair  Mamoiii*  whieb  weiaaietinics  ohseore;  and 
il has  baao  said,  ha  «ms  tht  tint  who  iniruduced  elaeuKe 


FOUATEi  a  name  given  by  •Atoe'to  *  curte  of  the  Sd 
.  order, expmnd  fay  the  equation  x*  -r-  y'  =  axi/,  being  one 
sp«cies  of  defrctiw  hyperliolan,  with  one  asymptote,  and 

CIln5i^ti.•lK  !■{  l\\  M  inii'iilc  ]:  <p  crossinii  <■  ich  otlii  r,  ti.)rmint; 
a  kind  nl  liv!.  il  ii  tlif  4  Jd  speiio  ol  Nc«lniiV  l.iiieiof 
the  3d  order. 

FOl.KIvS  ( M  V  It TtN ),  ail  i'.tiglish  inatii.-nialicmn,  phi- 
loiophcr,  nnd  aiiti(|imry,  was  Uirn  at  WestnimstiT,  about 
Ib'IO;  unil  viu«  jjri-iilly  di«tinguishi  d  m  a  n.i  n:  lu  r  ol  the 
Itoynl  Society  m  I/tndnn,  and  of  the  Acadi  my  of  Scifnci's 
at  I'urh.  He  was  admitted  into  the  former  at  24  years  of 
age;  madr»  one  of  their  council  two  years  after;  named 
vice-president  by  Sir  Isaac  Newton  hiniwll;  and,  after  Sir 
HaiH  8lodlw,1iecanie  prcstdcflt.  Coim,  ancient  and  mu- 
4mi|  were  a  great  object  with  him  ;  and  his  last  produc- 
tion was  a  book  upon  the  Englifih  Silver  Coin,  nam  tlia 
Conquest  to  bis  own  times.'  He  died  at  London  in  t754>.  « 
Dr.  Birch'fiad  dravgn  up  materials  for  a  lilr  of  Mr.  FoUtes> 


elegance 

tiic  sdenees.  Tke  ICiogiBa,  which  iie  prunuunccd  on 
iii'ceaM  d  membmoftha  Acadan^,  hiMfo  this  peculiar 


which  are  prcierved.Bt  large  in  the  Anecdolei  of  Bowycr, 
pa.  562.  There  am  maiiy  niemoirs  of  Mr.  PolkH^s  in  ike 
Philoa.  Tiana.  fhMi  «ol.SO  to  vol.  4S,  both  iadusiw;  ^ 
1.  Account  of  an  Aurora  Boicalii,  vol.3Qi>^.  Of  Lmi- 
wcnlMakVeuijoas  Mietoacope,  soL'Sfd— S.  On  the  Stnnd- 
nid  McaauTes  in  the  Capitol  at  Rooie,  vol.  99. — 4.  Ohurr- 
vations  of  three  Muck-kuns,  vol.  40. — 5.  On  th«'  Fresh- 
water Polypus,  vol.  4?. — <i.  On  human  bone*  petrilied, 
vol.  43.— 7  Oil  il  |iu:5i.;<-  i>i  I'liny's  Natural. History,  vol. 
44. — S.  On  an  I i.irth'jiiakc  at  l.niidon,  vol.  +6. — 9.  Ditto 
at Kfnsiiii>to»,  vol.46'. — 10.  I>i:ii)  Ht  Kewtoii,  vol.46". 

FOM  A II  -M' T,  or  Tom  .a  i  fi  .\  vt.  a  i.tar  of  the  first  inag- 
nituilr  ill  till-        r  r>l  the  n  Tr  ti  Matiou  Aquarius, or  in  the 
mniiifi  oi  the  !>uulhern  fish.    Its  latitude  b  21°  b'  iH* 
1  and  mean  longitude  to  the  beg^b^  of  ITtfQ, 
ll'O  28'55'. 

FONTENELLE  (Behkabo  b^),  a  celebrated  French 
author,  was  born  at  Rouen  in  l657,  and  died  ih  17ajf, 
having  nenHy%ttained  bis  l(x>th  year.  '  Ik  wak  ii  nbimt^ 


merit,  tliut  they  excite  a  respect  for  the  sciences  an  well  a- 
for  the  ButhAra.  • 
On  the  wholi',  fontrnellc  must  be  considncd  a»  the^Krcat 
master  of  th<  new  a^i  of  triaiing  abstract  scicnceii,  in  a 
manner  that  makf  ilii  ii  Miuly  at  nrkce  easy  and  agreeable: 
nor  are  any  ol  hi'*  works  ol  otiu  r  kinds  voi<i  of  merit.  All 
ihoie  talft>ts  uhich  hr  p<i'-<>fsM-d  Iruiii  imturi.-,  vttrc  aa^islcd 
by  a  "Odd  kiiowled:;!'  Ol  hintoiy  and  languages:  and  Ite 
perhaps  surpasses  all  men  of  learning  who  have  not  had 
the  gift  of  invention. 

Beside*  bis  poetical  and  tbealricat  works,  with  tliosr  of 
belles-lettres,  6cc,  he  published  Elemeiii  dc  Ceonietno  di: 
rintini,  in  4to,  17-7;  aUio  the  Theoric  dca  TourbiUoM 
Cartcsirnj ;  and  Diicuurs  Moraux  et  Pbilosophiques.  All 
his  different  works  were  collected  in  eleven  volumes  ISmo, 
«nder  the  title  -of  Oherei  Daena. 
FOOT,  a  a«WBrB.of  length,  divided  into  1<  inches,  and 
inch  snppOMid  to  contain  9  hnikgbcoms  in  length. 


OeoHietiiciaas  divide  tbeibat  inin  10  d^^nnd  Ibe 
ialo  lOlinfSrAn'i  '  i--/V<rtM'?-»g  ..My,.. 

It  seems  thib  aeaanK  has  faeenjialten  from>thokMft  of 
the  hnman  fbot;  hat  it  is  of  different  lengths  io  dimrent 

countries.  The  Paris  royal  foul  is  to  the  English  foot,  at 
426'3  to  4000,  or  nearly  16"  to  1  j.and  excwds  the  English 
by  fJi  lines.  'I  tir  anci>  nt  llomau  loot  of  the  Capitol  con- 
sisti'd  of  4  palms;  (•([•jal  tu  II  nidus  ami l'.iiyii>h;  the 
Rhiiil.iiui,  or  l.ryHoti  fi.i;:,  um  u  l;y  ■'!]••  ■.•.r  riln  m  nations,  is 
to  ihi-  Uumnn  foot,  as  19  lo  i^'Jf       proportions  of 

the  foot  of  several  nations, CIMipaied  witjl  the  EngMiksAM 
the  article  .Measure.  .  - 

.S^wii-eFooTjisasqaarewhoseside  is  1  foot,  or  13  indies, 
aiid  conseqaeatfy  its  area  is  144  square  inches. 

Cttbic  FooT,is8Cube  whoso  si'i<'  is  one  fool',  or. 1 2  inches^ 
and  connequnnlly  it  contains  I'i^  01  17'2S  cubic  inches. 
?o<n-bank,  or  l'ooT-»'rp,  in  r.-riili.    .Sco  iJA»QUETT«. 
FORCE,  Ki^or  fouer,  in  Mcdianic*.  Philosopby,  dec, 
denotes  thw  causo  of  the  chal^  in  ih«  state  of  a  body, 


sal  genius  :'at  a  vetycarly  sm  he  wiMie  seveftA  iWiiMiiM  •  with  reapeit  to  aAtioii,  iert,|wnaure,  iScc;  as  well aa  its 

and  fragedica  of  conddehibtrmeiit;  and  he  dM'thH'iabd  endea*o«r  lo  oppose  or  tc^  my  «uch  t  hange.'  TImm, 

at  a  very  advanced  age.  Voksife  declares  ^tk  OteiaoA  whenever  a  body,  whidi  was  at  rest,  begins  lo  «Mm}  or 

jMiflill  m  a«h  dTttfffrt  the  Utb  ptodooed;  atid  *faen  Hs  motion  it  either  not  onilbnB»  or  not  diiact ;  the 

.     I  hha-tt  land^'AtMled^n  so  happy  a' climate,  at  cause  of  this  chnn;i.>  in  the  stale  of  the  body,  js.wha|  is 

to  piwhee  aINods  of  fhsits;  *  Hi,  hst  comedies,  thoush  called  Force,  and  is  an  ejttemal  eaaia.  Or,  whiles  bodjr 

(BW  diowed  Ifte'ei«g8nc<-  of  Fi,iii.>ii.;llr,  «  r. ,  however,  remains  in  the  same  state, eiilier  of  reat,oroflinifairai and 

ttttts fitted  tot  the  stage ;  he  then  4IS0  produocd  an  Apokgy  rectilinear  motion,  the  cause  of  its  remmniiv  inmchalakv 
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i».  in  the  nam-  •  <■  ih 
and  is  rallot!  ii>  inert:, i 

Mt-chunicil  inri  i-s  n 
a  bod^  at  rv.^i.  liir  otii 

Tbc  force.  »\  c,  ui  a  I 
c<*ive  to  be  in  it  wht  tj 


FOR    .  t  * 

UikIv,  bvloiiiitiiiitMinttfiMliwcei 

of 


r  o[  n  ijinJv  111  nn.'luiii. 

(1  K  i(  ust,  I-        which  we  con- 

Uini  on  a  jil.iiii',  fir  Ir.irijins  by  k 


ropp.  iir  Mi|>|i'jrr<<l  In  ii  »|)iiii;j,  iVc  ;  utiil  lliis  it  ciilUil 
Hn.-«»uiy,  IVriwon,  Force,  or  Visi  Murtuu,  Njticttutiu,  Co- 
n«tu«  Movemli,  Cunanu-n,  tic;  which  kind  ot' force  may 
be  ulwiiys  mcasiunt]  by  a  wrijiht,  viz,  the  weight  that  sus- 
tain* iu  'I'o  this  claw  of  fi)rcc»  may  aUo  be  referred  ccn- 
tnpM«l«Hidc«itrifug«l  i'orce»,  though  theyn-sideiaabody 
ill  mMioa;  bcetun  these  forces  are  homogcqgdW  tO 
weights,  prewurr*,  or  Icmiom  of  snjr  kind.  Tho  pmniie, 
or  force  of  gntriijr  in  any  bod^,  m  preportiooal  lo  the 
quantity  of  niatli«  coniaiat^  in  it. 

The  force  «f  a  bodj  to  Mtian,  ii  a  ptnm  raiding  in 
tl»t  body,  10 1oB(  aa  it  caatiaiin  it*  motion  ;  Ii4|rinaan»  of 
viiidi,  it  IB  alile  to  remove  tbme  oIm tacics  which  are  o^ 
pa«4  to  it;  or  to  lesven,  destroy,  or  mcrconw tlw  tarn 
of  any  othar  moving  body,  which  me«lt  it  in  an  oppotile 
•direction  ;  or  to  surmount  any  the  largest  dead  pressure 
or  resist4ince,  as  tension,  gravity,  frictjon,  bic,  fur  some 
timp  ;  liiit  wiiich  will  be  lessened  or  destroyed  by  such  re- 
$i»Utjcc  as  le>^n»  or  destr<»y»  the  motion  of  the  body. 
This  it  called  Vis  Motrix,  Mumhj;  Korcc  nr  MiJti\-e  I'nrcf, 
and  by  some  late  wnten  Vis  V  nn,  tn  (li>tioguish it  from 
the  Vi«  Morttta  before  mcntioiwd  ;  nnri  by  these  appi  INt- 
tions,  however  rlifTerrnt,  the  »anic  tiling;  I'l  undervtood  by 
all  inutheriittiicmm;  i\nni(>Iy,  thm  )wiw<r  «liitli  i>  iiiiriTi-tit 
in  a  moving  body,  and  whicb  accompanies  it  in  whole,  or 
in  part,  as  tong  as  the  body  is  in  motion;  so  as  to  displace, 
or  to  withstand  opposite  moving  forces,  or  by  which  it 
overcomes  any  dejid  resistance,  &c,  which  force  it  olbei^ 
wise  called  Percussion,  or  Percussive  Force,nr  Momentum. 

But  Concerning  the  trteaoure  of  ihh  kind  of  force,  ma- 
IheniUiciam  haw  been  divided  iaiotwo  parties.  It  ia  al< , 
Imwil  oo  bMb«jd«*,  that  lha  mcsture  of  this  force  de- 
pendt  partly  on  the  mam  qf  iwaer  in  tba  body,  or  tia 
wdiglit,  and  portly  oa  lha  vdaciQr  of  its  motion  t  so  that 
on  aBV'itKreasc  of  dthw  «ei|Mor  velocity,  the  mantig 
force  weomes  greater.  It  k  alM  agrce<l,  tbtu  the  vei^ 
cily  iMinK  given,  or  being-the  same  in  two  moving  bodies, 
their  forces  are  in  proportion  to  their  masMrs  or  weights. 
But,  when  two  budit-x  .\t\'  ('(jiial,  Riid  itu'  v<  locitirs  with 
.which  they  move  urt  ditfctvul,  ihcy  no  loiiijcf  iigfcc  abuut 
thi"  iiifii»uiv  of  the  moving  force. 

Tho  Ciu'lesiana  and  Newtonians  mainlain,  that,  in  this 
fjisi',  (hr  iiimiiifi  inrro  111  pi'nporiiiin  Mniiily  as  the.  ve- 
lucity  tvitli  which  a  body  nuni  's  ;  set  that  with  a  double 
velocity  it  has  a  doiiblc  liirc<-,  \c  :  But  the  Leibnitians 
assert,  that  the  moving  force  ispmporlioiial  to  the  situate 
of  the  velocity:  so  that,  with  a  double  velocity  a  qua- 
druple force  will  be  produceil,  ito.  Or,  when  the  bodies 
are  different,  the  former  hold,  that  the  momentum  or 
moving  force  of  bodies,  is  in  the  compooad  ratio  of  their 
weight*  and  velocities :  while  the  latter  maintain,  that  it 
is  in  the  eoraponnd  ratio  of  the  weights  and  tquarcs  of  the 

VClocitl'  i.. 

Though  Leibniu  wa*  the  fint  who  expamly  aiteited, 
that  ihu  force  of  a  body  in  motion  it  aa  tbe  •qaaia  of  ila 
valpcity,  irbicb  waa  in  a  paper  inserted  in  the  Lcipnic  AcH 
In  tha  year  1$WS,  yctit  li  tl^ougbt  that  Huygenahd  him 
tala  that  notioii*  by  tome  dwoPHwtiaiM  io  the  4tb  pan 
of  hia  feoiak  Oe  Honiflipo  Ovflittocio,  cdatiiig  to  the 


of  eacillation,  and  by  bis  diM^riattons,'  in  answer 
to  the  objections  of  the  abbot  Catalan,  oik-  oI  which  was 
published  in  Kihi.  I  Ins  i  nniit  tit  iiiulbematician  li^nl  nc- 
inoostrati-il,  lliiil  III  tlif  Collision  iif  two  bodies  that  iirc 
pcrtiflly  I'la^tic,  the  ■■niii  ol  tin  |,ro<iui:ls  fj|  rach  b«<iy 
iiiulrijilu'ii.Liy  tin-  jijuare  ut  its  xc  liitdy,  was  the  satuc  alttf 
!lir  sliiick  lis  Li'tr,rr  (tliougli  (he  sanM;  thing  is  true  of 
llif  sxims  ol  thf  pr  xlucls  ol  ttib  bodies  multiplied  simply 
Ijs  thill  ^rioiitio;.  .\l)vv  that  pr(<|)o»ition  is  mi  lar  ge- 
ner.il  as  to  obtain  in  all  rolli^i'int  bodies  that  are  per- 
fectly elastic:  and  itisaUu  tnu',  it  In  rt  bodies  of  a  perfect 
etaaticity  ilrike  any  immoveable  obstacle,  at  well  a^  when 
duy  atllllftone  another  ;  or  when  they  are  coiiit rained  iiy 
iniy  power  or  r^isiiiDce  to  inove  in  dnvctions  dillorent  from 
thoie  in  ariiich  ibey  imjiel  one  another.  These  comidcia- 
lions  might  have  induced  tiuygen*  to  lay  it  down  aa«  ge- 
neral rule,  that  bodies  coatlantiy  prawrvo  ilieir  aiecn.* 
■ional  ibrcp*  i.e.  tlie  product  of  their  man  ligr  ihehe^t 
t»  which  Uieir  ceatw  of  gravity  can  atovnd.  which  i>  aa  , 
theaqwK  of  tha  vdodty }  and  tbeiciHC.  in  a  given  system 
of  bodies,  the  somof  tiie  Mjuam  of  their  velocities  wiU 
remain  the  same,-  and  not  l>c  altered  by  the  actiun  of  the 
bf>die»  among  themselves,  nor  against  immoveable  obsta- 
cles. Li ibnii/\  metaphysici  l  ^)^liiii  kd  liiui  tu  think 
thitt  thrsanii'  (jiKiiitlty  of  action  nrtrjrcc  suhrtiiii.!  i;i  the 
univt-rsi- ;  iind  liiulin^  this  inipijssidlc,  \i  iMrri  w rrp  rs;|- 
iniitotl  by  the  quuiility  ot' iiiulion,  be  uiii>(>ti<l  1Ilim'cii>'s 
)irinci|>li'  ot  itie  [ui  sL-nalion  m  tin-  I'srciiMiMiai  tiiicc, 
and  made  it  fbe  nuwure  <<f  movin<>  icici  s.  lUii  u  i»  to 
Ih>  observed  that  iiuyitens's  principle,  8bo\t:-iiu'iiiKiiicJ,  is 
gem-nil  only  wlim  lunli'S  urc  piTlictiy  elastic  :  and  IB 
some  oi)u'r  Casts,  wliicJi  AlHclAurii)  has  endeavour»-d  to. 
diMMiguish:  thewiiig  ut  the  siuue  timetbia  no  Useful  con- 
cluftlftli  VI  nijfclwycs  is  iiOi-clcd  by  tike  disputes  concern* 
ing  the  measan- o£  t^^foim- jpi  bodies  in  motion,  which 
havi  lieen  ubjecie.l  tomathemati^ians.  Analyst,  Queiy^ 
See  Maclaunn's  Flttxiou,  nil.?,  art.  £33 ;  Huygn»,Oiier> 
torn.  I,  pa.346;  &c. 

Leifanu's  principia  was  adopted  by  sf«a|«|  peiaons ;  a* 
WoMn,  tbe  Bemoullist  &&•  Mr.  Dan.  BemotiU!,  in  hb 
Tiaatiti',  has  assumed  the  pfetervatinn  of  thcviftucieis* 
denscif  Huy^ens,  or,  aa oihert  exptess  it,  the  conscrvaiio 
virium  vivaruni ;  and,  in  iicrnuulli's  uwn  expression, 
•rqualitat  inter  descelisum  actualem  Bscensuni(|uc  potetw 
tiMlem,  as  ail  liypi  tlii'Hiv  ot  »oi,<ic; I  k.^  iii  ini-f  lianics. 
Hut  Dr.  Juiiii  cmili  riils,  lh.it  ihi-  cuik  1  u%iniu  il mwii  from 
this  print  Ipli;  arr  olK  ncr  hdsi  ihiiii  [riii  .  S^-e  Oo  CoO- 
•ervau  \'iri;ini  \'iwuiim  O.^snt.  Loud.  \7<\\. 

Catalan  and  I'.ipiii  ai.skund  LmIhiii/'s  |ia[)i'r  [luhlishoj 
in  -,  iiml  Irom  that  iimu  the  ctuxfuti  isy  bt-caine 

more  i;i'nrr»l,  and  «as  citrii-d  on  f<ir  i>evefal  yt?l>rs  by 
Ijeibnita,  John  .and  Daniel  Rernoulli,  Poieni,  WolGus, 
Gravesande,  Camus,  Mu5cheiiliroi  k.  \c,  un  one  side;  and 
Pemberlon,  Karnes,  Desagidiers,  Dr.  i*.  Clark,  M.  de  Mai- 
ran,  Jurin,  Maclauiin,  Robins,  ttc,  on  the  other.  Sc« 
Act.  Erud.  Iti86.  I6'90,  \69\,  \69i\  Nouv.  de  la  Rep, 
dcs  Let.  i^ept.  1()H6,  |6s7,  art.2;  Comm.  F.pist.  inter 
.  Leibn.  et  Bern.  fip.34i,  p.  t<l3;  Diacourses surka  Ixnada 
la  Comm.  da  Mottvement.  Oper,  lom.  S|  tt  Diss,  dcvcift 
Notiona  Virium  Visarum,  ib.}  A«t.  PctfopoL  Ita.  I« 
pa.  191,  fte;  Hydronamica,  sect.  I ;  Herman, in  ActPte* 
trop.  torn,  t,  p.  9.  &c  ;  PoU  n.  deCasteltis ;  Wolf,  id  Act. 
Petrop.  torn.  J,  v  'ilT,  &c,  and  in  Cosraol.  Gencr. ; 
Graves,  in  Joum.  Lit.  et  Phy*.  Elem.  Xialh.  1742.  lib.  9> 
cap.  9  and  Si  Memoir,  de  I' Acad,  dcs  SacDCCs,  17Mi 
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Mmcfa^nbr.  Int.  ad  Pbil.  N'ai.  176-2.  vol.1,  p.  83  &c: 
Pcmb.  Ac,  iu  Phil.  Trans.  No.  371.  37 i,  376,  39t», 
400^401,  oiroy  Abrid};.  vol.6,  p. 570  A:c.  iMairan  in 
Mem.  dc  I'Acad.  drs  Sc.  1728.  Phil.  Tr«n».  No.  45<), 
or  Abiidg.  vol.  7t  p-6'37(  Philus.  Tram.  vc)l,43,  p.1'23 
&Ci  Macl«urin'»  Acc.  nf  Newton's  Uucovvrica,  p.  1 17 
4(C(  Flux,  ubi  supr.  and  Rocikil  dot  Piercft  t^ui ODinupu  le 
le  Prix  torn.  1 ;  OcaifuL  Counc  £xp.  Pbikw.  nILl, 
p.39i  Stft  P>49  &C|  nd  Robiw'a  Trwb,  vol.  t, 
p^  ISA. 

The  iwtare  md  Uinils  of  tlin  work  will  not  Mimit  of  • 

full  actvuDt-of  theergumentt  itnU  r x peri minu  that  have 
bvcn  ur>>ed  on  both  tldrs  of  the  question  ;  but  thoy  may 
be  louiid  chit-fly  lit  the  pft-cediiig  rel«rrnccs.  A*few  of 
(i>ein  howi  vt  r  iiiHV  bo  considon-il,  as  follow*. 

The  (l.'li  niln- . il  I.I  |iriritipli-,  bcsitli-s  llie  n-ju- 

inciils  ab<jv<-rNii>tiijiu  il,  n  lVr  to  tlic  spaces  lhal  I  il 
asccitd  to,  uhvn  throw II  upwurdx,  or  i  n   pi  r  ru  iiH 
biHlies  Ift  fall  intovit'l  »«x,  tiilluw  ,  cLu  ,  '.in  a,  iiuti  i 
soft  ..uL-t,im-cs,  which  lip  iict.':^  aif  ;iliv  l^^      lii./  -quiiii  <ii 
the  vclittiSUT  of  rlii»  bodirs.     Uii  liu'  ullitr  lialid,  tlii  ir  i 
poni'iits  rclorl,  that  Mirh  spaces  niv  iiol  t\,v  iinaMii 
the  force  in  quntion,  ulncH  \t  rather  percussive  anc  luo- 
mcntary,  as  those  abo>c  .m  [  awd  over  in  unetiual  times, 
and  are  indcH  the  joint  rtfi-ct  of  (b«  iorm  itnd  times. 

Dcsagulirrs  brin^  an  arKumeni  frgm  the  faniiliar  ex- 
periment of  the  balance,  and  the  other  Mniple  rflt'cbtiriir 
powers,  showing  that  the  effect  is  in  proportion  to  the 
locity  multiplied  by  the  wdght;  -for  example,  4  pounds 
h«i«g  ptaccd  at  the  ditimee  of  9  inrbct  from  the  ceirtre 
•f  notion  of  ahahaee»and  t  |Mnnda  atthediaianee  uf  IS 
inchca;  thvse  will  haw  a  vie, viva  if  the  balance  be  put 
into  a  swinging  motiott.  Now  it  apprantbat  ihrsr  forces 
are  ci^ual,  because,  with  contrary  directions,  they  »o<m 
destroy  each  other ;  and  they  are  to  each  other  in  the 
simple  ratio  of  the  velocity  multiplied  by  the  mats,  viz 
4x6'=  24,  and  '2  x  12  =  21  also. 

Mr.  Kolims,  in  in-,  rl•lnilrt^  on  J.  nemoolli'*  treatise, 
cnlillcd,  I>i»cour«.  ^11   \r<  .k' la  Cniinminicalion  du 

Moineninit,  inlornu  u>,  ih  u  l.t  loiiiU  Hilopled  tins  opi- 
rii  111  tliron;;l(  nilstiite ;  lor  llio  .i;!i  !.i  iil.iined  that  the 
quandly  ol  force  l^  always  ihc  >  ni  i  in  ili  -  niiiverM-,  he 
endeavoHi-s  to  expose  tbi'  ern  i  ni  1  )i  i  i:  n  »  ho  ;ilso  «s- 
?erted,  that  Ihe  qii.iiilitv  ol  irmtiuii  it  .il».i_)k  the  >iiine  ; 
and  in  his  ilistuurse  on  this  sulject  in  the  .Acta  Kruditi)- 
rum  for  iiSbb,  he  says  that  it  ta  ai;riid  on  by  the  Carle- 
Mani«and  all  other  pbilosophen  and  ni  iihematu  ians,  that 
ihareit  the  same  force  re(|ui»ite  t  .i  ruix  a  body  id'  l  pound 
to  the  heiftht  of  4  ynrds,  as  to  raiM  a  body  of  4  pounds 
lo  the  height  of  I  yard;  but  U-ini^  shown  hotv  much  he 
waa  mistaken  in  taking  that  for  the  common  opinion, 
which  would,  if  alluW(>d,  prove  the  force  of  the  body  to  be 
ai  theMiuaie  of  the  vchxity  it  movi-d  with,  be  aAerwanIa, 
'n^er  than  own  himself  capable  of  kuch  a  mistake,  ra< 
dcifnraied  lo  defend  it  a*  true  i  unec  he  Ibvnd  it  waa  the 
ntematy  coasoqHenee  of  what  be  had  once  a»en«i);  md, 
ho  Moislai^,  ibat  the  force  of  a  body  in  motion  waa' 
pfoporlioiml  to  the  hcicht  from  which  it  must  lall,  lo  «e- 
qaire  that  veludly ;  and  the  hei;thts  beiii);  as  lbeM|Uareof 
the  vei<icitirs,  the  furocs  would  be  us  the  iiiit'iK's  multi- 
plied by  them;  whereas,  when  a  iMnly  iKsceiids  by  its  f;ni- 
vily,  or  l«  projecieil  |i-i I,  .11  u  ;-di  I  V A  ,ir<!«,  lis  ivoiion 
iiiiiy  !«•  coniidcrrfl  a~  ;:ie  mjih  r|  i\,r  un.tunis  and  conti- 
nual liiipiiises  ol  lln:  jiiiil.T  1,1  ^ijMly,  ,iii  1  ir'L  II':  li-Hltig 

ta  ibi:  fvrwcr  cue,  aud  till  they  ekiin^uish  it  lu  ih«  Utter. 


Thus  when  a  body  is  projected  upwards  with  a  double  ve- 
locity, ihcMs  upiform  impulses  must  be  continued  for  a 
double  time,  in  order  to  destroy  the  motion  of  theWly  ; 
and  hence  it  follows,  that  the  body,  by  setting  out  with  a 
double  velocity,  aiid  ascending  for  a  double  time,  must 
arise  to  a  quadruple  height,  before  iu  motion  is exbatwied. 
But  ihit  proves  that  a  body  wi^  a  double  veloctqr  oHiwa 
with  a  double  force,  bccwaeitis  pfoiucnd  or  dealfcgml 
bj  the  nnie  vaifefm  poww  eoalinMcd  fee  a  doable  liaie, 
and  not  with  a  4|iiadrapl«  fefce^  thoufh  it  riiea'ttra  ana* 
dniple  height ;  so  that  the  enw  of  Lnbniti  conrialea  in 
hit  not  comidiviqg  the  time,  tince  the  velocitic*  alone  ate 
not  the  cauM*     the  tpoces  described,  but  the  times  anri 
the  velocities  togethrc;  yet'tbisi;)  the  fallacious  argumtnt 
uu  which  ht-  first  built  his  new  doctrine  ;  undthos«  which 
II-     have  licen  since  much  lllM-tiil  mi.  Mini   ii<  nveil   (roni  ihe 
ndeiilinp  or  hoilons  |)ruduced  lu  koft  bpdics  by  others 
<ll:ii^  into  them,  are  mtieh  of  the aaoe  hind.  Jtobmi'a 
.  i»cl»,  vol. '2,  p.  178. 
ill         Uut  rottr.y  u:  llir  w  |h-i  irrmnls  ,irui  rmijunm^s,  that  h."i>e 
(I-     i  eeii  urged  on  both  mli-s  ol  l!ii>  controversy,  (iinc  been 
(  I     t'lundi  d  III  the  different  senses  applied  to  the  Itrni  Force, 
i  he  Knglish  and  French  philosophers,  by  the  word  Force, 
nii  an  the  same  thing  as  ibcy  do  by  momentum,  motion^ 
quantity  of  motion,  percussion,  or  instantaneous  pres*ufC^ 
which  it  measured  by  the  mass  drawn  into  the  velocityf 
Itnd  may  be  known  by  its  effect ;  and  when  they  consider 
b  odies  as'movin^  throogha  certain  space,  they  allow  for 
the  time  in  which  that  spnco  is  d«scrib«Ml :  whereas  the 
Dutch.  Italian,  and  Geimn  philnaopheis,  wh<f  have 
ospouted  the  new  opinion,  mais  by  the  word  Fom,  o«t 
Foroa  inhonnt  in  •  body  in  motion,  that  which  it  ianUo 
to  pntdoto;  or,  in  other  wovdi,  the  fefceis  nlwaya  men* 
surra  by  the  whole  cflect  produced  by  the  body  in  motion, 
until  Its  whulefurce  bccniirely  communicated  or  destroy- 
ed, without  any  regard  to  the  timeemplnyed  in  producing 
thii>  total  efTrct.    Thus,  Miy  they,  if  a  point  runs  through 
H  detemiinal'c  space,  «nd  prJ-n-v*  with  a  certain  given' 
I'oice,  or  inlcn-i  1  y  '  t  [I'l^suri-,  it  will  perform  the  same 
ai  ijon  ttltt  ihii   It  iDiiM   last  or  slow,  and  theiefore  the 
tNr;('  Mt~  iIh  .ic; '<n  III       cast.'  oii<:hi  not  to  be  fftfildad.  ' 
Gr.Mi    iii  lr,  l':  ;.>  LI.  _M:>ih.  ^  753 — 7 -'8. 

1  ul:  L  (  li-i  I  .  t  ',<  II  If  I .  gard  to  this  dispute  ii  i'fr ruing 
tin  III' ,iMj  1 .  (  I  MMiir'nn.  iir  living  lorce,  a>  it  is  some- 
liiiK  V  r  ill' a,  i!nit  n  .  (.  mi  jt  ah^oliiiely  escribe  any  lorce 
to  11  I  inly  ill  MuHua,  wht  ilii  r  we  suppose  tbi*  force  pni- 


pmtniniil  ti^tlie  velocity, ^r  to  the  square  otihe  velocity: 
lui  the  force  exerted  b]l  M  body,  striking  another  at  rest, 
is  ditten  ni  from  tMMtich  it  enrmitt  striking  the  same 
body  in  luq^^nj  edllhil  this  force  cannot  be  ascribed  to 
any  body  OOlisidllliiMl  in  itM^lf,  but  only  relatively  to  tho 
other  bodU^it  inects  tiith.  'Fbere.is  nu  force  in  a  body 
absoluti-ly  CMiMdi  red,  but  its  inertia^wbich  is  ■lw*ys  tho 
same,  wMher  the  body  be  ia  mottpm^r  at  test.  But  if 
this  body  h^  McKd  by  othcn  to  chanw  its  state,  its  inertia 
then  exerts  itself  as  a  feroe,  pctperl)- so  called,  which  ia. 
not  absolutely  determinable:  because  it  de|ienils  onjlho. 
ehasfCstiNl-hopittnin  thrsiMooftbobody.  - 

A  second  oharrvatiun  which  has  been  made  by  sooio 
eminent  writers,  is,  thai  the  elTcct  of  a  shuck  of  two  or . 
more  bf>rfies,  is  not  produced  in  nii  instant,  but  requires  a 
(nrimn  niUnv.cl  iil  inm,'.     ,\nini;n-;n  |,,        t|,(  fa-e, 

the  iu  ti  lo^i  iii  iiy  brtweeji  the  <uu!  .-iiujluii,  or 

living  and  dead  force,  will  vajusli  ,  since  a  pressure  n'i.iy 
always  be  aasigiied,  )»hicb  ii>  the  same  lime,  buweser  little. 
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•htU  proilucr  (he  same  effect,  [f  ihcn  the  vis  viva  ht  hi  - 
mogeiicou^  to  the  vis  niortua,  and  liavinsj.a  pcTfctt  tm  n- 
luru  iind  knowledge  of  ihr  latlcr,  we  nc«  il  rniiino  ri" 
olhcr  mca'>iin'  <il'  itio  forrm  r  lliars  tliat  wiiich  is  UiriMil 
from  I'll'  ^  I"-  iiuirtu.i  t  ijiii'v ult-iit  ti  1 1;. 

Ni>w  tiiat  ihc  chatigr  in  the  stale  ul  tw  o  liodics,  by  tht  ir 
sliiirk,  dow  iiiit  happen  in  an  inslant,  appears  I'viilcntly 
frotn  the  i.\|KTiin<  iits  made  on  s<iit  boilies  :  in  Ihi  se^  pi  r- 
cuuinn  (ntms  a  smM  cavity,  xi'ibie  alter  the  ^lKlc^,,  il*the 
bodits  have  no  elasticity.  Such  a  canity  cannot  ceruinly 
be  mad*  in  an  in»tant.  And  if  ibo  shock  of  loft  bodic* 
irquirr  u  determinate  time,  we  mu$t  certainly  My  as  much 
of  till'  iiiii  dot,  thAUjdi  thi>  time  may  be  so  small  m  to  be 
beyond  all  our  Ideaa.  Neither  can  a*  instantaneous  «hock 
agpw  with  tliat'Comtant  law  of  natnre,  by  virtue  of  which 
nothii^  b  fttfanntd  fet  iaitum.  Q|it  it  it  Medlcia  to  iit" 
sist  tether  iipoalhw,  nocc  the  d«nition  of  any  ahadt  may 
ba  4eietminiid  linnh  ^o  na>t  certain  ptinripM. 

The  force  of  percunion,  resulting  fronf  the  prcaHim 
thnt  LoJim  exert  on  cuch  other,  while  the  eoilMeit  iitts, 
tuny  be  perfectly  known,  if  thine  pre«»urw  be  dctermfncd 
iur  every  iiftant  of  the  >.hock.  1  ti<'  ni'iluid  aciiuu  of  the 
i)!!^!^^  fi<i;iiis  the  first  moment  ul  their  contact;  and  i* 
liieii  If. 1-1;  iiltrr  H iiir ';  I'lisin  non  iiu  ii  ;! s,  ;ind  become* 
ureal»:?l  when  like  uciprocil  ini].i  ■^m'  h-  are  ttronjest.  If 
i!ie  boilif>  liiire  iii>  olasticitv,  ^nul  thi-  ini|iri.">'):'iii-  thcv 
Lave  received  remain,  the  f^lr'.  e^  III  ■ii  C(  ii«e.  liut  if 
the  Ijfi  ln  s  be  eliWic,  and  the  p.irls  cnmpri'--  rt  restore 
theimeUet  to  ilicir  iormer  state,  then  will  she  Imilie-  c  t.n- 
tiliue  to  pre>s  each  other  till  they  wparate.  In  coni|ire- 
hcnd  thcrelurc  perfectly  the  force  of  percussion,  it  h  requi- 
site fir»t  to  define  the  tine  the  tkock  lasu,  uiid  then  to  as- 
ii%n  the  prr!i«ur<>coraM|iondiiigtoeBchiiHUnt  oftfaiatiiiie; 
uimI  :i>  itie  eiTect  of  piwstmB  ill  Changing  the  state  of  any 
body  may  be  knewn,  «re  may  tbcoee  comn  at  the  mm 
cause  of  the  change  of  motion  arisitig  from  coll  iMon.  'Fbc 
force  of  percnnioa  thorefere  U  nn  mure  than  the  open- 
tion  «f  •  wiabb  ptenura 'during  a  given  tiinei  mm  to 
nieaMm  thia  SMpe,  we  moat  )Mm  nf/ui  to  the  tin^  nad 
le  the  variatiens  aceording  lo  which  the  pressure  inttwina 
and  dc-crenscs.  • 

Killer  has  i;iven  »om«?  calculations  relative  to  tftesepar* 
lunl.i  I  ^ ;  aiu!  -de  illustrates  their  tendency  by  this  instance : 
>u|);iis,e  lljivl  Hie  haidnes*  of  the  two  bcMlie?,  a  and  n,  is 
e.|ir,il ;  ami  vuch,  that  being  pre->»'  1  In^cther  ivit'i  the 
t'lii-e  of  U'Olii,  the  impression  iniule  ui\  i  ;ich  i-f  the 
<i.  |>'h  o|  -^,'j^„th  |i  irl  lii  \:  1  Su]ipii>.L'  aU  i  iii  it  ii  is 

ti.wil,  mill  that  s  strikes  it  vMih  the  sivnriiy  .4  100  Iret  in 
.1  se<  mill  ,  ilii'ti,  acLTirill ^'.j;  lo  this  [i'.ithiir,  ihr  '^P'-utC't  forte 
of  compre^^iiiii  «iil  hi  i  innv^ilent  ti>4<)ti|l),  and  this  force 
will  piiiduee  in  each  thrse  boilies  an  imprevsmtf  eijiial 
to  x't  *  '"'•'  i  "I'd  iho  duration  of  the  collision,  that  is, 
till  (he  bodies  arrive  at  their  greatest  comprrviion,  will  be 
abont  fie  of  a  se^uifti.  M.  Kulcr,  in  his  calculations, 
»ttppoM«  the  haidneM  of  a  body  to  bu  proportional  to  the 
f4irce  of  pmsure  teqninie  to  make  a  ^iven  impression  on 
it;  «o  that  tlie  force  by  which  a  •>ivcn  impresiion  is  made 
un  A  budy,'ii  in  n  compound  ratio  of  the  hardness  of  the 
'  kiidy  and  nf  the  <iuantity  of  the  impression.  But  he  ofa- 
,  siTvi<»,  that  legwrd  most  be  had  to  the  awgnituide  of  the 


iml  ivliifli  uri-  ilduhtli-b  burh, 
f  i)Uin:"«  a  i^ieali  r  Imce.  Indeed 


n ■^;■il■ct  to  ihem  mav  be  considered  as  nothing.  What  he 
su;i|iiiM-s  <  i:t;ci  ri)iii'j  jlie  hariiiii  ss  of  ho<)ipj,  neither  implies 
ela-.iieil',  in  r  the  want  ot  it.  as  l'hl^IlClty  only  produces  a 
ristiti.imn  ol  (■.•v.u-  ami  impri-^M'iii  wlieu  the  pressing 
I'irce  Ceases ;  liut  llii^  ii  ■•l  iH.lii  ii  lu  i'd  a<i|  lie  liere  r<ir.si- 
deietl.  It  IS  alsii  ^i  |i|>i.<i  il,  itiat  the  bodies  nhieii  strike 
each  othi  r,  1-'^  |i|  iiie  a:id  Hfqual  basi^*,  by  which  thc^ 
touch  each  oilier  in  the  collision  ;  mi  that  the  iinpntsion  , 
heretis  n-Mile  diminishes  the  lenpth  of  each  body.  It  is 
farther  tu  bo  observed,  that  iii  M.  Eukr's  ralculatinnsj 
bodiea  are  snppr>srd  »•>  constituted,  that  they  may  not  only 
r'Ceiie  imprfsious  from  the  forces  pressing  theiu,*  but  that 
a  greater  lurce  is  requisite  to  make  a  greater  iroprcaiion. 
This  eM^ludet  all  boiKH  fluid  qr  solid,  in  which  thie  Mme  , 
force  may  penetra|c  Ikrther  md  tether,  provided  it  ha* 
tine,  without  ever  hein«!  in  eqnilibrio  wiih  the  llriltaMe': 
thoi  a  body  may  coniiiiUMlly  penetrate  farther  into  soft 
wax,  thoujfh  ihxt  force  inpellini^  it  be  not  ineicMed:  in 
fhne,  and  the  like  eases,  nothing  i*  r<<|uirc-d  but  lo  antt^ 
Aounl  the  lirst  ohstucles;  which  bcin;;  once  ilone,,  and 
ihecoiiiie.vir  n  of  pnrlii  broken,  the  peiH-tratin<;  body  ulwaya 
ildv•^nrcs,  intvtin:;  ".ih  tlir  -unu-  obslacle-.  as  Ix-lore,  and 
desttoyiii^  them  In  an  eoual  I  crte.  Uu!  this  celebrated 
genius  osiU  i mi-isi  rs  i;.-  Iir^l  nlisiac  Irs  vklneli  l■vi'^t  Is  lnre 
any  separatum  ul  pui: 
that  a  "riatei  iniprvssiiai 

this  chiefly  takes  place  in  elast'C  hodii  ^  ;  t)ut  it  mnu  like- 
wise to  obtfiin  in  all  bodies  when  flu  lrn|ii issioiis  made  on 
them  arc  »mall,  and  the  contexture  of  thi  ir  parts  is  not  al- 
tered. 

These  things  being  premised,  let  the  mass  or  weight 
of  tlie  body  a  be  expressed  in  general  by  a,  and  let  il* 
velocity  before  the  sJiock  be  tlmt  whieli  it  might  ac- 
quia>  by  (ailing  from  the  height  a.  i'urther,  lei  the  hard- 
nei*  of  A  be  CTpieweJ  by  m*  and  that  of  n  by  and 
let  the  area  of  the  base,  onSrhieh  the  impression  is 
mule,  lie  rc  ;  thf-n  will  the  gre«te»t  compression  be  made 

•with  ihu  force  <^{'^^^  *  *")•  Thercforr,  if  the  hatd- 

ntm  of  the*  two'  bodice,  and  die  plane  of  their  fcontnct 
dnring  the  whole  time  of  their  ooUinoa  be  the  moms  this 
force  will  be  as  v^Ae,  that  is,  as  the  squiM  not  of  the 

vjsviva  of  the  sinking  body  A.  And  as  g  i»  pioportiolllll 
to  the  velocity  of  the  body  a,  the  force  of  percniuon  wld 

It  in  a  compiMiiid  ratio  of  the  velocity  and  of  the  subdu- 
plira-e  li.lio  oi  the  mass  of  the  body  striking  ;'bo  that  in 
this  case  neither  the  I.eihnilian  nor  I  he  1 1< -laii  projxjsi- 
tiotis  lake  ]ilare.  But  this  lorce  ul'  pi  rcu^siiui  rii  peiids 
chii-(lv  on  the  hanliies'.  ol"  the  hodir^ ;  the  jrta'rr  this  is, 
the  ".^rejitei-  will  the  ti^iije  orpeicussioii  lie.  Il  >i  —  N,  this 
force  will  be  i!v  ^/{sux  ^  An),  that  is,  in  a  compound  sub- 
dupltcule  ratio  of  the  vis  viva  of  the  striking  body,  of  the 
hanlne&s,  and  of  the  plane  of  contact.  Hat  it  ii,  the  haiil- 
r;ess  i.f  one  of  the  bodies,  be  inlinite,  the  force  ol  percus- 
^ ino  vill  be  as  y/ivce  n  Ad)  ;  at  the  same  time,  if  m  =  k, 
this  force  will  be  as  y^dncc  x  a<i).  Therefore,  all  other 
things  being  equal,  the  force  .  f  pi  reuvsion,  if  (heitriidng 
body  he  infinitely  hand,  will  be  to  the  lorce  of  percussion 
•when  both  tfie  hodl«  m  equally  hard,  as  2  tcr  i . 
Enter  further  dedocct  from  hit  calculatioo,  that  the  im* 


boilies,jHtbeaaaeimprenionciiiiiotbeniHlcoatfae1euBt  pmnoniceeivedhy  IhehodkiAUBd  a  wtilbeualbUowst 


btidis-s  as  en  Ac  greatest,  fkm  the  defect  of  ipoce  thm^ 
which  ihfir  cwnpanent  partidcs  must  be  driven ;  he  con- 
sidt'n  therefore  only  the  leest  inpreiiions,  and  supposes 
the  bodin  of  tnch  magnitudes,  thai  the  impreisions  with 


M  V  Aa 


in     N)  ai 
If  therefoit  the  hardi 
suffer  no  imprtndoo ; 


t  of  A,  that  b  M,  he  in&uie^  U  will 
iwillegiicadtolh* 
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But  if  the  htrdnes,  of  the  two  bo.lic  "  diMini^iUhed  into  motWe  Meelmlit 

-  'ardue.  .t 


be  the  same,  or  M  =  n,  they  will  each  receive  e<|ual  im- 


»o  «r 

rciardi»e. 

Motive  FoKCE,  olherwiic  called  Mom«itiim,er  Furcc  tif 
preaaiona  of  the  depth  y'  —.   So  that  the  iropres»ioB   Perciuwon.  i»  ibe  .baolote  force  of  •  body  ill  moti^^^ 
'     .    .  .  ■  '  «inlue»pfMie4b¥theprodiittoflbp«»«U(|i^rBMi*»<if 

KCciwed  by  the  body  a  in  this  case,  will  be  to^napm-  bMIct  ia  ib»  body  muluMi.  .1  by  iko  «elo«%  with  which 
•ion  it  rpceii-ea  in  the  lurmer,  as  1  lo  ^    -  it  moves.   But  . « 

Euler  has  likcwiM  considered  and  comptiiea  Uw  cmo 
where  the  atrilciiii  body  bu  its  ulerior  mufum  coofex* 
with  which  it  Mnkcs  aa  iouDovwUo  )iodv  mbom  amilMe 
iitpl'iu.  I  lehn«lM«g«iiined  the  cue  when  both  bodies 
arc  buppo^.•d  Imniovwble;  and  fmn  hb  foeBilB.  ho  de- 
duces Ihe  known  law»  of  the  collision  of  elaetic  and  ■»••  .  ^  .  .  .  j.  i.  *  " 
elastic  bodies.  He  has  also  determined  the  yrreatest  pre*-  '  *•  •«ew«»timi  «W«w»»f  mtf,  then  is  «  , 
surca  tlic  boilii^  i<  ll'ivc  in  these  caae^;  and  likrnvi'i:  t!if 
imprc»»ioii!i  tnaoc  un  them.  In  particular  he  sIid.'.s,  ihui 
the  improsiun^  received  by  the  body  struck,  or  u,  it  move- 
able, >»  lo  the  impressiun  received  by  thv  saine  body  when 
jxed,  as        to  y^Ca -•- b). 

There  are  several  curious,  well  as  UK'ful  observations, 
in  Uciiagulicrs's  Experimental  I'hilo<iophy,  concerning  the 
cuiaparativc  forcen  uf  men  and  horses,  and  the  br5t  way  of 
applying  them.  A  horse  draws  with  the  greatest  advan- 
ta§B  whin  the  liiie  uf  direction  is  level  with  his  breast;  io 
ailClia  situauon,  he  is  able  tu  draw  2001b  for  8  hoim» 
day.  walJuna  about  H  miles  an  hour.  But  if  the  laaie 
hofca  banedato  draw  2401b,  ho  can  work  only  6  hoana 
day,  and  cannot  co  ^iie  m>  tut*  On  t  ctrriaae  indeed, 
whan  liicUon  uSa»  t»  i»  ba  tiraraaine,'  a  middBng  hone 
will  dnw  lOOOlh.  But  the  beat  way  to  try 'the  force  of  a 
hone,  it  to  make  him  draw  up  ont  of  a  well,  over  «  single 
ipulley  or  roller;  and  in  that  case,  an  ordiniiy  heisemi 
draw  about  ?(.iOlb,  as  fK-forc  observed. 

It  ih  1  .'.iiiil  iImi:  5  ini-ii  uie  ol  l'<|Uu1  fiirco  with  one  horse, 
end  can  .  t|u,,l  ri%se  piuh  round  the  hori2ontal  beam 
ol' a  null,  in  u  vvLiik  '.0  Ilci  wide)  whunat 9  meu  wUI do 

il  in  a  walk  only  19  feet  wide. 

'I'lie  wiirst  way  uf  applying  the  force  of  u  hm-r  1-  to  make 
him  carry  or  draw  up  hill  :  fi>r  il  the  hill  be  sleep,  3  men 
will  li^.i  iiiort*  than  li  bi-irM-,  i  hlIi  t'lLiii  rlimbing  up  faster 
with  a  burden  uf  lOOtb  weight,  [ban  a  horse  that  is  loaded 
\4ith  3(X>lb :  a  dift'erence  which  is  owing  lo  Ihe  position  of 
tbe  parts  of  the  human  body  being  better  adapted  to  climb, 
then  those  of  a  horM-. 

On  the  other  hand,  the  best  way  of  applying  tl^e  force  of 
a  horse,  is  tbe  horiiontal  direction,  in  which  ^  roan  can 
exert  tlie  least  force :  thus,  a  ntan  that  wei^  l40lb,  when 
dtuwing  a  boat  along  by  means  of  a  rape  coning  over  hb 
I  draw  above  27lb,  or  exe*t  above  1  -7th 


Fount,  or  ItrMrdiDe  Force,  is  that  which 
Mpecle  the  velocity  of  ihr  motion  only,  accelerating  or  ri- 
tardinit  it ;  and  it  is  denoted  by  the  (quotient  of  the  ll>«!iv^ 
force  divided  by  thi-  iii::s>  i>r  neigbt  uf  tin  IjdiIj  .  So,  if  »i 
denote  the  motive  force, and  b  the  body,  or  ii:>  weight,  and 


Conilttnx  FdHtr  siiie  such  as  remain  and  act  coiiliii'...iily 
tLe  same  forborne  dt  ienoiuate  time.  Stich,  Utr  <  \.ii:^])li-, 
is  thi»  force  of  gravity,  vibichacts  constantly  tin-  samt  upfti 
a  body  while  it  continues  at  the  same  distance  from  iln' 
centre  of  the  earth,  or  from  the  centre  force,  \vhire>er 
that  may  be.  In  the  case  of  a  constaot  fotce  p  acting  u  pon 
A  body  6,  for  any  time  I,  we  have  these  following  theorems; 
putting 

'    /sa  the  contlaat  accelnating  force  =1  v  -~  b, 
9mA»  veUci^  •(  the  end  of  the  time  (, 
«  s>  lh»  apace  paewd  over  ia  that  tiac,  by  tbf  con< 
BiBvt  neiiea  «r  that  force  OB  the  body : 
andf  ailCX  bat,  the  ipoce  genenled  by  gravity  in  t 
aeoOM,  and  calliui  tlie  accdemting  force  of  gravity  1 ; 


4fl 
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y  chan^iii;^ 


Variable  l  oiicts  aif  such 
in  their  rfiect  and  intLn«ity  ;  such  us  the  force  of  gravity 
at  different  distaiicrs  from  the  centre  of  the  earth,  which 
decreases  in  proportion  'as  the  s«|U8re  of  the  distance  ii|- 
crcasi's.  In  variable  forces,  theon-ms  similar  to  those  above 
may  be  exhibited  by  using  the  fluxions  of  quaniitics,  and 
aftqnrards  taking  tbe  fluents  of  the  given  fluxionsl.eqoa- 
tione.  And  herein  consists  one  of  the  ^reat  exccUencies , 
of  the.Newtonian  or  modem  analy^i!,  by  which  we  are 
apiahkd  to  oahigB,  end  compute  tbe  cflecis  of  all  kinds  of 
variable  fovoei,  whether  Bccdeiutiug  or  rrtardiim.  Th\a, 
usii^  ika  eanie  notation  at  above  for  coMi^t  lorcefl,  via. 
part  of  the  force  ofuhoiae  employed  tothaiaaic  purpos<-;  /  the  acceleratiag  force  at  any  iattant,  <  the  time  a  body 


so  thatia.thie  wi(y  thelbcceof  uhoTieieeqHal  tothatof 

7  men. 

'ITiebcsi  and  most  effectual  posture  in  a  nmn.-is  that  of 
rowing;  wlu  n  be  not  only  acts  wiih  more  muscles  at  once 
for  overcoininit;  the  resistance,  than  in  any  other  position; 
but  also  as  he  pulh  backward!,  the  weij^ht  of  his  body  as- 
sists by  way  of  le\  e  1.  Sec  PLbJ^ul..  rs's  1  \p.Philos.  vol.  I, 
pa.  241 ,  when'  S4  vf  1  i,l  uiher  observBiioni  am  made  relative 
10  force  iiuqu  rc  l  by  certain  positions  of  the  body;  from 
which  thut  author  iiccounts  for  mrnt  fi  ats  of  str«'ngth  and 
'activity.  Sci'  also  a  memnir  on  this  subject  by  M.  Lahirc, 
in  the  Mem.  Umt.  Acad.  1?^  i  or  in  Uesagulicrs's  Exp.  dec, 


has  been  in  motion  by  tbe  acuon  of  the  variable  force,  1 
tbe  velocity  gc>i^nited  in  that  lime,  *  the  space  run  over 
in  that  thne^  and  ;  =  IdA 


am 


then  is 
=  igftl 


In  thewfcur  thi-on  tns,  liir  t 
supposed  tu  be  eoii>uiiii  lor  I  hi 


1 ..  /'.  :hoi|oh  \ Jii.>i)lr,  i* 
n.ii  JiniieK  Mualt  li;-..'  ,•  ; 
and  they  art  to  be  u^ed  in  all  e-i^^  <•  of \;uial)Ie  turns,  n 
the  former  oni  s  in  tonstant  forces  ;  m/,  Inun  ilu  iiirijii  - 
Stancea  of  the  problem  under  consideration,  deduce  age- 


pa.  267  dec,  who  Ih*  puhiiibcda  tiaadulimMf  V**^  of  it  nepd  csprcssion  tor  the  value  t>i  ilir  lorce.r,  at  any  u.de- 
•itb  rcmaiksi.  Bnite  lime  1 ;  ihca  mbstiiuie  |i  iu  one  of  ihoe  iheoien», 

V01.I.  •         '  3Z  • 
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wUdi  simll  be  proper  lo  tlie  CM*  is  huA ;  md  tlM-cq«n_^ 
tipiiihcncc  ruultiog  will  Hitninirfe  tlie  correvftofuling  n 
lunofllwollwrmwntitlr^'  in  the  prublcm.  It  19  alio  to 
,  beohtcrfed,  that  iTw  forei^uing  llii-on  ins  equally  bold  good 
Itir  thi-tltsftuctioiiof  nioii'in  and  velocity,  by  nicsiuof  rc- 
•  rirding  or  n^istiiig  lorct-s,  as  for  the  gi  iiiTUtion  oftliPMIIM 
by  means  cl  lU  n  ;<  raliri:;  I'ojt  ri.  ;i|i|:li<'«tiiiiis<il  ihtirc 

theorems  may  In  w,  ii  in  my  MatlicmaiicN,  vol.  J. 

Then' arc  many  olhcrdrnoniiimiitiin  Liiui  kitul>.  ol  lurcrs ; 
»iirli  iis  attnictivf,  cciitml,  cuiitnK.!;''!,  ■V* ,  iVf  ;  torwhicli 
si-e  the  rcjper;;  .1'  wonls. 

FOIICES,  the  Equilibrium  of,  or  ihr  Citmpfifilinn  and 
Ilcsolution  of,  is  the  conipiriii;;  anj  o])|Dti-iri;^  ol  Ukj  or 
rooie  I'lirces,  mj  ii»  to  bnlaiicc  one  another,  or  tu  keep 
in  e(|uilibri<>  the  body  or  point  ugainut  \thirh  thev  •!! 
nuiually  nci. — Thi'>  equilibrium  uiay  be  of  Iwo,  nr  of 
Ikrre,  or  of  «tiy  other  iramber  of  forcet.  In  the  ca^e  of 
two  foren  only,  it  is  manirest  tbat  thvy  mutt  be  both 
rqufti  in  qnonlity,  ud  in  direction*  exactly  oppoaite.  I'ur, 
if  tbey  be  not  diieetly  opporite»  the  bo^  or  point  of 
nceiingmust  wove  lowinlt  om  udst  lad  if  lihqr  b»  «ot 
«qual,  thft  gmtcr  «riU  prevail  owr  Ac  lent  and  carry  thit 
alone  with  it«  with  tbodlffinraca  of  the  two  forces.  Hence, 
in  all  the  cyot  of  equitibrium  and  compotitiona  of  three 
or  more  forcet,  the  practice  must  be  to  compose  and  re- 
duce all  tlip  given  firri'-.  inln  one,  nfa.  pvcn  ijuantity,  and 
having  a  Riven  direclinn  ;  lor  tlien  taking  another,  of  an 
(■^lual  quuiility,  rtiul  giviiisi  it  the  opposite  Uirerlion,  it  will 
be  in  equilibno  with  all  llie  fnrmer  given  forces,  so  com- 

pOUUiJed  tn^ctlKT.  '[Ills  Jiviilc  ioto  tWD  OT  tbtCO  OT 

an)  othi  :  i(iiini»er  offurcM,  as  below, 

i'tirtiili  l'i'^ram  or  Triangle  <(f  Forck'*,  is  «lien  two  ob- 
lique fiireos  are  given,  to  compound  tbem,  in  order  to 
tind  a  third  force  lu  balance  them.  So,  if  ^  .. 
AB,  AC  be  the  two  given  force*!  ecting  at 
the  Common  point  a  :  draw  bp  parallel 
ahd  eooal JO  ac,  and  join  ad  ;  then  it 
Jk9  •  nmcfoiBpounded  of,  aodeqiiiv*> 
ieot-to^  the  two  given  forcei  At,  ac  ^ 
lieniM  il^  in  aW  pnMfueed,  thbie  be ' 
«t«kco  MMm  AS  ilfcon  Ar  will  be  the eqaiTalent bttlanciiig 
Ibree  lo  as,  and  oonaequcnily  to  the  two  given  forces  ab, 
•  AC— From  the  circumstance  of  the  two  given  forces  a  a 
and  «c  or  A  B  and  an,  forming,  with  thrir  equivnletit  com- 
pound AD,  u  triangle  abd,  arises  the  plirnM-  Tri.ini;le  of 
Forces.  And  from  the  circumstance  of  a  paralleloi^ram 
Anpc  being  fornn  d  f;y  joining;  t  n,  that  the  expression 
Parallelogram  of  Forces  has  ariien. —  rrom  the  forer^uing 
method  of  compounding  two  forces  inlo  jnc,  will  easily 
(ollow  the  cnmposition  of  any  number  whaicvir  of  forces 
into  one;  vi;',  fir^t  compound  two  together,  then  that  and 
a  3il,  next  thai  and  a  4lh,  and  so  un  lo  the  but,  what- 
eTcr  their  number  may  be;  which  may  he 
called  the  Polygon  of  Forcct,  at  balow* 

Polygon  of  VoncKi,  it  the  con 
number  of  forcct  into  one. 
the  four  forcet  ab,  ac,  ad,  ab, 
all  acting  at  the  point  a.  From 
the  ektremily  n  of  the  fint,  draw 
»1  pardkl  and  eqoal  to  die  Sd 
AC ;  then  to  parallel  andeonal  to 
the  3d  AD ;  laiily  on  paralidand 
equal  to  the  4th  ab  ;  taen'An,  be- 
1^  joiiK-d,  i«  the  quantity  and  di-. 
rection  of  a  aiiighs  force,  which  is 


[  5»t  1  FOR  *  . 

COMponnded  of,  and  equivalent  to,  the  four  first  ^>\ni 
CBTCess  and  GutLsequcntly,  taking  A!  oppotile  and  eijuul 
to  All,  then  Ai,  balancmg  aii,  will  also  balaim all tiw * 
four  given  ftarcea.  For,  by  the  principle  of  the  TVianj^of 
ibrcet,  ab  and  AC,  ora#,  are  compounded  into  a;  ;  then 
AP  and  AD,  or  po.  are  compounded  into  ao  ;  lastiy  au 
and  AE,  or  <ili,  are  cfiinpoundcd  iniO  AUt  and  aO  OB,  tf 
there  be  ever  >o  niiiny  i<iice>. 

Force  nf  Runnins;  Wnter.  Tlii--  iiiij>l  lie  us  the  fquare 
of  iu  vel(icii\,  nr  :i>  the  lieij;(ii  ironi  which  a  heavy  body 
must  lall,  to  acquire  tlmt  velocity;  because  ihceO'cct  i% 
first  as  the  velocity  of  eacli  purlicle,  and  also  at  the  iiuin- 
bi  r  of  them,  which  is  as  the  velocity  again. 

FORCKU,  in  .Mrchanici,  is  properly  a  pi«;lon  without 
a  valve.  Fur,  by  drawing  up  such  a  piston,  the  mr  l^ 
dniwn  up,  and  the  water  tollows;  then  pushing  ihcpiaton 
(lu  .v  ti  n'>ain,  the  water  b«.ing  prevented  from  de«cendlllg  fay 
the  lower  \  alve,  is  forced  up  to  any  height  above,  by 'meant 
of  a  :>ide  branch  between  the  two. — Sec  ibo  wayt  of  making 
these  iu  Detaguliett't  iixper.  Pbiioa.  vol.  S.  pa.  I6l  dec. 
See  alto  Clare's  Motion  of  Finds,  p«.(io. 

Forcing  IW^  one  that  aeu,  or  taites  water,  by  ft 
forcing  piston.   Ses  abovei, 
FORKLAND,  or  FoRBwiai,  in  NavigatioD,  a  pointaT 

land  jutting  out  into  the  sea. 

Foreland,  in  Fortification,  is  a  small  piece  of  ground 
between  the  wall  of  a  place  and  the  moat;  called  also 
Bermc  and  Lizicre. 

FORK-.STAFF,  Rti  instrument  lornerle  used  al  sea,  for 
taking  the  altitudes  of  the  heavenly  1"  'i' s.  Ii  is  so  called, 
because  the  obsener,  in  using  it,  turns  his  face  lorivard 
or  towards  the  object,  in  contradistinction  to  liic  back-?tall, 
with  which  he  turns  his  back  to  the  object.  It  is  also  called 
the  crr>s.^•MaF,  because  it  consitU  of  aafCtal  piccet 
accost  a  stafil   See  Cnosa-A^f. 


togadieranj 


The  fnre-stniT  is  formed  of  a  straight  square  staff  ab,  of 
abLHil  3  ieet  I'^'ii;;,  haviii;;  each  of  its  four  sides  graduated 
like  a  lim-  ol  larij^enls,  and  lour  crossi-s,  or  vanev,  yt,  EB, 
Dii,  cr,  sliiliiii  upon  it.  of  unequal  lemnhs,  the  halves  of 
which  n-prescnt  the  tailii  to  the  lines  of  tangents  on  iho 
diflcrent  sides  of  the  stafl'.  1  he  first  or  shortest  of  thcSO 
vat>e*,  rr,  is  called  the  ten  crow,  or  ten  vane,  and  belongji 
to  the  10  scale,  or  that  side  of  the  instrument  on  whlcB 
the  divisions  begin  at  3  degrees,  and  end  at  10.  The  next 
longer  c'rots,  tr,  is  called  the  so  cross,  bcloiiging  to  that 
aide  of  the  ttair  where  the  divitiont  begin  at  10  digmin,  aad 
end  at  30,  called  the  30  tcalc.  Tlio  iSbixA  vana  sd,  is 
tensed  the  60  crots,  and  bcloqp  to  that  tide  where  the 
dlvitiooi  begin  at  SO  degnret ,  and  end  at  60.  Tli^  Ust  or 
loogett  vane  cc,  called  the  90  cross,  belongs  to  the  side 
where  the  divisions  begin  at  30  degrees,  and  end  at  <)0. 

The  chief  uws  of  this  instrument,  is  id  take  the  height 
of  the  sun,  and  '•tars,  or  the  distance  belwi'#n  two  stars: 
and  ihi  lit,  ,10,  6o,  or  90  cross  is  to  he  UM'd,  nccoiding  as 
the  altitudf  i>  more  or  less;  that  i^,  if  the  altitude  be  less 
than  10  degrees,  the  10  cross  is  \"  Ik-  uji  d  ;  ifal)Ove  10,- 

but  lest  than  30*  the  30  ciait  is  to  bcuscd^  aodtoon. 
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To  oh.KTve  an  Aliiiudt  %eith  a  Fore-staf.  Apply  Uic  fl^t 
rnd  of  the  staff  to  the  eye,  and  tlule  one  nt  the  crotsM 
backwards  and  forward*  upon  it,  till  over  ibc  upper  eod 
of  the  cruvH  be  juit  accn  the  centre  a^the  sua  or  tiar^^d 
Mtr  the  under  end.  ibc  exlrt^me  horizon ;  thrn  the  Ucffcei-s 
ucl  ininutei  OVt  by  the  cro^i  on,  the  side  ui  the  .»iaff  po- 

Cr  to  the  «(in»  in  nw,'  give*  tbe  alti^pd*,  tiw 
liaoa.       ■,    .  r    •  ■  .frr-rt-  ■ 

A  fiiraMMlw^  the  Distance  betieten  Aeo  Umkim; 
tlMMff  being M>to  tie  eye,  bring  the  cro»» jvdctonbf 
imd  or  cow  ihtl  didanoe^  by  having  the  onautapiaMy 
just  at  the  one  end  of  it,  and  tbo  other  Inmiiialjr  et'-tfae 
<iilior  end  of  it;  and  thi:  di-grces  and  minatei,  in  tbe  dii- 
tjnci',  will  bf  cut  oil  the  proper  side  of  the  staff,  as  before. 

I'OKMULA,  a  tlK-on  iii  or  gi  iu'ral  niU',  or  »  \|iri">sik)ii, 
fiir  leiolviii;;  ct  rtairi  pnrticulur  cases nl  souu-  pmlil  in,  &t:. 
Si)  'i  4d  15 11  jicHi  ral  I'l.i  iiiul.i  t  ii  1  li:  ;;l<-aUT  ul  l"  o  quan- 
litifS  whusc  si^ii  Is  I  aii'l  (liiiriincv  d  ;  uiid  i' —  id  is 
thotbrmula,  or  j;i;i\cral  sakif,  lor  tlio  li-ss  quantjly.  Also 
t^{dx  —  r")  15  tliu  turmuUi,  or  general  value,  <it' the  or- 
dinate to  a  circir,  \vliii-.v  dialnili  r  is  d,  m\d  iib.-ci,>.<,  j. 

FOUi',  a  small  castle  or  fortnaut;  or  a  place  of  incon- 
siderable extent,  fortified  either  by  nature  or  ort.  .  The 
ibrt  is  usually  encompassed  with  a  montf  nUBptlt^  Md 
^ptrapet,  to  secure  some  high  ground,  OTfUewgeof  >lfaHW; 


by  makin);  rertain  work*  arotuid  it,  to  secure  and  d«  fetMl  it 
from  Um  attacks  of  enemici.  Fortification  has  doublim 
been  {tractiied  by  all  nations,  and  in  all  Afta;  being  U 
fint  tary  rude,aud  simple,  and  varying  in  ita  sature  and 
maoucr,  according  to  t  hi'  mode  of  attack*  and.  Il)(l  ^nmiona 
madiQUsc  of.  Thus  ^^[^^■^\  viilugca  and  towM^iiera, 
ibcBed,  it  waa  loand  nccotMiy,  far  the  eoNtfMa  infetj*  to 
I  them  with  walla  and  dNchea,  to  prevent  aqy 
nngaes  fnm  fhcir  neighbnunu  When 
iraqifina  cnncto  be  oicd,  walk  wen* 
niaed  u  a  defence  against  tbe  atsailania,  imd  look-ltoLs  or 
loop-hull!*  made  through  the  same  tonnnoy  ibt-enrii  y.  I>y 
shooting  arrows,  iJ<c,  tl,  ri>ut;h  liii'iii.  r.i.i  (Midiii^  ilii'.t  a> 
soon  as  the  enemy  gi)t  i.K/j,f  i.j  ilie  viaKi,  il,<  v  tui.i.i  im 
longer  be  seen  or  disccnilili  d  Ijylln  U-sii'gnl,  ilu!c- a.i>.(  d 
bi|Uare  towers  i*long  tin-  wiill,  »t  proper  (iist.mcis  I:. mi 
each  other,  to  Uiol  all  ilu'  i.-lrrMiun;:  ]i.nl-  ol  Lhr  »v;!i! 
might  be  si-«n  and  dri.  inJi  il  Irom  the  adjacent  sidiso!  ilic 
towers.  I LMM,  luunner  of  inclosing  towns  was 
found  to  be  rather  imperfect,  becauae  there  remained  stili 
thv  outer  face  of  tkc  towers  wbich  front^  the  £eld,  that 
cuuld  not  be  seen  and  dcfcnde^^fma  aBy  other  part.  1  o 
remedy  this  iinpeHeOttaOt  ||ef/4^^lM<le  the  towers 
round  instead  of  aquare,  as  saeming  better  adapted  I 
for  strrngtt)  to  resist  tbe  battering  enginoi,  and  for  t 


to  aaafce  good  or  atruigtben  an  advantageona  poat;  or  |o  defeodod  from  tht  irtl|iT.|iy jyf  (Wf  liill  i  KiAertbeleah  » 
loRtfythe  lineanod  auarlertof  asiege.  amall  part  of  ihtm  loweni  mS relwMiei  waan,  aaJ  im» 

i%MFoE*«othenniecalkd  f oitiii,or  FcrdekMdwHM-  peble  of  being  defended,  for  which  rei««li^t|Mfi|Mi«i|gMi 


i%MFoE*,othenniecalkd  Foitiii,orFcrdeM 
timcf  Sconce,  b  aamall  fort,  built  in  hMtck  fbrraedefcsce 
of  •  paaeorpoat;  4ttt  partimlarly  can^^tructed  fur  the  de- 
fence ofa  camp  in  the  time  of  a  siege,  where  the  principal 
quarters  are  usually  joined,  or  made  to  commuincate  witb 
each  other,  by  lines  defended  by  fortins  and  redoubts.  Their 
ji5;urc  and  size  are  various,  accunJiiiK  lo  llie  nature  of  llic 
Situation,  and  the  itnporiniice  of  the  *rrvici'  lor  which 
they  arc  intended;  but  Ihcy  an^  im^-t  t i/iiiirionly  made 
aquare,  each  side  about  lOU  tonsc.,  thi  |j'  rpcndicular 
and  thcfiices3i;  the  diicli  aln.jutilii>  tnil  ir.av  Ik-  lUur  12 
toises  ^  'ide;  the  para|H't  is  made  of  turf,  and  iruised,  and 
the  ditch  pallisadoed  when  dry.  There  may  be  made  a 
covert-way  about  tbis  fort,  ur  eUe  a  row  of  palliiadet 
might  be  placed  on  tbe  outside  of  the  dilcb.  Some  of  ihctc 
an  furtided  with  basiion(«  and  aome  with  demi-baationa. 
—A  fart  dif«rs  from  a  citadrl,  at  tfab  latt  ieeieete^  to 
command  and  guard  aoinc  town  ;  and  from  a  redoubt,  as 
it  is  closed  on  alt  aides,  while  the  redoubt  is  open  on  one  side. 

iiqfiMt  FoET,  it  one  whoae  line  of  deicflce  ia  at  leaet  S6 
fittbomloMg. 

'4Sm>  VvKt  h  •  aeoaea  or  icdoubt,  eomtituud  by  n- 
•eaicriiig  and  laliant  anglce,  baviiig  commonly  from  fnt  to 
fi||ht  points,  and  the  sides  flanking  each  Other. 

Fortt  arc  sDmetimes  made  triangular,  only  with  half 

bastion>;  ur  ul  sanoii'-  otlu  r  figures,  ngularor  miv^uIxt, 
and  sonielime*in  ihc  toriii  ot  a -lemicircle,  rs^Hciaiiy  wiieii 
they  are  Mtuaied  near  n  rner,  or  tbe  sea,  as  at  tbt  eiUraiici 
(if  K  harlMuir,  for  the  cunvenictic  e  of  tirinz  at  iliips  i|iiiie 
aiounil  tlii'in  on  that  side.  In  ihe  ci  iisl-uchlmi  uf  all  forts, 
It  should  be  remembered,  that  the  hjjure ol  lewest  sidcsond 
b«slion>,  that  can  possibly  answer  the  proposed  defence, 
is  always  to  be  preferred;  a*  worita  on  auch  u  plan  are 
sooner  executed,  and  with  Icm  aiqMWa;  besides,  fewer 
troops  will  serve,  and  tbey  are  more  readily  broilgbtto- 
.  gather  in  ca>c  ol  necessity. 

FUlVTlFlCATlON,  callodalao  UUitaiy  Aichi«eetiil«ekit 
Uieaft«ffbrtil^|«r*tmgMicaiiiga~         '* — 


pabia  of  being  defended,  for  which  i 
chaagfd  for  aqiufaoiKa,  ai  before,  but  «idl  tUi  tllifenneey 
that  now  they  prcaanted  an  angle  of  the  square  outward* 
to  the  field,  ualead  of  a  fare  or  side ;  and  thus  such  n  dis- 
position of  the  works  wab  uLlanii  J,  a5  thai  nn  |:;in  i  iiiil 
be  approached  by  the  eutiuy  wuLout  bcmy  ieeu  ai.U  at- 
tacked. 

Since  tlie  use  of  gunpowder,  it  Iiii-,  U- ti  l.jijiid  iicccs- 
sorv  lo  ajil  thick  ramparts  of  eai tli  ti  .  all-,  imd  the 
towers  ha.\c  Ix'cn  enlarged  into  baslions,  as  '.kiU  ab  many 
otlu  r  tilings  added,  tliat  liavu  ^iven  a  new  a['ijH'aniliCe  lo 
tbe  whole  art  of  defence,  and  the  name  of  fortification,  on 
account  of  the  strength  afforded  by  it,  wbich  was  about  tb>- 
year  1500,  when  the  round  towers  were  changed  into 
bastions. 

But  notwitbstanding  all  ibc  improvcmanl*  m%(lc  in  this 
art  liocc  the  invention  of  gunpowder,  that  of  attacking  ia 
still  superior  to  it :  the  auperiori^f  of  the  bcsicgeraT  b/c,  tOf 
gfitbcr  with  iIm  jwtar  mtmbcr  of  men,  sooner  or  taiircom- 
pela  lh«  tatep4  10  aubmit.  A  if  '  '  ' 
nddad  1ft  Atft^qTMaclting  by  M.  Vtubaa,  ui  1 
of  Alb,  in  An  |p«ar  t$9t*w,  in  the  uao  t  '  '  _ 
or  at  a  low  ekvaUoa  of  the  gun,  by  wbick  ittadiM,«& 
made  to  run  and  roll  ga-ot  way  along  the  inaidn^jlljd^ 
works,  to  the  great  annoyance  of  the  besieged. 

The  fl,u'f  autlioi-,  \s:.M  have  treated  of  lurl'Jkiilion, 
since  it  has  been  [unjidereii  as  a  jiaiticula;  ."!.',  are  ihc 
following, and  niuailv  m  the  erJe;  III  time:  m/,  LaTreille, 
Alghisi,  Marclii.  Hjiiiiiii,  Hi.inelli,  Cataneo,  tiiiJ  SjK-ckle, 
who,  as  Mr.  lldbihi  hjys,  (mt-  of  (he  gri  atCht  geniuses 
that  has  applied  to  this  art :  he  was  architect  to  the  city 
of  Strasburgh,  and  died  in  the  year  1  j89:  he  published  a 
Ircatiie  on  fortification  in  the  Gerindu  language,  which 
wu  n]wklled  -at  Luipsic  in  \7iG.  Afler)vard&,  Krrard. 
who  wa»  engineer  to  Henry  the  Groat  ot  France ;  .'ste- 
viuus,  engineer  to  the  prioce  of  Orange;  with  Marolois, 
the  chevalier  do  Villei  Loriui,  Cothuru,  the  count  dc 
'  de  Vaiilian :  which  la*t  two  nobte 
.    9  ZS 
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mnhon  liavf  CoiUnUuli-d  (jreally  to  tliC  |>frUciiijn  ol  llie 
iirt ;  U-sidt-s  !>cliciUT,  Mallot,  iklulor,  Dlondt  l,  MulU-r, 
MoMttlambcrl,  inc.  Alio  a  Ihl  of  M-vrral  works  on  the 
Art  of  fortiticalion  may  b«  added,  as  follow*:  vie.  Meldcr'« 
Pmii  Fortificatoriu:  Lrs  Fortifications  du  Cumte  dc 
paymt  Ll^jit-iiitHir  Purfait  du  Siciir  de  Villi':  btuiiny's 
AichitccMM  Militara  Hyitoiheiicut.:  UkuHkiV  Nou*eil« 
Hukra de  Fortiter  lea  Placet:  the  Ahhk  de  Fay's  Vcri- 
table  Mankfe  4e  Bica  Tufliteri  Vmban's  InefiaitHr 
Ftaofoit :  Cbeboro'a  NoowIleTefftifintum  lant  pour  un 
Tenain  b«s  ct  humidr,  que  accct«ler£:  AJemuidiT  dhi 
r>rotte'»  Fortification:  Douatu*  Roaalll's  FortiAcaiioii ; 
Mc'draiii'N  Ir-.f;i  n:(U r  rr«iifoi»:  the  Chcvwlifr  di- St.  J ii- 
lit-n's  Arthiuctau'  Millmirc:  Lansbcrg's  Nouvilii'  .Ma- 
nkrc  ill'  FiirlififT  le^  I  laccv;  «ti  Qtionymi'us  trpQlisr  in 
J'u  ncti,  cmIU-iI  Noum  il.j  MaiiK'ie  ili'  I'urlil.i  t  h-»  Placid, 
tirfo  clf>  Ml  (lioili  s  (ill  C  hi'vulicr  <ic  \  iVc:  Ozaiiara's 
"I  raite  df  1  i  rliticatidn  ;  Mi  nu'iii-s  dc  rArtillrrif  dc  Su- 
in'fy  de  St.  Remy:  M',il!t'r'>  tmitisc^  ol  Mlt'ii  i  .Mry  )»iid 
Practical  Foriiticatiui):  Riou*  £l«ni.  of  Fnrtiticaiion, 
pniilfdaiion;fmoMly:  Md  MonlBlMkberCa  Fortification 
IVrpeadkalainF.  ' 

ivtfjramlnFoBTiriCATiov.  Fnun  thr  nature  and  cir* 
cfimttancca  of  dlia  art,  ccnaiu  general  ruK-fi,  or  inHxlm>, 
*baT«  been  dfawn,  and  laid  down.   Thc!><-  miiy  indtud  be 
nuitiulied  to      cstenlt  tat  the  principal  of  iben  are 
lb*  Mlknriai:  fis* 

L  TlHtttteauaiiierof  lb«tiMa(  alH^ 
Itotfaatorattaekii^  So  that  no  am  namm  cao  be 
1  aK(nys  to  hold,  unl«s  it  be  nssurt:d  that  the  man- 
ner of  bcvirping  is  incupublo  of  being  altered.  Also,  to 
jud;;i'  r.'i  ill!  (  I  it'i(  tion  o!  u  forlinti-.i  i  ri.  tin.'  mctliod  nf  l»c- 
'SlCKiii;;      till'  lime  «lu-ii  itwiii  IjUik  niu>l  be  cnn^itliTid. 

'2  All  ihc  parts  of  a  fiuii  rift!  lion  should  be  equally  strong 
un  uli  sidoi,  where  ihiTe  i*  o()ual  dang^-r;  and  th«y  should 
be  able  to  Kaut  the  meat  powerful  machuMt  Ulcd  hr  be* 
sieging. 

3.  A  fortiiicalion  fliniild  Ik-  so  contrivpd,  as  to  he  de- 
fended ttilh  the  fi'«e>t  mi-n  possible:  which  consideration, 
irlieh  ui'll  ntiinded  to,  Mw^s  a  great  deal  of  expense. 

4.  'I  bat  the  dcfendnrus  muy  be  in  the  better  condition* 
theyntui  aot  be  exposed  u;  iliu  enemtv^'ariillety;  bat  dm 
ag"reuon  most  be  rxpouil  to  theirs. 

5.  All  the  part*  of  a  fo'rtificatioo  should  be  lo  ditpoaed, 
•■a  that  they  my  drCmd  each  other.  In  order  to  thia, 
e«eiy  port  vai^t  to  be  flankei^i  i.*.  Men  eidewRys,  capobU 
of  bring  seen  uad  defnided  from  tome  other  part ;  »a  that 
there  be  no  place  where  an  enemy  can  lodge  bimaelf,  either 
unseen,  or  under  ^helt^r. 

6.  the  chuiiipai^  around  mu^t  lie  open  to  the  de- 
fcniiants;  so  tliut  jm  hill  ir  i  miiiencf  be  allowed,  behind 
wliii'h  ihe  enemy  miglit  sl;i  .ter  lamM-lf  from  the  guii-i  ot  the 
fortification  ;  or  from  which  he  mrght  uiinoy  thrm,  with  his 
o'Sii.  llince,  the  fortress  is  to  cimtmand  entirely  the 
pin:  r  '  .K rounding  it ;  and  consequently  the  OVtwOrhs IDmt 
nil  he  lon  er  than  the  body  of  the  place. 

7.  No  line  of  det'inci;  must  exceed  the  poiali4lailk 
miiskct-shot,  which  is  from  \'20  to  IbO  ftiihoni?^. 

fi.  The  morOMWtO  the  Bn<>le  at  the  centre,  the  stronger 
t»  the  place;  Bi  consisting  of  the  more  sides,  and  const* 
qtiently  more-dofmsible. 

9.  Ail  the  deieucl'^  should  beas  nearly  direct  aspoaiible. 

10.  The  works  that  arc  most  remote  from  the  Centre  of 


luthe  particular  ones, or  »<ich  us  respect  the  seven!  i  

beri  or  parts  of  ilie'«{iuHi»  they  are  given  under  thoaear^ 
cles  respectively* 

Fortification  is  either  themetical  or  practieaL 

TActtrMico/FoRTiriCAitoitfaHinatamtinctnigiha  plans 
and  pK»fik-«  of  a  worit  un  popoc,  with  acalca  aad  i 


I  it,  and  keep 
of  Ihica  ud 


and  lo  examiuing  th«  ayatama  pnpoaed  bydiflbreniaalhonv 
to  discover  their  advanti^  and  ddeen. 
.  JVMtioof  FomricATiov,  eemaiiii  is  ttnmt  *  PT*" 
ject  of  a  work  according  to  the  naliuo  of  the  gratmd,  ami 

other  iu-et'><.:iry  cii  corns taoceitlncing  it  on  the  ground,  au  l 
eKccutiiij;  (lie  pii'ject,  with  all  the  military  buildings;  i  ■ 
magazines,  storehouses,  bridges,  &c. 

A|2Bin,  Ciiri'liration  is  either  defensive  or  offensive. 

/)  r       r  I  1,1111  11  .(  .  1. 1\,  is  [he  art  (>J  ill  leiidiiic  a  t'>" 
lli;;l  !■>  iiih,i  ,i  .J,  v.iUi  All  the  advaiuages  the  foriilication  ol 
it  will  Hciiiiil.  And 

(fficiui'c  t'oki  iriCAiiON,  is  the  same  \jith  the  attack  of 
a  place,  beipg  the  art  of  making  and  conducting  all  the 
ihllerriii  works  in  a  siege,  in  order  to  gain  possession  of  (be 
place. 

FuiiTiKiCATioN  is  also  used  for  the  place  fortified;  or 
the  several  works  raised  to  defend  and  flank 
ctf  tito  enemy.  All  fortifications  consist 
angle,  \vhich  have  namea  according  to  their  variomof^ 
fices.  The  principal  iiaaa  are  tboaa  of  circumvallation,  of 
oootmsalfaaiont'or  the  oapilBlt  tie.  The  principal  angles 
are  those  of  the  centre,  Ihoiapkiiig  aqghi^llaokcd  anglOp 
anrie  of  the  epauk,  &c. 

FortificatioM  are  aithcr  dniable  or  Mnpofaiy. 

Durable  FoaTTTiCATiow,  is  that  which  Is  built  and  in« 

tended  lo  remain  a  Inn^  lijur.  Sucii  an  the  usual  iorlH 
ticatious  of  cilKs,  iroiilier  [iltsees, (!«e.    And  a 

Tanporary  FoiiTiric atiow,  is  that  which  is  erected  on 
some  enuTcenl  deciciKiti,  and  only  lor  a  short  time.  Such 
arc  field-«  111  k^,  t\ri  ami  up  Ict  tlir  sn  /  m^'  and  iiiair.li.ii.Kii; 
a  post,  or  |ias!uige;  those  about  camp,  or  in  sieges;  as 
circu  m  valhtiona,  coBtnffBilBtioaa,iMMllll^tmidaa,hBtp 
tcrics,  Sec.  It 

Again,  fortifications  are  either  regular  or  irregnlar. 

Bmilor  FoRTiriCATiON,  is  that  in  which  the  bastions 
are  au  equal ;  or  which  is  built  in  a  regular  polygon,  the 
sides  and  migles  of  which  arc  usually  about  a  muskct^afaot 
from  each  other.  A  regular  fortificatiun^haviiH  the  parts 
all  e^ual,  has  the  advantage  of  bciif  o^Hally  irifaniiMi , 
io  that  there  are  no  weak  pbces. 

.tr^pikrFomnneATmut  k  (bat  in  whkh  tha  ItMiaiis 
•ra  unequal,  and  unlike;,  or  th«  ridea  and  an^  net  alt 
aqnalr  and  equidistant.  In  an  irregular  fortification,  the 
dnence  and  strength  being  unequal,  it  is  necessary  to  rc- 
duce  the  irrejiular  shape  of  the  oround,  as  near  as  mnv  be, 
to  a  regular  hi^ure:  i.  e.  by  iDscribiog it  lo  an  oval,  insreaU 
of  a  ( lie  i<  ;  so  that  oae  half  may  hp  mmtlar  and  equal  to 

the  other  half. 

.5fiiriR<  FoRTiPtCATiOM,  is  sometimes  useo  ici  ihenrt 
of  raising  works  on  the  *ea-coast,  &c,  lo  defend  harbc  urs 
Hgaiiisl  the  attacks  of  shipping. — Si-c  n  neat  treatise  on  Ma- 
rine Fortification,  at  the  end  of  Robertson's  Klements  of 
Navigation. 

There  are  many  modes  of  fortification,  Acc,  that  have 
much  esteemed  and  used  ;  a  sniull  speciinen  t>f  a  com* 
pnrativc  view  of  the  principal  of  these,  i»  represented  io 
plate  xii,  \  is.  those  of  Count  Pagan,  and  llcm>  Vattban» 


theplace,  ought  always  to  be  open  to  those  thataia  nearer.  Coehom,  Balidar,  ami  Bkmdel:  t£e.^almti«i«f  which 
lleManniejFneniUawaandTiewtollbftilicttigii.  At  waa-Mlwa: 
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1.  Pagun*  Ny«<<'Wi.x 
A  Half  baitiiiiii.  •  ,. 

B  Itiivi-liii  ai):l  coutitcrguaril. 
c  Ci>uni<-r^uard<b«fiMe  the  fauiiom; 

1)  Till'  Jiicb. 

K  Till-  glacis.  ,  » 

«:  The  place  of  unu. 

H  Ui'timi  fUnka.  '  • 

a  Line  of  defimce. 

'J.  ViuibM'*  ^fUm. 
I,  Aii;l  of  iln- U-.li<>n,urflui|(ed«liglc. 
1'  A:i^lt-  ul  (lie-  !i]i«iulder. 
«f  Aiij^k' 111  ihc  flank.  •. 

f  Kace  ut  ihi'  bastion* 
^'  I  in-  flunk. 
■I  'I  hr  curtain. 

i  Tcii«illcs. 

k  Ttrnvenvs  in  tlic  oiveri  %vay. 

3.  OM/bani'<  ligriteM. 
I  Concave  Ilanki« 

ii  The  curuiiw. 

3  Redovbt*  In  tbn  n^Mm%  MfM 

4  Tnivcrae!!. 

i  Stone  loclgBM»ti> 

6  Rrand  Oanfc*.. 

7  Rndoott. 

8  Coflen  planked  on  di»  aidas,  «ad  «ho«e  wmtA 

overhead  with  a  Cwtof  Mitk. 

!■  Ca^'alicrs. 

K  Hams-horns,  IT  Ti  uiiiilrv 

I.  RetrcDchmenU  within  ifac  detached  bit»liom. 

M  Circular  curtain. 

X  The  ravelin. 

r  l  unettes  with'N^Kd  btUerin. 

«  Redoubt. 

It  Dctndwd  ndoabt. 

B  Anamw. 

r  Sod]  tmniiMs. 

t  Kolifed  fantMiy* 


n  Ravelin,  wifh  trednd 

<r  Orillons.  _ 
Another,  or  new  nu-thod  of  foitflcBtlM MM  wMj  

I  ,  v  d  by  M.  Monulambert,  caflad  fiortlfcilioo  Fw 

pctuliruhiire,  tnjcausc  the  face*  of  the  wofki  are  mlde  by* 
terien  of  lines  runnins  r.iszas  [►erpcndicular  to  ciich  othor. 

ProjUeiifa  Foutjucation,  is  a  representation  of  a 
vertical  H'Ction  of  a  work  ;  serving  to  «how  {h(,-,e  dmi,  n- 
uon*  which  cannot  be  rcprc>*MtPii  in  plan-,  R ml  !ir.  lu  - 
eeiaary  in  the  building  of  a  foriiricatii  ^  I  hi  iKkmi-ii  ami 
dimension*  of  tlie  principal  parts  arc  as  follow  (lee  fig.  8, 
p.  ix).  wbm  die  iwialKCS  or  diaunalOM  *ie  aU  cxpraeied 
la  feat  •  ' 

AB'  The  tevd  of  dw  graand  pine; 

<0  m  is!  tnd cw  ■  l6i »  abo  p«  ia  puiUel  to  ab; 

M  aoi 

Bt  s  9,  ro  mSf<tu  mStWi^Hti^  =  H; 
IK  s  18.  KKM9|,Br«a4$,llOa»,kB  a7;, 
.  SB  =  1.  ar  slsorlS,  otb4»,  MoilSO} 

,n»  •=  3,  nu  =  3,  mc  =  30,  erf  =  2 ; 

de  =  3,<f  =»3,JI=  4i,i«=  l20,tt»X| 

Alft  Ite  iuMiiar  Motor  alopo  «Cdw  nnfait ; 


M  E,  or  ui  ,  Tin-  li  rre-p!<  III  «i  diliu; 

n-  1  i.c  ihIu^,  (.11  till'  Hi.pi  r  |mrt,  of  the  liaiHjueuei 

Ml,  'rill'  iiitfrior  Mde  ut  till' parapet  i 
•  J-M   'I'lie  tipp4:r  |>.krt  of  ditto  : 

v  The  cordon  ot  1  foot  radiua  ^ 

llie  d«-pth.  and  Ira  ike  bmulth  of  tk«  dilrb  j 
oq  Inteiior  »idi'  of  rcvetoment; 
VR  Thcsrarp  ur  i.'Nti.rior  ^ille  uf  ditto; 
AT  The  depth  ot  the  louniLtiiiu; 

vi  Keretenenf  of  tbi' paiupt-i: 
Ml  The  counterscarp; 

MC  The  co««rt-way ; 

ce    Talus  of  the  banquette  ; 

tf   The  up|>cr  part  of  dittui 

jTi    ParuiK-t  of  thccover|««rays  . 

Ajf    The  glacis. 

Oilier  sections  aiT"  at  fi;^.  C,  (il.  14. 

I'll  itr:  11  v.n  Place,  a  loittcss,  or  iDrtilicatioii,  i.e.  a 
plaro  vM'll  lluiV,r<l.  I  s'  •altered  with  wmkj. 

KoHriN,  or  Fonii-s,  a  dimiTiutivc  of  the  wurd  Fort, 
ineanin^  a  suiail  tort,  ur  sconce,  called  also  i  ir  ld  I'ort. 

Star  FoHTiK,  is  that  whose  sides  fhink  cacii  other,  6iC, 

FORTRESS,  the  same  as  Fort,  or  a  Fortification. 

FOSTER  (Samubl),  on  English  mathematician,  wna 
bom  in  Northamptonshire,  and  iidinltiiii  a  sizer  at  Ema- 
nuul-colle^e  ('aiiibrid(;e  in  l6l6.  He  took  the  dimeof 
bachelor  of  aits  in  16'l<;,  and  of  master  in  1623.  m  ap« 
plied  early  to  the  nathematio,  and  attained  a  pett  ptiH 
fictency  in  thraa,  of  wbieh  be  gpive  the  first  aperaoMD  in 
1024kinatKMiae«ntheu9eofthaqMdmat.  ' 

On  the  death  of  Mr.  Gellibnuid,  our  author  xm  choaen 
to  succeed  hiig,  in  l6S6t  aairoDomy-profcssor  in  Ote- 
s|iAni-criMegi-,  l/iiidon.  He  quilted  it  avain  however  the 
same  yi.i.  .  :;.rnij,li  fc  r  wliat  reason  does  not  appear,  and 
was  iuccLidrd  uy  .Mr..Muiigo  Murray,  professor  of  philo- 
sophy 0.1  Si.  Andrews  in  Scotland.  But  this  gcntlu:  tii 
marrying,  thi'  professorship  agnin  bi'cantc  vacant,  and  Mr. 
Foater  waa  n'-iji<.'(.icd  in  IMI. 

Mr.  Feeler  was  one  of  those  genlleraeii  «  ho  lielil  private 
nieetinf;*  for  culilvaiinj;  [ilnlnMipIvy  a-iii  u<i  iul  kiiowlcdgPi 
which  afterwards  gave  rise  t^  the  Royal  Society,  in 
Dr.  Wallis,  who  was  one  ot  those  associating  gentlemen, 
received  from  Mr.  Foster  a  theorem  Dc  Iriangulosphcrico, 
which  he  published  in  his  Mechanics.  Neither  was  it  only 
Ml  this  branch  of  science  that  he  excelled,  b<tit  he  was  also 
well  Tenedin  the  ancient  langUflt*}  as  app<  ars  from  his 
RvltiDg  aod  omwting  the  LenuMta  of  Archimedes,  which 
had  haw  H— aimed  int^UdB  Iram  an  Arabic  roanwcript 
byHr.JduGieatwa.  IIenwd»ali08a«enlcaiiputobaer>* 
vatloos  onecliT««aof  the  am  and  iBoon,in  vaiiona  phweat 
a  J 1  as  particularly  noted  for  inventing,  a*  well  aa  vm/im^ 
.i^itrooomical  and  other  mathematical  inaMunaMa. 
After  a  long  decUnbtgaMita  of  heaUh,JM  died  arGnBibam* 

collflne  in 

Ills  I  lini.iJ  works  areas  follow;  of '.ililih  the  first  two 
articles  .m  rr  published  before  hi'*  lieatli,  aii  l  the  rest  of 
diem  after  r.. 

1.  The  Description  and  Use  i.f  a  ^mall  I't  rtable  Qua- 
drant, for  tbeea--.y  liniliiiK  the  I  hm  i  t  Azimuth ;  Vto,  162*. 
Originally  published  at  the  end  irtGunter's  Description  of 
the  Crosi-Staffc,  as  an  appendix  to  it. 

2.  The  Art  of  Dialling  ;  Ho,  l63«.  Reprinted,  with 
additions,  in  l67^> 

3.  Poadrama  Fosteri ;  by  Wiugatc;  4to,  1652. 
«.  FoorTraaiises  of  Uiulliiig;  4io,  l6j*. 

&  IIIiKcUaiuc(»ef  MadwmMicBlLttCubnUoii**  Pub* 


O 


Digitized  by  Google 


F  ( )  U  (  44« 

lishtil  b^  .Inliii  T»  v<ilcn,  wiili  niiitiiwjrvs  nf  his  ouii ;  nnd 
w  ;  Kilio,  lO'.i.'l. 
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»n  ii|i|>c  iiiii.\  by  Lf  jliournc- ;  Kilio,  lO'.i.'l. 

6'.  Tlie  Si  rtor  altirrd,  iiiul  oiIut  Stall's 
Publisliod  liy  LovliouriH  in  liiGl,  in  llo. 

Thent  htvo  been  two  other  pfmm  of  tbc  tattu:  name, 
who  bi**  pnUnhcd  mom  iiiBthnniica]  pireo.  TIm  fint 

FOSTER  (WiLllAM).  a  diaciple  of  Mr.  Oughtrt  J, 
ami  aftenranb  •  taaeher  of  the  iumtlMimaic*  in  London. 


Nov*',  thf  WKlfv  in  the  vessel  Ut-iiig  tints  prp«ii>(l  by  the 
:iir,  uliidi  lor  px,  doubli'  tlii  lidis'ty  of  ll  c  cxIiTnal 
uirj  anil  the  rlnslic  lorce  <il  uir  bciii^  |Ji<>pnrliotiBl  tu  ila 
di'iisity,  or  lo  it>  >ini%uaiing  forc»>,  ihc  cti'vct  vtill  be  the 
fame,  as  if  iIm-  wcigla  oi  thc  column  of  air,  o»rr  tin'  sur» 
face  of  thi-  waUT,  uiTP  double  that  of  thr  column  pressing 
in  the  (ubo;  so  timt  i ho  water  Buat  be  forced  upwarda 
through  (he  tubi',  when  (he  ayrlqia  M  removed,  with  » 
force  equal  to  the  exceu  of  pmaui*  of  the  incliMhsil  ajr, 


He  dislingliishcd  hiniielf  to  «  booh,  which  he  dedicued  above  that  of  the  external,  that  ii»  in  iU»  me,  with  a  bree 
to  Sir  Kendm  Di|lw»fiitilM,  The  Circlci  of  Proportion,  eqiial  to  the  fMCisum  of  an  «Mtifc  mtwaii  of  the  atmo- 


4«tid  the  Horiflontar  Imtrumeni,  ^c;  4ioy  1033.— The 

Otlu'r\irn«, 

FOSTER(MAUK).«bo1i\L<l  iad-r  in  point  of  lime  than 
(•111  -,  r  i  f  ilif  n(het  t«<i,  ainl  |)iibli>!u'i)  a  lreati«-  i'n(i(U'd, 
Atitliiiiiticiil  Tngoii'Tictrv  :  boiiij'  t!io  Solution  of  all  die 
tuual  CasLH  in  I'Uuii  '1  ri^^uiKjinclry  by  C'omiium  Arithwe- 
tic,  without  onv  labli^^ii^ilsi  rvi  i.  1  2mo.  ItijK). 

FOUNDA  riON,  timi  iiari  i>l  a  Ouililing  which  is  un- 
derground :  or  tbf  mass  winch  supports  a  building,  and 
on  which  i(  »tiinds  :  or  it  is  tlir  coffi-r  or  bed  duglMlow 
the  levrl  of  thi-  ground,  to  raise  a  liuilding  on. 

"FOUNTAIN,  in  Philosophy,  b  spring  or  iMKe  of 
water  rising  out  of  ibc  ground.    See  Srniao. 

PooiiTAtir,  or  ./Imi^rtnH'oi  KTAtii.in  Uydraulict,'  a 
'  nachincor  conlrivanct:  by  which  water  is  violently  tpaated 
-or  thrown  up  ;  called  also  a  jet  d'cau. 

liete  an'  varioui  kinda  of  artificial  (MUitaim,  bnt  all 
finned  by  a  premi*  of  oae  kind  or  other,  on  the  water 
dtc,  vi*,  citMr  the  prarare  or  weight  of  a  iMid  of  water, 
or  the  praidre  ariringfroa  the  »pring  and  elaatiei^  of  the 
air,  kc.  When  these  are  farmed  by  the  prcarareof  a 
head  of  water,  or  any  other  fluid  of  the  lame  hind  with  ibb 
fountain,  or  jet,  dc,  then  will  this  spout  up  neatly  to  the 
Kame  height  as  that  head,  abating  only  a  Utile  for  the  re- 
kistance  of  till'  air,  wiili  tImt  of  the  iidjutiii;!  tVr,  in  the 
Huid'i  rushinn  ihro-.ioh;  but,  when  the  fouiitaui  l>  pro- 
duced by  any  uiher  force  than  the  prcitsuro  of  a  column  of 
the  same  fluid  with  itst-lf,  it  will  rise  to  such  a  height  as 
may  be  nearly  equal  to  the  nliitude  of  a  column  of  the 
same  fluid  whose  pressure  i|  equal  to  the  given  force  that 
pnMluccs  the  fountain. 

To  Coiutruct  an  ArtiMnl  Fountain,  p/ayme  hy  thcprcs- 
im  of  the  WAler.  '1  liis  is  to  be  etterted  by  making  a  closc 
connexion  VR ween  a  heoxl  or  elevated  piece  of  water,  and 
the  lower  place,  where  the  fiiuntam  is  to  pUy  ;  which 
may  be  done  in  tfait  manner:  Having  a  i>wd  n^  water, 
^  neturaiiy,  or,  for  want  of  audi,  malie  an  anificial  one, 
taiaiag  toe  water  fajr  piunpa,  or  other  machinery:  from 
thia  IkNidcoiivMtha  wattr,in  elov  pipes,  in  any  direction, 
down  to  the  place  wbeta  the  fountain  i«  to  play ;  and 
tlterelettt  issue  through  an  adjutai^c.  or  tmall  bole,  turned 
u()warils,by  which  means  it  will  spotilup  nearly  as  high  as 
(ill  iH.id  o(  the  water  it  conn-s  from,  us  ol>ove  menltoned. 

To  Coiutructan  Artificial  Fovulatn,  Jiluying  hy  the  sprint; 
or  elasticity  of  the  air.  A  vessel  proper  lor  a  ivsi  rsoir.  as 
.SH,  li^;.  !.  plate  X,  is  provided  eiilier  "fmeial,  or  njftss, 
or  the  liki ,  ending  in  a  small  neck  r,  at  the  lop  ;  through 
this  neck  is  pill  a  tuliR  cti,  till  the  lower  i  iid  come  near 
the  bottom  of  the  vessel,  this  being  about  half  full  of 
^Miter.  'I'he  neck  i<  so  contrived,  that  a  syringe,  or  con- 
flensing  pipe,  may, be  screwed  on  the  tube ;  bv  means  of 
which  alai^e  quantity  of  air  may  be  intruded  through  tlic 
tube  into  the  waU-r,  out  of  whicli  it  will  diaangaM  itMl( 
nnd  emerge  into  the  vacant  pOfttlf  ihavaMd*  aMJil 

the  sutftce  «f  the  ««lec«». 


sphere ;  wUcb  being  equal  ta  dw  ptciaaie  afa  eolumn  of' 
:yi  or  3i  f.M  t  of  w^er,  it  Mlotm  that  the  IbttMan  will 

plaj-  to  marly  33  or  34  firet  high. 

Thes«  aerial  or  aquatic  fountains  may  be  fppliod  in 
diH'crent  ways,  so  as  to  exhibit  s-arious  appt-arances  ;  and 
from  iriese  alone  arises  llie  greatest  part  ofuitificial  wairr- 
voiks:  even  tlie  engine  fur  exliiigiiishiiig  tire,  is  a  foun- 
tain l(v  the  lone  <il  rimliiieil  an. 

/I  tvdinatn  fpmltiig  the  water  m  variouM  dirtciioni. 
Suppose  All  ih.>  viTtical  tube,  or  spout,  in  which  tlie  wa- 
ter rises,  (lig..i,  pi.  x)  :  into  this  let  several  other  tubes 
be  lilted  ;  some  horizontal,  uthcn  oblique,  or  inclining, 
or  inclining,  &c,  as  at  e,  ii,  l,  v,  r,  &C.  Then,  as  all 
water  retains  the  direction  of  the  aperture  through  which 
it  comcf,  that  itauing  througK  a  wtlliiae  peifendicularly g 
and  the  rat  will  teiia  diflemt  wtya,  daacrihii^  aichet  of 
different  m^tudca. 

Or  thus:  Suppose  the  vertical  tahd  aa  (teQthfoi^ 
which  the  water  lifo,  |o  beatoaped  ait'  the  np,  as  ia  a ; 
and,  instead  of  (Mpa*  or  Cocks,  let  It  be  only  perforated 
with  simUi  holM  all  around,  or  only  half  roOnd  its  sur- 
face: then  will  the  water  spout  out,  in  all  directions, 
through  the  little  holes,  to  dilfercnt  di^tance5. 

And  hence,  if  the  tube  ai<  be  aUiut  the  height  of  a 
inflii,  and  having  a  turn-cock  at  c  ;  on  tipening  this  cock, 
the  .spectators  will  be  sprinkled  uiic.xpecleclly  with  a 
shower. 

FoUKTAlN  piayin^  ly  (/rattiwy  ihehreath.  Svq.pose  ab 
(fig.8,  plate  viii),  a  ^1  iln:  ■  t  i;l«ss,  oi  metal,  in  whicli  is 
fitted  a  tube  CD,  having  a  small oriticc  in  c,  and  reaching 
almost  to  D,  the  bottom  of  the  globe,  llien  if  the  air  be 
sucked,  or  drawn  witli  the  mouth,  out  ol  the  tube  cp,  and 
the  orifice  C  be  immediately  immerged  under  cold  water, 
the  water  will  ascend  throu^i  the  tube  into  the  jpherr« 
J'hus  proceeding,  by  repealed  exsaciiuns,  till  tbevrswl  be 
above  half  full  of  water ;  then  applyiag  the  mouth  lo 
and  blowfaw  air  into  ibe  tuh^  oa  remaving  the  mouth, 
the  water  «dll  spout  (fafth,--Or,  if  the  globe  be  put  iotu 
hot  water,  the  air  heiag  thus  taiefied,  will  make  the  water 
spoatas  before. 

And  this  kind  of  fountain  i<  called  Pila  Meronis,  or 
Hero's  Ball,  from  the  imine  of  its  inventor. 

I'Of.VTAiN,  uliuie  urcam  raisa  and  pintn:  a  brass  btill. 
I'lf'vide  ;i  hollow  brass  ball  a  (lig.y,  pl.viii;.  .u'.r  .ery 
tliin.  that  its  weight  may  not  be  too  gn  at  fur  liie  lurce  of 
ifie  vviiier;  nnd  let  the  lube  lie,  ihroii^li  vvlnch  the  v«alcr 
risi'-,  I  t  (  .\actly  perpemlieular  to  the  lunizun.  Then  liic 
ball,  U  ini;  laid  in  tlie  bultoiii  of  the  cup  oi  ba&on  n,  ujl 
be  carried  up  tiy  the  stream,  and  sustained  at  a  cunsidcra- 
bk-  iK'ight,  playing  a  little  up  and  down. 

rouxTAfs  uiiicA  ipouUviuJer  inform  of  a  Mouvr.  To 
the  tube  in  which  the  water  is  to  rise,  fit  a  spherical  or 
lenticular  head  AB(fig.l,pl.  xiii)  made  of  a  plate  of  metal, 
and  perforated  at  the  (op  with  a  great  onmber  of  small 
holes.  The  «wler  lisiny  nolentQr  towards  as,  will  be  * 
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))>(  rr  i^ivi(k<(l  into  Innnmerable  little  tlircadt,  n\A  after* 
\var<)>  broken,  and  diiprrscd  iiitu  (tie  tino»t  drD]». 

Fountain  vihi<h  ^pieaih  de  maier  in/oim  of  n  tahic 
elotif.  To  thi-  luhi*  Ml  (ti;;  -'.  pi.  Mi')  ••nliler  l»o  v|ilierif  al 
sr^mrl,l>,  r  nii'i  l).  ul;'.^'^t  tinirhi;^'^- li  nthrr,  liltlia 
srrvw  K,  lit  t'Tit;.!'.  !  i-r  i-mplily  'Aw  iul>  rv!itL-  <ir  clunk,  :it 
plciuurf.  ^oiiv  cliiiriM'  ti>  iii;ike  .isnumtli  :in(l  i'V<  ii  i  lrll, 
m  a  splu  ricfd  nr  Iciilicvilar  hi-ad,  (itti'H  (ifMin  Siic  IuIk'. 
Thf  water  ^ipoutinq  lhr<iuah  this  t  li.iik  or  clrlt  Aiil  isp;iiiil 
iuclf  like  a  clotb. — And  thus,  (he  louiituin  niny  he  tnaot.- 
tOHMHloatin  Ihefiipireof  men,  oroihiranima!., 

Fount AUt,  which,  uikat  it  Aojt  done  tpoatmg.  may 
'tmned  like  un  hour-^tms.  Pru\iilL-  two  |;ia<>bL->i,  a  and  B, 
(fig.  3,  pi.  xiii)  tu  be  M*  much  the  lur<;er  iis  ihi-  fuuntajii  is  to 
play  the  longer, nail  placed  at  su  muc  h  the  greater  distance 
fi«m  mch  olhw  as  tbe  awterii  desired  twapont  lb*  highar. 
Let  ci».bea  craoM  mbai,  ftmriiind  in  »wMt  a  jel;  and 
o  R I  aiwtlwr  bru  tube,  funiihed  with  a  jet  in  i :  or  and 
XL  are  tolw  other  letwr  taba;  open  at  both  andi,  and 
n-achiiig  n«ar  tbe  bottom  of  the  veuels  a  and  a,  to  wUcb 
tlic  tubes  CD  and  OH  are  likewise  to  reach. 

Ni  A  .1  vi--.-c'i  A  hr  filK'd  With  wnler,  it  "III  tlescend 
throunit  the  H;Lf  cn;  mid  it  will  sjiout  >i|i  tliumgh  the 
jet  E,  by  tlio  |in'— iHp  <jt  the  eoUimii  lit  v.nri  rn.  lint 
llnle■^■^  the  pipe  (•  i  were  tiprn  at  G,  ti>  ii  l  llir  »ir  rim  up  to 
>,  and  press  at  tin-  lop  o!  tin'  ^■■rl.ice  i.i  i(n;  water  in  the 
cavity  A,  tiie  water  ci.ulil  not  run  down  and  spout  at  e. 
Al'ter  its  fall  again,  it  will  >.itik  through  the  litt iliIx'  k  i., 
into  the  vessel  b,  ami  expel  tbe  air  ihrou<;h  the  tube  oi. 
At  length,  when  all  the  water  is  emptied  out  of  the  vcsiiel 
A,  by  turning  th«  machine  upstde-dowit,  the  vessel  B  will 
be  the  n:»er>oir,  and  make  the  water  »poat  op  through  the 
jet  I,  tlte  pipe  kl  kopplying  b  with  air  to  let  tbe  water 
dncend  in  the  ditaction  r.  in. 

Hancc,  if  fha  vowb  a  and  a  6«tain  jwt  asmneb  wa> 
tar  aa  will  be  tpoated  ap  is  an  bom'*  time^  wa  tball  haw 
a  epooliiig  depiydia,  or  watn-clock ;  which  nay  bf  gra> 
dnatcd  or  divided  hlio  qaarten»  mintitc*,  4tc. 

FoCNTAXV  ^Cmtnmii  IMl  depends  on  the  samn 
principles  with  thoaeof  thefarmtrVcAE  (fig.  4,  nl.xiii)  is 
»  vi  ssil  cf  water  secured  egainM  the  entrance  of  the  air, 
exci  pt  tlirough  the  pipe  OF,  when  the  cock  c,  by  which 
It  l^  tillrd,  is  shut.  Tliere  is  amUhiT  pipe  kdiib,  goilig 
Irom  the  bottom  of  the  w  ater  to  the  jrt  a  iti  tbe  baton  DH  ; 
but  this  is  stopprd  by  the  Cock  11.  At  the  lowest  part 
of  the  ba'^on  db,  there  is  a  smxll  holu  at  i,  to  let  the  wa- 
ter of  the  bason  DB  run  into  theb.tson  on  under  it  ;  there 
is  also  a  small  triangular  hole  or  notch,  in  the  boltum  ol 
the  pipe  rn,  at  o.  Turn  ihe  cock  ii,  arid  tbe  fountain 
wjll  play  for  tome  time,  then  stop,  then  play  again  alter- 
nately ior  levenl  tinet  together.  When  those  times  of 
playing  and  stopping  am  known  before-hand,  you  may 
Command  the  fountain  to  pby  or  slop ;  whence  its  name. 
Tha  cania  of  tbn  plieBonenao  ie  as  folUnrt :  the  water 
caaringldbM  M  pipe  bdkb,  would  not  cone  out  at  a,  if 
the  df  SIk  abave  ibe  water,  were  not  BUppliad  as  it  di- 
lated; 'iewttitBnMlied  by  the  pipe  OF,  which  take*  it 
in  at  tha  aoldl  •,ana  deliver*  it  out  at  r :  but  after  some 
time  tbMralerpMlliCb  wee  spouted  out  at  a,  falling  down 
into  the  bason  DB,  rises' high  eiiour'.  tn  come  above  the 
notch  c,  which  stops  the  passage  ol  tin-  air  ;  so  that  the 
air  SJ,  above  the  water  in  the  vcs-scl  cat,  wanting  a  sup- 
ply, cuunot  sulticirntly  press,  and  the  fountain  ceases 
playing. — But  wijtp.  au-  water  of  db  ha^  nm  down  into 
the  lower  iMion  cu,  through  the  bole  i,  till  it  fall*  below 
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the  top  of  the  notch  o,  the  air  run^  op  iiitu  tin  upim  ir-  ' 
ceptacle,  and  iupplia.  that  at  -ij,  una  tlie  lounrajii  pl.ivs 
aoiiiri.  'i'hi'  i.  ^ceii  ii  ii'l!'  I.r[i)r< -hand,  by  u  skill  i-l 
leron  tlu-  nuuli  <.,  Iit  lon  ilii;  uir  liiidsa  passage,  mm  then 
you  niiiy  coineiiand  the  I'oiintam  to  play.  I<  is  i  vidiiit 
that  the  hole  i  innjt  be  li  js  than  the  holt  of  the  jet,  0T 
else  all  lii''  wnler  would  run  out  into  the  lower  bAsoOr 
wiiliniit  riMiij;  hiL-li  eiioo;;Ii  to  >i^ip  the  notch  o. 

l  oi  xi  A  IX  that  Ifgiiu  lo  p'iii/ upon  the  Ughliitg«^ candles, 
and (toMt  a*  Mty  go  out.  I'iuvkk  two  cylindrical  vessels, 
AB  and  CD,  (fig.  7.  pl.xiij,)  connect  them  \>\  tuUs,  open 
at  both  ends,  KL,  UE,Acc,  >o  that  the  arr  may  descend  out 
of  the  higtn^r  into  the  lower  :  to  the  tubes  solder  Candle- 
sticks, ti,  &c,  and  to  the  hwllt»w  coterof  the  lower  vessel 
CE,  fit  a  little  tube  or  jet,,  ro»  furnished  with  a  cock  o, 
and  rcachii^  abiaet  to  tbebqtton  oCtbevcseel.  In  e  let 
tbcre  be  an  aperture*  forniihrd  with  •  screw,  by  which 
water  nay  be  poufcd  ia»  CD.  Then,  on  U^ltng  tbv 
candles  It,  &c,  the  air  in  the  contiguous  tubes  breoming 
tarcJicd  by  the  heat/tbe  water  begins  in  spout  through  o  r. 

By  the  same  contrivance  may  li  statue  be  made  tu  shed 
tears  on  the  shining  of  tie  «»;n,  or  on  lighting  ii  candle, 
jcc:  all  that  is  here  ri  ituin  d,  being  only  tu  lay  tubes  frODI 
(he  citsity  when'  the  air  is  rhrelled,  to  SOOC  Other  cavities 
jilnci'd  near  thi'  eves,  full  of  water.  ' 

./  I'u  L  N  TA  I  '■  I  'ic  Hurrfuctim  qf  ihc  Air,  may  be  mmlo 
m  the  loilowiii:^  inHiiiier;  Ixt  ab  and  cft.lig. 3,  pi.  .siii,  be 
two  pipi'S  (ixcd  to  d  brass  head  c,  made  to  screw  into  a  glass 
vessel  a,  which  having  a  little  water  in  it,  is  inverted  till  the 
pipe*  areeoewod  on;  then  leveriing  it  suddenly  .so  as  to  puta, 
the  lowerendof  thespoutingpipc  ab,  into  a  jar  of  waters, 
and  the  lovrer  end  of  the  descending  pipe  c  d,  into  a  receiv- 
ing vessel  D,  the  water  yrill  spout  up  (turn  the  jar  a  into  tbe 
lall  glass  vessel  E,  from  which  it  will  go  down  at  the  mouth  ' 
c,  through  CO,  into  the  vend  till  the  water  U.wbolly 
ciaptied  o<[|<of  a,  nakii^a  fuuMainia  >,iBt«D.  TIMrbp 
■oBof  fha  play  oC  the  fountain  ittfak:.tha  pipe  co,  beiaa 
t  feet'j^Maitfhg^  lela^owa  a  eolunm  af  water,  whicE 
rare£«i(jlim  }-12th  part  in  tbe  vessel  %,  where  it  pressee 
against  ml^ water  s]Kiuiing  at  a  with  l-ISth  of  the  force  by; 
which  the  water  is  pushed  up  at  tbe  hole  a,  by  the  pressure 
of  the  common  air  on  the  water  in  the  veisel  a  ;  s<jiliat  the 
water  spouts  up  into  t,  when  ti,  mr  i-  tiielied  l-l'2(h, 
with  the  diS'erencc  of  tlie  )jn  sMue  i.t  (he  lUniosphi  re,  aiij 
the  foremcntioned  rarclleil  air  ;  i.  e.  of  33  to  i^,  or  of  \  Z  to 
I .  This  would  raise  the  witter  J  k-<l  J)  inches;  but  the  h  ns;th 
oi'  llie  pipe  A,  of    inches,  lu  iii;;  dedurted,  tln-  j.  |  will  only 

rise  S  fe«U  This,says  Desogulit  rs,  may  b«  callcti  a  syphon  , 
fountain,  where  ab  li  tha  diining  leg,  and  cd  tba  iiMiiiig  * 

leg. 

FouNTAiM  of  Hero  of  AUxandi  ia,  no  t  ailed,  because  it 
was  contriveil  by  him.  In  the  second  fountain  above  d^ 
scribed,  the  air  is  compressed  by  asyringe;  inthi%(iea * 
6,  pLxiii)  the  air,  being  only  compreiaed  by  theconeeakdi 
MI  of  water,  makes  a  jet,  w&ich,  after  some  coutinnancc^  la 
eonsidered  by  t^  ignoiatti  aaa  perpetual  nwiion;. became 
they  imaginelthat  tha  tune  water  which  fell  firum  iha  jet 
rises  again.  Tbe  boxes  ca  and  DYX,  bdug  cfaw,  wc  tea 
oidy  the  bason  abw,  with  a  koWai  w,  intowbich  the  water 
spouiing  at  b  fulls;  but  that  water  does  not  come  up 
aiiain  ;  for  it  nins  down  through  the  pipe  wx  into  the  box 
uvv,  win  un  A  drives  out  ihi-air,  lliroiij^h  the  ascending 
pipe  vz,  into  the  cavily  ot  tin  Ixix  t  K,  w  hi  re,  pressing  up- 
on the  water  that  in  i!,  il  lori.i>.  it  uut  lliriiu;;h  the  s|wut- 
iiig-pipe  OB,  a»  Ivug  as  tbutv    uuy  wttit^  in  C£ ;  so  (hat  this, 
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Hie 


ger  it  iiiu(irj;  nnJ  the  uppprnumbor  "i,  is  calli  il  iIh  Nu- 
iiUT.it'ir,  and  show*,  how  many  of  thoM-i  qual  purts  arc  rr»t». 
liiimil  in  till- tiiK-tmn.  1  lrnc«  it  lullow*  liiat  thr  nume- 
ruloi  is  lo  the  ilcnomiiiatf/r,  so  is  ihc  traction  il>.iif,  lothe 
«  IikIl' of  w  liich  It  i>  ■*  trdCtiiiii;  or  as  thi- di  nomiiiatur  ']•>  lo 
tlio  nuraeratoi,  i"  is  the  whole  m  integer,  to  the  fr&ciion: 
thus,  the  intigcr  buing  dtnotrd  by  l,a»4:3::  1  tlw 
fraction. — And  hence  there  may  be  innumerable  freciiom 
bH  o{  the  same  value,  as  there  may  be  innumerable  quaa- 
tlties  all  in  th*-  same  ratii>,  viz,  of  4  to  3 ;  auch  a»8  to  or 
\i  to9>&C'  ^<<  if  the  twu  terms  of  i.iny  fraction, i.e«tlw 
numerator  and  denoroiiuuor,  be  either  bath  WlltiplMar 
both  divided  by  any  number,  the  retultii^  frsctUQ  mfl* 
To  ineiMU*  UuaiiHnitun  for  playing*  which  should  he  still  he  of-thenae  nine:  lhiii,^or^<ir^wfi^Ae,  •» 

•n  of  the  aame  value  with  ncfa  fldier. 

Fractional  expressions  arc  usually  diitinguisbed  into 
proper  and  improper,  simple  and  compound,  and  mixt 
numben. 

.4  Proper  Fraction,  is  that  whose  numerator  is  less  than 
the  dcnominatrir ;  ami  cniiiequeally  tbtfrictioiliilca  ihlR 
the  nhulc  or  inttper;  a_s  J,  a 
An  Imprcper  l  ii  actiun,  is  when  the  numerator  is  cither 
equal  to,  or  prcr.ter  ilian,  the  denomioatur;  and  conse- 
quently the  traction  either  equal  lo,  or  greater  than,  thi- 
wholo  integer,  as  J,  which  is  equal  ro  tl^-  whole;  or  J, 
which  is  prcater  than  the  uliolc. 

Simple  1  RACTioxs,  or  Sia^  Fractioii»,  arc  tuch  aa 
coivsi.t  of  only  AM  nwamtar,  wdooa  denoditiiBtor:  aa 
i,  or  i,  or  if 

Campomd  FitACTioxa  are  fractions  of  fiactioni,  and 
consist  n(  several  fractioM,  cooaeeted  Ugelher  ^the  word 
qt':  a»i  of},  or^of  |,of  |. 

A  Mixt  MuMtercooaiM  ofaniBUferMidaAactionlo* 
gether:asl|,or 

The  artihmeiic  of  fractiom  coaiata  ia  the  ftdaetkm,  ad- 
dition, subtraction,  multiplicattou,  and  dirbioii  ef  Uicm. 

Jiejacrtaii  ^FaaCTion  ia  of  levcral  torts;  aa  1. 3b  rew 
AteeaghtH  whole  immbof  into  a  Jracthn  <ifm^ghtn  daut- 
minalor.  Multiply  the  given  integer  by  iho  (.niposeJ  ile- 
nominutor,  and  the  product  will  be  tiie  iiutnerjlor.  Thu*, 
it  is  fovir.a  that  3  =      and  .S  = 

If  no  denominutoi  be  i;uei;,  or  it  be  only  proposed  to  ex- 
press ihc  integer  fraciinn-«  ise,  or  like  a  fructiun  ;  set  t  be- 
neath it,  for  its  denominator.  I*o;S  — ,and  5=z  "K^  '  —  f  • 
'i.  To  rfilf  cf  11  Jrui'liuii  lo  iirioihcr  friiction  fijiuil  to 
il,  thut  ihnit  huve  a  gii^n  dnin/miituloi .  'Multiply  the  nu- 
nn  raKir  by  the  proposed  denominator,  and  divide  the  prc^ 
duct  by  the  furmer  deiioniituitor,  then  the  quotient  sclover 
the  proposed  denominator  will  form  the  frnction  required* 
Thus,  if  it  be  proposed  lo  reduce  i  to  an  equal  fraction 
whose  denominator  shall  be  8;  then  3  x  8=24,  and 
24  -i-  4  =s  6  the  nuroeiatdr,  so  ibm  }  is  the  fraction  sought, . 
being  s  |,  and  Ittving  8  for  iti>  dewninalor. 
S.  To  aMpfn'Mc,  ar  fmboe  fraaUm  to  lemtr  ttrm$. 


iIm  wiii.r  Ci-nlMrivd  if  <  '  .  h.'iv- 
>\<.n  I'lIoU;;!!  the  pipe  vvx,  oi  uf  tlie 
•  >:li- wni'liii  r ;  ihi  r.' of  thi-ua- 
hjs<in  A  I'll',  t<i  v.r  suriaie  of  the 
water  in  the  Imv.  r  h  ix  i>v  \,  i^  Hluavs  (i,\ki1  lo  ibe  iseiuht 
maasuri'd  from  the  top  ol  lli<'  jet  to  the  surlace  ul  the  water 
ill  ihv  middle  cavity  at  c  t.  Now  ,  siiiD'  the  surface  C  F  is 
ainayi  fullin!;,aiid  ihewatcr  in  uv  always  risins ,  the  height 
of  the  jet  mu»l  coolinually  decrease,  till  it  is  shorter  by 
the  depth  of  the  cavity  ce,  which  is  emptying,  added  to 
the  depth  of  the  cavity  dy,  <\h:ch  is  always  liiUng;  and 
when  the  jet  is  fallen  so  low,  it  immediately  ceases 
Mr  iarepreaentcd  by  the  points  in  this  figure. 
~>  premie  tlut _  ' 

 I  unoBaefved,  paw  in  water  at  w.  till  the  canty  i>xy 

ia  filed ;  then  iuTCrt  the  feuniain,  and  the  water  will  run 
fram  the  cavity  ifxt  into  the  cavity  CB,  which  may  he 
known  to  be  full,  when  the  water  runs  out  at  b  held  down. 
Set  the  fountain  up  again,  and,'  to  mnke  it  play,  potxt  in 
about  a  pint  of  water  into  the  tiu-'Mi  vim  ;  and  us  soon  a% 
it  has  filled  the  pipewx  it  will  lj<^ni  to  phi),  ami  continue 
as  loiij;  as  there  iv  ;iny  wati  r  m  <  F..  You  may  llien  pour 
buck  the  wali  r  U  tl  in  the  buson  m.v.  ,  iiiloaii>  \<>sel,  ami 
invert  the  fountain,  which  beiiiji  set  upright  aiJin,  will  be 
made  lo  play,  by  piiltiilg  liack  the  «ater  poured  out  into 
ABw;  and  soon  as  often  as  yon  pU;i*e. 

UpotUinifFov  }iiAis,  or  Jeid'luiu,  isany  fountain  whose 
water  ia  darted  fuith  impetuously  through  jets,  orajutaj^es, 
and  rcfurns  in  form  of  rsiiu,  iHilx,  folds,  or  the  like. 

Fount  A  i  n -Fen,  is  a  pen  contrived  to  contain  a  quan- 
tity of  ink,  and  lei  it  flow  very  gentlyt  ao  aa  to  supply  the 
wiiier  a  lon|  tine  without  tlie  wcciaity  of  takiilg  ftesh 

.  The  foumaiB-pea,  repveiented  fig.  8,  p).  xiii,  comists  of 
divera  pteeas  of  asetil. v, Htthe  niddle  piece  t  carrying 
the  fieti,  which  is  serewcd  into  thehuMe  of  a«iBall  pipe; 
titui  this a!<aini««>ldored inioanotlier  pipeoftbeaamasiaa 
a>  the  lid  (>;  in  which  lid  is  soldered  a  male  screw,  for 
«ne"in2  on  the  cover ;  as  hI>o  for  stopping  a  little  hole  at 
thf  place,  and  hindering  the  ink  from  passing  throUf;h  it : 
lit  llie  other  end  of  the  piece  r  is  a  small  pqie,  on  the  out- 
side ot  which  may  be  screwed  the  top  co\er  u.  A  porli- 
craii  n  in  the  cover,  to  be  screwed  into  the  last-men- 
tiunetl  pip«',  to  stop  ihi'  end  of  the  [lijie  into  which  the  ink 
IS  to  bCpsiUft  d  by  u  tunnel. 

To  use  the  p«  ii,  the  co^er  t.  must  be  taken  oil,  and  the 
pen  a  little  shuki  ii,  to  make  the  ink  run  more  freely. 

i'OURTH,  in  Music,  one  of  the  bannonic  intervals,  or 
coacnida.  It  coasisls  in  the  mixtun^of  two  sounds,  w  Inch 
aie  in  the  ratio  of  4  to  3 ;  i.  e.  of  two  sounds  produced  by 
chords,  whose  lenpha  are  to  each  other  as  4  to  3. 

FRACTION,  or AraJtee  iVumier,  in  Arithssetio  and  Al> 
'  gebra,  is  a  part,  or  some  parts,  of  another  miober  or  qtnu- 
tity  considered  aa  a  whole,  but  divided  into  a  certain  num- 
ber of  parti ;  as  9-4ihs  which  'denotes  S  parts  out  of  4.  of  Divide  their  iwna,  i.e.  the  nunenloraad  denominator,  by 


iiiiy  q  i.iniiiy.  Fractions  are  usually  divided  into mlgar, 
dtcimul,  duodecimal,  and  sexagesimal,  tor  the  lastthrce 
sorts,  see  the  respective  words. 

VulifaT  I'r  ACTIONS,  called  also  simple  Fracliont,  are 
USUbIIv  dcnoti  ci  by  two  lUiiiibLrs,  I  m  m  l  under  the 
litJier,  willi  11  vnmli  line  liet«i  en  them  :  liuis  J  denotes  the 
Irar  II  i  In  '  -lourlliN,  or  3  parts  out  of  4,  ot'some  wiwia 
cousidi'ied  as  ihvnli  il  inti.  4  e  pud  parts. 

The  lower  t  unit  i  i  1,  ]-.  l  alleii  the  Dcnomiiialor  of  the 


ftactioo,  ihowiag^nto  how  many  parts  ihu  whole  or  iiite-   kasl  terms. 


any  nomherihat  will  divide  them  without  a  remainder,  ao 
•hall  the  quotients  he  the  corresponding  terms  of  a  new 

fraction,  equal  (o  tlic  former,  but  in  sirmlh  r  iiumhers. 
In  like  manner  abbreviate  these  new  tei  ins  j;;:iin,  and  so 
on  till  th<  ie  he  i<o  number  t^reater  than  1  tL.ti  will  Ji'ide 
tiieni  wiilioula  ri-rnainder,  r»nd  then  the  I'liictioii  ;^  -n:-!  to 
be  in  its  leost  ter«,s.  Thus,  1 1  alihreviatc  i  ^ ;  l.i-t  il'ole 
both  ir  rms  by  j,  and  the  fraction  bccoioes-jilj}  iie.\idi»idc 
th.se  by  3.  aud  it  heoomcs|^r  ao  that^s^^s^  in  it^ 
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To  nducek  fraction  at  oiicc  to  \\s  lowest  trrmi;  divide 
ttotll  WlinenUor  and  denuminittor  their  greatest  eOB^ 
■UNI  mmufc;  liod  wbicb,  tec  Uie  article  Commoit 
Mtuurt. 


It  aiay'AirdMr  Iw  ohaerad,  that  •  pn]Kf  finctuukis  in 
in  lotMrt  tenu,  whw  the  aimeiMor  and  dcMtainMor 


■      •  r,if 


are  not  boA  di?idbU  bylhdr  diflereacc^  or  fav 

inulti|)lc  of  tlmr  diflneoce,  wiUioat  a  remainder. 

nommntor.  Multiply  vnch  niimcrBtor,  m  .1  ly  Siskt  n, 
by  al'  il  '  lii  nominators  cxct'pt  its  own,  anil  liiL-  jiroducis 
will  be  (lie  new  numerators;  then  niuitijily  all  the  ih'no- 
tninatort  continually  together,  far  llie  coniinnn  denomi- 
nator, to  thesp  numerateir^.     Thii*,  ^  AwA  \  reduce  to-rf 


and  4'  '•  ''nd 


7-  1 


ami  T  reduce  ti> 


6  •■ 


9 
20 


5.  To  6nd  the  value  (if  a  fraction,  in  the 
hwun  purts  qf  its  integer.  MnUi|ily  alwiiys 
llie  numei  utor  by  the  iiumbcrnl  jrirls  oi  the 
next  iulerior  denoniiiutjiiii,  arid  divide  the        '^9  ^  IW 
products  by  ihc  denominator.  Do  the  same 

with  the  remainders  through  all  the  dc-  31) 
nominatioiu.    So  to  find  the  value  of     of  l6 
a  poaod  sterling ;  multiply  9  by  20  for  shiU         4  ' 
lingi,  aad  dindiog  by  16,  ffva  II  for  the 
tUllinB}  fbca  multiply  the  icnutindcr  4  by  ^  .  ---- 
IS  peace,  aaddMduy  by  16  am  3  for     >  t!  <  ^* 

peneat  Mtkat  lU.MrbdwnlaeofVW* 

6.  jbwiiwf  «  aitt  Hirm&r  m  mriMfciu  improptr 
fracHoH.  Holdpty  lb«  integer  by  the  dniOliuna|or,  and 
to  the  product  add  the  numerator,  for  tha  iww  numerator, 
to  be  set  over  the  same  denominator  as  before.  Thus  5  ^ 
becomf; 

7.  'i  o  reduce  an  improper  fraction  to  ill  eqmvaimi  vshole 
or  mixed  number.  Divide  the  numerator  by  the  jLr^oiuiiia- 
lor;  !iu  shall  the  quotient  be  tbc  integral  part,  and  thi-  re- 
mainder set  over  the  denominator  will  form  the  frscti.  <n,il 
part  of  the  equivalent  mixed  number.  Thus reduces 
ti-        and  y  =  *• 

8.  To  ttaue<  a  compound  fraction  to  a  simpk  one.  Mal- 
tiply  all  the  numerators  together  for  the  i  umer  i^jr,  and 
all  the  denominators  together  for  the  denominator,  of  the 
•imple  fraction  aoo^t.  Th«a,  i  of  ^  sa  |»  ud  }  of  faff 


Thusl  «  |a,Vj 
And  t  *  i  * 
To  Divitk  Fbacxiohs. 
numerator,  and  di*  danomiiiaior  by  ibu 
thCTifiUametlydltidc  TlnnbV^-i-|sf 
But  if  they      not  iMdt  wfiftoM  •  Kmaindar.  Ihan 
mb-  aikldply  the  diridead  if  the  Mdprocal  of  the  divisor, 
that  l>,  by  the  fraction  obtabed  by  inverting  or  changing 
its  terms.    Thus,  T!y4'i  =  -^«4  =  H- 

i^/ifcAraic  Fractions,  or  1-ractioms  la  Species,  are 
exactly  similar  to  vulgar  l'iLiction>,  in  numbers,  and  uU 
the  (jperaliiUis  ari'  perl'urmeil  exactly  in  the  same  way; 
Iheretorc  thr  luUs  n;  li  ij  i  he  repeated,  and  it  may  be 
sufficient  here  to  M;t  down  a  few  examples  to  the  foregoing 
rales.  Thut,- 

aal' 


Aaiaineny  j»ACTioa».  rirsireoucon 
their  linplMt  farm,  and  reduce  them  abo  to 
{MiMaator,  if  their  danoniDatonaivdilll 
idl  the  numerator*  tofrtfaefw  and  Ml  thatm 


I  reduce  a  wulgar  /raetton  to  a  dtcimaL    Sea  Dbci> 
M  A  L8.  And  for  lateral  other  partieulaia  conoemiiig  Bo> 
duction,  as  virell  ai  the  otter  apcntiont  in  fraetioae;  lee 
ny  Arithmetic.  * 
At^lkm 4f  FaACTioat.   First  reduce  tha  fraeiiom  to 

>de* 
then  add 

tofrtfaef^  and  Ml  thatm  ovtt  (hacaM> ' 
mon  denominator,  for  the  sum  ttf  all  ttefkactioiii  requked. 

Thus,  I-*-!  =4=  I;  • 

And    *-Hj  =  ,V  +  U  =  H  =  «A- 
Subtractii^-n  if  1  ii.A< noN's.     Reduce  the  fractions  the 
same  as  fur  addition;  then  subuact  the  one  numerator 
from  the  other,  and  Wt  thadiftnaca  over  the COOUBOO  de- 
nominator. 

A-i  t  -  ?  =  H-i^  =  H.  ,      „  . 

To  MuUipiy  Fractions  together.  Reduce  tlicm  all  to 
the  form  uf  simple  fractions,  if  they  be  not  so ;  then  mul- 
tinly  all  Ihc  numerators  together  for  the  numerator,  and 


1.  The  fraction  %^  abbreviates  tcr% 

h  _  C 

^        —  9ax'        la'  -  ar*    .      .....      .  _ 

*»  rr~..—  =  .  by  dliddillgbvao. 


4. 


r  la  ■> 


a  —  or 

See  Common  Meatwe. 


fcf  -  duriding  hy  a  r. 


j  and  2  become  —  and  ~,  when  reduced  to  a  com- 


7. 


8.  -  ^  -  = 


Cominued  ¥tkA<:T}us ,  h  used  for  a  fraction  whose  de- 
nominator is  an  integer  with  a  fraction,  which  latter  frac- 
ti  :ri  has  for  its  deiaiminator  an  integer  and  a  fraction, 
and  the  same  for  this  last  fraction  again,  and  so  on,  to 
any  extent,  whether  supposed  to  be  infinitely  continued* 
or  brolten  otf  after  any  number  of  terms.  Ettler,  Analyst 
Int  vol  1,  p-  295.  '  . 
ori- 

All 


■I. 


or  - 

«  ■ 


a 


Or^  using  letters  instead  oi  numbcn, 

*  When  thsM  series  atesot  fitr  extended,  it  is  not  dill> 
celt  to  cdllcet  them  by  common  irilhrnetic. 

Lord  Broaaker,  it  appears,  was  the  fint  who  consi- 
dered Continued  fractions,  or  at  least,  who  applied  them 
to  the  quadrature  of  curvts,  in  WalliVs  Arith.  Infin.  prop. 
J9I,  vol.  1,  pa.  4(iQ  \-c,  where  this  author  explain*  the 
manner  of  forming  there,  giving  several  numeral  examples, 
in  approximating  nitos,  H  wdl  as  T 

3~d 

y  -z  Sec,  as  he  denotes  it. 


all  the  denomiaaton  together  idr  the-dcnaminator  of  the  Uuygens  alto  med  it  for  the  like  putpoi^  vis,  lo  approxi- 
product  sought.  male  the  ntios  of  brae  Mimbcn,  itk  his  Ossciip.  Anton. 

Vowl.  •  •  4A     •  ' 
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Ptanetlfi Oner. BeKq.  179  ke,  c4it.  Amtt.  17it8.  And  On  the  other  hand,  tny  continued  fnction  b«ing  git-eo, 
a  ■pccitl  tiearitf  oa  Cbatimwd  Fnctiom  wm  gtven  by  iu  «.-quivalrnt  commun  fnciion  will  be  fouDd,  by  bcginl 
£ul«r.  in  his  Analys.  Infin.  vol.  1,  pa.  395  he.  .  niog  at  tke  lut  denominaior,  or  lowcsycmi  of  tbe 

This  lubjeci  it  perhaps  cnpabia  of  moch  i»|iro*cmeiitt  contumed  fnciion,  and  grailaally  collectiif  tke  fncUou 
though  it  ha«  been  niilicr  lu  glected,  U  Trry  little  UK  ha*   backaraidi^  till  «a  airiw  at  tba  iim,  when  the  wlule  will 
been  made  of  it,  cNrcpt,  t>y  those  entbon,  in  opproxima-  tfaut  be  braugbt  to  OM  comimm  fnctions  at  was  dona 
lin^  to  ibc  vtilvH-iif  I'laclion*,  und  ratios,  tbalarr  pxprt-sscd 
in  iargv  numbci*;  bi-»idci  a  method  of  Guninmitry  by 
!)«•  I-HR";,  fxpluiU'il  ill  the  i[i!irKiiirii(iii  ic  tiiy  l  oga- 
rithms, pu.  "S;  a»  ulsu  iouie  use  1  have  made  ol  it  in 
tuiiiiiiin};  very  slowljF  coantpag  waia,  in  asj  Tkacii»  vol. 
1,  pa.  203. 

As  to  the  rfduciiig  of  ci>mii;<in  ir.ictinii,,  lunl  rntios, 
that  arc  exprt.'&R'd  lu  large  llutnb^■r^,  t'-  cunlinLicil  trac- 
tion'*, It  is  no  more  than  tlu'  coramDU  im  iSimi  t'lmiing 
the  grfatwt  common  mt'iiiure  ol  those  two  luinibers,  by 
dividing  the  glMilcr  by  the  iiss,  and  the  last  ilivi*or  always 
Iw  ibe  laat  IvmiiinJiT  ;  lurlh-  n  the  ifvpral  «iuinicnls  arc 
tbe  deooaiintnrs  <if  the  frnclions,  the  nutntraturs  being 
ahvnys  1  or  unity.    Thus,  to  /iiid  approNim  iting  vidu.-i 

of  the  frjictioii  /ll'j^'^l.ll^iOr  to  the  ralioof  JUI  jy^ 


tfaut  be  braugbt  to  OM 
above  in  collecting  tbe  fiaetioa* 


And  in  like  manner  tbe  caMnmed  fraeilon 

i  * 


'  c  ollem  into  tbe  fractiun 


to  lOOOOOOOOOO,  being  the  ratio  of  the  circumfennce  of 
a  ciidc  10  lit  dtaaeler,  by  meaw  of  a  continued  fraction ; 
ofi  tu  cbame  tbe  aaid  conmoB  fnciion  to  a  continued 
fraetion  i  Sviding  tbe  greater  term  alwayt  by  tbe  leas, 
tbe  same  ai  to  ftnd  tbe  greateit  oonmon  mcMun  of  tbe 
said  numbers  or  terms,  the  »pveral  quotients  will  be  7» 
15,  I,  <29i,  1,  1,  &c,  which,  after  the  first,  will  bo  the 
drnomlnator^,  tu  the  common  numerator  1 ;  and  there^ 
fort>  tlu:  bald  fraction  will  be  changed  into  thii  continued 
fraction, 

T  ■*■  I 

Urncc,  stopping  at  any  pan  ol  ihosv  •jinek'  iractiotis,  one 
after  another,  will  give  si  verul  vjiluos  <if  (ht>  proposed  ra- 
tio, all  successively  tvearer  and  nearer  the  truili,  but  al- 
lerna^'ly  too  great  and  too  little.  So,  sti>]ii>ing  at  },  it  i? 
^  =  V  =  31428571,  too  great,  or  22  tu  7,  Uic  ratio  of 
the  ciVcumfcrrnce  to  the  diameter  as  givcB  by  AKbime- 
des.    Again,  le/iving  oti  at  y,,  it  is 

9:^^  =3  3^  ssm=:  3  U1609  &c,  too  little. 

But  ftopfting  at|t 

•»  3rrr:  »  ^  ■»  ^^'r  =  'It        ratio  of  Me- 
'II*'?  'Ik 

tiu^  =  9'llil3i999  «c,  which  i*  rather  too  great.  And 
■o  on,  alraye  aeanr  and  newer)  bat  altwnaidy  loo  great 
and  too  Uitle. 

And,  in  lika  mannar  ia  any  algebraic  fraction  thrown 
into  a  oonliniKd  fiaetion.   As  the  fraction 

-H-:  -f,-, — ^ — r~i — nt  which  bein"  in  like  manner  di- 

Tided,  the  quotients      ;^  y      2'  single  frac- 

tion! being  considered  u  denorainaton  to  other  fractions 
whose  common  numerator  is  I,  these  will  be  the  recipro- 
cals of  the  former,  and  so  will  become  -, 


When  the  given  continued  fraction  i?.  an  iiitimic  otic 
collect  it  sucte^iivcly,  first  one  tcrir..  t!  n  t(i^,tlici[ 
three  together,  \-c,  till  the  sum  is  siitl,i.,.iuly  e.nacr.  Ot, 
il'llKsc  roili  rtcd  sums  lie  found  to  Coiivcrm-  loo  slowly  to 
thi'  truL-  \uluo,  haviiie  ciilh-ctcd  ,i  tc«  o|  ihe  terms  luto 
sill  fi->sivi-  thfbc  tuNM;.'  i»l li' rri;itely  too  great  and  too 

li^tli',  the  true  valui'  will  tbund  asiirar  as  you  please  by 
the  n)etho(l  o(  anihmciical  DeuMy explained  innylVactiL 
vol.  I,  Tr.-ict  M,  |.u.  17fi. 

When  the  (it mmiinutors  of  a  continued  fraction  nciit 
in  any  ceruin  order,  as  in  the  fotlowi^gj. 


Ate.         ^  V  •-!-&< 

its  valoe  may  be  computed  by  makii^  it  fint  eqaai  to  x, 

and  then  iol  ~~  ~ ''^  -  — 

of  the  feat! 

1  .  r+« 


and  then  eolnqg  tlw  equation :  thus,  suppoae  iLe  value 
I  nqomd;  then  put  the  whola  i 


and 


s  X,  or 


r  +  » 


=r  qrx 


r'  ■*■  X,  and  i*  -i-  rj-  —  -  =  0,  from  which  x, 

and  consequently  the  value  of  the  fraction,  may  be  deter- 
mined, by  solving  the  quadratic. 

In  tbcttroe  manner  mav  the  values  of  other  quonti- 
tiei,  which  tun  on  in  inluitum,  be  finwd  if  tb«  niictan 
recur.  * 

JBeMqtfe.  Required  tbe  value  of 


a  •*■  v^^  -4-  Uc.  in  infinitum. 


«:  then 


by  »(|uaritig  both  tldei  •  H- 


ss.  x*\  and 


a*  —  «:  there- 


h 


|}and 


fore  b  -t-  s/ a 
b  f  X  =  x'  —  Ofii^  *  n' ; 


or 


hence  x*  —  2«ur'  —  *  +  «*— ' 


bence  the  proposed  common  frociion  is  equal  to  tliis  tcr- 
I  continued. 


b  =  0,  whence  tlie  value  ot  X  may  be  Cmild. 

If  the  lelter?  lie  nil  equal,  as 


^ a  •*■  ^o  -♦-  V'a 


tha  equation^  to  ihaU  a*  aai  •  4- 


« 

* 
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hfflcc  a*  —  «  at 


Va  -«-  V^a  &c)  =  X  the  dnt  value,  because 
it  revert!  to  the  nin«  quantity;  and  fim  duk  quadratic 
equation  we  find  '  =  i  h-  ^(a  -t-  |), 
Again,  to  find  tlic  value  of 


FR  A 

TCisial  pamphletathit  p«ned  batirtca  tli«H  ttramikami 

at  iltat  tiinp. 


scmal  ini-;tii.ls  (j{  t\iu\in^  tlic  valiji;  of  such, 
it  lum-  t>ct'n  ■;ivtii  by  ttic  g.  tilleiaoi  sli'ne 
(■  <ii\:  i-.  bv  cunsidfring  tlii'  wrm\  of  the  frat- 
ijiiiiiitKit"!.  continually  (Ifcri-asing,  till  -, 


^«  K  *^6j<c  :  pulling  it  asx,  and 


»q'.i.ui::t;,  \ie   huvc  ** 

Ac;  tKrn  thh  aqnared, 


gives 


and,  dividrd  by  b, 


s/b  &c)  = 


x;  or  X' 


=  a«6x. 


or  x'  :=  a'ft,  and  x  a  ^o'i. — If  b  =s  a,  or  the  radicab 
be  alway*  tbe  tame  letter  a,  then  x  =  =e. 

la  like  aaimer,  ^  >/  v/  ^~Z^^^E 

a   »  c^aVivTSclas 

l^aMfUii?  Practionh.   Such  fmctiooa  as  havd.both 

their  nuin.  r.Linr  anJ  denaminator  vanish,  or  equal  to  0, 
at  thu  nanii:  iHiic,  itiiiy  tx-  called  Vanishing  Fractions.  Wc 
arc  not  to  conclude  that  such  I'mctioiis  ait  equal  !o  no- 
thmi;,  or  have  no  valuo  ;  for  that  they  liavc  a  ci-rtjim  dc- 
tennioate  value,  ha&  bfcn  shown  by  ihu  ■ji>t  nmthcmati- 
cians.  The  idoa  of  such  fractions  as  ilu  si-,  liisl  origi- 
nated in  a  Very  scvrre  content  among  some  Frenrh  niathc- 
maticiaiM,  in  which  Varignon  and  KoUe  were  the  two 
chief  opposite  combatants,  ccQCcrning  tlic  tlit  n  new  or 
diOcrential  calculus,  o(  which  the  latter  gentleman  was  a 
atreflDOiu  opponent  .  Among  other  argumcntK  against  it, 
he  proposed  an  example  of  drawing  a  tangent  to  certain 
curves  at  the  point  where  the  two  parts  cros^  each  other; 
and  aa  the  fractional  expression  for  the  iiubtangeni,  by 
that  method,  bad  both  its  numerator  and  denominator 
aqaal  la  0  at  the  point  prtqKwed*  Eolle  comideied  it  as  an 
abmrd  expmnoa,  aod  ai  aa  aig^mcnt  acrirnt  the  method 
afaotu^itidL  The  wemingniytlaiy  however  wa»  soon 
oxplainpd.  and  liiitof  all  by  Jahn-BcrnonllL  Sea  an  ac- 
count of  this  cootroveny  in  MontucU,  Hirt.  Math,  vol,  S, 
pa.  366,  Ut  ed. 

Since  ;i:it  ijhh,  -uch  kind  of  Tractions  have  often  been 
contcinp.  iud  Ij)  iJi.ilheniaticiaJi«.  As,  by  .Maclaurin,  in 
his  fluxion*,  vtil.  pa.  (jgS  :  Sauii  rv;iii,  m  Algt-bra, 
vol.  i2,  iKt.  •U>9  :  Dc  Moivrc,  in  Miicei.  Anai.  pa.  Kij  : 
Emerson,  hi  li  15  Algebra,  pa.  2112 ;  and  by  many  (tihers. 
Th(>  same  tractions  have  also  proveil  a  stumblin<;-bli>ck  to 
mure  mathematicians  than  one,  and  tiie  cuum- nf  inori'  vio- 
lent  controversies:  witness  that  bctueen  Powell  iind  Wa- 
ring, at  the  time  when  Mr.  Mascres  was  a  competitor  of 
the  latter  for  the  ptofeitonbip  at  Cambridge,   la  the 


Then  a  I 
fractions,  t 
quoted.  1 

tioii  as  two  van.iiiic  (jiiiiiiti;ii'>j 

they  both  vui.:-li  u  ^.  ih.  t  :  <,i  fMiding  the  ultimate  value 
ol  the  ratio  denoted  by  lav.  traction.  In  this  way  of  con- 
sidering the  matter,  it  uppe-irs  thai,  as  tlw  tenus  of  the 
fraction  are  supposed  to  decrease  till  they  vaniab,  o(  be- 
come only  equal  to  their  iMixioaa  or  their  incremeoti,  the 
value  of  the  fraction  at  that  aialet  will  be  eqnai  to  the 
tjnion  or  increment  a^fhntHpmatiMor  <Mylded  by  that  of 

the  denominator.    Hence  then,  ia|(tli{g^exampla^^^-^ 

whenxai;  the  fluxion  of  tbe  nutneraUw ia«— Ax**, 

an^ftbe  denominntor  — theieiitfe 

thaffalHoofdAlncaon^--^  lAm  xal.~Or,  thw,. 

because  X  =  1,  therefor*  =•  frf  ' 

fluxion  of  the  anmcraior,  —  ij^i,  divided  by  the  fluxion 

of  the  denominator,  or  —    givea  i«'or4t  the  Hnwaa 

before. 

Another  method  is  by  reducing  the  given  expieieion  to 

.Tr :r,?.h(  r,  or  simpler  form,  and  then  substituting  the  value* 

oi  the  letters.   So  in  the  above  example  or  -, 

when  X  sa  I ;  divide  tfao  nnnerator  by  the  denominator, 
and  it  biaeomet  1  x»,  which  when  xm  1,  be-  , 

comes  4i  fcr  the  g|nn  Inction,  the  lane  as  bcldm>—  * 

AgMn»  to  find  the  valueof  whcnx  it 

which  ease  both  the  numerator  and  denominator 
*■  Ik  Divide  the  numeraior  by  the  denominator,  and  the 
qilplient  is  ^ar  t^x-t-         whidi  when  »  s  a,  tie- 

eonies«-i-«-i-4iBSa,  ferthanlaa  of  (ha  fiittionia 
.that  BUie  of  it 

Mr.  Woudhouse,  in  his  Principles  of  Analyticnl  Calcu- 
latioit,  has  endeavoured  to  prove,  that  the  tr.eti^iiid  ol 
[.iir.ihrij.;  ilu-sc  Iractions  for  ehtiinatiin;  llicir  Viiluci,  is  aa 
Hrbilrury  ijpi  rulion;  ibiil  tlitre  is  nrulnii;:  coiU.iiiied  m  ihe 
sii;ni(icancj  of  such  rxprcMiunr,  v«'iuh  nrnJers  jinv  ^ucb 
step  nccissiiry.  lie  iidniils,  that  in  the  ii»vi.M:i;aiioi>s  of 
extension  and  of  miition,  we  nru  nere>i.^ilal<  d,  from  the 
nature  of  llie  case,  to  compute  a  vanishing  fraction  by  a 
process  (•.\.ictly  similar  to  that  j'ist  advert^  to;  but  con- 
tends the  neccauty  of  such  operation  when  it  is  abstract- 
edly proposed  to  find  its  value.   For,  says  he;  « Propose 


sa,  m 


t^—  It" 


become,  «hen 


the  question  separately,  what  does 
x  =  a?  and  the  obvious  answer  to  any  miud  undebuLiclied 
with  mathematical  sophistry  is 


=       A  ditfereni 


oTn  work  published  on  occasion  of  that  com>  malt  can  be  obUined  by  a  ditlercnt  pioccm,  hut  why 
^don.  hy  WatTm,  was  the  fraction  f^.  whichhesaid  ^""'l?*!'  L^^u'^l^^.^ ' 

hceaine  4  When  p  was  s  i.  This  was. struck  at  by 
Powell,  as  absurd,  because  he  said  whsnptal,  tlun  lha 


i^ia*^  Vhrfi«npli(dihat 


fraction  ,    ^  _ 

'J  T  is  =  n  p' 

•  -  P 

ssl    1  1- I  •^  ls4,  whenpisxil.  Sec  th«  oontn>« 


^  p*  -i-  jv*  (by  common  division) 


swer  can  be  given  to  tliis  qucstioa,  when  it  b  ahstiaeicdly 
pcopoaeJ  to  find  its  value.' 

In  order  to  show  tooMiwhat  the  imporlanea  af.lhis 
question,  let  US  mmam  that  in  the  invettiption  of  a 
problem,  wo  obtafaMd  fer  the  lhaent  corrected 

^ZiT,  what  w«mM  ba^val&a 
»    a  ,» 

.  4'AS 


aana«-  (x*-#.t*>i;c 
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of  t  when  x=:af  It  u  rriident  that  a  com  is  here  pre* 
MDted,  in  which  the  cumpiKAlion  of  b  vanishing  fracrio* 
. becomes  nil  islistrar l  prupositioii  :  but  ^Jocs  it  bcDCe  fol» 
low,  that  to  uxpuiui  tin'  i  .\(>K»ion  for  effecting  such  cora- 
puliitioii  i>  iin  ill  Ijitrarj'  proces'*?  Sun  ly  nut.  '!'hi-  bare 
assertiiiii  ihullhrri'  is  iiuthiiip  contaliR-d  ill  thi-  si j;niticancy 
of  ihi'  Iriictmii  wli  i  i:  n  ;i:v  t-  till.' i'.\)iatisi(in  ol  the  satnc 
necessary  lor  the  rstimati<m  ol  us  value,  i«  no  proof  what- 
ever llj^list  the  truth  of  tliL-  inctliu<i  ;  or  thai  it  is  not  a 
neceisary  step;  since  if  it  were  true.,  that  the  fraction  did 
not  contain  a  value  in  this  case,  such  truth  would  evi> 
Gently  ■ppeur  in  the  result  of  that  operatitin ;  that » 
I aor  !«■  dm  notUng  would  be  cxpicned  by 


Now  h  if  obvioDs  that  if  - 


-has  a  value, 


the 

wc  have  no  other  rncMS  of  determining  it  than  by  cx- 

pandiug  the  expresaiun :  for  in  the  form  ° ■  _    ,  wcjyia 

derive  nolUiig  M  a  troe  and  mdw  'viiliw  of  it.  Let 

<^  _  ^.  lie  patn     it  nay  be  so,  and  weaeeavminthii 

case  that  the  fraction  mgr  k  eqtial  to  some  finite  auan- 
ti^;  that  is  to  say,  this  expression  does  not  prcrluac  the 
poiiliiiiity  of  it*  having  tome  dcfinit*  valuc^  ihotigii  ^  af- 
iblda  M  diw  for  conjnitatiaa  in  thit  paiticular  state. 
Hane^  lince  it mnt  bo g^wiMd*  tliot  •fiaeOmmi fit 
ifhialtiof  wholt  nmkr  an  in  df  cam  equal  to  cM 
other;  itfollowi  tluft  tf  in  any  case  a  value  be  exhibited 
In  one  fbrm,  it  it  liltewiae  contained  in  the  other,  and  con- 
sequently muit  be  given  to  that  Other;  therefore,  tbc 

i?'  o 


equivalent  whole  number  of  ■ 


finite  value, ' 


-,  having  some  dc- 


-  itself,  has  also  the  same  value.  And 

«  —  a 

the  true  value  of  z,  la  the  case  where  x  a  a  is 

«*  -  («•  ^       X  a«,  or  o  X  (ay^a  -  c ^  («'  •*■  *')]• 

It  ii  not  therefore  true  that  to  expand  the  fractions  to 
alitain  ill  tnc  value,  is  an  arbitraiy  operation,  but  aplb- 
ooi  «t  weatnngr*  itodemi  unavoidable  by  aaaleliisiv  cone 
laitMd  in  the'  ligoificaiwy  of  the  expmriOR.  To  admits 
tiv  aocoiity  of  expanding  the  fraction  wlioB  it*  quantity 
]■  to  be  computpd,  in  any  investigation  of  extension  or  of 
■otion ;  and  to  deny  that  necessity  wlien  it  is  altitmctodly 
pirepaaed  to  find  its  value,  is  confrsiting,  thatafiactioaaB^ 
Its  equivalent  whole  number  are  to  be  coniidend  cqml 
only  in  particular  cases,  which  i*  absurd. 

l-'RAl^iE,  111  I'ortiliciiriiiii,  n  kind  of  difoncr,  consisting 
of  poml<  il  stakts,  driven  almo>it  porailci  to  the  horizon 
into  the  n  tn  :.clin]cnts  of  a  camp^  di^  to  ward  offend 
prevent  any  apiiroach  ortcalade. 

FRANKLIN  (Dn.  Ben  Jamin),  one  of  iIh- inuii  cele- 
brated philosophers  and  politicians  of  the  18tb  century, 
was  born  at  Boston  in  North  America  in  the  year  170<), 
being  the  youngnt  of  13  children.  His  father  was  a  tal- 
low^bandlcr  in  Boston,  and  young  Franklin  was  taken 
from  school  at  10  years  of  age,  to  assist  him  in  bis  busi- 
ness. In  this  situation  he  continued  two  yean;  but  dis- 
liking that  occupation,  he  was  bonnd  Mprentiee  to  aa 
dder  brother,  who  was  then  a  priaterin  Beaton,  but  had 
kaiucd  tlwt buaincss  in  London,  and  who  in  tfw  year  1 73 1 
begM  to  print  a  newspaper,  twiiwthe  aeeond  ever  pub- 
liabed  in  America ;  the  copies  of  wUcb  our  author  was 
■ent  to  distribute,  after  having  amted  in  composing  and 
printing  it.  On  tliii  occasion,  our  young  philosopher  en- 
joyed the  (cteet  and  dngalar  pleasure  of  being  the  mudi- 
•dmiKd  anther  fit  mugf  mif  ia  this  Mpsr;  a 


MaaaewUch  lKh«d  the  addres  loieep  a  secret  even  frm 
ys  bnfher  Uaiidf ;  and  this  whea  was  only  15  yeain 
of  age.  The  Ae<^ocait  ill  utigt  from  his  bratber,  induced 
onr  BuAor  to  quit  bit  lervio^  whieh  he  did,  at  the  age 

of  17,  and  went  to  New  Ya|k.  But  not  meeting  employ- 
ment hcrp,  he  went  forward  to  Philadelphia,  where  he 
wnrkrd  « ith  a  |u  iiir<  r  a  short  time;  after  ttliich,  at  the 
initiiiiCf  ol  bir  W  illiiiiiu  Krilli,  yoviTimr  of  tht-  province, 
lie  ri'tuini'd  to  Boston  to  solicit  [»i  cuiiuiry  aMiistanci'  from 
his  lather,  luitt  up  a  prmtinc-liouie  for  himself  at  Phila- 
delphia, on  the  promiiL-  ol'^ttat  i  ncouragemcnt  I'rom  Sir 
William,  6cc.  His  laiber,  liowi  ver,  thought  fit  to  refuse 
«uch  aid,  alloiuij  that  hf  »as  yet  loo  young  (18  yearfr 
old)  to  be  intrusted  with  such  a  concern;  so  our  author 
aj^ain  rrtumcd  to  Philadelphia  without  it.  Upon  this, 
Sir  William  «aid  he  would  advance  the  sum  that  might  bi^ 
necessary,  and  our  young  philosopher  should  go  to  Eng- 
land, and  purchase  ail  the  types  and  materials,  for  which 
purpose  he  would  give  him  letters  of  credK.  He  coald 
never  however  p-i  thi>se  lelien  t  yet  bjr  dint  of  fair  pro- 
mises of  their  being  sent  on  boaid  dte  ship  after  im,  i» 
saili'd  for  England,  eapeetiag  these ktlefs  of  ercdit  were 
in  the  guvcrnur's  padtet,  which  be  was  to  receive  on  its. 
H<  ing  op*>ned.  In  this  however  lie  was  cruelly  deceived, 
and  thus  he  was  sent  to  London  without  cither  money, 
frlftHU,  or  ct'.  lilt,  at  1    years  of  age. 

Uuilcr  iln>i^  circumstances  his  only  ri'soiircc  was  that 
I)!  rmploynii  lit,  which  ho  shortly  <'lila:ni  iJ,  asa  iouriify- 
maii  priii^i.T,  tii^t  at  a  Mr.  Palint  r's,  uiul  altcrwurds  wiih 
Mr.  Wall-,  Mth  w  hom  he  worki  vl  a  considerable  time,  and 
by  whom  he  was  greatly  esteemed,  being  also  treated  with 
such  kindness,  that  it  was  ever  after  meat  giaieAilly 
membcred  by  our  philosopher.  , 

After  a  stay  of  18  inoiitiis  in  London,  lie  niurncd  to 
Philadelphia,  in  1720',  tiriih  a  nie/chant  of  that  town,  as 
his  clerk,  on  a  salary  of  50  pounds  a  year.  But  his  matter 
dying  the  year  after,  he  again  engagicd  to  direct  the  print* 
ing  business  of  the  tame  person  with  whom  ke  bad  woikcdk 
before.  After  contiuuiiv  with  him  the  best  part  of  a  yeart, 
Fianklin,  in  partnenhip  with  qaotber  young  ifan,  at 
fcagdt  set  on  a  priatiiig-hoate  himself. 

A  short  time  previous  tothiSfOur  author  had  gradnallly 
a-vsociated  a  number  of  person,  lihc  ldmielf|  of  a  ratioaat 
and  philosophic  turn  of  mind,  and  farmed  them  into  a 
cliil)  or  Mniety,  to  hold  meetings,  lo  converse  together  for 
their  mutual  improvement  in  all  kinds  of  useful  know- 
ledge, which  was  in  high  repute  lor  many  \i  an  after. 
Among  many  other  useful  regulations,  ibi  y  aiir.  <  <1  to  hring 
such  liuoks  as  they  had  into  one  place,  to  lorin  a  common 
library.  This  resource  being  foumi  defective,  at  Fraiil- 
lin's  persuasion  they  resolved  to  contribute  a  snial.  -  in 
monthly  towards  the  purchaw  of  books  for  their  use  inm 
London.  Thus  their  stock  began  to  increase  rapidly ;  and 
the  inhabitants  of  Philadelphia,  beiiig  desirous  of  having 
a  share  in  their  literary  knowledge,  proposed  that  th« 
books  should  be  lent  out  on  paying  a  small  turn  for  the 
indulgence..  Thus  in  a  few  years  the  society  became 
rich,  and  poiaested  more  books  than  were  perhaps  t^be 
fbtiiid  in  all  the  other  colonies :  the  collection  was  ad- 
nneed  intoajpablic  library  ;  and  the  other  colonies,  tea-, 
sible  of  its  advantages,  began  to  Ibrm  simitar  plans  j 
whence  originated  the  libraries  at  Boston,  New  lork». 
Charlestown,  &c  ;  that  of  Philadelphia  being  now  not  in> 
fcrior  to  any  in  Europi-.  , 

About  1728  or  1739,  our  author  set  «p  a  newspaper, 
the  second  ia  Philadelphia,  which  pmvtd  veiy  proataUey 
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■nd  othci  win-  us'  Uil,  >■■>  alfi'TiImn  ail  opixM  iuiiily  of  ma- 
king hintMitt  kniiwn  as  i\  politic.il  «  ril>  r,  Ijy  iii>vrliii!<  sew- 
ral  of  his  writinp  (if  lliat  mimI  in  it.  In  HiKlitinn  In  li  s 
printing-bouM-,  he  wt  u)i  a  slx^  to  si-ll  bu<ik>  .i.ui  si  i- 
tionary  ;  and  in  1730,  etiU-ntig  intu  <i  idjiIi insmn.il  vu- 
gftgemciit,  his  wife  proved  very  uwtut  in  asiistiii:^  to  ma- 
Mi(ithe$bop,  he.  He  Bfti-rwardii  brpuii  to  buTv  Mjroe 
laiMm^  both  for  reading  books,  Hiid  writing  them,  of  which 
he  gave  muy  specimens  from  time  la  time.  In  1732  he 
heffm  to  publiali  Poor  Richard's  Alumnae,  which  was 
contittued  lor  anny  yean.  It  was  al wa^-»  reroarkable <br 
tlwmiBMnm  and  valiMbte  canciaa  mMtinu  which  it  con- 
tainedy  tut  tbeaeoiMmy  ofliHRMn  life,  all  tendigg  to  ex- 
hort to  iaduall'yaiid  frugality:  and  In  the  alpmaae  for  the 
hot  year,  all  tL?  niaxima  «mto  eoUeeted  io  an  addreis  to 
tbawadar,  entiili-if,  The  Way  to  Wealdi.  Thithaabcca 
translated  intu  various  languages,  and  imerlcd  In  diiiemtt 
puhlicKium'i.  It  has  also  bi-en  printed  on  a  large  sheet, 
jjiupcr  lo  hr  trained,  aod  hung  up  in  conspicuous  places 
in  all  liouM's,  m  it  justly  dcsir^t-i  tu  bi'.  Mr.  Franklin 
became  gradually  iii'iif  kii<j»  ii_  lur  liir  political  talents, 
and  111  till'  V'^i"  ir3<i,  hf  was  appointed  clerk  to  llie  C!e- 
i:cr.il  Abstmblv  of  Ponnsylvanm  ;  and  was  re-electeil  bs 
aiicci-eiiiu.;  u^M  inblics  for  several  years,  tilt  he  was  r  i 
a  Feprc»entalive  fur  the  city  of  Philadelphia  ;  and  in  1/37 
he  was  appointed. post-maMer  of  that  city.  In  1738,  he 
formed  the  first  fire-company  there,  to  cjktinguis>h  and 
prevent  fires  and  the  burning  af  bomrt:  an  e.xuitiplu 
w!iich  vrm  soon  followed  by  other  persons,  and  in  other 
places.  And  hoon  after,  he  suggested  the  plan  of  an  as- 
todation  for  in»uring  houacs  and  ahiiM  Arum  knaea  by  fire, 
which  »at  adopted ;  and  the  amdatioii  eontiauet  to  thia 
day.  In  tha  y«ar  1744i  dttrlng  »  war  batwaen  faauet 
Md  Great  ifaUaiB,  tome  Fiteoch  and  Indiana  nade  iaroada 
OB  the  fnootier  ialMbitants  of  thc^ravinoe*  who  irere  on* 
pnmded  for  sucfa  an  attack :  the  •ituation  of  the  provinco 
was  at  this  time  truly  ulunnini;,  being  destitute  of  every 
means  of  (Icteiice.  At  (iiis  cri'>is  FranWiin  stepped  torlii, 
and  propnsed  u  mi^-ling  of  lUe  CttiKOII^ul'  P6iUdelf>iilj>, 
apian  a  Miluntary  usiiicmtion  fq»  the  dt-fvnee  i>t  the 
province.  Till'- was  approved  ot,  i  .  iliu  m  hv  liOOpt  r- 
&uas  im»ue'iiiitelv.  Copies  of  the  >ttine  were  circulali  ci 
tiiroijgh  the  priumte  -,  uml  in  ;i  sliurtlinie  the  ininibei  ni 
signers  ainountrd  to  lO.OUQ.  Franklin  was  cbotcn  co- 
lonel of  the  Philadelphia  regiment}  bttt  he  did  not  thiok 
proper  tu  accept  of  the  honour. 

Pursuits  of  a  different  nature  now  occupied  the  greatest 
part  of  his  attention  for  some  ycaia.  Bring  always  much 
addicted  to  the  study  of  natural  phildMphy ;  and  the  dis- 
covery of  the  I.£yden  experiment  in  electricity  having 
rendered  that  science  an  object  of  general  curiosity  ;  Mr. 
fraoMin  applied  himself  to  it  with  great  diligence,  and 
aoon  benn  to  dietiitguiah  himaelf  vary  anuncntly  in  that 
way.  th  eiqp^pd  in  a  coune  of  dectiical  enpotimeBta 
with  all  the  ardomr  and  thirat  for  difcovery  which  cha<* 
racteriied  tk-  philosophers  of  that  day.  theM>  ha  was 
enabled  to  make  a  number  of  important  discnverie*,  and 
to  propose  theories  to  account  for  various  phenomena ; 
which  have  been  generally  adopted,  and  which  will  pro- 
bably <  ri  Jure  for  ages.  .His  observHiiDii?,  In  comnmnicaieu, 
in  a  »eric>  of  letters,  to  hisfrieiiil  Mr.  C\>llin>on;  the  .'irst 
of  which  15  •la;cii  March  '2h,  1717.  In  these  he  makes 
known  the  power  ol  points  in  drawing  and  throwing  off  the 
electric  niatter,  whicii  liad  hitherto  escaped  the  ikotico 
of  elcctriciaits.  He  aUo  made  the  diacove^  of  a  plus  and 
Ainua,  or  of  a  poritivt      ih|b£w  ttnia  of  4ai»ikiiyi 


frsm  "hifh  he  explained  in  u  ^  a^-f.l(  l  .rv  iniuuu  i  ll,^• 
phcftonu  iia  of  the  L< y.ieii  phnrl,  firft  ol>«;ivt-iJ  t^uiieus 
or  Musclienbroeck,  which  ha<f  much  perplexed  phi!<i>u- 
phers.  lie  showtij  that  the  buttle,  when  charged,  coii- 
tinned  no  more  clectiicity  than  befoiv,  but  that  as  much 
■was  taken  h  um  one  side  was  thrown  upon  the  other  ; 
and  th*t,  to  di>cli«r'j;e  liie  same,  it  was  only  necessary  to 
make  a  communication  between  the  two  sides,  by  which 
the  equilibrium  ini(;ht  be  restored,  and  thai  then  no  y^ns 
ofelectricity  w<iuld  ren^in.  Heafterwards  demonstrated 
by  e.xperimenis,  that  the  doctricity  did  not  reside  in  the 
coating,  as  had  haen  supiMMedt  hot  in  the  porn  of  ihe  ' 
gloss  itself.  After  a  phial  waa  charged,  be  removed  the  ' 
coating,  and  foiuid  that  upon  applying  »  new  coating  the 
shock  might  itill  faasieceiviid.  In  the  year  17  \%  he  first 
tttgi:  -irit  his  idea  of  explaining  the  pheiii>mcna  of  thun- 
der-guM5^  and  of  the  aurora  boreali*,  upon  electrical 
principles,  fie  points  out  many  particulars  in  ^^lli^il 
lightning  and  electricity  agn-e ;  and  likewise  .•uill•JCl•^ 
iiiniiy  t.irt^,  and  rea!,<jning  from  facts,  in  -iiup  .rr  .  I  \\:- 
|iosiii(j:is.  In  l!u  same  year  he  conceived  llje  boid  mtd 
jimnd  idea  nl  n-cerlaining  the  truth  of  his  d<ictrine,  bv 
actually  drawing  down  the  forked  li!;hlning,  by  means  of 
sharp- p<^in led  iioii  ruiK  rnKeti  inii!  the  region  of  the 
clouds;  whence  he  derived  liis  method  of  sc^t  uring  build- 
ings and  ships  from  being  damageil  by  lighlning.  It  was 
not  until  the  summer  of  1762  that  hewat  enalded  to  com- 
plete his  grand  discovery — the  experiment  of  the  electrical 
kite,  which  being  raised  up  into  the  clouds,  brought 
thence  the  electricity  or  lightning  down  to  the  .earth  ^  and 
Id.  D'Alihard  made  a  lilce  experiment  about  the  nne 
time  in  France,  by  following  tne  track  which  FkanfcBn 
had  before  pointed  out.  The  letters  -which  he  sent  to  M  r. 
Gollinion»  it  is  said,  were  refused  a  plaeeamong  the  paper/ 
of  the  Royal  Society  of  London  i  and  Mr.  Collinson  pub- 
lished them  in  a  separate  volome,  under  the  title  of  New 
E\pirimejus  aii<i  UloervHtioiis  on  Electricity,  made  at 
I'liiUidelphiu,  111  Aiiieiicu  ;  which  were  read  with  avidity, 
and  soon  traiulafcd  into  differ,  nl  laii^inn.M  s.  His  theories 
were  at  (ir^t  opjuwcd  by  several  [diilos^ophcis,  and  by  the 
nu-robers  of  tlie  Uosal  S>ciety  of  London;  hui  ni  17 j3, 
when  he  upturned  to  that  city,  they  voted  .'iini  the  gold 
inedal  which  i^  aiiiuiallv  ;;neii  |o  the  person  who  presents 
the  best  pia|KT  un  tome  iiueresting  subject.  Hu  was  aUo 
admitted  a  member  of  the  society,  and  had  the  degree  of 
doctor  of  laws  conferred  on  him  by  different  universities:  ^ 
butat  this  time,  by  reason  of  the  war  which  broke  out  be- 
tween Britain  and  France,  he  returned  to  America,  and 
interested  himself  in  the  public  affairs  of  that  country.  - 
Indeed  he  had  done  this  long  before  ;  for  althoogh  philo*  , 
sophy  wot  a  principal  object  of  Franklin's  parsuit  for  sa»^ 
veni  yean,  be  did  not  confine  himself  lo  it  aloiic.  Its  ' 
iho  year  1747  ha  baeama  a  member 'of  tb'e  Oewral 
aenmy  of  Ftenaylvania,  a*  a  t)U  r;:e«s  for  the  city  of  Phila* 
dalphia.  Being  a  friend  to  the  nglus  of  man  from  his  in-. 
fancy,  he  soon  distinguished  himself  as  a  steady  opponent 
of  the  unjust  schemes  of  the  proprietaries.  He  was  looked 
up  to  as  the  (lead  ot  the  rjppij»liioii  ;  and  to  him  have  bri  n 
aiaibitted  many  of  the  sptnled  replies  of  the  assembly,  lo 
the  messages  of  the  guvernofs.  Hi-  mflneiire  in  die  bndy 
was  very  great.  This  arose  not  from  any  suiH  rior  fK)»c»l» 
of  elo<pienre  ;  he  spoke  But  seldom,  and  no  never  was 
known  to  make  any  thing  like  an  elaborate  harangue. 
Hit  speeches  often'  consisted  of  a  single  sentence,  ar  of  a 
weU-told  story,  the  moral  of  which  was  always  obviously 
lb  Ihn  point.  He  never  nuampttd  Aalbweiy  fieUi  di- 
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orai«»ry.  His  mmiicr  WW  plaio  and  mild.  Ilh  style  in 
k]H'aking  was  like  that  iif  hn  wriiinu'^,  limiilc,  unadofBcd, 
and  remarkably  CKiicisc.  *\Vith  lii.^  plaia  imiiMrt -and 

his  ppneiraiiiiii  am)  sulul  jud^n^''"',  he  was  able  to  con- 

fi)un(l  the  miKt  <  hifjuriit  and  iiiblle  iil'  \n>  a»lvin'>ario,  to 
torilirm  the  opinions  ni  Irii  inls,  and  ti)  niiiko  tunvrrts 
of  the  unpnjudiciil  v^li"  li.ui  i,M|iii-i  il  In:  1.  Wiira  m(i:;Iu 
(dwrv.-if  iiMi,  he  ha!>  n-mlcred  ol  no  avail  a  long  and  t-li?- 
gaia  cll^C  lllr^c,  and  detenuined  tlw  fote  of  •  question  nf 
iinputi.iiict . 

In  the  y.ar  17+;)  liP  pKipn^t-d  plttn  of  an  Bc;ulcniy, 
to  be  crctti  il  in  ilii>  rjty  ol  I'hiladelpiliu,  Ms  a  limiidulion 
Car  posterity  to  i  rcct  aifniinary  ol  It  .irniu!!,  moro  cxtoii- 
sivp  nnd  »uitubli-  to  lutiirt'  ciicuni^.tanccs ;  iind  in  tlie  be- 
gmningof  1750,  tluii  of  ihi-jthools  «ire  opened,  namely, 
the  Latin  aiid  Greek  »cbcH>l,  tJie  Matht^matical,  and  tliu 
English  aclioola^  This  faunidation  soon  after  j;»ve  rise  to 
nnotbnr  more  extensive  collegf*  incorporated  by  chartt  r 
May  97,  I7^r«l>icli  still  anbsisto,  and  in  s  vt-ry  flou- 
risbiBf  conditioii.  In  173^  h"  was  instrumcnial  in  the 
eaiaUiiilinicMorthe  Pennsjrlvamn  llosnltal,  W  the  cure 
nn4.n!iM  ofindigiFnt  invalids*  which  bits  prov^-d  of  the 
greatMt  use  to  that  class  of  persons.  I  iHving  conducted 
iiim-clt  .'o  «cll  piistniastcr  of  I'hilndclpliiii,  he  was,  in 
1733,  appointed  dt  puty  postmuilcr-gcnrrul  for  the  whole 

JJlltl^il  cull  I.K  ^. 

'Ihi'i  In  in^  iiukIi  cxpoiid  Iciili  prt'dations  on  tlioirfron- 
ticr  by  (hu  lr;>lKit«  and  llio  Flench,  at  u  nirrting  of  crnn- 
niissioiK'is  frill!)  scviral  of  the  provinces,  Mr.  IVanklin 
proposed  a.]ilan  for  the  8;«:ncral  defence,  to  i->itabli>h  in  ilir 
colonies  a  i;eiieral  governmrnt,  to  be  Rdniinistertd  by  a 
prosiileiit-general,  uppointrii  hy  ihc  crown,  and  by  a  grand 
council,  coniistin^  of  members  chosen  by  the  representa- 
Vscs  of  the  ditfeieiit  colonies  -,  a  plan  which  hos  unani- 
nously  agreed  to  by  the  comrais«ioncri  present.  The 
plan  Dowewr  had  a  ^lingular  fate :  it  was  disapproved  of  by 
the  ainiitty  of  Great  Britain,  because  it  gave  too  much 
power  to  the  representatiw  of  the  po^ ;  and  it  was  rc- 
^jeolcd  bye*nyasMinblj,ug>viBgtothepKsidcnt<gBOpral, 
'  who  was  to  bo  the  represcatatke  of  the  crown,  nn  influ* 
cnne  greater  than  nppoind  lo  thca  proper,  in  a  plan  of 
governBHmt  intended  for  freemen.  Fiirhapa  this  te^iim, 
on  both  sides,  h  the  stronj^t  proof  that  could  be  adduced 
of  the  excelh  iicf  of  the  sy»tein,  as  suited  to  the  situation 
of  Great  Biitain  un<i  An>rrica  at  that  time.  It  appears  to 
have  steond  exactly  in  the  middle,  Iietwetn  tlie  iippoMic 
iiiten  sts  of  both.  Whi  till  r  llie  ao'  j'lKin  <ii  ;hi^  |  l  in  wrjiild 
liiiU'  prevented  the  Mpaiution  ut  Amciic.i  trom  Ureal 
Itrituiii,  is  a  tpietiion  which  might  aflbrd  much  room  for 

^pec>llalinn. 

In  the  yeur  17o.'>,  General  Bradiliick,  with  si  im  regi- 
ment* of  regular  iroopt,  and  provincial  Uvies,\va:>  vi  nt  lo 
dispossess  the  Vrench  of  the  pii»i>  on  wliich  they  hixl  seized 
in  the  back  scitU-uicuts.  Alter  the  tnen  ivriv  ail  ready,  a 
difficulty  occurred,  which  had  ta<arlypi«veiUed  tbeexpc> 
ditiun.  This  was  the  want  uf  u-a^ons.  Franklin  now 
ttepped  forwardt  nnd  with  the  assistance  of  hi»  son,  in  a 
very  short  time  procnred  ISO,  After  the  defeat  of  Brad- 
dock,  o'ur  author  introduced  into  the  ntfembly  a  inll  for 
Ofpuixing  i  militia, and  had  fh  ■  dex  tcniy  to  get  it  pnaed. 
In  consequence  of  this  net  a  very  lopectaUe  mititin  wia 
foraMid ;  and  Fnnkliu  was  a(lpois'ic<l  coload  of  n  if^ment 
in  Phihufclphb,  which  consisted  of  IWO  men;  in  whidi 
capacity  he  acquitted  biiusclf  with'rauch  propriety,  and  was 
of  aingulnr  service:  though  ibis  militia  was  soon  alter  dis* 
handed  by  order  of  the  KngUth  miniatiy. 
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In  I757i  he  was  sent  to  England,  with  a  petibon  61  the 
king  Aid  cooncilf  against  ihe  proprietaries,  who  refnad  to 
bear  any  thaiv  in  Uio  pnblie  expenses  nnd  astcstaentsj 
which  be  got  settled  to  the  aatisfiiction  of  the  state.  Afler 

the  completion  of  this  business,  Franklin  reniaiaed  at  ilie 
court  of  Gnat  Hritain  for  some  time,  as  ajjcnt  for  the  pro- 
vince  of  I'l  ■  -^  .Ii  >nia;  nnd  alto  for  lhos<'  of  Massachtv- 
setts,  Murvimiil,  and  r,i  iir;>;a.  S>on  after  thi*,  he  pub- 
lished liiii  t'an.iilii  painphUt,  in  whirh  he  poiiiti-il  out,  111  a 
very  forcible  manner,  llie  advaiiliiL'ei  that  vvouKI  lesuU 
(mm  the  conquest  of  this  province  Ifiiin  tde  l-  n  nch.  An 
expedition  v»'a»  accordingly  planned  and  tilted  out,  and  tho 
command  given  to  General  Wolfe  ;  the  success  of  which 
is  vvell  known.  He  now  divided  hi»  time  indeed  between 
philosophy  and  politics,  rendering  many  services  to  both. 
While  here,  he  iaventcd  the  elegant  musical  instrument 
called  the  llannonica,  formed  of  glasses  played  on  by  thO 
fingers'.  In  the  summer  of  1763  lu>  returned  to  Ameiicn; 
on  his  passage  to  which  he  observed  the  singular  effect 
produced  bv  the  agitatioa  of  a  trend ,  c«aUioiii(  oil  •ottinc 
onwnter:  tteumiermffii^afdMoitraniiiniiiginMoAnid 
undistnrbcd,  while  dienniter  teaa  nettled  with  the  utHwat 
conunotion.  On  his  rettm  he  received  the  thanks  of  the 
^icnibly  of  Prniuylvania,  which  havinj;  annually  elected 
hire  a  niember  in  his  absence,  be  again  took  bis  seat  iu  this 
body,  and  continued  n  steady  defender  U  the  libeiliei  of 
the  jK-ople. 

In  17')V,  by  the  intrieui-s  of  thi>  jjroprirlaries.  Franklin 
lost  hi',  5'  at  in  the  a'"^<'rublv,  ^shlcll  he  had  p<ls«^■s^ell  iVir 
1+  VMi"".  b(ltwa>  liunicih;it<-ly  ;ipp'jilit<  il  pl'miiicial  ascnt 
to  I'jujliiiid,  t.'r  wliirli  C'lmtry  In-  presently  set  out.  in 
1766  he  »a>  (x;iniiiHd  In  lore  the  parliament  relative  to 
the  stamp-act;  which  wan  iooii  after  repealed.  The  same 
year  he  made  a  Jnurney  into  H^and  and  Germany;  and 
aouihrr  into  France;  being  everywhere  received  with  the 
greatest  respect  by  the  literati  of  all  nations.  Iff  1773  he 
attracted  the  public  attention  by  a  letter  en  the  duel  be- 
tween Mr.  Whntely  and  -Mr.  Temple,  cuncemingthe  p«b« 
lication  of  Gosvnor  Hutchinson**  letters,  dcclariQg  Ihnt 
he  snu  the  pisrson  uiko  had  diioovered  thoae  letteti.  On 
the  29th  of  January  ne.xt  year, he  weaexaained  before  tho 
privy -council,  on  a  petition  be  bed  presented  lung  before, 
us  aceni  for  Milssacbuselts  Bay,  against  Mr.  11  uic  hinson: 
but  this  iH  lition  being  disagreeable  to  ministry,  U  v»a>  prc- 
ri|iitati  ly  rejected,  and  Dr.  Franklin  was  soon  alter  re- 
moved Irom  his  office  of  postlnafter-ij  iicral  lor  America. 
Finding  nniv  all  cflbrts  to  n  slOK-  haiiin.rie  hrtween  (Jreat 
Hritain  and  her  colnmi  v  useless,  he  reluriied  to  .Ameiica  in 
1775;  just  after  the  ronimeiicemenl  oi  hr^tilities.  Being 
nrtined  one  of  I  hi  ih  ic^aresto  the  Continental  Congress,  he 
hail  a  [)riiicipal  sliare  in  hrin.j;iiu  iibrnit  llie  r.'^volulion  and 
declaration  of  iiidependsiicy  on  ihe  p<rt  of  the  colonics. 
In  1776  he  was  deputed  by  Congri-ss  to  Cannd  1,  lo  iiego- 
ciatc  with  the  people  of  that  country,  ami  t')  p<>rsuade 
thetn  to  throw  off  ihe  British  yoke;  but  the  Cnnadiuns  had 
been  so  ranch  disgusted  with  the  hot-hcnded  iseal  of  llic 
New  Eiiglanders,  who  had  burnt  somi!  of  tlieir  chapels, 
that  they  refused  to  listen  to  the  proposals,  itkough  enforced 
by  aU  the  arguments  Dr.  Franklin  could'  make  use  ,of.  On 
hu  return  10  PUIadelphia,  CongreMit  aenaible  how  much 
he  waa  cetaened  in  FnuMBi  sent  him  diither  to  .  put  n 
finishing  hand  to  the  private  negociations  of  Mr.  Silaa 
Dcanc;  and  thi*  important  commiMion  was  readily  ac> 
ccpled  by  the  doctor,  though  then  in  the  7  1st  year  of  his 
age.    The  event  is  well  known  ;  a  treaty  of  alliance  and 
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Boi  Mwrt^that  the  Hocigi^hii  alufte  ill  lb* 
tnnaetHMt  by  Mrongly  ailviM*|4f  •  Mauiepn  not  to  loie 
•  miglb  moBMUt,  irJie  wuhrd  to  secure  the  friendship  of 
AiBcHoB»  and  tOkdeiacb  it  from  thfe  moiher-CMintry.  In 
*  1777  he  «n»  K]|uh?riy  appoiDled  plroipotcntinry  from 
CaogKia  to  the  French  court;  but  obtniped  Iceve  of  di»i 
inHii«m  in  I7M.  Having  «t  length  iten  the  lull  lecon- 
plisbmcnt  of  hit  wi»bvi  by  the  conclu»ion  of  the  pence m 
1783,  wiiicli  ^avo  iiKlc|irt>dL'iicy  (o  Ameriaa,  fa%  hccaaae 
(IcMrturs  ot  fcniifinn  his  native  rnuntry.  He  therefore  re- 
qursiril  (•)  bf  rrcallvd ;  aniJ,  ul'lc  r  r<  |H-atotl  solicilationv, 
Mr.  Jiil'cii'iii  «a>  ii|>|i>iiiili  il  III  liis  stt'iul.  On  tin-  ^iijn.il 
ol  hi>  Micrrs-<ji,  lio  iv|i!iinil  til  Havre  (iruii',  uuii 
rri>^»iii2  thr  < 't.i.'iin'l,  lainltil  ut  Ni  w|Knt  in  lh<-  IsIl-  uI 
\Vn>!it  ;  wlii  nrc,  after  a  favouraliic  piii^^inr,  h*  .urivol 
»a:' l\  lit  I'liii.iJi  ipliia  ill  ScpU'mbtr  17^  )-  Hi  "i«s  ri'- 
(Citrii  atniilil  thr  uccliii»iilii>ns  of  a  vast  inulliUiJc,  uho 
llocki'ii  from  ill!  parlt  ti>  mn- him,  and  who  cundurlcil  Imii 
in  iriuiuph  lo  hi^-oivii  house;  whcii.'  in  u  liwiluvs  hewaa 
vilitcil  by  the  iih'IiiUts  of  the  Ci>n<;r(-»  and  tll^  principol 
inbftbitiinti  of  Philadelphia,  lie  was  afterward-  twice 
choaen  prf'^lik-nt  of  the  Aiserably  of  Pbiladelpbia;  but  Me 
incfeaMng  intinnitics  obliged  bim  to  ask  pcrmisjiion  to  re- 
tire, and  to  tprnd  the  remainder  uf  iil<-  in  tranquillity; 
which  WW  granied,  in  J78S>  Afirr  thia*  tbeinlirniitiaof 
age  ioeteaarci  f*»t  upoa  bin  t  he  faeceme  more  nhd  mora 
aliicted  with  (iir  gput  end  die  atone,  till  the  time  of  his 
death,  which  hnppcnod  the  l7th  of  April  1790,  about  II 
at  night,  at  year*  of  age ;  leaving  one  &on,  governor  Wil- 
liam Franklin,  a  leelous  loyalist,  who  resided  in  London, 
nn  a  pcToion  from  the  Knglish  government,  till  his  d  i-li 
in  the  yt'Ar  1813;  aiida  dm)i;hlcr,  inarriud  to  Mr.  Wiiliatu 
Biirho,  nu'rrliunt  in  I'hiluili  Ipiua. 

Doctor  rrankliii  \va-  autlior  ul  ria!:y  tracls  on  i  lcrlii- 
city,  alui  oiIkt  bi,im:!ic>  uf  natural  (.liiluvopiiy ,  Os  well  as 
on  puliiiCA,  aiul  ihi-c.  ilaneous  »ubjecU.  He  had  also 
many  papers  iuiortt  d  iii  the  Phllotophieal  Ttauactioos, 
from  vol.  47  to  vol.  6i. 

l-'REEZt,  or  t'niZE,  in  Architecture,  a  lurgc  flat  mcm- 
l>er,  bcin;^  that  part  of  the  cntuhlaturo  of  columns  that  le- 
purutcs  ibi'  archifVave  from  the  cfniice. 

l'Rr.I:ZINC'i,  or  Congelation,  tm-  lixing  of  a  fluid  body 
into  a  t'u;v.  o:  •'>>lid  tniis»  Ly  ilu*  aiisiraction  of  it.s  caloric: 
in  whicli  sense  ibe  term  is  applied  to  water  when  it  freoee 
into  ice  s  to  wctale  when  ihey  retvma  their  aolid  state,  af* 
ter  being  melted  by  heat;  or  to  clam,  wnx,  pilch,  tallow, 
&c,  when  they  bardea  agiain  auer  bavb^  been  rendered 
flaid  by  beat.  But  it  diflna  from  cryitailoatioa,  which  is 
rather  a  separation  of  the  nrticics  of  a  solid  from  a  fluid, 
in  which  it  had  bren  disMUved  more  by  the  mdstttie  (ban 
the  action  of  hcut. 

The  proce»i  of  coii;;i  laiioii  is  always  attended  with  the 
emission  of  heat  <ir  c.iioric,  as  is  found  by  rxpcriinenls  on 
the  frti  /mg  of  water,  «ax,  »perinaccti,  6>;c'  ;  lur  in  ^-jcli 
cases  it  Is  alwajs  hmtnl,  tliata  ihermonun  r  (ii[>t  into  iiie 
fluki  mass,  keeps  conliiuially  desceinlin;;  as  tins  cimis,  till 
it  arrive  at  a  certain  |)<Miit,  i^  ins;  the  point  oi  fiii2in<;, 
uhich  i>  poculhr  to  eaC^fluld,  where  it  i»  rather  station- 
ary, and  then  ri»e»  for  a  little,  while  the  congelation  pro- 
ceeds. Hut  by  what  means  it  i»  that  fluid  bodies  should 
thus  be  rendered  solid  by  cold,  or  lots  of  caloric ;  or  Ouid 
by  the  absorption  ortbtssuUiaiice;  ur  whnt  h  introdoced 
into  the  bodies  by  either  of  these  principles,  arc  matters 
which  philosopburs  have  never  yet  been  able  to  discoecri 
or  to  aatiify  th«mtelv«»  upon.  The  fiaUoWing  phenoaumi 
bowevar  ^/k  muMXtf  obeemdi  Wmer,  and  lona  othar 
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4uida,  suddenly  dilate  and  expand  in  the  act  of  freezing, 
so  a<t  to  occupy  a  greater  space  in  thy  (utm  of  ice  than  be- 
fore,  in  conbequence  of  which  it  is  that  ice  is  specifically 
lighter  than  the  same  fluid,  and  floatt  in  \i.  And  the  di^ 
gree  of  expaoMon  of  w^r,  iii  the  state  of  ice,  is  by  soige . 
autbon  computed  at  about  19  of  its  volume.  Oil  how- 
ever is  an  excrpticm  to  thb  prupi  i  ty,  and  quicksilver  too, 
which  thrinJis  and  cqnttacts  aiill  more  after  fteetiug. 
B(>y1e  rrtates  several  cxperimeifis  of  vessels  made  of  roetal, 
very  thick  and  )tii>ii>;:  in  which,  »l>en  filied  uith  water, 

clo>e  stopped,  and  c.\pi><fd  to  the  eold,  tin-  water  beiliu 
lAp^uidi'd  111  Ireeziiit;,  au-l  ii  a  liinlini!  ■  ili.er  rijoni  nr  mm, 
hurvt  the  vcskIs.  A  strung  Itairtl  ul  a  :jii:i,  UiWd  vvuii 
water,  and  close  stopped  and  I'li /en,  « as  rcir.  the  whole 
li  ii^th.  Huyaeli'-,  to  try  the  toree  witfi  wliis,ik  v.aiei  ex- 
paiiils  "hi  n  treexiii;;,  filled  a  cannon  «illi  it,  svh(  >r  j-idr^ 
were  an  mrh  t'uck,  and  then  closer!  iip  the  rn>>ulh  and 
vent,  so  that  nuoe  could  escape,  the  whole  beini;  exposed 
to  a  stroni^  iVev^iiij^  air,  the  water  Iruiie  in  about  I  'J  boui«, 
and  burs!  the  piece  in  two  places,  Matbemaliciai^s  have 
Compnted  theloice  nf  llii.'  lee  uprtn  this  occa>ion,  and  tliey 
say,  that  sue!,  n  rnif<  vxuild  laive  a  w<  iglii  ol  27720 
pounds.  Lastly,  Miyor  £dwerd  Williams,  of  the  Royal 
Artillery,  made  nunyexperimcntion  the  force  of  freezing 
water  at  Quebec,  in  the  yean  I7fl4  and  17M.  He  Ailed 
all  sisn  of  iron  bomb^helb  edth  this  find,  then  plugged 
the  fuze  hole  doia  np,  and  exposed  them  to  the  stnmg 
freezing  air  of  the  winter  in  thM  climate;  soroetimea  driv* 
ing  in  the  iron  plugs  siii  hard  as  poaaible  with  a  sledge  ham- 
mer; and  yet  they  were  always  thrown  out  by  the  suddeit 
1  xpa'ision  of  ll)e  wati  r  In  the  act  of  frceiingj  like  a  bull 
>hi)t  by  ;;unpoH  ;ler,  s' lui  liiin  s  to  the  distance  of  4  or 
,')i)0  li  l  t,  lh'>ii<;li  i);ey  ui  i;^heti  marly  3  p'XituU;  and  when 
the  pluc;s  were  scri\^ed  In,  or  funisshtd  with  hooks  or 
burls,  111  lav  hold  ul  the  in>idi>  of  the  shell  by,  so  that  they 
coiihl  not  p<is>ihly  lit  tjjrcetl  out,  in  this  case  the  shell  was 
always  split  in  tuo,  though  the  tbirktiess  of  the  metal  of 
the  )>hell  was  an  inch  and  three  quarters.  It  is  further  rc« 
markttble,  that  through  the  circular  crack,  round  about 
tbe  shells,  where  they  burst,  ttierc  stood  out  a  thin  film  or 
sheet  of  .lee,  like  a  fin ;  and  in  tbe  cases  when  the  plugs 
'were  projected  by  frei/.lnj;  water,  there  suddenly  issued 
out  from  the  fuze-hole,  u  bdlt  "t  ii  i  ,  of  the  same  diame- 
ter, ami  stood  over  it  to  the  height  sometimes  of  8  inches 
and  a  halt  And  brace  wo  need  not  bo  surprised  at  the 
ellbets  of  ke  in  dcitnqrhig  the  subMance  of  vepstaUet  and 
trece,  and  emi  splitting  rocks,  when  the  frost  wcanied  to 
excess.  See  other  similar  instances  ia  the  arildu  Colo. 

It  is  also  observed  ihat  water  loses  of  its  weight  by 
freezing,  being  found  lighter  after  thawing  again,  than  be- 
fore it  was  frozen.  And  indeed  it  cNaporaies  ulmc»t  as 
fust  "',;  ii  i'tii/<  ii,  as  ^vh^■ll  it  U  llu'il. 

We  hkev'.i'.c  fiiul  11  asseili'i!,  ihut  wa'.rr  does  not  freese 
111  vac'.Ki  ;  n  ip:iriiiu  l"r  ti  al  piiipi  s,;  te.e  incriice  and 
CoiiUijiiily  ol  I  he  air.  Hut  thii  CllTunl^t:llu■l■  is  liable  to 
sonic  doubt,  and  it  may  be  sii-;  i  ctcd  I'. at  t'r.i-  d.';;iee  of 
cold  has  not  been  cariled  f.ir  efl(iiij:li  ni  the^e  particular 
instances;  ut  it  is  found  that  nu  iriiry  in  thermometers  has 
even  been  iVo/en,  th.iii.;h  it  requiris  a  va-tly  fireatcr  de- 
gree of  old  ill  I'vc/r  !' i-^  fluid  ihiin  ».ul<;r.  Uesidos,  the 
assertion  has  been  lately  disproved  by  the  experiments  of 
Profrmor  Leslie  and  Or.Harcei,  ^c,  who  h  ive  f,-ozen  not 
water  only,  but  even  mercury,  in- the  cxhoustfid  receiver,, 
and  that  only  Iqr  *>niple  e^'Apo^^t'oti- .  *^ 

lliat  ipner  wMch  has  been  boiled  treem  atora  readily^. 
flin  that  wUdt  hi*  aol  bami  boiled:  and  that  a  iVilit 


•  cnminotiiin  i>(  (la-  Buii)  dM|KNn  it  to  fno/c  more  <pf  .lilj  , 
haviri;;  soim aiiKs  Ik-co  Cooled  isi^cral  dt-gre<.-»  b«'U>w  (he 
trc:i  /iJi^  p^unt,  v.itiimit  coiig"  .ilini;  when  kept  quite  itill, 
but  sudaeiily  Ifcc/iii!;  into  ice  on  ihe  sli!;htest  agitation. 

•TImt  ihi  v»ater,  Ix'ilic  Cosert  il  over  wuh  a  iUM;u>-  <il  oil 
ot'  olives,  d(M:»  n^t  liet^e  to  readily  as  wit^ut  il;  and 
that  nut  oil  absolutely  preservM  it  Mflder  a  ttroiig  ftou, 
wltrn  olive  oil  would  not. 

That  rectiTu  il  spirit  of  Wine,  not  «il,  and  o9  of  turpm* 
tine,  seldom  freeze. 

That  the  surface  of  the  water,  in  freezing,  appears  all 
wriaJtlcd ;  tlw  wrinitlcs  being  sometiiuet  in  panliei  lino, 
nnd  KMnelina  lilte  rays,  proceeding  from  ncwMi*  lo  tlw 
cirenmfeicnceb  See  tiM  articim  CoMOSLATtoir,  0qt9» 
and  fcs.    •  * 

Prbezim  JRtfMne,  a  preparation  Ibr  tb* artificial  eon- 
gelation  of  water,  and  other  Auidi.  According  to  Mr. 
Riiyle,  all  WiiM  of  salts,  whcdwr  nUcaline  nr  acid;  and 

even  all  spirits,  .is  spirit  of  wine,  he,  ^s  aUo  sugar,  and 

»uccharuni  ^,i;  1  :■!.  iiii\e<l  «illi  siiniv,  an  c  .ip:ihl(  cjI  freez- 
ing lU' tluiij>;  and  theianie  eitecl  i>  produced,  ui  a  very 

hi :..         byamlxtareof oil ofvitridtorfpiritof  nitre, 

wiUi  sia>\v. 

The  same  is  aUo  reinarl><  il  liy  M.  Ilombcrc  of  t  <nn\l 
quantiliei  of  corrosne  subliiuatr,  aiid  sal  aninioiiiar ,  with 
^ur  limes  the  quantity  of  distilled  viinvar. 

Uoerltaavc  gives  a  method  of  producing  arliticial  frost 
without  cither  snow  or  ice :  we  inu  :  have  lor  this  purpose, 
at  any  season  of  the  year,  the  coMest  water  that  can  be 
procured;  this  b  to  be  mixed  with  a  proper  quantity  of 
aagr  lalt  (»al  ammdniae  will  answer  the  intention  beet),  at 
the  late  of  aboat  9  onneca  to.  a  quart  of  water.  Aaaihar 

Sot  of  water  must  be  prepared  in  tho  tame  manner  wiA 
first;  tbe  talt,  by  being  disiolvcd  in  oadi,  will  »ak» 
tlia  waiter  nneli  eoldar-iban  it  was  beiiHCi.  Tha  HA* 

*  qoarts  are  ihn  to  beeaised  together,  nnd  tbii  will  make 
•    tbUD  OoMeretill*  Two  quarts  more  of  water  prepared  and 

mixed  in  ttte  same  manner  are  to  be  mixed  with  these, 
w  hich  will  increase  the  cold  to  a  nnirli  lll^hrl  i1cl:h'i'  i:i  all. 
.  The  whole  of  this  operation  to  Iji  cariinl  on  in  ;i  Cold 
cellar;  and  u  class  of  comiiioii  w.ni  r  is  iIh  ii  l<i  \ic  |ilac<'d 
in  the  vessel  of  tliu  llunl  llius  artilituiUy  riii/leil,  and  it  will 
be  turned  into" ice  in  the  space  ul  I  '..'  l.»'Uis. 

There  is  also  a  mcthoil  u!  inakini;  arlific  lul  ice  liynu  ar.i 
of  Miow,  wijhout  any  kind  of  suit.  l'<ir  llus  |iur;ii>se  fill  a 
small  pew  ter  dish  w  ilh  water,  and  upon  litat  >ei  a  common 
pewter  plate  fillt  d,  but  not  heaped,  with  snow.  Hrin^;  this 
umple  apparatus  imtr  the  tire,  and  ttir  the  ^nnw  in  tbe 
plate  i  llJesno^^  \mII  >iis>olve,  and  tbe  ice  will  be  formed 
.  on  the  back  uf  the  plate,  which  was  set  in  Ihe  dish  of  water. 

M.  Reaumur  tried  the  effect  of  several  salts,  and*csa< 
^iaed  the  Tadous  degieei  of  cold  by  an  ice  thermometer, 
wUch  being  placed  in  tfaa  Add  to  to  iroien,  showed  sery 
axaetly  the  degree  of  cold  by  Ae  dOMent  dfthc'apirit. 

Nitre,  or  saltpetre,  uaually  paawe  for  a  talt  that  may  bo 
very  scrvicrafale  in  these  artiftcial  congelations ;  but  the 
experiments  of  this  ffentrrm.m  prove  that  this  opinion  is 
erroneous.  The  most  pei  lecil y  relined  luiltpetre  employed 
in  tho  operation  sunk  the  spirit  in  the  tlu  i  niomeier  only 
3{  decrees  Im'Idu-  tlie  lixed  [luint.  I.(  ss  rrtiiud  nure  de- 
pressed llic  ihi  rnionieti-r  luniT,  and  ga.e  a  u'l'.il'  r  di't^rre 
ol  colli  ;  i.nvin^  tn  i mninon  or  sea-suit  ih.il  it  Cuiilains 
wlien  less  pure,  wlneh  ha^  a  greater  effect  than  llie  pure 
•altpetre  itsi  II. 

-  Two  parts  of  common  salt  being  mixed  with  three  parts 
of  poinlm4  ioa  in  my  hot  wanther,  iko  apttit  ill  tbe  thciw 
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inometer  immediately  de-stended  I  j  d,  erci-s,  uldch  is  half    "  * 
a  degri-e  lower  thnn  it  wounl  have  (lesci  lulnl  m  the  sever>'st 
cold  of  our  winters.    M.  Uciuimr  llien  trind  the  salts  all  . 
round, determiningwithnreat  re^uUiniyaiitlexactncss.what 
was  the  dejjree  of  cold  oc.  .'iMu::e:i  by  l  ac  li  in  a  given  dose.  *  • 
Amoni!  the  neutral  salt*,  none  produced  a  greater  dcgiee 
of  cold  than  the  common  sea  sail.    Among  the  aU.alia*,  . 
sal  ammoniac  sunk  the  IhernKimeter  only  to  13  drgiecs* 
PM-asMsnnk  it  jnatas  low  as  wclh^fined  saltpetre. 

For  lb«  common  uses  of  the  table,  the  ice  is  not  re- 
qnired  lo  be  very  hard,  or  such  as  is  produced 'by  long 
continuance  of  violent  cold :  it  is  mther  desired  to  be  )iko 
snow.  Sal  tpetie,  wbicb  it  no  very  powerful  agent  in  A«ei- 
ing,  is  therefore  more  ft  for  the  parpoM  ibah  a  more  po-  ^  . 
tent  Mlt*  It  it  not  necessary  that  tbe  congelation  should  * 
be  my  suddenly  made ;  but  that  it  may  retain  its  form  n.s 
long  as  may  be,  when  made,  is  of  j;reaf  importance.  If  it 
be  desired  lo  have  ices  very  hard  and  tirr  ,  iru!  \fry  sud- 
denly prepared,  then  sea  salt  is  of  all  .  li.irs  ludst  to  be 
chosen  for'the  operation.  The  ices  ihus  made  st  ill  be  very  • 
hard,  but  they  will  so<in  run.  I'oi  aOus  aliord  an  ice  of 
about  till'  hardness  that  is  ii^uallv  ri'jUired.  I'lii-,  lurms 
indeed  very  sluwly,  hut  then  it  will  ptiser\e  a  long  time. 
An  1  I  lU.iiM'M  wLiod-ashcs  will  pertorm  the  business  very 
nearly  in  iIk'  same  inanncr  as  the  pol-ashes;  but  for  this 
purpose,  the  wood  which  is  burnt,  ought  to  be  fresh. 

The  strong  acid  spirits  of  the  neutral  salts  act  much 
more  powerfully  m  tiien-  conf.'elaiiotis  than  the  salts  them- 
selves, or  indeed  than  any  simple  salt  can  do.  Thui,  spt« 
rit  of  nitre  mixed  with  twice  its  quantity  of  poiwdMOil  kc,  * 
immediately  aiaka  the  tpiiit  in  tfa«  thermometer  to  19  do- 
(ncs,  or  4  dtgrtot  mora  than  that  obtained  by  mean  of  i 

lallb  the  BMNt  powcffbl  of  all  the  tatto  in  making  arti- 
teui  cold.  A  awcb  greater  dqtoo  of  cold  may  be  given 
to  this  mixturcy  by  piLag  it  rmad  with  more  ice  mixed 
widi  tea  salt.  Thn  gieit  n  tcdovbled  cold,  and  sinks  the 
thermometer  to  24  degrees.  If  this  whole  matter  be  co- 
vered with  «  fresh  iniNlurc  of  spirit  of  nitre  and  ice,  a  still 
greater  degree  of  c\>\\l  is  prinh;ced,  and  so  on  ;  the  Cold 
being  by  this  method  ol  tu-sli  addition  to  be  increased  • 
.ilniost  without  Ixuiuds:  liul  il  is  to  observed,  that  evoiy  , 
addition  pives  a  smaller  increase  tlian  llie  former. 

It  IS  »eiv  remarkable  in  thi  .ui;!  spirits,  ihut  lhcni<;h 
?ta  salt  is  s,i  njueh  more  poweilul  tliaii  nitre  in  substance 
in  priHlucirif:  roll!,  set  the  spii  it  of  nitre  is  much  stronger 
than  (hat  ol  m'ii  )>ait ;  mid  another  not  less  wonderful  pbe* 
nomenon  i>,  that  spirit  of  wine,  which  is  little  ebe  niMt 
liquid  fire,  has  as  powerful  an  cflrct  in  congelations,  or  very 
nmrly  so,  as  tbe  spirit  of  nitre  iuelf. 

The  tavaral  liquid  snbalaoces  wbich  produce  cold,  in 
the  tame  manner  as  the  dry  salts  on  being  mi.vcd  with  ice, 
an  much  mora  tpcody  in  tbeir  action  tlun  tbe' laltt:  bc- 
cauta  they  immettitalj  and  much  mora  intimatdv  coma 
into  contact  with  tbe  paiticlet  of  tbe  ice,  than  the  salts  ~. 
can.  Of  thit  nature  are  tpirit  of  nitre,  ipirit  of  wine,  drc.  • 
To  produce  the  expected  degree  of  cold,  it  is  alwayslic* 
Ce»SBry  that  the  ice  and  the  udditivr  matter,  whatever  it 
may  be,  slutuld  both  rush  tnci  rhpr  uid  iiili^jmtcly  unitin;;, 
form  one  clear  fluid.    It  is  lum  i  ti  it  no  new  cold  is  pro-  • 
diiced  Willi  oil,  which,  though  it  iim  '^i-  !j:e  ice,  yet  can- 
not mix  itseli  into  a  honiooeneous  uijuid  with  it,  but  must 
alwuvs  reiimiu  lUiatin;;  on  the  Mirl.ice  of  the  water  tfiat  is 
produced  by  tlie  melluiL;  of  the  ice.    Mem.  .Acad.  Seicnc. 
Par.  1734. 

It  has  been  disco*errd,  that  flui<te  standing  in  a  corrent  , 
ofHr^powhgrilutMaimiiclicoMcrthiabtfmi.  Fkk. 
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rcnl)«!t  had  long  since  olm  nd,  thU  h  poai,  which  stands  '#001)  it  al  — 103 ;  but  tuic«idiii|  wi(|i  tuch  rapidity.  All 
tjuitc  calm,  ofton  acquim  a  degree  of  cold  much  bryoiwl    m  thd  space  of  half  an  huur  it  had  risen  to  —  This 


ttluit  i<  rullicicnt  fur  fri-e«ing,  and  yrt  no  congi  latitm  en- 
sued :  but  if  H  sllslit  1)11  uth  of  uir  li«p[H-iis  iti  buch  it  case 
to  c;li(io  over  lilt-  iurfuce  <if  Uii-  »;i(rr,  it  ■>ti!ii.n9  the  wfaof^ 
in  an  instiuii.  It  liiu  hIsd  been  uveri'd,  that  alt  sub- 
stance) twcoaii'  colder  by  the  cvu]Hira1iun  uf  the  fluids 
ihey  Contain,  or  wiili  uhicli  tbey  are  mixed.  If  both 
these  methods  tlieref<irc  be  practi«rd  on  the  Miino  LihIv  hi 
the  same  time,  ibry  will  Incrcave  the  cold  tu  aliUMlaiiy  de- 
gree of  inlcnK-neis  we  plea'ie. 

MoH extraordinary  instances  of  artificial  freeting  have 
■iace  been  made  in  Russia  and  at  Hudson's  Bay,  and  other 
putt,  by  which  quicksilver  was  frown  ialoa  solid  niassof  me- 
Ul.  Tlii«indecdh«dbefoicbeaDClfcct«4bythcnaturalcoM 
ofthcatiB(ttpliewakiiie,ia  Siberia.  In  toe  winter  of  179S| 
Fnltnor  Gmeliii,  with  two  other  ftnt^en  of  ibeRusiian 
■eedemy)  were  scut    Aniie  IveiMMtae,  the  eew  enpmC 


in  explore  eml  dtKribo  the  difismt  parts  of  her  Asietic 
dOBinioMi  with  theeommunication  of  A.sia  and  America. 
In  the  same  season  nf  the  year  1734-5.  M.  Gincliti  biini; 
at  Vencsoisk  in  58°  30'  north  bit.  and  bmr;.  eu-.t  trom 
Greenwich,  first  ob^n  rvid  such  a  dt-scent  of  the  nu  rcury, 
as  m«!.t  biivu  been  alleiideti  '.uI:.  c i: tigelalion,  beiMg  (ur  bi^ 
low  its  freezing  point,  ninv  iix<  d  at  —+0  of  Faliii  iih>  it'-s 
thermometer.  "  Mere,"  says  he,  "  wc  first  expc;  ;i  iiLi  i.  ( \\n 
truth  of  what  various  traullfrs  have  related,  v»iih  ris|ii  ct 
to  the  extreme  cold  of  Siberia;  for,  about  the  middle  of 
December,  such  srv'erc  weather  set  io,  aa  we  were  sure  had 
never  been  known  in  our  time  at  Petenburg.  The  air 
seemed  as  if  it  were  frozen,  with  the  appeamnce  of  a  fog, 
which  did  not  sutler  the  smoke  to  ascena  as  it  issued  from 
the  chimneys.   Birds  fell  froB  the  air  as  dead,  and  froce 


pbenoiueiion,  whirh  appeared  surjuisini;,  d<ifiblies»  de- 
pended on  the  e.x(mnti(m  of  the  nnrciiry  Un/.m  in  the 
bulli  ol  the  liiennoim  ti  r,  imd  which,  now  im  liini;,  lorced 
upwards  lau  Miudl  tljnad  in  the  Mem.  iMiiiilar  appear- 
anci^s  wiTr  obM-rvi  d  al'li  rward'.  v\  hen  the  thread  i>t  quick- 
silver in  llie  ibermomi  icr  ups  ^'|iaraicd  about  (>  tle^nes. 

A  second  iiislaiRe,  wln  re  a  n.iiural  con  -elation  o(  nu  r- 
xury  bas  certainly  been  obM-rved,  i»  recorded  in  the  Tians- 
aciluns  of  the  ll'.>yal  .\tadcn>y  ut  Science>  at  St<>ckh(dni, 
as  made  by  Mr.  Andrew  Hellunt.  The  wewtbcr,  in  Ja- 
nuary 1760,  was  remarkably  cold  hi  Lapland  ;  so  that  on 
lha  Ath  of  that  month,  the  Ihernoowiers  Ml  tn  — ?<>» ' 
•»198,  or  lower}  on  the  SSi  and-Mlowing  days  they  ft'll 
to  -M, and  hcile«T.<-|MeiMiti l>inin  the  bail. 
This  waa  ofatarsed  at  llm  dUKmit^flacca  in  Lapland,  si- 
timled  hatweeB  the  fi/Rh  aiid  7aik  dc^s  of  north  Ipt. 
and  Ih'e  Slst  eod  ttih  dcgrrn,of  eaM  Mi|tit«de. 

Hut  the  congelation  of  quicksilver,  by  an  ariiiieial  frecz- 
iiift  nii.Muil',  was  first  observed,  and  put  beyund  doubt, 
by  Mr.  JoM-ph  Admn  I5r.iun,  pr<ilivi  r  nt  [iliiloi-'phv  at 
Pet<-rsbuin.  This  yiiitleman,  wisii.n^  tu  try  Imw  many 
deffn'cs  ol  cold  he  cmilil  |ir(iduci  ,  av.iiletl  hin.^i  llofa  good 
oppiirluiiity,  whicl:  '  (li  iid  l  ir  that  purpiise,  <,ii  the  14tb  of 
December  \75'J,  wlien  ti.e  mercury  in  the  tin  rniomcter 
sto<id  in  the  natural  rold  al  —  34,  which  it  \t  iw>w  known 
is  only  j  or  b  deijrees  above  its  puint  of  cungelati'in.  As- 
sisting this  natural  roid  then  li>re,  with  a  mi.Nture  prepared 
of  a(|uafortis  and  poundid  ice,  bis  tliemiometcr  was  sunk 
to— Ol).  Part  of  the  quicksilver  must  now  have  been 
really  congealed,  but  Unexpected  by  hitn,  an^  he  only 
thought  of  punning  bis  olgect  of  producing  still  {sreatcr 


iminediatiely>  tinlass  they  were  brought  into  a  warm  room,   degrees  of  cold;  OM  havliig  expended  all  his  pouticied  ice, 

 .     '  .   ha  w(,oWI|i*looieinowiBiloadof  it   With  this  fmh 

inixtait  tiia  mrcnty  ■ank  to  —100,  —  240.  wd  ->M0*. 
TakMg  the  ihemoaicMr  «Dt,  he  found  it  whpl^  but  the 


Wheneser  the  door  was  opened,  a  fog  aaddealy  formed 
1  it.   During  the  day,  short  ei  it  was,  pandia  and 


aua  were  lie«|«ently  eeea;  and  in  the 
^■i^t  mock  moero,  aod  haloes  about  the  moon.  Final  ly, 
4mr  tfaerntometer,  not  subject  to  the  same  deception  as  the 
senses,  left  us  no  doubt  of  the  excessive  cold  ;  for  the  quick- 
silver in  it  WHS  reduced,  on  the  5th  of  January,  old  style, 
to  —  ICO  '  of  Fahrenheit's  scale,  lower  than  it  liad  ever 
bc<  n  observed  in  nature." 

l  iieneAt  instance  Iff  coMffplationnccui  ft  il  ,)1  Vitkutsk.in 
6'2°  north  lut.  and  lD0'"'eii4t  longitude.  The  weather  here 
wa*  unusually  mild  for  the  climate,  vet  the  thermometer 
fell  In  —'2'';  and  one  person  inliirini'd  (lu;  |>riit'c-ssi.ir  by 
a  ijotc,  that  (he  mercury  in  his  barometer  was  frozen.  He 
hasteited  immediately  to  his  house  to  l>ehold  such  a  sur- 
prising phenomenon ;  but  though  he  was  witness  to  the 
fact,  observing  that  the  mercury  did  not  coatime  in  one 
Column,  but  was  dinded  in  diflercnt  places  as  into  little 
qrliaders,  which  appeared  frosen,  yet  the  prejudice  be  bad 
•Ucnaiacd  egpintt  thepeisiUlity  of  th*oaag|alaiMa»woaUt 
mt«Ua«'him  l»  faolietrf  it. 

\  observation,  la  the  course  of  «[bich  the 


piMd»i«m4it«aiitytiH^  m>  for  19  roinotca.  On 

_  '      _   "  ^ "   '  thcraoiDcter  which 

had  been  gnuluated  m  lower  Aaa  —330,  all  the  mercury 
sunk  into  the  ball,  and  became  solid  as  belorc,  and  did  not 
re-ascend  till  after  a  still  longer  iniTTval  of  time.  Mr. 
Iliaun  noH  juspecli  j  liie  i[i:ickMiMT  vs.is  ii\.ri\  i'r'i.:,  r;, 
and  pri  paied  lor  nutkuij;  a  lieciMve  e.\perim.-iit.  i  ln«  wm 
accomplished  on  titr  Sl.Mh  of  the  same  month,  and  the  bulb 
ot  the  thermometer  broken  as  soon  as  the  metal  was  con- 
jjealed  ;  \y\r.  ii  n  ajipcared  that  the  mercury  was  changed 
into  a  solid  and  bbining  metallic  mass,  which  flatted  and 
extended  under  the  strokes  of  a  pestle,  beirg  rather  U-ms 
luird  than  lead,  and  yielding  a  dull  sound  like  that  meiaL 
Mr.  jBpians  made  similar  experiments  at  the  sainc  time^ 
employing  as  well  thermometers  as  tubes  of  a  larger  bore; 
in  which  last  he  teaiaiiwdt  that  Ae  quicksilver  felt  sensibly 
on  being  froten,  aimmt^  a  owcaiw  auiftc^  aad  alao» 
that  the  congealed  pieeca  auidi  ia  Ai^  mercmy :  abo,  ia 
their  further .experimeati,  th^  iavariaMjy  fbuad  that  the 


mcnuajF.  mMtAequentJy  haw  bee»  congealed,  wew  ttaJe  nwrcury  sunk  lower  when  th«  wbole  of  it  waa  congealed, 

■    "  '  -  than  if  any  part  of  it  remained  fluid:  all  showing  tha^ 

contrary  to  water,  mercury  contiacied  in  freesing.   It  waa 

further  observed,  that  the  mercury  when  congealed  looked 
like  the  most  polished  silver,  and  when  beaten  flat,  it  was 
easily  cut  with  a  |ieiikmti-.  like  snti  tlim  -.heet  lead. 

The  fact  Ik-liii;  iluis  e^Mliljibe;!,  urul  lluidity  no  longer 
to  be  Considi'rrLi  .rs  an  cssi'litlul  ji|uji(i-ty  ol  .j  ;i  irk -il'.  it, 

Mr.  Brauo  coauauoicated  an  account  of  bis  cAp^iuieuts 

. 


by  Prnft— i^Cmclin  at  Kiivnga-fort,  in  A7i  north  lat., 
4UhI  lOS  east  long,  t  his  thermometer,  at  different  times. 
Standing  at  —108,  —  SG,  —  hi:!,  —  l        and  many  other 

intrrmediata  degrees ;  in  the  course  ui  iho  wmier  ul  1737-8. 
On  liie  i'7tb  of  November,  after  the  thermon  <  i.  r  had  been 
standing  for  two  days  at  — 4<i"^,  he  nbsi  rM  il  it  sunk  at 

noi):i  t,,  —  KjK,     Siisprruiii;   sii:uo  in.--t;iki',  aflfr  he  bad 

noted  down  the  observation,  he  itutaoily  laa  back,  and 

Toll  . 
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lot  the  Pftml^iirs  nrMil(  m\,  on  the  6lh  of  Srptrnihtr 
I7^f  o'  u  iuri'L*  iMruci        in>-.  ilnl  m  I  .<■  I'iiilo*. 

Tnin».  vol. 5'.',  f>a.  1^(>.  lie  afu-ruards  d«-cJiire(i  (tint  be 
iiL-vvr  sutfered  m.  wiiiitT  i<'  |iu^->  withuui  n>pcaiin|  Utocx- 

'  pcrinent  of  inmag  quickulver,  and  nrvrr  (Mvi  of  tuc- 
ccn  wbm  the  nainral  coM  was  of  a  luflicunt  strMigtb  fcr 
the  pnrpoio ;  and  ihit  6t'g;nc  of  oiuurat  cold  be  Btt|ipoaai 
at  —10  of  Fahn'tilirUt  thouijli  aome  roinnwncnwiit  of 
the  congelation  mi^ht  be  pTcrived  wbca  ilic  lempwatutc 
of  the  air  waa  aa  high  as  •«■  2. 

'I1ic  rcaulla  of  all  bi^  rxpi  rimrnts  were,  that  with  the 
abovementiuncd  H-ianritic  irixiu.v  -..iiii  l  »ncc  with  rrcttfied 
spirits  and  ".li.m,  « llii  ciHur.il  Kilii  Uii'.  —  ,  ii<- 
Oolij;tali'd  the  k'llv .  ! ,  .li.i;  ._i«ciiM  ri  .1  :l  Ji  li  r<  .il 
metal,  that  iiicln  'ulli  i:  m  rv  ^lu  ill  ili  I'l  i  t  In  . it.  1  luw- 
tvi-r,  nut  pcrrriMii^  (iir  i-im^t  i,uiii.--i' .  .1  ii«  ijnut 

riiiitiiim>iii  111  (nizin.  ,  hL  ali\ii\>  ctiiil^.u-.i  .<  il  il<t"  iil  ut 
conmlulmn,  with         .  |  ii-.      ,>u-^l  ciHilriK  Imii  iit  irt'cat- 

'illg,  und  ihu'i  ni:ii lx(  il  liit'  luiiiur  :i  ^rt'ut         ton  lou. 

In  tlif  proci^i  <■(  his  ijb?crviitiiin»,  .Mr.  Bi.iun  fuund 
that  doiil>l<>  ai|uul<iilis  uu>ie  clitctual  than  spirit  oT 
nitre;  Lut  with  tlli*  simpli-  .'■pirit,  wl.icli  sriiloin  britlgl 
the  mercury  liiwrr  than  —  l-VS,  this  metal  niuv  be  rrnaen 
in  the  IbllowiDg  nmnn» :  bix  glatiius  being  filled  wiib  tmw 
a»  usual,  ami  the  tbonnomcler  placed  in  one  of  tbem,  thd 

.  spitrit  of  nitre  waa  pouml  upon  it;  when  the  mercury 

'  would  liiU  no  fowt-r  in  thii»  tbetbcrinonwter  was  removed 
to  the  leennd,  and  so  oa  to  the  third  and  fourth,  in  wbidi 
fourth  iiuBerrion'tlie  taercury  vn  congraltd.  • 

Mr.  jEpinus  f,Wt%  the  fnllouing  dirrciion  for  using  the 
fuming  »|»irit  of  nitre  :  Take  some  of  this  spirit,  Ciwileel  as 
much  a>>  po-»i' i.  ,  ii  l  j  ii;  ii  lut  i  a  « i nr-j!  l^<l  lul  ii  lie 
about  half  I'uli,  lil.i;  it  up  "iib  .hiihw,  und  -rirriii^  lliein 
till  ibe  mixture  li  c  phic  ot  the  con«ivli  m  e  ol  j.afi  ;  hy 
which  meaiis  \ nu  ii!  ;;iin,  almost  in  an  in^tiuit,  ihe  vic- 
Cessary  decree  '  t  f  1  U;  h)i  llir  t'rcczin''.  vt  (|u;csMUer. 

ll  is  reiiiiuked  by  Mr.  Hraun,  that  by  the  mixture  ol 
snfm  and  spirit  ol'  nitre,  whicli  congealed  the  mercury,  he 
never  was  able  to  bnn^  tbermomctcrs,  filled  with  the 
iBa»t  highly  rrclilird  spirit  of  wine,  kwcr  tluiii  —  M.S  : 
SO  that  the  cold  which  will  frt«ie  mercury,  wilt  not  freezu 
.ipirit  of  wiDc^  and  therefore  spirit  thrrrouraeters  are  the 
Boat  fit  to  determine  the  degree  of  coldness  in  frigoriiic 
aixtniei,  till  we  cmn  coatmet  aolid  melallie  ibermoine- 
tenwithMfleicntaiecumcy.  This  authiMr  tiled  the  ef- 
fecia  of  dlflerent  fluida  in  his  frinirific  conpoaitioiia!  ho 
always  found  that  Olnnbei'o  mtit  of  wti«  nnd  doable 
nqnidbrtis  were  the  most  ^Mweifol ;  and  from  a  number 
of  experiments  made  uhen  the  tempomiurc  of  the  iiir  wa« 
hetwevn  21  and  2S  of  Fahrenheit,  he  conclude*,  that 
spirit  o/sali  piiijrcd  upLii  snow  incrcasi  il  (lir  natural  Cold 
36"';  s()Mi:  (ll  s!,|  nniniuiiiac,  r,! ;  oil  cjf  vitriol,  4-'i ; 
GlauU  r'M  s;)ir;t  "f  nitre,  70;  aquafortis,  48  ;  simple  spirit 
ofnitri',  3I>;  duKititti  spir4t  of  vitriol,  '14;  llolJiaan's 
anoiiyii',  li<|iior,  38;  spun  nf  hm  Klii)rn,  12;  spirit  of  sul- 
phur, 1'.';  sp.nt  ol  wine  n  ctilierJ,  iI4;  camphorated 
spK  IS;  I'renih  braiiily,  11;  an<!  several  kinds  of  wUie 
increaied  the  natuntl  cold  to  7,  8,  or  y  degrees. 

nie  most  remarkable  con!>elatioD  of  raercurj',  by  na- 
tural cold,  that  has  ever  been  observed,  was  that  lelated 
hy  Dr.  Peter  Simon  Pallas,  who  had  been  tent  1^  Che 
cmprcas  of  ilugsia.  with  some  other  gentU-mer),  on  an  ex» 
peditlon  similar  to  that  ofM.Groelin.  Ik-ine  at  Kras- 
■xwyarsk  in  the  year  1773,  in  north  lat.  so',  nnd  east 
Sj^t  he  hid  Ml  oppoftiwi^  of  obMniug  the  pbeB»< 
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tncnon  we  apeak  of.  On  Uie  (>tli  and  'ih  of  Decembor 
that  ynr,  he,  there  happened  the  greatest  cold  I  have 
ever  cxperiMiCcd  in  Sibcri*:  the  air  ua»ralraat  the  time, 
and  Mcmingly  tlnckeix  d }  so  that,  thou|<b  the  sky  was  ia 
^her  ivspe  .la  civar,  the  sun  appvurcd  as  through  a  fo^ 
I  bad  only  uto  small  thermometer  left,  in  which  the  scak 
vent  no  lower  than  —7*:  mxl  on  the  fitfa  in  the  momiiig, 
I  rmiarhcd  that  the  quickidlycr  in  the  lube  sunk  into  the 
ImII,  except  mow  short  columns  which  stork  fint  to  ita 
surbce.  \l1icn  the  ball  of  the  ihermomcier,  as  it  hung 
in  the  open  nir,  nus  touched  with  ibv  linger,  the  quiche 
silver  rust- ;  ami  it  couUI  j>luinly  be  si-en  that  the  solid  co- 
Iiini-is  stuc  k  and  n-.isn  d  a  .oil  uliile,  and  uere  at  length 
pu^-lii';  U|i'.iipl  with  ,1  ll  n  u' *i"li  tie< .  I  le  ahe  placid 
»:p:'li  lmIIi'I*,  '  :i  111-  ni-rtii  i-I         In  u-i  ,   ••  .iiii- 

(|'.  u  k^i i '.  I  r  111  an  I :|  i  ii  li-n>  I.  \S .  I Jii  u  aii  iiuur  t.i.'  i.Lm  i  vrd 
till'  i  <!..i-s  .iinl  -lii  I.  ■■e  I  1  it  t:tu:  II  -ollil  ;  and  some  liuiiiUi't 
altiiu.inl  11. >'  uiioie  uiis  (oiideiised  li\  the  ii<itur,il  cold 
into  a  solt  n.ass  very  iikurli  like  tin.  Willi''  liie  inner  part 
Mas  siiil  tiuid,  the  frozen  tutluce  exhibited  a  gieai  varu-iy 
of  branched  ivrilikleii;  bui  in  general  it  remained  fttUf 
smooth  in  freezing.  The  congealed  mercury  wb»  more 
flexible  than  lead;  but  un  bung  bent  short,  it  uus found 
more  brittle  than  tin ;  and  wbtn  bamraeicd  out  thin,  it 
appeared  somewhat  granulated. '  When  the  hammer  wu 
not  pcrfiKlly  cooled,  the  quicksiher  roeltod  away  under 
it  in  dropa;  and  theaaine  thin^  happened  when  the  metal 
waa  touelMfd  with  the  itifftt  1^  which  nlfothe  fltiger  wui 
immediately  hcBwnbed.  IVhen  the  ri;oBen  mass  was  broken 
to  pieces  in  the  cold,  the  frMgineiitii  adbereii  to  each  other 
and  to  the  bowl  in  which  they  vreu-  placed.  In  the  warm 
riHim  it  ih.'i'ud  im  ii-  ^iiil.iv.i-  ^u(diial;s-.  h\  iliii|:v,  hKo 
\vn.\  o'l  llir  lire.  'I  Iiuiil'Ii  i..e  tVi<-[  m  i  iiir.C'ltj  .lUite  a  lilllc 
t  lu  ni  ds  ni;:li ',  \  el  1  he  mil  ali  il  rj  y  it  k> liver  reiiiallied  un- 
ulUTfd,  and  iJie  e.\|.<  ; iiiu  iii  »illi  ihc  I licrinoineter  Could 
Mill  he  repcuteil.  On  llie  7li\  nl  1  )iCeni Li  r  lie  had  an  o|i- 
jioitunily  I'f  making  tlie  same  oliservutlons  all  day  ;  but 
some  hours  nfli  r  sunset,  a  iiorth-»est  »sind  spruii<;  up, 
which  raided  the  therluometer  to  —40'',  when  the  inaia 
of  ((uiciiMlver  tM^n  Ui  melt. 

'I'lie  experiments  ofWr.  liraiin  were  successfully  rc> 
|>rateil  ut  Goltiiigtfl,  in  I?*  *,  I'y  ^Ir.  John  Frederick 
Ulumeubach ;  being  enconrnged  u>  this  attempt  by  the 
excessive  cold  of  the  winter  that  ycar.c^iccially  the  nigbt 
of  Jaooary  the  llth,  when  he  made4he  experiment,  the 
thermometer  standing  a»  —  lo  ia  the  open  nir>  Mr.  Vlia- 
mcfkhachat  £  in  the  >  ^  eniag,  put  S  dtMchuM  of  quicksilver 
Into  a  small  si^ar-^lass.  ami  covered  it  with  amixaire  of 
snow  and  tluyptiau  sal  ammoniac,  setting  the  glassout  in 
the  air  upon  a  mi.\ture  nlsu  of  sal  unmioniac.  At  one  the 
next  iiKirninr:,  tin-  iiierr .irv  "as  Inund  froaen  quite  solid, 
an<l  hard  to  tlie  ^l-isb ;  and  did  not  melt  aumn  till.7  or 
-S  tlie  next  nioniini;.  1  In'  ci»l<nir  ni  ilit  tr^izin  nu  rcury 
»'a.s  a  dnll  pale  while  «ith  a  i^lueisli  tasi,  like  cine,  very 
dilTereiit  Iroiii  ll'.e  inil-jral  appearand.'     <|iiirk-iUi  i , 

By  jimilar  iiu  aii',  (|Uicksilver  was  twice  Iroien  by  Mr. 
llutchins,  goternnr  <it  Albany-furl,  in  lludsuii's-huy,  in 
the  months  of  January  and  f'ehruury  of  177  j.  Altid  the 
same  was  done  on  ilie  '^sili  of  January  177b',  by.  Dr.  Lam- 
bert Bicker,  secretary  .of  RuUcrdam.  The  temperature 
of  Ihe  atmosphere  was  then  at  -*-  2°  ;  and  ihc  ktwcst  it 
could  reduce  the  thermometer  by  artificial  cold,  waifiHs . 
when,  on  btfeahtMig  thaghua,  the  mercury  waa  found  con- 
gfglfd,  ^ 

In  thn  b^ipiuwnt  oC  the  yenr  17S0^  lit  VoaJEIierkw  of 
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Vytfgt»,  a  town  of  Ituttia,  in  Int.  6l*  north,  «nd  lonj;. 
36"'' ea»t,  fniic  quicksilver  b^'  natural  roUl,  Un  the  4th 
of  January  \7^0,  tbi-  cold  being  inert-used  to  —  34  that 
evening  at  Vyti-gra,  he  cxpoted  to  tin-  opoii  air  3  ounces 
of  very  pure  <{uick<iilver  in  a  china  teacup,  covered  with 
paper  pierceil  lull  uf  holo«.  Ncxtiiuy,  ui  8  in  the  morn- 
ini;,  he  fnund  it  !>otid,  and  luokini;  like  a  piece  of  cast 
lead,  with  a  cnnsidepible  deprctfion  in  the  middle.  On 
attempting  to  liHitien  it  in  the  cup,  hi*  knife  raiM>d  shavians 
from  it  as  if  it  had  been  lead,  which  remained  sticking  up; 
and  at  length  the  metal  separated  from  tho  bottom  of  the 
cup  in  one  ina»s.  Ho  then  took  it  in  his  hand  to  try  if  it 
would  bend  :  it  was  stilT  like  glue,  and  broke .  into  two 
pieces;  but  his  finders  immediately  l<<!>t  all  feeling,  and 
could  scarcely  be  restored  in  an  hour  and  a  half  by 
rubbin<;  them  nith  snow.  At  S  o'clock  the  therinumcler 
stood  at  —57;  but  half  after  .9  it  was  riM-nto  —40;  and 
then  the  two  pieces  of  mercury  which  lay  in  the  cup  had 
lost  so  much  of  their  h.-irdness,  that  they  could  no  longer 
be  broken,  or  cut  into  shavings,  but  res<-mbli'd  a  thick 
amulgttin,  which,  though  it  became  fluid  when  pressed 
by  the  fingers,  inimedintrly  afterwards  [lesumed  the  con- 
sistence of  [Hip.  With  the  thermomt  ter  at  —  3y,  the 
<|uicksilver  U^cume  fluid.  The  cold  was  never  less  on  tho 
5th  than  —28,  and  by  <)  in  the  evening;  it  h.id  incrJiised 
again  to  —33.  This  experiment  seems  to  fix  the  freezing 
point  of  mercury  at  —  40  of  Fahrenheit's  therinnineter,  or 
40  below  O;  «  hn  h  is72"  below  thcfrr-ezing  point  of  water. 

During  the  winter  of  I'SI  and  -8'J,  Mr.  Ilutchins  re- 
sumed the  subject  of  frorjiing  quicksilver  by  artificial  cold, 
with  such  success,  that  from  hiji  experiments  and  thos« 
of  >f.  Von  titerlein,  lust  mentioned,  thf  freezing  point  of 
mercury  is  now  almost  as  well  ki  ttled,  viz,  at  —40,  us  that 
of  water  is  at  .4-  3'2. 

Ah  instance  of  the  natural  cnngcluiion  of  quicksilver 
also  occurred  in  Jcmptland,  one  of  the  provinces  of 
Sweden,  oh  the  1st  of  January  178?;  and  lastly,  on  the 
36'lh  ofthc  same  month,  Mr.  ilutchins  observed  the  same 
elfect  of  the  cold  at  Hudson's- bay  ;  when  be  found  that  at 
tlie  point  of  its  freriing  a  mercurial  thermometer  stood  at 
—  40,  ami  a  spirit  thermometer  at  —30. 

On  this  suhjrct,  six-  the  article  Cotn  ;  sec  also  the  Phi- 
los.  Tr.ins.  vol.ol,  pa.  6'7'i  :  vol.  52,  pa.  1 56 ;  vol.66',  pa. 
174 ;  vol.73,  )ia.  303  and  3'2.i  ;  vol.7(»,  pa.  241  ;  vol.  77, 
pa.  285  ;  vcd.78,  pn.43  ;  and  s<  viTal  others;  particularly 
Vol.  7J)i  pa.  lyf),  A;c,  beiiii; experiments  on  ihi-  congelation 
of  quirkiiiUei  in  I'.r.slanH,  by  .^Ir.  Kichard  Walker,  where 
he  proves  that  mercury  may  li«  frozm  not  only  in  Eng- 
land in  summer,  but  even  in  the  hottest  climate,  at  any 
si&'.on  of  the  year,  and  without  the  applicaiiaii  of  ice  or 
snow. 

About  the  yeiir  1810,  Proti>ssor  I.f!ilie,  of  F.dinburglr, 
simply^fay  evaporation,  surceeded  in  (reciting  svutt  r  in- 
closed in  an  exhausted  receiver,  to  promote  u  qnick  eva- 
poration. The  water  is  placed  over  an  open  vessi  l,  con- 
taining sulphuric  acid,  which  absorbs  the  vapour  as  it  ex- 
hali-s  from  the  water ;  the  whole  beinginclosed  within  the 
receiver  of  an  air-pump,  the  water  cools  as  the  exhaustion 
proceeds  ;  and  is  ultimately  changed  into  ice.  Mr.  Leslie 
afterwards  succeeded  in  free/inc  mercury  by  a  similar  pro- 
cess ;  vij,  by  invwting  the  bulb  of  n  mercurial  therm©- 
meter  with  a  thin  coat  of  ice,  and  exposing:  this  to  the 
joint  ctfect  of  exhaustion  and  of  sulphuric  ucid. 

Dr.  Marcel  too  bas  since  effected  ■  the  euiigelation  of 
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stituting  lb«  cva!poralion  of  ether,  inttead  of  that  of  water, 
in  the  process.  8cc  the  patticulars  in  NichoUon's#oumal, 
V0L34,  p.  1 19. 

Dr.  \V.  II.  Wollnstod  has  even  succeeded  in  freeiing 
water  at  a  disianr^  Irom  the  mixture.  Hi«  method  coiw 
MSt»  of  a  tube,  with  a  ball  at  each  end,  benl  at  tight 
.ingU-s  :  one  ol  the  balls  conlams  a  little  water  ;  and  the 
remainder  of  the  space  is  to  be  as  perli  ct  a  vacuum  as  can 
be  obtained.  U'hui  this  instrument  has  bien  suecisslully 
exhausted,  if  the  empty  ball  be  iramersiil  in  a  (ivizing 
mixture  of  salt  and  snow,  the  water  in  the  other  ball, 
though  «t  the  distance  of  2  or  3  feet,  will  be  fruz>  n  sxhil  ' 
in  the  course <Jf  a  very  few  mtnulet.  'Hie  vapour  eonlaini'd 
in  the  empty  ball  is  condensed  by  thu  common  opu.iuon 
of  cold,  and  i^c  vacuum  produced  by  this  coinlnisution 
givis  opportunity  tor  n  fresh  iiuuiitit^'  to  aii>i-  lioiii  the 
opposite  biUI,  with  proportional  reduction  ol  its  ten  pcra- 
lure.    See  Philos.  Tran«.  1813,  pi.  1. 

rRtr.ztMU  Point,  denotes  the  print  or  degrrv  of  cold, 
shown  by  a  mcrcuriaL  thermometer,  at 'which  certain 
fluids  begin  to  freeze,  or,  wiicn  frozen,  at  wMch  thiy 
bi-gin  to  ihuw  again.  On  Kuhrenlu-it's  thermonieler,  this 
point  is  at  -«-32  for  water,  and  at  —40  fur  quickMlvcr; 
these  fluids  congealing  at  those  two  points  ri-^pee lively. 
It  would  alM>  be  well  if  the  fneziiig  points  for  other  fluids 
were asceituined,  and  the  whole  arianged  in  a  table. 

It  may  here  be  proper  to  ri'tna'rk,  that  though  the  freci- 
ing  point  ol  wyter  be  3'^°,  yet  it  may  be  ci>oled  down  in 
favourable  circumstances  coiisiijeiably  below  that  tempera- 
lure,  before  it  begjns  to  »boot  into  cr}-stalt.  Experiinrnts 
were  made  un  this  subject  by  Muirun  and  I'aho'nheit ; 
but  it  is  tf>  Sir  Charles  Ulagden  that  we  are  iudibtcd  for 
ihe  fullest  investigation  of  it.  He  succeeded  in  cooling 
water  down  to  21"  before  it  froze,  by  exposing  it  slowly 
lo  the  action  of  freezing  mixturen.  The  expeiinu  nt  suc- 
ceeds best  when  the  water  tried  is  well  purgc4  of  i|»  air. 
It  ought  also  to  be  transparent ;  for  op;uiuc  bodies  floating 
Oierein  cause  it  to  »hooi  into  cr^'ttals  when  only  a  few  de* 
grees  below  the  freeting  point.  When  a  piece  of  ice  is 
thrown  into  water  thus  cooled,  it  causes  it  instantly  lo 
shoot  out  into  crystals.  The  same  ellccl  is  produced  by 
tli,iowiiig  the  ll(|uid  into  a  trerouloii*  motion  ;  but  not  by 
stirring  It.  It  I'reozes  also  when  cmiled  down  too  suildenly. 

I  rekzixc  Rain,  or  Ruiiiinij  Ice,  a  very  uncommon 
sort  of  shower  which  sonn  tinits  fulls  during  winter.  A 
remarkable  shower  of  this  kind  happeni  d  in  Drreniber 
1672,  in  the  west  of  Ln^lund  :  of  which  some  accounu 
are  given  in  the  Philos.  Transact.  No.  po.  Tbb  raiit,  as 
soon  as  it  touched  any  thing  above  ground,  as  a  bough, 
.  or.the  like,  immediately  sealed  inloiee  ;  and  by  enlarging 
and  multiplying  the  iricles,  it  broke  all  down  with  its 
weight  The  rain  that  fell  on  the  snow,  immediately  con- 
genled,  without  sinking  in  the  snow  at  all.  It  made  also 
an  amaxing  destruction  of  trees,  beyond  any  thing  in  all 
history.  "  Had  it  concluded  with  some  gust  of  wind," 
said  a  gentleman  on  the  !>pot,  "  it  might  have  bet-n  of  ter- 
rible cons<-qucnce.  Having  weighed  thu  sprig  of  an  ash- 
irei-,  the  wood  of^which  was  just  three  quarters  o|^ 
pound,  thc>icc  upon  it  amounted  to  16  pounds.  Som 
were  frighted  with  the  noise  in  the  air;  till  they  discerifnl 
it  was  the  clatter  of  icy  boughs  dashing  against  each 
other."  Dr.  Bcalc  obs(!rv«*,  that  there  was  no  considera- 
ble frost  perceived  on  the  ground  during  the  whole  o(  the 
shower;  from  which  he  concludes,  that  n  frost  may  bo 
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In  olher  y>lacM  it  keeps  at  somt  fwf  uboTC  the  ground  ; 
and  mtf  wundcr  about  ••vry  turi<iut>ly  in  Mime  pluci  s,  and 
be  renuM  in  othen  itui  far  otF.  Tbit  rjun  wa»  lolluwrd  by 
glowing  hwit,  and  n  grrst  forwardneu  of  \cgct)Uiim. 

FiiENICLB(&EEiiABD),  acekbtaird  Fmich  mBibe- 
mttidiD  flf  the  17(h  cvniuiy.  He  WM  the  cootemporary 
wuA  compnnionoft)eican««,Fenwil,an4lhe  other  kwiMd 
BMtfaeRmtidaiH  of  their  time.  He  wu  admitted  Goomo* 
trician  of  the  French  Acadmiy  in  tObO";  and  died  in  l675. 
FrrnicU-  bad  many  pa]H  n>  inM-ru  d  in  the  Ancient  Mt-moirs 
A'  i1m-  Academy,  111  1  (iti(>,  p;irlicul;iilv  in  vul.  ;>  of  lliat 
ciiliection,  VIZ.  l.A  nu'ilimi  <it' i< xi iirulilc'iiis  L>v  L\- 
rlusions. — ^.  1  n'.itivt-  ut  I ii'h t- aii'Jeti  I  MauLili>  in  Nuni- 
btrs. — .3.  Shurt  tract  on  CumUnutiuns. — k.  Tables  of 
Magic  Squares. — 5>  Oenml  method  of  mailing  Tafaki  of 

1  Rr.>('<  >,  is  R  Fort  of  paintin);  which  ismNdc  Vpoitllw 
pla^lering  of  whIU  before  it  is  dry, 

FKIABII.n  V,  the  quality  of  si  i>ody  that  is  friaUpw 

FRlABLK,  H  c|iiality  of  bodi(»i>^'  which  thry  are  ren- 
dered tender  und  brrllle,  easily  crumbled  or  reduced  tp 
powdtr  betwccD  the  fiiigori;  their  foneof  oohnioiv being 
foch  w  cMily  aKpon-s  them  to  wch  tolutioo.  Such  an 
fumkK,  una  all  calcined  atoMi^  hMmt  alum.  Ice. 

It  ii  rappoMd  that  friability  arim  Awn  hence,  that  tho ' 
body  CWMUts  wholly  of  dry  paitt  ifM|alariy  combined, 
•ad  which  aiv  readily  separated,  u  having  nothing  one* 
tHoiis  or  glutinous  to  bind  tbetn  together. 

I'UIC'i'lON,  the  act  of  rubbin"  or  gratitii;  the  surfnccs 
of  bo<iio  lijuainst  or  o\cr  e.ich  ulln-r,  called  alM.  Hitritiim. 
1 — The  piK'iioimna  arising  hum  the  fnciion  ct  rlivers  bo- 
dies, under  diSerciit  circumstances,  are  >ery  nuracrmis 
and  considerable.  Mr.  H.-nvkilne  gives  a  number  of  ex- 
periments »r  this  KjnJ  ;  particularly  of  the  attrition  or  fric- 
tion ol  >;lu!-s  uniii  r  viirious  circumstances;  the  result  of 
which  ttuy,  lliut  It  jieldcd  light,  and  becatnn  electrical. 
Indeed  all  bodies  by  friclion  are  brought  to  conceive  heat; 
inany  of  them  to  emit  light;  |)articularly  a  cat's  back,  su- 

C,  beaten  sulphur,  mercury,  sea-water,  sold, copper,  &c, 
,  above  all  diamonds,  which  when  briskly  rubbed  agaimt 
g|aia»  gold>  or  thu  like,  yield  a  light  equal  to  that  of  • 
Uv«  coal  when  blowed  by  the  beikms.  « 

Fkictiov,  in  Mechaitic*,  denote*  th*  remUnce  a  bmv* 
ing  bo^y  meats  with  from  tberarfaee  oo  which  it  moves. 

f  ri^oo  aiiiktAwD  tbe  tniighMWi  oranierity  of  the  sur- 
bcew  the  body  moved  on,  and  that  of  the  body  moving : 
for  tnch  surfaces  coiunting  alternately  of  eminences  and 
cavftiet,  either  the  eminences  of  the  one  must  be  r.iis<il 
over  thi^  of  the  other,  or  they  must  be  both  broken  and 
worn  off:  but  neitliec  can  happen  without  motion,  nor  can 
motion  be  produced  without  a  force  impressed.  Hence  the 
force  applied  to  move  the  body  is  either  wholly  or  partly 
•pent  on  this  i  fleci ;  and  consequently  there  arises  a  re- 
sistance, orfiiction,  winch  will  begreater  as  theemineoT 
CCS  are  greater,  and  the  substance  the  harder;  and  at  the 
body,  by  continual  rubbing,  becomes  more  and  more  po- 
lished, the  friction  in  consecjuence  diminishes. 

As  the  friction  is  lew  in  a  body  that  rolls,  than  whea 
it  slides,  hence  in  machines*  lest  the  friction  should  em> 
ploy  agreat  part  of  the  poirer,  can  is  to  betaken  that  no 
part  of  the  machineslidealong  nnethee ,  if  it  can  be  avobied} 
hat  nther  that  they  roll,  «r  twii  upon  each  other,  ec  et 
lca«  slide  as  little  as  possible.  Wi^  this  view  it  may  be 
proper  to  lay  the  axes  of  i^Hiideis,  mot  in  a  groove  or  cor>- 
cavB  oatdx,  as  usual,  but  batwccBtvo  cheeks  furmiog  an 
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nnele,  or  on  an  horiieoDia)  support  and  between  two  tiprighi- 
pins;  or  be»t  ul  all  between  little  wheels,  culled  IrictiOB 
wheels,  moveable  on  their  res|iectivea]M!s:  for  by  ihiscoii* 
tri«aaoe,  the  triciiou  is  tnuufcrrc4  fiom  the  ciNaaif» 
of  ihoae  wheels  to  their  {uvoti^  ani  is  so  mach  lets 
thaM  am  Bniler.  in  like  nwnneT  the  attrition  or 
HUtyhettUI  farther  diminished,  fay  makiag  the  ax- 
is of  those  wheels  rest  upyn  other  friction  wheels  that  turn 
round  w  ith  them.    This  was  long  since  recommended  by 
1*.  Ciisabus ;  and  experience  Contirni4;he  trutholit.  )leuc© 
nUi.i  II  !•!,  thai  h  t;.u\<  ii.|:  :ri  itsu.xis  le'jsts  less 

than  it  it  were  lixed,  and  tl^efijnl  MHUti;;  over  the tircuni- 
li  Ti  iiL(  .  And  ,1.  same  mny  be  observed  of  the  wheels  <if 
Cuuilui,  iiird  oilier  CJtrriai;e*.  Indei  <l  about  4<)  y<irs  ago 
(nrtiun  balls  or  ruUer-i  weio  platid  within  ilii'  i>ave>  of 
carriage-wii<x-is  by  some  persons,  particularly  a  .Mr.  V'arloi 
and  lately  Mr.  Gariiett  bail  u  patent  for  an  improved  maa*  - 
ner  of  applying  fnctinn  n  heels  to  any  a.xis,  a^of  carriages, 
blocks  i>r  pulleys,  scale  l>i  .iins,  \c,  in  which  tiie  inclnscd 
wheels  or  rollers  are  kept  always  at  the  saiue  distance  by 
connecting  rods  or  bars,  j 

From  these  pryiciplea,  with  the  asststanoe  of  the  higher 
geometry,- piaiis  Roomer  delermidbd  the  figure  of  the* 
(ceth  uf  wheels,  tbatshoald  make  the  least  latistHicepao- 
nUe,  which  he  (band  should  be  eptcycloidb.  And  the  sane 
was  afiarwards demonstrated  by  Labire,  and  Cauus. 

til,  Amoninns  by  e.xperiment  attempted  to  settle  a 
foundation  for  the  precit-e  calculation  ol  the  quantity  of 
friction;  which  M.  I'artnt  endeavoured  to  confirm  Iroin 
i<  ;i5:jiiitiu  ii:/l  peijiiietrv.  AnmlUons'  principle  is,  that  the 
1:  II  imri  ui  bodies  dep<  luis  only  on  llie  weisht  or  force 
with  which  they  pri>s  each  other,  beiii^  HlMavs  iixtie  or 
le*5  ill  pruputliun  to  that  |>ies»uri';  estitming  it  a  vulvar 
error,  that  tin'  ijuantitv  i.(  Irictiini  hii>  any  dependence  on 
the  extent  of  the  hurljiee  that  is  rul>bcd,  or  that  the  fric- 
tion incre^t.-e^  w  ith  the  surface;  arguing  that  it  will  re- 
quire the  same  weight  to  draw  along  upon  a  plane,  apiece 
of  wood  on  its  narrow  edge,  as  on  its  broad  and  flat  side; 
becattae,  though  on  the  broad  side  there  be  4  timna  thenoas* 
bcr  of  touching  particles,  yet  each  particle  is  pressed  with 
but  ^  of  the  wc^t  l^eaxing  on  tho»e  of  the  narrow  side; 
aaii  smice  4timcs  the  number  ittiUiplied  by  ^  of  the  weight 
is  equal  to  |  of  the  aumber  multiplied  by  4  limas  the 
wc^^  it  is  plain  that  the  elites  thati^  the  mmajMe, 
is  c^ual  M  bath  caiss,  and  Iheiilbn  lequires  the  same 
force  to  overcome  it. 

On  the  first  proposal  of  this  paradox,  M.  Lahire  very 
properly  had  recourse  to  experiments,  as  the  best  test,  had 
they  been  juJ  i  .ni-iv  pi  ili  rnied:  such  as  they  were,  bow- 
ever,  they  sucnn;s  <l  m  linour  of  this  system.  He  laid 
several  pieces  of  unpolished  wood  on  a  rouj;h  tiible,  vshose 
sues  were  uiie<iual ;  uml  afler»  ards  placed  weights  on  them, 
N'.j  av  to  render  them  all  equall',  In.-.'.  \  :  ami  he  found  that 
ilie  ^amc  precisc  force,  or  weight,  applied  to  ibem  by  a 
^iiiitll  pulley,  was  required  to  put  each  in  motion,  not- 
withstanding the  inequality  of  the  surfaces.  The  experi- 
ment succeeded  in  the  same  manner  with  pieces  uf  marbl% 
oa  a  marble  table.  After  this,  by  reasoning,  .M.  Lahira 
gave  a  physical  solutioa  tff  the  ttHect.  And  M.  Amontons 
Mttied  a  calculus  of  the  value  of  fiiction,  with  the  loss-sus- 
by  it  in  machines,  on  the  firaadation  of  this  oew 
jlL  Ib  wool,  ina,  lend,  and  bnaa,  whioiarethe 
fAiefmaietials  aaed  in  nwAiines,  he  makes  the  resistance 
caused  bjs  iriction' (o  be  nearly  tho  same  in  all,  w  hen  those 
materials  are  anointed  with  oil  oc  Sat:  aud  the  quaatjiy  of 
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■giMd  so  wry  exKtly  witk  auh  otW,  that  I  Ho  nit 
icrtipla  to  pronounce  »h«n  to  be  conclusive." — "A  plnr.e 

«U  aitju»t('(l  jianillel  to  the  hor!;:<in,  •■[  iln  i  \tirnii:,  of 
which  »»a>i  placH  a  pullr),  «hitli  touU!  u:  tk  v.iltu  ur 
(irpn  il  u\  i.r,i<  r  tu  rtnili'r  lii;  \;iiiig  «liit-h  coiinccled 
tlic  (>ii.l_v  anil  tt.p  inijving  luicu  |vara.k"l  to  tin-  phinr  or 
h'lriioii.  A  sonic  Hccurali-ly  dnidnj  was  placid  by  tlia 
ot  till'  pulley  perpemiiciilar  to  the  horizon,  by  the 
si<ir  ot  \«  hic  li  tde  mo\ iri-;  tofLf  (iiaci  iidcil ;  on  the  jcalo 
alwi  was  placed  a  moveable  ttag^-,  which  cuuld  bo  ad- 
justed t<>  the  >pace  through  which  the  moving  furcti  de> 
sccndcd  in  any  flivcn  time,  which  time  was  mewurcd  by  • 
well  regulated  pcndllllMAclocIt  vibrating  seconds.  ~ 
thing  being  tlius  prepared,  the  folluwing  expcriiaall  1 
made  to  ascertain  the  luw  of  friciy>n.  But  let 
obMTvc^  ibat  if  6ici|pn  be  »  wikbrm  force,  the  < 
between  H  end  thepvaafiwaeaif  the  anoving  pou  cr  nwt  be 
ahe  virifbm,  •nd  ibereAM  tbc  oMwtag  body  aiHt  deiceiid 
wilSkmfanily  accehMtfd  «clo«iiy,aad  aeinM|ucfltlyllie 


thii  mituiifce,  Inlcpmdaaitaftbeangnitadaefttim* 

face,  he  fin<U  nearly  equal  to  a  third  part  nf  the  treigbl  of 

the  body  movtd,  or  of  the  force  with  w  hich  the  t*o  bodic* 
are  prrssed  together.  Others  have  ^.Vicrted  that  if  the  sur- 
I'aci-^  be  bunl  lunl  well  polislud,  the  friction  will  be  bus 
tliaii  a  third  part  ofilie  weight;  but  if  the  parts  be  soft  or 
ru^-ved,  it  »  W  much  sr<''»l'  r.  It  was  larther  observed, 
that  in  tlie  r vlimler  nio\id  on  two  small  gudgeon',  or  on 
asinnllaxis,  the  fuclioii  x*<'iilil  be  <liiiiini>heLl  in  tin  s.m.e 
proportion  as  the  dmmeterof  lhevgiidf;rans  ii  less  ibaii  the 
diameter  of  the  cylinder;  becau-ie  in  tins  ca»e,  the  parts 
on  which  the  cylinder  moves  and  niU,  will  have  1cm  vcIih 
city  than  the  power  uhirh  moves  it  in  the  same  propur- 
tion,  which  i^  in  efTcct  mukiiK;  the  friction  to  be  propor> 
tional  to  the  velocii).  So  that* 'from  the  whole  of. their 
•baervatioiu,  tbisgfeaeral  pnifit«itioiiiadeduoed«  *is,,Tbat 
the  mittanen  ariiiBg  from  fiktioB,  «•  teeacb  otter  ia 
ft  niio  onmpounded  of  the  pKmiet  of  the  rubbiag  parts, 
and' the  velaritiea  of  their  notiona.  Principlet  which,  it 
ia  now  known  from  better  experitnenti,  are  both  argeeaeujf 
notwithstanding  the  bypothnis  nf  M. 'Anoiilool  haa  been 
adopted,  and  iiitetnpicd  to  be  cooliriiMd  by  Coiiiiii!,  UtHk 

gulier-i,  and  oihen. 

M  ^^  H-i  h    hr'n  k  and  the  abbe  Nollet,  ho»ei. t,  <  ii  r';i- 

olh<'r  hariil,  hiiM- Kinrliided  from  c.x(>erimeu|s,  il  .ii  tl  , 

friction  ol  biiilic-,  ilrptnrts  on  the  macnini'.e  '.i  ihiir  sur- 
face, »■<  "i  ll  iis  on  their  weijibt.    '1  busiyh  tiic  lorrner  ub- 

server,  that  in  sni:ill  velocities  the  friction   vurn-s  very 

TH'urty  .1*  the  velocity,  but  that  in  great  velocilu-s  the  proptir- 

tnm  mc  te.iH-ifniter:  lic  hH>  also  HttemptCil  to  prove,  that 

by  augmenting  the  weight  of  a  body,  the  friction  dites  not 

always  increase  exactly  in  the  same  ratio.  Jnlcod.  ad  Phil. 

Nat.  vol.  i.e. 9;  and  Lect.  Pbys.£xp.  torn,  i,  p.341.  Uel- 

•haai  and  Ferguson,  from  llie  same  kind  of  experiawBti, 

lM«e  endcavoiAed  to  prove,  (bat  the  friction  doc»  not  vary 

by  Chanipng  the  quantity  of  tnrfitce  on  irfaich  the  body 

mtunt  i  and  tfklaMer  of  thcae  aneiti^  that  the  frictioa 

tmmmy  wally  ai  the  wkwiiy ;  and  that  by  incrcaa- 

iiig  liM' M^lhli  Ilib  fHctieia  la  aiao  inctvaaed  ia  the  saae 

nifib.*  Indeed  ibei*  ie  acarca  any  nbjcct  of  eKperimcnt, 
'  teilh  i^e^rd  |d  which,  iBlferent  persons  have  fermcd  such 

various  conclusions.    Of  those  who  have  written  on  the 

theory,  no  one'  has  cifabliihed  it  iillogelbcr  on  true  prin- 
ciples, till  the  experitntnts  liilely  nuide  by  Mr.  Piofes»or 

Vincc  of  (  aiiibn<it;e  :  ICiiler.  whoso  thtory  is  e.strertielv 

cleiiant,  aiui  would  have  been  quite  vulisfatlory  had  hii 

pnijt -.pli  s  li<  <  :i  juundrd  on  i;oo<l  exjieninenls,  Mipposes  the 

Irittiaii  to  i.ary  in  proportion  to  the  velocity  ol  the  body, 

nnd  its  piessiire  upon  ttie  plane;  neither  of  which  is  true: 

and  others,  though  they  have  juitly  imagined  that  friction 

is  a  uniformly  retarding  fprce,  have  vet  retained  the  other 

•ttppositiott,  and  so  rendered  their  solutions  not  at  all  ap- 
'pUcablo'  tn  the  cases  ibr  which  tbey  were  intended . 

For  thcaareaaons  a  new  and  ingenious  set  of  experiments 

was  saeeeisfvlly  instituted  by  the  Ilev.  Mr.Vince,  Plttmian 

ProfeAof  of  AsfiOBoaty  and  Experimenlal  Pluloio|)|by  in  tion:  and  they  concluded  from  Ihencr,  tfcat  ifteacoelei^ 
the  unirerHft  of  Gtmbiidp,  wbieb  are  pabliihed  ia  dw  <  tiva  force  was  then  equal  to  the  friction ;  bot  it  is  mant- ' 
7ath  voL  eiUl'Phaaa.  Tiaas.  p.  1 6i.  TbedtjeetofAieaa  lo^  that  aav  ioMe  which  will  put  a  body  in  motion  must 
oxpe(WbWMHMil>dctenniite,  1st,  Wlwtlier  fiktion  be  a  be  gieater  than  the  force  which  opposes  its  motion,  oiber- 
umfoftnly  rraifding  force. — 2d,  The  quantity  of  friction,  wise  it  could  not  overcome  it;  and  henc  .  if  i' ,  re  were  no 
•^3d,  Whether  firictinn  varies  in  pn)|iortion  to  the prcasure  other  objection  than  this,  it  is  evident  that  the  friction 
iOr  weight,— tth.  Whether  the  frictioQ  be  the  laaew  oa  could  not  Ik- very  ad  ur-H'  ly  olit.Tinid  ;  but  there  is  an- 
whichever  ol  its  vurlucc^  a  bo<'y  moves.  other  iibjection,  «hii  h  totally  destroys  the  expenineiit,  so 

Tlie  prolVssor  siio,  "  1  I  i  j.periinent'i  were  made  with  lar  as  u  tends  to  show  the  quantity  of  Iriclion,  which  is, 
th«  utmoH  care  and  attvnuou,  and  th«  leveial  ics'ulu   the  suong  cobesioa  of  tbe  body  to  the  plane  when  It  lie* 


from  ttebeginai^g  of  the  motion  must  be 
n  the  tqaaTca  of  the  times,  just  as  when  ther%  was  no  fric- 
tion, only  ihry  will  be  diminished  on  account  of  the  fric- 
tion." Accordingly  the  experiments  are  then  related,  which 
•ire  performed  agri-eably  to  tLi  m  uleas  ninl  irt  in  them  are 
deduced  iheM!  aeneral  com  iii'.nii>,  aIucIi  may  be  coiisi- 

ileied  nv  t5(hbll>lied  and  ceH        I.u  is  or  maxims,  vis, 

Kt,  1  bat  inctioii  i>  a  unituiiniy  retarding  force  in  hard 
hoOKs;  and  is  not  vtihjrct  to  alteration  by  the  velpcity; 
exci'pt  when  the  body  it  covered  with  cloth,  woollen,  &c« 
in  which  case  the  friction  increases  a  little  with  tbevalocity. 

2dly,  Friction  increases  in  a  less  ratio  than  the  quantity 
of  matter,  or  weight  of  the  body.  Tbk  increase  however 
is  different  for  the  diflcrent  bodies,  more  or  less;  \iot  it  it 
yet  sufKciently  known,  for  any  one  body,  what  proportion 
the  nfcrtaie'of  friction  bean  to  the  increaw)  of  weight. 
.  Sdly,  Tb*  waalleit  niifiwe  )m  Am  haat  friction;  the 
awiflht  balm Jieatme.  «f ^  ftictioa  to  ibe 

*inwatraot  jggaccBiaidy  known. 

It  j»  vtmtWli^niM^  ■ttb'  piafcsaor's  experiments  con> 
listed  iadeMrndainglioir'Ibrtfie  sliding  bodies  would  be 
drawn,  In  given  times,  by  a  weight  hanging  freely  over  a 
pulley.  This  roeth^  would  both  show  him  if  the  frictwtt 
were  a  constant  retarding  force,  mid  the  other  conclusions 
above  stated.  For,  as  the  spaces  desciiUd  by  anv  con- 
slant  force,  in  given  tirm  -  .  >i7^  us  the  ^qiiares  ol  ihe'tirncs; 
and  »%  the  weic.ht  dravMii;^  tin-  li  .dv  is  a  constant  force,  if 
the  triction,  which  u^;',  in  oppoMiMm  lu  iln-  weight,  should 
al>o  be  K  (  oribtant  force,  then  thcjr  di(tV-rence,or  the  force 
by  ^^-^n■l.  llir  fi<i!;\  is  urt^i-d,  will  alio  be  constant, ittWhlch 
case  the  spaces  described  ought  10  be  as  the  squaiei  «f  tiM 
times:  which  happened  accordingly  in  the  cxperimoth'-' 
Mr.  V'luce  adds  some  remarks  likewise  on  ibe  natUM 
of  the  experinionts  which  have  been  made  liy  otheia. 
These,  he  observes,  the  authors  V  have  insthakd,  to  linll 


what  moving  force  would  just  put  a  b< 
tion:  and  they  coocludod  from  thence. 


body  at  net,  in 
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itnt"  lUi  he  confirmt  «ewnl  expeiimciiU,  an4 
dwn  *ddt,  '*  IVmb  tlwM  cxpafiDnti  tlwiciorc  it  apfmn, 
kew  wiy  conddenUe  the  cobcoon  iv«s,  in  propurlim  to 
ttic  fricrion  wbtn  the  body  w«  In  noliao:  it  faring,,  in 

one  CUM-  almost ',,  and  in  another  it  wm  Jovmi  to  J*  very 

nearly  equal  lu  lUv  whole  friction.  All  the  conelufiaiMt 
thcrcli'tr  (l.  iliicrd  tfoin  the  experiments,  which  have  been 
inslituidi  [t>  ilrtermuu-  llic  rriciinn  from  llic  force  ncci-»5ury 
to  pul  a  Imdv  in  luotiun  ;wnJ  I  liim'  v<  \v:  mi'Ii  iMiy  <li.- 
SCtilii'ii  Ijiit  iiiKiti  >U(.li  u  |Mi!iriip|i  J  h:i\f  iiKiriiti^lly  bi  cOj 
tolKlly  luUi- ;  ii>  ••ucli  i  njh'i  lii.rnl>  .'iily  hhoiv  :  :.l  ^.i-ridirc 
wliicii  au^v^  hum  liic  tohc'MOK  Biul  li;C!ii  u  Cdiijuniti) .  ' 
Philos.  Trans,  vol.75,  pa.  U)5. 

Emerson,  in  hi*  I'rincipU-*  of  Mechanic?.,  licduci-!,  (una 
c.xpi  rirai  nts  ttjc  lolloiynj  remailis  relnting  to  tlie  quantity 
of  friction  :  When  a  CUtiic  piece  of  »i)U  wood,  of  8  pounils 
weight,  moves  apon  n»muoth  plane  of  .»olt  wood,  at  llie 
rate  uf  3  feet  per  wcond,  it»  frictioa  is  about  ^  of  thu 
weight ;  but  if  the  plane  be  rongh,  the  friction  i*  little 
,  kas  than  half  tl>e  weight :  cm)  the  s«mc  suppositian,  when 
both  the  picket  of  wood  are  very  smooth,  the  friction  it 
•bout  ^  of  the  'weight :  the  friction  of  aoft  wood  on  hard, 
or  of  bard  wood  upon  soft,  it  ^or  |^  of  the  weight  s  of  bard 
wood  upon  har.l  wood,  7  or  {  ;  of  polished  i»toe]  moviiig 
on  steel  or  pewter,  J ;  mov in"  on  copper  Or  Icisd,  4  of  th» 
weijjilit.  He  observes  in  general,  that  metals  of  the  same 
kind  have  more  iViclion  than  those  of  different  kinds;  that 
lead  iiiiilM  -.  niucli  ri  >islaiH:e;  tlint  1.  n.  ir  ■.^  il  ni.iniriL;  m 
'brajs  niaUs  tin-  \cd%i  tntlion  of  uiiv  ;  luiii  lliiil  niiiiiU 
oiled  make  tlie  IriLti.iii  l(  ■^  than  when  piili-he<l,  I'.ml  tuicc 
ns  little  ;(•>  vvlii'ii  uii|n»li'!if il.  ni*sn2uiu  iiImi  dli'i  rves 
flii.t,  1:1  M.  (\ii:ius''i  e.s |ier^iiieii:b  nn  ^rludl  nio<iih  of 
!.lcdj;<-!.  *ln  actual  motion,  lliere  are  muie  Ciisi  s  m  wltich 
the  tiiclion  isi  le^»  limn  where  it  is  more  than  4  of  the 
wciehl.  See  a  table,  exhibiting;  the  fiirtion  between  va- 
rious M)l>^tnnce»,  funned  from  his  experiments  in  DeBig. 
Exp.  Philos.  vol.  1,  pa.  I<)3  \-c;  uUo  pa.  133  to  1.18,  and 
pa.  182  to  S54t  and  pa.  438  to  4()0.  Oiw  the  subject  of 
irtciion,  tee  levefal  vols,  of  the  Pbilos.  Trail*,  as  vol.  1, 
pn.  S06;*vol.  34,  in.  77;  vol.  Sf,  ya.  39*!  wL  53, 
pa.  i39,  tu.  . 

.PttlDAY,  the  6th  day  «f  tb»  ««ck,,,so  called  (torn  Frifi, 
or  Fkiya,  s  xoddess  wonhippcd  by  the  Saxons  on  thii  day. 
It  it  a  Cut-day  in  the  choroh  of  England,  in  mcmoiy  of  our 
Saviour's  crucifixion,  trnlcks  ChnetauiHlay  hapiien  to  6M 
on  l^ridny.  which  is  always  a  frstival.  < 

(rood  I'uin.tY,  llie  Friday  next  before  Egaler,  fepfC" 
senlinp  tlie  day  of  our  Saviour's  eruciliNion. 

Fll !(.■  1 1 '  Z'lnc,  liir  ip.icc  alio II ;  i  it lier  pule  of  the  e.irth 
to  winch  llii'  ^ut)  hevt-i  rises  |i,r  one  whole  day  at  lensi  in 
tlieir  u inter,  i  hise  two /<iii. a  iMeiid  to  at  ui.t  ch  - 
pree^  everyway  Ironi  the  puie  ciMisidered  as  lluir  teiilre. 

I'llUiOHiriC,  in  I'hxsics,  sonieibinp  belongins  to.  or 
that  «>cca»i!>ns  cold. — Some  plii!oso|diets,  as  Ciassendu*. 
•nd  other  corpuscularians,  detiv  m::  cold  to  be  a  mere  pri- 
vation, or  abtence  of  heat,  conicnd  that  there  are  actual 
friforific  corpuscles  or  particle^,  as  well  as  fiery  ones: 
whence  proceed  cold  and  heal.  ISul  later  philosophers 
ullow  of  no  other  frigofific  particles  beside  those  nitroua 
tails,  which  float  in  the  air  in  cold  weather,  and  oc- 
casion frcexing. 

FRISI, or  FRISIUS  (GcHva),  appeaia  to  bave  been  a 
native  of  the  Fiemiab  Nctb^rUndi,  aajl  flourished  the 
hegianingof  the  l6th  ccoiuiy.  A*  Wciaer  had  proprj^a 
to  find  the  longitude  by  obaamdaM  «■  iha  nuwu  j  so 


Gemma  Friti,  in  a  tract  entitled,  De  Princtptia  Aatnao. 
nift  et  Co«inogi»|iU»,  printed  at  Antwerp  1590i^adnaii* 

keepiii};  rhe  time  bf  means  of  small  clocks  or  watches,  {br> 
the  purpose^  ibea,  as  be  says,  lately  invented.  He  also 
eontrived  a  Dew  kind  of  eroNHtair,  dncribed  in  his  trem- 
tiae  De  Radio  Astrononico  et  Oecmririco,  printed  ut  the 
same  place  154.^,  and  in  his  nddilions  to  I'eler  .A|iiaii's 
Cosmo.;nipliv ,  gives  the  li|(urc  of  un  instrument,  he  call-  a 
nautical  «)uadra(ii,  a.  \>  ly  hm'IuI  hi  navigati<jn.  |ir"iii|siiii{ 
to  write  luijtel)  on  l  u  -ubji  c!  -  iircordingl y,  in  <in  edition 
he  iiiuiie  1:1  tl'K-  y;ir  \  'ki.',,  <if  [u,  iiljM\<-  ir.t'iiiioned  book, 
iJe  I'riiieipii>  Ailmi.uiiiKe,  Ov,r,  In  itelivers  several  nauti- 
c.il  a\i(iiiis,  he  calU  the..;,  which  with  some  alterations 
were  repealid  by  hi»  son  CHriK  hus  Cii  inina,  in  the  father's 
posthumous  piece  on  the  L  !iu  i  iMtl  AsimlalK-,  published  ia 
1  jj6'.— Gemma  i'"ri»i  died  lu  1  j  j.'i,  :it  t  j  ^e:irs  of  age. 

rillZE,  FiiiEzi;,  or  Fnaazr,  m  .Architecture,  a  part 
of  the  eiitablalurc  of  columns,  between  the  architrave  uud 
Cornire. 

FRUMT,  in  Architecture,  denote*  the  principal  &ce  or 
side  of  a  buildiiig^  or  that  prcaented  to  their  chief  aspect 
or  view. 

pROItT,  in  Perspectivr,  a  projection  or  teprtsentatioa. 
of  the  face,  or  forepart  of  an  o^cet,  or  of  that  p^rt  di- 
rectly oppo«ite  to  (he  eye,  called  urn  more  tuually  Or- 
thography. 

FRONTISPIECE,  in  .Architecture,  the  porialr.or  prin- 

cip.il  t.ife  III  :l  I'hu-  hiiil(iiii2, 

lUON'ION,  in  A  reli  lUcl  ure,  an  uriiauu  n;  umunt;  tii 
more  ii^ii.illv  r.ilhd  I'l  ilimeiit. 

FllO.S  r,  such  a  -.latr  of  the  ntmriiphere  hs  causes  the 
congelation  or  lite/inj;  nl  water,  or  nihi  l  tluuU  into  ice. 

'1  he  nature  and  eilects  ol  trosi  in  ditfeii  iii  countries,  are 
mentioned  under  the  aiticlesCoNGCLAi'i  on  ,iind  Freezing. 
In  the  more  northern  parLs  of  the  world,  even  solid  bodies 
are  afl'ecled  by  frost,  though  thifc  is  only  or  chietly  in  con- 
sequence of  the  moisture  they  contain,  winch  lieiiii;  frozen 
into  ice,  and  so  expanding  as  vvaler  is  known  to  do  when 
congmled,  it  bursts  and  laoeratea  any  thing  in  which  it  ia 
contained,  as  plants,  ticca,  stones,  and  laigc  rocks.  .Som 
fluids  expand  by  frost,  as  water,  which  expands -abont 
.^th  part  of  its  natural  bulk,  for  which  rcaaan  ice  floats  ia 
water;  butotbenigaincontnict,a»i|vdchnvcr,Midbenca 
froaep  quieksilvpr  sinks  in  the  fluid  nictaL 

Frost,  being  derived  from  the  atmospberp,  natunlly 
proceeds  from  the  upper  parts  uf  bodies  downwards,  as  the 
water  and  the  earth:  so,  the  lunj^rr  n  frost  is  coiiiinued, 
the  riiicker  the  ice  becomes  u]i<>n  the  watir  in  ponds,  and 
the  deeper  into  the  eiirlli  the  .  n.uiui  is  froieli.  in  about 
It)  or  17  days  fri  st,  Mr.  Bi  \  |r  Imumi  u  had  [wnetrated  14 
ilirl.(s  into  [he  ^ii  '.inil.     :\l  Ki  a  hi;itl  seii'ioii, 

the  li'  '-t  vMil  ]i;  in  ti.iic  '.I  leet  deep  in  the  ^ri:uiul  ;  and 
Capt.  J.uni  >  i;  ui.dil  pi  iu  trali-il  II)  feet  deep  m  t  ti.iilion- 
island,  and  tlu'  vvijler  in  the  same  island  wa>  trozcnlo  the 
depth  of  6  leet.  Stliefii  r  assutes  Us,  that  in  Sweden  the 
frost  pii  rces  '2  cubits,  or  Swedish  ells,  into  the  i/arlh,  and 
turns  what  moisture  is  found  there  into  a  whitish  substance, 
like  ice  ;  an<i  standiiis  waters  to  3  elU,  or  more.  'I'he  same 
author  also  mentions  sudden  Cracks  or  nt'ts  in  the  ice  of 
.  the  lakes  of  Sweden,  9  or  10  fee)  deep,  and  many  leagues 
long :  the  rapture  being  acconpaiucd  with  a  noite  not  lea 
loud  thin  if  many  gtins  wcfe  dtsdMiged  tugetber.  By 
suck  mean,  bowever,  the  fishes  aiw  fttndsbed  with  air;  so 
that  tbcy  ate  taiely  found  dead, 
nteaevanl  natunl  biitorifs  of  fronu  lurtush  very  ex- 
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tfMidiiWfy  (iteit  of  ihein. 
■ad  barat  up,  m  with  the  n 


The  tren  arc  oRc  n  scorched, 
t  up,  M  Witli  the  moat  «ccmiv<>  heat  ;  and  ;|>lit 
or  shattcrrd.  .In  tbegixnt  front  in  i(ys3,  the  irunk<.  of  o:ik, 
aab,  walnut, &C,  worr  m:scrHblv  !>|)lil  <niil  rlcfl,  so  llmt  llii'y 
mii?ht  Im-  M-cii  tliif  iiijli,  :irri!  tin- ciiuks  '  li'Ti  .irii'mli'd  urii 
dreadful  nmsPH  likr  i-.c  i-.\]i|t/s;<iii  ol  lir<.-armb.  I'hih  «. 
■Jrain.  Nil.  Ii'V 

Ttu!  t  i.jsi  (4  ilip  jfar  1708,  and  lla-  Uj^innini;  of  l/Oy, 
«i  K-  icijiirkiible,  ifiroii^h  the  pri-Htf'-t  \<ntl  of  liuropc,  lor 
a  wvorc  frost.  Dr.  Orrlwim  says,  it  wiis  the  grrati'st  in 
(Icgrcc,  if  not  the  most  univ<  rsjil,  in  the  memory  of  innn; 
e.Mrndtn^  tliroujjh  mo>t  parts  cf  turope,  thoiiyli  iCnrcely 
felt  in  itcollnnd  or  Irt'l»n<l. 

•  In  very  Cold  rouiitrir>,  meat  may  be  pre<tervcd  by  tht 
lro»t  0  or  7  months,  Hiid  prove  toierHbly  good  nitili|(.  Sec 
C'apt.  Middlviun'f  ob»rrvatioiM  auwie  in  UudMiiV^yt 
the  PhiliM.  Thus.  Ho.  46S,  we«t.  3.  In  (but  rlimtlB  the 
fmt  nee  DM  newr  oat  of  the  gtmmd,  it  having  been  foitnd 
hard  fmoro  in  (be  two  •mnmer  nontb*.  Brandy  nnd 
spirit  of  wine,  fhmi  hi  the  opea  air,  confmil  tu  solid  ice 
in  3  or  4  hourh  Lakes  and  itanrfing  valets,  not  .ibove  1 0 
or  12  fcvt  drt^ore  frmeen  to  the  >_'r'>und  in  winter,  and  all 
their  fish  perish.  But  in  river*,  »her<-  the  current  of  the 
tide  is  ilr<jltK.  the  ire  dors-not  reach  so  deep,  and  lln  ti-h 
nro  preserved.  Id.  lb-  Sonic  reroarkablc  instances  of  frost 
in  Kurope,  and.cbicfijr in  Engiaiid^are  reoofdadaa  belf»w: 

In  the  yeiir  < 

Q:t>,  I'rost  in  Rritain  th:it  l  isted  5  months. 
'JSO,  "I'he  Thames  truz'  ii  <)  W(  «  li». 

Most  rivfiA  in  lUiiiiiii  irozen  <•  we«-kn. 
■    359.  JH-verc  fro«t  in  >cotliind  for  14  Weeks. 
50.S,  'i'iiu  livers  in  Britain  frozen  forSOHMIthak 
558,  The  Danube  quite  frozen  over. 
€9it  Thames  frozen  (i  weeks;  booths  built  OQ  it« 
749.  Frost  from  Oct.  1  till  Feb.  2(i,  760.i 
'  8f7,  Vtom  in  England  for  9  week*. 
899,  Carriage  used  ^ii  the  Adriatic  sea. 
908,  Most  rivers  in  England  froacn  8  nondn. 
'  988,  Tlw.ThapmlN—i  'lS  meks. 
98ri  ftnst  halsd  MO  days:  bspn  Dtc  S8> 
998,  The  Thames  froien  5  weeks. 
1095,  Severe  frost  on  June  94:  ibe  com  md  fridb  do- 

stroyed.  • 
\0<jX  The  Thames  frosen  14  weeks. 
lori>,  Frust  in  Enghind  from  Nov.  till  .\[iril. 
I  i  14,  Several  wooih'n  bridges  earned  away  by  ice. 
1^05,  Frnst  from  Jan.  11  till  M^irchS*. 
•  1407,  Vroit  that  !ii>!ed  15  weeks. 

S484,  I'l  'M)  Ni  v.  '.n  till  Feb.  10.  Thames fraacn  doan 

to  GravT54'nd. 

I6s.1,  Frost  fur  13  weeks. 

170*,  Severe  froM  for  many  weeks. 

J715,  The  same  for  many  weeks.  < 

1739.  One  for  9  weeks.  Dec.  24. 

17*7,  Sever?  frost  for  many  weeks. 

1747,  Seven-  frost  in  lluisia. 

1754,  Severe  one  in  England, 

IjSO,  The  Moae  iit  Germany. 

177S,  Tha  saoM  in  fingland. 

I7S8,  Thames  fra^n  fadow  bridge;  booths  on  it, 

1794^  Hard  frost  of  many  weeks. 

1813,  Sevan  frert  Irnm  the  laiddls  of  December  to  tha 
middle  of  March  I8I4.  The  Thames  from 
Blackfriars  to  lyjnduii  hi  idpe,  complet-  U  I'ri  ,111 
over,  Uwtils  and  thousands  of  people  upon  11. 


/fmr  PaOSTtitthcdewfrnxen  ,Trcon':;C!iled, early  in  cold 
mominf>i;  rhieAy  in  autunia:  thuugit  majiy  Carlt-ians 
will  have  it  formed  df  a  >  :.uiil  ;  and  cither  concealed  in  the 
cloud,  and  so  let  fill;  ui  rmU\  to  he  Congealed  as  MMjn  <u 
it  .irrives  at  the  eaitli, 

1  Ills  kiiiil  1,1"  frost,  M.  Itrjis  obM  rve--,  c  onsists  (it  an  a*- 
send>!.i2i  11  Mn^ill  |ii.ii  iU  i  l  ice  c r_i, slit U  ;  which  arc  of 
variiiiji  tipiiK  s,  according  lo  liie  diliercnt  disposition  of  the 
vapours,  alii  n  met  and  coiidensi-d  by  llie  cold. 

I  Itl ■^  I  I  inGeometry,  k  the  part  of  a  soliil  nextlbo 
b«s<-,  lelt  liy  cutting  off  ;i'.e  lop.  or  s<  i;tiieiji,  byaplanepo* 
rallel  lo  the  bate:. as  the  Iruttum  of  a  pyramid, ofa  cone^ 
of  a  conoid,(»f  ajpheraidfor  of  a»pliere,  which  is  any  part 
comprised  between  two  parallel  circular  wctions;  and  tbo 
middle  frosinm  of  a  sphere,  is  that  wbon  ends  aivcqnal 
circles,  havinc  the  centre  of  the  sphere  ia  the  middle  of  it, 
ao'd  r   ' —  "^^"^ 


cc|uall)-  distant  from. both 
Ar  «t(  MW  Cbolraf  igf  ilie  Awfom  •  caw,  or  4f  Mgr 
jynmU,  whauter  Miut  «le  loir  OMgr  Aaee.  Add  into  one 
suns,thaate>u  of  the  two  en^  md  themaaii  proportional 
betweeo  them  ;  then  i  of  that  Mm  wHI  be  a  mean  area,  or 
the  area  of  an  equal  ^ritm,  of  the  lanie  altitude  with  ihe 
frustum  ;  nnd  c<nnequently  that  mean  area  being  multi- 
|)iK'd  by  rli<'  hei<;hi  of  ibo  lnistum,the  prodnetwiU  be  the 
autid  content  of  it. 

That  is,  if  A  del.i.te  the  area  i;f  the  ^re:l!l■r  end,* 
a  tliiU  of  till'  less,  itii.l  A  llie  height  ; 
then  i'.*  +  /I  +  v'       "  7^  "  sfilidity. 

Other  rules  lor  pyramidal  or  conic  Irusiuiiis  may  be  seen 
in  my  Mensuration,  part  3. 

Ttie  curve  Surface  of  the  Zone  or  Frutlum  tjf  a  tpikere,  is 
had  by  multiplying  the  circumference  of  t  be  sphere  by  tho 
h:  lulii  iif  the  frustum.    Mensur.  pa.  146°. 

.  J  ;  /  the  SoUdiljftiflkt  tame  Frustum  is  found,  by  adding 
together  the  Mjuares  of  the  radii  of  the  two  ends,  and 
the  square  ot  the  height  of  the  frustum,  ibcn  roulliplyiiig 
Ibe  sum  by  the  said  height  and  by  tbe  number  1*5708, 
Thai  is  (a'    r*  »■  ipkn  tbe  solid  cootent  of  tbo 

sphsric  Irustum,  wfaose  heifht  iajl,  and  the  radii  of  III  ends 
B  and  Ttp  bemg  at  3'141b.  Mensnr.  pa.  158. 

For  the  frustttins  of  spberoidit,  and  conoids,  either  pan^ 
holie  or  hyperbolic,  see  Mensur.  part  3.  i«ci.  5, 6, 7.  And 
in  pn.  &c,  are  gent^ral  iheoremt  concerning  the  fms- 
mm  of  a  sphere,  cone,  spheroid,  or  conoid,  terminated  by 
parallel  planes,  ulien  compared  with  a  cylinder  of  the 
same  altitude,  on  a  base«-»|ual  to  the  middli  si  ctionof  the 
frustum  made  by  a  parallel  jilniie.  The  dilTerencc  be- 
tween tlie  frustum  and  tJic  cylinder  is  aUv;i>s  (he  same 
qtuntity,  in  different  parts  o(  tin  same,  ir  nl  sunilar  so- 
lids, or  whatever  the  maj;iiiiudc  of  the  Cvu  parallel  ends 
niiiy  Ix  ;  the  iiirliiiatuiti  ol  tlmse  etuis  to  the  a.xis,  and  the 
attitude  of  tbe  frustum  being  |>iven ;  and  the  said  constant 
difference  is  ^  part  of  a  cone  of  the  same  altitude  with  t&o 
frustum,  and  the  radius  of  its  base  is  to<  that  altitude  aa  . 
tbe  dxed  axis  is  to  tbe  revolving Bsia  of  tiMfrusinm.  Thid^ 
If  BBG  be  any  conic  aeciica,  or  a 
i%ht  line,  or  a  circle^  whose  oxia, 
or  •  port  df  it,  is  AO »  AM  and  CD 
the  extreoe  otdiaates»  T*  the  mid- 
dle ofdiMtcii  AW  being  s  nt  then 
taking  as  «0  to  ox,  so  is  tbe  whole 
fixed  axis,  of  which  a  o  is  a  part,  to  its  C0l|}ii8inta  axkf 
and  coinplrtlng  the  parallelogram  aobd:  then  if  tbe 
«bide  tiijiii''  iimlve  aiioiit  tin"  axis  AH,  the  line  BEC  will 

generate  tlte  liuitun  ol  tiie  coue  or  conoid,  uccoidinga^  it 
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b  •  ri^lteor  »  enfe  lectim*  or  it  will  (hmM*  th» 
wliole  aolid  wfctB  Aa  tinUiM,  or  a  md  s  aMel  ia  dw 
nme  point;  likewise  aohd  will  generals  a  cylimicr,  «ad 

ADK  a  cone:  then  it  the  4th  part  of  thii  cotie  iuwayn  equnl 

to  the  diffrrcnce  belwwn  llii-  said  cylinder  pi  tu  rulc'd  by 
AOn  D,  and  Ihc  solid  or  frustum  gem  iatL-d  hy  a  becd  ;  liav- 
iog  .ill       ^amc  altiiudf  or  axis  ;i  D. 

In  lin'  parulxilic  conoid,  thi<i  diflbrrnce  ami  (he cnno  va- 
nish, and  the  Iruatum,  or  whole  conoid  abeco,  is  iilwaM 
equal  tn  ihc  cyliiid<rr  AGll  D,  of  the  same  allitudi-. —  In  llic 
ephore,  or  sphi Toid,  llit'  frustum  a  b  r.r  d  ib  Usf  th;in  tlii«  cy- 
linder ARiiti,  by  I  of  the  cone  AKU. — Atjd,  in  (hi- cone  or 
liyperboluid,  thiit  frustum  is  grctU(T  Chan  the  cylinder,  by 
i  of  the  said  cone  ako,  which  is  similar  to  the  other 
cone  I  BCD. 

TbeM  relations  are  likewise  true,  whether  the  ends  of  the 
frustum  are  perpendicular  or  oblique  to  tbsAXis.  And 
the  tame  will  obtain  for  ihc  fru»tum  of  any  pyraaid,  wbc> 
tbor  right  or  oblique ;  and  sucb  a  frutum  of  a  pyraiaid 
will  exeoed  tlw  ptttm,  of  tha  aaaw  altitude  aad  on  th« 
aiddle  wctioa  or  tlw  fnutooi,  by  }  of  tbe  aaaw  coaa. 

It  ku  bcm  observed,  that  the  didbteon^  or  |  of  tlw  coaa 
^BD.  n  th«  same,  or  cfonttani,  wbca  the  altitode  aad  ia> 
dination  of  the  ends  of  the  frostum  remain  ibe  santc.  But 
when  the  inclinution  of  the  endt  varie*,  the  altitude  being 
constaiit  ;  1 1  '  ll  itie  »«id  difference  varies  s.o  a*  tn  bi'  ^ilaiiys 
reciproc:iiiy  [lie  cube  of  the  conjugate  to  tlie  dianii  l<.r 
AD.  /\n<l  wlun  l/olh  the  ultiluili-  ^iiiii  iiicliiiuliun  of  the 
ends  vary,  the  ilitiiTi-iiti.il  cone  is  as  the  culic  <if  the  alli- 
r  ;ilr  cin  cily,  and  thf  riiljc  of  the  said  CDnjugalc  diameter 
rc'ciprocH'ly  :  but  if  lliey  vaty  SO,  a»  that  the  altitude  ia  al- 
ways reciprocally  M  tMt  diuwtef,  IluB  Iho  diSeiaaoo  it  a 
constant  quantity. 

Another  geaaal  theorem  for  Fruslums,  is  this.  In  ibc 
^ustum  of  any  solid,  generated  by  the  revolution  of  any 
conic  section  about  its  axis,  if  t:>  thr  Miin  uf  the  two  ends 
be  added  4  times  the  middle  MClion,  ^  of  the  last  lu la  trill 
be  a  nteaii  area,  which  bring  drawn  into  the  altitude  of  the 
■olid,  will  jvodaoo  tho  eontrnt.  Tfaat  is  (as  bc  h. 
4rB)  M  4  AD  ii  tha  contpat  of  a  bcd.— Aad  this  tbeaiem 
i»  geaenu  fir  all  fnutant,  as  wcU  as  tha  cuatplels  solids, 
viMtber  right  or  obli(|ue  to  tlw  aais,-and  not  only  of  tho 
solids  generated  from  the  circle  or  conic  sociions,  but  bIm> 
of  all  pyramids,  cones,  and  in  short  of  any  solid  whose  pa- 
rallel seclioris  are  similar  figures.— 'I'hc  same  thitin  in  also 
obtains  for  any  parabolic  arfit  Anr.cn,  and  ib  very  neatly 
true  lor  lln'  area  oi  any  otiirr  curve  vihalGver,  or  for  the 
content  ol  any  otiu  r  solid  than  tliine  «bovc  mentioned. 

FUGL'li,  111  n;ii  i(-,  js  when  the  ditii  rent  |);)rls  of  ii  mu- 
sical  composition  jui.ow  each  other,  each  repenting  in  ordi  r 
♦bat  the  t'\ni  had  [M  rlormed. 

FULCRU  M,  or  i'rop,  in  Mechanio,  is  the  fi.\ed  point 
about  nhtch  a  lever  &c  moves. 

Fl'LfiUHAriN(J  Pho'ph.jrui!,  n  lerra  used  by  some 
Engliih  vsntefs,  to  e.Npn'ss  n  substance  of  the  phosphorus 
kind,  it  wa-s  prepared  both  io  a  dry  and  liquid  state,  bat 
Hm  prrparalion  it  appears  was  not  well  known  to  any  but 
du  inventor  of  it.  Thit  matter  not  oaly  shone  in  the  dark 
ia  both  states,  bvt  communicated  in  li^t  to  any  thing  it 
ms'rabbid  oa.  >Vben  inclosed  in  a  ulaas  vcoel  'waU 
flMMod,  it  woaM  frequently  folgorate,  or  throw  o«t  UtA). 
iHl«flf  Ughr,  aad  soMObaMS  fill  Ike  whole  phial  with, 
waves  of  ifauae.  h  does  mot  require  having  its  light  re- 
crailed  at  the  fire,  or  in  the  sunshine,  like  the  phosphums 
of /Jw  BeiMnioB  stoae,  bat  of  iisalf  coMiatws  ia  a  state  of 
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araossd  in  tha  dark  ( the  lalid  or  diy  manor  alwaye 
kinita hnraiaacoel of  lire^  Aoagh  not eoasimitiH 
Pbtlot.  TnBS.l«o.  134. 


FULIGINOUS,  an  epithet  applied  to  thick  tmolie  or 
vapour  replete  with  soot  or  other  crass  niatti  r. — In  thn 

tir>t  fiirii)!,  ■il  liTiil,  ill!  [<■  i-vli.ili  s  .-t  r|,  ;,|  (1,  ,i|  i,r  lu'i^iiiom 
vapniir,  wliicii  iHiiig  ri'tained  atui  ctiUcclfd,  inal^ci  what 
is  calleil  Lilliiiiye.  And  lampblack  i>  «hat  it  gathered 
from  the  fulijiinuus  va|>nur»  ot  pines,  and  other  rc^inoiu 
wood,  when  humt. 

FULMINANT,  Fulmikaxs,  or  f uLMistATive,  a 
terra  applied  to  any  thing  thiiiid«iiiiig,  OT  thai  aiihci  a 

noi^e  like  thunder. 

/4uru«  FvLMixavs.  SeeAuRUM. 

Puhii  FuLMiKANH,  is  a  composition  of  3  parts  of  nitr^ 
S  parts  of  salt  of  tartar,  atui  I  of  sulphur. — Both  the  ««. 
rum  and  pulvis  fulminans  produce  ibeir  effect  chiefly  duwa> 
wards;  ia  which  they  differ  from  guii-puwder,  which  acli 
in  orbooit  or  all  arooadt  but  principally  upwards.  When 
tha  coaipoiHka  fa  laid  ia  base  ladies,  and  so  set  on  fin. 
after  Atlainatioa,  tka  ladles  .aia  often  fmud  perfoiated. 
It  difleit  also  ftom  guopowder  in  this,  that  it  does  not  re- 
quire to  be  eonfiaed,  in  order  to  fulminati^  mid  it  must  be 
slowly  and  gradually  heated.  Some  ipntanis  before  explo- 
sion, a  light  biu(^  fliiini-  appears  on  its  siirf.ier,  pmCLvditlg 
from  the  vapours  brginnint;  tu  kindle.  N'j  more  fire  or 
tlamr  IS  ji.'i :  I  ivi-d  <iuring  the  fulniination,  being  sufTocated 
mid  fM.iimiishid  by  the  quickums  and  violoncc  uf  the  com- 
miilion.  Nor  docs  the  fulminating  powd,  r  gi  ticruKv 
dle  the  combustible  bodies  in  contact  with  it,  because  the 
time  of  11-  iiillLiiiirDation  is  too  sburl. 

VvLviy AJit-G  Damp,  SivDamp. 

CULMINATION,  or Fuluu ration,  a  vehement  noise 
or  shock  resembling  thunder,  caused  by  the  sudden  explo- 
sion and  inflammation  of  divers  pnpacetiotts;  as  aaran 
fulminana,  &c,  wbca  set  on  fire. 

FUMCTIOll,,at«nBiiMid  in  analytics,  for  an  algebrai- 
cal expreidoB  aay  ko«  coBpouoded  of  a  certain  iMler  or 
quantity  with  oner  qaaBtitlce  or  nambcmt  aad  tha  cx- 

Sasioo  fa  said  lo  be  a  ItanelioB  of  that  letter  or  quantity. 
OS  a  —  4r,  or  Of  •«>  3<*«  or  »*  — a^(a* —  «•),  or  x', 
or  c*,  is  each  6f  them  a  futtctlod  of  the  qnaatihr «. 

FvNrTiON5<y  Cilculut,  h  that  brsaek  of  analysis  whidh 
treats  of  tlir  doctrine  of  functions. 

L;iiid(  ij,  we  believe,  was  the  first  who  proposed  to  treat 
the  nietliinl  uf  llii.xioiis  as  a  branch  of  pure  algebra,  indc- 
|ieniltntly  of  any  nKta|i|iy!ical  coinsideratioiis,  or  of  such 
as.  are  drawn  liom  the  principles  of  motion.  Soon  alter 
him,  M.  Ijigraii^c  endeavoured  to  establish  tlic  aiiuls  ticul 
piincipli-s  in  u  nictnnir  piibli-lied  in  the  15e.  1  n  \i  i'.  lor 
the  year  i772 :  and  a.  farther  il( \t  lo|).  mtDt  ol  bis  ideas 
was  presented  in  l79$,onder  lise  title  ol  Theorie  des  l  onc- 
tiotis  Analytiques,  a  work  in  which  it  is  ihc  object  of  tlie 
author  to  fix  the  principles  of  the  differential  calculus,  in- 
dependently of  the  cnnsidcraliofl  of  infinitely  small,  or  va- 
nishing quantities,  of  limits,  or  of  flowing  quantities.  An- 
other work  also  by  M.  linage*  entitled  U^ons  sur  1« 
Caleut  dss  Pometiens,  bas  naoa  been  published,  which  is 
mcaal  to  serve  ee  a eonaieBiaiy  and  »u  pplement  to  the  firu 
part  of  the-Theorie  des  Fonctioas  Analytiques,  and  oA»  a 
coarse  af  analysis  on  that  branch  of  atodera  caleaioswhklt 
is  comnooly  called  Infinitesimal  or  Tnmscendcals],  aqd 
which, in  theesliination  of  this  very  dislin^uishedl 
licias,  i»  alone  pro{ieily  ih«  calculus  ut  lunctious. 
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Tlic  foUaaring  exiiMt  -irUI  loflke  to  omiwy  tn_  ite,  piovidcd  tktt  the  other  quamiiiei  with  which  it  it  blpp<l«d 
both  of  the  mtsreof  Miilytic  funclioM^  Bnd  of  pwt  of  the  vsnuun  ooMtant :  .hence  is  introJuceil  nHiaraliy,  with  re- 
obutioa  ciBplofed  by  this  «uthar.  spcct  lo  fanctioiui,  thediitiiietioo  of  qiuiniitics  inlft  witUe 

^llMeutierutalyti>(nysLagnu!|gir)hR«o<nilycinptoy*  md  eoaMwt  qMntitiM.  ' 
edlhowoidfoMtioMtffdn^tbvdiflirKMpowmaiftho     *lB«diaaiy«^hn,qiMiititiMSf8  ' 
nmo  qbantity;  it  MS  aftmuds  eytcaded  in  tigniliciitioii  into  knoirit  mm  nnknown,  >iui  it  it  ( 
to  every  ununtiiy  furmed  in  any  manner  wbatcvw.from 
another  (juaniity  ;  and  it  it  now  generally  ad»pte)d  to  de- 
note that  the  value  of  a  quantity  (U'pend»,  according  to  a 
given  law,  on  orfb  or  many  oiIkt  given  qiinniitirs. 

"  L'ndiT  this  point  of  «  ,  sl^i  lira  must  br  n M_;;ii<lod  CS 
ihc  scii'»c<.-  of  luncti«n«.-,  uiiil  ii  ii  <  J'>y  Id  ju  rcim-  iluit  the 
resolution  of  cqiiiiiiiniv  cMii^i>ti,  giiicrallv,  in  fiMiui^  iLe 
vulu«aol  till  unknown  quaiitilii-s  in  lUiinninatc  luiicltons 
of  knoun  qiiuntitirit.  'ITiesc funclMMis  ii'|in's»nt;  then,  the 
tliDicrent  op«Tanoii>  which  must  l>e  pcrlormcd  on  known 
quantities,  to  ubtain  the  values  of  iIium:  which  <iiv  »ou-;ht, 
and  Ihc^  are,  properly,  only  the  ultimate  rrtiult  of  the 
c|lculauon. 

"  But,  in  algi-bra,  we  only  consider  the  fonctiont  in  us 
much  as  they  rciiulf  from  arithraelical  opcraltims,  ni  ni- 
liaed  and  tianaferred  lo  the  lelian ;  while  In  the  caiculuii  of 
faactioBtt  iwopiMly  spcaLiag.  wa  oomider  the  fiinction* 
whkh  renut  mmi  llie  algabnik  operation  of  ihr  develope- 
iDCDt  ill  series,  when  we  attribvte  to  one  or  to  scmal 
•qaanlitiea  of  the  fkn^tioii  imietaitiiimtto  aatncntatioM, 

*■  The  detelopeawnt  of  Amclions,  viewed  in  a  general 
manner,  givet  rise  to  derivative  functions  of  different  orders; 
und  thc<ilgonihm  of  these  fanctiun!>  once  discovered,  they 
may  be  considered  in  tlMaaetlivt  and  independent  of  the 
serin  vrhcnce  they  result.  Thus,  a  given  function  being 
regarded  na  priniitiv.  ,  wi  in;:y  tlcduco,  by  simple  und  uiil- 
forro  ru ks, other  lunctioni  »hicl>  Icallderiviitive;  and  when 
we  have  an  equation  between  several  vanul:!.-,  «i'  mny 
pa3«  Siuccessivviy  tu  the  derivative  equations,  and  return 
a^in  Irom  these  (o  the  primitive  equations.  These  tmns- 
turmatioDii  rorrcsponil  to  cliff'erentiatiuns  and  integrationts 
but  in  the  theory  of  funetioni  ihcy  depend  alone  on  ope- 
Taiions  putdv  algebraical,  founded  on  the  simple  principles 
of  the  calculus. 
*.'  The  darinti««  fnnctlona  present  themsdvcs  naturally  in 
ftwken  waoonsider  areas,  tanfenls,  radii  of  curve 


cattoaary  in  denota 
the  ibfasar'bf  the  first  letters  of  the  alpha b^-t,  and  the  o'hef 
by  the  latter.   The  application  of  algebra  to  the  thmry  of 

curves  firvl  CUUMtJ  tin  (!i?tir.c;ti<iii  of  the  qimi.tuii.s  v^lllCl:  ' 
enter  the  equation  ot  a  curve  into  given  ones,  such  u&  the 
axes,  the  puraine!ers,  Sec,  and  indeterrainaten,  such  as  the 
Ci  -* ii  1  ;iii;tli Ar.i  r«nrdi  lln--(  .[uurlitii-s  Ix-cMtiie  viewed 
Uhili  i  the  w.i'ir  ii.'.tiir.ii  *>|n'Ct  I  I  c<in>t;im  iiMi  Viuiuhl'! 
iju  ihiiiie^. ;  and  tin'  ( '  nsideration  uf  functions  lea*ls  us  na> 
tuciHv  tti  rejiiid  t.^i'  i,uunilUBS  whtchooiBpasethein undcT 

tin  '  point  of  virvv.  * 

'■  \\<-  call  therefore,  simply,  a  function  of  one  or  of  seve- 
ral quantities,  every  e.\pres--^'ioii  in  which  these  qbantitiet 
enter  in  any  manner  whatever,  connected  or  not  with  other 
quantities  considered  as  having  ipveaaad  invariable  values, ' 
while  the  quantities  of  the  faoctions  arc  deemed  ciy^able 
of  receiving  all  possible  values. 

"  We  ordinarily  design  the  variaUe  parts  of  fonctiodb 
by  the  fiipl  leuent  of  the  alphabebdf  ^g^^ 
seut  parts  bjflba  initial  letters  a,  '^MF^i 
a  fawtion  of  a  single  variable  x,  we  attrdy  jplas 
that  qnatrttty  the  characterisiic  letter/or  r ;  Mtf  <||AtoiiiB 
would  lii  ^l  'II  il:t'  I'unritoti  of  a  quantity  already  composed 
ot  that  v.iiuible,  as  r',  r>r  n  ■+■  f'x,  we  include  this 
quantity  in  a  parenthesis.  1  nusy  r  indiLMU  s  .i  ui  i  m  'ii' 
X, /(*'), /(a -t- 6x),  &c,  denote  l\incii:in>  uf  i  '  ;iii(i  oi 
a  -t-  6x. 

"  To  express  a  function  of  two  inde|>endent  variaUles  as 
i,y,  we  wnte/(x,  y],  and  so  of  ollu  is. 

"  ICtwo  functions  of  two  different  variable*,  r,  y,  that 
is  to  say,  the  one  of  j,  the  other  of  v,  .ne  compowd  in  iln; 
tame  manner,  and  with  the  same  constant  quanlitie*  ;  these 
functions  will  be  similar,  and  may  be  designed  in  the  same 
insattiyitioH  by  the  same  characteristic,  tbos^,ahdj^, 
will  lie  two  similar  functions  which  becoowidwitkalwlird 
tssy.  But  if,  while  the  two  iunuionsare  coinposed  ia 
the  same  roanAer,  the  oonslant  qtumiilies  which  they  coa> 


lAie,  Imb  ;;.  and  in  iMChaniet,  when  we  oomider  selocitiep  tai  n  are  diiuait,  then  we  can  no  kofier,  ggmnlljr  lyealt- 
andftecct.  Ifwo  r(gard,fiaraiiampla,dieareaofacBn«  ing,  represent  then  b«  the  aaiaeehaneienslk  in  dtecoMia 
«a  a  fiinction  of  the  abacisia*  the  eidiiwte  ie  then  the  first  of  the  lame  calcalaoon.  Still ,  howcarr,  if  the  two  fillip- 


derivative  Aroetion,  or  prime  function ;  the  relatioil  of  the 

ordinate  to  the  subtangent  is  expressed  by  the  prime  fanc- 
tion  of  the  ordinate,  ond  of  consequence  by  the  second 
derivative  function  or  >f  cond  function  of  the  area  ;  the  ra- 
■dius  <d  the  osculatury  circle  depends  on  two  prime  duri- 
vative  I'onctions  ot  the  ordinate,  rt:iil  >o  o{  others.  In  like 
tnatincr,  regardmg  the  spare  run  uvt  r  us  a  function  of  the 
time,  tbc  velocity  is  then  the  prime  function,  und  theacce- 
Ifcrarin?  force  is  the  second  function.  It  is  not  perhaps 
oni'  (i|  iIk  least  advantages  of  the  calculus  of  funciions,  that 
it  furnishes  for  these  elements  of  the  geometry  of  curves, 
and  of  mechanics,  expressions  as  simple  and  intelligible 
«ia|«  the  algebraic  espiession*  of  powers  and  roots. 
*  "  WlienweoonmddrafuDctioa  wiihrtipecttooneofthe 

CMtllies  which  compose  it,  we  make  our  abstraction  of 
value  of  that  quantity,  sod  consider  it  only  as  to  the 
■Banner  in  which  it  sMsn  the  ftuelioB;  that  it  to  say,  in 
wiiicb  it  ispmhiied  wiik  itseU;  and  w^  the  other  qoan- 
tilies.  HhMi  the  function  is  centideTed  as  remaining  the 
same,  iiUla  thb  quantity  vanes  in  ■»  manner  whatever, 
Vol.  Z. 


tkms  dHler  only,  for  example,  by  die  value  of  a  oonitailt 

quantity,  which  will  be  a  in  the  on^  and  b  in  the  other, 

we  may  yet  design  them  by  the  same  chsract«ri»tic,  repre- 

senlinf;  t!:!  ni  hy  ^(r,  a),  andy(_v,  4),  -is  siinilur  Innctions 
ol  X,  a,  und  of  y,  b.  Thus,  in  this  ease,  the  qu.intinej  a 
.ind  b  enter  likewi-e  into  the  I'xptebs'ou  nl  the  lunclion; 
since,  though  they  arc  constant  quantities  ineach  function, 

they  may  Iw  feftMed  as  variables  ftew  ono  tmak»  lojfca 

other.' 

J'or  other  particulars  of  the  notation  of  the  Calculus  of 
Functions, and  ihedoctriae  itself,  we  must  refer  tlie  reader  to 
the  works  of  LagTange  already  named,  whore  he  will  find 
l)is. curiosity  for  such  researches  amply  satisfied.  On  the 
snlt^ect  of  functions,  tkeir  divisions,  transformations,  ex- 
plication by  infinites,  &c,*see  also  Culer's  "  Analys.  In- 
finitorum,"  c.  1,  where  this  braitch  of  analysis  is  Itkewisa 
fully  treated.  See  ahe  prefitco  to  Woodhouie's  Princi- 
ples of  Analytical  Celealation^  for  niany  veiy  proper  re- 
marks on  the  Tbeoita  des  Fonetiow  AMlylM|ttca  of  AL 
Lagrange.  « 
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FU)<DAM1:1NTAL,  (oraettung  tlmt  st  rvrt  a*  a  base  or 
tamAnim  fttMotber. 

FvirBAMEMTAI.,  in  Munc.  A  tuntlumontal  sound  is 
that  «rbi«  forins  the  lourst  noic  or  (hi- clionl,  ami  from 
which  ate  deducrd  ihe  b«rniocuc«l  Klaiions  ot  the  rest ; 
or  it  it  that  which  irrm  Ibr  a  hey  to  the  tone. 

Fvv VAMB«TAi>  Cbobo,  it  that  which  coniiati  of  the 
thfae  fitiidaiMnlal  oomonaocei,  the  Sd,  th«  $th,  taA  the 
'tth,«r  their  invanicMa. ' 

FtnrDAKBVTaL  Ba»i,  w  that  formed  by  thnfati^ 
mental  notes  of  every  perfect  chord  that  cunstitdles  the 
harmony  of  the  p'u  ci-;  h>  tliat  under  each  chord  it  causes 
(O  be  heard,  or  iwnlri'^t  rdd,  the  fiMicl.)nu-iilMl  miuikI  of  (hut 
parliculur  chonl  ;  ilmi  1^  [<i  >.iy,  (he  Muind  from  which  i( 
it  di-rivcd  by  t'ti>-  rule*  i>t'  haniuniy.  AVhrnti-  "i  nuiy  »<  i-, 
Thus  tlic  fuiid^iinjiitai  Uis*  cuii  hiivc  nii  olbii  (■iint<'.\ iiiio 
that!  (hat  of  a  regular  iind  fiindan>ent;»l  sucr i  ssmn.  w  ali. 
out  which  the  proceiluri'  of  (ho  upper  partk  wouSd  bi-  ilie- 
gitimale. 

•  FUNICULAR  Curve,  iht-  same  us  the  Ca(en«ry; 
which  we. 

Fu.victTLAR  PnLYCoK,  is  (hat  formed  by  a  cliain 
IflkDpi)!;  frei-ly  by  its  e.Mreniili<-s. 

FUliLONG,  an  En^Klish  loog-iaeafuic,  coataining  660 
Jiect,  orsatfyardi,  or40|Mletarpaichca,  orthe  8th  part 
cf  anile. 

FURKITURS,  in  Dialling,  certain  additional  pointi 
and  line*  iJnwBon  a  dial,  by  way  of  nninment:  eucfa  aa 
the  ffgni  of  the  todiac,  lcng;th  of  day  ^,  pii  alldtoT declina- 
tion, aainallHt  points  of  the  compait,  meridiamof  chief 
cities,  Babylontc,  Jewish,  or  Italian  hours,  &c. 

FUS.MIOLE,  in  Architecture,  a  small  found  member 
cut  III  form  of  a  collar,  with  oval  bead*,  under  tlicechintn, 
or  quarter  nnind.  In  the  Ooric,  Ionic»  and  Cenipaiilo  ca> 

pitals, 

FUSF.E.  or  I'rsY.  in  Watrli-work,  is  tliat  part  rr- 
tcmbliiig  a  low  rem  with  ilssidesa  little »uni(  or  cuucavc, 
which  i.~  ilru»  ti  by  the  Spring  and  ahont  which  the  chain 
or  siring  is  wound. 

The  iprinc  of  a  watch  is  the  fin>t  niovir.  It  is  rolicd 
upioa  cylindrical  box,  against  which  it  acts,  and  causes 
to  turn  round  in  unhending  itwlf.  The  chain,  which  at 
nneehdi*  wound  nbout  (he  futce,  and  at  the  other  fast- 
ened to  the.spritij;-box,  dlvcngagrs  i(self  from  the  AlMe  in 
ll^portioii  as  (he  box  is  turned.  And  hence  the  motion 
df  all  the  other  parts  of  the  tpring-watch.  The  etfurt  or 
action  of  the  epriiig  i*  continually  diminishing  froot  tint 
lo  lait;  and  milia  that  tBe<|tialiQr  were  rectified,  it  wonM 
draw  the  chain  with  inore  wree,  and  uNnd  •  nmler  quaor 
tity  of  it  on  the  box,  at  one  time  than  anoner ;  to  that 
-  the  movement  would  never  keep  eqNd  time.  To  correct 
this  irregularity  of  the  sprinj;,  it  wat  very  happily  con- 
trived to  have  (he  spring  applied  (o  the  arms  of  levers, 
which  arc  continually  loncrr  us  the  force  of  the  spring  is 
wealicr  :  this  fon-i^Mi  i.^M't  u  ri-,  .iI'a.ijs  miti im\:ii:; ;is  ii 
most  needed,  maintains  the  action  and  etlec(  of  the  spring 

in.  an  e^ality.  •  It  it  te  thia  raaea  then  lhnt.iha  fntee 


is  made  tapering  somewhat  conically,  its  radittt  at  eveiy. 
poiiii  uf  the  axb  antweiiitg  to  the  concaponitUng  ttrcngth* 

of  (he  >pring. 

Now  if  the  action  of  the  spring;  diinioiihad  njually,  as 
(he  parallels  (o  (he  base  of  a  triangle  do;  tlieconc,  which 
it  genera(eil  of  a  (riangle,  would  be  the  precise  figure  r^ 
quired  for  (he  fu»ee ;  but  it  is  certain  that  tlie  wnhaning 
M  the  spring  it  not  in  that  prupoition;  and  dicicfore  the 
fiwae  tlionld  not  be  eaactly  conical;  and  in  ftet  c9tne> 
lience  ihowa  'that  it  ■bouM  he  a  litlle.  hoBliiNd  about  a* 
middle,  because  the  action  of  the  ^fta%  ia  not  there  tuiS- 
ciently  diminished  of  itself.  •  . 

M.  Varignon  has  iiive»li^ted  the  figure  of  the  fusee,, 
or  the  nature  of  the  curve  by  wIhim-  revolution  aUiyt  its 
aw-,  >liBll'bc  produced  the  snlid  whose  tij;urc  tlie  tu^  e  is 
to  huvr.  'Miis  curie,  it  may  easily  be  shown,  isan  h^ 
ludii,  whose  aiyniptole 
let  nri:  be  llie  ciir\o  of 


the  nxia  of  the  fniee;. 
A  !> 


the  lusci',  its  a,\i>  bi  ii'.;; 
AKC  ;  let  AD  express 
the  gnatest  strength  of 
the  spring  when  tlic 
waldi  it  quite  wound 
up,  or  when  the  spring  3C  .  C  I., 

acta  at  d,  and  bg  the  least  ttrrnglh  when  the  watch  fa 
down,  or  when  (be  sprittg  acil  at  a  t  so  at  that  ns :  as  i 
AD  :  so.  orna  *  an  s  ad*;  join  M,  prodncing  it  to 
meet  the  axis  produced  in  c;  then  shall  at  denote  th» 
•trcogth  of  the  &pnng  ac(ingarthe  Corresponding  point  r> 
cf  tlieftttcei  and  tlie  nature  of  it  must  be  such  (hat  the. 
rretaagleHi  «  jir  be  equal  to  a  constant  rjuantity,  or 
H  p  must  be  recipracilly  at  ai,  or  ai :  no  :  :  ue  :  11  r ; 
but  because  -  -  -  ap,  lit,  iii,, 

arc  directly  proportinnfll  In  -  i  v,  cii,  rn, 

thcrelore  ibese  are  riciprocullv  propnr.  to  ah,  Uf,  he; 
and  consequently  the  cu  I  v>  ikl  is  .in  liyperlmbi,  whose 
centre  is  c,  and usymptolis  ^^  ami  kl  :  smhiit  ihr  tij^urfl 
of  (he  fusee  i's  tin  suIkI  teiierule<l  by  an  i  (jiiiliiicial  li\[K'r- 
bnla  about  its  asym|jlo!e.  See  aUo  .Murtm's  Mutheiu. 
In^tit.  vol.  C,  p,i..)6  I. 

Fl  see.  Fi  sr.,  or  Ft  zk,  in  AriiUary,  is  a  wooden  tap 
or  tube  used  to  set  fire  to  the  powder  in  a'homb-shdL 
The  bore  of  thivtubc  is  filled  with  ■  composition,  of  sul- 
phur one  part,  5al(pe(re  3  parts  and  mealed  pnuder  3,  4, 
or  5  parts.  The  tube  is  driven  hard  into  thttliole  in  the 
shell,  having  first  cut  it  io  the  exact  length,  answering  to  • 
tho  time  of  the  intended  (Kght  of  the  shell,  so  thjit,  the 
composition  in  Ae  fnaa  catching  fire  by  the  discharge  of 
the  thdt  fnm  the  mortar,  it  jntt  bnina  dowa  to  its  lowec. 
end,  and  to  tettfim  to  the  pwHer  in  the  thdl,  thciebyt 
bursting  it  at  ihemomcu  when  itarrivmnttheend  of  itt 

range  or  (tight. 

FUST,  in  Architecluxc,  the  shaft  of  a  column,  or  l!..u 
part  comprehended  between  the  base  and  (he  capital,, 
called  aU'.  llie  Nuked. 

FU/^L,  or  FuzEE.    bee  F(;sai. 


L^yiiizuU  oy  Google 
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'^7*AB10NS,  in  Fof  lificaliMW  we  Ufge  cylindirioil  bu- 
toi,  ooea  ftt  bolh  «ndf»-iHde  of  «ii«f  twigh  of  S  or 


4  leet  ia  diuneter,  and  frbv  9  to  6  Art  iil^h.  Tbeie.b«iliB 
'filled  with  rarth,  ara  »me(inwt  iiied  aa  meriou  m  the 

baiicriet,  niul  ^omotimcs  a»  a  parapet  for  the  line*  of  ap- 
proach, wbcn  thn  atlacks  arc  carried  on  through  a  stotiy 

or  rcicky  L;niuiid,  iiiul  Ui  iidvar.co ihcra  with  extraordinary 
viftiur.  '1  licy  ?fivr'  aUo  tu  miike  lodgments  in  some 
P'.:stS  iiriil  tT)  st'L-un-  otln-r  places  from  tin;  shot  <j1  iIil- 
meuiy ;  who,  on  their  part,  endraxaur  to  burn  anil  ile^truy 
tlie  gabions,  by  throMinj;lighted  pitcli-f<i<;go(s  anKHi.;  ifiein, 
-  GABLE,  or  GABLB-cnd,  of  a,  hotue,  »  itui  uptight 
'ttiu|ttlar  cad,  from  the  eornicooiraaimtothatopof  its 
roof. 

GAGE,  iti  Hjdroalatici,  Pneumatics,  dtc,ia.«n  imtni* 
neat  for  ajcertaining  nH-aiure«of  variout  kindt. 

Gaob  ^  the  Air-pump,  is  adapted  for  ahowing  the  de- 
■gpee  to,«liich  the  air  is  rare6cd,  or  the  receiver  is  exbauil- 
«l,  at  uy  lUMly  the  air-pump.  Tbb  neither  the  coMk 
•aon  £«nNMterf«g»»  both  long  and  short,  or  the  pear* 
g^e>  wbidi  «t  fint  was  thought  a  great  impmwflMM,  but 
'aAenwnb  ii  waa  diioovciad  that  ita  eeiMfait  aceaney 
waa  Imwded  on  a  fiilhicy,  whieh  gave  aa  wrMMona  indka- 

tioD  of  exhaustion.  Sec  Ain-pttmp. 
•  Gaoe  qf  the  Barometer,  is  a  contrivance  for  estimating 
the  exact  decree  of  the  rise  und  r;ill  of  the  mercury  in  the 
tube  of  that  instrument.  It  i»  well  known  tliut  while  the 
inercur>'  ri>e>  in  the  tni  i',  !  -  iiks  in  tlie  cistern,  and  vice 
Vi  nsii  ;  und  ron50(|uently,  tlie  divisions  on  the  scale,  fixed 
near  the  top  of  the  lul)e,  liad  their  distance  from  the  sur- 
face of  the  mercury  in  the  cijtirn  always  various;  from 
■which  there  must  often  happen  errors  in  determining. the 
height  of  the  mi  rcury  in  the  tube.  To  remedy  this  incon- 
venience, a  line  is  cut  upon  a  round  piece  of  ivory,  which 
is  ii.xed  near  the  cistern  :  this  line  is  accurately  placed  at 
8  given  distance  from  the  scale;  for  example,  at  27  inches; 
and  a  amall  float  of  cork,  with  a  cylindrical  pirce  of  ivory 
fixed  to  id  Hpper  surfaco,  on  which  u  line  is  cut  at  the 
exact  distance  of  3  inches  from  the  under  side  of  the  cork, 
is  left  to  play  fteely  on  the  quicksilver,  and  the  cylinder 
works  in  •  groove  made  in  the  other  piece.  Fran  this 
«oaalructioB  it  appears,  that  if  tb«M  Maiits  are  onde  to 
coiacidt,  by  raisii^  or  loiiarii^  the  loew  which  acts  oa 
the  quicksilver,  then  the  dtvinoas  on  the  scale  will  ex- 
press the  true  measure  of  the  distancHt  from  the  surface. 

(>ACF.  ^ the  Condenser,  is  a  glass  tube  of  a  particular 
Constructien,  a(l;ipted  to  th*  cos.  \  ,  nj.nc,  .Tiiil  de- 

sigited  to  show  the  exact  density  and  tjuaiiiity  of  the  air 
contained  nt  any  time  in  the  cundoiser.  9ca  l>esagiilieil^s 
Kxper.  Philos.  vol.  3,  pa.3*>4. 

Sea  Gage,  an  instrument  for  soundi::^  ili  ilepth  of  the 
>ea.  Si  vrral  kinds  of  these  have  been  iincnieii,  hy  Dr. 
Il.ilr>.,  Dr.  Desaguliers.  and  others.  Formerly,  the  niK- 
chines  lor  (his  pMrpo«e  consisted  of  two  bodivs,  tlie  one 
spenticatly  lighter,  and  the  other  specifically  heavier, 
than  tlie  water,  so  joined  together,  that  as  soon  as  the 
heavy  unc  came  to  the  bottom,  the  lighter  siiould  get  loose 
from  ii,  and*emeifei  and  tho depth  was  lo  be  estimated 
hythaiiBic  lhacoapoiiod  wMteCdliAg&ontbatopto 


the  bottom  of  the  water,  together  with  the  timatheliglitcr 
body  waa  in  rising,  reckoned  froai  the  disappearii^  of  tte 
ihachine,  till  tha  eaifti|eM  body  was  seen  again,  nut  no 
certain  conclusion  could  bednwn  from  so  precarious  and 

incomplete  an  experiment. 

,  But  lliat  invented  by  Drs.  Hales  and  l>esaguli,  r^  u  ts 
of  a  more  c,\atl  nature,  dt  peiiiliiig  on  the  prev-uic  ui  iho 
lluid  only.  1  or  as  the  prcj^sure  of  Ihiuis,  m  uU  ilui  ctionj, 
IS  the  same  at  the  same  depth,  u  iiajc  wliich  dlscovere 
what  the  pressure  is  at  the  hottoni  ol  the  sea,  uiil  show 
what  the  true  d>  pth  of  the  sea  is  in  that  place,  whether 
the  time  of  the  machine's  descent  be  longer  or  shorter. 

r)r.  Hales,  in  his  Vegetable  Statics,  describes  his  gsgc 
for  estimating  the  pressures  made  in  opaque  vessels  }  where 
honey  being  poured  over  the  surface  of  ngipeitiy  ia  aa 
o(ien  vessel,  rises  Upon  the  surface  of  the  mercury  as  it  is 
pressed  up  into  a  tuba  whose  lower  oridce  is  immcrted  into 
the  honey  and  mercury,  and  whose  lop  is  henseticaUy 
.scaled.  Now,  as  by  the  prcssun;,  the  air  in  the  tulw  is 
condensed,  and  the  awiciuy  rites,  w  the  n ^cary  conflT 
dowor  again  whea  the  pmiuiait  laMa  oft  and  would  leasw 
no  mark  of  the  height  mwhiehit  had  risen;  butthe 
honey  (or  treacle,  which  does  better)  which  is  upon  the 
mercury,  sticking  to  the  inside  of  the  tube,  leaves  a  mark, 
which  shows  the  height  to  which  it  had  risen,  aod  cun>e- 
(]uently  gives  the  quantity  of  piweiutiy  and  lhahai|^liif 
the  surface  of  tiie  iiuid. 

Dcsagulicrs's  adiliiion  to  this  mnchine,  consisted  in  a 
contrivance  to  cany  it  down  to  the  bottom  of  the  sea  t<y 
means  of  a  heavy  weight,  which  was  immediately  disen- 
gaged by  strikiiic  the  button),  uild  the  ga^c,  made  very 
fight  tor  the  pni'jiosi',  ri-u-c<-nded  to  tlie  top. 

Dr.  Hales  alturwards  raudc  more  experiments  of  this 
kind,  and  proposed  another  sea  gage  Ijr  >ast  depths, 
which  IS  described  in  the  Philus.  Trans.  No.  405,  and  is  Co 
this  effect.  Suppose  a  pretty  long  tube  of  copper  or  inn^ 
close  at  the  upper  end,  to  be  let  down  into  the  sea,  to  any  * 
depth,  the  water  will  rise  ia  the  tube  to  a  heigjit  bearing 
a  certain  praportiain  to  the  depth  of  the  sea,  to  which  iIm 
machine  it  atink.  And  this  proportion  is  at.&Uowa;  as 


feet  irf  tea  water  bctof  nearly  lequai  to  ih^  acan  mstavt 

at  8S  feet  deep,  the  air  la 


of  tha  atmoiphenk  the 

the  taba  will  ha  conpiaiiaJ  iato  half  the  lei^  af  (h« 
tube,  or  the  water  will  rise  and  fill  one  half  of  the  tube ; 

in  like  manner,  at  66  li-et  deep,  the  water  will  occupy  } 
of  the  tube;  at  99  fw'  deep  it  will  fill  |  of  the  tube;  at 
fectdcep  it  w  ill  till  J  of  the  (ubi'  ;  and  Sii  on.  Ikncc 
tliercfore,  by  knowing  the  iieighi  Lo  which  the  Water  r^ses. 
in  the  tube}  then  will  bo  kacMin  the  cbneaquent  depth  of 

the  sea.  * 

But,  in  very  great  depths,  the  scale  near  the  top  of  the 
tube  would  be  so  small,  and  the  divisions  so  close,  that 
there  would  be  no  accuracy  in  the  espi  rmiciit,  unless  the 
tuhe  were  of  a  very  great  length,  and  this  again  would 
r< mil  r  it  both  liable  to  be  broken,  and  quite  impractica- 
ble. To  remedy  this  inconvenience,  the  Doctor  made 
the  following  contrivance  :  To  the  bottom  of  the  tube  be 
screwed  a  Urge  hollow  globe  of  coppei^  with 'a  small  ori^ 
ficeb  or  «  alMrt^pipe  at  bottom  ol  tni^dob^  lo  lal  in  the 
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watc(;  by  whicli  r  K  .mt  be  bad  a  Ti<ry  great  quaittity  of 
'air,  mill  the  -^c.^lc  .  hlr.rg^  See iliii  DcMgol.  Expt^iL 
vol.2,  pa.  1?24  aiid 

Bucket  Sea  Cj.\r.  k,  is  an  instrument  contrived  also  by 
Dr.  Uaks,  to  find  the  different  lU-grcrs  of  cooIik  ->  iuid 
Hlinenofthe  mi,Bt  diSiercnt  de|>ih».  'l  itis  con  ; ^;^ 
of  ■  caoMion  pul  or  bucket,  with  two  bead* ;  each  uf 
4hi6h  b$»  m  round  bole  in  the  nidd^,  about  4  inebet.in 
4i«iietefv  cmcvcd  with 'square  valvn  opening  upward, 
tlat  lh«t  headt  may  both  open  and  shot  together,  tliere 
it  mmM  itda  rod,  Imvtng  one  ead  fixed  to  the  i^ppmide 
of  tha  lower  w|l«e,  and  the  other  end  to  the  lowar  eida  uf 
the  u|>p«r  .valve:  to  that  Oft  the  httChMdatcvndt  with  in 
«inkiiig  weight  into  the  sea,  both  tha  valves  may  open  by 
ihv  force  of  the  water,  which  by  that  meant  haa  a  free 
poM^ae  through  the  btickoL   But  when  the  backet  ii 

drawn  ii|),  then  both  iIk.-  ^rI\cs  sinit  liy  HiO  furcc- of  tlir 
\»alcl  at  llji'  upper  cnil  at  the  biicki  t  ,  ami  toinrqui-'ntly 
the  bucket  will  bv  ;i  lU  'l  itli  !■.<•  Inv, .  vt  M-a  walrr  to  » lurli 
it  hai  dencrndi'il,  aiul  uuiiu  tliiit*  ly  il,:  mercurial  llicrmo- 
roeter,  fixed  \Mif:iri  it,  is  cxainiiH  ii ,  i^i  m-i'  :t;i:  <li  i^ree  of 
trrapcralun- ;  «nd  (be  degree  uf  *aline«s  i*  altrrwards  as- 
certained at  leiture.  Philfli.  TiMi.  Vo,  %  l*9»  •»! 
No.  3*.  pa.  ♦♦7. 

lard  Charles  Cavendish  adapted  a  themuHBCtrr  for  tlie 
*laiapemture  of  the  M-a  water,  at  diaeiMt  dcnthi.  See 
Philos.  Traca.  vol.  30,  pa.  300,  and  Phipfiri  V«fm»  to- 
wards (he  North  Pole,  pa.  kc 

A^iuo-merairial  G401,  ti  the  oaaa  of  aa  appaiatat 
cnntiifid  hf  Or.  Hala,  and  applied,  in  variona  nmi,  to 
dte  biMMAia  af  Haw,  to  doMnniM  tha  CMrea  willi  wliieli 
ihcy  imbibe  amsim.  Ytgiuddit  8lttici«  vol.  1,  eh.«^ 
'  pa.  S4. 

fiMcM^gOA6i,a  toot  a«ed  by  taathematical-imUument- 
mainn,  fei  Bcasari^g  and  wtting  off  diatanoet ;  consisting 
o(  a  be  am,  iMth,  eliding  eocket,  and  tha  ihovMcr  of  tha 

■ockt-t. 

Tide  Cm.;!-,  :in  inttrument  uwd  for  determining  the 
height  ot  the  tiiit-s,  by  .VIr.  Bayly,  in  ih<>  cour»c  of  a  voy- 
a^-  towards  thcioatb  pole,  t^-c,  in  the  Resolution  und  Ail- 
venture,  in  the  ycar^  1772,  1773,  177*,  and  J773.  This 
instrument  consisted  of  a  glass  tube,  whose  internal  dia- 
meter was  7-IOth«  of  an  inch,  lushed  fast  to  a  10-foot  tir 
rod,  divided  into  feet,  inches,  and  parts  v  the  rod  being 


nuion  is  not  up-  It  is  ol  ii  considerable,  Ihougli  unequal 
breadth;  being  also  in  sonio  parts  douhli,  Imt  in  others 
single.  'I'he  guiuxy  pa!>»e»  ihrough  inuny  of  the  coutei- 
lations  ill  its  circuit  round  the  heavens,  and  IccepiiltaRi* 
net  place  or  position  with  respect  to  them. 

ihaia.hava  been  various  strange  and  fabulous  stories 
and  opinions  concerning  the  leUay,  11>e  ancient  poets, 
and  even  some  of  the  pliikaopBMH  epoahofit  asthp  road 
or  way  by  which  tiie  beroei  went  to  heaven.  But  tha 
Bgyptians  called  it  the  Way  of  Straw,  from  die  story  of 
ita  iming  fton  buminc  straw,  thrown  liehind  tha  ooddcn 
Iiiiin-lMrfli^fiwnUie  giant  Typbon;  While  tbeGia^ 
.who  aflccs  te  4eii*t  every  thii^  in  iIm  beavans  from  some 
of  their  own  fcblei,  have  two  arigiik  for  it;  the  one,  that 
Juno,  without  perceiving  it,  accidcoially  >gave  suck  to 
Mercury  when  an  infant,  but  that  as  noon  as  she  turned 
her  (  VIS  upon  him,  she  forced  him  fn n;  hf  i,  und  .is  the 
nipple  wua  drawn  from  his  mouth,  tht  uiiik  .stu  amcil  itbout 
for  a  moment  and  formed  tlx-  galaxy.  I'hc  otlicr  rt  latfs, 
that  the  infant  Hercules  hrini^  laid  by  the  Mdc  of  Juno 
when  asleep,  on  waking  she  gave  him  (be  brea!.t ;  Lvii  m.iq 
porrt  iiing  who  it  was,  shc  threw  him  fr<iin  her,  and  the 
(Havens  wiTc  marked  by  the  wasted  milk. 

Other  phdi>ta|>hen however  ^ave  it  a  ditferent  turn, and 
different  origin:  these  esteemed  it  to  be  a  trac(  of  liquid 
Hie,  epread  in  this  manni;r  along  the  skiv« :  and  othcra 
apeia,  aupposing  a  celestial  region  beyond  all  that  \vas«i>- 
sible,  and  imagining  that  fire,  at  some  time  letlooee  from  ' 
tbence,  was  to  coosome  the  world,  made  this  a  part  of 
that  celestial  fire,  and  appealed  to  it  eaa  peeiey  of  what 
««nMtoreiy  happen.  lUe  diAHed  biiriitncH  tbejr ooih 
Mmi ns  aerack  in  tha  vaoltar  waHaflcavcn,  and  fin. 
cied  this  a  glimmering  of  tha  cdeMial  iie  through  it,  and 
that  there  required  nothing  more  than  the  undoing  of  this 
crack  by  sumo  accident  in  nature,  or  by  tha  ariil  of  (be 
gods,  10  maJiv  t lie  whole  fnoa  iiurtt  aM  let  oat  tlM  it* 

ot  deii'.ructifin. 

.'\ri'I"!  i'  In^ikr-,  ;:a";i\_\  a  kiml  of  nn/tei'jr,  farmed 
from  II  (  ' ill  (  linn  of \ap0ur4,  drawn  intii  iliat  part  by  cer- 
tiiiii  I,  iL':  etui's  disposed  in  the  region  of  the  heavejis  an- 
swerjue  to  it.  Other?,  finding  that  the  galaNy  was  per- 
ciiu-il  in  most  paits  of  the  plobc,  that  it  always  corre- 
sponded to  ibe  same  fixed  stars,  ami  that  it  was  situated 
far  above  the  highest  planets,  sr  t  .VristotK's  opiaion  aside. 


inch;  when  the  ewcU^T'lhe  ien'mB S  feel ;Md  MnJIayij 
«■  cefMdn,  that  wtlh  thb  imtravient  he  cuuld  diaoem  a 
difleveneeof  the  lOlh  of  an  inch  in  the  height  of  the  tide. 

Ifiifer  Gaob.  See  Altitvi>e,  and  llYDROMKTF.n. 

Wvtd  Gacb,  an  instnunent  for  measurini;  the-  force  of 
'  the  wind  upon'nny  given  surface.  Several  ut  these  gages 
arc  of  lormiT  iiivi-ntion  ;  but  thi  rr-  is  one  Intilv  invented 
by  Dr.  l.ind.  which  is  drtcribed  in  the  Philo*.  Trans,  vol. 
<>a.        several  also  under  the  article  AwaiiOMCmi* 

GAGF.R.  See  Gait.er. 

GAGING.   See  G.s  L  C.I  NO. 

OAI.AXY,  or  Milh/-lVa]i,ox  I'.n  Lacien^jn  Astronomy, 
that  long,  whitish,  luminous  track,  «!ii(  h  appears  to  en- 
compaia  the  heavcas  like  a  swatb,  scarf,  or  girdle ;  and 
irUAieeadljr  — *'  "  '       *  ' 


fiistencd  to  a  strong  post  fixed  firm  and  nprigbt  in  the,  and  placed  the  galaxy  in  the  firmament  or  TCjponof  (he 
water.  At  the  lower  end  of  the  tobe  war  aa  exceeding  fuutA  Man;  thence  concluding  that  it  was  nothingebe  but 
■mall  aperture,  through  which  the  water  was  admitted.  nneMentblage  of  an  infinite  number  of  mioote  start.  AaA 
In  consequence  of  tbu  construction,  the  suHace  of  the  tince  tha  iofantion  of  telescopes,  this  opinion  hat  been , 
.waleein  the  tube  was  ao  tiUle  efrcted  by  the  agitation  of  abnndaailj  eonirmed.  For,  by  dtrrctinga  y>od ielaicope 
the  tca;_that  it*  height  wainntiUieied  the  10th  jmrt  of  an  to  any  pattof  the  milky  way,  we  percaive  aa  inmunemble 

iwdiitHdaefwiyaaMli  ataa^  whim  bafimwatanly  oW* 
aerved  a«onli«ed  wUtcneia,  atiiiitifrM  tha attenblafta 
iind  union  of  their  joint  ligh|i|  like  aa  any  thing  fowderrd 
with  iiiie  white  powder,  at  a  distance  we  only  observe  the 
COliliiM'd  V. -Lii  'iii  l.-.jt  nil  r  viirTiirun-;  it  vi  ry  ir  ur  wc 
p,'>rccivL'  all  llif  iiii.ill  j)a!iicic>i  oi  ilie  puwdtr  icp.'irately  j 
as  Milton  fim  ly  espresNcs  it, 

"  A  broad  and  ample  road,  whose  dust  is  gold,  ' 
And  pavemunt  stars,  us  stars  to  thee  uppcUfp 
Sei-n  in  the  gala.xy,  that  milky  way, 
Which  nightly,  as  a  circling  zone  thoU  aeCtt 
Powder'd  with  sUnu" 
There  are  other  similar  appcarancca  in  the  henvena;  at 
I  like  a  swatb,  scan,  or  girdle  i  and    the  nebolm,  or  nebuioat  atar^  and  oerlain  whitiA  pena 
in  a  jeinr  a^t,  specially  whra  the  about  the  aouhpoietcnllad  Uagalkniocloadi*  wUnaia 
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atl  ol  Uiv  tame  nature,  appearing  to  be  vast  dusten  of 
tmall  «(Ars  when  viewed  through  ft  tlll>ICO|%  wUch.Un 
too  iHint  to  affi'ct  the  eye  itingi). 

\;  r  nui'  T  liii«i»iT,  iii>i  Ueing  abli' to  discover  more 
(tuLi  111  iktu  i|>ucc,  than  in  ftlior  pllrt^  of  the  hi-avons,  dis- 
pute* tb^bpiniQll  abuvv  redtcd,  us  to  tLo  reason  of  the 
wbitencu,  and  »ap)io«vs  that  tiiis  and  the  nebulous  star* 
•re  occasiooed  by  some  otiier  kind  of  matter.  Inst.  Aft. 
]w.  fo.  And  Dr.*|ienckel.  bM  Utdy  Anoounccd  toiae- 
thiflgofa  liaiiUroiiinioo.  8n  PUIoa.  Tnua.  vol.  81,  or 
Mjr  Abridg.  voL.  17*  fO* 


employed  in  making  still  further  di^coteric»  with  bis  te- 
IfscojH-.  Hut  liy  the  continual  applicatidn  to  that  instru- 
ment, Added  to  hu  injury  of  sight  from  the  no(  lurnal  air, 
hi*  iye»  "rcvi  grmlually  "lukiT,  till  he  Lii  i  Lilly 
blind  in  l(>:i;).  Hi-  Im.t-j  ihis  calamily  with  |jaUiiKi'  uiid 
lesigniilioii,  «i>uli\  i  ;  ;i  at  pliilosophcr.  The  loss  oi  i- 
tbiT  broke  s|>irit,  iiur  stopped  the  course  oi  his  siiidics. 
ii*iit|M>)icd  the  defect  by  coMtant  awditation ;  by  wbith 
neon  be  prepan*d  a  large  quaniiqruf  maiarmla,  ami  bc> 
gan  to  arrange  tbV«  by  «licuttjng  bit  ideas ;  wkcn,  by  a 
diuempcr  of  three  inontba  coniiaiianct*,  wtatinp  Kwayjay 


OKLUM  (04ldLko}s  *  Mtrt  «^ccllont'pbi{oiopber,  degnn,  be  expired  at  Arcetri  tirar  Fkmnor,  ui  Mhuuy 

ibaliiiinliiiBMoJ  arttoMOKr,  vu  born  at  Pisa  in  Italy,  1^9,  tmag  (he  7«tb  jfu  of  bit  agr. 
io  ldM>  .^Mpn  bia  mhaej  Iwhaaaitrong  prapeaiity  to      Oaliico  wr  '~  ^'  ' 
philoiopby  and  mathcmatica,  whiek'  he  indulg^  aitli  mcii 


raccesa  that  in  1 592  be  iliss  cboaen  profotor  bf  vuAt* 

mutirs  at  I'adua.    While  be  vrat  profeMor  there,  viiiling 

Venice,  thi-ii  taiiuiu*  fir  the  art  of  glasa-raaking,  he  heard 

that  in  lli>n.i:i(i  a  ^la'-<  luiJ  btcii  invented,  (hr«iU;^ii  ^^^  I  ii 

very  distant  obji  fli  weic  M'en-dHtinctly  as  ifncur  ut  iiaiiii. 

T'iii's  was  «ulhcient  lor  Galileo;  his  curiosity  wus  raised, 

and  his  attention  iininedialely  engaged  in  consirloiing 

what  must  be  the  (otm  of  such  a  gla^s,  ami  llu-  iiuiiiiier 

of  nsakiug  it.    The  result  of  his  inquiry  \saN  (lie  invention 

of  the  tele>eii|M',  proiliiced  nicri  ly  from  cliis  hint,  Hilluiiit 

baring  seen  the  Uutch  glan.    All  the  discoveries  be  made 

in  astronomy  were  May  and  natural  consequences  of  this 

invention,  which  opcnioi;  a  way,  till  then  unknown,  into 

the  heavens,  thence  brought  to  light  the  finest  discoveries. 

Oao  gf  the  first  of  these,  was  that  of  4  of  Jupiter's  saiel- 

J^VUt  wUcb  he  called  the  Mediccan  stars  or  planets,  in 

konoor  of  Cosmo  the  2d»  g^aad^liike  of  Tuscany,  who 
-  WM  of  that  family.    Cosmo  sent  for  oar  astronomer  from 

Vadna,  and  made  hire  professor  of  matbemutics  at  Pisa  la 

id  1 1  and  soon  after  inviting  bim  to  Florence,  gave  him 

the  office  and  title  of  principal  philotopher  aadnuitheaia- 

ticiatt  to  his  hi;:hne-st. 
Our  author  had  been  but  a  few  years  at  Florence,  before 

the  Inquibili'in  lu'f;uii  l<i  be  verj'  trnublewiine  conci  ruing  his 

opinions.    llaviiij>  observed  some  sol.ir  sp<ll^  in  l6l2,  lie 

pnnled  iliat  discovery  the  following  year  at  Uiime;in 
.  whieli,  and  in  some  other  pieces,  he  ventured  to  assert 

i!i.  iiv.ili  oj  ilie  Cnpernican  system,  and  br(iii'.:lii  srvrral 

ih  w  nl>  to  ciinbim  it.     For  these  1/  '  d  be- 

fore the  Inquisition  ut  Home,  in  l6l5:  nlur  soiue  months 

imprisonment,  he  was  released,  and  sentence  pronounced 

against  him,  that  he  should  renounce  his  heretical  opinions, 

and  not  defend  tliem  by  word  or  writing,  or  insinuate 

ibem  into  the  minds  of  any  persons.    But  havin;:  after- 

wMs,  in  l633,  published  at  Florence  bis  r)ialo;;iu<>  of 

iIni  two  Gnat  Systcnu  of  tha  World,  the  PtolrrosiiPand 

Capandeu,  be  was  again  nimmoncd  bdore  the  bolyKiffice,  fblly  tbe  theory  of  c«)aabla  motion,  mid  K  tndfai  M 
•and  committed  to  the  prison  of  thniteoeltriactkal  court  at   uniformly  accelented  or  reta(ded,aad  of  these  two  coa»* 


waein  kit,  person  of  small  itatuic,  ikougb  of  a. 
venerable  aspect,  and  vigorooaconMitalion.  His  ctmver* 
sation  was  aflublc  and  free,  and  fbll  of  pleaianliy.  H« 
look  great  deliulit  id  architecture  and  painting,  and  de- 
signefl  exiremely  well.  He  played  exquisitely  on  the  lute; 
;uiil  »liriu\er  be  s|:'eiit  any  lime  in  llie  ri<iin(i\,  lie  took 
LTe.it  plrittiiie  in  husbaiuliy.  Ills  Irurniuj;  was  very  ex- 
ti  iiMu-  ;  and  he  possc-sed  ma  liigb  degree  a  clenni'.v".  uid 
acui<  lass  of  wil.  From  tlie  time  of  Archimedes,  rmttiing 
);ji(l  lireii  done  in  mrchanical  geometry,  till  Galiltn,  »lii> 
b'  lii^:  possessed  ot  im  evct  lb  nt  judgment,  and  great  skill 
III  the  most  abtruM  j  i  im.  i if  geometry,  first  extended  the 
boundaries  of  that  science,  and  bi-gan  to  reduce  the  n'sist- 
ance  of  solid  bodies  to  its  laws.  Besides  applying  geoinr- 
Iry  to  the  doctrine  of  motion,  by  which  philosophy  b^ 
came  established  on  a  sure  foundation,  he  made  surpria> 
ing  discoveries  in  the  heavens,  by  means  of  his  telescope. 
He  made  tkeevkiencc  of  the  Copvmican  system  more  sen- 
sible, when  keykowedffrom  the  phases  of  Venus,  like  to 
those  of  tbe  moon,  tkat  Venva  actually  revolves  about  the 
toot  He  proved  the  rotation  of  the  sun  on  kit  axis,  from 
many  observaliont  on  dte  spots  coniauKd  on  its  surfiKe; 
and  thence  the  dinmal  ratation  of  tkecank  became  more 
credible.  Tb4satellitrt'|lMtnttend  JupUer  in  his  revolu- 
tion hLmu*  the  sL.ii,  refMntad,  kl  Jupitei's  siiuilli  r  sys- 
tem, a  just  iniuge  ol  thcgratt  Solar  system;  and  rendered 
it  more  easy  to  coiiciive  Ikhv  the  union  n.i':lil  ;i;ii  iiil  tin- 
earth,  as  a  satellite,  i:i  her  anniiul  revdlntmn.  liy  <iis- 
covcring  hills  and  cavities  in  the  inoon,  an.l  spots  in  tlie 
sun  constantly  wirying,  he  showed  iliat  tlierc  was  not  so 
great  a  ditVer<'iice  between  tlie  celestial  bodlCt  and  tko 
earth,  as  had  been  vainly  imaj;ined.  • 

Our  author  likewise  rendend  no  less  ^.erMce  to  scic 
k^tnating,  in  a  clear  and  geometrical  nianner,  the  < 
trtneof  motion^  which  has  justly  been  culled  the  key  of 
nature.  The  ratlABnl  jart  of  mechanics  had  been  to 
much  ne^ected,  ikat  kiiiiy  any  improvement  wat  made 
in  it  for  almott  SOOO  yvtrt.   Bat  Qalileo'kat  ftwiM 


Rome.  Tbe  inquisitors  convened  in  Jnae  that  year ;  and 
in  his  presence  pronounced  sentence  agfWnst  him  and  his 

books,  obliginj;  him  to  abjure  his  errors  in  the  most  so- 
lemn mimtu  I  ;  committed  liir.i  tn  tlie  pi  '..n  i  f  their  office 
during  pleasure;  and  enjoim  il  hiin,  as  .i  «au.ig  penunce, 
for  three  years  to  come,  to  rep.cat  eftce-a  v»eek  the  seven 
penitential  psalms;  reserving  to  llieins»'lvps,  however,  the 
power  of  moderating,  changing,  or  takins  away,  altogether 
or  in  part,  the  said  punisliment  and  penance.  On  this 
sentence  he  was  detained  in  jinMHi  till  1(134;  and  his 


poinded  tcgrtker.  He,  Snt  of  aiiy,  demonitnted  dmt 
the  spaces  described  by  heavy  bodice,  from  tbe  begjoalw 

of  their  descent,  are  as  the  squares  of  tlgr  timet ;  and 

a  Ixidy,  projected  i;.  :i:,y  iin  .  e:ii,ii  nof  perpendicular  to 

the  hnrizon,  describe!!  a  parali<ihi.  These' wefe  the  be- 
ginnings of  the  doctrine  I'l  ti-.e  ir.iite  ll  <if  lieliiV  ln.illieS, 
wliicli  has  been  since  carried  to  so  great  a  height  by  New- 
ton. In  geometry,  he  invented  the  cycloid,  or  irochoiil  ; 
though  the  properties  of  this  cur*  c  were  afterwards  clnclly 
demonstratcil  by  lnv  pupil  Torricelli.    He  invented  the 


pialogucs  of  the  Syttem  of  ika  Wqrld  were  burnt  at  Rome,  simple  pendtthito,  and  madcv  use  of  it  in  his  ^ttreoMaical 
i'  OaSieoUvedlaifwii«iijil>ii|iiiuiUgcifrtiicfawaw'  UMiaiH t »kmia»<lwii>iti cfmff\yla0m ^orttt. 
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bill  <liil  fi«t  I'M'ClltP  that  desisu  :  tlic  ;;lory  oi  that  mvrn- 
lion  was  rcMTveil  lor  his  v>ii  \')cri)/:i>,  who  mii'k  ihu  <  x- 
.p(!rinH-iit  atV  iMiico  in  Uuy  ;  atiil  1Iu>'4l'Iis  atterwariis  car- 
ried tlic  saitu-  to  pi  rtVc  lioii.  Our  aiKlior  »«»  likewise  \>t<>- 
jecior  of  ibe  maciiiiu-,  with  «rbich  the  Venetians  rLtitier 
ihcir  Laguns  liukl  and  nuvit{ablc.  HeAlao-ditcuvcred  the 
gmvity  of  thcairrSiMi  eiidi-nvourp'l  to  crrnipiuv  it  with  tliut 
of  water;  besidrt  layinii  the  fuuridaiion  tor  srvcrjl  other' 
imiuiric»  in  natutal  philmopliy.  In  short,  lucb  the 
character  of  tfais  incinorabic  oeniui,  thn't  he  wa>  not  only 
t-stccmcd  and  followed  by  philo!Hiplien»  but  waa  honoured 
by  (A-nons  of  the  gnutettldnlinctioii  of  all  natiom.- 
Galileo  liitd  scholars  that  wci;p  worthy  of  so  great  % 
.  maibtcr,  by  »hom  the  sraviinilon  of  the.  ntnMi»pb«fe  WM 
fully  cvIhUisIk  il,  and  its  varying  pre»are  accuralclj  anil 
convcnimtly  measured,  hy  the  column  of  quickwlw  <rf 
»tjUiil  wi  n'il  su^lHiiicii  thereby  in  l>;iriinictrical  tuijo. 
'1  (:e  cUistlcitv  lit  liie  air,  hy  which  it  ]M-rp<-'Iually  ctiflea- 
voiirs  tn  i  xpund  umIi,  and,  while  it  adiniti  ot' condensn- 
110:1,  rcM-ls  111  pi opnt tinii  U)  den.>-ity,  wai  a  phenomctKin 
of  a  new  kind  (ihi  1  .iiiini  ii  llui'is  having  no  such  pro- 
perty), and  was  ol  tin-  ir.iiiM^t  iin^Kiitiince  to  philoMiphy. 
These  principh^s  opened  a  vast  field  of  new  and  usclul 
knotrlcdge,  and  explained  a  great  variety  of  phenomeuo, 
which  had  been  accounted  lor  beiore  that  litne  in  a  very 
absurd  inuniier.  It  seemed  asifthc  air,  the  fluid  in  which 
men  lived  from  the  bcginniiig,  bad  been  then  but  Unt  d'u- 
covered.  Pbilosophen  were  «vei^  wbcre  busy  inoniiiag 
into  it*  mrknn  pnwertiaa  and  ihur  alfccto:  aiid  nlnabli 
diiwwerfei  leatafdea  their  iadnitiy.  Of  the  great  num- 
ber who  dklioralihied  tbemeelTCa  on  due  OMeaioa,  may 
be  menti«M4  Tarricclli  onl  Viviasi  in  laily,  Pkwal  in 
Fhinoe,  Otto  Goerick  in  Ocfmnny,  and  Boyle  in  Eng- 
land. 

•  Our  author  wrote  B  number  of  trentivs,  many  of  which 
wrri  piii  li-  fd  in  Ins  liie-limr.  Most  of  them  were  ako 
CoHitt<d  allcr  his  death,  and  published  by  Mciidessi  in 
2  \oh.  4to,  under  llir  title  of  L'Opere  <li  Cialdeo  Gulih-i 
Lynceo,  in  l()56.  Si  me  ot  thew,  with  oiix  rs  (•)' his  pieces, 
were  tr«n5hili-d  into  Kiij;iisli  anil  iiiilili^ln  d  bv  Thomas 
Salinbury,  in  his  MatbeinaticalColiiclums,  in  1'  vols  iVlui. 
A  volume  aUo  of  his  lettern  to  seNcral  learned  raen,  and 
•olutions  of  several  problems,  were  printed  ul  Bologna  in 
4tO.    Hie  lau  ditciple,  \'incenzo  Vivmni,  who  proved  a 

^ry  emimyit  mBtbematician,  inethociiied  a  work  of  hi* 
niMier's,  and  published  it  under  this  title,  Quinto  libro 

.  dr  gli  Elementi  d'Euclidi,  &C ;  at  Florence  in  l674>  4(0. 
Viviani  publiiihed  also  other  writings  of  Galileo,  being  ex- 
imcts  from  hi*  letteia  to  « leaned  Frenchman*  where  be 
gtvea  nn  nraount  of  the  worka  which  ho  intended  to  bow 
]>ubUihed«  tod  a  panage  from  a  letter  of  Gniiko  doted  at 
Arcelrif  Oct.  90, 1635,  to  John  Ckmilhs  n  mathematician 
of  Naples,  concerning  the  anj;le  of  contact.  Bcndct  all 
these,  he  wrote  many  other  pieces,  which  were  unfortu- 
nately Inst  through  his  wile's  devotion  ;  w-ho.  solicited  by 
her  confessor,  Rave  him  leave  to  peruse  her  husband's  ina- 
nusrtifits;  lit  ni:irh  he  destroyed  and  took  MMy  a8  many 
as  lie  viid  wi  re  iiiilil  lor  pnldicalion. 

(J Al.I.tllV,  III  Aicliitertiirr,  .1  foveri'l  place  in  a 
buihliiiij,  much  lonpcrlhan  bn-ad;  which  15  usually  placid 
in  the  wiivs  ol  ilic  building,  and  s<nlii;r  (u  wall:  in  ;is  wi  ll 
as  to  place  pictures;  it  denotes  a  sniaJt  aisle,  nr  walk, 
scrvin^  us  a  common  pmrnige  to  ie*eral  rooma  |doeed  in  » 
line,  or  row. 

ttAUSKryin  FoitiAeation,  n  comed  unlfcpor  fumgit 


made  across  the  ditcli  nl  a  besieged  town,  with  timbers 
Idslencd  III  the  sroiinil  and  covered  over. 

<>ALLUN,  an  English  measure  ol  capacity,  for  things 
boili  liquid  and  dry,  contaiiiinn  .J  pottles,  fir  4  quarts,  or 
8  pints.  Out  tho!>c  pints  and  quarts,  and  coniocincntly  the 
gallon  itielf,  arc  diflc-renil,  accortiing  to  the  quality  of  the 
ibinga.  measured :  ih«  wine  gallon,  for  instance,  conlaiha 
231  cubic  in^e*,  and  holds  81b,  3foz,  avoirdut»ois,  of 
pure  water;  the  beer  and  ale  gpillon.contains  2S2  cubic 
incbca,  ond  holds  lOlb.  5|oa  of  water;  apd  the  gallon  dry 
meaturt',  for  grain.  meal#d(C«  containi  SCSf  euUe  inchca, 
and  hold»  9lb,  1 1  |oi  of  water. 

OALLOPKH,  in  Artillery,  the  name  ofmcnvringeaerv- 
ing  §n  the  very  small  guns,  and  having  shwi  10  as  to  be 
drawn  without  a  limber. 

GALVANISM,  one  of  the  iiiost  interestinij  branches  of 
moileni  plnlusupliy,  « Idrh  lieri..  i  s  luime  Irom  ila  illus- 
Inoui  disrovrr>  r,  I'roftisur  t>alvani,  laic  ot  Doliigna  :  it 
comprises  all  those  electrical  phenomena  arisiiij;  Irom  the 
chemical  agency  of  certain  meta,ls  with  diiit-r.  nt  ttulds. 

'I'he  lullowin;^  circumstance  is  s.uii  1  1  have  pivcn  rise  to 
this  vi'iy  cuiiuus  branch  of  philii?<j]ihical  inquiry.  I'ro- 
lessur  CiaK  am  had  long  Itcen  considered  as  one  fif  the  most 
able  lecturers  in  the  university  to  which  he  belonged;  a 
character  that  he  owed  to  his  accurate  knowledge  of  ana- 
tomy, chemistry,  and  other  philosophical  subjects:  one 
day,  while  enfpged  in  aome  experiments  in  his  laboratoiy, 
a  frog,  which  had  been  prepared  for  the  purpose  of  making 
aoup  for  bis  wide,  wbo  wnatldi,wu  laid  on  the  same  table 
when  bia  ctectrical  appnnUu  were  placed  j  when  one  of 
bia  amiitanli  in  the  ex|ieriinent%  by  neddent  or  design, 
brought  the  pointofnawpAnttrllincfnnl  nctwief  the 
frog,  lying  not  far  from  the  conductor.  In  an  instant  the 
muscles  of  its  limbi  were  agitated  with  strong  convulsions. 
The  experiment  was  n-peaied,  the  fact  ascertained,  and  a 
great  many  ini;eiu<Jiis  ex]  1  n::;'  nts  wen-  put  in  execution, 
by  wliicli  he  invotijjuti  vl  llu-  law  of  nature,  of  which  ac* 
ciilent  hail  thus  given  hiin  a  i^linipse  ;  and  the  lOCCea  of 
his  inquiries  isas  immortalized  Iiik  name. 

His  public  alum  on  the  subject  w  as  printed  lor  the  111- 
stitnlr  at  liii!oL;na  in  1791 ,  enfil'ed,  Aloysii  GaUam  de 
veriiius  I'.h  ctricitatis  in  rnu'ii  musculari  Cummcntarius ; 
which  work  immediately  esi  iied  the  airention  nf  philoso- 
phers both  in  Italy  and  in  xtlu  r  roiuitiits;  and  the  ex- 
perimeniswere  repeated  and  extended.  Galvani,  soon  af- 
ter he  had  ascertained  the  power  of  electricity  on  the 
limbs  of  dead  frogs,  and  other  animals,  was  led  to  a  fur> 
Ihrr  discovery,  that  a  similar  cffirct  might  be  produced 
without  the  aasiitancn  of  nay  viiible  electirical  agent;  that 
i<,  fan  the  mete  actioa  of  a  metallic  anhaianoe;  nnd  after 
■aHlig  n  nomhor  of  mpwHnenii  on  thiedieod,  he  nicer- 
taincd,  that  the  convnbions  were  produced  only  when  du- 
similar  metals  were  ernployrd.  I'besr  experiments,  as  be- 
fore observed,  were  repeated  by  many  philosophers ;  none, 
lioHin,  I  ,  added  any  thing  new  to  what  Galvani  had  dit> 
eovt Ti  ll,  i  xcepting  the  celebrated  Volta,  of  whom  we  shall 
have  trequeiit  occasion  In  'peak  in  liu-  liOlinmif;  pai^es  : 
tbiscn  at  imprtncnuTU  loi  k  nliicr  111  the  vMir  )  SCO  ;  aiier 
winch  liiitr.  iii.mv  itth  ■.  ,ilii;iis  i|iliris  pursui-il  tins  siibjrct 
with  MTV  ^ivr^t  surf  iss  ,iii,J  applause;  and  none  with  more 
tliiiii  I'mUisoi  Ilavv,  of  the  Itoyal  Institution:  T)t. 
VVollaston  and  Mr.  Nicholson  likewise  have  done  theni- 
aelves  contideiablc  honour,  by  dwaamber  ami  accuracy 
of  their  eipeiimients,  aqd  the  caMeqnent  derclopcmcai  uf 
'mnny  new  piinct^  conaceled  with  tfaii  adcnces  nnd 
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Mr.Wm.Cruick»hank,  »  celcbrmted  English  chemwt,  by 
bis  invciilion  of"  the  gnNanic  trough,  M;em»  to  have  fur- 
ni»hed  the  means  of  incrvMing  thc^iower  of  the  g»lvaMic 
duid  to  its  RTcalrst  ^-xtt  nt- 

Having  thus  ■  ""^ 

iubicquciit  impriivcrs  ol  tlu*  intiTPHting  science,  wc  »hall 
proceed  to  i-x)>l«in,  a*  much  iit  length  hi  out  limits  will 
admit,  the  nature  of  its  action,  and  the  principal  exp<  n- 
mcnts  that  are  ncceaaary,  in  ordiT  to  form  a  cuuiiectcd  idea 
of  its  several  effects.  • 

The  discoveries  of  Galvani,  as  before  observed,  were 
made  chieHy  with  dead  frogs;  the  limbs  of  which,  by 
means  of  electricity,  acquired  a  tremulous  motion,  and 
gcneriiUy  a  cerluin  degn*  of  extension;  bui  this  efltct  is 
likewise  sensible,  in  a  Rreater  or  U-ss  degree,  on  any  other 
recently  dead  aiid  skinnttl  animal;  though  it  is  much  nioic 
iierrrptihlc  in  cold-blooded  creatures,  't'bc  manner  in 
which  Dr.  Galrani  made  his  first  experiments,  was  as  fol- 
lows :  he  skinned  the  Ic^js  of  a  frog  recently  dead,  and  left 
llicm  attached  to  a  small  part  of  the  spine,  but  separated 
from  the  rest  of  the  body  ;  and  any  other  limb  may  be 
prepared  in  a  similar  manner;  that  is,  the  limb  must  be 
deprived  of  its  ialej;uraeul»,  and  the  nerve  which  belongs 
to  It  must  Im-  partly  laid  bare. 

If  the  liiniis  thus  prop.ired,  for  instance,  the  leg*  of  a 
fro",  be  V.  situated,  that  a  littfc  electricity  may  pass 
through  them,  whether  it  be  by  the  immediate  c..ntact  of 
an  cleclrital  body,  or  by  the  action  of  an  electric  atmo- 
sphere ;  as  whi  n  the  preparation  is  placed  wilhin  a  cer- 
tain distance  ol  an  electrical  machine,  and  a  spark  is  taken 
from  the  prime  conductor;  the  prepared  legs  will  be  iii- 
sunlly  affecte<>with  a  kind  of  spasmodic  contraction,  and 
sometimes  so  strong  as  to  jump  a  considerable  way. 

The  like  movements  may  ltd  produced  in  the  prepared 
animal,  without  the  aid  of  any  apparent  electiical  agent. 
In  an  auiinal  recently  dead,  detach  one  end  of  a  nervo 
from  the  surrounding  pans,  taking  care  to  cut  it  not  too 
near  its  insertion,  into  the  muscle;  remove  the  inlegii- 
mciils  from  over  thc  muscles  thai  depend  on  that  nerve; 
then  take  a  piece  of  metal,  as  a  wire,  and  touch  the  nerve 
with  one  extremity  of  it,  and  the  muscles  with  the  other 
iCXtn-raity  ;  on  d.iil'ig  which,  the  prepared  limbs  will  move 
in  the  same  manner,  as  when  electricity  is  made  to  pass 
through  Ihcni.  This,  however,  is  not  the  most  effectual 
wBVofformingthecoraraunication,  though  it  will  generally 
succeed  ;  and  the  experiment  will  answer,  whether  the 
pn-paratioii  !«•  laid  upon  coniluclors,  or  on  electrics.  But 
if  the  communication  between  the  ncnc  and  the  muscle 
be  formed  by  nonconducting  bodics.such  as  glass,  wax,  silk, 
&c,  then  no  motion  will  ensue. 

The  condiiciiiig  communication  between  the  muscle* 
and  thfc  nerve  may  consist  of  one  or  more  pieces ;  and  of 
the  Mine,  or,  which  is  much  better,  of  different  bodies, 
coanecud  together,  as  metals,  water,  a  number  of  |)er*ons, 
and  even  of  wood:  but  it  must  bo  observed,  that  the  va- 
rious bodies  which  form  tlus  circuit  must  b«  placed  with 
full  and  perfect  contact  with  each,  other,  which  is  done 
by  pressure,  or  by  the  interposition  of  water,  &c.  The 
less  perfect  conductors  will  answc/  only  at  lirsl,  when  the 
prepared  animal  retains  iu  vigour ;  but  when  the  power 
begins  to  diminish,  as  it  will  after  a  few  hours,  then  the 
more  jierfcct  conductors  only  will  aaswcr,  and  even  these 
will  produce  various  eficcts. 

The  most  effectual  way  of  producing  those  movements, 
•tibj  the  applicalioD  of  two  mctali,  of  wliiib  silver  and 


junc  seem  to  be  rather  the  best ;  though  silver  and  tin,  nr 
copper  and  sine,  and  some  other  combinations,  arc  not 
much  inferior.  If  part  of  tllo  nerve  proceeding  from  a 
prepared  litub  bewrapfH-d  up  in  a  pjecc  of  tinfoil,  or  only 
laid  upon  mic;  and  a  piice  of  silver  laid  with  one  end 
upon  the  ^are  muscle,  and  with  the  other  on  the  above- 
mentioned  tin  or  zinc  ;  the  motion  ol  the  prepared  limb 
will  be  very  vigorous.  The  two  nu  tals  may  Ik  so  placed, 
as  not  to  be  in  contact  with  the  preparation ;  but  in  any 
part  of  the  circuit;  which  may  be  coiiipleteil  by  lutaiisof 
other  conductors,  as  water,  &lC. 

In  a  similar  manner,  the  action  of  the  galvanic  fluid 
may  be  made  sensible  on  the  huniun  liixly.  Thus,  let  a 
man  lay  a  piece  of  metal,  as  zinc,  upon  his  tongue;  and  a 
piece  of  some  other  metal,  as  silver,  under  his  tongue; 
then  by  forming  the  Communication  between  thesa  two 
metals,  eiliier  by  bnnging  their  nuter  cdgc<  in  contact,  or 
by  the  interposition  of  some  other  piece  of  mclal,  be  will 
perceive  a  peculiar  sensation,  a  kind  of  irritation,  ac- 
companicii  with  a  cool  and  subacid  taste,  not  much  unlike 
thai  which  is  produced  by  artificial  electricity.  TheKD* 
tation  seem*  to  be  more  distinct,  when  the  metals  ar*  of 
the  usual  temperature  of  llic  longue;  and  on  making  lh« 
Communication  between  the  two  pieces,  the  taste  will'  ba 
perceived  more  sensibly.  Tlie  effect  is  rather  more  w- 
inarkable  when  the  zinc  touches  the  tongue  in  a  smail 
part,  and  the  silver  in  a  gre;a  portion  of  its  surface,  than 
when  the  contrary  have  place;  that  is,  when  the  sine 
touches  more  than  the  silver.  Instead  of  the  tongue,  the 
two  metals  also  may  U-  placed  in  contact  w  ith  the  roof  of 
the  mouth,  as  far  back  as  |H><.sib)e,  and  on  completing  the 
coiiiiiiunicatioii,  a  similar  effect  will  Ik-  produced. 

Different  {M  rsons  arc  variously  afliectid  wilh  this  appli- 
cation of  inelals;  with  some,  the  sensation  of  taste  is  so 
slight,  as  scarcely  to  be  perceptible ;  while  with  others  it  is 
very  strong,  and  even  disugneable. 

I'he  above  experirocnl,  wliich  is  oim>  of  the  most  simple 
that  can  l>e  devised,  was  accidentally  made  about  (>0 years 
back,  by  a  p<-rson  of  tbe  name  of  Suluer,  who  stated  the 
fact  inthe  following  terms.  If  apiece  of  h'ad^and  a  similar* 
piece  of  silver,  be  laid  together;  and  the  c«lges  of  both  bo 
brought  in  contact  w'lth  the  tongue,  a  t)isle  is  perceived 
similar  to  that  of  vitriol  of  iron,  at  the  same  lime  that  tho 
roetaU  apidied  separately  produce  no  effect.  Ihe  ob>- 
server  of  this  experiment  does  not  appear  to  have  been  at 
all  surprised  with  its  result :  for  at  that  time  the  doctrine 
of  vibrations  was  employed  to  explain  all  natural  pheno- 
mena ;  and  he  thciefure  concluded,  that  some  peculiar 
vibration  took  place  on  the  application  of  the  metals;  and 
as  every  body  was  salislitfd  wilh  this  explanation,  nothing 
further  was  thought  of  the  experiment  ;  and  thus  a  promi- 
nent fact  had  sU-pt  in  obscurity,  from  the  time  of  Sultzcr  to 
the  time  of  Gklvaui. 

Having  seiai  how  the  galvanic  operation.piay  be  made 
sensible  to  the  taste,  by  a  similar  application  it  may  be 
made  visible  to  the  siglil ;  thus,  let  a  person  in  a  dark 
place,  put  a  pii-ce  of  tinfoil  on  the  bulb  of  one  of  his  eyes, 
and  a  piece  ol  silver, as  as|H>on,  or  the  like,  in  his  mouth; 
then  on  completing  the  communication  between  the  spouu, 
and  the  tinfoil,  a  faint  Hash  of  white  tight  will  appear  be- 
fore his  eyes :  but  this  experiment  may  be  performed  in  a 
more  convenient  manner,  by  placing  a  piece  of  line  be- 
twccii  the  upper  lip  and  the  gums,  as  high  up  as  possible, 
and  a  silver  piece  of  money  on  the  tongue;  for  when  tiuB 
twu  milalsarv  niaJc  to  communicate,  either  by  the  iurac- 
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diate  eonttet  of  thtir  cdecs,  or  by  the  interpo«iti«o  of  food  oAen  M  •  enmaiiwcMloa  wh  nade  bctwoen  etch  end  of 

CMMtdcion,  ttie  imli  of  light  will  WviiiUc^  befeio;  but  tlw]iil«;  ami  m  long  ai  tl»e  pifcoof  doift  peniimd  noN*. 

con^wnit  Ac  eontact  of  tlw  two  Bctal*,  thk  apiMar-  An  account  of  this  <lrsco«eiy  waa  commuitkaied  to  the 

aace  of  light  i*  not  continued,  it  hriBg  only  vltiUe  at  the  Royal  Socii-ty ,  and  publithed  ifk  Aho  Philotophtcal  Tna^ 

moment  thi>  contact  talcM  place ;  and  tonieliaica,  lho«|^  aciiom ;  bat  we  do  not  hnr  of  thuoetetnated  pfailoM»bcr 

but  rarely,  ut  (lie  instant  of  scfMimtimi:  it  naf  iheralbia  laaking  any  farther  diKoveryi  after  the  invention  of  tb« 

be  n-fx-aii'it  at  |>i<-a!iure,  by  di»joiiiiii&  atld  agliA  conaect-  pile,  ami  aseertataii^  the  Mtofeand  eiteatof  ittcflecu 

ing  till"  two  ni-  tills. 

Kiir  a  consul'  I  l)!  '  time  aftt-r  iKi'  llrst  ilucovi  ry  maiJe 
liy  Gaiv;  ni,  liltif  more  vim  known  ol  its  naiuro  uiuf  its 
rtKi.1--,  uliat  is  i  Ki>s.'  ^tal^■^^  ;  ntiil  it  w.-m  ili '.itnlul, 

whi'tlifl  llic  convuUion^  in  tin-  uniiiial's  limb?,  and  thii 
sensations  prnilufeil  upon  tlip  liumun  body,  wen  r>»MiE  l  i 


an  i-Iecliicul  |>n>|>"  rty,  |.fCuU;»r  to  the  iinii  ia!  purls,  wliicli 
it  wiis  thuught  i-.'^;.t  be  con<luctfA  tljrr.u;.))  (lu-  incluU 
from'uite  part  to  the  otiier :  nr  n<  a  sniull  qu<iiitity  of  cicc- 
tririly,  which  might  be  BUiiplicil  by  tlic  tnctaU  thrin- 
•elvty:  Calvaiii  himseli' v^iis  I  tin  fumicr  opinion, anri  cn- 
tbuaiattie  in  the  eppliciUKJH  >  \  iln  >  lecitical  uwnry  to 
aainial- ecnnooiy t  and  particularly  wlu-n  he  found  the 
nelallie  aubataiicts  were  CHpahle  of  excitui!;  muscular 
notion,  he  was  confirmed  in  liti  opinioo,  tbac  the  inlieient 
electricity  of  the  animal  waa  tiwnunitlcd  from  the  nene  lo 
the  muaciesb;^  the  metala  employed. 

About  thi«  time,  however,  Signinr  Volta  took  up  tb« 
jftLjecl,  !nl<.jitiiii;  a  thtory  of  a  different  nBtnrc;  which, 
though  not  sirictls  true,  has  contribiittii  priiitipally  to  itt' 
rapid  atlviuitciin:;!-  Iii>read  of  supposinj,  as  Galvani 
diif,  tbut  [[!.■  (It-eliicily  bclon;^ed  to  the  animal,  he  con - 
sjciri  i  .i  :r  .IS  inherent  u\  chtK  rnit  meluU  ;  wiiicli  nlui 
\».is  iruly  lurtunitle  tnr  t'ru'  causi'  of  pliilobopliy ;  fur  the 
M-ry  iiy|)otiu  viv  of  (;;ilvi(nj  prevrnti  il  him  from  deriviiif; 
any  farther  kimwlcti^e  ol  the  science  ;  because  if  the  elec- 
tricity belonijed  to  the  animal,  no  greater  power  w;ei  iiki  ly 
to  bf  produced,  than  wliul  two  pieces  of  racial  could  ef- 
fect ;  but  on  Volta's  hypothesis,  since  he  conceived  the 
nction  to  he  in  the  mctaU;  it  followed,  or  at  Irsit  it  wu 
highly  ]>rob.ibli,  that  by  increasing  thair  nvmber,  their 


on  animal*. 

A  Voltaic  pile  simll.ir  to  ihiit  «<■  liiise  been  describinjr, 
i»  npre^eiTted,  plule  \ii,li;;.  (i;  it  ri»ii-.i-t\ u!  plecesof  »llver, 
abiiut  the  M.-'e  lit  li  1  ii  i  r  i-.mi*  ;  pieces  of  zinc  of  an  equtil 
•Size;  Hn<l  pi< c  s  i.i  fi.iih,  or  biitlu  i,  or  other  bibulous 
suli^laiire,  M  I/uIl'  b  ss  in  dunieii  r  than  the  metallic' 
plates  ■,  tiiese  Inst  being  sonked  in  water,  or  any  other 
jiri/per  tluid.  'I  lu  se  pieces  are  dispt>se<l  in  the  order,  silver, 
zinc,  wet  cloth  J  at  indicated  by  the  letters  I,  t,  Vt;  the 
pK-ces  of  cloth,  or  leather,  mu^i  be  well  soaked  in  the  iluid; 
but  befcn-  they  are  applied,  they  should  be  »i]uee2ed,'in 
order  that  the  lupcrfluous  fluid  may  not  run  down  the  ' 
outride  of  the  pile,  or  imiuuate iiacif  between  tiw  coatign- 
ous  piece«  of  silver  and  line.  Thow.piccM  of  cikith,  par> 
ticolarly  if  toaked  in  plain  water,  lose  their  moistHie  very 
■oon,  to  that  thi^  can  iddoa  last  longer  than  for  a  day 
or  two,  after  which  iho  pilo  mutt  be  decnmpor^ed,  the 
metallic  piccca  Ckaned,  thoaci  of  cloth  soaked  again ;  end 
tba  whole  artanged  as  before. 

The  three  roda  n,  n,  r,  arc  of  glas.s,  or  of  b.ikeJ  wood, 
the  piece  o,  slides  freely  lip  and  dmui  tlie  hkIs,  »bich 
serves  to  present  the  faliinp  of  the  plates  :  but  «heii  such 
.1  [>:!'•  is  to  bf  v-ry  pouei  lul,  viz.  to  consist  of  many  plates, 
I -'if  best  nuthud  is  lo  binii  luo,  three,  or  more  piles; 
and  to  jDiii  them  by  pieces  of  nx'l.il,  m  r,  c,  fir;.  .;>  ,  ,, :  .  ir 
two  pili->  are  |n:M''<l  toji  lliiT,  so  that  a  is  the  negative  ex- 
tremity. Hil  l  I  ilie  (itl  i  r,  or  pohiii»e  extremity  of  the 
whole  iirriini;>'Mn-r.l,  oTuf  thclwo  piles,  considered  a»  one ; 
that  is,  u  is  a  silver  plate,  and  i  the  sine  It  mayaku 
be  observed,  that  copper  may  be  substituted  for  the  silver, 
without  much  dccretuc  of  the  effect. 


cflfect  would  alM>  be  inCieaied  in  the  same  proportion;  It  was  with  piles  similar  to 'what  wo  have  been  deacii> 

^    He  thcrefoee  repealed  the  eaperiments  of  Galmlb,  and    bing,  but  consutin^  of  a  |  •  -  • 


'  fimad  that  wheh  two  pieeca  of  metal  of  diflefent  kindi  arem 


greater  or  1m  Btmber  of  pUtas 
thittalvanic  cxpeiunenta  wem  lint  made  in  this  countiy 
placad  in  dilEtraM  puru  6f  an  aahnd  t  u%  Ae  nme  t>nw  Inr  Meian.  Nlchoimi  and  Carlisle,  and  many  important 
that  the  roeiala  wen  baougPit  in  coMnet,  or  wnra  con-  ^mlcaltrutha  waie  dawdoped  by  this  mcnna.  At  length 
'nocted  by  a  metallicarc ;  asoftv&w  the  contactwaa  made,  Mr.  Cnlldishank,  after  having  employed  the  Voltaic  pile 
eonvulsiom  were  observed :  he  alio  fsiHidtbtt  the  greatest    fur  vsriont  experiments,  fell  upon  tbe  happy  idea  of  the 


effect  was  produced,  when  the  metals  were  fine  and  silver; 
and  when  several  pieces  of  metals  were  employed,  having 
pieces  of  wet  cluth  beiuecn  tbero,  the  effect  appeared  to 
be  iiineased  ai  the  Anmber  of  poln i  and  h«iioe  hit  idea 

of  the  pile. 

This  II  t  mt  discovery  of  accumulating  the  effects  of 
this  »|xcii  b  111  .  iictticity,  was  made  by  X'olla  in  1  «0(), 
and  has  hence  b«-<'n  denominated  the  Voltaic  pile.  Tbe 
apparatus  fir-t  made  by  Volta,  consisted  i  f  a  number  i  f 
nmn  of  /mc  ar^d  Sliver  platej,  5ep!»rated  from  each  other 
by  pieces  of  wet  cloth,  the  arrangement  beinc  as  follows; 
viz,  zinc,  siher,  wet  cloth  ;  xlnc,  silver*  waCOOlh,  and  so 
'on  ;  the  silver  plates  were  chielty  silver  coins,  tbe  platei 
of  zinc,  and  pieces  of  wet  cloth  being  of  tbe  same  siiw  ; 
and  be  iband  t|ie  action  of  these  combined  pairs,  to  be 
much  mora  powatful  whan  tbe  pieces  of  cloth  were  moist* 
ened  with  a  solution  of  common  salt,  instead  of  pnie  wa- 
ter ;  a^ila  eonsistii^  of  forty  pairs,  he  found  to  posaess 


galvanic  trough.  This  consists  of  a  box  of  h.iked  wood, 
of  a  width  and  depth  agreeable  to  liie  sr/f  of  the  plHtes, 
and  of  convenient  length  fur  hi.nilMic;  abnut  ;  the  in-ide 
being  furnished  with  proovei,  pns^inj;  across  llic  side  and 
bottom,  for  the  rueption  i  (  the  iiRinliif  plute-s,  and  at 
such  a  distance,  tliiU  w  hvr.  i)m -i  .i re  cemented  into  the 
grooves,  tlie  troupli  w.a\  li-  divided  into  a  number  of 
cells,  nboiit  |  of  .ui  iiu  h  -.iiic;  racb  of  the  platis  being 
compound ;  viz,  consisting  of  two  plates,  one  of  zinc,  and 
the  other  of  silver  or  wpper,  noldered  together  ;  and  tbe 
order  in  which  they  were  placed  was  such,  that  oil  the 
jtinc  sides  of  the  plates  (aced  one  way,  and  the  copper 
sides  the  other :  in  fact,  the  trough  was  tha  pile  placad 
boriaontally,  the  cells  being fbr  tbe  reccptioa cyn  flnM> 
aaswar  dia  pnpoaa  of  tho  pieces  of  wet  clotfa.  The  o^ 
mentatloo  of  tba  metallie  pieces  into  tMa  ndas  and  bottom 
of  the  vessd,  moat  be  an  accorate,  as  not  to  permit  the 
Snid  lo  pass  ftom  one'  cell  to  another ;  the  proper  cement 


TO  ppwar  of  giving  a  pretty  stnait  shock,  similar  to  that  for  this  purpose  being  made,  by  mehiiiiJ  locctfu  r  3  |>aru 
ff »  mM  cloctric  jar  i  nai  that  tU*  dxt  loolt  place,  as   of  resin.  4  Ot  bec»>wax,  and  S  paru  ul  powdered  red  ucbre  : 
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two  or  more  i ach  batteries  amy  be  joined  togelber,  in  or*  tip  of  yoar  loqgae  to  the  fluid  in  the  baion,'yoa 

der  to  increase  the  rfihcl^  M  in  the  fo;egoing  CMO^'cf  the  fnUMuncdiaicly  be  senaible  of  an  aCid  tatte  on  your 
double  pile.  See  fig.  7,     tUi  wbich  repreiciiU  a  single   totif/^  which  i»  in  contact  >rilh  ^  lUwliM  ii^joor. 

'      ~   Tbw  iMte  it  very  perceptible,  and  for  tho«MMiicW  pretty 

strong;  but  it  is  aftenmrds  rhaiig«^  into  a  diftiW  oih>, 
IcM  acid,  but  more  saline  and  pungent,  nniiF  at  Ix^it 
beconea  alkaline,  and  sharp,  in  proportion  n^  tli^|^, 
acta  more  upon  the  tongue.  ^ 

In  the  forogoing purt  <il"  tliis  anlrlf,  (>tlirr  rxpcrimrnt* 
hnvr  bri  n  noticed,  mmlc  by  combmaliutis  ol  dil- 

ftroiit  riii-liiK  ;  ui-  >l:  ill  llnulon-  now  iiitcr.il  totlif'V  tliat 
arc  in.tilc  l;v  in<"iii'»  ol'  llu-  iv;(irc  p<i«  i  liul  ;ipp:inilU!,  ••ucli 
as  wo  havu  already  discribtil  ;  mi",  iIa-  pib  ;  uiul 

troui;li  or  bnttcry,  invml  il  I  s  ^li.  CniiclN^hank. 
TbtM' iicHverl'ul  cDmbinatii'ns  imi  laly  i  inuUr  ibi- |iri  - 
pari'd  limbs  uf  a  frog,  or  piuiliuo  iIil- u|>|><'.iian(:t'  ol' a 
ila^b  uf  light  before  the  liuiuun  oyc,  but  tbey  t  xhr'Jt  ull 
the  plieiiomena  of  electricity,  in  a  very  conjiderable  de- 
gree: an  arraM:;omenl  of  the  kind  wc  have  described,  will 
gire  the  »liock  ;  it  affrrts  the  i-kclroinetcr,  shows  a  lu- 
roinooa  spark,  accumpaiiii-d  wiiii  un  audible  report;  it 
buma  metallic,  and «thcr  )m}ff*;  »ai  continues  in  action 


battery  ;  with  iu  c«prtinlnun|  rods. 

Tbv  actio»  of  all  tbeaa  battmei  is  tho^gnaleat,  :«hen 
they  are  Ihrst  conplotad,  or  filled  with  Ac  linM ;  and  it 
declines  in  proportion  as  the  raetui  is  onMated,  orthe  llnid 
\t>wi  its  pow^- :  therefore,  after  a  certain  time  the  flnid 
rauni  be  changed,  and  the  metnllic  pieces  ckaned,  by  re- 
moving the  oxidated  surface ;  which  may  be  done,  either 
by  tiling  or  by  rubbiici;  llifiii  wiili  or  siikI  |in|ii  r  ; 

or  bv  imM^cr^ill<;  lium  tin  a  slim  t  linu  in  diluted  niu- 
ri^ilie  uci<t,  and  then  tM|>iiig  them  with  a  coarse  cloth: 
tbc  lint  nietlind  i*  to  be  prelerred  for  ttic  trough;  wiping 
them  by  means  <>t  a  s'.ick,  vvIh(  l>  may  be  introduood  be- 
tween them,  v.illi  ;i  •iiiCi  I'!  iijion  it. 

Having  t!;ii^  <li-'  i.h  .i  -.tu-  ('>>ii^truction  of  the  best 
and  most  simple  gaUume  arrungemenls,  wc  shall  proceed 
In  stale  the  cflects  of  these  combinations,  in  a  popular 
Banner}  but  omitting  as  much  as  possible  those  experi- 
ments that  are  purriy  of  a  chemical  nature ;  aa  these  are 
«wt  only  too  numerous  to  beinsertcd  in  iIk  space  we-bavo 


the 


aasigned  for  this  nriicle,  but  they  are  also  incongruous  Ibr  a  Hiij  funililiii'[ltll<  Hi>(iri"iii.  until  the  chemical  ac 
with  the  plan  of  the  present  work ;  and  we  most  therefore  '~     -  •  ^- 

refer  the  curious  reader,  who  withes  for^iarticttUr  infor- 
maiiin  on  this  very  interesting  branch  of  philosuphicol  in- 
qiiiiy.to  the  following  work*,  via,  Rees's Cyclnpadia,  and 
(he  professed  chemical  trejitises,  for  more  ample  uecounl*. 

The  variou'i  powers  of  difi'erent  simple  !»iilvnii!C  circles 
may  he  asci-rtaincd,  by  npplyiii^  tin  r.-.  t  i  -  .i  h  ..iiiin.i!  pn- 
panilions  as  luut  their  lirilabilil)  luuiu  ur  h  -^  rxna  1. 
'i  iuis,  M.  Voltn  in  his  U  tter  to  tlreii,  s.iys,  "  1;  m  i  im' 
a  fio^,  the  heud  of  wbirli  has  Im  ch  cut  ott,  luiil  ^'.  .'.n  h  i.as 
been  depiivcJ  ol  all  life,  by  thrusting  a  needle  into  tlie 
spinal  marrow,  and  iinin>  rse  it  without  skinniiiL:,  oi  tal.in!» 
out  the  bowels,  or  any  oliuT  prcpuiation.  m  .  •  '  ai  ah  -  cs 
of  water,  the  rump  into  oli4-  and  the  leg>  intu  tlie  oil.' r, 
it  will  bo  strongly  apttut*  li  ainl  violently  convulsc\i,  when 
you  dunneci  the  wiuer  in  both  glasses,  by  a  buw  formed 
of  very  different  metals,  such  as  silver  and  lead  ;  or,  what 
is  better,  silver  and  sine ;  but  this  Will  not  be  the 


lion  brtweeit  the  oditpancai  pHMi  of  the  I 
exfaantled.  Somenf  which  dKeti  are  can 
fol  lowing  pnragniph. 

If  you  mke  a  voltaic  pile,  consisting  only  of  20  repeti- 
tii>ns  of  simple  combinations,  and  teuch  with  one  hand 
one  extremity  of  the  pile,  us  at  ft,  fig.  5,  and  apply  the 
other  hand  to  the  uther  fxlr<  mity,  as  at  a;  a  vi  t  .  [  :•  t 
shock  will  beprrrcived,  like  that  which  is  comiiiii..u  a;>  <l 
by  a  Lcydcnphi  li  uvaklv  charged  ;  in<l  it  w  ill  be  scurcely 
felt  beyond  the  linii  IS,  oral  roost  the  xviists;  but  the 
shock  15  felt  as  often  as  the  Contact  is  rem  w  ed  ;  audit  you 
continue  the  hands  in  tontart  with  th''  i  xtrimiii"  s  b  and 
a,  a  sliglit  but  continued  iri;l,,'io:i  will  br  p>rriived: 
and  when  the  hand,  or  other  pitrt  ol  the  body,  nhirb 
touches  the  extremity  of  the  battery,  is  excuriatcil  or 
wounded,  this  senaation  become*  disagreeable,  andmtbeV 
painful ;  but  as  the  dry  skin  of  the  human  body  is  •  aeldom 
c^pnUe  cooSiieting  this  shock,  the  toacliing  fiiigiva 
when  the  two  metals  are  less  diifercnt  in  regfird  to  tMr  A««M  be'««ill  iHOittencd  with  water  i  and  itirilT  be  atill  - 
powers,  such  as  gold  and  bilver,  silver  andxopper,  copper  belter  to  ^imiaenaa  win,  that  procaa^  from  one  extre- 
aiid  iron,  tin  and  lead ;  but  what  is  more,  the  eflect'will  mity  of  thie  batltiy,  in  a  bason  of  wator,  wherein  may  be 
he  fully  produced  on  this  so  little  prepared  fraf,  when  plunged  one  hand  r  gWpinfr  at  ihe  same  time,  with  the 
yon  immenein  one  of  the  two  glasses,  the  end  9f  n  bow  %ther  hand  well  mouteaco,  a  largo  piece  of  metal,  as  a 
merely  of  tin  or  sine;  and  into  tho  other  glass,  the 'otter  large  sOver  spoon;  by  which  means  the  ithock  will  be 
4nd  of  this  bow,  which  has  been  rubbed  over  with  a  little   felt  more  disunclly.   Iiietead  uf  on?  person,  several  may 


alkali:  and  you  may  perl'orm  the  exprriinrnt  still  better 
with  an  iron  bow,  uiie  end  of  w  hicli  has  bu  n  ci  vc  r<  <l  »ilh 
a  drop  1. 1  iImi  r.  lat  't  i;.triiu>  i,c:tl  ;  but  it  w;li  siiccu'd 
beyond  ail  rspn  t  ilinn,  Mh.nyiiu  laki' a  silver  Low,  hav- 
.tnga  little  sulphurate'  ol  jiulass  adlu  nii!;  to  its  extremity." 

It  had  long  been  as^  I  'l  i!,  that  pntter,  an<i  some  other 
liquors,  when  dranlc  i>uL  ot  pc  vvlor  puis,  had  a  dilferrnt 
(uste,  from  what  they  had  wlieii  ilnink  out  of  a  glass  or 
/■..rtheinvaic;  but  it  Was  litilo  expi  cti  il,  that  this  was  a 
truth  ir.tiinatcly  connected  with  so  interesting  a  branch  of 
phiU  bopliy;  though,  now,  there  is  no  doubt  of  the  fact. 
A  similar,  but  more  evident  effect,  may  be  made  sensible 
by  the  following  experiment.  If  a  tin  basou  be  filled  with 
soap-suds,  lirae  wate,.nr  a  ttniig  ley  (which  last  it  the 
best) ;  and  if  yoimtmfh^iUtht  bason  with  bolk 
hands,  having  iiiriwiMn^^g|M^itMi;p«ie  water,  and 


join  hands,  (which  roust  be  all  well  moistene^l,)  and  on 

completing  the  circuit,  they  will  all  fvcl  the  shock  at  the 
same  time,  as  with  an  elrrtiical  ilisr!  ar-i  ;  \  <:a  \h(- 
stietigth  of  it  is  thus  much  diiniiiishi  il  by  pa-->siiig  through 
the  s4'veral  pi  rsuiis,  us  It  is  in  ^rni'ial  by  paasing  throt|gb 
bodies  that  ari'  iinI  pi  rlicl  cunduct<irs. 

The  ,-ho.  k  1  I  a  baitiry,  containing  5fi  or  60  pain  of 
combinations  <  1  ?ilvi  r  or  ropprr  and  zinc  will  be  fell 
as  high  as  the  elbijw>  ;  and  thi-  combined  etf<Tt  ot  livt-  or 
six  such  batteries  will  of  course  be  much  gr<  iter,  ami 
such  as  few  men  would  be  williiig  to  receive. 

From  the  foregoing  experiment  il  appears,  that  between 
the  efiecu  resulting  from  the  common  electrical  machinal, 
■"■*■*'*    e  is  this  difference  ; 

lated  at  the  instant 
,  lemj^jaJmigaathe- 
4  D  "^  ^^ 
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contact  i*  conlinufd.    The  pile  once  charged,  becomes    in  diameter,  may  be  melted  into  aglubule  by  the  wmc  a|>- 


paratus  ;  and  mure  |]owctful  eflccti«»  ill  of  course  b«  pro- 
duced froin  lliecoinbtnaiiun  of  two  ur  tnorc  «ucb  batierin. 
Under  the  cxItauMcd  rcceivtr  of  an  air-pump,  ihegiat 
nie  bslirry  act:!  Ic&s  (jowcrfulty  than  in  the  open  air; 
blltilt effect  i>  iiicrriiM'il  in  oxygen  air.  The  fiasbof  lifbt 
tbat  ■ppenn  birfore  ibc  eye  of  ibe  cxperinenicr,  when  lha 
,        .     ,    eye  iisHf^  or  Mmo  other  part  not  vny  mnote  from  it,  h 
itnNif  galwnic  pik^  beimiietocommattican  with  iiieii^  p«tin  ihacireleof  agalvanieeoBbination,  dues  not  ap> 
Leyden  phial  orclcctrinl  balF   pcir  much  g^er  when  »  btttery  i»  employed,  thas 

which 


thuii  K  nwervoir  of  electricity,  which,  without  the  aid,  uiid 
■«  it  were  without  the  knowledge,  of  the  operator,  tills  it- 
self spontnncou>ly ;  regains  coutinually  what  is  taken 
from  it ;  iind  would  be  incxbau»lible,if  the  bwnid  bodioy 
uf  which  the  pile  ii  oompoMd,  cmU  be  pwwentcd  ffaa 
kniog  their  moisture. 
If  •  wire,  proceediiv  fiom  one  extmnutjr  of  «  pretty 


■ide  coating  of  a  common 

tery  ;  nnd  a  wire  which  proceeds  front  the  Other  exlte- 

mity  ol'ihe  pile,  he  made  to  communicate  with  the outiide 

coatni;;  i  f  c'l"  '.iiiu-  jar  or  batlery  ;  llie  latler  will  become 
wealtly,  liui  i.liiiu^l  iii*tiiiiliinoou>ly  rliarged,  in  the  same 
nianniT  ns  woulJ  li.'.vi  •  n n  ilorir  a  few  turns  of  the 

eU'Clrlcal  miichiiie  ;  ami  with  llmt  charge  yuu  nsay  eillu  r 
givo^lic  sliiick,  ut  etJi  cl  an  i  h  ctrometer,  &ic.  In  latt, 
every  expfrimrnt  convinrcs,  indrc  ami  more,  that  ii  gal- 
vanic battery  prmlueib  a  \;i5t  quuiitity  of  tKctiic  fluid, 
whicb*is  but  little  cundented  ;  and  iinti'i  ii  it  wonUI  be  im- 
possible to  suppose  that  the  electric  fluid  cuulJ  {iroceed 
in  a  very  condensed  stale,  from  an  arrangement  ut  bodies, 
wiufih,  whether  more  or  less,  arc  however  all  good  con- 
fluid  was  much  con- 


when  two  pinies  em  nMlied  in  dto 

experiment  hat  been  already  mentioned ;  but  when  the 

battery  i>  used,  the  senkaiiuti  uf  a  flash  may  be  produced 
ill  variuus  ways.  If  one  band  or  both  be  placed  in  per- 
fitt  cdiitact  Willi  <iiie  extremity  of  the  ballery,  and  al- 
nxi^i  any  (i;irt  oi  the  fiicr  b>-  brought  ioto  contacuviih  the 
otlit  r  rxlrcniily  of  the  biiltcry  ;  the  llitili  will  iip|M"ar  very 
distiiitl  y,  llie  opi  ralur  bciii^  in  ihe  dark,  or  kiepinj;  hit 
eyes  !■  but.  'Iliis  lluili  Hpjiiar.t  >ery  sironj;,  wben  a  wire, 
that  proctfdi  from  one  ixireniily  of  tlic  oattery,  is  held 
betwefU  the  teeth  and  le^ls  en  the  tongue,  while  tbo 
other  wire  is  held  in  the  band  ;  and  in  this  case,  tbc  lipe 
and  tongue  are  coneahed,  the  flash  appears  before  the 
eyes,  and  a  very  pungent  taste  is  perceived  in  the  mouth. 
If  any  part  ol'  the  human  faoiqr  Airnun|  part  of  the 


ductoTS  of  electricity ;  for  if  the 
densod  at  one  extremity  of  the  battery,  and  much  rarefied 

•t  the  other  aslmmity,  the  condensation  would  soon  b«  circuit  of  a  calvanic  battery  be  ke|it  t 

■nde  thnNtth  ihe  pik  itieif :  nnd  indeod  it  is  difirnit  to  tuation,  the  imtation  «r  norahiina  ii  move  or  icm  diiiln«U 

canuwcbcnd,  why  thia  eomp««Mtioo  doaa  not. take  plaee  and  mure  arim  pnlofiil,  necofding'to  the  iOHtUlity  of 

in  all  eases.  the  parts  conoernoi. 

Having  mentioned  above,  that  the  charge  of  a  galvanic       The  above  are  some  of  the  most  popular  experiments 


pile  or  battery  may  be  communicated  to  a  conimen 
electric  battery,  it  ib  Minrfly  nere&sary  to  observe,  that 
the  same  may  be  coiiin-uriicatcd  tna  condenser  or  a  mul- 
tiplier; and  from  hence  lo  the  electroim  'l:  ,  rtinl  it  ihc 
pile  consists  of  200  repetition*,  the  ekcK.jincUr  will  be 
atl'erted  by  simple  contact. 

'  Tlie  spark  ur  the  discharge  of  an  electric  battery,  when 
sent  through  thin  inttammable  bodies  that  arc  in  contact 
with  the  common  or  oxyi;rn  air,  sets  them  on  fire,  nnd 
consumes  themwUh  WOndertui  activity:  it  also  (ita  gun- 


that  are  made  by  means  of  a  galvauic  battery ;  but  by  far 
the  greater  nunilu  r  <,f  ;i,  is.>  that  have  been  made  havn 
been  directed  to  clmmral  purposes,  and  the  results  that 
have  thus  been  obtained  are  niily  <  .rious  and  interest* 
ing:  an  eNti  nsive  held  has  thus  bi<  n  opened  for  chemical 
research,  too  vast  for  human  Conception,  by  the  intro- 
ducliun  of  this  powerful  agent  -,  ami  more  discoveries 
have  through  its  means  been  made  in  one  year  than  per- 
haps any  one  century  can  boast.  But  these  experiments, 
as  we  before  observed,  do  not  properly  belong  to  a  work 


powder,  hydrogen  gas,  phosphorus,  audMhercombuslil)la  of  this  luiture ;  we  have  therefore  endeavoured,  without 

tnaiter :  it  also  renders  red  hot,  fuse;,  and  CoasunMt,  vciy  introducing  them,  to  given  fluniliar  idea  of  ihe  nature  aiii 

slender  metallic  wires,  and  metallic  Icavea.  power  of  ihi*  wondcrftil  agent. 

The  method  «f  employing  tbc  power  of  tbo  bnttety  for  ^ARDECAUT,  or  Gvakd  dv  Com,  in  ft  waitdi>  ■ 

•nch  pofpueei,  h  shown  at  fig.7i  where  a>  lepraaenta  n  that  which  stops  the  fusee,  w  hen  wound  vn^  nnd  for  tbtt 

powerful  nlvanie  hatiera ;  acor  ia  a  wire  which  comma*  end  ii  driven  up  by  the  spri  ng.   Some  call  it  fnard<caek  s 

nicaics  widk  the  flru  plate  of  ihe  battery  a ;  BKIHO  i«  olbeia  gnard  du  Gut. 

another  wire,  which  communicates  with  ihelul  plate  at  GARRISON  Cvas,  such  as  arcmoonted  and  used  in 

u  ;  DE  and  lit  arc  two  glass  tubes,  through  which  those  agarrisun,  cunsislinn  of  tbc  lolliiw  iii;  .vcights,  viz,  the  42, 


wires  pass,  and  into  which  tiiey  are  I'astcned  sulKcienily 
steady  :  these  tulics  serve  to  move  the  wires  by  ;  or  if  the 
operator  applies  bis  lin^'urs  to  the  middle  part  of  (hose 
tnbi  s,  he  limy  move  the  wires  wherever  he  ph  aM-?,  with- 
out the  fear  of  receiving  a  shock.  If  she  two  exiiernities 
r,U,are  brought  suilicienlly  ncartocaeh  other,  the  spark 
will  be  seen  bi  lwi  i  n  them  ;  and  it  is  between  those  exlrc- 
iDilin,  ti  nt  il  r  com' usliblc  substances,  or  metallic  leaf, 
is  to  be  placed,  in  ordfitu  be  lircd  or  consumed  ;  nnd  in 
the  figure  is  shown  the sitnatiou«  ef  the  wires,  as  they  must 
be  pouted,  in  order  to  accomplish  the  firing  of  gunpowder, 
or  the  fnsicm  of  metals,  &c,  &c.  A'  bktieiy,  consisting 
of  200  pairs  of  metalUe  plaiesi  copper  and  ainc, 
each  five  inches  iquaiv,  will  melt  i  inches  of  vesy 
Ane  iroB  wiro} '  and  a  phlinn  wiro  nbout      of  an  inch 


3'J,  '24,  18,  1:?,  9,  and  6"  pounders;  being  made  either  of 
brass  or  iron. 

Tahle  <(f  ihe  IFei^ht  iind  Dimensions  of  Garruon  Gmu, 
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OAS.  The  term  gas  (with  the  exception  of  tfa«  common 
°wr  we  breathe)  h  uxd  to  signify  any  pcnmiinitly  elastic 
vvhalation  afTorded  in  chemical  pcoccMM.   It  wn  oii- ' 
ginully  giv(^ii  by  Vui  Helnont  to  iIm  vapour  of  chafOOlli 


the  same  with  the  Ruid  calM  ixedair;  and  some  other 
factitious  airs;  (iiitl  from  bin  has  bi'en  cmpluyed  Uy 
modern  plliloMphen  as  »  g^tsl  iwiBo  for  all  tiie  iluidi 
wUcli  areologjr  it  conwrnnt. 


dioat ' 


Tab  LB,  »buwiiit(  the  absolute  weights  and  specitic  gravuies  of  gases,  and  the  quantity  of  each  absorbed  by  water 

TempcrtUure  Ou"  FuMrenhcU,  BaroHuler  '2915. 
li.denotc» BfiMon t  Cr.Cnticltihank ;  D.  Davy:  D«l,Ualion}  Dei.Deiman)  U.  Henry;  K.Kirwani  S.Shuokburghi 

'   •  T.Thomnm;  TlkThonaid:  Tr.lVomtdofff. 


Nitric  I 
Sulphor 

Vapoorof  atbtf  • 
MuriatiC4«id  -  - 
Vapoar  ofakaliol 
Nitrous  osida  • 
Carbonic  acid 
Ditto  ditto 
Muriatic  acid  -  • 
Sul|ihureticd 
Nitric  oxide 
Ditto  ditto 
Oxyt^n  gas 

S.ili)liiircticd  hydrogen  -    -   •  • 

Dxvgcn  gas 

Atmospheric  air  -    -    -    -    -  - 

Azotic  ^aa 

Ditto  

Carbonic  oxide  ------ 

Olcfiant  gas 

Hydro  carburet  from  lUgnant  water 
Ditto  from  coal 

Ditto  from  ether  ------ 

AmnMBia  - 

Ditto  -..« 

Arsenicated  hydrogen  ga»    -   »  . 
Hydro  carbaiet  from  akohol^ 
Ditto  from  walar  m    '   *'  ' 

Hydrcpen  gas  -  - 

Plios(/liurfrte(i  hvtir 


The  foUowitig  are  the  experiments  made  by  profi 
Jacquin  of  Vienna  on  the  anh  rent  gases,  as  the  vehtrle 

of  sounds.  A  gluss-bpU  being  furnished  with  a  metallic 

stopper  comtr.O'l  '.'>  .1  mck  at  the  lop;  and  in  the  hr,n- 
of  this  cock  within  ihv  glius.  n  smnll  tlute  ur  ptwtrr  (claiii) 
about  six  inchis  in  length  ".15  iixi-il.  The  glass  b«-ing 
then  placed  on  the  sbelf  of  the  pneumatic  vessel,  and  filled 
with  any  parttcnlar  kind  of  gns,  a  bladder  also  .filled  ^Mth 
tha  wme  gas,  and  provided  with  a  cock,  was  adapu  d  to 

'  iba  esiernal  aperture  of  the  cock  belonpng  to  the  bcll- 
glaii.   In  this  diipoiiUon  of  the  apparatus  the  flute  was 

.  made  to  sound  by  (tntly  pressing  t  he  bladder.  Compara- 
tive expcrimenii  mm  abo  mada  with  atmoiplMtic  air, 
axygrn.  hydrogen,  cariwnlc  aicid,  aad  nitWM  pa.  The 
intensity  of  the  sound  did  not  vary}  but  when  compared 
with  that  produced  by  atmospheric  air,  the  oxygen  at 
forded  a  sound  half  a  tone  lower;  aiotic  g^SNMlcd  by 
different  methods,  constantly  gave  a  sound  naif  a  lOBa 
lower;  hydrogen  gas  pave  nim-  ;ii  tWvcii  tnins  higher; 
carbonic  acid^  ^ve  one  third  lower;  anii  uiliotugas 


W.  ,;hl  <iif 
I  uO  ruKic 
iikKf*  in 

1             Specific  Gravily. 

Nuntief  of  cabk  uk  lie 
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also  very  i><  ally  a  thjtd  towv.  A  ■ixlnre  o.f  oxygen  gas 
and  asote,  in  the  pivpOltiOM  coaiaiacd  in  atmospheric  air, 
afforded  the  tone  of  this  last ;  that  k  to  say,  it  was  half  a 

tunc  higher  than  each  of  the  compon«nt  part^  ali  n. . 
W  hen  the  two  gases  were  not  uniformly  mixed,  tla-  bour.d 
waj  abominably  harsh.  Chtadiii  intends  to  give  a  iulli  r 
account  of  these  interesting  t.xptriiucnts.  Juurnai  de 
Plivsnpse.  vol.  4,  N.S.  p.  57. 

GASCOIGNIi,  an  ingcmoiis  youns'  nstronomcr  of  Ijn- 
cashire,  who,  about  the  year  I610,  made  many  ctirious 
observations  on  some  astronumicul  objects,  and  greatly 
improved  tbaS  science,  by  the  invrniioii  of  the  micromo- 
tcr,  and  by  applying  t^cscopic  sights  to  aMronomical 
quadnutau  fiaeaceamlaof  his  inventions  in  the  article 
MicroHKler.  See  alio  my  Abridg.  of  the  Philos.  Trans, 
toi.  i,  f.  1^  19s,  and  vol.  x,  p.  369- 

Mr.  Gaaeoig^  sna  ilaiB  in  tho  civil  waA  in  the  time 
of  Chaila*  i. 

GASSENDI  (Petbb),  one  of  tb«  moMcriabnled  i^' 
kaophen  France  has  produced,  was  bma  at  T" 

4D 
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about  3  miles  from  Diffi%  in  Provence,  in  the  year  1592. 
When  u  cLild,  !ie  took  great  Jcliglit  in  gazing  at  (he  m<nm 
ai:d  >t;iis  u ill  never  they  appeared.  This  plea*',irc  oiu  n 
drew  linn  iiitu  bye-pluccs,  Uiut  he  might  feast  \as 
freely  aiiU  undiaiarbcdi  by  wbicb  nram  hit  parents  liuJ 
him  odeii  to  ipckt  widi  ntwy  MilEiaut  fern  and  apprehcn- 
aioDf .  In  CQWtqncKC.  of  tbii  proniiung  di>p«silioti|  he 
wa*  wnt  to  iho  best  achoolh  to  cvlUwIe  it  with  ibt  iik- 
•troction  of  the  first  maitaa.  pmliicd  lo  well  by 
theie  aids,  that  b«  ww  itiviieil  to  be  profoaor  of  rhetoric 
at  Digne,  before  he  was  quite  1^  years  of  tmt,  AA*r  fill- 
ing ibis  office  three  years,  iipcn  the  death  of  bis  master  <it 
Aix,  111'  ii[)jiMiDied  t<p  sufcivil  him  iib  professor  of  phi- 
losophy. Altt  i  a  It  vv  \i  us5  ri  -iJencc  hi tl,  hi'  composed 
his  i'aradoxital  Kn<  it  it-itions  ;  \k!iicti  cuiiiin^;  lo  tin- hunch 
of  Nichohii'%  Pnii^f,  that  gieat  palruii  of  lcar:;ui!;  joiMi  d 
with  Joseph  \V.iiier,  prior  of  \'iilette,  in  ptoniotMii;  hiin  ; 
and,  having  entered  into  holy  ordi  r'.,  he  was  ijr»t  mude 
ciin(>ti  of  thi^  church  of  Dignc  and  doctor  of  divinltjt  and 
tben  warden  or  rector  of  the  &auie  church. 

Our  aotbof's  fondnas  for  a.>tronomy  grew  up  with  his 
yaais}  and  his  reputation  daily  increasins;,  he  was  ap- 
pointed the  Un^S  professor  of  tnnthematics  at  Paris  IB 
l6'45>  This  inMitutioii  being  chiefly  intended  for  astro- 
nomy,  fieiiffldi  read  lectniel  on  that  science  to  a  crowded 
oadieBoe.  However,  he  did  not  hwg  eiyoy  thia  aituatioB  ; 
for  B  dat^erous  cough  and  infiammation  of  the  innp  ob- 
ligMl  him,  in  16'47>  to  return  tti  Dignc  for  the  benefit  of 
his  native  dir.  Having  thus  and  by  the  inlermiaston  of 
hi«  «.tiiili(s,  n  covi  rtd  ins  health,  he  again  returned  to  Pa- 
ris in  I'j.i.;;  where,  iifter  tirst  writlDK  and  publishing  the 
livi-s  of  Tvcho  Bridie,  Cupeiiiicii*,  Purbach,  and  lie^ic- 
moniaiiu^,  m  1054  he  n^»m  renrwcd  his  astrunomical  la- 
bours, v»ilh  the  design  of  cuinjilcting  the  »y»tem  of  the 
heavens.  But  while  Iip  "iis  tlius  employed,"  too  inten»ely 
for  the  feeble  -itntc  of  his  health,  ho  relapsed  into  liis 
former  disorder,  under  wbich,  nitb  the  aid  of  too  copious 
and  numerous  bleedings,  by  order  of  three  pbyticienif  he 


expired  in  tbe  year  16^5,  at  63  ycaraof  0«. 


GATE,  in  Architecture,  a  l^rge  door  leading  or  giving 
entrance  into  a  city,  lown,  Castle,  palocc^  «r  ' 
derable  building. 

Gate,  in  Fortification,  is  made  of  i 
iron  bars  to  ojiposc  an  enemy.  They  are  generally  i 
in  the  middle  of  the  curtain,  vviience  they  arc  seen  and 
defended  by  tiie  two  flanks  of  the  bastions.  Tbcy  shonU 
be  covered  with  a  good  ravelin,  that  they  my  not  be  wtK 
or  iofiladcd  by  the  enemy.  These  gates  bcMUgiBg  In  • 
fortified  place,  arc  pasingcs  through  tbe  renparti  which 
nmy  be  tbut  and  opened  by  means  of  doors  enil  m  port- 
cullis.   They  are  cither  private  or  public. 

Private  Gales,  urc  those  passages  by  which  the  troop* 
can  go  out  of  tlie  town  unseen  by  the  enemy,  when  they 
to  ntid  Iro  on^thf  ri-lii  f  of  llic  duty  m  itie  outworks, 
or  on  uny  other  oCcaMoii  which  is  to  be  conccah  d  Irom 
the  besiem  r^. 

Public  Gates,  arc  those  passnget  through  the  middle  of 
such  curtains  to  which  the  great  roads  or  public  ways 
lead.  The  (dimensions  of  these  arc  usually  about  13  or  14 
feet  high,  and  9  or  10  feet  wide,  continued  through'  the 
nimpari,  with  proper  recesses  for  foot  potan^rs  to  stand 
in  out  of  the  way  of  wheel  carriage 

G AUG i>XiMr, a  line onihe  commoo  Mtngjag rod, used 
for  the  purpose  of  HMi^itg  liquids,  SceCAtwiiia-Andl 

QAVOtfPoUUt  CM  a  solid  nteasure,  is  the  diameter  of  • 
circle,  whoee  em  is  expressed  by  tiie  sane  aumbcr  as  tiM 
solid  content  of  that  measure.  Or  it  is  the  diwncter  of  • 
cylinder,  whose  altitude  is  1,  and  its  content  the  same  as 
of  that  iTieii>uie.  Thus,  the  sulii!  content  of  a  wine  g|il* 
Ion  being  '231  cubic  ii«ch<  s;  il  a  circle  be  cencciveo  tO 
contain  so  many  square  inchrs,  in  diameter  will  be  17*15 ; 
which  is  thrrel'orc  the  gausc-point  for  wine  meiiiure.  And 
an  ulf-u'ull'jn  couIainM\<;  'JS  J  cubic  inches  ;  by  the  same 
rule,  llie  f;iu)f;< -pi  int  for  ah-  niea«uri'  will  be  found  to 
be  18"95.  In  hkc  inamur  may  the  zauge-point  for  any 
other  measure  bedelermiix  cl.  llrncL-  it  fullows,  that  when 
the  diameter  of  a  cylinder  in  inrh<>i  is  ecjuui  to  the  gange- 


i  wrote  against  the  mdapbyiicu  meditations of 
Demflesi  and  divided  with  tltat  great  naa  the  pbiloao- 
phtti  of  bk  line,  alnaat  all  of  whoa  were  either  Carte- 
liausotGasscndists.  Tohlshoowlefaeiiiphiloaopliyaad 
mathematics,  he  joined  profennd  erudition  and  deep  skill 
in  the  languages,  lie  wrote,  1.  Three  volumes  on  Epi- 
curns's  pbilosophys  and  six  others,  which  contain  his 
own  philoiophy. — 2,  Antronomical  Works. — 3.  Tbe  Iim-s 
of  Nicholas  de  Pciresc,  E)iicurus,  Copernicus,  Tyclio 
Brahf,  Purbach,  and  Hrji'>nionlanus. — 4.  Kjiisths,  and 
other  treatises.  All  his  woiks  vm  ic  tiillccttd  tnpi  lher, 
and  piintoil  at  Lyons  in  1658,  in  (i  volumes  fulm. 

Gass<  n(li  v^as  the  (in.t  pi  rs-on  uJio  saw  the  tra;)sit  of 
Mercury  ovi  r  Ihe  sun, \i>',  Nov.  7,  l(i3l  ;  as  llorrox  first 
predicted  and  showed  tbe  transit  of  Venus.— Uis  library 
was  liiru!  and  valuable:  lu  which  he  added  an  asmoBomi- 
Cal  and  philosophical  apparatus,  wbich,  fur  ihcir  accuracy 
fUd  magnitude,  were  purchased  by  the  emperor  Ferdi- 
nand ut.^lt  appean  by  bis  U  ttera,  printed  in  the  6'lh. 
volume  of  his  works,  that  Im  w  as  ofu-n  consul  ted  by  th« 
moat  cdchratcd  astronomrrs  of  bis  time,  as  Kcplrri  Lon- 
gpmontanos;  Soell,  Hevelius,  Galileo,  Kirclier,  Bullinld, 
■nd'olheR}  ■ad'ha  haagrncrallv  been  esteemed  one  of 
ibe  founders  of  the  tvibrBcd  philosopiiy,  iu  opponiion  to 
'  the  groundless  hypotheses  and  ei 


'     point  in  any  measure,  i^iven  likewise  in  inches,  every  inch 


slotk  and  the  achoofaacB. 


ea^ty  sablletiss  of'Ari- 


in  its  length  will  cuiuuin  an  integer  of  the  same 
80  in  B  cylinder  whose  diameter  is  17-1$  inches,  every 
inch  in  hei^  cnolaim  one  entire  pllon  in  wine  mcoMnei 
and  in  nnotber,  whose  dianeier  is  18*90,  cwy  laeh  ia 
length  contains  one  ale  gallon. 

G.^UGER,  an  officer  appointed  by  the  commissioners 
of  excise,  to  gauce,  measure,  or  examine,  M  casks,  tuns, 
pipes,  h.irrels,  hogsheads  of  beer,  wir.e,  oil,  <^t. 

G.\L(lIJsG,  the  art  or  net  of  measuriiiL;  the  capacities 
or  contents  of  uli  kinds  of  vet'eU,  and  ih  t<  riMnin;;  the 
quantity  of  liuids,  or  otSur  matters  contained  in  them. 
I  hcso  are  piinci|\'l!\  jnpcs,  tuns,  barrels,  rundlels,  and 
oilier  cusl>s;  also  bucks,  cooler?,  vats, &c. 

As  to  the  sidiil  contents  of  all  prismatical  vessels,  as 
cubes,  parallelt'pipedons,  cylinders,  &c,  they  are  found 
by  mtiltiplying  the  area  of  the  base  by  the  ir  aldtudf.  And 
the  contents  of  all  pyramidal  bodies,  and  cones, are  e<|iral 
to  I-3d  of  the  same. 

In  gauging,  it  has  bees  usiul  to  divide  casks  iaio  torn 
vBrivtics  or  fonus,  denominated  is  follows^  jtron  the  sup- 
posed rcssmUaoce  tbey  btiir  to  tbe  fiastuais  of  soUds  oC 
tbe  same  names:  vis, 

1.  The  middle  frustum  of  a  spheroid, 

2.  The  middle  frustum  of  a  parabolic  spindle^ 

3.  The  two  equal  frustums  of  a  paraboloid, 

4.  The  two  equal  frustums  of  a  cone. 
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And  particular  rules,  adapted  to  each  of  th«c  fornii,  conicnt  of  a  cask  whose  diagonal  measures  34-4  inchtii/ 

may  be  found  in  mast  books  of  gauging,  and  in  my  Men-  which  answen  to  the  cask  in  the  for.^oing  example,  whoM 

juration,  p.  436',  &c.    But  as  the  form  in  iraaginary,  and  head  and  bung  diamitcrs  arc  32  and  2f,  and  length  40 

only  guc»sed  at,  it  seldom  happi  ns  that  a  true  solution  ii  inchw;  for  if  to  the  square  of  CO,  half  the'  length,  be  added 

obiuint-d  in  this  way  ;  besides  which,  it  is  very  troublesome  the  square  of  28,  hail  the  sum  of  the  diaini  ti  rs.  the  squiire 

Blid  inconvi-nicnt  to  have  so  many  rules  to  put  hi  prac-  root  of  the  sum  will  he  34-4  marly.    Now,  to  this  dia- 

1  »hall  thori  lorc  give  here  one  rule  only,  from  goiial34-4,  corresponds,  on  tho  rule,  the  content  91  nlfi  : 


tice. 

pa.  451  of  that  book,  which  is  not  only  general' for  all 
cufiks  that  arc  ceiiimonly  met  with,  but  quite  easy,  and 
very  accurate,  ns  having  been  often  verified  and  proved 
h\  hlliiig  the  casks  with  a  true  gallon  measure. 

General  Rule.    Add  into  one  sum, 
39  flmcs  the  square  of  the  bung  diameter, 
23  limes  the  square  of  the  head  diameter,  and 
86  times  the  product  of  those  diameters; 
multiply  the  sum  by  the  length  of  the  cask,  and  the  pro- 
duct by  iho  number  '00034 ;  then  this  last  product  di- 
vided by  9  will  give  the  wioc  gallons,  and  divided  by  1 1 
will  give  the  ale  gallons.' 

Or,(39B*  •*■  25n'  -»-  26iin)  x      is  the  content  in  inches; 

vthich  being  divided  by  231  for  wine  gallons,  or  by  282 
for  ale  gallons,  will  be  the  content. 

For  Example.  If  the  length  of  a  cask  be  40  inches,  the 
bung  diumcier  32,  and  the  head  diameter  24. 


Hero 
and 
and 


32' 
24'  > 
32  *  24 
the  sum 


39    =  3U936 
25    =  14J00 
X  26  =  19968 
74304 


multiplied  by       •  40 

anddivid.  by  114)2972l60 

gives       -       -       26071  cubic  inches; 
this  divided  by  231  gives  112  wine  gallons, 
or  divided  by  282  gives       ale  gallons. 

But  the  common  practice  of  gauging  is  performed  me- 
chanically, by  means  of  the  gauging  or  diagonal  rod,  or 
the  gau^ig  sliding  rule,  the  description  and  use  of  which 
here  follow. 

GAUGiyc,  or  Diagonal,  Rod,  is  a  rod  or  rale  adapted 
for  determining  ihe*contents  of  cakks,  by  measuring  the 
diagonal  only,  y'li,  the  dia;;onal  from  the  bung  to  the  ex- 
tremity of  the  opposite  stave  next  the  hcnd.  It  is  u  s(|UHrc 
rule,  having  4  »ides  or  faces,  being  usually  4  fi'et  long,  and 
folding  together  by  means  of  joints.  On  one  face  of  the 
rule  is  a  scale  of  inches,  for  taking  the  measure  of  the  dia- 
gonal; to  these  arc  adapted  the  areas,  in  ale  gallons,  of 
circles  to  the  corresponding  diameters,  like  the  lines  on 
the  under  sides  of  the  three  slides  in  the  sliding  rule,  de- 
scribed below.  And  on  the  opposite  face  are  two  iCuK^, 
of  ale  and  wine  gallons,  expn&^ing  the  contents  of  casks 
having  the  corresponding;  diagonals;  and  these  arc  the 
lines  which  chielly  constitute  the  dilfcrencc  between  this 
instrument  and  the  sliding  rule ;  for  all  the  other  liurs 
upon  it  are  the  same  with  those  on  that  instrument,  and 
arc  to  leu^ed  in  the  same  manner. 

7'oiuf  the  Diaf^onal  Rod.  Unfold  the  rod  quite  straight 
and  put  it  in  at  the  bong  holp  of  the  cask  to  be  gauged, 
till  its  end  arrive  at  thcinterM-ction  df  the  head  and  oppo- 
site slaw,  or  to  the  farthest  possible  distance  from  the 
bung-hole,  and  note  the  inches  and  parts  cut  by  the  mid- 
dle of  the  bung;  then  draw  out  the  rod,  and  look  for  the 
same  inches  and  parts  on  the  opposite  face  of  it,  and  an- 
nexed to  them  arc  the  contents  of  tixc  cask,  both  in  ale  and 
wine  galloni;.  , 

For  Etample.  Let  ii  be  required  to  find,  by  this  rod,  the 


gallons,  or  111  wine  gallons;  which  ore  but  I  lis*  than  ' 
the  Content  found  by  iIk-  former  oeof  ral  rule  above  given. 

Gacuino  Rule,  or  Sliding  Rule,  15  a  sliding  rule  part^ 
culnrly  adaptcil  to  the  purposen  of  ganging.  It  i*  a  square^ 
rule,  of  four  faivis  or  sides,  three  of  which  are  furnished 
with  sliding  piece*  running  in  grooves.  The  lines  on  thes«  . 
face*  arc  mostly  logarithmic  ones,  or  distances  which  arc 
proportional  to  the  higarithms  -of  the  noinU  rs  placed  at 
Iho  end*  of  them  ;  which  kind  ol  lines  was  dj'posi  d  first 
upon  rulers,  by  .Mr.  tdmtind  Gnnter,  for  expeditiously 
performing'  arithmetical  operations,  using  a  pair  of  com- 
passes for  taking  off  and  applying  the  several  logarithmic 
distance;.  Instead  of  the  compasses,  sliding  pieces  were 
afterwards  added,  by  Mr.  Thomas  Kverard,  as  more  cer- 
tain and  convenient  in  practice,  from  whom  this  sliding 
rule  is  often  called  Everard's  Rule.  For  the  more  parti- 
cular description  and  uses  of  this  rule,  see  my  Mensura- 
tion, p.  429,  4th  ed. 

The  writers  on  gauging  are,  Beyer,  Kepler,  Decbalet;^ 
Hunt,  livcrard,  Dougherty,  Shettleworlh,Shirtcliffe, Lead- 
better,  Moss,  &c.  • 

GAZONS,  in  Fortification,  turfs,  or  pieces  of  fresh 
earth  covered  with  grass,  cut  in  form  of  a  wedge,  about  a 
foot  long  and  half  a  foot  thick,  to  line  or  face  the  outside 
of  works  made  of  carlh,  to  keep  them  up,  and  prevent 
their  moulderini;. 

GtLLIBR.-\ND  (Ilixttv),  professor  of  astronomy  at 
CJrcsham-collcge,  was  born  in  Lond<in  the  !i7tli  of  Nov. 
1597.    He  was  sent  to  Trinity-college,  Oxford,  in  J6l5,  • 
and  took  his  degree  in  arts  10 19.    lie  then  entered  into 
orders,  and  became  curate  of  Chiddingstone  in  Kent. 
Afterwards,  taking  a  great  fancy  to  mathematics,  by  hap- 
pening to  hear  one  of  Sir  Henry  Savilk's  lectures  in  that 
science,  he  iniraediutely  applied  himself  to  the  close  study 
of  that  noble  science,  and  rx  linquished  his  fair  prospects 
in  the  church.  Content  with  his  private  patrimony,  which 
was  now  come  to  his  inheritance  by  the  death  of  his  fa- 
ther, the  siinie  jear  he  entered  again  a  student  at  Oxford, 
making  mathematics  his  sole  employment.  Ho  made  such 
proficiency  in  this  science  before  he   proceeded  a.  m.,/. 
which  was  in  1623,  that  he  drew  the  Btiention  and  inti- 
mate friendship  of  Mr.  Henry  Briggs,  then  lately  removed 
from  the  geometry  profess<^>rship  in  Grc«hnm-collegc  to 
that  of  Savilian  professor  of  geometry  at  0.\ford,  by  the 
founder  Sir  Henry  Savillc,  and  who,  upon  the  death  of 
Mr.  Gunier,  procured  for  our  author  the  professorship  of 
astronomy  in  Gresham-college,  to  which  he  was  elected 
in  the  beginning  of  the  ye/r  1637.   Hi«  friend  Mr.  Brig«s 
dying  in  I63O,  bi-forc  he  had  finished  the  iiitmduction  to  . 
his  Tiigonoinetria  Britunnicu,  Ik-  recommended  the  com- 
pleting and  publishing  of  that  woi  k  to  our  author.  Gelli. 
brand  accordingly  added  a  preface,  ami  the  application 
ot  the  logarithms  to  plane  and  spherical  trigonometry,  ice, 
and  the  whole  was  printed  at  Gouda,  under  the  care  of 
A<irian  Vlacq,  in  I6.J3. 

While  Mr.  Gellibrand  was  preparing  that  work,  be  was 
brought  into  trouble  in  the  high-commission  court,  by  Or. 
Laud,  theo  bishop  of  London,  on  account  of  an  almanac, 
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piiliUslK'd  by  William  Benic,  M-rvunt  to  Mr.  Gcllibrand, 
lor  ihv  yvar  Idol,  with  ihe  approbalion  of  hi*  raUlm*. 
Ill  thi*  ■Imsiiuc,  tlie  popub  saitiis  (hen  wualljr  put  into 
cakudan,  were  omittid,  aiid  the  iiuiues  of  othar  taints  and 
nartyn,  aictitioard  ia  the  Book  of  Manyn>  «n«  jolaced 
in  their  ttead,  as  thej  rtand  i»  Piif*  cdcodn*.  Jtut,  H 
wKontt  gave  much  cffntce  to  |he  bidu>|i»  and  oceatiouod 
Ihe  protvcution.  But  when  the  came  cmme  lo  be  heard, 
.it  itp|>pari'(I  tliat  other  almanacs  of  the  Mune  kind  bad 
furiiirrlv  bt cn  printed  ;  tipun  whicb,  both  mantt-r  nnd  inuii 
were  u(.-<]uai>  d  iiy  Ai>|i.  AOIait  ami  iln'  uln  '■■  i  i.urt,  Lund 
only  (XCtpIi'ii;  wliuli  vwii  altir«;ira  iiiaili-  uni^  of  the 
utlirlcs  agaiuBt  liiin  on  lii'>  <i',mi  inai. 

k  iecms  Gcllibr.ind  "iu  slioiigl^  atlnclml  t-i  tlii"  r,l;l 
I'loleuiaic  >Vitf"i.  I  <  !  «heri  In-  «ciit  <iM  r  In  Holland, 
about  tliv  prinlin<;  ot  ISrigCi't  book  above  luciitiulu  d,  hr 
had  some  dhkCourtc  with  LnDbbcrn,  un  riniiuiit  brullier 
astronomer  in  Zcalund,  uho  aftinning  tbat  lie  was  fully 
pvisuaded  of  the  truth  uf  the  Copernican  system ;  otir  au< 
tber  oteerxcj,  "  ifaut  this  so  &t\1t-:l  «  tiutli  he  should  i«' 


•tty  given  ,  sound,  however  sitnple,  produces  along  with 
itinf,  I  til  octave  and  two  oUier  Mundt  extremely  sharp, 
viii  iu  12th  aiwvo,  that  is  toia^,  the  ocU«e  of  iti  fifth; 
aod  the  other  the  I7tb  above,  off  in  other  words  ^  doubh 
oehiw  of  it*  third  aujar. 

.  Whether  weMi^pgsetliis  procrretian  ofioaaAtoretnlt 
fmm  an  aptitude  in  Ihe  texture  and  magnitude  of  certain 
particles  in  the  air,  for  convcylni;  to  our  em  vibrations 

tlint  brar  thu«c  |jiopr>rtions  one  in  another,  as  being  dc- 
krmined  iit  onco  by  the  pnrtiul  and  total  oscillations  of 
any  iiiU4ic;il  <ntv^  ,  m  iVdin  whatmer  (Economy  of  /lulurc 
we  chiioi:  III  ti.icc  It  ;  llic  power  of  <>nc  sound  iliu»  lo 
pii.iiiKf  iirn'il  CI,  «!.( II  111  uciion,  isiiiid  to  jjencralc.  Ybc 
b.i.  .1  »i>id  in  appliecl  by  ijignor  Tariini  and  bis  followers, 
Iu  ^my  ttvo  wunds  which,  aiwttltaiicouily  heard,  produce 
a  lliiril. 

CiKNKl'.A'I'KD,  is  used  by  some  matlirmalieal  wrHers 

for  whatever  i»  produced  ty  ariihnieticiil  opcrntion,  or  in 
pebnielry  by  tlie  inotioii  of  other  ir.ap;nitudcs.    Thus  20'it 


the  pioduc:  ;;enerute<l  of  4  u:kI  5  ;  ab  tliiit  of  a  and  4, 
ceiveasan  hypothesis;  and  so  be  eujily  kd  on  to  the  C00«  S,  10',  a.  r,  tlie  jiowers  g'niruted  of  or  from  the  root  2, 
•ideFBtioN  of  the  imbecility  of  man's  apprcbausion,  aVnot  and  a-,  a\  o*,  iic,  thoao  from  the  root  a.  So  also,  a  cir>> 
able  rightly  to  ounceive  <n  thit  admirable  optlice  of  God,   cic  is  g^m-raied  by  the  leralutian  of  a  line  about  one  of 


or  fraau  of  the  w«rM,  vrithout  fidling  Ibul  «if  w  great  ah 
absurdity  f  to  firmly  was  he  fixed  in  hn  adherence  to  the 

Plolemaic  system.  Gcllibrand  wrote  several  things  after 
this,  chiefly  tendlni;  to  the  improvement  of  na\i||;atii^i, 
whit  li  vViiijIrt  |irii!jii'ji\  hu  ll  Uudier  iidv.-iijecd  l'_\  liitn, 

lind  !jI>  Ii;e  In'i'ii  r^'lilhuiid  UmmT  ;  I'^ut  he  was  uiuiinely 
tarrii  il  i-tl  h\  11  h  wr.  in  1(';K>,  ii(  J)l  \rar5  of  iiLie. 

I'uccliaraclerof  Ml.  Geililiraiid  l^  luat  (fa  plain,plod- 
ding,  industrious,  we ll-intontiont  d  imui,  vmiIi  littleilieell' 
tiun  or  genius.    I  lis  writing;  arc  cbietly  as  below. 

I.  Trigonumetria  Uiitmitiica;  or  the  Doctrine  of  Tri- 
ai^gles,  being  the  Id  part  of  Briggs's  work  above  mentioned. 
— ^«  A  small  tract  concerning  the  Igngitude- — 3.  A  dis- 
conneoii  the  Vanation  of  the  Magnetic  Needle;  aonocd 
to  Wright's  Errors  in  Navigation  £lcclvdw~>4.  IndU^on 
Trigonometrical,  with  i|s  a|m1icatioii  to  utroiMMny  and 


its  extremities  ;  a  mne  by  the  rotation  of  ■  rigbl-aagled 
ttiangli-aboiit  if  ;  <  r|ioiu!icu]ar;a  cylinder  by  the  rntfltion 

of  d  reCtaK;;Ii-  .ib.iiit  mic  nfils  *ide*,  or,  othc  rv  1%  .  Ir.  ihe 
motion  of  a  t  itil''  in  tlie  din'ction  of  u  riqht  lict ,  i;t,d  keep- 
1115  BKv:;y-  j^;!,.:..-.  1  In  ii'ih. 

G  fc.NKU  A'i  1  N  U  Z.jr:r  or  iV^'iv  r,  111  Gi  <)ini(i  \,  is  that 
whic'i,  l'\  ally  kuiil  i-f i>u;>|)OM'd  ninlMMi,  t:;.u  t'tiurate,  or 
pr<id\irr,  Millie  <iiImt  llgun-,  plane,  or  sidiil.  'l  iius  a  line, 
ucciinliic  I  '  l.uclid,  geiiernles  ucirx.K  ;  i<r  a  r.^lit-anple, 
triiumli',  a  toll.',  Arc  ;  nnd  thus  also  Archiiiicdes  supposes 
hIsspiiaK  t'j  be  £;.iu  r:ited  by  the  motions  of  ijeneratin;:  points 
and  line*.  The  figure  tbut  geiieruted,  is  called  the Generant. 

Itlaagpneral  theorem  in  geometry,  that  the  mra'iure  of 
any  generant,  or  figure  produced  by  any  kind  of  motion  of 
any  other  %ure,  or  gcneratiitf;  quuiuily,  is  equal  to  the 
product  of  this  groenting  quantity  drawn  into  the  length. 


ttavigation ;  Ivoi,  iffdS.— 5.  Epitome  of  NavigttioiH  *ith   of  the  path  dctcribed  hy  iU  centre  of  gravity,  whatever  Iho 

kind  of  nmtion  may  be,  whether  rotatory,  or  direct,  &cw— 
In  the  modem  analysis,  or  fluxions,  all  sorts  of  quaiititiea 
are  conndetcd  as  gqieraled  by  tome  such  motioo,  and  tha 

quantity  hereby  t^ncnited  is  called  a  Fluent.  • 

GKNLR.M'ION.in  .MalliviiKii'-.s,  is  used  tV.r  rho  forma- 
tion or  production  of  uoy  i;<onKtricKl  li^urc,or  filler  ;|uan- 
tiiie*.  Such  as  of  I'le  liginss  mentioiirti  in  tlir  ton  ^cing 
arlicle<s,  or  the  gem  intlon  of  equations,  cur\es,  .solids,  t^'C. 

Gi  sruATOR,  111  Music,  sjgnilies  the  principal  suund  or 
^^nunilii  by  wiiith  others  are  produced.  Thii":,  the  hnti-sl 
C  for  the  treble  of  the  harjMicbt'rd,  besiiKs  u.e  ot  la-e.  "ill 
strike  an  attentive  eur  with  its  12(h  abotc,  or  o  in  alt.  and 
with  its  l7thabove,  or  r.  in  alt.  The  c,  therefore  i:i  called 
their  generator,  the  o  and  B  its  products,  or  harraonica* 
Hut  in  the  approximation  of  chords,  for  (•,  its  octave  b«» 
low  is  substituted,  which  comtitntck  a  fifth  from  the  gpne- 
retor  or  lowest  c;  and  for<B,  it  likewise  substitutM  ita 
Uth  below,  which,  with  the  ahov^mentioned  c,  fomt  n 
third  m^jor.  To  the  lowcit  tmtps,  therefore,  exchaiqged 
for  thcae  in  alt.  by  aubstitution,  the  denominations  of  pro* 
dnctt  or  barraonw*  are  likewise  given,  while  the  c  retains 
the  name  of  their  generator.  But  still,  according  to  the 
system  of  Tarlini,  two  notes  in  concord,  which  when 
»ouudi  i!,  ptf  iii;rr  n  third,  may  be  termed  the  concurring 
generators  of  that  third.   Sec  Generation  Hainiuiuqur, 


the  oecemry  tabtet;  Svom— 0.  Soecral  manutciiptt  never 
publiihcd;  as,  The  Doctrine  cf  Eclipses,  A  Ttcntise  of 

I>un.ir  Astronoin  v  ,  .\  Treatise  of  Ship-building,  6te. 

GIC.MINI,  in  Astronomy,  tlie  Twins  i'  a  can«tellat!an 
or  ^!^n  ol  I^e  zciliac.  the  third  in  order,  re|in-srn;jii!;  (  ;is- 
tor  and  Pollux;  .uid  11  Is  marked  lliu>.  D.  Tlie  sl.irs  in 
■  the  sign  ( o  nii  Ml  iire.  1 11  I'tnii  ni \ ra!ahif;ii!'  J ,> ,  1 11  rho's 
'.^.'i,  ill  I  li  >i  liu>''5  3a,  and  ill  liic  liiiluiiiiir  rrit  ih  -lii-  ,S"i, 

GK.M.M.\  :IU.viKR),  commonly  called  (i:  r.ni.i  I  i.- 
»ui4,  trotn  ins  native  country  i'liezland,  a  Dir.' Ii  ;.li  .si- 
cian  aud  niathi-niatieian,  who  became  medical  |  li  ^  i  r  at 
Louvain,  wbtrc  he  died  in  at  SOyeari  i.l  age.  He 

wnMe,  !■  Mcthodus  .Arichnuticae :  'J.  Ih-  Usu  Annuli 
Astronomici:  3.  De  Locorura  descrihendomin  Raiione, 
deque  Oistantiis  eorum  invenicndis :  4.  Denionstratione» 
Gcoractiicie  de  utu  Radii  Attrooomici:  5.  Dc*A»tnlabio 
Caiholico  Liber,  ttc.  See  farther  under  Fniai. 
;  Gunta  (CiimMBUvi}»KW<iflhelbfiBcr,agood  aitro- 
'  «er,  wat  bom  at  Lanvain  in  iMjl,  and  died- 


1179-  He 

wrote  several  tract*,. at,  De  Prodigiova  Specie  Naturaque 
Comeix:  and  one  on  the  star  which  appeared  in  1577* 

Aiitw .  1  '78,  ill  Hvo. 

I, N [. R A'I'K.  ill  Music,  is  used  to  sienify  the  o{»eta- 
linn  v\  tnechnnual   ji  iwu  .11  niiliin,  which  ivrrv 

sound  liiis  ill  prtxiuciug  one  or  iumc  gcrKial  »ouads.  'I'tius 
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par-  M.  RuBcan ;  tee  tlte  that  delineation  of  Tsrtioi'* 

*  system  called  The  Power  and"  Principles  of  Hirniony. 

Cj F.N KSIS,  in  Geometry,  mcuns  ttiuch  the  same  as  ge- 
niraliiin  mc-::iintioii  abn'.c',  being  the  formation  of  a  lino, 
surface,  or  juiul,  by  the  motion  or  flux  of  a  point,  line,  cr 
Slirfare  ;  u'-  <j1  li  jiluljo  by  ihc  rolalion  of  a  scnii-cii cle 
abtnit  iis  (liarnc  ler,  \.c.  Ill  the  genesis  of  figure-!",  the  'n.  -' 
or  »ui'tiico  \\Un  \i  uiovef,  is  called  the  Dcjcribenl;  and  the 
line  round  wbicb,  or  according  to  which,  tbc  Kvolution 
or  othtT  motion  is  made,  the  Dirigcnt. 

GEOCENTRIC,  is  said  of  a  planet  or  its  orbit,  to  de-* 
aoie  its  having  the  lainh  for  its  centre.  The  moon  alone 
is  properiy  g^ocentrfc.  And  yet  the  motions  of  all  tb« 
pluMts  may  be  conidiend  in  icapect  of  ilie  eaith,  or  aa 
di^  appear  froiR  die  eaitbi  and  diance  ealkd  dicir  «o> 
eantric  woOohs. — Hence  abo  the  terma  (MCMMrie  pGice, 
orlatitniJe,  or  lonritode,  Sfc,  as  ezplainai  bdow. 

Gbocentki^  IWHb  of  a  planet,  it  di«  pbcewhere  it  ap> 
paan  to  as,  from  the  earth ;  or  it  Is  a  |ioint  in  theecliptic, 
to  which  a  planet,  seen  from  the  earth,  is  referred. 
.  GEOCF.itTRic  Laiiiude,  of  a  planet,  is  its  latitude  as 
seen  from  the  e.iith  ;  or  the  inclinafion  of  u  line,  connfi  i- 
ing  the  pliinet  uiul  llic  earth,  to  the  plane  ot'  the  ear;ri's 
(or  true)  ccliplic.  Or  it  i>  the  angle  which  the  said  hue, 
(connecting  the  plunet  and  the  earth)  makes  with  a  line 
drawn  t<i  meet  a  |;erpeiidicul«r latMlfrom  th*  pfauwt  to 
the  plane  of  the  rcliptic. 

.Oeoccntric  Longitude,  of  a  planet,  is  the  distance 
measured  on  the  ecliptic,  in  the  order  of  the  signs,  between 
the  gciKentric  place  anil  the  first  point  of  Arica.  ^ 

GEUD£SiA»  ia  properly  that  part  of  pmctical  fco* 
nwtty  tint  tcachM  oow  to  divide  or  lay  ont  hndi  and 
licld%  aooiig  aeveral  osrners.  ' 

GiODiaiA  ia  alio  applied,  by  tome  wiiteni  to  all  men- 
■  urementtia  the  field,  and  as  tynonymow  srilh  envying. 

OiOBBMA  ia  defined  by  Vitalis,  as  the  art  of  measuring 
Burfacea  and  solids,  nut  by  imaginary  lines,  as  is  done  in 
geometry,  but  by  sensible  and  visible  things  ;  or  by  the 
ton's  my-,  \r. 

Geodk  rii.  A  L,  !>umf  tbing  relating  to  the  art  of  measuring 
the  earth  nr  land. 

(»F.()(;ll.\l'III".R,  a  person  skilled  in  c;e<i^raphy. 

CJIiOGUArillCAL,  relatrnjlo  f;e<igr.iij|ij,  as 

Gfoohapiiicm-  .Vi/r,  the  sc-a-mile  or  minute,  being 
the  60(h  part  of  a  deerec  of  a  great  circle. 

Geoohapiiicai.  Table.    Sec  Map. 

OBOGRAPli^',  the  science  that  teaches  and  explains 
the  nature  and  properties  nf  the  earth,  as  to  its  figure,  place, 
magnitude,  motions,  celestial  appearances,  &c,  with  the 
various  lines^  real  or  imaginary,  on  itt  luriiice.— Geogra- 
phy it  diMlnguished  from  Cosmography,  as  a  part  from  the 
whale;  tUtlattercamidcriqgtbe  whole  visibla«afld,both 
lieavari  and  earth.  And  from  Topography  and  Charogn^ 
phy,  it  i<i  dlNtix^uisbcd,  as  the  whole  from  a  part.  Golnitt 
considers  geo!>raphy  as  either  exterior  or  interior:  hut 
Varenius  more  justly  divides  it  into  geoeial  and  special; 
or  universal  and  particular. 

Gtneral  ot  Univertal  Gi  or.  n  a  pii  y,  !■>  th.^t  which  conii- 
ders  the  earth  in  {general,  without  regard  to  particular 
countries,  or  the  alVections  common  to  the  whole  glebe: 
as  its  fjqure,  iniignii  tdc,  motion,  land,  siu,  &c. 

Sp,-ci/J  iiT  Pailic  n'ar  GKoOEAPnY,  is  that  which  cmi- 
tem^dates  the  constitution  of  ihesevrral  particular  regions, 
or  countries ;  their  bounds,  figui%,  climate,  seasODS, 
ther,  inbabilanti,  acts*  ciutomi»  kuigiui^  Ac. 


*  Hittory  qfOiUGKATui.  The  study  and  practice  of 
geiignipby  must  have'commencetl  at  a  very  early  period 
of  the  world.  By  the  nccounis  have  remainitm.  it  ap- 
pears  this  science  «a>  in  Hmon::  tin-  Il:;i:)  .<»iii:ii;«,  Ara- 
bian?, and  Fj;y|iti:ins,  fri'ir,  \>lior!',  u  |  c.,  ed  to  Ihr  Greek* 
flr^t  <it  ain  huri  prans,  ami  fioiii  tiie»e  isiiccrsiivrly  (o 
the  Komans,  and  tbe  «<"'t<  rii  nation',  <•(  Furnpe.  Hero- 
dotus rehit«  that  the  (iruki  li:st  hiiriied  the  pole,  the 
gnomon,  and  the  I  J  <luisiens  i(  tin-  d;iy,  Iroin  the  B«- 
byloniaa';.  Hut  Pliny  and  Uiogems  l.m  rtius  assert,  that 
Tbales  of  iMiU  ius,  in  the  (iih  century  before  Christ,  first 
discosen  d  the  pnssage  of  the  tunfrom  tropic  to  ltt)pic,and 
if  is  said  H,t«  the  author  of  two  books,  the  one  on  the. 
tropic  and  tbe  other  on  the  eqninox ;  both  probably  de- 
termined by  neana  of  the  gnomon ;  whence  he  was  led 
to  the  discovery  of  the  four  seasons  of  the  year,  which  an 
determined  bjwt^c  e({uinoxes  and  yolsiicei.  It  is  howeser 
probable  that  he  learned  these  things  of  the  %yptians,  as 
well-as  hn  dintion  of  the  year  into  3^  days.  This  it  is 
said  was  invented  by  the  second  Mercuiy,  sumnmrd  Ti  I^- 
megistus,  who,  according  to  Eusebitts,  lifed  oU^ut  Mt  years 
after  the  KmkIus.  I'liny  expr«">.sly  infnrm»  us  that  this 
discovery  was  iiimle  by  oh*erviiis;  when  the  shadow  return- 
ed lo  it!>  liuuks  ;  a  sufficient  jiro.  f  tliul  it  uai  bv  iho  ;;n(>- 
nion.  It  i-iuUo  Miid  tlitit  Thiiles  c(ini!ruc  t<  d  a  globe,  and 
rc]iroseii!ed  the  land  and  sea  upon  a  table  <it  brass.  Fur- 
ther, that  Atia\imnndrr,  a  diKiple  of  Tbalos,  (iisl  tlrew  the 
figure  of  tbe  ea:iti  upon  a  globe;  and  that  Ilecatzus,  De- 
mocritus,  Eudoxus,and  others,  formed  geographical  maps^ 
and-hroaght  them  into  common  use  in  Greece. — Meton 
and  Euctemon  observed  the  summer  solstice  at  Athens^  on 
the  27th  of  June  432  ycais  befoio  Christ,  by  watching  nar- 
rowly tbe  shadow  of  the  gnomon,  with  the  dcs^  of  fixti^ 
the  beginning  of  their  cycle  of  19  yean. 

Timochurl^  and  ArisQllis,  who  began  their  observations 
about  3>J5  B.  C,  it  teems  lint  attempted  to  fix  the  lati- 
tudes and  longitudes  of  the  fixed  tttn,  by  considering  their 
distance  from  tbe  equaUnr,  &c.  tDne  of  fhcir  observations 
gave  rise  to  the  discovery  of  the  prctevsiim  <>{  the  equi- 
noxes, which  was  first  remarked  by  Hipparcbus  about  150 
yL■ar^  afte  r;  who  also  iiiade  use  of  their  method,  for  drli- 
nealiii^  tin'  i>iiriillcl>  of  lalitude  and  the  meridians,  on  the 
sulfate  oi  ibi-  i.isib;  ibus  fa\in?  the  fi •uiulation  of  this 
scirnce  a-,  it  iimv         ;irs.     The  latitudes  and  longitudes, 

tliu-.  iiiLioilui  eil  by  1 1  ip[  art  bus,  were  not  hitwcver  much  • 
Btleiided  to  till  I'tuU  iuy's  time.  Strabo,  Vitruvius,  and 
Pliny,  have  all  of  them  entered  into  u  iiiinutf  geographical 
description  of  the  situation  of  placet,  according  to  ibo 
length  of  the  shadowiof  the  gnomon,  srithoot  noticing.the 
longitudes  and  latitudes. 

Maps  at  first  were  \ittl<«  moro  than  rude  outlines,  and 
topographical  of  diftfenBtMHttHcB.   The  earliest 

on  neord  wer*  the**  or'8abitra,  Ibniti'medby  Eott»> 
thiw ;  who  observes,  that  ^  this  Egyptian  king^Aving  tra-* 
verMl  great  part  of  tbe  earth,  recorded  his  march  in  maps, 
and  gave  copies  of  them  not  only  to  the  Egyptians,  but  to 
the  Scythians,  to  their  great  astonishment."  Some  have 
imaniiud  \\illi  much  probaldiity,  that  the  Jews  mailc  a  map 
of  ttie  I  Inly  l.and,  «hcn  ibey  rave  tbe  ilitferrnt  portions  to 
llie  nine  tribes  at  ShiUdi :  bw  J.i^b'.i.i  t'.  ll^  ii>  that  ihey 
were  sent  lo  walk  ibrouch  ibe  bind,  iii.ri  tb:i(  lliey  described 
it  in  seven  parts  in  a  hook  ;  and  J  |ilni>  relates  that  when 
Joshua  sent  out  people  from  the  uitTcrent  tribes  to  measure 
the  land,  he  gave  them,  as  comnanions,  peisons  well  skill- 
e4  ia  gpomatiy,  who  could  not  in  mittafctin  in  the  truth. 
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Thr  first  (irioaii  map  on  rrcurd,  Wu»  tli  it  i.t  Anaximan- 
dcr,  DM^atiuawl  by  Slrubu,  lib.  I,  p.  7,  suppowd  to  Lc  ihe 
•  one  refomd  lo  by  Hipparchus  under  the  di-signation  of  i.'x- 
■mdent  map.  Ilcraiiotua  piinutrty  <i«cribe«  a  map  maUo 
by  Arittagonut  lyrani  of  MiU^tui,  which  will  s^vu  lo  give 
tome  idea  of  the  maps  of  iho^c-timrs.  Ho  relatCi,  that 
Aristai!ai-a»  tbowrd  it  to  Clcomfiicii  kiii^  of  Spartat  lo  in- 
duce hint  toiittackthekinguf  I'cniaatSusBtiauFder  to  w* 
(tore  the  loniaiw  to  thdr  aocicDt  liborty.  It  wai  traced 
■I  pun  brass  or  o  ippcr,  and  M«nM  iQhkve  Men  •nfereitim* 
rary,  cuiii  iiniti^  ilu*  runic  through  the intcrmedhile  coun- 
Inc*  wbicli  wi  iv  in  he  iraxonnH  in  that  iiuirch,  vxith  the 
riviTs  llul)",  the  l^iiphrutcs,  and  Ti.;ris,  wliicli  liirodotu* 
rnoDliBiii  U5  iuci'5»ar\  In  cr  i>'li1  hi  iliat  i  .vptdilion.  It 
cuntaiiK  li  om  >lr;ii;;lit  (nn  caUnl  tfie  Iliijiil  lloiid  oi  Hii;li- 
unVi  ubii'li  liHilv  111  uU  tlir  slalioii»  or  plucc^  i>l  i  iiC:i>.i|^' 
inriit,  triiin  Sjnlis  tii  So^a;  being  1 1 1  in  \hv  whole  jour» 
my,  niul  O'lit  iiniiig  13,500 tladla.  Or  lC87iRaeiaB miln 
ul  54)00  tcH  I  i  jirb. 

Thcic  iiim-rary  maps  of  the  places  «if  i-ncampim-nt 
jndispcnMbly  iicceuury  in  all  armies  and  inarcin-s;  and 
indeed  war  and  mnigBlion  seem  to  be  the  two  graiid  causes 
of  llie  imprbvcmctils,  both  in  ki  ns^raphy  and  aslFaoomy. 
Atbcnajia  cites  Uaton  as  auiliur  ot  a  work  ciititltti  The 
OKampment^  <it°Ak\andrr's  march;  and  likewiaeAroynlaa 
to  tboMmf  pui  pe!>i-.  IMiiiy  observea  that  K^gtwtWMd 
Baeton  wen  the  aurwyois  of  Akxudei''a  amrchaa,  aiul 
then  quote*  the  exact  number  of  mifo*  wconHwg  to  thar 

■  nieit$urat?iiii ;  uhich  Iif  nlu-nvBrds  confirms  by  the  lettert 
ol  Alt  xande T  Inmst-lf.  Tlu-  same  author  aho  remarks,  ihnt 
It  n  pv  nf  ihi^  !;irut  nii>riiin.ii'j  surveys  wiis  f^ivtii  by  Xi'- 
noclis  (riii'i.M  i  111  I'iiliucli'S  thr  gconniplu  r,  who  »\as 
adn>iral  <it  tin'  llrcts  (A  Silcucus  iiiul  Antn.rlcus.  llis 
Coukun  giugrajihy  is  olloti  cili-d  biilli  hy  St:.il)  ■  and  I'liiiy; 
atid  it  npp«ar»  that  tlii-- author  ftirnisljul  l.i.ili 'stln'iics  \uth 
the  ])rinclpal  rnatrriuls  for  coiistrucKii 1ns  nuip  cf  tl>c 
tiiintal  part  of  ihu  world. 

The  fiibl  Httcitipt  to  reduce  gcopraphy  to  a  regular  sys- 
tem,. «a>  made  by  Cratosthencii,  who  introduced  a  regular 
pumllel  of  latitude,  commencing  at  theittraits  of  Gibraltar, 
■nd  pawing  eastwards  through  the  isle  of  Uhodcs,  ami  »o 
on  to  th«  mnunloins  of  India,  noting  nil  the  iiueiiiKdiate 
plates  through  which  it  pniea.  In  drawing  this  line,  b« 
«  was  not  fcgalatpd  by  the  same  latitude,  but  J>y  dbicrv- 
ing  wheiv  the  longest  day  was  14  hoars  and  a  half,  whlcii 
liippurchus  af:en«ards  dc'lermincd  was  the  latitude of  3$ 
dcfirei-*.  This  first  parallel  through  Rhodes  *vas  ceer after 
ciinsiilfie'i  ^ul  I  i  '         i  f  |in  I  reucc,  in  construct inj;  all 

■  the  ancient  m:i;)n,  d  thi-  iimqitudo  (if  thu  then  known 
M<.rlil  ».is  I  .iCi-iiipli  il  to  be  li>eisiiu<)  in  slailia  uriil 
lijile^.  aroi -idi:):;  tn  llu-  e\l>  lit  of  that  lirir,  ly  imiiiy  Mir- 
ccedinz  leii^nij/ii-.  rs,  I'.iaHniihi  i.ts  mji  n  uller  ;i;:i  iiipu  d 
ii'it  only  to  draw  other  parallelsof  luliltiilr,  I  i;t  als"  lo  Uucc 
u  meridian  at  right  aiinles  to  those,  passing  tiiro-.i^li  Rhodes 
and  Alexandria,  down  to  Sycne  and  Mcrois}  and  at  length 
he  undertook  the  arduous  task  of  delennining  the  circuin- 
fnence  of  the  globe,  by  an  actual  meatorematt  of  a  seg- 
ment of  one  of  its  great  circles.  To  fiud  the  magnitude  of 
the  earth,  is  indeed  a  pi%»blem  which  has  eiM^aged  the  ot- 
lentioti  of  astrononwn  and  geographers  rrer  since  the  tph^ 
rical  figure  of  it  was  known.  It  seems  Anoximandcr  was 
the  Mnfonong  the.Gi«eln  who  wioie  upon  this  rat^iect. 
Archylasof  Tarenton,  n  PytHogprauii  baamu  for  his  skill 
in  mathematics  and  mochoniei,  atoo  mode  aome  attempts 
in  ihia  way  i  and  Dr.  Long  coi^ecttirct  tiuit  ibete  ait  Iba 


authors  of  the  liio't  ancient  c)iiiiinn  that  the  circumference  , 
uf  the  earth  is  'lOD.oiio  vutdia:  Archimedes  makes  men- 
(..n  of  the  antiiMs  wIhj  estimated  th«  ciiCttinfeicnoe  of 
the  earth  itt  only  50,()0J  stadia. 

With  respect  to  the  nu  thods  <>f  measuring  the  circumfis* 
rencc  of  tbeenrth.it  would  appear  fium  what  Aristotle sayt 
in  his  treatise  DcCoilo,  that  they  were  much  the saoipas those 
used  by  the  moderus,  debcicot  only  in  the  accuracy  of  thn 
instrumcnti.  For  in  that  work  he  says,  that  diflKsront  start 
fast  through  cnr  seitith,1iccordiiig  at  our  situation  is  more 
or  less  nonfaerly;  and  that  in  the  soulherd  parts  of  the 
earth  stars  come  abox-e  our  horiton,  which  arc  no  \i)u«t  r 
visible  if  x»e  go  noifhwflrd.  Hence  it  appears  that  there 
arc  iwii  wa\  s  <jf  nu  Esi  rin;;  ll^e  rirruiiif  fence  of  the  earth  ; 
one  by  obseivin;;  stai;  v.h;iii  [.a<s  tliroii^h  the  zenith  of 
cii'  place,  iiiid  iJn  IK.;  p  iss  t(iii/;iL;h  ViM  iif  another;  tin- 
ol'.tr,  by  olisiTvin;!  S'  lm:  st.ir-.  ulacii  e-imc  above  the  lu»- 
ri/i'!i  oi  mr  ;iluLe,  a::.]  are  nbsined  at  the  same  time  to 
Iji  iri  the  hiiri<;<.i!i  i.l  aiKjlher.  1  lie  lomu  r  of  these  method*, 
«Mch  is  the  luit,  was  fulliiwcd  by  trato^sheiu^  ,ii  Alex- 
andria lu  l.gjpl,  2i0^c«rii  I.efore  Cliiist.  lie  knew  that 
at  the  su miner  solstice,  the  sun  was  \enicul  lu  the  inhabi- 
tants of  Syene,  a  town  on  the  confines  of  Ethiopia,  uuder 
the  ti'ipic  of  Cancer,  where  they  had  a  wvll  node  to  ob* 
serve  it,  at  the  bottom  of  which  the  mysof  tba  can  feU  pei^ 
pendiculariy  the  day^theaimintr  aolMice:  he  obtmvd  by 
the  shadow  of  a  wireset  peipcndicalaily  inmhemispherical 
baaon,  how  br  the  sun  woson  that  day  at  noon  distant  from 
the  sctuth  of  Alexandria;  and  found  thnt  dist  nice  to  be 
ei]ual'tu  the  50th  p;irt  of  n  preat  circK-  in  the  heavi  ns.  Tlien 
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111  All  ia  miller  ;'.<■  baine  mi-riilian. 


he  inferrc^l  (!..it  the  (iisiutice  LtiHuii  ilnni  uiis  tde  jOth 
part  III  a  ^MMt  curie  upon  the  i-ari.'i;  and  thu  distance 
LieiD^  by  uu  asijre  VJOO  studia,  .' ■.-  einichuied  thai  th;-  w  hole 
cirCuiiil'  teiice  nf  the  eailli  vias  J  j 0,000  stadia.'    liut  as 

this  nunil«>r  dividid  by  JtiO  woulii  i^ive  ()!H$  stadia  to  a 
dei;rec,  lither  Kralosthenes  himself,  or  >oiiic  of  htS  fol- 
lowers assigned  the  round  number  700  Uadia  to  ad^pl!?! 
which  niuliiplied  by  360,  makes  the  ciroMnfeKnco  of  Au 
earth  Iji.ooo  stadia;  whence  l  oth  these  measures  an 
given  by  dillerent  authors,  us  that  uf  Eratosthenes. 

In  the  time  of  Pompey  the  Great,  Posidoniut  determined 
the  meaiHie  of  the  ciicaniiirenoe  et  th*  earth  by  the  9d 
method  above  hinted  fay  Aristotle,  vis,  the  horizontal  ob* 
•ervationa.  Knowiiig  that  the  ctar  railed  Canopus  was 
but  just  visible  in  m«  horiion  of  H.'.i.iles.  and  at  Alex- 
andria finding  its  meridian  height  was  lhe48:h  pan  of  a 
pivat  circle  in  the  heavens,  or  7^  dc:.ir(  i;:' uei in;!;  I"  liie 
like  quantity  of  n  circle  on  Ihe  earlii :  he  hy  cousuieriiig 
these  tuir  pi. Lies  uinli  rliie  meiiilinii,  and  the  distance  be- 
t'.Miii  iln  iii  .)LKK)  sludia,  ciincUided  the  circuinfeience  of 
ti;i-  ea:tli  In  lje04O,OuO  stadia  ;  which  is  the  ru.st  measure 
ot  I'usi.l.iiiius.  Uul, according  to  Sliabo,  rosiduiiius  made 
the  measure  of  the  earth  to  l>c  180,000 stadia,  al  the  rate 
of  500  stadia  to  A  degree,  'i  he  teavinof  this  ditferciice  i* 
thoui;lit  111  be,  that  tratoslhenes  iniasuiid  the  distance 
between  Rhodt^  and  Alexandria,  and  found  it  only  3760 
stadia:  taking  this  fbf  aMlhpart  of  the  earths  circum- 
fetencc,  which  is  the  measure  of  Poai^onius,  the  whole  dr> 
enmltranoe.'wiU  be  IflOyOOO  ktadio.  Thia  Aicoiare  woa 
reecived  fay  UaritHis 'of  Tyre,  and  is  usually  aienbed  to 
Ptolemy.  It  it  to  ha  Obtnved,  however,  that  this  row 
thnd  of  detemlttiligtlncircumicrence  of  the  r.^rth  is  sub- 
ject to  great  jiiienrtainty,  both  on  account  of  the  great 
nfnctioB  of  ibe  Man  near  the  boiiMn,  the  difliculiy  of 
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Mrawrinii  the  Umaaee  «t  tr*  bet  w  ren  HhoJn  mmI  Aln- 
tttdria,  utd  by  MppOMBg  ihuw  ^\»cv%  un4tr  the  nine 
mcridiiin,  when  they  utr  Tcatly  very  ditWriit. 

ik-vrnti  grvArapbcn  nfU'rvrards  nude  um  of  the  JHi|NHI 
bni^9f  Ammah  Uitk^m»M.fhtem  uadcr  the  aiM  omv 
iMm^,  «b  taiiilm'Samkm  of  4he  cwtk.  About,  the 
yc%r  aoo,  the  kbdiMflMMijiB  had  iho  tiiMMMN  Munrcrf 
let  wern  two  placci  thik  wet*  i  ddgnn  oHiDilcr*  Mil  wttu 
ihi*  tuBf  meridinn  in  the  plains  of  Sinjar  wnrlhw  Red 
See..  And  the  mult  was,  that  the  drgraratofw  tine  ««• 
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found  equal  to  56  miles,  and  at  anutber       tir  milrs. 

Tlie  hrxl  (itU'[n{it  to  aurertain  the  ciit  iiruk  rnm  nl  ihe 
earth  «'«»  Ml  I  'j'i'S,  by  l  i  riiolius,  u  U  ;iriii-  i  i 
of  FrHiii  c.  I'or  tlii»  ^>ur|>^■'<•,  lu'  li>i  k  ihf  tiri;;!il  ot  tlit 
pule  ut  I'aris,  ifuxf^  troin  thence  iliri-ctly  northwards,  till 
ne  ramc  to  the  place  \therc  the  hi  iiihl  ul  the  pole  »u»  uiie 
clej>irL' more  than  at  that  fily.  The  h-n^-th  of  t!ie  wr.y 
WHS  mea»ure«.l  liy  the  nunib<  r  ol  ri  volulioai  made  by  one 
of  the  whkeU  of  his  carriage:  and  a  tier  proper  allouniires 
for  the  declivitic*  and  turiiinj(i>  of  the  ttmit  bt  concluded 
that  08  Italian  miles  weiv  equal  to  a  dmn»«ll  the  earth. 
Accordine  to  thcM  netboda  nany  otbor  ■enqmocDti  of 
the  tutwi  circuafevenoe  have  aiaca  that  tiow  beat  nwde, 
frith  anvcb  gieatar  acoimcjr:  a  paninilar  account  of 
which  n  given'  under  the  articlt  Daaisa. 

Thuuiih  the  maps  of  Erato»thenc»  were  the  beat  of  hit 
lime,  they  were  yet  very  inipertect  and  inaccurale.  Tbey 
cuntaine<l  little  more  than  the  ktatet  of  Greece,  and  tlte 
dominion^  of  the  successors  of  Alexander,  digi-sted  ac- 
coidiiii;  t  '  tlic  ^ur^<•\s  aliovemeiitiotii'il.  He  had  indeed 
keen,  um!  ha;,  tjuoli  J,  l!ie  vnyagei  el  Pyihias  into  the 
great  AtUiil.c  ucuui,  uliich  ;;iive  lain  vupe  l.iint  \din  .'I 
the  western  |>arts  of  r,u:<ipe;  liUt  so  laiperlecl,  tluil  liny 
Could  nut  b*'  re!lli^cd  into  tlir (niilinesol  «  i  hart.  Stnibo 
»8y>  he  was  \Lry  ignoreiit  <il  (^  ul,  Spain,  l.erniuny,  and 
Bntviin  ;  and  he  « u»  eii:i.i lU  i_ini[.i!.;  i>!  ll.ily,  llie  eiia^ts 
of  the  Adriatic,  Pontus,  ana  ali  the  eountne*  toward*  the 
north.  Such  wm  the  stnte  of  geoi^rnphy,  and  the  iMUvre 
of  the  maps,  bcfiire  the  time  of  Hipparchua. 

War  baa  usually  been  the  occation  of  ntahiogor  impra* 
ving  the  maps  of  countrica;  and  accordingly  feogmphy 
made  great  advance*  from  the  progress  of  the  Ronmaralit 
In  all  ihe  ptrovincca  occupied  by  that  poopla^caapa  wo* 
every  where  constrvcled  at  prt>per  interrabi  and  good 
roam  made  for  eamiBHnicMtion  between  them;  and  thai 
were  dviliiation  and  tur>t;ying  carried  an  acoordiag  to 
•yatem,  through  the  whuir  extent  of  Aat  lai||e  oAplm. 
Lvery  new  war  pruducH  a  new  survey  and  itlMiary  of 
the  couniiii's  \\liere  the  scenes  uf  action  paiaed;  to  that 
the  tnoleiuiU  i>l  ueography  were  accumulated  by  every  ad- 
ditional ruih  urs!.  l'olyliiu>  obierve*,  that  at  the  Ucin- 
ning  ot  the  st  tund  I'unic  war,  vrhen  Hannibal  was  pre- 
paring his  evpedilion  o»ain>t  Rome,  the  ci'Unt i  u  t  ihroiiEli 
ulticb  be  was  to  march  were  careiully  m<  imured  by  t)io 
Romans.  And  Jalius  Cesar  caused  a  neral  survey  of 
the  Roman  empire  to  be  made,  by  a  decree  of  the  senate. 
Three sunreyora  bad  this  imi.  tii''\gwii  iheni,  which  they 
completed  ni  25  ycaia.  The  Roman  ititu-rarics  that  are 
still  extant,  also  show  what  car«  and  pains  tbey  bad  em- 
ployed in  ■vUnc  rarveya  fai  all  the  difcrent  provinces  of 
tbJr«imiwr«Sl  Flinj  has  AIM  the  Hi,  «th.  and  5th 
hooka  of  ^  liilaAl  i&Mty  with  the  Geogtapbicd  di«- 
taacet  din  wbfi  ftuanMaauad.  Other  mape  are  M»«in 
preserved,  knonn  by  the  aaaw  of  the  Pi  titingerian  Tables, 
published  by  Welter  and  B^rtia%  which  giv«  a  good  spe- 
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cimcn  of  what  Vegetins  calls  the  Jiittera  Eictd|  foi  the  i>ri- 
tcr  direction  of  their  armies  in  tlieir  niaicli. 

The  Itoman  empire  had  been  eitiarged  (n  its  greatest 
extent,  uixi  all  ila  provinces  well  known  and  rurveyrd, 
when  Ptolemy,  about  150  years  aAer  Christ,  conipost'd  his 
system  of  geography.  The  chief  materials  be  4(nployed 
iittaanMNHiglbit  work,  were  the  pfoportiunaof  ilIhgaibMM 
t»  flMMlM^  taken  by  diflerent  asiranofuers  at' the  mm 
ofthi  lytiklHW  and  solstice*;  calculatioaa  JbuodaWM 
the  langUl  «ftba  longest  days ;  the  measured  or  computed 
distances  of  the  principal  ruadi  contained  in  their-surveys 
and  itineraries  ;  and  the  various  reports  of  travellers  and 
navigator!!  Ail  these  were  coinpaied  t-igclher,  and  di- 
pe>ted  into  one  Uniterm  body  or  »ysteni  ;  and  nl'terwtirds 
Were  translated  by  litm  into  h  new  inaliieniatiral  liuim.  i^i , 
expressing  the  dilfereiit  di^re<-!i  of  liililude  and  loiiiiilude, 
utter  the  invention  ol  lil|>purchu^,  wi,icli  had  ei>nlinue<i 
to  be  neglected  for  250  y»  ars.  Pl<di  my's  system  ot  ije<>- 
graphy,  notwithstanding  it  was  still  very  inipi-rteci.  o  u- 
tinued  in  vo^ue  till  the  last  thre«  or  lour  ceiiinrus,  withitj 
which  time  the  great  improvcmeniA  in  ;istrunomy ,  the  many 
ditcoverie*  of  new  countries  by  vuyagets,  and  the  pro- 
groB  of  war  and  arms,  have  contribtited  to  bring  it  -to  a 
sery  considerable  dqgrea  alptrfisctioa;  the  partifB^lan  of 
which  will  be  j^ound  tnuAA  tt||^  their  mpecti«»artiela; 
in  tbia  work,    r     -  '  ^  M||^v>^  • 

Among  tka  aodami^  Ibe  tMMlMMIkMfftbetu^ect  of 
geograpl^  ai«  Jobaaaca  do  SacroMWO,  «r  Idbn  Haiifcx, 
who  wrote  a  treatise  on  the  sphere;  Sebailiati  ICBMMf, 
in  hi.s  Co-.mogniphia  Universalis,  in  1519}  ClaiV|M^MIk 
the  sphere  tit  Sucri'boSCo;  Piccioli  ~ 
^!  ij'lua  Helnrni^ta  ;  Weigclius 

I  Ii.iIls's  (Jeojjruphy,  in  his  Rlundus  Mnthematicut ;  Cel- 
lanui's  Geo^raj'hv  ;Cluverius's  Introductio  in  Uuivcryani 
t'eo;;r«phiiiiii  ;  Li  il/nerht's  Ill'  im  iila  Cieo*'raj)hi3"  iieiie- 
ralis  ;  Stesenius's  Coinpi  i;  rjiii  ( i-.^i;i:a]i|ucuni  ,  Wultiiw'j 
Geographia,  in  Ins  I'leni*  nt.i  .\Iathe4ei'S  ;  ljusciiiu){'s  Ni-,i 
System  ol  Cnxisrapliv  ;  tiordon's,  Salmon's,  (iiilline's  anil 
Myci»S  Greinninrs  ;  .Adams's  (ieograpliv,  uncu  nt  and 
modern;  and  Pinki  rtnn's  Ge'e^r.iphy,  lately  pii  'li  IimI  in 
two  volumes  4to,  with  an  intntduction  by  Protcuor  \'iiica 
«f  Cambridge.  But  thu  must  scieutiiic  and  systematical 
work  of  all  it  Vaienius's  Gographia  Gencralis,  with  Ju« 
fia*t  addllioflo*  Audit  is  much  to  be  wished  that  soma 
iltlicationt  woaU  jmbliib  a  natr 
peribnnaueafalM  totba  pmant 
Dr.  PlmWr  baa  recently  published 
a  SyiMiB  «f  GaagrmAy,  whiau  it  in  many  retpecu  awn 
valuable  pciformance;  and  perbaptbeatof  all,  in  FSnm% 
Fresnny's  most  excellent  wq^.  ^  .  " 

( .  KOLOGICAL,  relating  to  theiubject  of  Geology. 
(iEOLOGY,  is  that  iNtrt  of  natural  philosophy  which 
treats  of  the  structure  of  the  earth,  in  n-gard  to  the  origin, 
constitutKiii,  and  the  composition  of  its  solid  contents. 
GEOMI  IHH,  or  CiEOMtTRiciAN  ;  which  see. 
GEOMKIHICAL,  sotuclhing  th^t  has  a  niation  to 
geometry,  or  done  after  the  manner,  or  by  the  means  of 
geometry.   As,  a  geometrical  construction,  a  geometrical 
curve,  a  geometrical  demonttiatiaB»^nin%1inai  metbodf 
geometrical  strictnett,  Acc 

Q KOMtTRlCAL GuMtiUCtiWi, of  an  equation,  h  thcdraw- 
ifl|  of  lines  and  figures,  to  at  to  express  by  them  the  same 
geMnl  property  and  idatiou,  %t  art  denoted^by  al« 
gebraical  equation.  8B«flBl*1  ~' 
GlOMKJttCAlc^   .  ^ 
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Mf,  thnt«in  which  relmiuos  betwren  the  ab*ciiM> 
md  urdluiiivs  o^ay  tta  expretttd  by  »  fioilo  d||ebraiciil 
equation.   See  AbOKBliAlCAL  drnn. 

GcoMCTaiCAi.  Lino,  a>  obnervvd  by  Newlon,  tra 

diuin^uitbc'd  tnlo  claMTS,  wrdm,  at  tyatm,  iiccuriliiif(tv 
Ihcuumber  of  thcdinwiiMiiwi  of  tlif  ei|uatittu  liiai  cxpnitct 
the  relatkm  bi'tweeB  the  ordinatn  mmI  akMciue*  i  or, 
which  cone»  to  the  tmate  tbingi  according  to  the  luimber 
of  puiots  in  ntiich  tbcy  may  bs  cut  by  a  tight  liar.  11»h, 
M  line  of  tlu!  firiit  order,  i)  a  ri<>ht  linc>,!iinci>  it  ciui  be  only 
mil—  cm  by  iimuliir  ri.  ai  liiii-,  uii  i  n  ••xpn'>»i-il  by  liie 
simple  ciiu;aHi|i  y  -r-  ax  -t-  i  =  O  ;  ll.i  sr  of  the  "Ji),  or 
i)u;iilr.ilic  oriicr,  uill  bi'  iho  cirrli-,  aiul  ibc  conic  wclii. 115, 
tunc  .ill  of  tfu'so  niiiy  be  ciil  in  Mvo  ptonls  by  a  lijilit  Ihh', 
a:.i!  iA)iii---.iti  l;y  iln-  (liii.n.mi  j/'       K'"  '').V 

f  =  O  :  tliM>i  ol  irif  3ii  or  cubit  oiii<  r,  wi  I  b>  -uch 
a»  may  cul  111  3  piiint»  by  a  ii;ht  lino,  wIium  nn  st 
pciM  ral  equation  is  ■+■  {ui  b)  y'  -*■  [cx'  -t-  tit  ■*■  f)  y 
■*■  fi'  ifj'  •»-  Ar  -t-  t  =  0 ;  (15  tbe  cubir.ll  Ncilnin 
parabolu,  ihc ci^>ui(l,  cVc.  Anil  a  line  uf  an  iiitiMll-  order, 
'  n  that  which  A  ri^hl  iiuo  may  cui  in  inlii.iic  points:  as 
thi>  spiral,  tli>'  p>cl'>ui,  tin  qiHtdratrix,  and  I'vt-ry  littc 
tliat  i)  grni'ral(-tl  by  tlu-  Hiiiniti.'  rcvoluiiutt*  of  a  rudiua,  or 
circle,  or  wheel,  ^c.    In  each  of  the  above  equation^ 

*  i»  thoabiciu*  m  its  corre«|)oiiding  ordinatp,  makii^  any 
l|i«ni  angitt  witn  it ;  and  a,  b,  e,  ttc,  airl  givon  or  coo- 
■Mat  «]iiBntitictt  aAHCIad  with  thinr  ugm  ^  and  at 
which 'una  or  nofandy  rankh,  be  waalt^g  or  c^pd  to 
nntning,  provided  that  by  *uch  defect  the  linaor  equadoa 
doe*  not  U-roin^  one  of  an  inferior  order. 

It  i*  to  bt-  iiut<^  that  a  curve  of  any  kind  i»  denomitiBtcd 
by  a  iiniiibvr  next  less  than  tlic  liiif  uf  lln^  kaiiU'  kiml; 
ilni»,  a  cur^c  of  the  l*t  order,  (because  Uic  n^lil  luu! 
cannot  be  reckoned  among  cutvcb)  islho  same  with  a  line 
i»l  ilio  Cd  order  ;  ami  n  curve  of  the  Cd  kind,  the  *amc 
w:lh  a  lii;f  L-l'lhc-.!il  i.triJi  r,  6:c.  Wcmitht  likewise  to  ob- 
rve,  rhat  it  i>  iit;t  »o  much  tlic  cquiitiuii,  at  the  coiistruc- 
)ii>n  or  description,  that  makes  any  cur^c,  unietrical 
ur  not.  Thus,  iho  circle  i»  a  geometrical  line,  not 
because  it  may  be  exprctted  by  an  equation,  but  be- 
'cause  ib  description  isi  a  postulate:  and  it  h  nut  ibo 
wnplicity  of  tliv  cquuli<ji.,  Iml  the  easiness  of  the  descrip* 
tioBa  tbat  ia  to  detcfiuine  the  choice  of  the  lines  for  the 
construction  of  a  problen<  The  equaiion  (bat  cxpresica 

•  patsbola,  is  more  simple  than  that  whick  eapMiKs  a 
circle;  and  y«t  the  circb^  by  reason  of  its  more  aiosplp 
CoMtmctioui  is  admitted  in  prcfcfCBee.  ilpta,  tlie  circle 
and  the  «>nie  sections,  with  RspecVto  the  dimensions  of 
ibe  iqnaiMDS,  are  of  the  same  order  }  and  yet  the  circle 
is  not  nombrred  with  them  in  tlie  construction  of  prublems, 
but  by  reasi.'n  of  its  siniple  Si -cription  ii  depressed  tn  a 
linvcr  order,  vi^,  that  «(  n  ri.-lit  line  ;  so  that  it  iiuot  im- 
propiT  t' I  cxpioss  "ti.it  ly  anul  ,«liicli  111, ly  be  e.\picsvtd 
b\  d  iii;li(  line;  but  it  it  a  lault  in  ciiU-tuici  ilint  by  the 
Clinic  sections,  ■  which  may  lie  e  inslrui  u-  i  bv  a  cirrb'. 
Kitiier,  thcreUne,  tlie  law  inu^t  be  t;ikeii  Irnni  liieiUmen- 
«i(iiis  of  equatiittis,  as  obs4'rved  in  a  cjicie,  and  mi  the  ihs- 
tinctiun  be  takcu  away  bctwix-n  plaiw  and  solid  prublent*; 
or  the  laiv  must  be  aUusrcd  not  to  be  strictly  observed  in 
lines  of  superior  kinds  but  that  some,  by  reason  of  their 
more  simple  (lcscii|itioii,  may  be  preferred  toothers  of  the 
sattieOriler,  and  be  numLer<d  with  1  nun  of  inferior  orden. 

Ill  consti-jciioos  that  arisequally  gcuraettical,  the  most 
simple  are  always  to  be  piefinrrod :  and  this  lam  is  so  uni- 
versal n^to  be  withooi  exceptioik  Bat  atgrbnical  e»- 


precisions  add  notking  to  the  simplicity  of  the  construction; 
(he  bare  descrijUions  of  the  lilMS  here  are  only  to  beCWH 
sidcrcd;  and  tlu-se  abnc  were  considered  by  thoseMODW* 
Iririans  wbojimu  d  a  ciide  with  a  right  line.  'Ami  as 
these  an  easy  vr  b*>rd,  the  comlfuction  becomes  «a^  or 
hard :  and  thercfora  itis  biMga  to  the  nitwe  of  the  thinf, 
from  any  other  cifcuatlance  to  cktabUth  laws  telating  to 
comtructiooa.  • 

Either,  theivAiiOk  with  the  ancients,  we  matt  exclude 
all  linn  betides  the  cwdr,  and  peihnps  the  conic  lectiuns, 
out  of  gcomeiry;  or  admit  all,  acconiin^  to  therimpliciiy 
of  the  descriplHin.  If  the  trochoid  were  admitted  into 
j;<  oiiiriry,  we  minht  by  menus  i>l'  it  ilmili-  an  angle  in  any 
gucii  r.iiio  ;  would  it  be  lijii.f  linn  lure  lo  blame  tliove 
wtin  UKiil'l  iiiiui;  UM'  111  tlii>  liiir  l.j  liniili-iin  allele  in  the 
raliii  III  imp  m.iiilier  to  aonll.ir;  ml  Ciinli-lul,  lhat  you 
miibl  make  use  Muly  cf  »uc;i  liuis  ii.«  arr  (iediml  by  etjUa- 
tivtis,  ami  tiienrotc  not  of  tins  line,  which  is  m  l  si.,  di- 
fined  ?  Il,  when  an  angle  is  proposed  to  be  ilnTileil,  for 
inslancr,  into  lUUUI  ports,  wc  should  be  (>bli<;ed  to  bring 
a  carve  detincd  by  an  oqnaiioa  of  more  than  lOO  dimen- 
sions lo  perform  the  same  ;  which  no  body  toulddescribv, 
much  less  understand  ;  and  should  prefer  this  to  tl>e  tro« 
choid^  which  is  a  line  well  known,  and  eaiily  described 
by  the  motion  of  a  wheel,  or  circle:  who  would  not  tee 
taeabattrdityf  • 

The  trochoid  tlwiebia  it  either  not  to  he  admitted  at 
all  in  Keometiy,  or  che,  i«  Iba  comttuctionof  prob)cmi, 
h  is  to  be  preferred  to  ail  Ibtes  of  a  more  difficult  deierip- 
tion;  imd  tliC  reason  is  the  same  for  other  curves.  Hence 
the  triM  clion  of  an  angle  by  a  conchoid,  which  Archi* 
rimh -.  m  III-,  Lemmas,  and  Pappus  in  1m>  fi-lli  c  tions, 
ba^e  preli  iieii  to  the  inventions  <il  all  othi  is  in  thin  case, 
must  be  iilluwc  d  us  ^L>i.d  ;  because  we  must  eilhi  r  exclude 
all  lines,  bcsnle  ibe  circle  Bml  rt;;lit  line,  out  <il  aromc try, 
or  admit  them  aci urdiiig  to  the  simp  il  ii.v  ot  ihcir  de- 
scriptions; III  vshich  case  the  Conchoid  yields  lo  nunc,  ex- 
cept the  circle.  K.quatiiiiis  arc  expiessions  of  arithmetical 
computation,  and  pro^KTly  have  110  place  in  pcomctry, 
excepting  so  far  as  iiu.intitits  truly  geometrical  (that  is, 
lines,  sorhtces,  solids,  and  proportions)  may  be  said  to 
be  some  equal  to  others.  Multiplications,  dividOMs  ami 
such  like  comiHitattoiit,  an  newly  received  into  gaotnftry, 
and  that  unwarily,  and  contrary  to  the  first  de^piof  dm 
trieiice.  For  whoever  onntidcn  the  comtniciion  of  pre- 
Items  by  a  1  iiilii  line  and  a  circle,  diMateMd  by  the  ftat 
geometricians,  »>ll  i .  ily  perceive  that  mmeny  was 
trudnced  for  the  puipi«se  of  avtddiag  the  ledimunctaaff 
coropuiattou^  For  which  rtnsunthe  two  sciences onght 
n>>f  to  b*' confounded  tojjethir:  the  ancients  So  can^fully 
iiivi;hi;ij|>!Hil  lielwii  11  ihiin.  that  liny  lliner  ilitrinliici  d 
aiuhmitiial  terms  iiitu  j!,niim  tiy  ;  an, I  tlie  moilcrns,  by 
blending  them,  have  lost  the  simpliiiiy  in  which  hU  ihc 
el<-i;-ince  of  ■"eomelry  consists,  in  short,  lhat  is  aiilbrac- 
lif.illv  iiiiJir  .sill  pU  ,  V.  Iiich  is  determined  by  ihc  more  sim- 
ple e<{uations;  but  lhat  is  geumel ricnily  n.'iresimplc,  witich 
IS  <jetef niliud  by  the  inoie  simple  ilrmMii;^  uf  lincji;  and 
in  geometry  that  oujjit  to  be  reckoned  best  which  is  gieo- 
nu'incally  roost  simple^  Mcwion's  Atitb.  ynivcfs.  appen* 
dix.  SecCuRvas. 

Gbomctbical  LocHt,  or  ^cce,  called  ahn  rim  ply  Ln- 
au,  is  the  path  or  track  ot  tome  certain  gfromeuical  de- 
tcrminalion,  in  which  it  always  falk.   See  Locu*. 
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r»t«b1iklwdth«  hishcr  paitt  of  their  ^eoiMtfy  M  the  mom 
principin  H  the  ewncnM  of  thirt  tciencr,  b||i}»inoiHlni- 

tiuut  of  the  Mm«  kin<t  I'mvl  thc\-  were  carer«|T  not  to  Mig- 
powany  thing 4i>nr,  till  by-a  (irpvious  prubtcm  thry  bM 
■boirn  that  itri>u(d  be  li  ui.-  l>\  uctUHl  upcmtion.  Much 
IrHtltd  ihev  jopp'Mt*  ail)  ilun^j  to  be  <lon««  ihai  cannut  be 

Ctinci  ivi  4  ;  ^ucli  as  a  into  ur  M-rii's  to  bo  nclunllv  ctwi- 
liniKcl  t'l  infinity,  <>r  a  innsiiKudr  dimiir>l)Cil  till  il  b<- 

C<lln<-  illliliU.  ly  !■  :-  iIjUII  ^■.  aat  iti».  Tht  ci«'lIUMlt-'i  ll'.to  \v\\U  t| 

they  rcjuUcii  iii  i.  iiic.iLli  s  were  finite.  Biid  such  as  mu'lit 
Jh- ciincoivcil  tiiljenvil,  L'nbi>ijnili  il  lili<  i  iii  >  liimci  li.i- 
brpn  intrutluci-tl  ;  tiy  which  gcoinelry,  wtiirb  ought  lu  bo 
pirffcily  clour,  i>  tilled  titiih myttcfict.  Mackuriu't Flux- 
ion^<i,  Iniroti.  |m.  3y. 

C'KOM ETHICAL  Poct,  il  a  tTirasuK  of  5  f«Ct  long. 

GcuMitTitiCAL  i'/iM,  in  Architecture,   ik-e  Pt^y. 

G«eM«TitlC«l  ffane.  See  Plahk. 

Cr.oMf.r tL\c At.  PngnmiM,  n  |nmgtt'«Bion  id  which  the 
Itrtnt  h»^e  all  »uccts>i«Bly  ibe  aupu  ratio :  as  l,-'2,  4.  K, 
Id.  Ac,  where  the  commnn  ntio  n  3^Tha  groenil  wid 
cwmnon  property  of  a  geoBelrknl  pmgnrMioB  in,  thit  tbn 
pioiluct  of  any  two  tenna,  or  the  square  of  any  «Nie  iiR||ia 
terw,  ia  equal  to  ifao  product  of  every  other  two  (emn 
that  arc  taken  at  an  equal  disiance  uii  both  »i<ie»  fruin 
the  fijrmrr.  So  of  the«  terms,  i,  2. 4,  a,  l6, 32,  64,  Ac, 
1  X  6'4  =  2  >  32.=  4  »  16  es  «  m'8  «  (>«. 

In  any  geometrical  pn>grcf»ion,  if 
a  dt-nutes  the  liakt  term,  * 
t  the  prealcit  term,  .  . 

r  tl,-.  LMiijr.'.on  ratio, 
n  the  number  of  the  terms, 
*  the  turn  of  the  series,  or  all  the  t.  rms  ; 
then  any  of  thete  quantities  may  be  found  from  the  others, 
Igr'nuaw  of  tlmegeDenl  wlwi»or  «pnliona,  vii^ 
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way  of  finding  the  quadratura  of  (he  circle,  the  duplica- 
ture  «f  the  cubei  or  two  qiean  pro|iortionalft;  thoB|>h 


r>  —  a 

r-1  ' 


"aST       STT"  a-t 
«—•-*.«—•. 

When  Uw  aaria  it  infiniMi,  then  Owleart  tern  •  Is  nolluiig, 
m4  thu.nMna<Bi;^,.  SeePuocBEssioN. 

GCOM BTRICAL  Proportion,  called  aljn  simply  Propor- 
tion, itfbe  similituiU-  ur  '  quality  of  ration. 

Tbuarifu:  *: :  e  :<<,or«:  *  =  c:  rf,  the  terms  n,  b,e,  d 
■re in geontetrieal  proportion:  nko6,S,  14.  7. ore  in  ge  o- 
metrical propordon,  because  fi :  S : :  I    7,or  6 : 3 = 1 4 : 7. 

In  «  geamelriCBl  proportion,  the  product  of  the  ex* 
tremes,  or  Itt  and  4tb  termi,  it  equal  to  the  product  of  the 
ncant,  or  the  9<i  and  3d  lerms :  m  nil  es  fe,  atid 
6  «  7  =  3  X  1 1=  42.    See  Pnoponxtott. 

Grosi  ETRtCAT.  Solulion,  of  a  problem,  is  when  the  pro- 
blem is  directly  rc  nlvf  1  i.conlinR  to  the  strict  ruli-s  and 
principles  of  geon-.ecry,  nnil  by  lini-s  (hat  arc  truly  goorae- 
tric.il.  Th's  cxprc?.iion  is  usctl  iii  contradislinrtion  to  an 
1irithin(-lical,  or  n  rurrUaniral.  or  instrumental  solution; 
the  problem  b^i:l^  rcolv  t  '  iily  f>y  a  ruler  and  conipnssrs. 
~-The»anie  term  ii  iil»o  criiployed  in  (ipp<isition  t<i  nil  in- 
diiuetand  inadequate  kintis  nf  solutions,  a*  I'v  u]i|>roxi- 
auiioo,  infinite  leria,  &c.   So,  «c  have  no  ^iiwlrical 


there  ur  mechanical  wuya,  and  othen,  byia6nilesehc(,&el 
PeppiM  itifofms  n>,  that  the  ancients  cadeavoored  in 
vain  to  trisect  an  angle,  and  tn  lin'l  out  two  mean  propor- 
tionKls,  by  means  i>f  the  n<;ht  InKnnd  circle.  Aft;  r«'Hid» 
they  bewail  l<i  fdiisidcr  the  (jpip-ri  i;  ■^  nt  v'nil  itri'  ri  n<^; 
as  the  coiiclmi.i,  the  cisioid,  miil  (lit  toiiir  sectiim^  f  .•tmH 
by  soino  of  iliivse  they  ^  nl\<  ;n  nun  i  to  reselvtr  ximc  ol'tlu^sc 
|>r<iblfms.  At  Icngtn,  haviii;;  nmrc  thorounlily  exiunim-l 
the  niatlcr,  and  the  come  serti')n«  Ixii;;.'  r<  c.  ivnl  in;i>  i;. .  ■ 
rnelry,  tliry  dl^lln^llish('rl  ^ei^mi  l  ricai  iirobienis  and  s;du- 
tlolis  into  lline  ki-'id?;  \  iz, 

1.  I'iniic  oiivH,  which,  tleriving  their  origin  from  lines  on 
a  pluiie,  may  be  properly  resolved  by  a  right  line  and  a 
ciicle.— 2.  SoUd  ones,  «hicfa  arc  rt'wlvpd  by  lines  deriv- 
ing their  original  from  the  consideration  of  a  solid  ;  thai  is, 
of  a  coo«<~d.  fJ»tm  MtCB,  to  (he  solaiion  of  which  arc  TV> 
<^uirod  liunWM*  eu)pdOuded.  According  to  this  di*- 
undiem  M  an  hm  tu  nwive  solid  proUms  by  other 
Suet  AdMhe  cuuie  saetionai  csfweiany  if  oo  oilier  lines 
besides  tbe^iht  liiie«  cirdt,  aad  the  conic  sectiem,  nust 
be  received  into  geometty.  But  the  moderns,  advancing 
much  farther,  have  received  into  geometry  all  lines  (hat 
can  be  expressed  by  equation'* ;  and  havu  distinguished, 
according  to  the  dirnen«i(iri5  ol'  the  <  quutions,  ihoM-  lines 
inlu  ciassi  s  or  ordci*. ;  and  iia\e  laid  il  duwn  at  •  law,«i<it 
I"  o  .^siriK^t  a  problem  by  a  |in«of  a  bigbaroidtr,  that 
may  CMriiirurird  by  one  of  a  lower. 
GiUvMI.  l  Ulcl  AN,  ur  GsovKTBE,  u  peisoB  shiUed 

in,  or  priiri  -.5iiiq  tjeonietry. 

GLOM  li  1  K  V,  ll.c  science  or  df»ctriiu-  of  iLCaleMn  - 
siun,  as  of  lines,  surfaces,  nni^  solids,  with  ih^i  of  rutins, 
&c.— The  name  (!coniciry  literally  signiAes  nunsunnj;  of 
thecanh,asit  was  the  nece^bity  of  meesuritig  the  lutid  ih.a 
first  |pivu  occasion  to  contemplate  the  principles  ai.  i  m  i  s 
of  thm  att;  which  has  since  been  extende  d  to  naraberk-ss 
othwapuevliliaiwi  iusomucb  that,  together  with.arith- 
iMde,  gataietty  fimua  now  the  chief  (buodation  of  all  the 


The  invention  of  geometry.  Kite  many  oilier  things  of 
■htiquity;  is  varimuly  ascribed.  » 

HevNM«s(lib.t),  IKodorus  (lib  i),  $n«b»(lib.  17), 
and  Proclusaasfgn  it  to  the  Es;ypti»ns  and  assert  thattbo 

annual  inundations  of  the  Nile  pnve  occasion  toil;  fi)r 
those  waters  bearing  awav  the  bounds  and  land-marks  of 
eilj»t<  s  liiul  I  inn-.  Covering  the  lace  of  the  <!round  uni- 
tbrinlv  with  mud,  the  people,  iciy  thev,  were  oblinivl  every 
year  li>  dislaiguish  and  lay  out  lliiir  lands  by  Ibe  lonsi- 
deratiiiii  <>f  ilieir  ligure  ami  ((uuniily-,  and  thus  by  ex- 
jicritncc  niid  habit  ihey  formed  a  method  or  art,  which 
was  ibe  i:n.;iii  of  geometry.  A  farthi  r  conlemtdlitittn  of 
the  draught  ot  tigures  of  fields  thus  laid  down,  niul]ilai(i  d 
in  pniportiun,  might  naturally  lead  tliein  t4i  the  di^iovery 
of  aonmoftheir  excellent  and  wuiulcrful  properties ;  which 
i|it«nlatioii  coatinually  improving,  the  art  surerssively 
gaiiMd  gnu^if  and  pud«  advances  more  and  mora  to- 
wards perfectkm.  *  .  .  ■ 

Joeephus  hpwever  seems  to  iiMba  the  invention  to  the 
Uabruwa:  mtd  others  of  the  aadcnis  make  Mercury  Uw 
rnvnuor.  Polyd.  Virgil,  de  Invunt.  Rer.  lib.  1,  C^p.  IS. 

From  Evypt,  this  Mience  passed  Into  GnMw,  being 
carried  thither  byThalcs;  when  it  was  much  cultivalsd 
and  ini[  r  nrd  by  himself,  arblso  by  Pytbajcnns,  Anaxa* 
gorasui  Cliuumcjiei  Uippocratn  of  Chios,  and  Plalo^  whw' 

4  B  * 


CTE  O 


lc«tiiic«l  hik  convirtkiii  r>f  tho  nrcmuty  and  tnportaaeeoi 
gvuntrtry  to  tfae4uccri»ful  >t|idy  of  pbilmopbyf  by  Ukil  in* 
Mripliun  ovvr  tb»  door  uf  bis  aciKimyi  **  Let  no  one  ifpo- 
iiiil  uf  fi-ouKtry  cttlrr  hew"  Plato  thi^kt  thr  wtnl 
froiMii;jr  too  mem  m  nmie  fitr  tUs  Kience,  nml  tub- 
itittihKl  iumcmI  of  it  tbv  more  utenaiv*  mum  of  Meow* 
iMiim;  m4  after  lilm  oUwng^ve  it  tlut  litlc  of  P«uo> 
nctry.  But  cmt  thcK  mtv  now  bvcomc  ioa  icanty  in 
ihr  ir  inipoit,  fiill^  to  cuinpn-licmJ  it>  iMuU;  tor  it  not 
only  im|Uirf!i  into,  and  (loriM-p'j.tralc*  llu  (.numtilii  s  of  inaff- 
niltKh't,  iiiil  al'.i  lliL'jr  i  I:. I  I  :is  llu'  specie*,  fimiiv>, 

ratios,  }>i Mil  iiis  Mnn>.:<'iiii.i!  is,  ik'tt:iiiiK.n!,  divisions, 
thf  Ijiniitii;  III  (lii-ir  nr.lii  s,  (h.niH'li  is,  tarllfcnts  »syw 
ptolo,  ciitv;tHir<-,  \c.  S  iiiiL-  ii^'  iiii  detiiif  it  !!•.  thf  scii'lico 
ct  inqDirin>!,  iini  iiln;^,  ami  v!<  ;ijti-Italil>!;  nl I  il.oarUi  - 
ttuitsot  iniigiiiluilr.  Aud  Kroclus  rails  It  the  kiiCik  Ik'dgt  of 
m;i|:intijtli  s  anil  h;.'Uii>«,  with  tli<-ir  limitation!);  as  aUo  uf 
ihtir  rati^Mi,  ail'  (.tinns,  po-siiions,  ontlmoiioii-.  of  every  kind. 

About  50yeHi>  uIiit  I'IuIu,  lucd  Kuctid, wkoCMlocted 
togrtbor  all  ih  «r  tlxonmi  wbich  had  bit'O  iwwiitetl  by 
bis  pr«t(>ct.v>uri  ill  Eiypt  und  Greece,  and  dijutwl  tbca 
into  15  bonka,  callt-d  the  Elenienit  ofGoooKtiy  t  detaon* 
•IfBiim  mill  «munrii!{(  the  wboia  in  »  wry  a^Mte  and 
perfect  qnaMT.  Tb*  iwxt  to  Endid,  of  lime  ancii  ni 
writen  yibast  worka  an  extant,  is  ApoOuniwa  Pcr^a.-us, 
wbo  flottri«b«d  in  tbe  time  of  Ptolemy  Rurrgeln,  aUout 
SSt^ytonfaefoee  Christ, and  about  lou  yren  Mt^r  Euclid. 
He  was  author  of  the  til'^t  mid  priiici|ml  w  ork  on  Conic 
Sections;  on  nrruuut  of  »hich,  and  ins  otlicr  accurate 
mid  ingi-niou*  .n-.i  incil  niiujjs,  ho  Mc<]uiied  fruui  liis 
patron  the  j'ni|jhu(iLiil  itji|h  iJ.iluin  of  "  Thi-  Gn-Ht  (Ji  iimi-- 
trlthiii."  Contemporary  with  Aji' iib  miI'.:^,  or  pcr.sajib  a 
ti  w  ycurs  before  him,  flourished  iVrchiinedes,  ci  lcbniled 
for  his  mecl.itiiical  iiueiilions  at  the  »ii>ge  of  Syracuse,  and 
not  lc»»  so  for  his  \cry  ingenious  pcunetricaj  cumpoiiitioiu. 

Wc  can  only  niention  Kuduxus  of  Cniilui>,  Archytai  of 
Tarenium,  Pbilolaut,  t^ratosthi-ne^,  An>tarchii»  ofSamo», 
Dinottraius  the  inventor  of  the  quadratrix,  .Mi  net  h  in  us, 
bia  brother  and  the  disciple  of  Plato,  the  tui'  Ari»teuk'», 
Conon,  Thracidiu»,  Nicotelit,  Leon,  Thoudius,  Hcnno- 
timua,  liero,and  Nicoinedca  tbe  inventor  of  ibe  cunchoid: 
beiMei  whom,,  there  eie  mmy  othe?  eacimt  ^ecnetii* 
ciaiia,  to  whMB  tfaia  Miawe  hne  hccB  imlebtod. 

The  Oneh*  eMdBMd  fbeir  eneiitiov  to  it,  «««■  nAor 
they  were  nbdwri  hy  ^  Romans.  Whereas  tbe  Roimm 
thoDMltrei  weitB  to  nttle  acquainted  with  it,  eytn  tn  the 
most  flnurisbinK  time  of  their  repulilit ,  th.i;  1  arilii*  in- 
forms us  they  gave  tiie  naiBP  of  niHthi  luLiiitmns  to  th'w 
who  pursued  [tie  chimeras  of  iliviii  limi  and  judicial  astro- 
logy. Nor  does  it  Bppinr  they  wi  re  mure  ilis|HKrd  to  cul- 
tivate ge<jnHiry  iluriii;;  the  decliin',  .1^  d  iiUvr  tbe  Irill  of 
the  Roinjiii  empire.  Hut  the  case  was  diffen  nt  with  llie 
(.■reeks;  among  whom  iire  lound  many  excellent jjromc- 
triciuns  s.ince  the  commencpment  of  the  Christian  era,  and 
After  the  traiulation  of  tbe  Roman  empire.  Ptoh  my  liv«d 
under  Marcua  Auru'lius;  and  wr  have  Ktill  extant  the 
\vork>  of  Papput  of  Alexandria,  who  lived  in  the  time  of 
Tbooduaius;  the  commenfar',  of  Eulociu»»  tlw  Aicalonite, 
who  lived  ai>oui  the  year  ol  Christ  54O,.  oa  ^r^iinedo'a 
neasuntion  of  tbe  circle }  aad  the  commanluy  on  l>iDclid» 
by  haclai,«i||iliTCd  iptder  thoepuiiveftAaMtMii^ 

l%*l!BMt|<iBtiwund>tioii  rflmw^  eiiil  Utrbwiun 
Wis  ■nfcfonwble  to  gMBuW'lwmiM^Al  to  the  other 
I)  mid  tbe  limi^itiwippliiiit  theniaelvn  to  this 

However,  in. 


thoer  times  of  Turopran  durknras,  the  Arabiana  wore  die* 
tinguiilMrd  ^  the  guardiana  and  prumoiVri  of  Kience;  end 
from  the  ^  to  Ibe  14lh  centuijft  ihey  produced  many 
e»uunaiaei«,promrtiiciaiia,  geof^phcrs.  ac ;  fioin  whoat 
the  meibcmatical  icieacea  wenn^in  received  into  Speia^ 
Italy,  and  tbe  rot  of  Cufope,  sumnrbat  belitra  the  >(ar 
1400.  Some  of  the  eaxlini  writers  alter  this  period,  an 
Lromrliii  Pfsanut,  L«ca»  Faciulos  or  Ue  B«r|o,  and 
oUwrs  betworn  1400  and  iSOO.  And  after  thit  appt^rad 
many  cdilioaa  of  Kurlit),  m  commentaries  upon  biin :  thus,, 
Ol  imtius  KiiiKiis,  ill  I  .>.i>  I.  |iiil<!i-!i>  il  .1  roijjiin  niai^  on  th« 
first  (i  books  ;  ai  did  Jurucs  l'«d<l;ii  lu-,  111  i  r>  <J  ;  .nul  iibout 
the  same  time  S  irb^lus 'l  all.i^li:!  pi.blibhi  d  f  culilliiill- 
iMry  on  the  wliidi^  l.'>  books.  'I'hi  u  bj\e  bivn  ;t|s.i  ihe 
I  i , ! sons,  111  eotuiui :  ICS,  ol  (  ''iniiMlidlni  ,  <  lii'- il  liil- 
liiii;>l\ ,  Srlieufn  I  Ills,  lleiliiius,  pi -dms,  I!  unus,  lii-ri- 
gKii,  Sl(  vinus,  Saville,  Ittirrow,  'I  aquei,  iKcfiaUs,  Fur- 
uier,  Starborough,  Keitl,  Stone,  Player,  and  uniiiy  othei> ; 
but  the  coinpleleM  edition  uf  all  the  works  nf  Kuclid,  i» 
that  of  Dr.  Gregory,  printed  ut  Oxiord  1703,  in  (m-ek 
and  L.nliu  :  Ihe  edition  of  Euclid,  by  Dr.  Robert  SiniMin 
of  Glaifiiaw,  containing  the  irat  6  Uiok^  wilb  tite  1  Itk  and 
12th,  ia  moch  esteemed  for  its  covredAna.  Hie  principel 
other  clemrntory  wrilet%  Wiidee  the  editor*  of  Euclid,  ara 
Borelli,  Pardica,  Marebettii  Wolfiun,  Siropton,  Lcalie,&c. 
And  emong  thorn  who  have  gone  bvyond  Euchd  in  the 
nature  of  the  Elementary  parts  of  Oeomeiry,  may  be 
chiefly  reckoned,  .■Kptdhmlus,  in  his  Conies,  his  I.<'ci  Plani, 
De  iSectione  l)i  IiTiiiiiiiita,  his  Tangencies,  Inclinations, 
S<  clion  ot  a  Raiu.-,  Section  of  a  Space,  &c;  Archiiiiedi-s, 
in  Ins  tn  atisi-s  of  the  Sphere  Htui  Cylinder,  the  Dinieusion 
ol  ilir  (  I!.  ;,  ,  !  •  Conoids  and  Spheroids,  of  Spirals,  and 
the  tJuKiUaliirr  of  the  Parabola;  The<jdo»iu«.  in  his 
.Spherics;  St  nnus,  in  his  Sections  of  the  Cone  and  Cy- 
linder; Kepler's  Nova  Stefeomelria  ;  (  ik^alteriui's  Oeo- 
aetria  Indivisibilium ;  'I'orricelli's  Opera  tnnmelrica ; 
Viviani,  in  his  Divinationes  Geometrical,  Lxerciiatio  Ma« 
thi  matica,  I)e  lx>ris  .Solidis.  De  Maximis  et  JlJinimit,  dke;. 
V'leta,  in  his  Lflrctio  Geometiica,Supplerocnl.Geoinetriaf, 
.Vciiones  Anfiulares,  Respoiuuro  ad  I'roblcua,  Apolloniu* 
Callus,  &c:  Gt^pry  St.  Vincent's  QuadratnmCircnii^ 
format's  Varia  <^cia  MMhematica  i  Dr.  Barrow's  Lee> 
tionci  Gcomeiricm}  BnlHaM  de  tiiieis  Spiraltbos;  G»-. 
vnkrius;  SchooiCTi  atid  Gl««oi^  EnerciiatianH  Geo- 
■srtricm,  anri  Gregory's  Par*  I'm venali«, diet  DaHll/k 
trealise  De  Pinporiione  Harmonica;  La  LoveraV  Geo- 
ini  tria  veterum  (iroiDOla ;  Slusiii-*s  Mesolabium,  Proble- 
iPHia  Sulklii.  \c  ;  Wallis,  in  Ins  irtatises  l>c  Cyrlt.ide, 
Clssoide,  L^i  ,  1*1  Propi/rtionibiii,  iJe  isectiowlbus  Collicis, 
Anibineliia.  iiilitiituriim,  l>e  (1  niro  CJrivliatis,  Do  Secti- 
oi.iln'.s  Ar^juliiribu-s,  l)t:  .Aiinulo  Coutiictus,  Cuiio-Ciiih  us', 
iiC  ;  Hugo  l<e  Omenque,  in  his  ;\iml)si5  (ieoiuetiicu  ; 
l'->i  al  on  the  Cycloid  ;  Step.  .Angiii's  Prohlcmata  Geo- 
inetticj;  Alex  Anderson's  Suppl  Apoll  aiii  Kedivivi,. 
Variorum  ProbletuHtum  Pratiiee,  ttc;  Burnnius's  Geo» 
mel.  Pr'  b.  &c  ;  (iuido  Grntidi  Gcoroelr.  Dimonslr.  &c; 
Gbvtaldi  ApoilMiiiiis  Kcdivivus.  &c;  Ludcdph  van  Colen 
or  a  Crutcik,  dc  Cimilo  ei  Adscriptis,  &c ;  Soell'a  Apol< 
kmitia  Bamvus  Cychmictncus  &c ;  ilerbentcin's  I>io< 
teaeCirculonun;  PtdaM'aExcrcitioGeometnami  GvU 
dini  Centto>Barica;  with  sewial  others  etiually 
of  more  modern  date,  as  Or.  Roh  Simson,  Dr.  i 
Stewart,  Tho.  Simpson,  Jtihn  LeUir,  Lt^gendrr,  6:c.  Sine* 
th<'  introduction  of  the  new  geometry,  or  the  (;ioiiiclry  of, 
cluvc  Uues,  a;  axpuMcd  by  algcbiaical  cquiOioiu,  in  tbi« 
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part  of  f«am»((y,lh»  fcUowing  nuBf*,  smong  many  nthi>rs, 
HT«  tnoiT  «ni|M>ciall>  (o  be  mpectcd;  \w,  Dmcaries, 

Srli'>"ii  n,  N>'vi;..n,  Miiclaurin,  Brarkftiridgo,  Crdnur, 
Colts,  \Vin;ii;,  lVi.  .vc  —  i<  lo  tkv  sabji-ci  of  prnctical 
jrroiuctry,  llic  i>.i.  I  «rc  l!i-ViT,  Ki  pier,  Kiiinut. 

CIhm .M<ill  1,  i .!  .,uri,  (_)/iiiatn,  \\ <illius,Cjrfgor) ,  with 
iiiiiiiiiii  I .ilili'  III lii-i  V, 

lii'i.iuftry  IS  '  -liiijiiisLi  il  into  theiirv  tical  or -|a cula- 
livf,  ftliil  |iiiirlu  il. 

Tk€orctu:al  oi  Sperul>iiivf  Geomktrt,  Ircab  of  the  \»- 
rinus  pr(>ppitM^  an>l  rcl»ii'>ii*  ia  M|iMtMlcs»  iliuAi^i-u- 
lina  tbc  ibcvn-ntft,  iic  An^ 

t^ac  ieai  Geoii  ktiiv«  it  that  which  applirt  those  s^- 
ciiUtioAs  ami  tiw-onfm  to  farHcnkr  mn  in  ib«u>kiucMi 
ofproblcaitttuKi  n  ilwnvMttKawDteiBlhtafdiniryGdiH 
cenuafliie.  '    .         '  .  ' 

liprrttkiliw  uromciry  tiguu  may  Im  ^miai  inlB  d»- 
Buntary  mmI MtliUate.  ' 

'R'emeumf  or  Coam^  Gmk BTftT,  b-llMt  wMcfc  k  oa- 
plo)c«i  in'tbe  ccibW(l«iiti<i«i  of  li^t  liM*aad>pkae  taih 
niM,with  ifae  mlidt  ^mcrstml  Uom  thm. 

Hi^ker  t>r  Suii'iitu  <>t:i)MKTHv.  w  tbat  which  is  cm- 
plityci!  iti  iho  c<iii>idorittiuii  ul  cum-  lim**,  conic  tcrtions, 
iiii;'  III  UikIk*  lormrd  of  ihrm.  'I  Ins  pan  has  Im  >  n  t  hutly 
CuUiviiied  by  the  niudcnu,  by  ht'lp  of  Uip  iinpnivcd  stiitc 
of  al^"  bin,:iiii]  tliL-  modt-m  analysis  or  lln.xiuiis. 

1/f.tcnpiiie  (ir.i>MKTRY,  a  nniiie  givin  to  u  ti'-n  vpi-cics 
of  f(eoiuc(ry,  chiclly  trcnlcd  on  by  Sl.Mfmgr.  \\  liuii  oiif 
(urface  p«n«traie«  aiiutber,  thtrc  oftrii  malt  from  their 
inler»eciioii  curves  of  double  curvature,  the  docripion  of 
which  it  neooBary  in  some  of  the  nrt:i;  a«,  in  groined 
Vaak^Otk,  ^lld  m  Culling  aich-stoiirs,  or  wood-CUIlltlg, 

'te  ocaaaicatal  woik,  ttc,  tho  form  of  which  it  oAco  vciy 
iMliulical  aad  compliortad:  it  b  ia  dt«  aolatioa  of  fMw- 
WciBK  i»loting  to  ibaa  wljeato  that  dfcwiiftlw  pometry 
it  chiefly  inrliiL 

Soaw'afcUlacb,  aiore  «ene<i  in  ^Rvctry  than  tisoal 
wth  penom  of  that  profeiMon,  have  Im^  since  thrown 
soma  light  on  the  ftn*  princif^of  thi*  kind  of  geometry. 
There  i<i,  for  inttancc,  a  work  by  a  Jrauit  named  Father 
Coiircirr,  showing  how  'd  ili^rribc  lh<'  cuf^f"-  rSiOlling 
irum  the  mutual  pciuiration  of  cyliiKiricnl,  >ph' rical,  and 
conical  «urface» :  thi«  work  wns  publiihed  nt  Vn.,^,  i:i 
1663.  P.  Derand.  M.  Jou^so,  Frazicr,  kc,  hml  .N  ■  c  n- 
tribuled  a  little  towards  the  promotion  of  this  i  ;  :  ,  >  I 
geometry.  But  Mongi*  hus  given  it  very  ^nat  ■  m  i  s-  h, 
apt  only  by  proposing  and  resolving  vaiiouH  proi  !.  -  I  •  -.h 
euHoutaaa  difficult,  but  by  tbc  invention  of  stvcr.n  nesv 
aad  ijMHWting  theorems.  We  can  only  mention  in  thtt 
phct  one  or  tw n  of  ihnc.  At,  Ut,  Two  right  lim-  bring 
gi*aa  in  ipacc,  which  are  neithc  r  parallel  nor  in  the  same 
piaa^lo  fad  ia  both  of  them  the  points  of  ihetr  leaitili^ 
tancoi  and  the  pontloa  of  tba  liac  joining  thete  poiatt# 
9d,  Three  mheret  hnag  gi«ea  ia  ipaM»  to  dciormitw  the 
|f«Wao  of  the  phuw which  loochetthMB.  There  areaho 
Qiiiaai  ffoUeaa- relative  to  lines  of  duaUe  curvature, 
and  to  MifaBat  ntaltiagfram  thr  application  of  a  right 
linetlitt  kamoontinnally  Up<in  t»o  or  thri-c  o'ii'  uiven 
in  position  in  space.  Among  ihi'  theorems,  th'  ■  !  owing 
njay  bi-  mentioin  d  :  If  a  plane  turfHCe,  ''.ivt-n  ii:  sj'iice,  be 
].n>jccteil  on  three  planes,  the  one  (lorizontal,  hh'I  ihe  two 
Hilars  vertiCitland  perpendicular  to  each  olhi  r,  iln  s>]Uarc 
of  that  surface  will  t<r  equal  to  the  »uni  of  the  s  of 

the  three  surfsds  of  pKijoetion.    This  tlieorvni  is  111- 
teretiing  ID  tho  geametry  of  .lolid*,  at  that  of  Py  tbagora& . 
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(Fuel,  i,  -ir)  b  in  ^laae  gna»Ciji.  Bat  for  jaoie  on  thit 
subject,  rawwace  amy  be  made  to  Monge^  and  LacioixS 
ingrniou*  worlit  00  (leometrie  Descriptive. 

Q  EOM  ETRT  (jf the  Compeatef,'  u  rvew  species  of  geometry, 

mf>ri-  iriL;  nUiU^  thao  pri;t!)ij!;<)  or  uselul,  lately  pniposi  li 
Ly  fill  M.Lc  Maschcroiii.  )litb«r;o  boili  the  ruler  and 
l;:e  cni.iiJrtS'Cs  liiive  In  i  ii  i  niployeil  in  ttie  ^tilnfion  of  pro- 
lili  iiiv  111  pUiu'  ^eoiiu  try;  and  u  Imil  i;i,t  b<  en  iinngined 
tiuit  'Uih  problc  iijs  Coiiiii  betolvi.l  ;  f  ,  1 --rrucled  with- 
out the  iimibined  Use  of  theic  two  ii.!,in.i,ii  iits.  But  that 
author  ha^  sbawi< a  great  numbcf  of  prolileins,  which  are 
rendered  fetypi^tMQt  and  amusing,  by  the  neu  condition 
•if  emplojriagodty  the cdhspam-t  in  their  soluti<.h.  Thiu: 
Two  points  terminating  a  rijtht  line  l>eing  given,  to  iiod 
rilhcr  between  or  without  those  two  points^  any  nuiaher 
of' jpaiaia  which  shall  be  in  the  laaia  1^  line  with  the 
fonaer,aad  which  rimll  anke  the  inlerrtils  between  thdta 
in  a  [;iven  ratio :  9d,  Toagiven  liii<-  lu  ilmw  parallels,  or 
perpcndtcohii,  or  liaea  making  given  angles  with  tbrin  : 
3d,  To  inicribeor  drcmnscribc  irithin  or  aD«ut  a  circle, 
the  various  problems  which  are  construrtible  by  plane 
gi-oiin  lry :  4th,  To  Vielermine  the  nuiiii  ptoporlional,  be- 
t\»ern  two  given  ilistanees;  or  to  find  thinl  or  fourth  pro- 
pjTlionals.  All  the  problems  iiule.d  of  the  F.uclidean 
^eoriii  lrv  :irr  ilm^  n  solved  by  the  mere  inli  TsrciKin  of 
nr<s  ,,i  I  i!i  li  ..  uirhoiit  druwin;;  a -in^lr  1  i::ht  line  The 
uuthor  irsni  .i  v,  by  inf;e!'lou^  up|iro\iinution»,  many 
problems  M  lr<'h  Iil-  I;i-\(.:„|  the  limits  of  common  geo-* 
metry  ;  such  as  lho«e  relating  to  duplications,  (nacctlOBI| 
jcc,  still  employint!  only  the  compasses.  Thewwil  IllOSte 
alluded  to  is  entitled,  Geometria  del  Coropaiaa,  and  of 
which  a  French  imnslatiun  wao  pnUisbed  in  1798,  in 
I  vol.  8vo.  A  chapter  on  the  same  practice  liaa  alio  haen 
IttteK-  given  in  Leslie's  Geometry. 

The  followiiwprahlini|.propMcd  By  the  EmeiorKn* 
poleon  to  the  Fwidi  laanfMBticiant,  with  teveral  othan 
IB  ihi«  geometry,  are  lierc  constructed  to  show  the  method. 

1.  Imperiai  JWtoi.  To  divide  the  (;ircamfieraace  of 
a  circle  ini»#Mtroqaal>arts  by  the  compassct  only,  let 
AOXB  be  the  given  circle,  whoee  ceatre  is  c  From  aiqr 
point  A  in  its  circum- 
ference, with  a  ilistaiice 
equal  to  tli(  !;:vrn  raiiius 
Ai  ,  lay  I'fi  the  three  suc- 
i  I  <■  iln  I  -ion-  .\  D, 
i  r,.  air.l  A B  will  l)e  a  di- 
aiiii  ii  r.  With  liic  centres 
A  and  n,  luiil  railius  ak  or 
BD,  the  chord  of  two  divi- 
sions,  describe  arcs  inter- 
secting each  other  in  r; 
aiid  PC  will  be  the  chord  of 
»  quadrant  of  the  gtwn 
ctrdet  irirfeb  biiMafmNed^ 
few  liMi»li>4«»4mMiafFi«Aoe  will  divide  it  at  reqninML 

Tha  tnith^of*  drft  i«  readily  tftown  iho^:  Becanae 
AB*  aa  4tttf  mvf -tt  AC*  (the  angle  Aia  in  a  temlrirde 
being  a  righ(  ai|||l^'Ar.'  =  3ac*.  Bot  Ar*sE  ae*  by 
construction;  AerHbf^  at''  =a  Jac*:  and  since  if  ac  and 
CP  were  drawn,  the  nrisic  acp  wiMjld  be  a  right  angle, 
AP'  =  .*c'  -t-  cf':  hence  AC*  H»  CP*  ss  Sac*;  and  con- 
se<(it>  iitly  n  •  =  :.\c'  which  is  thOtqnare  oTtfae  choitl'df  r 
;Kt''.    Therefore,  \c.  g.F.D. 

From  the  above  solution  th'  div.ion  of  the  ciri  nni- 
fcrettce  into  8. equal  parts  i»  readily  derived.    For  liom 


Ly  Google 


ft  I  L. 


t  ««  3 


O  L  O* 


thr  intanrcrion  p  with  th«  radiu*  ac  At  ihc  eivrn  circle, 
dneribe  ui  arc  intertectitis  tbc  circumfi-rt'iicc  in  o.  This 
iiumcdion  will  bisect  the  nrc  of  90°  Rbove  drtcnnineiL 
■  &  To  (Bvkle  the  circuttfemwa  of  •  drde  iiito  $ve 
«attiil  |Mrii|  or  tR  camtniet »  nsiihM-  pnti^K  tw  nram 
of  the  comfNUiv*  only :  Let  ab  be  the  giwa  ctrefe;  ihtn 
having' founil  thi>  ilistneter  ab  and  ai.  liie  cbonl  oi'  • 
quarlr.tnl  or  pO°  a»  tHti>r<-;  vtith  cvulrv  I  urn!  mdiuti  a<', 
^<'^  <ii?  iIk- iin'i  II,  I. M,  'I'tiiiii  till'  |'(iiiii>  L  ;<iiii  M.  vvlih 
Uic  ladiuN  AI,  lii-n.li  ..rci  iiiv  f^i  ctiriij  iit  s,  i>ii  tlmt  ••iile 
"T  llic  cliuill  L^l  11^  iIh'  uhlic  c  (if  i1k- iircii- ;  uriTllie 
(iisiHiire  ol  ihi^  ir.;,-i>  i  ri.  m  limn  cilhi*r  c.xtri'llU(y  ul  ttu: 
diai.u>U'r  %B  u<li  1 1-  ih"  miIl-  of  life  pentagon  reqnimi;* 
'riK'^Jiiyuiivli.Uiiin  !•>  Mmpic. 

Ni'iiils  ti>  lliii  C"ii»lriiclion  of  tlic  ppnta!»f)n  ii  that 
givvn  hy  Ptoli my  in  liis  Aliiia^f^t,  for  finding;  itii-  chord  of 
liic  Jilili  parf  of  (In-  tircuinfcrrnce. 

An  iitjieniiMi*  fimiH  (Mr.  J. 15.  Wiso,  of  Boyii  Hill,  near 
Maidenheail)  ha.  lavMurol  us  with  a  conntruciion,  in  one 
aiiople  diogrMi,  for  all  regular  pJlyg/Hu  inacnbed  in  a 
circk-tof  the  following  immlwr  of  lim.  vivt  9»  4»  9t6t  7» 
8. 9,  to,  i«.  15,  Ifi.  18,  24^  $0^  40b  tib.  he. 

OBORGIUM  SIUUS.  See  Hbmciibi«  md  Ubavub. 

GERBi-.K'r,  Pop*  Silvester  tbo  Svcond,  ««*  b«M  of 
indiKPOt  parents  at  AuTcr|cm>,  in  the  rarly  part  of  the  tOdi 
Cfiilury.  Scare,  ly  bail  he  iicquin  il  the  first  priiiciplc*  of 
the  Rcii-nccs,  when  he  lell  a  rntiiitry  tlicri  immmt-d  in  ig- 
n<jraticf,  .i:ui  tr.urlio.l  into  Spain,  wIhto  he  remained  so- 
vcrul  ycart.  Iluiiiii  made  "leiit  prui;n*ts  in  the  mathe- 
iiiJtiC'!.  ill-  letmiu'd  into  r'lai'.re,  wIhtc  hi-  the 
scu  nre^,  wlncii  lie  bad  learned  Inim  the  Aruljian?,  parli- 
culavly  arithmetic,  which  he  thus  had  ihe  Imnour  of  com- 
muntc-atin^  to  the  western  Christians,  about  the  year  960 
or  y7().  Ilis'nicrit  and  wisilom  iilti  rward*  elevated  him 
to  the  papal  chair; 'tthich  hf  filled  ri!S|H?ctalily  till  the 
tiiui-  111  Ills  ilra'.h,  in  the  year  100^. 

GHI^rALDLIS(MABiKDa),a  Haj;u«an  nobleman,  and 
very  rc»pecuble  jgooawtrician,  who  flouriihod  about  the 
bcfinniqg  of  the  17lh  ecntttry.  He  was  author  of  aeveiBl 
tnKenlooa  ««*kt  «n  fwnelry.  Bfier  the  Bmnner  of  ihe 
nncicnti;  of  which  iho  litki  aad  datcBof  thow  that  are  ia 
my  |x>^seMi«n  are  the  fbllovlnit:  I.  Piomotua  Archimv- 
di's,  &c,  4to,  KomK.  \60i. — 2..Fniblcmtum  Colhctio, 
4l(.,  Venet.  1607.— 3  .^pollonius  RodNivu*,  &c,  41o. 
Vcnet.  I()'t)7  and  I(jl3.— 4.  Supplementuia  Apolionii 
Galli,  Venci.  l607,  4to.— 5.  De  Rewlui.  el  Com|>ujiit. 
Matlu-mat.in  Mio,  BofMh  t^SKK  And  there  might  be 

other?.  > 

(ilRBOUS,  i-.  (i«rd  for  the  nhapouf  one  stale  of  tlie  rn- 
lighlencii  p.irt  <if  llic  n!ocn,'b<  ini;  lh;it  in  wlncii  she  ap- 
peuri  inure  ti;4i  -;  Imlt' I'lili  ui  enli^liti  iird,  wliicii  is  ihe  lime 
hetuecn  the  fir'.t  quarter  and  the  fuii  inoun,  and  from  the 
full  moon  fo  the  lost  quarter;  opjieaiing  then  f;ibbon<i, 
ih'it  is,  bunched  out,  or  convex  on  both  sides  uf  the  en- 
lightened part;  as  contradisiins;uithed  from  the  ttair  when 
\»  lets  than  half  full,  when  she  is  said  to  be  horned,  or 
a  cnscenU 

GIUiERT  (Wm.)»  a  pbjrskian,  who  wai  bom  at  Col- 
ebouat  in  %S*0,  and  oducfM  at  Gtaibritlg^  but  took  ha 
d4M|reeofii.D.  abroad.  On  his  return  ha  wm  elected  a 
fellow  of  the  college  of  physiciam,  and  bocnnM  physi- 
cian 10  queen  Bliiabalh.  Or.  GUbett  diMOMffd  tevml 
of  the  properties  «if  the  loadstone :  and  in  iCSO  h«  pob- 
Itthcd  a  work  in  4to.-«ititlrd,  De  Maj^net^  maftn«tici«que 
Gbrporibus,  el  do  magnu  Magoeic  Tellure,  Pbyikdogia 


nonf;  in  which  are  NMWjr important  |«ggr»tkHiti»r  the im- 
prm-rment  of  navigaiiaB.  He  died  In  I609,  cante«]ueiitly 
at&t  yean  of^lB.  ■ 

Gf  ilBOLSt  are  Ihe  btm  rii)g»  by  which  aseB<nni]WM 
is  etMpnidcd  to  its  box  that  vaimlly  »tand«  in  the  binocle. 

GfN,  in  Artillery  and  Mechanic*.  11.  «  machine  forrais- 
ing  cri  at  «i  i;jlils,  usually  r«iiiip<i''ed  n(  liiiee  li  'i  j  1  Ac. 

(i  lU  A  Kl  >  1  A 1.  n  r.  It  t).  See  an  acci^iint  ol  In  in  in  the  ai  - 

lit  if  A  IJ  ■  I  V  K 

C;iK!)l,ll^.  lii  .'ill  h:t<  ru;|i',  iin-  the  lari^esl  Ijrain.i  or 
pi'cT  ('i  l:nibrr  Mirinjrtiiii;  llie  l^,nr^.  'I  heir  ends  nr*> 
Usually  lubtt  iied  iniu  she  suiiiiiiy^s,  nr  l)rt.i«t-'iiimnier»;  and 
the  joists  are  trained  in  at  OTie  end  in  ti  e  ^nnK-rv.  l$y  (he 
lUrtuIr  lor  r(  Luildini;  London,  no  girder  i*  lo  lie  less  than 
10  inches  inio  ihe  wall,  and  their  ends  lo  be  alua}»  laid 
io  loam,  itc.  The  bhnrter  bearings  a  {•irdei  lin<:,  and  itie 
oftcner  it  is  supportid  by  the  internal  or  parlitioii  »ujls, 
so  much  the  better.  The  e»iabli«krd  breadth  aud  depth 
of  a  girder,  according  to  its  length  of  bearing,  are  as  in 
the  Mllowing  tablet : 
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GIU  T,  in  Timber-nieiusuriiig,  is  ttie  ciu  umli  ri  nce  of  a 
In  c  ;  though  soiiir  use  tlus  wmil  /ur  tin-  <]ii.ir!(  r  or  4tli 
part  of  the  circumference  only,  im  aeci  tint  ol  the  gieal 
use  that  it  made  of  it ;  lor  the  ^qiiaie  uf  liiis  4ih  part  i> 
esteemed  and  used  as  equal  to  lite  an  a  ui  tlie  ^eCtlon  uf 
ihe  tree  ;  wliith  xpinre  therefore  nnillipiud  by  the  lennlli 
of  the  tree,  id  accounted  tbo  solid  cuiilent.  'i'bis  content 
however  is  always  about  onc-fourih  part  lest  than  (be  true 
quantity  i  beii^  nearly  equal  to  what  this  will  be  after  the 
tree  u  hewed  iqaare  in  the  usual  way  -.  v)  ibai  it  sei>msui> 
tended  to  make  an  aikiwwwe  lor  the  tquahog  of  the  tree. 

Gi  KT-Lmc,  is  a  lina  00  iha  common  or  carpealcr'a  sli- 
ding mlb  emnioyed  in  cwmpwtingthie  contcott  of  trees  by 
memn  of  ibmr  giit. 

GiVEN,2)lefiim,  a  term  often  used  in  math(mMici»Bnd 
lignifirs  something  that  it  supposed  to  be  Jinowti. 

Thus,  if  a  magnitude  be  known,  or  ifwc  can  find  an- 
olhir  equal  lo  II,  it  is  said  to  be  given  in  inagnilude.  Or 
uhi  ii  llie  pwitiun  of  any  ihiiip  is  kiM  un,  M  is  ^anl  lo  be 
'jnen  in  posjlum.  .\ihI  «lirn  tin  ilia:.-eler  el  a  eiit  le  is 
k.li,.»ni,  liic-  circle  i^piu  n  111  iiui;;iiit:ulr.  Or  llit  cuelr  is 
giM  ii  ill  pcMtion  u  ht  n  it^  centre  it  given  lU  pusiuon.  When 
llie  kind  or  :>pvcie»  uf  a  (igurc  it  hJIOWIII»  Of  IVmaiM  the 
idme,  It  is  given  in  specie,  \c. 

Kuclid  wrote  a  book  at  Data,  or  conceriiiiigthings  given, 
in  propoaitioits,  usually  accompanying  his  blrnirnti>  in 
the  beet  Mitions»  and  which  Pappus  reckons  as  one  of  tlm 
best  specimens  of  tfao«m|iytical  works  of  the  ancienlt.  • 

GlJVClS,  ill  l-'ortitiGalioB»  aaiflpiaglwiik  raadimg  from 
the  parapeb'of  the  counlwicBtp,  or  eo*m4-*«y>  tn  ibo 
level  side  of  the  Udd,  Commonly  at  tlie  dirtance  of  about 
40  raids.  *  . 

GLOBE,  a  nuad  or  spherical  body,  more  mually  eili<d 
a  sphere,  bounded  by  one  uniform  convex  surface,  «wiy 
point  of  wUcb  is  equally  distant  from  a  point  within  called 
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its  ctolic.  Euclid  defines  tbc  i^be,  or  npherr.  to  be  a 
'■olid  figUM  drsctilttii  by  dw  nvolntiov  of  fi  scmi-circlu 
•boot  iu  diuncler,  wbich*ic«uilm  ttiminvd;  Alao,  iu 
,  utii  it  the  fixed,  lino  or  dianteter  about  which  th«  smii« 
circle  tajrolvM  i  and  its  centre  is  lliesamc  with  thnt  ofiha 
revolving  scnit>circl>-,  a  diameter  of  it  beinj;  any  rigbt  tilM 
ibal  pnshri  throui;l\  ihe  centre,  uiid  terinilmteii  both  nnyti 
by  iho  supi'ificif*  oi  ihr  sphin'.  Hi  m.l  I.  dcf.  I  J,  1 4,10, 1/. 

r.ucliJ.  at  itir  f'liil  ot  till'  I  Jill  Li/i;l-.,  si.  I'.'.  ■  I  liLit  vphi-ies 
arc  tu  uiu'  anuilu'r  iii  tlic  tnplKMti.'  r^itiodt  tlioir  liiuiiielers, 
that  i»,  tlieir  inliditifs  are  to  one  iinoihi-r  the  cuUn  i/t" 
their  <tijmi't(  r*.  ATu)  Arc'.i:i)i  ili 5_ li.  t.  rmincs  the  real 
iiiu^aituilu-  and  m.  ii-.urL'!i  ot  tin  uil  11.1-5  iind  »iilidili(>  ol' 
spheres  uiid  ihtir  K');iiHni»,  la  tivittise  ile.  SphiL'ia  tt 
Cylindro  :  \h,  1,  That  the  tuprrlicies  of  any  j(lobu  i» 
equni  lu  iiiracsH  great  circle  of  il- — '2,  1  hut  iiny  sphere 
ib  e(|unl  to  of  its  circttniicribing  cylinder,  <>r  iliocy- 
lindiT  III'  tlic  snnii*  diameter  and  altitude. — 3,  That  the 
curve  Mirfuce  of  the  segOMiU  of  a  globe,  is  equal  lo  the 


are  an  axis,  representing  Ihc  axis  of  the  worlfi,  paating 
through  the  tuu  poick  of  a  .spherical  shell,  nprcsrotiiM 
those  of  tile  world,  whieb  ahell  makes  the'  body  of  tha 
globe,  upon  the  oyierml  sui fiice  of  which  is  drawn  the 
f»pr«icntatiuabrtho«bal«siirliiceof  the  earth,  :c,ii,  rivers, 
islands  &c,  for  the  terrestrial  globe,  and  the  titar»  mut 
cumtellalioiis  of  the  hea%in»,  for  the  K-kbtisil  one;  be- 
sides the  (i|uinocti;tl  and  ecliptic  lini's,  the  ?.udiae,  tijt! 
tiiipicband  pubr  circK-s,  smd  a  number  of  tiu  ri,:jiin  liu**. 
'I'licn- IS  also  u  biai!en  meridian,  liiir;  a  srrdiii;  iirtle  of 
bra;>",  cm  u;;i-m.iiL:iii';  tin-  i;li!b(.',  at  n  viiiuli  diMniicc  from 
it,  C|iiitc  iiiifUiul,  Kiuliicli  tilt  {jluLi-  i»  i.iing  l)v  IIS  two 
polls,  iipK.i  wliitii  It  turns  round  uitbiii  ti  is  cucle,  which 
is  duiiUii  iiit:.!  4  tinier  yo  <lej;reej,  bi giiuiiiij^  at  tlie  equa- 
tor on  bulh  sidi'ft,  iiad  ending  »i(b  i)0  ul  ti>e  tuo  poles, 
'i  here  are  iil'>u  two  tiraall  hour  ciiclcl,  ot  hrii«s  divided 
into  twice  i3  bounty  and  fittcil  aoUba  meridian  niund  the 
poles,  utiieh  curry  an  iudex fK^iMiiig-to  the  hour.  The 
whole  is  »et  ilia  uoudin  iing,  placed  paniUel  to,'aod,re- 


circle  whose  radifta  is  ih^  lit^difyii  from  the  vertex  of  ptiscatiB^  the  horia0n..iu  which  iho  flobe  slid«»by/the 

.1-  -       -  '      V   .        ,  —  .    lr«is  laeridiaiH  ehnwtiiig  ordepresiinikilbe  iipio  a«ei|i4» 

itn  to  any  propitseil  biituda.  Thcio  ioaii»a,tUii  t " 
farasit,  caDcd  a  .Qnidnnt  of  Aldtitda^  auidaia  f 

casioiiully  upoB  ibo  bm*  mcriiKas,  at  the  highest  oi> 
tical  point,  to  measnre  the  altitude  of  any  object  alove 
the  hori/<in.  A  ningiielic  compa;»  is  »oiiieliii5e> -ct  under- 
mutb.  Si^-  the  ligure  of  the  globes  so  mouiitt  J,  at  (ig.  1,. 

plate  .\iv. 

Such  is  tlii^  pUii)  and  siimple  construction  of  the  arti- 
ficial ijli-ibc,  wiieihir  celestial  or  terrestrial,  as  adapted 
to  the  tunc  oidy  lor  \thich  il  is  made.  But  as  the  angle 
formed  by  the  equutor  and  ecliplic,as  «cll  as  their  points 
of  intersection,  is  alu ays  changing  ;  to  remedy  these  in- 
conveniences, several  coiitrivancts  have  been  made,  so  aa 
lo  adapt  the  sfrae  globct  to  any  otber  time,  cither  pasl° 
or  to  come;  m  well  as  other  conlriviDccs  to  annrcr  pw^ 
ticular  purposes.  V  ■ 

Tbi|i|  Mr.  Senex,  a  ccMiatad  otakcrofg^bcsi  bad  • 
contrieance  which,  by  hmmm  of  a  uat  and  sciew,  causad 
the  pole  of  the  equator  to  revolve  about,  iba  polo  «f  ik* 
ecliptic.  ^' any  quantity  aasswfiitg  to  the  precosioii  of 
the  equiooxci^snee  the  time  for  which  the  gloM  was  made. 
Pbiks.  Trans.  Ko.  M7,  or  my  Abr.  wl.  8,  pa.  ]7<i»  tS» 
Pbitos.  Tnns.  sol.  46,  pa.  290. 

Mr.  Joseph  Harn»,  late  aMii  vtiiaiti  rof  the  Mint,  made 
some  contrivBOCrs  to  shu«  iiie  etk-its  of  the  earth's  mo- 
iioiis.  llefiNed  two  hornry  circlvs  under  tlic  briiss  miri- 
(Jiau,  to  the  axis,  one  nt  each  pole,  sous  to  luin  round 
with  the  lI'  'ij,  .ilid  llmt  im-iiil:aii  m-im  >l  as  ,v.  index 
to  cut  till'  liorarj  i:ivis:oiis.  The  globe  Ni  this  stale  serves 
equally  for  rcsoKing  p'rublems  in  both  north  and  south 
latitudes,  as  also  in  places  near  the  equator  ;  whereas, 
in  the  common  cuti>lrurtiun,  the  axis  and  horary  circle 
prevent  the  brass  meridian  fiom  being  moveable  quito 


the  segment  to  the  circumirsicitcy  of  the  basc^4i  That 
thacooient  at  a  solid  .  s«^o^  of  the  globe  is  equal  to  a 
cone  whose  altitode  is  tife  radius  o(  the  globe,  and  its 
base, equal  to  tin:  curve  sup«rficias  or  base  of  the  sector. 
With  many  oiIk  t  properties.  And  from  beuce  are  easily 
deduced  till  s.  |ii.i<  til.'. il  I  uli  s  tor  the surfiMcsandsoliditici 

of  globe;,  aiij  1  In  a  S'.^iiv.  iits  ;  \  iz, 

1.  lor  i/,t  Su-f<icr  ;>f  u  (Jlobf,  multiply  lie  S(]Li;in' of 
the  diameter  by  J  1410  ;  or  multiply  tiic  ilMnicttT  by  the 
eircumferince. 

2.  For  the  HoUdity  of  a  Ghbe,  multiply  the  cube  of  the 
diunu'ti  r  by  -yi^G  iz  ^  of  3'\aiS)  ;  w  raiiltiplytlw  sur- 
face by  ^  of  the  tlianieler. 

3.  For  the  Surface  <if  a  Segmtnt,  multiply  tha dianeier 
of  the  globe  by  the  nhitudo  of  Um  segment,  and  the  pro- 
duct again  by  3-1416'. 

4.  For  the  Solidity  of  a  Segment,  multiply  thc  tqoaMof 
il,i;  iliamcter  of  th'e  globe  by  the  diOcn-nce  ' 
that  diameter  and  S  times  the  altitude  of  that 
lIwproduct'aiMn  by  '5336,  or  |  oi;s-l«Al«,  . 

Hence,  if  d  deaoia  tbfi  diameter  of  tlie.||obih 
e  theeircuinlemice,  '  ^  . 

« tha  altitude  of  any  segment,  and  , 
P  «  3*1416';  then 


The  Surface 

pi'j''  =  cd 

KKr,  and  iny 


Sdidity 

(3i/  -  in) 


Tlie 

:M(.'it4,iir.i;ion,  pu 


f  the 


III  the  Globi 
In  the  Segl. 
See  the  ait.  hr 
&C,  2d  i-dit. 

The  Gloiit,  'I\  rrmiueouf,  i>.  llie  hvdy 
earth  and  v«at<'i  tiici  tlu-r,  whicli  i^  ncaily     il'  l.ir. 

tiLODK,  or  ..rlijictai  <i  lube,  is  mori  particuliirly  used 
for  a  gh'be  of  metal,  plaster,  piipei  ,  pLi>tcboard,  \c,  on 
the  surface  of  uhicli  is  drawn  a  ina^i,  or  representation  of 
cither  the  heavens  or  tlie  earth,  With  tho  SSVSnl  CtrclfV 
coucvivcd  upon  them.    .And  hence 

Globls  are  of  two  kinds,  terrestrial,  and  CsUslial) 


round  in  the  horiion.  This  globe  is  also  adapted  for  show-.  • 
ii«  bow  the  vicissitudes  of  day  and  night,  and  tbealiemtioo  - 
of  their  Icitgllis,  arc  really  occasioned  by  the  motion  of  dw 
whichaTeof  considerable  use  ingeographyandastfonomy,  earth:  for  this  purpose^  be  divides  the  brass  meridiaiit  ut 
by  tervii^  to  give  a  lively*  representation  of  their  principal  one  of  the  poles,  into  montbs  and  d*yt,  aceordilig  to  the 
objects,  and  ror  pcifbrming  and  illustrating  many  of  their  sun's  declination,  reckooiiig  fiom  the  pirie..  Therefore,  by 
openttions  in  s  maniKr  easy  to  be  perceived  by  the  senses,  hilnging  the  day  of  the  month  to  the  horiaan,  and  rcciiiy- 
and  so  to  bevoncdnd  efren  without  any  knowledge  of  ing  the  globe  /lecordiqg  to  the  lime  of  the  day,  the  hori- 
the  mstbcmatical  grounds  of  those  sciences.  too  will  represent  the  cirde  st  par.-it  Ing  light  and  darktiess. 

Description  of  the  Globes.    .  and  the  upp<'r  hulf  cf  the  globe  the  illuminiited  hi  mispliere, 

The  fundamental  parts  that  are  coiuraoo  to  both  globes,    the  sup  being  in  ibc  aviuth.    Mr.  Harris  also  gives  a^a(K 
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count  of  «  cbcftp  machine  tor  abuwinj;  huw  ibe  mmuial 
okotKMi  of  tbe  ciM-ih  ill  hi  uriMt  CMiH*  the  changjC  of  tho 
m»'$  dAeliaAion,  wiibout  tbegpMt  expcine  of  an  orrery. 
Pbilot.  TliM.  Hp.  450*. 

Tbol^Mr.GcorgBAiiainiaideKlMioiMMfrfiilim* 
ttfOVMiicnii  to  tkt  «oQtiriictioa  of  liwgloba.  -Bcadw  wliat 
M  ommI.  bii  globeti  have  •  tMn  km*  tcmi^fvW  mot*' 
ftbic  about  ibe  \h>\c*,  witb  mtmM  thin  sliding  circle  uponit. 
()  I  ilir  tern  jtrial  alobe,  llic  fornuT  uflhf^  is  a  mtivcablc 
nuihii.iii,  uikI  (In  lalU'i  is  tlx- .visible  horizon  of  uny  par- 
ULii'.ar  (  lute  to"!(icbii  i»  sii.  But  on  ibe  Cfl«-»liiil  :  l  li  , 
till-  M-iiii-tircU  1*  a  movrable  circU'  ot  ikclinatioii,  who  its 
siiihII  aiiHtxcd  titclo  an  aititirial  sun  or  plaiu'I,  ll^uh 
globe  bus  u  bill"-  wiri'  i  irtli ,  |i|»<iii  at  tin-  liiniis  <il  tin- 
twilight.  Till'  Urrc!lnal  ^I'lix  Ii.ij.  (ir.iiiy  adililmnal  Cir- 
cle*, at  vwll  as  the  ihuinb-Uaes,  lor  rrsolvinjj  ull  ihe  m- 
cosary  geographical  ami  nautical  probkins :  und  un  tl.c 
Celestial  globe  are  drawn,  on  each  twie  ot  the  ecli|itic,  8 
parallel  circles,  at  ibc  distance  of  one  drjjivc  from  eiich 
other,  iiicluditig  th(  sodiwi  which  ar«  crusted  at  right- 
nogUs  by  scjjmeMt  of  gnu  circin  ut  every  icb  degree  of 


^1>^•pcrty 
obulur  pro* 


«  mpn  ponicnlar  dciipription  of  this  improtTrMnt.  illui- 
t rated  with  Itgurei,  are  tb«  reference  hio\e. 

For  the  practical  use*  of  the  giuba,  ace  any  of  the  little 
bot'ksuu  ihiit  suliject.         <  *  ' 

.  CLOBULAft«  nktiog  toi,  or  partaking  of  the 
or  ihape  of  the  gk>hc.  A*  slobttiar  chart,  glol 
jectMMitor  gfobniariailinib&c. .  .  • 

GL«nt;iiAmClarf»  it  a  reprcMntatimi  of  tlK  turface,  or 
fm  of  tho  wrfce*-,  of  tbt  terraqueous  globe  oii  a  plane ; 
in  which  thcpamlMs  of  latitude  arc  circles  nearly  con* 
centru'  ;  <iri<l  th<-  meriili.ins  are  curves  bi  nding  tOVlfdl 
the  pule4  ;  I  he  rhumljf  liii' s  l>L-inj  cur\e>  ;iUi>. 

'1  lie  merils  ol  tin,  elii\rt  coii^i;.!  .  i  thi  ie  p.irl:rt)hin>, 
viz,  lljul  the  di»laiie<»  bvUn-i'n  phires  on  llie  same 
rhumb  are  all  measuri-d  ti\  tbe  nime  ><  .ile  ofequdl  parts; 
and  the  disiance  of  siny  two  placf»  in  tli'c  arch  of  a  great 
circle,  ia  nearly  rqwcMMwl  in  this  chart  by  m  tt«aig|it 
line.  '  , 

Land  maps  abo,  Wade  tecording  to  this  projectiooi 
would  have  grrat  advaMageaover  ihosr  made  in  any  other 
a  ay.  But  lor  M!«  chart*  for  the  use  of  nangeiion,  M«b 
the.  cclipticr  Im  the  nore  readily  noting  the  place  of  tbe  •  cnior'a  are  pfvfenifale«  a*  both  the  neiidiant  utd  penlldi) 
Booror  of  anyplaiMtonthe^olie.  On  tbettnoghiMi  as  alio  the  riMimfca,, aU  atra^t  Unet. 
dwle  of  the  tcnvatrial  globe,  and  about  <Si  dtfrm  «B 
each  aide  uf  the  north  pole,  tlie  days  of  each.nmitb  «!• 
la!d  down  actorrjinj;  to  the  sun\  declilHition:  and  this 


hraM  circle  i*  to  contrived,  tlmt  tbe  globe  may  be  placed 
with  the  north  unJ  noutb  polo  in  the  pliini'  of  the  horizon, 
and  with  the  south  pde  elevated  atxive  it.  The  equrttor, 
on  till'  Miii.li  1-  ol  iiiliLi  I'll  he,  vr^cs  llie  )iur|K>se  ol  lhe 
horary  tircie,  (jy  iiuaiis  ul  a  semi-circuUr  »irt  piiice'l  in 
the  piano  of  thv  equator,  carrying  two  indict-s,  'jih  ut 
which  in  ucca-Moctally  to  be  UM-dio  (mine  out  the  tune.  Fur 
k-fiuther  account  of  llteiM- globet.  with  the  method  of  u^ing 
leeMr.  Adam»'»  Treatise  uotlieir  construction  and 


There  are  alto  what  arc  called  Patent  Globes  inade 
bf  Mr.  Neale;  by  nieaiu  of  which  he  n-uilvcsM'vvri^  u»tro. 
■pnucnl  pfoMenw*  which  do  nocadaut  of  solution  fay  the* 
commoii  glohca. 

Mr.  FergusoB  aade  saeenl  {mgifoveaMiits  of  tho 
globes,  pai^icubrly  one  fbr  coporveting  dials,  and  ano- 
ther called  a  plaitetary  globe.  See  Pbilo«.Tnins!  vo\.44p 
pa.  535,  and  Ferguson's  Astrun.  pa.  991  und  292. 

Lastly,  in  the  I'hilos.  Trans,  tor  1789,  vol.  79,  pa.  I, 
Mr.  ^-incsloii  hat  proposed  some  improvements  of  the  ce- 
lestial globe,  especially' with  n  1.1  [u  the  quailr.int  of 
altitude,  lur  tbu  ratolution  <>■'  jirobU  rii!)  r>  liiliii.;  to  the  nxl- 
inulh  nnd  altitude.  Tbe  difficulty,  heoljsrr  .o,  t'l.if  has 
uccuired  in  fixing  n  »eiiii-circle,  so  ns  lu  have  a  centre  in 
thcMnith  and  nadir  )Hiims  ot  the  gl'>be,  at  the  Miine  time 
that  the  meridian  is  left  at  lit>erty  to  raise  the  pole  to  its 
desired  elevation,  I  suppose,  has  induced  the  globe-mskcrs 
to  he  cun tented  with  M>«  !<tHp  of  thin  flexible  brass,  called 
jhe  qnadrant  of  altitude ;  and  it  is  well  hnown  how  im- 
perlcctly  it  performs  iu  officr.  The  impiweneni  I  have 
attempted,  is  in  the  application  of  a  qnndnat  of  altiludo 
of «  flMxe  aolid  cooitractioa;  which  haiiw  afixcd  lo  • 
hnmsodntof  BOOM  length,  anl  this  giHNHds  and  andato 
 ^jmiaht  an  '  -    -  -  - 

■mdiiydlieclil 


tHin  apoa  aa  .usiiglht  aied  aptndle,  ftied  ia  theaaith, 

iiiy  dlieclitM  qimdimt,  or  rather  me  c  ' 
its  <rae  asirouth,  smhout  being  atlftariy  to 


of  altitude^  to 

^     deviate  from 

a  wrrtical  circle  to  the  right  hand  or  left :  by  which  means 

tbe  azimuth  and  altitude  are  given  witb  the  sanii-  i  \aec- 
nw  su  the  rocuuic  of  any  other  ul  the  gnnit  circles. .  i-  or 


^  This  projection  ia  not  new.  though  not  much  noticed 
tin  of  late.   It  Is  mentioned  by  Plolcmy.  in  his  Geogra- 
phy; and  also  by  .Blundcvillr,  in  hi<i  I'.xeiciM  s. 
For  globular  prujectioti  of  maps  or  charts,  *i«p  M 

('rl.ol(Cl,A  II  Saitini;,  is  tli.'  im  rhinl  ot'  revohiiig  the 
rases  <■!  sailinc;  on  ]irinripli-<,  deduced  from  the  spheiical 

fj^ure'd't'A  (:iri!i.   ^ iieb  as idercator's Sailing, or gmt'* 

circle  siiiliiig ;  which  sec, 

Cil.OSSOCOMON,  in  ,Met  hanic»,  is  n  fiaiiu-  ^i  .i  n  hy 
Heron  to  a  machine,  coinpuiied  of  divers  dentt  d  wheels 
with  pinions,  serving  torai»e  huge  weights. 

GNOMON,  in  Astronomy,  is  an  iiistniinent  or  appa- 
ratus for  measuring  the  altitudes,  declliiHtiotis,  \c,  of  the 
sun  anJ  stars.  'Iliv  gnomon  is  usually  a  pillar,  or  column, 
or  pyramid,  erected  upon  level  ground,  or  a  pavement. 
For  mahiog  th^mote  coondemble  ofaaenratioaa,  both  the 
■BcieBta  aad  moderaa  haw  made  great  oae  of  it,  e»pi-ciully 
the  former't  and  maniy  have  prrierred  H  to  the  smaller 
qmdiwua,  both  M  Boreaccntalr,  easier  made,  and  more 
eiaily  applied. 

lie  most  ancient  observation  of  this  kind  e.stunt,  is  that 
made  by  Pytbeas,  in  the  time  of  Alexander  ihi  (Weul,  at 
Marseilles,  where  he  found  tbe  height  of  the  j;Mi  iiiii>ii  was 
in  pTiip'Ttmn  to  the  nirridian  shach  u  at  thr  '  11  n iim  r  sol- 
stice, us  'JISJ  to  (iV.d  ;  just  the  snnu  a- (jas^ 
tr>  1)1',  by  un  ubscrviiiion  niiuh  at  ihe  same  phcce, 
20'i<)  years  alter,  viir,  iti  the  year  KjJO".  Riicml. 
vol.  1 ,  l  b   3,  c;ip.  1^. 

Ulugh  Bei:;h,  king  of  Parthia,  ^tr,  used  a  gnomon  in  the 
year  I4S7,  which  was  180  Roman  feet  hipb-  That  erected 
by  Ignatius  Dante,  in  therburch  of  Si.  Pctronius,  at  Bo- 
l&igna,  in  the  year  t.17(),  was  67  feet  bigb.  M.Cassini 
erected  another  of  20  feet  high,  in  the  same  charCh,'  in 
tbeycar  1655. 

Tne  Egyptian  ohcliihs.wcve  alio  used  as  gpMflantf}  ani 
it  is  thought  by  rane  modem  trawllen  that  tUs  was  dkt 
my  use  they  wei*  deii|ncd  and  built  for ;  it  ha*  alid  been 
fbnnd  that  Ifadr  fonrsidn  ttfind  exactly  faring  the  four 
cardinal  points  of  the  compass,  Ii  h.  ided.  that 
the  Spaniards  in  their  cfiiiquesl  ul  1\  1  u ,  lumid  pilhirsof 
curluub  iinil  coitly  work m;ir'.sli i;i,  s<-f  u^i  ill  several  places, 

by  th«  meridian  shadows  of  which  tbur  amttas  or  philo- 


M  lull  loiilld  it 
almost 
.'Minag, 
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tafihtn  imd,    long  mftAmuaaiwfattd  obiemtioiu, 
lemrAed  to  detemmie  the  tiawi  cf  Ibe  equinoxes ;  which  wii 
•Maaos  oftht'  year  weK  cricbiwed  Willi  ntut  lintivitj 
mnd  ricli  offerings,  in  honoar  of  tlw  ran.  UMvilUuw  d« , 

la  Vrga,  llht.  Hem,  lib. 2,  C»o.VL 

Vsr  qfthe  (rNOMoy,  m  taiinif  lie  mtridia*  altitude 

the  Sun,  (lail  thnxcf  fiT'.:h',\:  tfc  J.t.iiiude  of  tke  placc. — A 
meridian  litio  bune  drawn  thruutli  tlic  centre  of  the  gno- 
mon, noil-  the  point  where  lln'.  sliaHmv  of  the  gnomon  ter- 
minates when  proifCleil  alons;  the  meri<lian  line,  and  mca- 
%utv  ihc  <li>tnnci-  ot  that  extreme  point  from  thi'  n  Jitr(  <if 
the  i;iK'niou,  wiiich  w  ill  be  tiiC  length  ol  it»  shadodr.  Then 
luixing  the  height  ot  the  nnomnn,  and  the  length  of  dw 
*lta«iow,  like  »un'»  altitude  u  llMOGe*euily  found. 


Suppose,  ox.  gr.  ab  the  gi.i.m  iii.  and  ai  rlie  Irnglli  of 
the  aliudow.  Here,  in  the  rirlit-angicd  (riunglo  aik  .  are 
given  the  base  AC,  and  the  perpendicular  ab,  to  lind  the 
•ogle  c,  or  the  sun's  altitude,  which  wilt  be  found  by  thil 
■mlogy,  Bs  CA  :  AB  :  :  radius  :  the  tang,  of  ^c,  that  lit 
U  the  length  of  the  shadow  u  to  the  height  of  tha  gbbmon, 
•o  i»  the  radius  to  the  tanjetit  of  tlic  sun's  altituae abijTa 
the  hori/on. — The  following  cxampltf  will  serve  to  illua- 
tnteUiis  proposition :  Pliny  says,  NaL  Hiit.  tib.Sf  cap.TZ, 
diBt  at  Rome,  at  the  tint  of  the  equimnicsi  the  shadow  la 
Id  the  gnomon  as'8  to  9  >  tlicrelbn^  as  8  :  9 : :  I  or  n* 
(tius  :  Z  =9  1125  a  tangent,  to  which  answers  the  angle 
48°  2'Z,  w  hich  is  the  height  of  the  equator  at  Rome,  and 
it*  compleimnt  41  3H'  ii  therefore  thehqght  of  the  pole, 
or  the  latitu<i<  of  I  lie  place. 

Riccioli  remarks  ilie  lollciw  ini;  cl.  fi  rts  in  the  (ili>erva- 
tions  of  ttie  MioV  heiiihl,  iiiudr  wUii  thr  «jH'inoii  by  the 
tincienU,  r.nd  Minir  nf  the  modi-rn^;  viz,  that  they  ne- 
glected the  iuu't  parallax,  which  maken  his  appaicnt  al- 
titude less,  by  the  ((uanlity  of  the  parallax,  than  it  wouhl 
be,  if  the  gnomon  were  placed  at  the  centre  of  the  earth  : 
2d,  they  neglected  also  the  refraction,  by  which  the  ap- 
parent height  of  the  sun  ia  a  little  increased :  and  9dly, 
ihev  aade  the  calculations  frott  dieknglh  of  theihaiiow, 
as  if  H  were  terminated  by  a  ray  coming  from  the  centre 
of  the  ram's  disc,  whereas  the  shadow  is  really  terra  inatctl 
Iv  •  1^  eouiiigfroiB  the  upper  e4ge  of  the  sun'sdite  i  so 
net,  inilead  of  tho  hei|^t  of  the  ttNiTs  centre,  their  calcn* 
laiionagRwdiehcidilof thouppercdjeof hisdisc.  And 
therefore,  to  ttie  altitude  of  the  sun  found  by  the  gnomon, 
the  sun's  parallax  mu»t  be  aiidrd,  arul  from  the  sum  must 
besubtracied  the  sun's  semidiameter,  and  refraction,  which 
is  ditferent  at  diflcrmt  altitudes;  which  being  done,  the 
correct  height  of  the  ei|unior  at  Rome  will  be  48*  13", 
the  complement  of  nhich  is  the  latitude.  Of  41*  55'  4d^. 
Ricciol.  (Jeogr.  Refor.  lib./,  cap.  4. 

Theprcceding  problem  mav  be  rcbolved  more  ftcciira;(  1  y 
by  meant  of  a  ray  of  light  let  in  through  a  small  hole, 
than  by  a  shadow,  thus  :  Make  a  circular  perforation  in  a 
brass  plate,  to  trawmit  <  tiougjhof  the  son's  rays  to  exhibit 
his  image  on  the  floor,  or  a  staft;  fix  the  plate  parallel  to 
the  horiMQ  ia  «  high  place,  piopcf  for  obwtvalM%  the 
V0&.I. 


hcicbi  of  which  above  the  &oe  let  be  aeenmttty  measured 
with  a  pluiMKt  Let  the  fioori  or  stage,  be  perfectly 
piano  and  horiaoo^l,  ond  coloMwd  eiWtaiiifc  aone  white 
•nb«aiaco,.to  show  the  sun  aore  OilSamfi  •  Upon  this 
twIWMri  ptane  dmw  •  meridian  line  pestingthruugh  the 
fijot  or  ocntfie.of  the  gnomon,  i.  c.  the  point  upon  whirh 
the  plummet  falls  from  the  centi*  of  the  hole ;  and  on 
this  line  noioihe  extreme  points  I  and  k  of  the  sen's  image 
or  diameter,  and  from  each  end  subtract  the  image  of 
half  the  diameter  of  the  aperture,  viz  Kit  and  n  :  then 
will  III.  be  the  imat;!'  vt  the  sun's  diameter,  which,  when 
bisected  in  a,  gives  the  point  on  which  the  rsysfiiU  Croas  . 
the  contee  of  thowa. 


Now  having  given  the  line  ah,  and  the  altitude  of  the 
gnomon  A  Ci,  bciidi-i  the  liyht  anili.  a  ,  I  lie  angle  B,  or  the 
appaieut  altitude  of  the  sun's  centre,  is  easily  found, 
thu«  :  as  AD  :  AU  :  :  radius  :  tang,  angle  S.  ' 

GvOMOK,  in  Dialling,  is  the  style,  pin,  or  cock  of  a' 
dial,  the  ahadow  of  which  points  nut  the  boars.   This  ia 
always  aoppoaed  to  rcprcicnt  the  axis  of  the  world,  to 


which  it  il  thetaibre  parallel,  or  coincident,  the  two 
of  it  pointioc  atraiiiit  to  the  aon 


Tkiu  die  pant 

A     V-   H 


I  pointiof  atraii^t  10  the  aoith  aodMouth  petat  of  the 
world.  a 

GwntOW,  in  Geometry,  is  a  figtire  (Naed  cf  t£e  fwa 
complements,  in  a  paralleldgram,  together  with  either  of 

the  parallelograms  about  the  diameter. 
Klojiram  ac  being  divided  into  four 
paiulb  loprams  by  the  two  lines  tih, 
£r  parallel  to  the  sidts,  forming  the 
two  romplcr.  cuts  Allan;!  ri.nirhthc 
two  nr.,  vo  atiout  tlic  ilinnieler  III: 
then  till-  two  uNiiiiiunh  art:  A%  ^  M6 
-(-  CF,  and  AB      11c  -t-  ro. 

G\oMoy\c  Prcijrcliim  the  Spkere,  is  ilji-  ri  jn  i  jcnta- 
tion  of  the  circles  of  an  hemisphere  on  a  plane  touching 
it  in  the  vertex,  by  the  eye  in  the  centre,  or  by  lines  or 
rays  issuing  from  the  centre  of  the  hemisphere,  to  all  the 
points  in  the  surface. — In  this  projection  of  the  sphere, 
all  the  great  circles  are  projected  into  right  lines,  on  the 
plane,  'of  an  indefiuite  length ;  and  all  lesser  circles  lint 
■K  parallel  to  the  plane,  fhto  circle*  j  bat  if  obliquo  to 
the  plane,  tbca  wo  dicy  projected  either  into  dlipacs  or 
liypeitobi»  meofdii^  to  their  diftieitt  obliqaatjr.  It 
has  its  name  from  gnowodcs,  or  dialling,  because  the 
lines  on  the  face  of  every  dial  are  from  a  projection  of  this 
kind  :  for  if  the  sphere  be  projected  on  any  plane,  and- 
upon  that  side  of  it  on  which  the  sun  is  to  sniiic;  also 
the  projected  pole  be  made  the  centre  of  the  dial,  and 
the  axis  of  the  globe  the  style  or  gnomon,^  and  the  ra- 
dius of  projection  iu  hdght;  you  will  have  a  dial  drawn 
w  ith  all  in  AtndtuK.  Sm  manon'a  ftojection'of  tbo 
Sphere. 

GMOMONICS,  the  lamc  as  Dialling  ;  orihearrof 
drawing  sun  and  moon  dials,  on  any  given  plane  ;  being 
so  called,  because  it  shows  hovr  to  hnd  the  hour  of  I|a 
day  or  ntfl*  by  the  ahadow  of  f  gnoBon  or  style. 
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GOLDEN  NiuHbcr,  is  the  pvtticulkr  jeaj  of  tbe  Mc- 
lonic  or  Lunar  Cycle.    See  Limar  Ctcul 

To  find  the  Golden  Number;  1813 
Add  I  to  the  gi>cn  year,  and  di-  1 
vide  ihc  Mm  by  19,  «Bil  what  re- 
imiiMiitlHgDMeii number;  unim 
0  nukin,  for  ihvn  19  i»  ihe  gulden 
nomtier.  .Thwi  tbo  golden  mn- 
bcr  for  the  ynur  m  8;  u  by 
the.operatiim  in  th«  toargin. 

(ioLDKN  luilr,  II  rule  ChUci!  oil  actour'.l  t 
CcllciU  0«i,  ui  uniliiiK  I.e.  iiiirl  ispcnuliv  iii  ordiii 
CulalioD^,  b^-  v»li:t;>  lumiljcrs  nrr  t'l  iuiJ  in  iciliiiri 


ratio  of  the  fir»t  arc  to  tbe  Kinicirclr,  or  of  the  propo«ed 
angle  to  two  nght  angles,  or  180  degrcrSi  and 

ijiMAlij  that  angle  itit  lf  m  d^rea  and  miskutta. 
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Qoot.  IMfc  or  7A 


III  PX- 

ry  cal- 

l"''I"'r- 

tifins,  vi?,  fia%iii«;  tlircf  nuniberi  given,  to  Isnii  a  4tii 
numb  1  Ml  I  r<|Mirli«n.  On  this  account,  itis  ulhi-rwuc 
caili'd  'I'bi-  lluU'  ot'  'I'htec,  and  The  Uuli'  of  Proponiun. 
Sw  Kvtt  of  Tkru. 

Havin;^  slated,  or  stt  down  in  a  line,  the  three  lerma, 
ill  Ihc  uid<-r  in  uhich  tiu-y  are  proportional,  multiply 
the  2d  and  3d  together,  and  divide  the  product  by  th« 
1»i;'iO  tfaall  the  quotient  be  the  alttwcr,  or  tbe  4th  lenn 
touglitw->-Tba9|  if  3  yaids  nf  doth  coil  agoincaarSt 
abilliogi,  what  null  ::o  y»rd»  ci»t.  Here  the  two  price* 
or  niuu  must  U^r  the  lanie  proiportioa  to  each  other  as 
tba  two  quaniitirs,  or  number  of  yardft  of  cloth,  i.e.  3 
lilttU  bear  the sunic  pri>p»rtion  to  ','0,  at  '2\i,  the  value  of 
the  former,  rauit  bear  to  the  value  3  :  CO  :  :  21  ;  140i« 
iif  the  latter:  and  then  i  i,  tin;  ^ 
slating  and  operation  of  tlic  liuut-  *\355 
bors  will  bt-t!iu>.  Then  multiply-  -  ' 
iiig  the  2d  inid  3cl  together,  and 
dividing  the  product  liy  tlie  Ut,  it  givtl  Ot  Tit  tot 

ihoantwer,  Ix-ing^he  cost  of  20yard». 

CfOMOM  KTRICALLm«,are  lines  used  for  measuring 
or  Ueierniining  tbe  quantity  of  uicloi :  cuch  at  sinetf  tiui* 
g>  iit>,s<c>iitt>.  v<  r»'d  s)nvi,  Sit.  w.Jooei»  folhePbilait 
Trans.  No.  483,  sect. 'iO,  gave  a  paper,  cantainiiy  a 
commodious  di>pusitr>n  of  equations  for  exbtbililM  the 
relations  of  ^oiiiolneirical  linn ;  from  which  a  mnlutoda 
of  curious  vliroTi  roa  may  be  derived.  See  also  Robert- 
•oq's  Elem.  of  navieBtion,  v«l.l,  p.  ISl,  edit.  4. 

GONIOM£TitV,  a  meibod  of  rocaivring  angles,  so 
called  by  M.  De  LagajPi  who  gave  several  papers,  on  this 
method,  in  lliifrMenKiircl  of  the  Royal  Acud.  an.  17'.'4, 
1795,  irSp>  M-  De  Lagny's  method  of  f^oniometry  con- 
sist* in  measuring  "the  an<iles  uilh  n  pair  of  compasses, 
and  tiiHt  ttillio':!  iiiv  m  i|  -  vOi.il  i  i,  rs (  [  .il  un  undivided 
mi  circle,  lii'i-,  ,  1 1  ^  ;i .  y  -I )  ■ '.ii'  ilnn\  ii  tipfm  piriT,' 
I"  miiisii:(d;  pr.'duro  or«-  i.t  I  lie  snl.  s  uT  t  lir  n  n-lc 
t>uckrtai\.:-  .  li.i  n  'iiifi  H  p,ii('  ui  tine  cnnipiisies  describe  a 
pretty  Ian  ■■  r  a  nrle,  from  the  angular  point  as  a  centre, 
<  utting  the  iides  of  the  proposed  angle,  which  will  inter* 
cept  a  piirt  of  the  wmicii  clc.  Take  thru  thh>  iaicrceptcd 
part  very  <  xuctly  b*  iwicn  the  points  of  the  coinpa^JCs,  and 
turn  iheni  iuccc&siveiy  over  upon  the  arc  of  the  semicircle, 
U)  tlnil  huw  <it°irn  it  is  cooiaiticd  in  it,  after  which  there  1* 
(oriuiionly  54iiue  rcm.iindFr:  tbcn  take  thia  remainder Ib 
^^i^'iSf'Vi^^  in  like  manner  liad  how  it  »cob« 
WMMMKW  ^  integral  parts  of  the  lat  arc,  with 
^WPfciWWwMbiwter :  6aA  in  like  manner  bow  often  this 


Ttiuii,  suppose  tbe  angle  rac  be  proposed  to  bemea'' 
surnl.  Produce  B A  out  tosi.iriK Olid  from  (he centiv  A 
describe  the  teniicircU'  abqf,  in  which  ub  is  tbe  measuia 
of  tbe  proposed  angle.  Take  ub  in  the  compasses,  and 
apply  it  ♦  times  on  the  seinicircle,  a*  at  <r,  ^  aad  e; 
■  then  tal^e  the  reiiiainder/r,  and  apply  it  back  upon  e«f, 
which  is  but  ufice,  vis  at  g  i  -Bgain  take  the  remainder  gd] 
and  apply  it  5  times  an  ge,  as  at  A,  t,  I:,  4  and  m ;  lastly, 
take  the  femaiader  me*  and  it  is  eauained  just  '2  times  m 
mt.  Hanoe  the  series  of  quoticBM  is  4.  1 ,  5,  2;  conto. 
qucntly  the  4tb  6t  last  arc  «m  is  {  the  third     or  grf,  md  ' 

.therafoie  the  3darcgrfis^or^ofUe2daK(^lhete 
fon  ig^B  dtis  Id  arc  «f  is  f^*'  H  ^tjibm  1st  ate  a^j 
and  comeqiKttdy  tb3#  !tt  arc  ol  is  jj^orihawbola 

semicircle  (»/.  But  of  180°  .ire  :i7  •  dcLrreis,  vr  3f 
8'  which  theiel'ore  i»  t!,e  iiieaHiro  ui   ihe  ati^Ie' 

sc'j^t;!.  W'liLii  llie  i  jii nUiim  \^  uie.  ly  [vi foini.il,  ||u<.  an- 
gle inuy  lie  wuhtii  '2  or  :i  iniiiules  ol  ine  tiutii ;  though  M. 
Dr  Lagny  pretends  to  measure  much  nearer  than  that. 

It  may  be  added,  that  the  series  of  fractions  forms  what 
is  called  a  continued  fraction.  Thus,  in  tbe"  example 
above^  tbe  continued  fraction,  and  its  redaction,  srill  ha 
as  Mlow : 

the  quotients  being  tbe  snccainfe  denominalon,  and  i 

always  for  each  nuincnitor. 

GORGE,  or  AW  t,  in  Architecture,  the  narrowest  part 
of  the  Tuscan  or  Done  rapiials,  lying  above  tlia shaft  of 
the  pillar,  briween  O.c  :i'-ini:;ijl  and  nniiuleli. 

It  isaisc  :i  ki;;i;i  -if  cmriHe  iti'mldin:;,  srmii!:  for  com* 
partinents  in:,  JAi}<tr  liiiin  ascotia,  but  nut  so  deep. 

(^oiuiE,  in  Fortification,  is  tbe  entzance into  a bastioo, 
or  a  r;ivtlin,  or  other  oul-.i'ork. 

The  Goii.eE  (>f  a  Bastion,  h  what  rero»ii>s  of  the  sides  of 
the  poly>;(>n  of  a  place,  after  cutting  off  the  curtains;  in 
which  caM-  it  makes  an  angle  in  the  centre  of  tbe  bastion, 
viz,  the  Hiigle  made  by  two  ndjarrnt  curtains  produced  to 
mivt  within  l)ie  bastion. — In  flat  bastions,  the  gorge  isa 
right  line  on  tbe  curtain,  reaching  between  the  two  ilanks, 
CoKOK  4f  a  Btiff^iuoon,  or^m  Bataiin,  is  the  space  b* 
twei>ii  the  two  endsof  their  fiwcs  naift  th«  place.  . 

OoRot  of  (ha  other  out-works,  is  the  intetiml  between 
their  sides  next  the  great  ditch.   All  the  gorges  are  to  be 


last  seniaiiiilBNintained  in  the  former:  and  so  on  con*  made  without  pantpefs:  otherwise  the  besiegers,  having 

tinwUIy,^tiU  Of  Mtoainder  become  too  small  to  he  taken  taken  possession  ofa  work,  might  w.-Av  use  of  them  t<>  <Jc- 

and  bpplicd  as  a  measure.   By  this  raeana  be  obtains  a  find  themselves  from  the  shot  ut  tin  place.    So  that  tl.<  y 

series  of  quotients,  or  fractional  part*,        uf  anotlu  r,  ;ir,' (,;,iv  l"i  iitii  J        p  illi-,:,,!,..  .,  in  [irevent  a  surprise, 

which  btittg  properly  reduced  into  one  fraciiuo,  give  the  rhe  Uemt-iioMZ,  or  Ha(/ th\:  Goku£,  is  that  pjtl  of 
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th«  polygon  between  (be  flank  awl  the  centre  ef  die  hai- 

tion.  « 

GOTHIC  Arc>i:ttcturi:.  is  that  which  <Irviaf^'s  from  thn 
luaniur,  chiiiucli-i,  piuportioii?,  &c,  u  Uii-  aiitii|uo; 
li.r.i  ig  its  orimmcnui  wild  and  chinu  riciil,  and  its  pA  tilrs 
tucorn  ct.  This  niiMincrof  buildni;^  came  originally  from 
llio  N'jr:li. -Wji  I  f>  :t  wo^  liroiigbt,  in  the 5th  ci m u ry,  tiy 
tlie  Gottis  nito  iiaaiiy,  and  lias  sinci"  b^cn  imrDiliircil 
int«  other  rountriL-->.  The  fir>t  or  most  uncicni  st\li'  nf 
Gothic  builJin;^  wi>s  vrry  »<ilid,  heavy,  niassivi'  arid  simple, 
with  $en]icirculur  urcLr.'i,  &c  :  but  thr  inoru  mudein.  ^itylu 
of  the  Gothic  i^  i-xcix-dingly  rich,  light,  and  delicate ; 
having  an  aiiunduncf  of  little  wliinnical  ornamenti,  with 
•harp-pointrd  arches  formed  by  the  intenceiions  of  dif- 
Icrt-nc  circular  segments;  also  lofty  and  light  apires  and 
•ta|plc%  large  nuBified  windowa,  dusteied  pillax^  &c. 
or  this  kind  ate  our  Engliih  cathcdnli)  and  many  other 
oMbnitdr 
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A  great  nraral  ereh  !n  the  oBiervatoiy  at  Grc^nuirh 
•as  roadc  for  Dr.  Hallcy,  under  Mr.  GrahnmS  immrdiafi  in- 
spection, and  dividcil  by  own  ha;i<I ;  i  ijvi  il  ;^  jh- 
compnrablc  original,  tlip  hi-st  lorcii^n  insirumiMi*  oi  ;•  <• 
kiiul  arc  co|iii  iiiiuk-  by  K.nglish  nrlisti.  The  sector  l-v 
which  Dr.  Urmlliy  tirst  ilisrrm  rcii  lv<i  new  moti'His  in  the 
fi.M-d  stjir>,  w;ib  tifuur  autliDr'^  i-  viTi'i^'n  and  l,it>ric.  Ilf 
comprised  tlie  whnli-  |iliiiic".i' ry  N\s!uin  \vitlii:i  the  ci>mp;i->s 
ot  u  snuill  cabinet ;  fr'Mii  In.  'i,  as  a  model,  the  modi-iii 
orrcTUN  liine  b<'t  ii  ii'tistrucn  .1.  .And  wh^-n  tin-  French 
acadf  M)ici:ii;>  Merrseiu  to  the  North,  to  makuob^iervatians^ 
for  ascertaining  ttie  hgore  of  the  earth,  Mr.  (irahain  uas 
thought  the  fittest  person  in  £urope  to  stijiply  thcra  with 
tmtroracnta ;  by  which  means  they  finished  their  opanv- 
tii^ns  in  ooe  veer ;  while  those  who  want  to  the  Sonth,  liot' 
heing  ao  undl  fumuhed,  were  very  mnch  enbarntted  end 
retarded  in  their  opentiom. 
linn.  ■  Mr.  Grabaa»  was  many  yean  a  ewnbar  of  the  Royat 

GRADUATION,  u  used  for  theactof  gi*dmtinc«  or  Sociifty,  to  whieh  hecommenicated  several  ingenious  and 
diWding  any  thing  into  degrees. — For  an  account  of  the^  important  discoveries,  viz,  from  the  3Ut  to  the  43d  volume 


various  metltods oT  graduating  inaiheinatical  and  aslran<>' 
•  soical  in>irunients,  by  'iiuiijtit  and  circular  diagonals, 
and  bv  fi'iicciilrit  iircs,  Ike  ;  .see  Plain  SciLi:,  Nonmt, 
and  I  rrvirr.  And  I  ir  an  accouniof  Mr.  Hinl's  unproved 
method  of  dividing  H^tronomical  initruniLui.t,  sec  Mural 
Arch. 

.Mr.  Ramsden,  an  ingenious  mathcmaticiil  instrument- 
maker  of  London,  has  lately  published,  by  i  iiCoiir.T;en;<'nt 
of  the  comniaaionen  of  longitude,  an  explanation  and 
description  of  an  engine  contrived  by  h  i  in  )or  dividing  HMr 
thenatical  instrument),  accompanied  vnith  proper  draw* 
iagi;  in  consideration  of  which,  the  said  comniisMoncrs 
giaated  him  the  sum  of  6151.   See  his  book.  4to,  1777. 

.On  the  snbject  o(  dividing  a  foot  into  many  tboasand 
parb,  for  nathematieal  pupMa,  see  Pbilns.  Trans^  vol.  2, 
p.  457*  455*,  S41,.or  my  Abr.  vol.  I,  pa.  ifil,  195,  (tc. 
And  Cm  aa  acoouist  of  varions  other  metliods  and  »ado- 
atioHSr  see  a  fvptt  ef  Mr.  Smraton's  in  the  Philot.  Trans, 
vol.  76,  for  tlw  year  I78(*,pa.  I ;  being  "  Observations  on 
the  graduation  of  astronomical  instruments;  with  an  ex- 
planation of  tfic  method  iin\  ritcd  by  the  late  Mr.  Ilcnrv 
llindley,  of  Vork,  thick-inakcr,  to  divid«i  circles  into  any 
f;ivcn  number  <il  parts."  Also  Mr.  Troiijihton's  methoil 
and  history  ot  surii  iipt  rations,  in  the  vol.  far  IfitOp. 
■  GU.\I1.\.\I  (Gi.oiiOE),  clock-  and  watch-maker,  the 
most  iimcnious  and  accnr.i!e  artist  in  his  time,  wa<  horn  at 
Gratwick,  a  village  in  thi  north  Di  Ciiinbi-rluiiil,  in  liir.'i- 
lie  came  up  to  lx>nd<in  in  |688,  and  wa<  put  appreu- 
lloe  to  aper&uiiin  liiat  protession  ;  but  at'lrr  beitig  tome 
lime  with  his  master,  he  was  rccciv<-<l,  purely  on  ac- 
count uf  hia  merit,  into  the  family  of  the  celebrated  Mr. 
Tunpioni'who  treated  him  with  a  liind  of  parental  aftec- 
tien  ai  loitg  as  he  lived.  That  Mr.  Graham  was,  wtih^ 
out  competition,  the  most  CBrineut  ef  his  profession,  is  but 
a  small  paH  of  bis  dmncler :  Ik  was  the  best  niieml  me- 
chanic of  his  time,  and  had  a  complete  knowledge  of  pnc- 
tjcal.astronoffly ;  so  that  he  not  only  save  to  various  move- 
inent<  for  measuring  time  a  dosirev  of  perfixtiim  uhirh 
hud  never  before  been  attained,  but  invented  several  astro- 
iviiilii'iil  iiistrunu-iits,  by  v^hich  considerLilIi  uil  .irrci  s  fi:iv  e 
betn  made  in  tli.it  scie  nce  :  he  made  gre:it  i;!i(iru\f  n^rnls 
in  those  which  had  before  teen  in  usi- ;  and,  by  a  wondci- 
ful  manual  dexterity,  constructed  thcro  with  greater  pr<y 
eisinn  and  accuracy  than  pcrh^in  any  other  pcnen  is  the 
vrorM. 


ofthePhilos.  Transactions,  chiefly  on  astronomical  and 
philosophical  subject*  ;  particularly  a  kind  di' lint  i  \  ri  - 
ration  of  the  magnetic  necdli"  ;  a  quicksilver  |if  ii.ii:luii), 
and  many  curious  panic  ii  l  iting  t"  (he  true  li-ni;t!i  id' 
the  sini|ile  pendulum,  i>ii  A  111  :,  1,    rmitinued  to  make  ex- 

])(  nnii  r.ls  till  almost  t hi-  IiiiH'  <'l  li:4  dca^,  whlch  bop- 
peiieii  in  1751,  nt  7(>  years  ul  age. 

Mis  temper  vvns  not  les.s  coniinnnirative  than  his  genius 
was  penetrating;  and  his  principal  view  wa^he  advance- 
ment of  science,  and  the  bniaiit  ef  mankind.  As  be  was 
perfectly  sincere,  he  was  above  suspicion  ;  and  as  he  was 
above  envy,  be  was  candid. 

GRAMADO,  in  Artillety,  is  a  soall  shell  or  boUow 
glob«  of  ina,  or  other  matter,  which,  being  filled  with 
powder,  is  fired  by  means  of  a  small  fusCi^  and  thmilB 
either  by  the  band,  or  a  piece  of  ordnance.  As  eonn  as  it 
ie  kindled,  ike  case  flies  in  piece*,  to  the  great  dmigrr  of 
alt  thai  slaad  near  it.  Oranadoes  serve  to  sef  fire  to  close 
and  narrow  passages,  and  arc  ofteh  thrown  with  the  band 
among;  the  soldiers,  to  disorder  their  ranks;  muiv  cspcci- 
aiiv  in  -nnse  pi>!,t<i  where  they  slaDd thiekcst^ atintienchn,' 

redoubts,  iodgtncnts,  fiiC. 

GR/\ND1  (Gt;iOO),  a  learned  Italian  malln  matirian, 
was  born  at  Cremona  in  l(i7t  ;  appumlerl  puilcssdr  <•( 
mathematics  at  I'isa  in  1714;  and  duil  in  I"  In  lO'J'J 
he  publi>lied,  in  -Ho,  the  lienionstrHlion  of  X'lviuni's  (won- 
derful or  quadrulde  dome,  under  the  title  of  (ieoniel rica 
Divinatio  Vivianiorum  rroblcniaiuin  ;  a  work  which  con* 
laiivs  more  than  its  title  would  lead  us  to  expect,  aad  in 
which  the  author  remarks  many  other  curiosities  in  seo-  . 
metry  of  the  same  kind,  and  amonguiher»,  a  portion  oi  the 
sur&ce  of  a  right  cone,  which  is  perfectly  quadrable,  fl^id 
to  which  he  gives  the  name  of  Velum  Camaldulense,  he 
bm^g  a  friar  m  the  order  of  Camfldunnt  f'om  which  tt 
sream  he  d^d  not  know  the  same  thing,  in  a  'mote  fcneral  i 
(atm,  hod  before  been  given  by  John  Bemoalli,  in  tlie  Leip' 
sic  Acti>.  fn  1701,  he  (uiblished  his  dcmonatratton  of 
HiivRt  n^'s  theon  m*  on  ilie  lyjp-iic  Curve,  which  that  .lu- 
thor  had  siaiply  aimounred  witiiout  demonstration  ;  beiiui 
an  excellent  specimen  oi  tin  r.rif  ii  iit  geometrical  n.eti  o<i  : 
in  which  piece  also,  :!s  v>  ■11  !i>  in  his  letter  to  the  Je^a  t 
t  eva,  v\liirh  t(ilio\is  it,  aie  !■  -.mil  srveriil  ifllii  r  curfoUs  a  id 
novel  particulai*. — .Vnotlier  [japi  r  of  Grand  is  i»  also  in- 
s»vU'd  in  the  33d  volume  of  ll.--  i'l.ilo*.  Trans.,  cftlW  .i 
tiaiuifttl  or  a.  liettquct  of  Geometrical  Koses,  being  a  di<- 
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•ertatioa  on  eertmin  curves  geometrically  deuribecl  in  a 
drcl*.  This  he  aficrwarcb  enlarged  io  «aotbcr  trrati»c, 
paUiihcd  in  entitled  Horn  Gcometrict  at  Rbodtf 
aMfMif  &C*  Ii«  «n»  aUo  author  of  wwiml  oth'er  niicet- 
luMttW  9iNC»»  on  thB  aacieiil  ud  modi  rn  gmmetcy 
UlQmflimtan  of  the  Ciidc  «h1  t!y|)i'(bul<i  by  ' 
FtlsMaa,  in  1703  and  1710;  hit  DUseru^oa  onlniinilM 
of  Infiniie*,  &:c,  in  1710;  an  Ililian -«<lilioa  of  Euclid's 
EiemMits;  and  a  posthumous  Ireatue  an  Cniue  Section*, 
alio  in  the  Itaiiun  Utngiiage,  in  1744.  Grand!  itaeeniii  wa» 
of  a  turbulriil  i  .  1  ,1.  irrcbonic  disposition,  b<  ino  iiitti  i^l 
always  engagt  d  ui  Uisjjutes  on  various  subjects,  gcuiiu  tii- 
cal,  theological,  mctaphysiCiil,  or  pliil' iloi^ical. 

GRAPt-SjXTT,  in  ArtiiKry,  is  ;i  ciuliin.)!'.' rn  of  sm;«ll 
shut,  put  into  a  tljiclv  cuiivassbii^,  uml  Ci  r  u  J  ^ii  "ii^lv  to- 
gether, M>  as  tu  lurm  a  kluJ  ui  cylinder,  of  a  <li;iiiielcr 
suited  to  theintended  piece  of  urdiiiince,  tiom  tlic  siuulli^t 
10  the  largest.  The  O umber  of  shot  io  a  grape  varies  ac- 
eocding  to  the  serviea,  or  wut  of  tin  gunt.  Uf  late  the 
grape-shot  have  been  tnpmeded  by  canistcr-ibot,  and  by 
ahrapncl  shelU,  &c,  us  luorCcoDvenirnt  and  efliciiciouii 

GRAPUOMEl  ER,  a  nMtbematicnl  inttnuMBl,  tneil 
i9  laod-suiveying  itc,  uoA  lyodiorwiio  cilkd8K»iciw:u} 
wbicbMB 

GRAVER  in  Mutic,  it  applied  to  a  mnd  wUch  h'm% 
Urn  Of  dcqp  tow.  The  thicker  the  cfaora  or  tiring,  the 
more  grave  the  tone  or  note ;  uid  the  amallcr,  ibe  aculcr. 

Note>  are  supposed  to  be  the  more  grave,  in  pnportiOAM 

the  v^bratiiiiv*of  iho  chord  arc  less  <|uick. 

GUAVESAMM:  .William  Jam  K>),a  viiy  cclil'r.ited 
Dutch  mathcnmliciiia  and  pbilusuplier,  was  born  at  ilois- 
Ic-duc,  Sept.  27,  Kiisfi.  He  stu.lii  d  the  cjvjI  Uw  ut  L<.y- 
den,  but  matlu  nuluiil  Uniniiii;  was  liis  fiivuuriti-  amuse- 
nent.  When  lie  had  lalveii  his  doctor's  dej;ree,  in  1/07, 
he  wont  and  soilled  at  the  Hague,  where  he  practisiil  at 
the  bariand  cultivated  an  acquaintance  with  leartted  men; 
with  a  tociety  of  whom  he  publl^hed  a  periodical  re\u-iv, 
entitled  Le  Joumal  Utferaire,  which  wai  continued  with- 
out  interruption  from  the  year  1713  to  the  year  17<:2. 


The  paru  of  it  writtca  or  extncied  by  Giavceande  were 
diiefly  thoee  relating  to  gniaetiy  and  phytics.  But  he 
emkoed  italeo  with  ieveial  ofiginal  piece*  entirely  of  hn 


om  Miii^tioB;  ^  Bemuks  oa  the  Coast  ruction  of 
Pneamatical  Engpnn:  A  Moral  Ettayoo  Ly^^^-  ""'^  <^ 
Celebrated  Essay  on  the  Collision  of  IVudin;  which,  u\  it 
opposed  the  Newtonmn  pliiloso^/liy,  was  attacked  by  !)r. 
Clarke, and  many  other  learned  men.  In  17  Ij,  wIm  liiIic 
States  sent  to  coii^ratuluie  George  tlu  Ist,  on  bis  accis- 
sign  (o  the  throne,  Dr.  Gravt-anile  wa*  a|ipoinled  secn-- 
tary  to  tlie  embassy,  Durini;  his  st.iy  in  KnL.'ltind  he  was 
admitted  a  iiu  iiiIh.t  of  the  Ruv:il  Sneicn,  an, I  m  came  in- 
timately acquainted  with  Sir  Isiiac  ."sieuton.  On  his  r\  lurn 
to  Holland,  lie  was  chosen  prolcMor  of  miitheinatics  and 
attnmomy  at  Leyden  ;  when'  he  had  the  honour  of  &at 
teaching  the  Newtonian  |iliili>so|>hy,  which  was  then  in  it> 
infancy.    He  died  in  17+i,  at  5*  yeiirs  of  age. 

Gravesande  was  a  man  amiable  in  his  privaM  chaiaCleTt 
and  re«pecittble  in  his  public  one ;  for  few  awa  of  letlcn 
have  rendered  more  eminent  Mtvicce  to  iheir  coantry.  The 
raioiaten  of  the  rppublic  oomullnl  bin  on  all  occa 


whea  Ut  talentt  were  requiiito  to  aetk 
ahiU  in  caicalnba  oftca  caabM  him 


amitt  tbem,  which  hii 


He  waa  of  great  lemce  at  a  decipherer,  in  de- 
tedilig  the  secret  correspondence  of  their  ea4*mia«.  And, 
m  hit  own  profetitoo,  none  ever  applied  the  powen  of  na- 


ture with  more  success,  or  to  more  useful  purpcisei.  i  Of 
his  publications,  the  principal  are, 

1.  An  Introduction  to  tbe  Newtonian  Philosophy;  or, 
a  Treatise  on  tbe  Elemal*  of  Physics,  confirmed  by  Ea* 
}  at,  perimenta.  Tliis  MiMalpwet  beim  oaly  a  more  perfact 
inile  copyof  bitpuUkk^tttM^imifintpriMcdln  ITSOtuid- 
niim  went  throoga  maiiy  cditiotis,  with  considerable  improve^ 
meals:  the  6th.edit.  it  in  English,  in  S  large  vols.  4to,  by 
Dr.  Dceaguliets.  in  1747,  under  the  title  nf  Mathemmical 
Elements  of  Natural  Phitoiuphy,  coufinned  by  txpon- 

ineuts- 

C.  A  treatise  on  the  Eieiuenls  of  .Mirel  ra,  for  the  us«r 
of  VouM'4  Stinleiiis ;  to  wKicli  i?  a<ideii  ,i  >|>ecimen  of  a 
CoiiiliH  ii'ary  oil  N(«  [(Ill's  I'liiversul  AnlliiiietlC;  as  also, 
A  NewUuU  lor  dell  riimiiiii;  the  Form  of  an  Assiimed  liiti- 
nite  Series. — 3.  Lasuy  on  lVr»peclivc  :  This  wa«  wftt- 
leli  at  ly  years  of  age. — 4.  A  New  Theory  of  the  Co"!)!- 
sion  of  Uoilic-s.— 5.  A  Oiurse  of  Logic  and  .Meiaphysica. 
—With  several  smaller  pieces. 

His  whole  mathrmaiiral  and  philosophical  works,  ex* 
cept  the  first-nuniionc^  article,  wwe  iwllected  and  pub- 
li»iied  at  Auaterdam.in  t  Mb.  4to,  to  which  ia  prefixed  a 
critical  accMSt  of  hit  life  aad  writingi,  by  Professor  /UW 


GRAVIMETERftha  name  given  by  M.  Cuyton.  to  as 
instrument  for  measnring  the  sp4-cifie  gravities  of  bodiea: 
headopu  this  name  rather  than  either  areometer  or  hydro- 
meter, because  these  latter  terms  an  i^rounded  ou  the  sup- 
position that  the  liquid  is  always  ihe  ihinij  weighed; 
wlu  rea^,  willi  lej^ard  to  solids,  the  liquid  i>  llie  knowalsrm 
ol  comparison,  to  which  the  unknown  weight  is  referred. 

GiiyloiiV  grannii  tei  !■•  <  \eru!<  il  in  glass,  and  is  of  a  cy- 
lindnc  fnrni,  Leiii);  llm;  wiiu  h  requires  the  suiallrst  quan- 
tity 01  tliiid,  unit  IS  on  lliul  account  preferable,  e.xccpt  M> 
far  as  il  is  neceuary  to  deviate  for  the  security  of  a  verti- 
cal poMtioii.  It  carrii-s  two  basins,  one  of  them  superior, 
at  ti>e  extremity  of  a  thin  stem,  towards  the  middle  of 
u  hich,  tlie  fixed  point  of  i^unersion  it  maihcd.  Tbe  other, 
or  lower  basin,  terminates  in  a  point;  it  contains  llic  bal- 
last, and  is  attached  to  tbe  cyliuder  by  two  branchct,'  The 
moveable  totpensiaa,  by  awnnt  of  a  hook,  hat  the  inconvo- 
aieaoa  of  shortaniag  the  lever  which  It  to  tecure  the  wli> 
cal  petition. 

The  cylinder  of  this  tntlniincat  it  071  taciwtdiaBulert 

and  6'^5  inches  in  length.  It  carries  in  the  uppt<r  basin  alt 
a<lditioiia|  constant  weight  of  5*1  li  grains,  TIm-h-  dimen- 
^i■'n^  ini;;lit  be  increu-ed  so  as  to  render  it  cupable  of  re- 
ceiMiiu  a  much  more  considerable  weight  ;  but  this  is  un- 
lirc<  --;uy.  M.  (i  i\ has  adited  a  [■iee-'  whicli  lie  lalis 
tbe  (iloii^eur,  because  in  fact  it  is  placed  in  llie  l<juv  r  bii- 
sin  when  useil,  ami  is  eoii>equeiitl\  eiilinlv  inimeised  in 
liie  Huid.  It  is  a  bulb  of  kIkss  loaiird  uitfi  a  sulhcient 
(Quantity  of  mercury,  in  order  that  iLs  total  weight  niny  be 
equal  to  the  constant  additional  »eii:hl,added  to  the  weight 
of  the  volume  of  ur,ter  displaceil  by  this  piece.  It  will  be 
readily  understood  that  the  weight  being  determined,  at 
the  same  temperature  ut  which  the  instrument  watiwigi- 
Daily  a(|iu*ied,  it  will  sink  to  tbe  tame  mark  oa  the  stem, 
aihetber  it  be  loaded  with  a  oonttaiit  additional  weight  in 
the  upper  beiin,  or  whether  the  efffct  of  tbit  we^t  be^ 
produced  by  the  additional  piece  in  ihc  |o«»«r  dith. 

Thitiattnuaeat  laqr  be  used  for  sulids,  as  w«U  as  fluids, 
provided  the  ahtolute  weight  of  the  solid  to  be  examined 
be  rather  less  than  the  constant  addiliooil  waig|ht  lA  ihu 
upper  basin,  wiuch  is  1  li  grains. 
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Far  liqukn  ol  leas  spcriSc  (tra»ity  than  wtter,  die  ^m-    tion  cta»s  when  they  are  rwtorctl  to  (lie  same,  the  pyr 
▼Imeler,  without  the  additional  weigjit  above  Tnentinm  i,    y«K  ornnturc  beingthen  fulfilleiJ ;  Hmi  rtioy  niaititniif  ihut 
Weigh*  nil    t  i  S9  grmt)'.,  in  the  dimensions  before  liud    li.e  tinnl  taUHf  ot  this  facully. is  only  lo  brine  elf  mi  nlary 
down.     It  wuuM  b<- euyy  to  liniil  its  Wfiglit  lo  (lie  i;rii«[f«t     b<i<iie«.  tn  thi  ir  iirnper  place,  vsherc  they  may  re  st.  liut 
Accuracy.    We  have  therefore  (he  range  of  one-liltli  of    the  nioder'iir  «how  that  bodies  exerclM- gravity  even  when 

buoyancy,  and  ronH'quently  the  mcnn*  of  asc  crtHiiiin-4  all  iit  rett,  and  in  (heir  pri)p<T  places.   This  is  particularly 

the  intermediate  drnsilicn,  from  water  to  liie  inir>t  hi^Hy  shown  of  fluids  ;  ;inil  it  u  »ne  of  ihe  lii'.vs  uf  hydrostatic*, 

.  rectified  spirit,  which  is  known  to  bear  m  tins  respect  ihc  demoiistrHt»-d  by  U^nleand  others,  that  Hiiids  grmitatein 

ratio  of  8  to  10,,wilh  re<;nril  to  wHter.  .  proprio  loco,  the  upper  parts  pressing  on  the  bivver,  &r. 

When  liquids  of  greuter  spccitic  gravity  than  water  arc       Fur  the  lawsofgrnTitationof  botlloi  in  fluids  jpecitically 

to  be  tried,  the  coostant  weight  being  applied  below,  by  lighter  or  heavier  fbaa  themselves,  tee  SrEciric  C^ka- 

OMAiki  of  the  adriitinnal  piece,  which  weishs  about  138  vitv.  Abo  for  the  centre  or  liuc  or  plane  uf  gravitation, 

gniM,the  instrunu-nt  can  receive  in  the  upper  basin  more  see  O.Niat;,  Line,  or  I'laxe. 

than  4  times  the  usual  additional' weight,  without  luafng      O&AVITY,  in  Pbjiica*  the  natural  bmdeoc;  or  incli^ 

<he  cquilibiiuiD  of  it!  wrticti  posilioiu  In  tbh  atMe  it  i>  Mtiaaof  bodice  lomundi  the  ceotie.  And  in  this  ■eimr  gn- 

cipableofAownigthetMcificKmvityorthemoatcaticen-  vityacrm  with  centripetal  force, 
tnuedaeid.  ItpoasnMtUOTMwthcr  proper^,  wfaichistbii;      Omvily  bowever  is,  by  some,  defined  more eenerolly  as 

■amely,  that  it  may  be  emptoyed  sa  a  balance  to  deter^  the  imtural  tendency  of  one  body  towards  another ;  and 

mine  the  absolute  weight  of  such  bodiw  as  do  furt  exceed  again  by  others  still  more  generally  a*  the  mutual  tendency 

its  addilionul  load     And  ili<  |;  .1  u  i  f  wiiler  Ijnii'^  known,  of  each  bodv,  anri  each  partxle  of  a  body,  towards  all 

It  will  iiiilictte  the  detunes  ot  run  l^.iaon  ;ind  Cl!ruie^^aIton,  oth«r»:  in  which  sense  the  word  uiiswers  to  what  is  mote 

in  propottioii  to  its         iiulk.  usiially  called  aitraction.  Indeed  the  terms  griiMty, weight. 

To  riml  (he  vpucilic  ^rax  ity  of  any  soliil  by  ihi  cravime-  centripetal  lotce,  aisd  attraction,  denote  111  rtlect  alt  the 

ter.  Rule  ;  '•  From  the  » i        in  (lie  upper  ba>ni,  when  Ihc  same  ihin^,  only  in  different  view*  and  relations  ;  nil  which 

instniinent  IS  i)rr>pprly  iminiTsed  in  the  nolmown  Huid,  lake  however  it  is  very  common  to  confound,  apd  use  prnmij- 

the  weight  uhich  isplared  with  Ihe  body  in^he  same  scale  at  cuously.  But,  in  propriety,  when  a  body  is  considered  at 

the  like  adjustnieiit ;  the  remainder  is  the  absolute  wei>;ht  (eiidtni;  towards  the  earth,  the  forcewilh  whicb  it  so  tends 

of  the  soliil.    Multiply  this  by  the  specific  uraviiy  of  the  is  callisd  Gravity,  Force  of  Grafity,  or  Gravitating  Force  ; 

daid,  and  reserve  the  product.  From  the  additional  weight  when  the  body  i*  considered  aa  inmediately  tending  to  the 

wbentbe  body  is  placed  in  the  lower  (Main,  take  the  wciubi  centiv  of  the  farth,  it  is  called  •Centripetal  Force  ;  but 

when  it  wu  placed  in  the  upper;  the  fenwjiade(  will  be  when  we  ccmider  the  «artb|  or  nus  to  which  the  body, 

the  Ion  of  weight  by  iramersian.   Divide  ibe  rewrvrd  by  tradl^  it  is  «IM  AttmclioDi  or  •Attract  ire  Feicei  ana 

Iheloss'by  immersion,  md  the  quotient  wiH  be  the  ipc  wbenitia  omiwderedisreqiectcfan  obetadeorenotber 

cific  gravity  uf  the  solid  with  rej;ard  to  dlstillied  water,  at  body  in  the  way  of  its  tendency,  on  whieb  it  aeti,  It  is 

the  ttondard  terapetature  and  pressure."  called  WciJ>ht. 

TV)  find  the  specific  gravity  of  a  fluid,  proceed  thus:       Philosophers  think  differently  on  the  subject  of  gravity, 

"  To  the  weight  of  the  crasinuter  old  the  weiijht  required  Some  consider  it  asan  inactive  property  or  innate  jHiwerin 

in  the  upper  liasin,  to  sink  it  111  the  unknown  fluid.    A«iiin,  hod*!-*,  by  which  they  ciidvavourto  unite  together.  Others 

To  the  wer:;htiif  the  ;;ravinieu  r  add  th<'  wei»ht  required  in  hcd<l  griiMly  in  this  sense  to  be  an  occult  quality,  and  to 

the  same  mnnm  r  to  ^nik  it  in  iKlilled  water.     Divide  (he  be  exploiieil  as  such  oi;(  of  all  sound  |iIii1u5o|p1i\ .  Newton, 

tirit  sum  hy  the  srcnnd,  an  I  the  qu-ilieM  will'bc  tbe  ape>  thoujjh  he  r.lten  c:ilK  it  a  si»,  [v  uer,  or  property  in  bo- 

cific  gravity  rif  tlir  tiutd  in  question."  dii-s,  \el  expl.uns  liimseit,  lh.it  h<  isn  ans  imthing  more  by 

tilt  A  \'l  r  A  TK  )N,  tli<-  exerci-e  of  cravitv,  or  the  pn  s-  tlie  \ioid  liUt  tiie  etiect  or  pl»-ii<iiiu  in  ^n  :  he  doi-s  not  con- 
sure  a  body  exerts  on  another  body  beneath  it  hy  its  vsei^iii.  sidet  the  principle,  tiie  cause  by  which  bodies  tend  doWQ- 
This  is  sometimes  distinguished  from  gravity.  Thus,  M.  wanls,  but  the  tendency  itst  If,  which  is  no  occult  quality, 
Maupertuis,  in  his  Figure  de  la  Terre,  takesgravity  for  that  but  n  sensible  phenomenon,  be  its  c^um-s  what  they  may  ; 
force  by  which  a  body  would  fall  to  the  earth  supposed  at  wheiln  r  a  property  essential  10 body,  as  some  make  It,  or 
rest;  and  gravitation  for  the  same,  but  diminished  by  the  superadded  to  it,  aa  oihcn;  or  even  an  impulse  of  some 
ceatrifu^rCme.  It  tsooly  STBvitatioo,orgravlQ' ihui  body  from  without,  aa  others.  , 
blended  with  the  eeMrifiiipl  force,  that  we  can  tHually  It  i«  a  Ibw  ol'  Datnrelong  obaer««d,  tfatit  all  bodies  near 
mcMtifs  l»  onr  experimenis.  Methods  boiAwr  have  bccit  the  earth  ham  •  gravity  or  weight,  or  a  tendency  towards 
fbniui  to  (littSoguish  what  n-mnins  of  theprinutive  gravity,  its  centre,  oral  least 'perpendicular  to  its  snrfiMe;  which 
and  what  has  been  destroyed  by  the  centrifujEsI  Ibroe.  lav  the  modem,  and  especially  Sir  I.Vewton,  frost  cai^ 

It  isoiu*  of  the  l.ius  of  nature,  discovered  by  Newton,  tnia observations,  have  found  to  be  much  mare  extensive, 

and  now  received  by  all  philosophers,  that  every  particle  and  holding  universally  with  respect  to  all  known  bodin 

id  miutet  111  nat. ire  £ravit,it>  s  lowardsevery  other  particle  ;  ami  matter  in  nature.     It  is  tin  n  t'nre  at  present  acknow- 

I'.hich  law  is  the  main  prim  ijdc  in  the  Nevvtnnirtn  philoso-  led^ed  as  a  principle  or  law  ot  iia:iir.  .  Ili  it  all  bodies, and 

phy.     But  what  is  called  j^ravitati.in  with  re-.pect  to  the  .  all  the  particles  of  all  l.oilie-,  niiun  nli.  ^r.n;:.i;  '  lovvariis 

^Taiitatitii;  boily.  is  ii«unlK  called  allractnm  with  n'spect  each  other;  Irom  which  single  piiru  iph  r.  .>  ilou  New  ion 

to  the  hody  £;.avitateil  !o.   I'he  planets,  both  primary  and  has  happily  deduce<i  all  tin-  tiria:  piin  O' 'iiuna  oftialure. 

secondary,  as  also  the  comets,  do  all  cravit.ate  towards  the  Hence,  Gravity  may  be  dlst:n^ui>'ln  d  mlo  Particular  and 

sun,  and  towards  each  other;  as  well  as  the  suri  Knvards  General. 

them;  and  that  in  propoiiion  to  the  quantity  ofmattcrin       /*rtrfictt/ar  OaATiTTj  is  that  which  n^spects  the  earth, 

each  of  them.  or  by  which  bodies  dcseead,or  tend  towards  the  centre  of 

The  P'xipatefics  &c  hold,  that  bodies  only  mvitkte  or  the  eartb  s  the  phenoaaaM  of  properties  of  whidi  are  as 

wd^whciioittofthciriiatMil  placet,  and  ORtgtawtef  follo*»» 
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.1.  AU  cittumtamitriiil  bodies  do  hereby  icn<l  to-  samcdittancefrom  throcntrp,ai«propOTtlomltodieqflH»* 

wanJa  a  ffrnt^  wMch  »  dUMr  accvratcly  or  very  nmrly  titiei  of  matter  in  die  bodies. 

ibcorntre  of  inagnitiidc  of  tbc  terraqueous  glotw^   Not  Gmmd  or  Umnerao^  GftaviTYt  ii  tkat  bj  which  not 

tli^  it  it  meant  that  there  n  rrally  any  virtuo  or  ebam  only  tbc  pUnclii  but  all  the  bodica  and  paiticla  ofmat* 

ia  the  point  called  the  cmtre,  by  whicb  iiattraet*  bodie*;  ter  in  the  univine  tend  towards  oo«  anotitm  Theexist- 

bui  becatue  thin  ia  the  mult  ut°  tbv  graviiction  of  bodies  encc  of  the  name  principle  of  gravilatioo  'in  tha  tuperior 

luwar>l»^ll  the {>arls  ol  which  ihi?  earth  C(in>i>is.  rci^iotis  of  tlio -heaven's,  as  on  the  earth,  h  one  of  \\\v 

'2-  '11)1"!  point  or  Centre  n  fixed  witlnn  tin-  l  arth,  or  i;re;U  iliicdvcrics  ol  Ncivton,  who  made  ihc  prool  ol  it  ns 

*t  li'u-il  lia»  bti-n  m  far  Rs  ans  iiu;l;>'in^c  li     jry  rc.icliL-i,.  easy  as  lliul"ii  <  ai  lli .     Al  I'l  i^-t  t  -a  ivilii     !-rr,  li  i ,  w  \:  \  ur  I y 

l"ot  .1  turisL t|iu  lire  ot  lis  ili.l'.in^,  llioiii^ii  <-M.r  '■v  luilc,  I'jnp  clui>-'  witii  liiui:  l.i'  iilj^civru  that  all  i»oiii<<  iii'ur  tin- 

WDuliI  \iv         (J^ •  rlli'\M i]^  'il  till'  hnv.  Uji  i-        thiit  •\t'.v  <  ;irlli,  aiitl  in  Its  atnul^j)h<■n■,  haii  thi-  |iro[)LTty  of  lendittg 

ol  tlic  gloiii'  iowai'ilj  wiiuli  it  iiiouid  Hppru^itli.     Dr.  nir*  t  ily  tMuanlv  it  ;  In- s'^'in  c<iiiKCHiitil  llial  it  ptobiibly 

llullry  NU£;;f*ls,  that  it  woijUl  well  account  t'ur  the  Ulii-  cx'.liuIliI  iniifli  lii^lii  r  sSi.in  any  "lislancc  to  whji  li  «i 

versal  deluge,  to  b(ne  the  ccn;u-  ol  !;iiivilalion  nmoved  could  rioch,  or  make  Pxj>crimcnts ;  and  soon,  Irotn  otic 

fvr  a  tune   l  iwnrds  the  niuldlr  of  the  l!un  inhubiird  distance  to  another,  till  be  al  length  Mw  no  reiuoii  why 

world  ;  for  the  chungu  of  its  pi.icc  but  the  'JtXJOth  part  It  might  not  extend  iks  far  as  the  moon,  by  mean*  of  which 

,    of  the  ruiliu>  t^il  tfic  cartbt  or  ubimt  two  iniii»,  would  be  siic  niight  be  retnined  in  ber  orbit,  m  a.  bloiie  in  a  &liiig  is 

SufRcient  to  Iny  the  topi  of  the  h)^!i<»t  hills  underwater.  retained  by  the  hand  ;  amfif  so,  he  next  inferred,  wbj 

3.  In  all  places  equidisiaiu  from  ilic  centtc  of  the  earth  might  not  a  similar  principle  exist  in  the  othcri great  bo« 

the  force  ol  gravity  is  ueaily  cquaL  Indeed  all  paria  of  dies  in  the  ttnivene,  the  son  and  ail  the  other  plaiMli, 

the  carthli  surlbcc  are  not  al  equal  dbtaaeca  fnm  th<i,pni-  both  primary  and  teeoodaiy,  which  nitht  all  be  retained 

t  re,  becauiothr  equatorial  pamara  higher  than  the  polar  in  their  orbita,  and  perform  their  revoTutiCM,  byaie«t 

parts  by  about  17  mtl««;  as  has  been  proved  by  the  ne-  of  the  same  univrml  principle  ol  gravitation, 

ceksity  of  making  tbc  pendulum  shorter  in  thiiM-  pLice.s  These  conj> nurcs  he  Mion  realized  and  vcritied  by  ma- 

beibre  it  will  vibrare  tcconds.    In  the  ne  w  I'etersburj  thrinatical  proofs.    Kepler  Lad  discovered  by  contempla- 

Tfaii>acii'iii>, \'i|.  0' iinJ  7.  .M.  Kriitfl  gives  a  t<iriiiul.i  t-i  Mi:;  ihr  nuilina^ol  llu-  ]ilnm-t'.  abimt  the  bun,  tliat  liic 

the  propoilion  of  f;ravity  in  ililK  rtnt  latitude!)  on  iJie  area  descriU  d  by  a  lino  (  onni-c(i:i^  llio  MJii  and  |)!aiief, 

carth'a  surljLC.  wliiijh  i>  lliis  :  as  thisrivolvcd  in  itt  oiliil,  wu":  always  proportit  ^.n  !o 

y      ( 1  t-  O  (X)jO,si8  sitve'/.)  ^' ;  the  time  of  it*  descn|>tli)ii,»'r  ll^at  i!  diecribed  cijual  iiiea'i 

u hore  :j  deiiot«-s  the  i;rauly  at  tlje  1  i|iia:or.  and^thegra-  in  rf)ii«l  times,  in  wtuUtM  r  [  hi!  of      oil.it  tlio  |>Uni  t 

vily  under  any  mlier  latiunle  a.    On  Uils  jubjcct,  S4<?  also  might  be,  moving  always  so  wuch  the  quicl.cr  iis  iti  djs- 

'the  articles  lii.r.KCE,  and  Earth.  innce  frtSin  the  iuii  wn»  less.    And  it  is  alsx  luund  ihal 

Gravity  ei|iially  aflects  all  bodies,  without  regard  the  satellites,  or  secondary  planets,  observe  the  same  law 

cither  to  llieir  bulk,  ri:;urc,  or  mutter  :  so  that,  ab^trHCtin^  in  revolving  about  their  primaries.    Hut  it  was  toon 

from  the  resistance  of  the  lui'dium,  the  most  compact  and  proved  by  New  ton,  that  all  bodies  moving  in  any  curve 

loose,  the  greatest  and  smallest  bodies,  wouM  aJl  dcfceod  UMadawribed  on  a  p(un<>,  aad  which,  by  radii  drawn  to 

throuu;K  an  equal  tipacc  in  the  same  lime^ai appears  fnHN  ny  certain  point,  jcscribe  areas  about  the  point  piopor- 

thc  quick  di^eiii  of  very  lij;bt  bodie*  in  aa  axbanled  re-  tkmal  to 'the  tinea,  are  impelled  or  acted  on  by  soma 

ceivcr.  Tha  space  wbich  bodies  do  actoaUjr  fidi*  in  vacuo*  power  tending  towards  that  point.   Goniccpiontly  tho 

it  Ifi^  ftM  in  iIm  lint  teoood  of  time,  in  the  latitttde  of  power  by  which  all  these planela  revolw,  and  ue  remined 

London ;a«dii«rothcrtiniet,cithergre»ter  orh  ss  than  that,  in  their  orbits,  is  directed  to  thecentn  about  which  thqr 

the  spaces  dcscmdcd  from  lestaredirecily  proportional  to  move,  viz,  the  primary  pUncIa  to  the  sun,  and  the  (atel- 

the  squares  uf  the  times,  while  the  fslling  bodj  is  not  Car  liccs  tn  their  ncveral  primaries. 

from  the  «*artli'4  surface.          '  Newton  also  demonstrated,  that  if  several  bodies  «>- 

.).  'r(ii>  p  ■•.\er  i<  llu-  ^n-nlc«t  al  ilif  i   \:\\\  surface,  volve  with  an  tquable  iiiution  in  several  circles  about  tlic 

from  win  hi  r  ii  d<  I  n  a-  s  l(i>ili  ii|)'.\.ii.1j  a  -U  iJowiiwards,  same  centre,  anil  that  if  the  squares  ol  their  periodical 

but  iii-l  b.)lli  w.iji  III'  I  lie  i-ame  ]iii  i<iiilii>ii ;  li>r  upwards  tunes  be  in  the  same  proportion  as  the  cuius  ol  their  dis- 

tKe  foirr  uf  i;ia»uy  i»  U— ,  or  ilt  erea-f «.,  av  <(;,•  MiuHre  of  lances   iVoln    llifr  common  centre,  then  the  Celitripeliil 

tlie  oi't  iiK  ■  frum  thi  e u: 1 1  i.-i-v,  v, ,  ll.at  at  u  dmiliU'  lurees  i>t  tlx-  rc  m;'.\  iii^  'lh.oi<  >,  by  «  nieli  thi  y  ten, I  lo  llieir 

distaiite  Iroiii'tl.i'  Ceatie,  hIhui    ijjf  surlace,  the  force  central  body,  will  be  in  the  retiproc.il  or  inver»>-  ratio  of 

would  be  oiil>  l-  liii  III  n|i,:t  It  is  at  the  Mirluce;  but  be-  the  squares  of  «hc  distances.    Or  it  bodit>.  revolve  in  or- 

low  the  surface,  the  powi  r  ditreasis  in  sucli  soi  t  that  lis  bits  appio.iching  to  circles,  and  the  npses  o4'  those  orbits 

intensity  is  in  the  direct  ralii>  of  the  di»iuncelroin  the  cen-  be  nl  ri'sl,  thenahio  the  centripetal  forces  ol  ihi'  revolving 

trc ;  so  that  at  ihediiiaiu  eof  Imifa  sc-miilianieter  from  the  bodies  will  be  reciprocahy  pioporiioniil  (o  ihv  square*  uf 

centres  the  force  wnubl  be  but  hall  whai  it  i«  at  the  snrfoee;  the  distances.    But  ii  haU  been  :igreed  on  by  Hkirvnooers, 

at  {of  a  seiiudiamctcr  the  force  would  be|,  and  so  on.  and  particuhtrkjr  Ktplcr,  tbat  both  these  tbsck  obtain  in 

o.  As  all  bodies  gravitate  towards  the  earth,  so  does  the  alt  the  pbneta.  And  thcrefote  ha  inferred,  ihsi  ihp  con* 

earth  equally  gravitate  towards  all  bodies;  as  well  as  all  tripetal  forces  of  all  tbe  planets,  are  reciprocally  propor- 

bodiea  towards  particular  parts  of  the  enrtb,  as  bills,  &c,  tional  to  the  squares  of  the  distances  from  tbe  centres  of 

which- has  been  proved  liy  the  attraction  a  hill  has  upon  their  motions. 

a  plumb  line,  insensibly  drswiiy  it  aside.— Hence  ihe  gra-  On  the  whole  it  appears,  tjiat  the  planets  are  rctMnrd 

tritating  fore?  ol  entire  bodies  consists'of  ^llo^•'  i.i  all  lluir  in  tl.i  ii  orbits  bv  some  |K,wer  which  is  continually  acting 
parts:  for,  by  addiii<;<pr  tukioE  away  any  part  ot  the  mat-  tipnii  :  ihtit  this  prswcr  is  ilirecled  inwards  the  Cen- 
ter <if  a  bully,  iU  gravity  ii  iiiereasid  or  decrca^rj  it,  ihe  Ire  c  f  ilnn  motions:  thul  tho  in  insily  or  i  (a.  ,iy  if  tins 
propurlion  of  tbe  ijuaniity  uf  such  portion  to  ibe  wbulc  power  incieaties  on  an  approach  towards  the  ceiun',  ami 
maia,  Ueuea  also  the  gnviuiiug  power s  of  bodia,  at  the  4'Hi%^**  en  faceding  from  the  aame^  nd  that  in  the  r« 
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dpnical  d<plic»te  ratio  of  llir  dutanci-,  :  atuS  <hat,  liy 
oomptring  this  centripetal  forte  of  thu  platitts  \»i!h  ihc 
IblCeof  gn*ily  on  ihe  earth,  tbey  arc  found  to  bo  perfectly 
•lilwt  n  may  rMily  tw ibown  in  various  imtancc*.  For  <  >- 
aiBp|»,  in  iheow  «f  the  moon,  ibc  uearritof  »ll  the  pln- 
Mta.  The  reciiliBeartfHKC*  dckcnbcd  in  iiaygiren  lime  by  m 
UBk^  body,  uiifrd  by  iiny  power*,  leckoning  Mm  tbe 

.beginning;  of  ittdctcmt,  a1«  propottional  to  those  power*. 
Cottftequeniiy  the  tvntripaul  tone  of  the  noon  nvntving 
in  her  orbit,  will  be  lo  the  ibtce of  gnvily  on  the  lurlhcc 
nf  the  t-arth,  as  the  space  which  the  bood  woold  dncribo 
in  Lil'mt:  <lunnj:  «ny  iinall  time,  by  her  wntriprtal foce 
to«ar<w  the  earth,  if  she  had  no  cil^lar  BOtioil M  111,10 
the  space  ;t  b»>ty  iiriir  tlu'  eartli  wovM  dCWlibe  in  fhllillg 
by  Itf  gravity  ihe  •■unie. 

N'luv  by  an  vasy  ciiitulatuin  of  ihoii-  two  spiiCf.,  il 
ptars  ihul  tin-  lornier  iVfcr  is  li>  ihe  latUT,  a-,  the  square 
of  the  seini-diumcier  ot  the  eiirlli  l^  lo  the  >midre  uf  that  of 
tbemoon's  orbit.    The  moon's  ct-iilriptlal  force  therefore 
Ue^tHtl  to  llir  f.ircc  of  gravity;  and  Ci>t>sequently  the«! 

Hfi>KCl«Te  not  difTeTont,  but  ihcy.are  one  and  thciaine  :  for 
if  liny  were  two  distinctforces,  bodies  acted  on  by  the  two 
pomnoonjoinily  would  fall  towards  the  <;arth  with  avelo* 
city  double  lo  thai  arising  from  the  sole  power  of  gravity. 

Itk'evident  therefore  that  tbe  moon's  centripetal  foice, 
by  which  ah*  it  leUined  in  her  orbit,  and  prevented  from 
Ayiog  of  in  HmeniH  is  the  my  po«er  of  gravity  of  the 
eorlh  extendeil  thither.  Set  Nootoo't  Piinrip.  lib.  1, 
prop.  45,  cor.  2,  and  lib.  $,jprap.S{  where  lh«  nonefal 
calculation  may  be  scon  at  fall  length. 

Tlie  moon  thercfoa-  gravit«te»  towards  tlie  earth,  mi 
reciprocally  the  earth  towards  the  moon.    And  this  is  also 


farther  ci  iiliMiii  o  liy  till'  ]i|irir,mfna  of  the  liUes. 

The  like  ri  iouiuiJi;  iiiuy  be  appbrd   «.  the  other 

planets.  l  or.  as  tlie  levolutions  ol  Ibe  primary  planeis 
round  the  kun,  ami  tho-e  d  ibe  salellile-s  Jupiti  r  and 
Saturn  round  their  priniaiie-,  ure  phcnoiacmi  lil  ibe  same 
kind  with  the  revoluUon  ol  the  mimii  about  the  earth  ;  and 
■t  the  centripetal  powei^  at  the  primary  are  ilirecteil  ic- 
ward*  the  centre  of  the  sun,  and  thuie  of  the  satellites  to- 
wards the  ceatrei  of  their  primaries  ;  and  lastly,  nil 
these  poweia  arc  recipiacally  a»  the  squares  of  the  die 
tamct  from  the  eeaties,  it  may  isfcly  be  conclodod  that 
the  power  and  cause  are  tbe  same  in  all. 

Thendbrr,  at  the  moon  gia*itaict>  toward*  tbe  cartb, 
aad  ibo  earth  toward*  the  noon  }  to  doall  theseceadarica 
to  their  primaries,  and  these  to  their  tfoondarics;  and  so 
also  do  the  primariei  to  the  sun,  alid  the  9un,to  the  pri- 
maries. Newton's  Princip.  lib.  :J,  prop.  4,  5,  6;  Greg. 
Astron.  lib.  I ,  s((  I.  7,  piop.  Mi  and  47. 

The  laws  ol  b'iii»er-sal  Ciravity  arc  the  same  as  those  of 
bodies  graviutint;  to  the  earli^,  I  <  t  .rt-  laid  down. 

Giiue  of  Gravitv.  Vanoiii  theories  have  bieii  ad- 
vanced by  the  philosophers  of  different  ages  to  account  for 
ibis  grand  princiQie  ol  cni%itati<>n.  The  ancients,  who 
were  only  acquainted  wilb  pailicular  tirimty,  or  tlic  tei^- 
Jency  of  sublunar  boUie^  towards  tlie  e«tii>,  aimcii  no  fur- 
ther than  a  system  that  might  answer  the  more  obvious 
phenomena  of  it  However,  iomi:  hints  asc  found  con- 
cerning Ibe  gravitation  of  celestial  bodiest  in  the  account 
given  of  the  doctrine  of  Thale*  and  his  sticcessors  -,  and  It 
vronld  teem  that  I'ythagoras  was  still  better  acquainted 
wiw  it,  to  which  ttit  simipsrtJi^had  a  view  in  ivbat  bo 
ni  ne  Haiinony  ill  Ihe  Spiheies. 
^iMtode  and  ue  Feiipntetics  content  thcwdvcs  with 


re frrrmg gravity  or  weight  to  a  n»U\i-  iiiclinatinn  in  heavy 
bo<!ic?  to  Ih'  in  their  proper  jtlace  or  .'.phcre,  the  centre  <*f 
tbe  eiirlJi.  ,\iui  (Copernicus  ascribes  it  to  nn  innate  prin- 
ciple in  all  (larisof  matter,  by  which,  when  separated 
trom  tbeir  wholes,  tbcy  endeUMur  to  mum  to  ibrm  agnii 
the  ncaiest  way.  In  answer  to  Aristotle  and  bis  followeia, 
who  considered  the  ceptre  of  the  earth  as  the  cmtrr  of  the 
universe,  he  observed  that  it  was  reaaonable  to  think  there 
was  nothing  pecutiar  lo  the  eatth  in  this  piincipic  ofgru- 
vity:  that  the  parts  of  the  sun,  moon,  and  stars,  tended 
likewise  to  each  other,  end  that  tlioir  spherical  ti  .  'lire  was 
nemved  tn  th(  ir  various  niotiuri".  by  this  po«ir.  Coiiern. 
BiCVOt.  lib.  I, cap.  9  Hut  neither  of  these  >\ hieiiis  !,:-sigas 
any  physical  cuuw  ofthis  preat  eflict  :  th(  v  miiIv  nii^ount 
to  this,  ibat  bodies  dt-scend  becaiise  itjcy  ure  it'.  b.m  J  to 
de>cenii. 

Keplei,  ill  his  prcbice  to  the  rommcntnrii (  .•itct  rmn;; 
lbe|j|anet  .Mars,  speaks  ^Tini;\-  h>  i  I  .t  |mhv(i  that  «:is 
mutual  bi  iw.  I  ft  borius,  and  mi)s  lhal  the  rutlh  ^md  moon 
tend  towards  eacb  other,  and  Mould  iiKvt  in'a  point  so 
many  times  nearer  to  the  earth  than  to  the  moon,  es  the 
earth  is  )>ri  uter  than  the  monn.  If  iheir  motion*  did  not 
hinder  it.  lie  adds,  that  the  tides  arise  from  iho  giavi^ 
of  the  waters  loward*  the  moon.  To  him  we  also  owe  the 
important  diocoytfty  of  the  aiudagy  belvMcn  the  distahres 
of  tbe  several  planets  from  the  sttn,  nnd  the  periods  in 
which  tbcy  complete  their  revoiutioni,  viy,  that  tbe  iquarrs 
of  thmrpmodic  timsv,  are  always  in  the  same  propprtioif 
as  the  cubes  nf  their  mean  distances  fr«>m  the  »im.  Hdw> 
ever,  Kepler,  Gassendi,  Gilbert,  and  others,  ascribe  gra- 
vity to  a  certain  magnetic  attraction  <>t  ili-  etirtb  :  con- 
ceiving the  earth  to  be  onegreat  niatjiiel.  <  i utihtuillv  emit" 
tint;  eiriuviii,  wbirh  t;tke  hidd  of  all  btidiis,  and  draw 
Un  iii  towards  tbe  l  arlb.  liut  this  is  inconsisti  nt  w  ith  »hc 
ieveral  [ibelioineiia. 

Desc;irti  s  an. I  bis  billi.sven.,  Uob  .nit,  i^r,  atlri InKe  gra- 
vity to  an  c-\trrnal  iiii|)'.il5e  or  trti,iiiii  n|  some  sublile  mat- 
ter. Hy  tbe  rotrition  i  I  the  earth,  s.iy  ihey,  all  the  parts 
and  ap]ieiola^es  ol  it  uecessarlly  endeavour  lo  recede  from 
the  centre  ol  rotation;  but  whence  they  cannot  all  actually 
recede,  as  there  ts  no  vacuum  or  spaCe  to  receive  theni. 
Bat  this  byptiihesis,  fbumted  un  the  sopposilion  of  a  ple> 
num,  i*  overthrown  by  what  has  been  since  wowd  ofibe 
cxistaoce  of  a  vacuum. 

Dr*  Hookc  inclines  to  an  opinion  much  like  thai  of  De^ 
Caites.  Ozavity  bethidbsdedudbic  from  the  actionof  a 
BMattttbtilasBediam, which  easily  pei  vades  and  |K-nptnites 
the  mokt  solid  bodies  ;,aiid  which,  by  some  motion  it  has, 
detrudes  all  eanbly  bodha  from  il,  towards  the  centre  of 
the  earth.  Vossius  too,  and  many  others,  give  pnitly  into 
the  CaitcMaM  notion,  and  suppose  gravity  to  ari>c  truro" 
the  iliiiriial  rotation  of  the  earth  round  iis  axis.  SnsUirchV 
Hist,  of  the  Royal  S"C.  vol.  2,  pp.  7  v'  and 

Di .  I  lalley,dcspuimn;ofanv  sali^frtctory  theorv.cboosos 
to  have  iiiiinediate  n  coiitselo  tbe  a-ji  ucy  of  Itie  Dt  ily. 
So  Dr.  Clarke,  from  a  view  of  si-seral  ptopi  ities  ot  ^rui'v, 
concludes  that  it  is  no  adventitious  elf»"ct  of  miy  looti  n, 
orsublile  matter,  hut  an  original  and  general  law  iicprr  sicil 
by  God  on  all  matter,  nnd  preserved  in  il  by  m  me  elB- 
cient  power  penetrating  the  very  solid  and  iiiiimato  sub- 
stance of  It;  being  found  alway*  proportiousl,  not  to  ibsi 
surfaces  of  bodies  or  corpiisch  s,  but  to  their  solid  ijuan^' 
lily  aiyl  cnntcnis.  It  sliould  tk-refore  be  no  moretnqubwl' 
why  hodimginvitntft  than  hoy%  tbcy  came  to  be  dni  pM 
in  motion.  Annot.in  ltohautt.I'bya.  pert  1.  cup.  11.  •'■r- 
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OfWonde,  infcii  Introduct.  ad  Phil<vi.  Newton.  co»- 
lendtthittlwcMHeorgrarit)'  is  utterly  anknowti;  »ai 
that  wc  are  to  coinider  it  no  otberwiM;  than  bm  law  «f 
nature  originally  and  immedietrly  impmscd  by  thcCita* 
lor,  without  uny  dcpondwnct;  un  any  M'Cund  Ihiv  or  cause 
at  all.  Of  (111*  hr  think*  tlie  thret  followini!  considfra- 
tion^  sutTicicnt  pr  i  il  1 .  I'iiatgravily  rrijUirrb  lli"  |>r<- i  in  c 
of  ibe  yravijiiutij;  ur  ullractmg  b'j<i_v  :  isn  tin' ^ati-llili  s  </f 
Jupiter,  liir  <-\.  ^r:niH(ti-  t<A\arils  r,  « lu  ri  vi-r  he 

may  be.  2.  That  liic  di-tancc  bt-jn;;  »up|><>K;d  ihc  narac, 
ill:  '.ilocily  with  «tiich  botlks  are  movtd  by  tin-  force  ol 
gravity,  di-prndion  tbc  quantity  of  matter  in  tltc  attraciinjr 
body  ;  an<i  the  vclucity  unotcbaDged,  wbatL-vor  the  inast 
of  the  gra«itaUDg  body  may  bv.  3.  Tbai  if  gravity  do 
depend  on  any  kaown  law  nf  motion,  it  muit  bp  tome  im- 
pube  from  anextraneoin  body ;  sothut  as  gravity  it  con* 
tinnal,  a  contiaaal  atrake  must  also  be  n  qmrrd.  Now  if 
tkm  be  any  lucb  natter  contintially  itriking  on  bodic*, 
it  nut  br  fluid,  and  mbtlleananeli  la  peiletiate  tha  inb> 
stance  of  all  budiea:  tat  iMw  ahiu  a  body  nlMiieemnglk 
to  penetrate  .the  rabataace  of  the  bard  eft  bodlcn,  and  m» 
rare  as  not  semibly  to  hinder  the  motion  of  bodi»,  be  able 
to  impel  vB§t  tnawes  towards  each  other  with  »uch  forcr  f 

how  doe*  liii-'  '         jiiriiMM'  iln-  ralKi  ol  iLc  iims-.  ot'  tht; 

body,  towBras  w liic il  ih<- otlur  buily  is  rnovtil  ?  «luiic"c 
i»  It  thai  all  bodies  inove  with  tin-  j>uiik  vilncits,  ll.: 
distance  nnil  liodv  nravitateU  to  hem^  iln'  >aim  ?  fan  a 
fluui  which  iJiiiy  acts  on  the  surface,  ciilicr  <if  the  Ij  u.ii 
thecQM-lvcs,  or  thtir  internal  particles,  cumrouniculc  such 
a  quantity  of  motion  to  bodies,  which  in  all  bodies  shall 
exactly  follow  the  pri>portion  of  the  quantity  of  matter  in 
them? 

Mr.  Cotes  goes  yet  further.  Giving  a  view  of  Newton's 
p1nloiopby»  be  ateeitt  that  gravity  ib  tu  be  ranked  among 
tba  pKtnaiy  qualiliaa  of  all  bodies ;  and  deemed  oqaally 
mtBtjal  to  naner  h  aitoiiinn,  mobility,  or  impcatlm> 
ISBUf.  Pnc&t.adNewt.  Princip.  But  >ie<eton  bimelf 
fUacwnw  thk  notion ;  and  to  ibow  that  ba  don  not  take 
gravity  to  beenential  to  bodies,  he  declares  his  opinion 
of  the  cause  ;  choo»ing  to  propone  it  by  way  of  query,  not 
being  yi  t  stjtTu  ii  ntly  sati^lii  ii  about  it  tur  want  of  ONperi- 
rmnts.  Thu'-,  ;  Uei  ha^ini;  shown  that  I hrre  i<i  a  medium 
r.,  riiiluic  sri>tlv  iiiuri' suluile  than  air,  by  «li<i-rvil,ri«lirii)» 
M>uiiil  !■>  pi.i|iasia'i  fl,  l^v  »hich  lij;hl  cimnniiilraics  brat 
tubdiiu?',  ami  liy  trie  (bib  itiit  (ii'l)MIU'>  ol  nhu  ;  rt- 
fractioii  and  nllfction  of  liJht  aic  (sirli  rint  ti  ;  he  pro- 
cwds  to  inquire  ;  "  Is  not  this  medium  much  rurer  within 
the  dense  bodies  of  the  sun,  star*,  planets,  and  comet*, 
than  in  tbe  empty  ct  Ustial  s|Nicvs  b<-tween  them  ?  and  in 
passing  from  them  to  greater  diatancea,  doth  it  not  grow 
den^er  uiid  denser  {lerpciually,  and  thereby  cauae  the 
Iravity  of  thow  great  bodies  towards  oau  aaotbcr,  aa4 
nf  their  parts  lomwds  tba  bodies ;  every  body  andenfoviing 
•  to  Rcede  frma  the  danter  puts  of  ut  aedluas  towards 

tbeiaiaff 

"For if  tbisnedina  besappoardtranr  within  the  sun's 
body  than  at  its  surface,  and  rarer  there  than  at  the 

hunilredth  part  of  an  inch  from  his  body,  and  run-r  there 
than  at  the  orbit  of  Saturn  ;  I  see  no  reason  whv  the  in- 
crease III  ileiiilty  ^hlHlill  ''ii'p  any  where,  and  not  rather 
be  continued  tJiiough  all  iii  ;:iiii'e<>  from  the  tuti  to  Sa- 
tUrn,  and  beyond. 

*•  And  th<>U(;h  this  incrcoM-'  of  lienMly  may  at  great 
disUinccs  bo  ei^cecding  slow  ;  yet  if  the  elastic  lorce  of  this 
laodium  be  exceeding  great,  it  may  tiiffice  to  iiopel  bodies 
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from  the  denser  parts  of  ibe  mdiua  towaril  tlM-  lawr 
with  all  that  power  which  we  call  gimviqr. 

*<  That  the  elastic  forte  of  this  ncdiBm  is  rociii'dltn 
peat,  may  be  gathered  fron  iheswiftnrss  of  iu  vibrationa. 
9a«Mda  nova  about  1 140  English  feet  in  a  s<'cund  of  time, 
and  ia  seven  or  ri^ht  minutes  of  time,  tfaey  move  about 
ooa  ildadred  l'!ni;lish  miles:  muves  tnun  tbe  sun  to 

us  in  about  T  or  8  minutes  ui  jiiue,  whuli  ilistancc  i» 
ubiMjl  7"(WK>00  Kiiijliih  mili->,  sopposin^  the  hutuontal  • 
|i:iialla\  111  the  sun  to  be  about  I secoixls  ;  ami  the  vi- 
IratU'iis,  nr  jiiil>:\o|  ihi»  ineilium,  that  tliev  may  causc 
Itie  atleriiate  Ills  ol  easy  triiiismissiun,  and  easy  rrtlection, 
must  be  swiKei  than  light,  and  by  Consequence  above 
700000  times  swilter  than  soiimis ;  and  theiefore  the 
elastic  force  of  this  leediuin,  111  iirnpurtton  to  its  den- 
kity,  must  be  above  lOOOW  x  7t<0viO0  (that  is,  abosx: 
4<)O00U0(ltNX)O)  tine*  greater  than  tbe  clastic  force  of 
tbe  air  is,  in  proportion  to  ita  density :  far  tbe  velocitita 
of  the  pulM>*  of  daslie  ascdiani,  am  in  a  subduplicatr 
ntto  uf  the  elastidtin  aad  tha  raiities  of  the  'ucdiaua 
conjointly. 

"  As  niHgnetism  is  stronger  in  snail  loadstones  than  in 
nreai  uiie&,  in  propoition  to  their  bulk;  and  gravity  is 
stronger  on  the  surfucixif  small  plam-ts,  than  on  ll^usc  of 
great  ones,  in  proportion  to  their  bulk  ;  and  small  bodies 
lire  agitated  much  more  by  eh-rtuc  allnutiun  than  great 
niK-s  :  so  the  snialliiess  ol  the  r.i>»  nl  n^lit  may  contribute 
V  ry  iiuich  to  ihe  po«er  uf  ihe  ui:eiit  by  uhlch  they  arc 
relracteil ;  and  it  any  one  should  su|i]Jose,  that  ether  (like 
our  air)  may  contain  particles  which  endeavour  to  recede 
fniwt  one  another  (fur  1  do  not  know  what  this  ether  is), 
and  Aat  its  particles  are  excit-dingly  smuller  limn  tbo«e 
of  air,  or  even  than  tho*e  of  lisbt  ;  ibe  exceeding  snalU 
ness  of  such  particles  may  contribuie  to  tbagnatncnof 
the  fciice,  by  which  they  recede  from  ana  aaother«  aad 
thereby  make  that  nadtam  excaadiagly  noea  lara  and 
dastie  duui  air.aad,  of  c«BapqucBce;eKcceding^  kn  aUa 
to  resist  the  motions  of  projectiles,  and  exceedingly  antfa 
able  to  pr<-ss  upon  gross  bodies  by  aadaawMitiiig  to ckpaad 
itself."    Optics,  Query  21,  &e. 

M .  Le  S«ee  attempts  to  account  for  the  cau^ie  of  pravjty 
by  the  following  ingenious  hyp<ithesis :  *•  Imagine,"  says 
this  aulhiif,  "  llial  through  ali  space  numberles"!  cor- 
puscles or  atoms,  almost  intinilely  small,  are  in  perfwtual 
motion:  that  every  corpuscle  has  its  determined  direction, 
and  moves  for  r  ver  in  a  straight  line  with  a  velocity  far 
exceedini"  that  ot  lislit.  Iiis  es iti<  iit  that  the  directions 
of  these  corpuscles  may  be  so  various,  they  m«y  betbein> 
selves  so  small,  and  their  velocity  so  great,  that  thda^ 
they  folUiw  each  other  at  vast  distances,  and  leave  space, 
in  reality,  almost  empty  ;  yet  they  may  abound  every 
where  in  sncb  a  manner,  thatina  pmlioa  of  tine,  almost 
inflaitriy  small,  a  great  aanberof  then  shall  pan  thraagh 
aveiy  poiat  of  space  whatsoavar.  On  whatever  point  of 
space  thereftxa  our  atteatioB  is  fixed,  we  may  eomder  it 
as  a  centre,  to  which  tba  motions  of  sn  infinite  number 
of  atoms  are  referred,  either  by' diverging  iber\-from,  or 
converging  to  it."  Thisconslitution  of  u  hat  l-eSaee  calls 
the  gravific  fluid  being  conceived,  suppose  a  solid  body  to 
be  plungeil  into  it  oi  any  figure  whatever,  luruer  than  one 
of  the  corp'i-cU«,  anil  in  some  degree,  if  not  entirely,  im- 
pervious to  these  particles  ;  this  body  will  remain  at 
r<"st,  or  «t  least  without  any  progressive  motion,  the  im- 
pulses of  the  particles  that  strike  against  it  being  equal  in 
opposite  directions.   It  ro^  oscillate  a  little  backward 
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•nd  forward,  but  will  not  be  forctd  any  conudcrablc 

dittancr  from  its  place. 

Now  let  there  be  plunged  into  the  gpTific  fluid,  an- 
other body,  of  any  figure,  and  at  nny  di«Ianco  from  thti 
fint.  The*e  two  bodirt  will  immediately  licgin  to  move 
towards  each  oiber.  For  the  one  serviiij;  lo  protect  the 
other  from  a  certain  quantity  of  tiie  inipuUion  of  the 
corpuscles,  the  currents  thus  left  without  oppcMition  ne- 
cessarily produce  tlieir  effect,  and  impel  the  bodies  to- 
wards each  otbei^ 

Their  motion  towards  one  another  will  be  continually 
accelerated  ;  and  the  forces  producing  that  acceleration 
will  increase  in  proportion  as  the  onv  body  slops  more  of 
the  currents  from  falling  on  the  other ;  that  is,  nearly  as 
the  squares  of  the  distances  diminish. 

Again,  if  the  solid  particU'S  o(  which  the  bodies  are 
made  up,  be  impenetrable  to  the  gravitic  corpuscles,  but 
the  bodies  themselves,  on  account  of  their  porosity,  per- 
meable by  them  in  a  certain  degree,  the  number  of  parti- 
cles  that  are  stopped  by  each  of  the  bodies  will  be,  cxtcris 
paribus,  proportional  to  the  number  of  solid  partitles, 
that  is,  to  the  quantities  of  matter  in  the  bodies;  and 
hence,  in  gen«ra],  the  force  urging  the  bodies  towards 
each  other,  will  be  directly  as  their  masses,  and  inversely 
as  the  squares  of  their  distances.  "  Thus,  by  mechanical 
action,"  sayi  Le  Sage,  "  is  the  Newtonian  law  of  gravi- 
tation 0.x plained  in  all  its  parts." 

In  objection  to  this  system,  we  advance  the  following, 
urged  by  B<j»covich  :— "  In  this  system,"  says  Boscovicb, 
"  no  particle  of  the  fluid  returns  to  its  place,  or  ever 
passes  a  second  time  through  the  <ame  point  of  space,  A 
constant  supply  of  new  pnrucln  is  therefore  ncciisary,  as 
•II  thotf  that  are  contaiiKHl  within  the  limits  of  the  sen- 
sible universe,  at  any  instant,  must  be  replaced  before  they 
have  entirely  escaped  from  it,  and  sent  forth  to  traverse 
for  ever  the  desiTts  of  uninhabite'd  extention.  The 
imagination  it  terrified  at  this  constant  exertion  yf  what 
cannot  be  considered  as  less  than  creative  power  employed 
inproduring  existencies  that,  for  a  limited  time,  are  to 
be  uveful ;  and  through  all  the  rest  of  infioite  duration, 
are  lo  serve  no  purpose  whatsoever." 

About  the  year  1806' several  of  the  clerg}-,  ns  well  as 
other  individuals  in  this  country,  being  alarmed,  it  was 
said,  at  the  efforts  which  the  philosophers  on  the  continent 
Mcre  making  to  account  tor  the  various  i>perations  of  na- 
ture upon  inrrc  mechanical  principles,  with  a  view,  as 
they  supposed,  to  exclude  the  Dyity  from  any  conceni  fn 
the  government  of  the  world,  aiul  thereby  to  lay  a  foun- 
tialion  for  allioism,  Mr.  Viticc,  professor  of  astronomy  in 
the  university  of  Cambridge,  was  requested  to  examine 
the  moat  pl.-iii»ible  and  generally  rrcei\ed  hyp«ithe8e», 
which  had  been  framed  lo  account  for  gravitation,  and 
lo  give  the  result  of  his  examiuntion.  I'he  inquiry,  he 
tells  Us,  was  favourably  received, nnd  it  was  sugc'  sti-d  that 
it  might  lin|  be  impmper  to  offer  it  to  the  Koyul  Society  ; 
but  on  bring  prcx'ttiod  by  his  friend  Dr.  Ma>kelyne,  the 
nstroiioiiier-royal,  and  not  meeting  that  reception  which 
Would  have  lierti  gratifying  to  the  profissor's  feelings,  and 
li*ve  rcflictcd  credit  on  the  Society,  he  in  con»»-quence 
withdrew  it,  and  suhinitled  the  paper  (o  the  opinion  of 
the  public,  in  a  small  pamphlet  on  tbis  subji  ct,  printed 
at  Cambridge,  in  IKO6. 

Thr  sysit  ms  which  he  has  there  considered,  are  those 
of  DcMurtm,  Newton,  lie  iiage,  and  Bernoulli,  with  a 
slight  mention  nf  cuutL  <Mhrrs  nhuse  mcui»i»Icui'y  ren- 

Vol.  i. 


dered  any  detailed  account  of  them  unitccessary,  but 
omitting  that  of  Boscovich. 

Speaking  of  the  system  of  Saussure,  (which,  by  the  bye, 
is  that  of  Le  Sage,  given  above,)  he  observes,  that  if  the 
corpuscles  there  meiitioncii  be  admitted  to  move  as  the 
author  describes  them,  it  will  follow  that  the  movilig 
force  of  each  body  depend!^  on  the  surfaces  of  the  bodies, 
whereas  it  ought  to  be  as  the  quantity  of  inatter  in  eack 
respectively-.  "  this  consideration,  therefore,"  continues 
the  professor,  "  without  entering  into  any  further  exa- 
minatioa  of  the  hypothesi.s,  is,  sufficient  to  ibuw  that  it 
cannot  be  admitted." 

The  hypothesis  which  Mr.  Vince  has  made  the  subject 
of  mathematical  consideration,  is  that  of  onr  illustrious 
countryman  Newton;  who,  as  has  been  observed,  sup- 
posed, th.it  if  the  sun  and  the  planets  acted  on  each  other, 
it  must  be  by  some  intermediate  and  invisible  substance, 
such  ns  that  of  an  elastic  tluid.  The  professor  then  ad- 
mitting that  an  elastic  fluid  is  the  cause  of  gravity,Jays 
down,  previous  to  the  estimation  of  its  •  fleets  on  bodies 
placed  in  it,  the  two  following  facts,  asstandards,  to  which 
his  results  are  to  be  referred  for  refutation  or  supp&rt : 

1.  That  the  gravitation  of  a  planet  varies  inversely  as 
the  square  of  its  distance  from  the  sun  ;  that  is,  whatever 
be  the  magnitude  or  density  of  tbe  planet,  its  acceleration 
towards  the  sun  varies  in  that  ratio. 

2.  That  a  force  varying  inversely  at  the  square  of  the 
distance,  cannot  be  compounded  of  several  forces,  each  of 
which  does  not  vary  in  that  ratio. 

On  these  grounds,  the  professor  enters  on  the  investi- 
gation  of  the  hypothesis;  by  supposing  that  the  density 
of  the  medium  is  measurable  by  the  number  of  particles, 
uniformly  dirtused  on  a  given  square  area ;  tfaut  the  varia- 
tion of  density  at  any  distance  d,  from  the  sun  is  as  ; 
and  consequently  the  distance  of  the  particles  themselves 

as  jj^.    Then,  admitting  that  the  clastic  force  of  thepar- 

licles  vary  as  the  ath  power  of  their  distance,  or  as  j^j, 

he  at  last  obtains  ~ — —  x  a*"  ■  *"*  —  1 ,  for  the  «c- 
i)€  n 

celerative  force  of  the  planet  towards  the  sub  at  the  dis- 
tance a  frxim  the  same. 

"  Now  it  is  to  be  observed,"  says  Mr.  Vince,  "that  this 
expression  is  in  terras  of  e,  the  density  of  the  planet ;  and 
therefore  does  not  agree  with  tlft;  first  given  fact  or  law  of 
gravitation,  that  law  being  independent  of  the  density  or 
magnitude.  Tnercfore  in  this  cas«,  the  hypothesis  is  ren- 
dered nugatory." 
.  But  besides  tlii:«,  he  states  that  the  body  will,  jmtead 
of  being  forced  towards  the  sun,  be  driven  from  l^itrvcn 
when  the  force  varius  inversel)  as  the  square  of  the  dis- 
tance. Hence,  and  from  what  is  aftcrwaidi,  demonstrated, 
he  concludes,  tUut  it  is  not  possible  for  any  law  of  Mrta- 
liou  of  density,  of  the  (luiil,  in  trrros  of  the  disiioice  from 
the  sun,  combined  with  nuy  law  of  variation  ol  the  repul- 
sive furci'  of  the  particles  of  the  fluid  in  terms  of  (heir  dis- 
taiKC,  which  ran  satisfy  the  law  of  gravitation.  And  if 
>vc  went  to  suppose  ihu  law  of  dinsity  to  vary  in  terms  nf 
any  other  quantities  besides  those  exprt->sing  the  distanca 
from  the  sun,  such  quantities  must  enter  into  the  law  uf 
force,  and  thereby  make  a  still  greater  deviation  from  tlic 
l.tw  of  the  inverw  square  of  the  di>tance.  CoDtidi'iin^ 
the  matter  thciilori',  111  a  miitheiiinticul  point  of  view,  Me 

4G 


* 


G  R  A  [  »9 

are  justi£«i,  he  io  rejecting  this  bypotht-aii  a*  the 
cau:>e  of  gravitatioo. 

Mr  PUylair  however,  inrcvicvrin^  thi'»  examination,  nb- 
Mnet  that,  thi*  conclusion  h«  (Mr.  ^'ince)  next  i-n<lea- 
ronri  to  extend  to  all  the  lam  of  variation  of  denity  and 
oTdiiticity  that  can  poiaibly  exiit,  by  ihowing  that  no 
one  can  be  admitted  tbat  it  not  capable  of  beingexprnMed 
by  a  sincle  term,  and  camequenil^  by  tba  nth  or  nth 
power  of  the  distHiicc.  It  i«  hen-,  if  we  mietakonot,  that 
the  error  lies.  For,  though  a  variation  of  density  or  of 
clasliclly,  >  xpri->,5i  d  tlrjs,  02"  +  bi",  cannot  take  plucc, 
becauM-  lln-  iMitc  arising  Irom  it  would  alio  involve  two 
terms,  yrt  if  one  of  the  terras  be  constant,  as  if  m  —  0, 
and  so  llic  e.\prc«iion  =  a  -f-  4r",  then  the  forte  wnuUl 
be  e.xpies'ied  by  one  term  onlv,  M/,  by  the  fluxion  of  ir'"-, 
thal.H,  by  a  quantity  pr<iportion»l  to  r"~ '.  Thus,  for  ex- 
ample, ifx  be  any  dislaiui'  from  the  iun'b  tentre,  ff  the 
density  of  the  ethier  at  that  distance,  and  e  il*  elastticity. 
Let  d  ineraaae  m  the  direct  ratio  of  x,  orif  ss  ox}  and 
*  I  I 

suppose  c=ff  —  -  =  c—  — ,  where  c  is  a  coroiMIt 

3uantity,  that  would  b°e  dclerniiiied,  if  «'c  knew  at  what 
istance  from  the  sun's  centre  the  elasticity  of  the  ether  is 
a  0.  If,  for  cvample,  il  is  e<]ual  to  nothing  at  the  dis- 
tance J  from  the  nun's  centre,  or  when  j  =  j,  c  =  '  ,  so 

as 

that  *  =  —  —  — ,  and  llic  cliffcrentiai  <if  tliis  bk  ing  taken, 
111         aj  ^  ' 

gives  e  3:  ~,    Now  e  is  the  dilTercncc  of  elasticity  for 

the  chailgeof  di«tancci;  and  iherrforc  is  the  force  with 
which  a  tnmll  spherical  body,  or  a  uogle  particte  of  mat- 
ter, impervious  to  the  ether,  would  Iw  impelled  toword 

the  tun  ;  and  it  varies  as  , ,  or  iti  tbc  inverse  ratio  of  the 

■quaics  of  the  diatancet  from  the  ana.  it  u  Aar^ftrt 
lOMiBulihtf  mAukJbM  may  tr  «»  t'liitf  ftiilliif  ot  to 
jwiftwii  o  fmdbuy  ^«ise  tai^  M  oaefilir*  Mrnte  teer«f/y 
« the  tquaru  <tf  ike  Aimweif  tifdkit  le<tofc— ^or  this  pur- 
901%  there  ia  otif  required  an  elastic  Ouid,  of  which  iho 
■density  is  a>  the  disunce  from  the  sun,  and  the  elasticity 
as  u  certaiu  given  magnitude  diminiahed  by  the  rccipnical 
of  that  distance.  There  are  many  other  frypnihetes  con- 
cerning the  density  and  clastirity  of  tin  tiui;l.  which  will 
give  the  same  rckult  with  ihis;  all  indeed  in  which  we 

have  dMie  eqntioBi,  d  sa  oi]^,  and  e  «e  c  —  Tbia 

it  directly  contrary  to  Mr.  Vince't  conclusion,  "  that  it 
imotpouible  for  any  law  of  vaiialkmof  thedeaisly  of  the 
fluid  in  terms  of  the  dislaaca  from  the  miy  eoasbined  with 
uj  lawof  variation  of  the  icptihiTC  fbreeof  thepaiticiM 
of  ihc^uid  in  tnm»  of  their  dwtuoek  to  sotiefy  tfao  kw  of 
gravitation.'*  Sea  the  Sdfaihuigh  Roviow,  voL  13,  pa. 
JOI,  &e. 

Geavitt,  in  Mechanics,  denotes  the  conatus  or  ten- 
dwiljy  of  bodies  towards  tlie  centre  of  the  earth.  Thai 
part  of  mechanics  which  considen.  the  equilibrium  or  mo- 
Uoii  of  l.iodies  uiiMiii;  Irom  ;;ravity  or  vsei^ht,  it  particu> 
larly  called  Si.itio. 

Gravity  is  (listiiimiisheil  into  absfihite  and  relative. 

/16«ii/j((e  GuwiTY  15  that  with  which  a  body  drsccnrls 
freely  and  iierpcndicularly  through  aii  unrvsisling  me- 
dium. The  laws  of  which  sec  under  UEICSpT  OF  Bo< 
OUS,  AcCELKaATIOX,  MoTtox,  &c. 

JUMsr  OkATirr  ia  that  with  which  •  bodydtwcnda 
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on  an  inclined  plane,  or  thrnugh  a  ^eM^t>n!(  niediuiOi  or 
as  opposed  by  some  other  resistance.  i'lie  laws  of  which, 
see  under  the  articles  Ikclikkd  Planl,  DbscbRT, 

FLUIP,  llfcStSTASCE,  ficc. 

Gkavitt,  in  Uydroaiatics.  'Ihe  laws  of  bodica  gra- 
Titating  in  Suida  oonalituto  the  doctrine  of  Hydrastalki. 

Grnvity  is  here  divided  into  aheotute  and  specific. 

Jlmhilc  or  TVae  Gravity,  ie  the  whole  force  with 
whidi  the  boily  tends  downwards. 

j^ae{|fe  Gravity,  is  the  relative,  comparative,  or  :ip- 
parent  gravity  in  any  body,  in  respect  of  iliul  ot  an  eijii.il 
bulk  or  magnitude  of  another  body;  denoting  that  ^raMty 
or  Weight  which  is  peculiar  to  each  species  or  kind 
ot  l>o(l\,  and  by  which  it  is  distin^iuished  trom  all  other 
kin'is. 

In  this  sense  a  body  is  Mini  to  be  specifically  luavier 
than  another,  when  ninh  r  tin-  same  bulk  it  contains  a 
greater  weight  than  that  other  ;  and  reciprocally,  tJie  lat- 
ter IS  said  to  be  specifically  lighter  ibon  the  former.  Thus, 
if  ibcre  be  two  equal  spheres,  each  one  (pot  in  diameter  ; 
the  one  of  lead,  and  the  other  of  wood :  since  the  leaden 
one  is  found  heavier  than  the  wooden  one,  it  is  said  to  be 
specifically,  or  in  specie,  Imtier}  and  the  wooden  one 
specifically  l^hter. 

TbitUmI  of  gravity  it  by  som*  callnl  nrlative:  in  op- 
pcition  to  absol utc gravity,  which  inemnca  in prDponioa 
to  the  (|uantity  or  massoflhc  body. 

Imi  4^ (AeSpEciric  Gravity  (/Axf'V*. 

I.  If  twobodiei  be  eqsal  in  bulk,  their  specific  gravities 
are  to  each  other  as  ti.eii  w  l  ights,  m -.is  riieir  di  :iMtn  s. 

II.  If  two  bodies  be  of  the  same  specitic  gravity  or 

density,  their  absolute  wcighu  will  be  as  their  magpiilndct 

or  bulks. 

Ml.  In  bodies  of  the  same  weight,  the  apccilSc  gravities 

Hf  recrpi  oc.dly  as  tbeir  bulks. 

1\  rill- spvcirtc  ^raviiii  a  ot  ail  huilics  aie  in  n  nilio 
compounded  of  the  direct  ratio  of  their  wrightii,  and  thii 
reciprocal  nitio  of  thuir  magnitudes.  And  hence  again 
Ihespecilic  gravities  arc  as  the  densities. 

V,  The  absolute  gravitica  or  wnghti  of  bodies  are  in  the 
compouinl  ratio  of  their  specific  gravities  and  magnitudes 
or  bulks. 

Vi.  The  magnitudes  of  bodies  are  directly  at  their 
we^li^  and  reciprocaOy  as  dteir  specific  gravitiea. 

VII.  A  body  specifically  hcuvier  than  a  fluid,  iosca  as 
much  of  its  weight,  when  imaHited  in  it,  as  is  e<)tial  to 

the  weight  of  a  quantity  of  the  fluid  of  the  tame  buthor 
magnitude.— Hence,  since  the  specific  graviues  are  as  the 
absolute  gravities  under  the  same  hulk;  the  specific  gra- 
vity of  the  fluid,  will  be  to  that  of  !h<'  Ifody  immersed,  as 
the  part  of  the  weight  lost  by  tlic  solid,  is  (  i  the  whole 
weight.  And  hence  the  spetilic  eraviins  of  tlunis,  are 
as  the  wei;;lits  lii>st  by  the  same  ^oiill  in.nierseil  in  th<  in. 

VIII.  To  find  iht  SpcciSc  Gravity  <>/  n  i'luiil,  or  of  a 
SoUd. — On  one  arm  u!  a  balance  suspend  a  ^;lobe  of  load 
by  a  fine  thivad,  and  to  the  other  fasten  an  equal  weight, 
which  may  just  balance  it  in  the  open  air.  Immerse  the 
globe  into  the  fluid,  ami  obu-rve  what  wrii;ht  balances  it 
then,  and  consequently  what  weight  is  lost,  which  is  pro- 
portional to  the  specific  gravity  as  above.  And  thus  the 
proportion  of  the  specific  graviiy  of  one  fluid  to  another, 
it  determined  by  immersing  the  globe  tttocetsive^  in  alt 
the  fluids,  and  ofaaerving  the  weights  loit  ia  each*  which 
wilt  bethepnpoitiont  of  th«  spoSficgravitkaoflheflaida 
sought 
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TVis  same  operation  dctcrminps  also  the  specific  gravity 
of  the  solid  immened,  whether  it  be  a  globe  or  of  any 
othar  or  bulk,  supposing  that  of  (be  fluid  known. 
For  tlieip<^iAc  gravity  of  tlir  lluid  is  to  that  of  tbetoUd^ 
m  dw  might  lo»t  1$  to  tbe  wboieweudit.  Henoenbo  nay 
htfeind  the  tpeci6c  gm«iqr  kody  thtt  bl^iluer  On 
tiMllMidL  as  follows: 

OmtkejUd,  oioattr,  «iiaMci  U  w fimip-iAiiMX tn 
the  lighter  body  anoth«r  tbit.is  much luafitrtlnii  An 

fluid,  so  as  the-  compound  mats  may  sink  in  the  fluid. 

Weigh  the  hruvii-r  bo()y  and  the  compound  mast  aepaf* 
rali^ly,  botli  iii  v, nii  r  ami  uut  ot  it  ;  thou  find  bow  much 
each  last"*  m  natcr,  by  sulitrartiiii;  it>  weight  in  water 
from  its  wi'i^bl  ill  air;  and  ^ubtract  Llic  Icn     Ihaie  1^ 
D]aindcrs  from  (hi  gnator.    Tbcn  !ay, 
■  As  this  last  remainder, 
\i  to  the  weight  of  the  light  body  in  air,- 
So  is  the  specific  gravity  of  the  fluid. 
To  the  specific  gravity  of  that  body. 
X.  The  specific  gravities  of  bodies  of  equal  weight,  are 
reciprocally  proportional  to  the  quantities  of  weight  lost 
|n  the  same  fluid.    And  hence  is  found  the  ratio  of  (he 
•pectfic  navitiea  of  solids,  by  wawhiqg  in  the  same  fluids, 
loltlieai  that        afuan^  in  uir,  and  noting  the 


vadUBlMtbycMh. 
'Ae  sueciBC  grantias  of  naiqr  kinds  of  bodies,  both 

solid  andfluid,  have  been  determined  by  various  authcn. 
Marinus  Gheuldus  particularly  tried  the  specific  gravitlM 
of  v,iri()us  biidii's,  especially  metals;  which  were  taken 
from  ibincc  by  Oughired.  In  the  I'hilos.  Trans,  are  se- 
veral ample  tables  oJf  them,  by  various  author;.,  particu- 
larly  those  of  Mr.  Davis,  vol. +5,  pa.  4I().  Some  tables 
of  tht-in  were  also  published  by  1'.  Mtisenne,  MuSCbcn- 
broeck,  Ward,  Coli's,  r.mtrstni,  .Murtin,  he. 

The  following  lablr,  taken  chiefly  from  C:  rLgi  ty's 
excrllent  book  of  Mechanics,  contains  tlii'  iptcific 
gravities  of  most  of  the  principal  bodies,  both  solid  and 
fluid.  The  numbers  exprrsis  the  avoirdup«is  ounces  in  a 
Cnbie  fiwt  of  aach  body,  that  of  distilled  water  being  Just 
1000  OttiMCiii  Mthich  is  here  made  the  standard  of  com* 
IwiMB  of  all  tke  teal. 

TAiuyikSciaFicGRATmu  qfl)ifyirm(|AMi(9.  ' 
I.  MhcU,- 

Aofimony,  erode 
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AlWiiiC!,  glaaa  of» 

.  .  nrnten 
.   .    .  native 
Bismuth,  molten 
.   .   .   native  • 
.   .   .  oreoCinplniins- 
Brassj  cast,  not  banuBerod 

.   .  ditto,  wtia  dianuf 

.  cvtt,  COUMMH 

Cobait,  molten  -  - 

.    .    .  blue,  glai*  of 

Copper,  not  baramrrrd 

.    ,    .   the  same  \\  ire-drawn 
'.    .    .  ore  of  soft  (:iip|)pr,  or  natural  verdigris 
"  Gold,  purr,  of  '1^  car  it>         .  .  • 

,    .     melted,  but  not  hsiiiLutTcd 

,    ,      the  SiiriH-  hDmmi  red  -  - 

.   .    Parisian  standard,  22  car.  not  bammered 


.  i004 
4046 
OTOft 
.  35M 

.  4452 
.  t899 

.  0020 
.  4S7J 
.  «S96 
8544 
.  78M 
.  W9 
.  244J 
778B 
8878 
3372 

19258 
)y362 

i7«ao 


Gold,  Parisian  standard,  car.  liami 
.  guinea,  of  Geo.  %  ■  • 
.  guinea,  of  Geo.  S.  - 
.  Spanish  gold  coio  • 
.  Holland  ducau 
.  trinket  standard,  20  car.  m 
>  the  same  hammered  • 
Imwcaat 

,  bar,  either  hardened  or  not 
Sloal,  neither  temperdl  nor  harfwtad 
.  >  hardened,  but  not  t( 
.  laaapotoJ  and  haideMiil 
.  ditto,  not  baldened 
Iron,  ore  prismatie 


sred 


ditto 
Lead,  molten 

.  ore  of  cubic       -       -  - 
.  ditto  horned        -  • 
.  ore  of  black  lead 
.  ditto,  while  lead  « 
.  ditto,  ditto,  vitreou  • 
.  ditto,  red  lead 
.  ditto,  saturnite  •■' 
Manganr  si  ,  siriated  " 
Molybdena  - 
Mercury,  solid  or  congealed 
,   .    .  fluent 
,    .    .  natural  calx  of 
,   .    .  precipitate,  per  le 
,    ,    .  precipitate,  red 
,  .   .  brown  cinoabar 
.   .   .red  cinnabar 
Nickel,  molten 

.   .  ore  of,  called  Knpfenkkol 
Ftaltna,  crude,  in  grains  - 
,   .  purified,  not  hamnKltil 
.   .  ditto  hammered  - 
.    .  ditto  wire-drami  •'  ■ 
.    .  ditto  rolled  • 
Silver,  ▼ir;gin,  1 2  deniers,  fine,  HOC 
,   .  ditto  hammered 
.  .Palis standard 
.  .•billing  of  Geo.  2. 
.  .BMilingorGo&S. 
.  .noMhcoia  • 
Tin,  puto  CaTO^awMi  aad  nat 

'.  of Malaoa^nathaiidarid 

.  ore  of,  red        •    .  ■ 

.  ore  of,  black  - 
.  ore  of,  white  «... 
.  coromoo  •    -  . 

Tungsten      -    •     •    •     -*  . 
Uranium  ...  _ 

Wolfram        -        -  - 
Ziw^moHcn 

.11.  AKMorfiMict. 
Beryl,  or  aqua-marine  oritatal  ' 
.   .  .  ditto  occidental 
Chrysolite,  of  the  jesidhr 
....   of  Biaril 
Crystal,  puT«  rock  of  UtdagBicat 
....  of  Brazil       -  • 
.  .  .  .  European 

40a 


17589 

17  Kit) 
I7G2'» 
I76.'..i 

i  57i)<J 
15775 
7207 
7768 

.  78SS 
7840 
7818 

.  7818 
7855 

tffiti 

.  8013 
.11388 
7887 
MVS 
0745 
4050  ■ 
8588 
.  8027 
5925 
4755 
♦738 
15(i32 
1356S 
!)230 
10371 
8399 
102  tg 
.  6902 
7807 

15602 
19500 
20S37 
21(M2 
22069 
10474 
10511 
10175 
lODOO 
10834 
.10108 
.  9«l 
70P0 
1999 
7307 
8935 
0901 
8008 
7920 
60(>0 
'  6t40 
7119 
.  7191 

3840 
3738 
978S 


3058 
9659 
9658 


Digiii^eo  by  GoC 


G  AA 

*  •  •  ytUuw 
k  .  .  violet,  or  amethyil 
...  white  ametbyit 
.  .  .  Cartbagiaian 
.  .  .  blw^k 

whita  orieottl 


OKA 


•    ■    *  SMCn  GIH 

.  .  .€lM  ditto 


,  yclkw 

Gmet,  of  Bohemw 
.    .    ,  of  Syria  - 
.    .    .  dodecaedral 
.    .    .  Tokanic  24  faCM 
Cinool 

HyKimh,  common 
Jargoa  of  Ceylon 
Qwwu,  crystallised 
.  ID  the  man 
.  brawn  crystallized 
.  fragile 
.  milky 
.  fat  or  greuy 
iUby,  enental 
.  Spmell 
.  BaUae 
.  Brazillian 

.  of  Pay» 
.  Brauliao 
Sbh^  whHr  HMcUiag 

T7irf*5r  - 

fKca  ditto  • 
.  «  thw  tparkliac 
. ,  jpwoHidiriitte 


Ttopu,  orioMl 
.   .  piaiaebio 
.    .  Bratilin 
.   .  of  Saae 
.  .  white 


m.  Smdem  Sumt. 


AfMe, 


oriental 

OTiyx 
cloijiiv 
(pecklcd 
Tttned 
,  lUint'd 


*  . 


ly,  common 


tie 

,  .  .tpcckM 


.  ,  .  oovx 
.  .  ,  tUlactiM 


flttro 

2(i5* 
•26 
2651 
'2657 

3521 
SS31 
iiiO 
MM 
S»S 


Flint,  white 
.  .  .  black 
.  .  .  veined 
.  .  .  Ef  yptiaa 
.  .  .  «liw 


.  .  .  onyx  • 
...  of  Rtiutet  • 
.  .  .  of  EnglMd 
.  .  .  varieganJ«f  Unmiw 
J«l%  wbiu 


S5III  .. 

mi  .. 

418»  .  .  .  •rSwiMerliod 

40CO  J«|Mr,  dew  ^lan 


MM 


.nd 


Mt7 
Uf 

M55 

2647 
2647 
S04O 
3632 
20  i6 
4283 
3760 
3646 
3531 
3994 
3991 
♦077 
3131 
2595 
2438 
2704 
2G93 
3105 
Z564 
3873 
401I 
4001 
3»S0 
SA94 

M30 

2500 
2638 

2625 
2607 
'2I}(>7 
■2CiS-2 
2616 
2664 
2606 
2665 
2587 
2615 
2630 
2612 
2623 
2623 
2598 


.  ,  .  yillow' 

.    .    .  violet 
.   .    .  cloudy 

.    .  '  .  veined 
.    .    .  blackiith 
.   .   .  blood-coloimd 
.    .    .  helnstrope 
.    .   . onyx 

.    .    .  flowered ,  red  and  while 
.    .    .  red  itiid  \  rilow  - 
.    .    .  green  and  vellow  • 
.    .    .  Tfd,  grvL-n,  iinrl  grey 
.    .    .  red,  i;re«n,  and  yellow 
,    .     .  univrnsal 
.    .    .  Bgate 
Opel 

Pearl,  virgin  oriental 
Pebble  onyx 
.  .  .  of  keono 


ftOMOi 


Siidottjif  pom 
.  .  .  .  polo 


.  onyx 
,  hlackUb 


I,  block 


.  oaUquo  ImmIico 
BruuDiaB  < 


.  .  .  crocifonB 
.  .  ,  green 
.  .  .  violet  of 
.  .  .  common  m  ^  » 
Stone,  p**ing  '  •  •  B 
.    .    .  callers  •         •  - 

.    .    .  grind  •  •  • 

.    .    .  mill  -  -  • 

IV.  Vanotu  Suma,  EmrtJu,  tfc. 
Alobotter,  orienul  white 
.  .   .   .ditto  *emi>tr«iicparent 
,       ,    .  yellow  ... 
....  stained  browft 


25  U  4 

25  S-^ 
261^ 

2j(J.i 

Utioii 
25S7 
26114 
2654 
2009 
S84S 


SIMS 

SSBB 
9959 
MB1 
2061 
*B9I 
S7I0 
S7I1 

9000 

1072 

2029 
2633 

28  Hi 
2023 
2750 
2684 
2732 
27  4'.} 
2563 
2tk>l 
2114 
2684 
2'i04 
2654 
2609 
S6I2 
0587 
2581 
2603 

asoo 


SOW 
S5M 


UBS 
99Ba 
SMS 

aiu 

2143 
SM4 

2730 

2762 
2699 
2744 

-mi 


[    »f>7  ] 


43  a  A 


.AMMWkr>  of  Pledmoiit 
^  ,   ,    .of  Malta 
....  SpanUb  laiiiM 
....  of  Valrndk 
.  .   .   .of  MalagK 
...   .  oflMiM 
Aaiber,  yellow,  tranipaiut 
.  . '  .  yellow,  qpaqne 
,  .  .  ltd 

•    •    .  KtWI 

JiBlaoHiVH  long 


....  lUrry 
Buftlie*,'  from  Giaal't 
Siiureen,  of  Jodik  • 

Brick 

.    .    .  coarsf  ririanfon 

Gypsum,  i-jp-iqup 

.  .  si-tiii-ir.in-p;irenl 

,   .  .  fine  ditto 

,  ,  .  rhomboirfal 

.  .  ditto  to  face* 

.  .  cuneiform  crystallized 

du<>  green 

.    .  white  - 
.  bottle       .  • 
.  Leiih  cryflal 
.  fluid 

'.  of  Bohemia 
.  of  Cherbourgh 
;  of  St.  Clood 
^Snoiie^  red  ERyplian 
.   .  grey  Egyptian 
,   .   beautiful  rod 
,  - .  red  of  Uaaphby 
,  .  ofGiraidnor 
,  .  vialotfirGyffD«Uigny 
,  .  green 

.  rotliaicd  - 
,  .  redofSoawr 

.    .  gNffofBMMgW 

,   .  ytlMwnli 
,   .  orCtriwhi%UM 
Uoae.  white  raaor 
Lapis,  nephriticut 
.    .    lazuli.  • 
haematitca  • 
c-ii  .i[imiaris  • 
,    Jnduicus  — 
Manati 
Limeatone 

,   .   ,  while  Boor 
.  .  .  green 
IImUi^  giwm  GUHHiaiw  * 
,   ,  red 

,    ,    white  Cassara 
t   «    white  Parian 
,   •  Pyrcnean 
>  .  black  fiiscayan, 
,^  .  Brocaullo 


2693 

20!)O 

2713 

2S70 
'2ij  I  I 

imi 

lOM 

loss 
loss 

009 
SSI'S 
957S 
S07S 
S804 
1104 
SOOO 
S70O 
2727 
2781. 
2108 

2274 
2311 
2312 
230fl 
2fiVJ 
2892 
2733 
3 1 99 
3329 
2395 
2,^00 
3255 
2654 
2TSS 
97«| 
M4S 
3710 
2085 


Marble.  Valencian 

.  while  Grcndbii 


SMS 

srss 

•S8H 
<ftS0 
9070 
S804 

5064 
♦SflO 

50CK) 

3179 
3156 
3182 
2742 
2724 
2717 
2S38 
27 '.20 
2605 
2650 
8700 


'  Bomn  violot 

•  African 
.  violet  llaliin 

•  Norwcghm 
.  Siwtlaa  <• 
'.  jrenBeypi 

•  Ffoncb 
.  yell 

Ohoidi«n 


Slaie, 


Pnrcelwn,  SevM  • 
LimofN  • 

China 
Porphyry,  red  • 

.  preen 

.  triim  D.uipliiny 

.  rei),  froBi  CorrioTa 
.  greenj  from  ditto 
Pyritei,  coppery 

.  .  :  cui.umi 

feirugiiious  cubic 
ditto  ruunil      -  • 
.  ditto  of  .St  Domingo  - 
line,  op.ike,  gr«>en  Italian 

.  ditto,  veined  black  and  olive 
I  ditto,  red  and  black 
.  lemi-traiuparent  grained 
,  ditto,  fibrous  • 
ditt^  from  DoiqAinv. 


o|iiho.pCM(rattd  wRh 


«ipalco 
t,  pumico 


.  Barford  • 
.  Portland 
.    rag  - 

rotten    •  > 

hard  pa«ing 
,    rock  of  Chatillon 
,    clicarti,  ;rorii  BrachlM 
ditto,  Irom  Auchain. 
Notre  Dame 
.    St.  Maur 
.    St.  Cloud 
Sulphur,  native  • 

.    .  molten 
Talc,  of  Moicovy  « 
black  crayon  « 
.  ditioGetaw  • 


2710 

2703 

2678 

2753 

2708 

SSSSr 

2728. 

2TI8 

9008 

8714 


SSIS 
SS48 

ts» 

1714 
2140 
2S41 

2SS.» 
2765 
2676 
2793 
2754 
2728 
4934 
4702 
3900 
4101 
3440 
2430 
2594 
2027 
2586 

2<5(i9 
247  3 
2672 
28^4 
8189 
8700 
8001 


8478 
915 
S788 
84IS 
8040 

sni 

2520 

2510 

8040 

8408 

8470 

1981 

2460 

2122 

2357 

2274 

2378 

20S4 

2201 

2033 

1991 

2792 

2080 

2S4G 


J  i-  -ci  by  Google 


T»lc,  yellow 
.    .  black 


Acid; 


6  R  A 


V.  LigMra,  OiU, 

sulphuric  -  •  .  • 
ditto,  highly  concentrated  < 

nitric 

ditto,  liii;hly  concentrated 
muriatic 
red  acetous 
while  acetoui 
distilled  ditto  - 
fluoric 
ar.f  tic 
phoiphoric 
formic 
citric 
arienic 
ofonngM 


G  R  A 


on 


ofgrtp«8 
Alcohol,  commercial 
highly  rectified 

lind  with  water. 
l5-IOUn»looha) 
]4-16thi  ditto 
lS>iatbi  ditto 
lt*l«di»  ditto 
iMflthi  £lto 
ditto 
9-IMh  ditto 
a>iathi  dilW 

7-  10lhi  ditto 

8-  l6ths  ditto 
5-l6ihs  dill 
4-l6th«  dit 
3-Ujlhs  dit 
2-l(ithii  din 
t-l(iths  ditto 

Ammoniac,  liquid 
Bier>  pale 
.    .  brown 
Cidtr 

Ether,  sulphoric 
.     .  nitric 
.  muriatic 
ricelic 
Milk,  woman's 
.    ,  cow'f 
.   .  ua** 
. .  •.  •we'e 
.   .  gow'. 
. « .  nuK  s 

cow's  clarifted 
offllbertt  • 
ofw«lntttt  ' 
of  henpeecd 
of  poppiei  ~ 
ofrape-teod 
of  lint -seed' 
ofpoppy^ 
ofwhato  - 

orbm.(«iraoiaAnbis) 


t/U  01  CINMM 

AOS 

•  •  •  01  WITll  • 

•  • 

Al  V 

91$ 

•  •  •  or  onwHKnih  owhi 

^  WkltttSI*  nf  Mint  MiMHHA 

.  '•  ■          of  sag^, 

919 

WB 

902 

1841 

 of  thyme 

902 

 of  rosemary 

90(j 

127  1 

 of  calamint 

912 

 of  cochlearia 

94S 

1  in.<_ 

 of  wormwood 

007 

J 

 of  tansy 

!)33 

 of  Stragan 

9')5 

1  /t  1  /I 

 of  Roman  caoKMBUO 

sm 

1 500 

 of  sabine 

929 

1  iniJ 

.  .  •    .   «   of  fennel 

U29 

1  ^AR 

1  J-JO 

...    .    .    of  fenncl-aeed 

1008 

Q<J<i 

...   .    .  of  coriander-seed 

tkjff 

t 

...    ■   .    nf  carraway-seed  • 

905, 

1  ati 

lO  r  3 

...    .        of  dill-seed 

"  ■ 

913 

1  ri  1  a 

...   ...   of  anlse-seed 

m  m 

987 

.....   of  juniper-eecd 

«  ■ 

858 

...  .  .  of  cloves 

• 

1036 

337 

...  .  ,  of  eiBBonoD 

• 

flOfk 

....    .   of  turpentine 
.  ;  .   ,   .   of  amber 

870 

897 

 of  the  flowen  o 

'ocmgio  • 

...         of  htTondcf 

• 

Aft  M 

Bo^ 

 ofhyiMp 

889 

WO 

Spirit  of  wine.  SmJUSbiML 
Tuipontim^  lii|nid 

fU%Q 

■ 

991 

WW 

Urintb  hmmm 

lull 

Water,  rain  - 

UNO 

yW 

.  .  .ditlillod 

lOOD 

AMI 

IKni 

•  •  •  ■«J«»5''H') 

»  m 

9dWlA 

1029 

.  .  .  oTDewl-M 

AAV 

Winci,  of  Torrim,  nd  - 

-  " 

998 

.  .  while    ^  « 

m  m 

788 

117V 

.    .   Champagne^  white  . 

.    .  Paharet 

-  * 

lOOO 

.    .    Xeret  - 

oy7 

.    .    Malmsey  of  Madeira 

1038 

1  ("Z.> 

Burpiindy 

99^2 

103+ 

.    .  Juraiicon 

993 

1018 

Bourdcaux 

7  j9 

.    .  Malaga 

1022 

.    .  Constance 

1  UHle 

730 

.    .  Tokay 

1054 

.   .  Canar* 

1033 

low 

.   .  Port 

997 

1032 
1036 

VI.  Resim,  Gumm,  and 

Animal  SubtUmca, 

Aloes,  soootrine,  • 

J3BIU 

1035 

.    .  hepatic 

1  4 

1034 

Asafcutida,  • 

I  jzS 

mi  A 
lUlv 

Beeii-wax,  yellow 

•  Al  A 

.    .    .    .  white'  - 

923 

Bone  of  an  OS  • 

P2€ 

Butter 

ni.'* 
I*  *■  Z 

924 

Calculus  homanill  • 

1700 

Oli) 

.    .    .  ditto 

1240 

940 

.   .   .   ditto  - 

1434 

9S9 

Camphor 

'  089 

9SS 

Copal,  opake 

1140 

•919 

Modigufior 

•  1090 

919 

Liimoio 

1069 

Digitized  by  Google 


c;  R  A 

t'ra»iiam<:atuui,  bumu)  blood 
Dru(;oii'»  blood 
Jilenti 
Fat,  beef 
,    .  hop's      •  . 
.    .  nitiiton  • 
.   .  veal 
Galbanum  • 
Gambiigp 
GutD,  ammimiw 
.   .  Arabic 
.  .  Euphorbia 
.   .  wr«pliic 

•  .  tragacantll 
,    .  bilelliuni 

•  .   DcamincMiy  of  SmynHI 
;  .  ditto  of  Ate|ipa 
Qonpaiwdei'.  ihauii'  • 
.  .  .  .  inmlooaakMp 


Honey  • 

Indigo 

Ivory  - 
Juice  of  tiquoeiea 
.    .    oT  acacia 
Labdunum 
Lard  » 
Mattic 
3Iyr»h 
Opium 
Sn.\rniiii>tiv  .    Si'C  Cm*. 
Serum  of  human  blood 
Spermaceti 
Slorax 
Tallow 

Twra  Jafxinica 
Tnigacaiiili.    Sec  Gum. 
Wmc   See  Btu-viax. 


Ml.  Wood*. 


Aider 
Apple-tree 
Asb,  the  trunk  of 
Bay-tree  • 
Seech  •  ^ 

Box,  French  - 
.   .  Dutih  - 
.   «  Braailian  re4 
Cnii|wcliy  wood 
Gcdir,  wild 
.  .  .  MctliiM 


«  •  •  Anwncu 
Chron 

Cocoa-wood  - 
Cherry-treo 
Cork  - 
Cypress,  Spanish 
Ebony,  American 

.  Indian 
F.l<ltr-nfr 
Elm,  trunk  o| 
Filbert-tree 
Fir,  male 
.  .  fennlo  • 
Haael 


t  *«)  ] 

1  1 2ti 
1205 
lOIS 

923 

<JJ7 

pa* 

\'\'Z 

1452 
1 1 '24 
I '201 
13lfi 
l.-|7'2 
1'274 
1233 

SSd 
174A 
1450 

T«» 
1820 
172S 
»I5 
1186 

1074 

1360 
1336 

lO'SO 

\i  V3 
1  I  10 

!I4'2 


G  R  E 


<97 


800 
79S 
B45 
6S3 
852 
81S 

1328 

1031 
913 
i'J(i 
613 

1315 
501 
799 

1040 
715 
it40 

1S9I 
IS09 
695 
071 

eoo 

550 

4t)8 
000 


JsL^mln,  Spanish 

- 

m 

•770 

Juni[>fci-ti  ee 

- 

• 

• 

550 

Lcmnii-lrii: 

- 

• 

- 

705 

Lignum  rita;             -  * 

- 

- 

• 

1S9S 

Liliden-tree 

- 

- 

- 

C04 

Lagwood.    See  Gtmpnhy. 

Mwbick-tree          ■  - 

• 

- 

- 

849 

Mahogany 

• 

• 

lOOS 

Maple 

- 

- 

• 

'  750 

Mrdlar 

- 

• 

• 

Mulberry,  Spaniah 

■ 

* 

• 

807 

Oak,  heart  of,  00  yean  old 

m 

1170 

olive-tree     •  • 

- 

- 

• 

937 

Orange-tree   -  - 

■ 

m 

705 

Pi>ar-lrce       -  - 

801 

PotiiKgraiiale>M« 

1954 

Poplar         -  • 

- 

385 

.  .  .  white,  8|itiiidi 

• 

• 

599 

Plum-irco     •  • 

- 

- 

- 

785 

CtoiocMiae 

* 

705 

• 

• 

489 

Vine           •  • 

m  , 

* 

1597 

Walnot 

071 

Willow 

• 

585 

yew.DulcIl  - 

788 

SpeiHih  • 

807 

For  the  Weight  and  SpeeiGe  Oraritios  of  the  difliiicm 
Gasct,  *ee  ihe  article  Gat. 

The»e  numbcrt  being  the  weight  of  a  cubic  foot,  or 
1728  cubic  inches,  of  each  of  the  bodiee,  in  avo)rdupoi<i 
ounco,  by  pri)|ii>niiin  the  qu^ititiiyin  any  Other  weight,  or 
the  \voij;lii  ot  Htiy  Dilu  r  quantity,  may  be  rradily  known. 

For  KiumjiU.  Ri'ijuircd  the  ronlcril  of  mi  ii n  skiliir 
block  ut  cuiiinion  itunc  which  weigbii  I  cwt, or  ll'^llb, or 
1792ounc».  Hcre,aB9500: 179t  n  1798:  ItSSf  cubic 
incbi's  the  cot»lent. 

LiampU  '2.  To  find  thr  wfi:;!:t  of  n  l]|..ck  nf  !;raiiilc, 
whoso  length  ii  63  feet,  and  breadth  ami  thickiui*  i  ach 
12  feet;  being  the  dimensions  ol  one  of  the  stones,  of  (jra- 
Wte.in  the  wiilUof  Bttlbeck.  Here,  63  x  1'2  x  W=y072 
feet  it  the  content  of  the  stone;  iherefnre  «»  1  :  g07'J  :  : 
3000  OS. :  272l6'0OU  uz.  or  7^9  tuns  7  cu  t.  1  i\n.  tbo 
weiKbt  of  the  itone. 

XI.  A  body  deicends  in  a  fluid  sp>cificully  lighter,  ni 
aicande  in  a  mii  ^»KificaUy  heavier,  with  a  force  equal 
to  tin  diArcnee  lietwceA  iu  wc^t  and  that  of  aa  equal 
bulk  of  the  fluid. 

XIL  A  body  sinks  in  a  fluid  spccificaUylieanert  lO  far 
as  that  the  weight  of  the  body  is  equul  to  the  weight  of  a 
(juaimty  of  till-  liuid  of  the  same  bulk  as  the  pari  im- 
nu  rsi  d.  Ikiice,  as  the  specific  gravity  of  the  fluid  i»  to 
that  t,i  the  boily,S"  it>  the  uholc  luagnitudeof  ikO  bodyitO 
the  niagnitiidi-  of  the  pail  immersed. 

XIII.  The  »p<'cilic  gravities  of  e^nal  solidly  an  at  iheif 
parts  immersed  in  the  same  fluid- 

The  several  theorems  here  delivered,  an'  bn'h  <!('inoB» 
itrabic  from  Ihe  prittciplcs  ol  niech.in:cs,  uml  art  who 
equally  conforraahle  to experitoont,  whicli  nn'-weis  exactly 
to  the  calculatioR;  at  is  abundantly  evident  from  tbu 
courses  of  philoaopfaieul  exprrimeniai  so  ftequeotly  exhi- 
bited ;  whara  the  law*  of  specific  gravitation  are  well  i|. 
luittatedi 

GREAT  BEAR,  one  of  the  oonstdlalioiu  in  the  north- 
ern  henrisphew.  See  Uma  Majo*,  .  * 

r.RrAT  CiRCi.Es,  of  the  Globe  or  Sphere,  ajre  taoi» 
«huM!  planes  jpttss  through  tbc  centre,  dividing  it  into  twok 
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rquul  pari!  or  hrmii(iliortf»,  and  ihcrfforc  having  the  same 
cciitte  niid  diiiiiK  (<T  vMtli  the  sphrrc  itself.  The  principal 
of  these  arr,  llic-  (.'(iualor,  the  ecliptic,  the  hori;ton,  the 
meridians,  and  tli<'  twu  culures. 

GHEAT-CiRci.t.  bAiLiRG,  IS  tbc  Alt  uf  Conducting  A 
ibip  ahmn  thi'  arc  of  a  great  circle.  And  it  is  also  tbat 
pan  of  ibe  theory  of  navigation  %vbicK  tiesia  of  uiling  in 
the  arc  of  it  t^tuc  circle.    Si.i;  NArieATloii> 

GREA  V  (Jtfu  m},  an  eminent  astronumer,  aBiu}mrjr, 
mnd  Iiiigui<it,  wit  born  n  lG09«  being  the  eldcu  loo  of 
John  Greaves,  rector  of .  Colemiire»  iteer  Mnatiai  in 
Hampshire,  and  master  of  •  grammar^chool,  where  hit 
ton  of  course  was  well  gruunded  in  the  piiinury  rult'!>  of 
literature.  lie  then  went  to  Baliol-collpjii-,  Oxfurd,  in 
If)  17  ;  but  :illi  rs>  ;inU,  on  account  of  his  >kill  in 
play  uiid  puliU'  liuraluro,  In;  wa>  tlie  (iisl  ol  live  liial  wire 
elected  into  MriluH  Luli;  ^u.  Iluving  rtad  over  ull  the 
ancient  Greek  and  Latin  ivnters,  he  applied  lo  the  Mudy 
uf  natural  philosophy  and  inuvii  iiidlii.''  ;  r.iul  timiiij;  tun- 
tructed  un  iniiniacy  v«ith  Mr.  Ltrig^,  .^jvihiin  |iroti-a>ur  of 
geometry  at  Oxford,  and  Dr.  Uainbridg<-,  S.ivtlian  profes- 
sor uf  aslrununiy  there,  he  was  aninwiled  their  eMunplf* 
to  pRMCUlc  that  study  with  the  greatvet  iBdvtitiy.  Mot 
being  ronieiil,  however,  with  reading  thi*  writins*  of  Pur- 
bach,  Hcj^iomontanus,  CopCTMCIIt,  l'ychr>  Urati^,  Kc(ilcr, 
and  uther  cclebtalud  MCmMnan  of  thM  and  the  mts- 
ceding  age,  bo  imde  the  mcinit  Givek«  Anbian»  Mid  rei^ 
tian  Milfaott  fiHniliiir  10  hisi,  having  before  gabled  aa  ic- 
camletktll  in  the  oiwnttl  iangua)ifs.  These  accomplith- 
mcntsprocurrd  him  the  professorsliip  of  gcotuclry  in  Grc- 
thani-r-oHege  London,  in  1^30;  and  at  the  same  time  be 
held  tiii  fellowslup  of  Mcrlim  college 

In  a  jonrnty  di  Ilie  continiiil,  in  li<3i,  iie  visited  the 
celebrated  Giilius,  professor  of  .\rabic  at  Ijytlits,  and 
CIniid  Hi>rdy  at  I'arif,  to  coiiverw  iilmiit  the  I'l  rsiari  lan- 
guage. Ilcncr  he  passed  throujch  ll<lly,  uiid  uc(  urately 
!.nrvo\id  tin  veiirraldc  remain*  ol  aiitictiiily  at  Rome,  v|. 
sitiHi;  mid  c<irres()on<ling  everywhere  «ilf.  llie  most  learned 
men  of  every  nation.  After  visiting  Pdduu,  }  loi  rnce,  and 
Leghorn,  he  hence  embarked  for  C'oiisiuutinople,  where  he 
arrived  in  lb'38.  'I'heiice  he  (WMcd  over  to  Ubodes,  and 
Alcxiiiidria  in  l^  pt,  vtlierc  he  staid  four  or  five  BioBthat 
uud  made  a  great  number  iif  curious  oL»-rvBtiuns.  He 
iKt.xt  Kent  i»  Grand  Cairo,  and  hieasured  tbe  pyiainidt; 
and  while  there  be  wyntled  tbe  measure  of  tJ»  fool,  ob> 
terved  fay  nl(  wmIom.  Hence  be  fetnmed  amiu  tbnin^ 
It^ly.  iuifikmti  in  enghwd  in  the  year  16*0,  hnving 
MOM  bk  m&d'  wiib  a  variety  of  ciuiom  knon-lcdBP,  and 
cullecled  mtuiy  valuable  oriental  raunuvcripis  and  tui- 
rient  cuiitwiirs.  While  at  liomc  he  made  a  pariicular 
iii<|iiiry  inio  the  trtM  (Nate  of  the  ancient  wrigbu  and  tarn* 

^ur^  5. 

<  »n  tiji-  ili.itfi  (i  Dr.  .lolui  BiUiilii^lL'  ,  ill  U?)'!,  lie  was 

t  illlYin   Sttxl'.liUl   ]  I'llr'-  T   nl  ilsUoiK'Iliy    ill    O.Nioid,  uiid 

priiici|i:il  iiMilii  ol  I  nit  ii'>  lecture  in  Mi  rton-eiillejic  ;  an 
appoiiinni  nl  loi  v^liic  h  lie  vtas  eniim  iitly  qualilied,  from 
liiv  criliriil  atiiuiiiiitiiiue  v^illi  ihi-  »oik»  of  llie  ancient 
nnd  modern  ustronnniers.  In  \^^^J  he  proposed  n  intlbud 
ol  letorming  thv  calendar,  Ly  umitiint;  the  iiiterrtilary  <lay 
fur  40 years  to  conv :  the  ]>iiper  u  Uilinj;  lo  which,  was 
ptibliilKd,by  Ur.  TboniA!>  Snnili,  in  ilie  I'hilos.  Tmtis.  for 
1^99'  ^  l6*H,  hi-  pubiislicd  his  ryiainidopm)  hia,  or  a 
Uncription  uf  the  I'yramidt  of  Kjivpi ;  and,  in  )b'4r,  his 
Discourse  on  the  Rcnnan  Foot  and  Dcuorius ;  from  ts  hich, 
aa  fiuat  'two  priociplca,  the  nniMito  and  ircighu  UMd  by 


the  ancients  may  be  deduced.    Ho  also  pu  blis  bed  trvera 
other  curiou!!  works  concerning  antiquities, &c. 

Soon  after  publishing  the  last-mentioned  book,  lie  was 
ejected,  by  tbe  parliament  visitors,  from  the  professornhip 
of  astronomy  and  feUuwahip  of  Merlon- college }  when  the 
soldiers  committed  maay.  mttnget,  bnafciag  open  his 
chests,  and  destroying  many  of  bis  raanuacripta;  whidk 
greatly  affected  hiin.  On  this  occasion  he  retired  to  Lon- 
don, when:  be  afierw4rds  roanied,  and  pMMcntad  bitttn*  • 
diet  with  great  vigonr,  as  appcan  ham  tevetaJ  of  bk  |ibi* 
loiophieal  and  tboMoi^ca)  writinp.  Ybii  bonraear  ptove4 
Imt  a  trunent  hapiMaat  to  him ;  for.  he  died  at  London, 
the  8th  of  October  \6ii,  before  he  was  quite  50  yours  of 
a;te;  and  left  his  astronomical  instruments  to  the  Saviluii 
libr.iiv  III  Oxliird,  where  they  arc  drpositi,!. 

CiliI  I  l\  <)ui>Eiis,ii<Architecture,areihc  Doric,  Ionic, 
and  ('oiliaiii.iii ;  in  contradistinction  to  tbo  tWO Latill  or^ 
der<,       tliu  Tuscan  and  CoropoMlc. 

GiU:.LN,  one  of  the  ori;;indl  Colours  of  the  rays  of  light, 
or  uf  llie  piisinntic  coloiitg  exhibited  by  the  refraction  o{ 
tbe  rays  of  light.  '1  his  is  the  pleasantent  f>f  ull  the  colours  ' 
to  the  Kight.  And  hence  it  has  been  infericd  at  a  proof  of 
the  viisdulu  and  goodness  uf  the  Deity,  that  alnuatatl  VO- 
getable»,  clothing  tlw  turfkce  of  the  enuh,  are  green; 
which  they  are  wban  giowing  in  the  open  air;  though 
tboae  in  auhicnraneona  f  laeea,  or  place*  inaccatiUa  to  - 
bob  air,Brewbiteoi  ywlow.  See  Cbbohaticiii  and  Ct^ 
LOOM' 

.  GREGORIAN  Caukbas,  to  called  fiom  Pope  Gra- 
gory  the  I3ih,  is  the  new  or  reformed  calendar,  sbowtm 

the  new  ami  full  moons,  with  the  time  of  Kastrr,  and  the 

other  moveable  feasts  deiHiuiing  on  it,  liy  means  of  cpacit 
disposed  through  the  sevviul  iiioiillis  of  llii'  Gn-guriau 
year. 

Gkegoriak  Epoch,  is  the  epoch  or  time,  irom  which 
the  C'regiiiiuii  calendar,  or  eoiiipuLatlon,  took  place.  This 
began  in  tht  year  !.u  lliiil  the  ^  ear  1800  ii  the  2l8th 

of  this  epoch. 

GuE(i0Kl.\y  Tilruojf,  a  particular  kind  of  telescope*  . 
invented  h)  Mr.  Jaines  Ciregory.    Se,c  TELKsrorE. 

GtieooiiiAN  Year,  the  new  account,  or  new  style,  iii» 
troduccd  on  the  rrfonnution  of  the  calendar,  hy  Po|)eGrr- 
gory  the  13iii,  in  the  year  and  from  whom  it  took 
its  name.  This  was  iniioduced  to  reform  the  old,  or  Jtt* 
lian  year,  established  by  Julius  Casilr,  which  coniiltni  of 
3^5  days  ()  iiuurt,  or  965  days  and  a  quarter,  that  it  tbree  * 
ycaia  of  36}  day*  racli,  and  the  fourth  year  of  day*. 
But  aa  tbn  aitan  tropical  year  coniniU  only  of  Sffjdt.  fibrs. 
48in.  57see.  tbe  liirmer  loit  1  Imin.  3eec.  every  year,  which 
in  the  time  of  Pope  Gregory  had  amount«-<l  to  10  days, 
and  who,  by  adding  thes4!  10  da)»,  btuu^lil  the  accoui.t  of 
time  lo  its  proper  day  ugain,  and  at  the  snme  lime  ap- 
pojhti  il  li  aliverv  century  a(!i  i,  a  day  n  ute  should  he 
uiliii.ll,  thtuhy  iiiulving  the  \iMirt  ol  liie  mmjiUle  centu- 
ries, vi/,  llie  171I1,  ISlh,  lyth,  2lsl,  vvhuli  arc  not  ex- 
actly (iivisil'le  by  4, \c,  to  l>e  eominon  years  of  dayi 
each,  iil-ttail  ol  le;ip-yinrs  ot  ,'l(i(i  ilnvs,  uliich  makes  the 
mean  Gr<gorian  yiar  eijual  lo  .id.'ids  .'ilirs.  4jni.  od'scc. 

This  coiiipulaliitii  «av  mil  iiilrouiK « il  ti  to  lliv  account 
of  time  in  Lngland,  till  the  year  170'2,  when  the  Julian 
account  bail  lost  1 1  days,  uiid  ihercfoio  the  3d  of  Scplun- 
facr  was  in  that  year,  by  act  of  parliament,  accounted  the 
14th,  thereby  resiutiiig  the  11  dayt  wbicbbad  tbiia  bcra 
omitted.   See  Yeah. 

GRIlCORY  (Jame»),  me  of  tbe  noit  celebrated  ib«> 
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t^irmaticiarn  <ir  the  17th  century,  wili  the  son  of  thr  Iltv. 
Jolin  Gregory,  rniiiivliT  ol  Oriinioak  in  the  cimnly  dI 
Aberdeen,  iind  bum  atJAherdixn  iii  N<nciiih<  r  Im.jS  )|  -'>. 
Hi5  miithi-r  WHS  a  diuiijhtir  ut"  Mr  David  Amli  i>iin  of 
Finxaii^h,  or  Kin>hriU|jh,  «   ii'-Nlii  iiiaii  « !.  i  iHi>M-!Hcd  tt 
tineiilnr  I  iirii  tiir  mBtticinalirHl  iiml  nn xhunicnl  knuwledgi*. 
This  iiintiirmaiica!  iji-nuis  w«s  hereditary  in  the  family  of 
the  Andernons.  and  Irom  them  it  appeaia  to  hftvo  bccD 
(ransmitli-d  to  their  dencendanlt  of  toe  MBH  of  GfCgOiy, 
Xeid,  etc.    Alexander  Andcrton,  coaun-gernwii  «l  the 
•aid  Oavtd,  was  profesior  of  mtbematics  at  Patta  hi  the 
hi>l|piiBiiig  of  the  17th  flHttuy,«id  published  there MTCiml 
volmUs  »ihI  ingeniow  worint  as  may  be  weo  in  the  mo* 
inoln  of  hit  life  uid  wridop,  under  the  article  Akder-  , 
oov.  The  flMther  of  Jenei Gregory  inherited  the  genius 
nf  her  family}  and  obtenring  in  her  ion,  while  yet  a  child, 
a  strong  propemity  to  maiheroatic*,  she  instrocied  him 
herself  in  the  e1amcnt3  of  th  it  science.    His  education  in 
the  languages  he  rp<.fivi.d  ai  liit  ^rjiinmar-school  of  Aber- 
deen! "I'd  the  usual  cf  urso  of  academical 
studies  in  the  M.ansc-ial  college;  but  he  wiii  obicHy  de- 
lighted with  phil(iiu|^ti/cal  r^-srarchcs,  into  which  a  new 
door  had  lately  been  openert  hy  the  key  ol  the  mathe^ 
natics.    Galileo,  Kepler,  Di-5Cartc»,  6cc,  were  the  great 
imi-tert  of  this  new  method :  their  works  therefore  became 
tho  pnncusal  study  of  young  Gregory,  who  soon  began  to 
roakc  inipinvements  on  their  discoveries  in  Optics,  'the 
first  of  these  impruvemcnis  was  the  invention  of  tbe  re* 
1loctiiiateleico|ie:  the  cooatractioa  of  wliich  imirunwnt 
hepa«MM<lin1iitOpliaiPmMiM,i«  l66S.atS4y«urt 
ofoge.  ThisAMOTCiyaMnniineiiidlhcatieMiiMiar.iha 
nmthrnwtichuw,  berth  of  onrown  ami  of  ferofB  coantrieo, 
wbo  immediately  perceived  its  grest  hnporttaco  lo  tha 
sciences  of  optics  and  astronomy.   But  the  naiuier  of 
]ili\cin<:  the  two  specula  on  the  same  axis  appearing  to 
Ncwtun  to  bv  attended  with  the  disadvantage  of  losing  the 
central  rav»  nf  ttu  !.irj;tr  b|ncuiuin,  hi.'  propoM-d  an  im- 
provement on  the  instrument,  by  giving  an  oblique  posi- 
tion to  the  smaller  speculum,  and  placing  the  ^yc-J;l.l^i  in 
the  side  of  the  tube.     It  is  obserwjble,  howev<  i,  [tint  the 
Newtonian  Liit^t'.riir tion  ul  that  iiiBtrument  was  Ifni.;  .Tlibii- 
doiK-d  lor  the  original  or  Gregorian,  which  is  now  atwM)* 
used  wncn  the  instrumtnl  is  of  a  moderate  sire;  thoui;h 
Metscbel  has  preferred  the  Newtonian  form  fur  the  con- 
■tmctioit  of  those  immense  telescopes,  which  bohis  oflaia 
•a  tOCceHfully  employed  in  observing  the  heavens. 

[the year  l6o4  or  \6ti5,  coming  to  London^  ha 
•cqnainted  with  Mr.  John  CuIUds,  wbo  reeon- 
I  him  to  tha  hwt  optic  glass^rioden  there,  to  ba*o 
histtleicopeaiweaiad.  Bat  a»  this  could  not  ha  Amefiir 
•ant  of  skill  in  the  ailisli  TO  grind  a  plata  of  MUl  taw  iha 
(it>j<Tt-'pt  culum  into  a  true  parabolic  concaso^  wbidi  the 
design  rcqiiiiTd,  he  was  much  discouraged  with  tbo  dis- 
nppoiiumont ;  ami  iiller  11  |i  »  imjiiTtic'.  (riah  mitdewith  an 
jll-poli'.hitl  siilicnci'.l  one,  which  iIkI  imt  succeed  to  his 
Wtsn,  he  ^rtvc  up  the  pursuit,  nnd  rfS"lvrd  to  muki-  the 
tour  ol  Italy,  tlii-11  ihr  mart  of  mathcinalicHl  Icaniinj;,  lliiic 
he  mifiht  priAiTute  hi,  favourite  sludy  with  (tn  liter  ntlvan- 
tage.  And  the  university  of  Fadu»  being  at  ih.it  uroc  in 
hi^  reputation  for  mathematical  studies,  Mr.  Oregory 
li.^fd  his  residence  there  for  some  yean,  flere  it  was 
that  he  published,  it^.  Vara  Circuit  et  Hy|>crbolc 
Qnadiatora;  in  which  he  propounded  aootlker  diKovery 
of  hb  0*ni  the  invention  of  an  infinitely  coaverging  series 
Itarfba  amia  «f  the  drcU  aad  hyperbola.,  tia  ant  to 
V01.L 


England  a  cpy  of  this  work  to  hit  friend  Mr.  Collins,  who 
commuiiicateil  i!  lu  the  Hoyal  Society,  where  it  met  with 
the  coiNineii  liiiniin  ol  Lord  Urounker  and  Dr.  Wallis. 
He  reprinted  it  u>  Venice  llie year  following,  to  which  he 
added  a  new  wurk,  <  nlitled  Geoinetria!  Pars  Universalis, 
inserviens  Quaniitatum  Ciirvarum  Transmuutiuni  et  Men- 
surs;  in  which  he  is  allowed  lo  buve  shown,  for  the  first 
time,  a  method  for  the  tjaasmutation  of  cur>cs.  These 
works  engaged  the  notice,  aad  procured  the  author  the 
correspundence,  of  the  greatest  mathematicians  of  the  age, 
Newton,  Huygens,  Walltt,  and  others.  An  account  of 
this  piaca  was  aba  toad  by  Mr.  Oollias  hefnre  the  Royal 
Society,  of  which  Hr.Ofegoiy,  baiiy  rttamed  from  ht^ 
tcavals,  waa  chosoa  a  neflifaer  the  taiaa  year,  and  com- 
Biaincatad  ta  ihem  anaccottntof  a  controweny  in  Italy 
about  the  nMrtioa  of  the  earth,  which  was  denied  by  Rkci- 
oil  and  his  followers.— Through  this  channel,  in  particu- 
lar, he  carried  on  ;i  <ll,piitf  with  Mr,  liuv^cus  ou  tfie  i:f- 
casion  of  his  trrati^i-  <<ii  ihi-  quadrutuie  of  the  cirt  ie  „i.d 
hyperbola,  to  whicli  tnat  ^lem  man  had  started  5< me  ub- 
jections;  in  the  course  ot  which  our  author  [iroouced 
some  improvements  of  hi^;  scru^.  Hut  in  this  controversy 
it  happened,  as  it  griieruliy  doe*  on  such  occasions,  that 
the  antagonists,  lhou;^h  setting  oiu  »vnh  pniin  r  coolness, 
yet  grew  too  warm  in  the  combat.  This  was  tha  case 
here,  esporiilly  on  the  side  of  Gregory,  whose  delcncetai^ 
at  his  own  icqoest,  inserted  in  the  Philosophical  T  rarvsac- 
tions.  It  is  onneccssary  to  enter  into  particulars:  suffice 
it  tberefiH*  to  yy,  that,  in  the  opinioa  of  )<eihnits,  who 
allows  Mr.Gniory  the  higbeat  laerlt  far  hit  gcmoa  and 
disoovofks,  M.  Haygms  has  pointed  out,  though  not 
airaiibMMBa  ceandKahfe  JeieiMicles  in  tha  treatise  above 
mentioned,  and  showD  a  mseh  limpler  method^  of  attabi- 
Ing  the  same  end. 

In  16'6S,  our  atilhor  published  at  I^ondon  another  work, 
entitled,  ExercitBtioiies  Gcometricar,  which  contributed 
still  much  farther  tu  extend  his  reputation  .Xbjut  this 
tmie  he  was  elected  prol'eskor  of  matheniulicf  in  ihe  uni- 
versity of  St.  An'ip  wb,  an  •■tfire  vvliict;  he  held  for  si.\ 
years.  Durinj;  las  rvbidtnte  (here,  he  rnarrn  il,  in  ififiMt 
.Mar,,  the  daughter  of  Geijif^i  l.^nieson,  ilie  cekhruled 
painter,  whom  Mr.  Walpole  has  termed  tlte  Vandyke  of 
Scotland,  and  »  hr)  uas  fello»..iisciplc  with  that srsot artist 
in  the  school  of  Rubens  at  Antwerp. 

In  1672.  he  published  The  Great  and  New  Art  of 
weighing  Vanity:  or  a  Discovery  of  the  Ignorance  and 
Arrogance  of  lue  Great  and  New  Artist,  in  his  Pscudo- 
phikiophical  Writings.  By  M.  Patiick  Maihcia,  nrch- 
bcdri  ta  the  UaiwiH^  of  St.  Aadmwa.  To  whkh  am 
aaaaMd  soika  TcMamma  do  Koto  Veadali  ct  Pngcc* 
torom."  Under  (hit  fictitbut  iiatte,oiir  nolharwma  thit 
little  piece  to  expose  the  pictntded  ignorance  of  Mr. 
Sinclar,  professor  at  Glasgow,  in  his  hydrostatical  wri> 
tings,  and  in  return  Kir  some  .illeged  ill  usage  of  that  au- 
thor to  a  colleague  o.''  Mr.  tiregory'.f.  'I'lie  >anic  yenr, 
Newton,  on  his  wonderfol  diNCeiM  rn  s  in  the  nature  of  li^hr, 
contrived  a  new  rcflectini;  teli  •.<  1  jh',  and  iiiaile  >e'.i  ral 
ubjectiuii?  to  Mr.  Gre|;ory'5.  This  c<i>ie  b"  tli  tn  a  iiisjune 
between  those  two  philosopher,  which  "a^  carried  on 
during  this  and  the  t'ullowing  year,  in  the  most  amicable 
manner  on  both  sides i  Mr.  Gregory  defending  his  own 
construction,  so  fiir,  as  to  gpve  his  antagonist  the  whole 
boninir  of  baviiig  made  the  catoptric  telescopes  preferable 
lu  the  dioptric;  and  showing,  that  the  imperfct-iinns  ia 
theie  initrumoili  wcta  aat  le  much  owi^  u  a  defect  in 
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ibe  object-t|teciiluiD,  u  to  the  different  rcrrangihility  of 
the  ray«  of  light.  In  the  course  of  this  dispute,  oar  author 

distiibid  u  liiirnir';  ronca>c  mirror,  whicb  »B»  upprovcd 
by  Ncwtuii,  ai.ti  li  still  111  <zr.in\  I'sttfni.  Stvcral  blliTS 
that  pasiM-d  in  lhi»  ilinpnti',  art  priiittd  by  Dr.  Dcsaijijlu'rs, 
in  an  .'\pp4'n(iix  lo  tbr  K.nob-h  filiirnn  ol  Dr.  Uiivid  Gre- 
gory's Kltmcnt*  I'f  Catiipua  -  aiiH  Dioplnct. 

In  1674,  Mr.  Orf>>i)ry  wa>  calUd  10  t-.diiibureh,  to  fill 
the  chair  iil  niMlu  in.itics  in  that  iimvcnity.    This  place 
he  had  h'  li)  bin  titUc  more  than  a  }rar,  when,  inOctol>cr 
lG'5,  hviii'i  fiiiployed  in  showing  the  satellites  of  Jupiter 
thiough  a  li-KiCopt-  to  some  of  his  pupiU,  he  was  suddenly 
l^ruck  with  total  blindness,  and  died  a  few  days  after,  to  the 
gmi  loss  of  lite  maibcnutical  storldtHl  only  S6  jrtusof  igr- 
Ai  10  hh  clnnetcr,Mr.J«iictOn|^«ai  •  nwn  of  « 
MtMe  ami  powtoitiqi  fWiMS.  Hh  cen|wr  wu  ia 
tome  dCKrer  ut  irtftabV  one,    ippMn  frm  nil  coaduct 
in  the  dbputc  with  Huygeiu;  and,  conscioa*  P^'Iuil*  ^ 
his  own  merits  as  a  discoverer,  he  »eems  to  hove  been  joft> 
lous  of  lo<iii£;  any  )i  irtmn  of  his  reputation  by  the  im- 
provenients  ot  oihers  upon  his  inventions.    He  posscssrd 
one  of  the  mom  amiable  character*  of  a  true  phil  i^nptu  r, 
that  of  tx'inc  content  with  his  forliinc  in  his  situ<ilioji. 
But  the  most  brilliant  part  of  ht5  ihiiracter  is  that  oi  hi« 
matheiDalical  ^nius  as  an  inventor,  which  was  of  the  fir>t 
order;  as  will  appear  by  the  following  list  of  his  iiivcn- 
liont  and  discoveries.    Among  many  others   may  be 
IVCktMied,  his  Reflecting  Telescope; — Burning  Concave 
Mirror; — Quadrature  of  the  Circle  and  Hyperbola,  by 
an  inflnitc  converging  series  ;  —  his  method  for  the  Tnins- 
^    Ibmmtioii  of  Comsj — a  Gcoioatricol  DeinoMtmtioB  of 
lord  BnunlEei^*  leiiea  ibr  Squuing  tbo  Hy|wrboli}>4ii 
AnMNntntion  that  the  Mcddiaa  line  I*  analMMis  t»  • 
Male  of  Logari(hinicTan|^nU  of  the  Half  Conplemenli  of 
the  Latitude;— he  also  invented  and  demonstrated  geo> 
metricnlly,  by  help  of  the  hyperbola,  a  v*ry  simple  con- 
verpn<5  scries  lor  niakinf;  the  logarithms; — he  sent  to  Mr. 
O^llins  the  Solution  of  ilio  famous  Keplerian  problem  by 
an  infiflite  series; — he  discovered  a  method  of  drawing 
Tanjont'.  to  Curves  geometrically,  without  any  previous 
CBlci.llltl^lI(^ ; — a  rule  for  the  Direct  and  Inverse  metho<l 
of  Tangents,  which  stands  upon  the  same  principle  (of  ex- 
haustions) with  that  of  tliixions,  and  dilT:     m  t  much  from 
it  in  the  manner  of  application  ;  n  Series  for  the  length  of 
the  Arc  of  a  Circle  from  the  Tangent,  and  vice  versa ;  as 
also  for  the  Secant  and  Logarithmic  Tangent  and  Secant, 
and  vice  versa: — these,  with  others,  fur  fUlrim  the 
lei^h  of  the  elliptic  and  hyperbolic  cunei,  were  M«t  to 
Mr.  ColliiM,  in  ret«n  for  eome  feori««d  fron  Un  of  New* 
ton%  in  which  he  followed  the  elegpnteumple  of  tbisao- 
thdr,  In  deliming  hit  Mriet  in  rinple  temw»  independent 
of  each  other.  These  and  other  writing?  of  our  autlior  aw 
mostly  contained  in  the  following  works,  vii , 
I    Optica  I'rfiwota;  Ho,  London  l66"3. 
'i.  Vera  Circuli  et  Hyperbole  Quadruiura  ;  4to,  Padua 
1667  and  l66'8. 

3.  Geonn  tria;  Pars  Universalis  ;  410,  Pudua  I668. 
t.  Kxercilationes  Geometric^;  4to,  London  IfifiS. 
5.  The  Great  and  New  Art  of  weighing  Vanity,  tftc. 
8vo,  Glasf^ow  1672. 

The  rest  of  his  inventiorkS  make  the  subject  of  several 
letters  and  papers,  printed  either  in  the  Philos.- Trans. 
Vol.  3  ;  the  Coromerc.  Epistol.  Job.  Collins  et  Aliorum, 
8vo.  1715;  in  the  Appendi.x  to  the  English  edition  of  Dr. 
David  £)encntt  of  Optica,  BT0>  1795,  by  Or. 


•  1  OBB- 

Otemilien;  ud  tome  teries  in  the  CxercilatieOaonMUten 

of  the  same  author,  4to,  1684,  Edinburgh  ;  a*  well  aa  in 

Ills  little  piece  on  practical  geometry.— ia  different  parts 
of  the  loregoing  works,  of  James  (lugory,  are  found  seve- 
ral ingenious  thou;jli  is  ami  iiivruimtis  iJ.at  havi'  Miim  tiini-s 
b»xn  attributed  to  later  perioas  and  uuthors.  I  bus,  at  tbo 
end  of  till-  Optica  Proinota,  is  a  ci)lli  (  tion  of  ciiriuus  a»- 
tronomical  problems,  conceived  ami  resolved  in  a  very 
masterly  manner ;  in  a  scholium  ni  the  end  of  one  of  wbicb 
(pa.  130),  is  remarked  the  use  to  be  made  of  the  transits  of 
Venus  and  Mercury,  in  determining  the  sun's  parallax  ; 
an  idea  which,  1  think,  has  usually  bectt  ascribed  to  Dr« 
Halley. 

GaaooBY  (Da.  David),  Savilian  pmfeaaor  of  aatro> 
noniy  at  Oxford,  waa  nephew  of  the  abovo-nentipiicd  Mr. 
Jauei  Gregory,  bci^  the  eldoit  sua  of  hie  hnither  Mr* 
,Oimd  Gregory  of  Kinaidie,  a  genileatan  ivbo  hnd  the 
gular  fortwie  toeee  three  of  his  »um  piufiMaom  of  mathe* 
natic«,at  the  same  time,  tn  thr«t!  of  the  British  universi- 
ties, vii,  our  author  David  at  0.\fonl,  the  si  coud  son 
Jamea  at  Edinburgh,  and  the  lliiid  son  Charles  at  St. 
Andrews.  Our  author  David,  (he  eldest  son,  «us  b.jrn  at 
AlKjfdeen  in  Itib'l,  where  he  nceivcct  the  early  parts  of  his 
education,  bn!  >:  1:  {ii<  ted  his  itudies  at  I'^linburgh;  and, 
beina  possessrd  ot  llic  malbeniaticiil  papers  of  his  uncle, 
siHin  distinguished  himscll  like»is<'  as  the  h<'ir  of  his 
genius.  In  the  33A  year  •■■  his  ai(v,  lie  was  elected  pro- 
lessor  of  mathematics  in  the  uuiversily  of  Edinburgh; 
and,  in  the  same  year,  he  pobliiihed  Exercitalio  Geo> 
metricade  Dimensioiie  Fi((urarum,sive  Specimen  Methodi 
gtnerali*  Uimeltendi  qua%via  Fkuraa,  £dmb.  ifiM^  4tPw 
He  very  loon  peiceiwd  ^  exccHfOce  of  tbo  Mowtmia* 
philoeophyt  «ad  bad  the  awfit  of  hnag  thelnt  who 
tfodnecid  it  into  the  whooh,  by  hit  public  lectSNk  at 
BdiBbaqh.  "  He  had  (say*  Mr.  WbiUoo.  in  the  HcflMiit 
of  hie  own  Life,  i.  3£)  already  caused  several  of  hit  tch^ 
Ian  to  Iwep  acts,  as  we  call  them,  on  tevi  ral  br.ir.rhetof 
the  Newtoniau  philosophy:  while  we  at  Cambridge,  poor 
wretches,  were  igtinminiouily  ttudyilg  the  fictitious hyp^ 
thesis  of  the  Cartesian."  • 

On  the  report  l!  l)r  Bernard's  intention  of  resigning  the 
Satiliaii  prolessuiship  of  astronomy  at  Oxtord,our  author 
went  to  Ijindon  in  lO'yi  ;  and  being  patronised  by  New- 
Ion,  and  warmly  belnended  by  Mr.  Flamsleed  the  astro- 
nomer-royal, he  obtained  the  vacuiit  profes&orsbip,  for 
which  Dr.  Halley  was  also  h  CompvtUor.  I'his  rivalsbif^ 
however,  instead  of  animotityt  laid  tiM  foumlution  of 


friendship  between  tbete  eminent  men;  nnd  Uallcy  aoon 
after  became  the  coUeagne  of-GngMy,  by  obtaining  the 
piDiinaonhip  of  gponetty  in  theaanie  vaimaity.  Our  au- 
thor had  Mt  luig  feanlncd  In  London  after  hii  airiml,  b» 
fore  he  wu  elected  a  follow  o(  the  Boyal  Sodely ;  and, 
previooaly  to  bit  elcctioo  into  the  SavillianpioieaMnhip, 
had  the  degree  of  doctor  of  pfcyMC  COnfemd  OB  hiOk  by 
the  university  of  Oxford. 

in  Ki.Qj,  he  1iIi>Im  d  in  the  Philo*.  Tniiis,  a  rescdution 
of  the  I'lorentine  proliU  in  De  Tcstudinc  velit"i)riiii  (juadra- 
liili;  and  he  continued  to  communicate  to  the  public, 
fr>ini  lime  lo  lime,  many  iniji  ni<ius  lualhemaiical  papers 
tlin>iii.'h  the  Mime  cbaniu  I. 

in  he  printe  d  at  O.\ford,  Catoptrics  et  Dioptrice 

Sphcricas  Kleinenta;  a  work  which,  we  are  informed  in 
the  preface,  contains  the  substance  of  some  of  his  public 
Iccturca  read  at  Edinburgh,  eleven  years  before.  This  va- 
luaUo  troaiMo  «ai  v^bUdied  in  £i^ib,  fiiat  with  addi* 
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ticMM  by  Br.  WilHMi  Bfmrn,  wiiii  Uwi  wcwwwwiidation  of  Anotber  fanidMr,  Chtrin,  ^ 
Mr.  Jfum  mi  Or.  DwigMWwn  and  aAmMtds  by  ttw  tlmiHitici  at  St.  Andivw*  by  Qmcb  AMi«,'iB  ITOf.  TMa 
liUtor  of  Ui«e  pntleweii,  wiiii  an  appauMx  cvatainini;  an  offtc«  be  held  willi  RpflCiOaa  and  ability  Tor  St  jtu»i 
•ccoantofllwOn^rinand  MiNrtoaiaateleacofH>t,  tofie- 
tkiBT  with  Mr.  Hadlfy's  tablet  for  the  cotntructiun  »f  both 
tfapw  iMlruDHrnn.  h  may  not  be  nnwcirthy  <•!'  n-inMrk, 
lliM,  ill  till'  a>nclusi«li  c)(  tlii<  Iniitisc,  thcrr  i-.  .in  uh-^ery  .t- 
tion  which  ibows,  that  lh<-  citslructioii  uf  >n hminatic  te- 
lciciilH'<,  vMiifii  IMr-  I)c>llnii<i  rairi'  (I  to  Mif It  nfoiit  pcr- 
frciMiii,  l,.ul  o(  currod  to  the  iiiind  I't  l)iiMil  CinVDrv,  (Voin 
rcll-fliiic  (in  llic  admirable  r  .'Hd  ivaiico  o(  imiuic  in  con>- 
b'timit  till'  (iiliireiit  huDviiiii  i  t  tin'  r\c.  The  |iH's»iigc  14 
nil  fi<ili)v\s:  "  Perhiip  it  wouUI  Lt-  i>l  service  to  mule  ihc 
ohjerl-lrrn  o(  a  different  nu-ilium,  »i  ue  st"e  done  jn  the 
latino  of  the  vyc;  where  the  crvslRlline  humour  CwboK 
power  uf  rt-imrtin^  the  ray*  of  ligbtdiflcri  vary  little  fram 
that  of  gliui)  ii  by  naiare,  who  nem  doca  .aay  ihii^  in 
vain,  joioed  witli  the  aqncont  atid  vitraova  hnMOia  (aat 
diAc.  ing  from  waiar  f  h>  tkeir  power  of  itfEaetnB),ln  or^ 
dec  that  dw  i«af»  My  %e  painted  aadiatiMt  at  poitibia 
on  tha  biMtdtt  of  tha  ayap" 

III  1709  oar  author  pabHihad  at  Osfiwd,  in  Ibtics  Ag- 
tronomiai'PbyMaB  at  Oeomctiicie  Eicmenta ;  a  w«rk  which 
i»  accounted  his  maitait^picoe.  It  it  founded  un  llie  New- 
tuniaa  d<>ctrini>s,  and  wa«  eitMned  by  Newton  him<H>ir  a* 
ameitexrcUi  lit  explanation  and  defence  of  his  pbilosopiiy. 
In  tha  followini;  yi«r  he  b;»\e  to  the  world  M  rdltirm,  111 
lolio,  of  the  wiiiki  111  tluchil,  iti  Greek  and  Latin;  U.-iti;; 
done  in  pntrfcutmn  ol  a  lieM^n  tie;i;uii  by  his  prcdertssor 
Dr.  Bernard,  <if  priiuin<;  the  wurks  ol  all  ihc  ancient 
inathematiciant.  In  this  woric,  which  contmns  all  the 
treatises  that  have  been  attributed  to  Kuclid,  I  tr  (Gregory 
hai  boco  careful  to  point  out  «ucb  as  he  found  reason, 

ftoB  inlrmalavidence,  to  betiava  to  ba  the  prodiictiom  of  aeat  uf  the  earl  of  fiodlater,  the  wu^iden  ceiling  is  paioied 
some  inferior  qeomefriciaa.  Id  proaecuiion  of  tha  aapa  villi  Kvetal  uf  tha  fablaa  of  Ovid's  Metamorphoses,  'lite 
plan,  our  author  engaf(ed  tonn  after,  with  his  cpllcaaM  coloHiaanitill  hiiditi  and  the  representation  lively.  Tlw 
Dr.  Hal^y,  in  tha  publication  of  the  Conies  of  Apolb.  piasent  aaifa  jtandfathar  tald  me  that  thit  paintiag  wa» 
■iwt  bat  ha  had  pracaadtd  only  a  little  way  ia  thit  un-  the  wetk  tt &mi  Andwaen  my  aneatur,  arhoat  ha  ac- 
dartaking,  when  be  died  «l  Maklenhead  in  Bethihifa^  in  kMadadfiiaa*  IKand  and  relation  of  Wa  famfly. 
•1710,  being  the  ^th  yewafkit  age  only.  fludi  wafkik  while  they  ^ve  repatallon  lo  David,  aiiited 

I  Uiaia  work/ptthlUiad  in  our  aothor^i  life-tine,   ill  with  bit  pfopar  htl«iM«»  which  was  that  uf  a  merchant 

ia  Aberdeen.  Ift  Aat  he  taceaedi  il  ill ;  and  having  tsircn 
up  mercantile  business,  from  a  siuhII  remuindi  r  nt  '.is  !  >r- 
tune  Ije^an  a  trade  of  malting  malt;  and  :ttier  iii>truc(in^ 
his  wife  in  tbe  management  ul  the  same,  h  it  it  to  her  care, 
and  went  into  Kni'hind  to  try  his  loriuivc  as  an  CTiijiiicer; 
an  employment  which  in  hl^owIl  i  i  -jiuiy  Ik  Ii.kI  practiM-d 
gratuitously.  Having  in  that  way  rraiiiicd  a  fortune  which 
satisAed  him,  he  returned  tu  Aberdeen,  wheiaint  Wtfilhpd 
also  made  money  by  her  roalline  busittess. 

After  makinn  such  pnmtion  for  their  children  as  they 
thought  reasonable,  they  tfftti  that  tiie  tompcK  lim  of 
tbe  two  should  enjc^  ihe  lemaiudrr,  and  at  daath  ihould 
bequeath  it  to  oaitaw  puipuca  ia  the  maaageaent  of  tbe 
nagiflmHi  01  AoeraceB. 
Tha  wjfo  hippwiiii  to  he  (ha  innifor,  and  fulfilled  what 
nearled  wvtb  bar  knahapd.  Her  legacic*,  well 
in  Aberdeen,  aw  called  aAariMraaii»cJaneGaild*i 
MortifeatioBt,  a  nortifieation  in  Scuti  law  ligaifyii^;  m 
bequeathment  for  some  charitable  purpoae.    They  consist 
of  sums  for  difS-rent  purposM  :  for  orphan*,  for  the  edu- 
cation of  boys  and  girls,  for  unmarried  g«'ntle»onii  :i.  ;<iiil 
lor  widows;  and  thry  >lill  continue  to  be  useful  to  n.any 
inindijrenl  circunistiir.tr?     bin  waj  :he  clHOghterof  Dr. 
OuiU,  aminnter  of  Aberdeen,   ficsidea  iier  n^pry,  aha 


and,  resigiiiiig  in  1739>  *<»  aMCeeded  by  bis  son,  who  eiab- 
neally  inherited  die  taUnis  of  his  family,  and  died  in  I76'3. 
Seme/ard^  Particulnn  qf  the  Familv  of  the  Grfsrorys  and 
Aadertoni,  commusucated  by  Dr.  'iitomm  Rnd,  I'ionnor 
iif  Mm  al  Pkd»tBpliy  im  the  Utuoeraty  qf  Gloigoui,  «  AV- 
;>       r  iht  ImOr.  iftmd  Orfprp  tetMim  Pt^famr 

•-ivnie  account  of  the  family  of  the  Gregorys  at  Abi  r- 
dc<!ii.  Is  given  in  the  Lil'c  of  tbe  Late  Dr.  John  Gregory  uii~- 
lixi  ii  tn  his  works,  printed  at  Edinbnij^  17S|p  ia  Mwr 
Maall  8vu  volumes. 

Who  was  the  author  of  that  Life,  or  whence  ho  oblairv. 
edhiaiaformatioa,  Idonotknow.  Ihiiveheard  itascribwi 
toMr.  lytkr  the  yoonj(er,  whone  lather  wa«  iippoiiiieiil 
ooaof  the  gaerdtam  of  Dr.  John  Gregory's  children.  Soma 
additioatta  what  i»  cuaiaioed  m  it,  and  a  Anr.tamarib 
apon     ii  all  1  can  fitmiih  a*  thiaeulyeGt. 

Page 9.  1  kaaw  aathiag  «f  tha  educalian  of  David  An* 
derso  II  of  Fini augh.  Ha  aecau  to  have  hen  a  eeltongbt 
uiigiiteer.  Every  public  work  which  tarpamd  tha  ekill  of 
OOOMMM  anitu,  was  committed  to  the  manaE^emeot  af  Oa> 
vid.  Sttch  a  ntiutntiun  he  acquired  by  bi«  succen  in 
A,  .k^  I  i  this  1.1  i,  iii.it  with  the  vulgar  he  C'l'  lln"  hy- 
.'.anie  <jt  iJavie  do  u  tlitog,  that  !«,  in  theScoiti^li  dmhcl. 
David  who  could  do  every  thing.  By  this  Bpp<'llalion  he 
is  better  known  than  by  Ins  proper  name.  He  raiswl  ihr 
grc.it  bellsinto  the  Ml  L ',!''  '  '  the  principal  cliuich  :  hi^  cut 
a  passage  Cor  ships  ot  burden  through  a  ridge  of  rock  un- 
der water,  which  crossed  tbe  entrance  into  the  harbour  ol 
Aberdeen.    In  a  long  picture  gallery  at  Culleii  House,  the 


i  in  our  aothor^t  liie-time, 
at  mentioned  above,  ha  had  levcr&l  papers  inserted  in  the 

Philos.  Tran*.  vol.  18,  1.9.  21,  and  85,  particularly  a 
paper  on  the  catenarian  curve,  first  considered  hy  our  au- 
thor. He  left  ^:Kn  m  manuscript,  A  Shurt  Treatise  of  the 
Nature  and  Aruhinrjic  of  Lcigiirithms,  which  i«  printed 
at  the  end  of  Keili  V  tiansliit  imi  n)  (_'.  Mir:i  iiidine'i  Lucltd  ; 
aifj  a  Trculise  iif  I'raclicai  Gconiclry,  which  was  after- 
■Wardt  trull!! luted, and  published  in  V}\^,  by  Mr.  Maclaurin. 
■  Dr.  Dutrid  Gregoty  married,  in  lti9^,  Eliiabeth,  the 
daughter  ol  Mr.  Oliphant  of  Lan^town  in  Scotland.  By 
thi!»  lady  he  had  four  sons,  of  whom,  the  eldest,  David, 
was  appointed  rcgius  profeasor  of  modem  history  at  Oxford 
by  XiagGaoiMthe  Itt,  and  died  at  an  adviiiwad  age  ia 
lyft,  war  y^gfing  for  man^  yeaia  tha  digidly  af  Mi  af 
P^F*a|(!!l^  •aifem^. 

_  ,  pitied  Uinbur|b,  he  waaa*^ 
lia  lha  pwfcitimihip  at  that  vaivent^,  by  Ua  hro- 
<her  Mnei,  lihewiae  an  eminent  matbematiciaa ;  who  held 
that  office  for  33  years,  and,  retiring  in  I7S5,  was  svic- 
ceeded  by  tbe  celebrated  Maclaurin.  A  daughter  of  this 
jiri'fes.1  (  .Jftiiit^  Gre-gory,  a  young  ludy  of  i;rcat  bcautv 
and  areornplishnients  was  the  victim  of  an  unfoTtunale 
•Itachnu  nl.  that  furnittied  th*  subject  of 
4«owa  baUad  of  William  aad  Majftrat. 


^    .i^Lo  i.y  Google 
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Wttthed  •  pierr  of  ta^iry,  wroucbt  by  hcrimn  hand, 
npri'Arntin^  (In-  history  of  qurcn  Either,  fioa  a  draw* 
jag  made  by  btr  hustxDd.-  The  iap»lry  continue*  to 
omainent  the  wall  ol  ihi.' principal  church. 

la  the  IMM  |M|»  it  ia  Mid  ibat  Alaxawirr  Ajidenoa, 
l^rofnMr  of  malMiiMtioi  at  fam,  was  tha  comin  yr—n 
of  Oatnd  lAofVHHnitkHKil.  1 4iMMr  wK  the  «riin''a  wi- 
ibority  ibr  tkb :  I  ha«a  at«ayi  mdaniood  that  they  wen 
twoibata;  but  for  thi*  I  hanaooly  firniiy  trmdition. 

Paee4.  IlishercrdatwIthatJaniesGreoory  w!isin»tnict- 
f(i  in  the  £trnirntsorKiKli<I  ijy  hi^  in<ithc  r,  the  duuijhtiTof 
Dit\id  Anderson.  The  utcouiit  I  Mum-  innni  (lilfi  rs  from 
this.  It  is,  that  bin  broiln-r  Daviil,  In  mi<;  u  ii  i.i  eleven 
yrart  older,  had  the  liiucliim  r>f  |ii>,  education  after  their 
fuhn'i  denlli,  mid,  when  Jaiv.c^  Imil  finished  his  course  of 
phllusopiiy,  was  at  a  lost  to  what  literary  profowion  he 
kliould  tlirtrl  Imu.  After  some  unsuccessful  trials  he  put 
tuclid's  Elcmeiiis  into  his  hand,  and  finding  that  he  a[>- 
plicd  to  Euclid  Willi  great  avidity  Bi»d  success,  he  encou- 
raged and  assisted  jiiot  in.his  BMthematical  studies.  This 
tnuiitlon  Bgicct  with  what  JaoMa  Crrgoiy  taya  in  the  prr- 
bce  Id  hi*  Optica  Promota;  where  after  neiuioiiing  bis 
■dvance  to  the  SSib  pnmwition,  he  add^  UU  diu  hni 
cHMie  If*  pmgiPtdieiidi  orbattis  cnniiiiah  horMihw  cC 
Kiuilik  mtriaBci  Dandle  Gi^orii,  in  Matfacaalleit  mm 
poniiB  venatt  (caisi  quid  in  hikce  Scientiis  pnntitero,  me 
iliod  debere  non  inHcias  ibo)  animatus,  tandem  incidi  6cc. 
Wfaelbrr  David  had  been  instructed  io  mathrmaiics  by  his 
mother,  or  had  any  livinj;  instructor,  I  kixiw  not. 

Page  5,  6.  Ill  iliche  i*o  pap<-5  1  think  the  merit  of  Gre- 
gory comparefi  with  that  tif  Newton  in  the  invention  of  the 
caiuptric  ti'lesC0|K',  l*  put  in  a  light  more  unlavduralile  10 
Nevrloii  than  is  just,  Ciregory,  believing  that  (In  imper- 
fection of  the  dioptric  telescope  arose  solely  from  iln  i|i|R- 
rical  figure  of  the  glasses,  invented  his  telescope  to  remedy 
that  imperfection.  Being  less  conversant  in  the  practice 
of  mccbanin,  be  did  notattempt  to  make  anj  model.  Tbe 
ipecuh  of  his  leloeope  required  a  degnt  of  polish  aod  *- 
fijgore  which  the  beat  o|rtiaam  of  that  tge  mm  uaMt  to. 
execute.  Newton  denMMtralod  that  tha  inperfMtiao  of 
the  dioptric  telescope  aruie  chiefly  fn»  tha  diftnat  re- 
frangibility  of  the  layt  of  lifht ;  he  denoHlfiled  alio  that 
the  catoptric telacwpe  wqaiiwl  adegptagpoliifc  tuhih 
yond  what  waa.BMiaaary  for  tha  dioptric.  He  made  a  mo- 
del of  hislelaieOMi  aod  tinding  thai  the  best  polish  which 
the  opticians  Coold  ^ve,  was  insufficient,  he  hnproved  the 
|>olish  with  bis  onn  hand,  no  as  to  nuike  it  iir.v».  r  ilie  m 
tended  purpose,  and  has  dr»<.iib«*d  raoat  accu.'  ittiy  tin 
manner  in  which  be  did  this.  And,  had  he  not  n  iiiis 
example  of  the  practicability  of  mailing  a  reflecting  tele- 
scope, it  is  probable  that  it  would  have  pomed  at  aa  im> 
practicabir  idea  to  thiv  (ijiy. 

Page  1 1 .  To  M  hat  is  ^aid  of  this  JamcsGrcgory  might  have 
beei\  added,  that  lie  whs  led  by  analogy  to  tbe  true  law  of 
Refraction,  not  knowing  that  it  was  discovered  by  Ves- 
carte*  before  Preface  to  Optica  Promote);  and  that 
in  1670  having  received,  in  u  letter  fntm  Collins!  a  series 
for  the  area  of  the  aoaa  of  a  circle,  and  as  Newton  bad 
iaeeoted  an  aaiefnal  aHthod  iqf  which  ha  caalJ  aiiuare 
altcareci  geoiactrieti  and  Maehaaleal  by  infiniia  wncaof. 
that  hind;  Oieftiry  afkar  mach  thwaght  discovered  this 
«Qi««nal  method,  or  ^n  equivaleat  one.  Of  this  he  pci- 
ficctiy  satMed  Newton  and  the  other  malhrmatit'iaDs  of 
that  time,  by  a  letter  to  C'l.lliii?  in  leb.  I(>ri.  Hi  nan 
Stiongly  solicited  by  hisbrutbt  r  Davkl  to  publish  his  Uiu- 


versul  Method  of  Series  without  delay,  but  he  excused 
bin)>eir  on  a,  point  of  honour ;  that  as  Newton  was  Ao filBt 
iavcntor,  and  at  he  had  been  led  m  it  by  an  account  of 
Newton's  having  such  a  method,  he  thought  himself  bound 
to  «Fait  till  Newton  should  pablieh  bia  method.  1  baea 
•era  the  Ictlen  that  paned  hetweea  Oe  hiothen  on  this 
•ubjaet 

With  iqpwd  la  the  coatroeersy  hetweea  James  Gregory 
ttd  Majyae,  1  taha  lha  subject  of  that  coairuversy  to 
have  been,  not  whether  J.  Gregory's  quadrature  of  the  cir 

cle  by  a  converging  series  was  just,  but  whether  he  had 
demonstrated,  as  in  one  ol  bis  propositions  In-  |ireleii(i<->l 
to  do.  That  it  is  impossible  to  ex  pre**  perfect  I  ,  rln  Are» 
of  a  Circle  in  any  known  algebraical  form,  U  isKies  ihul  ol' 
an  infinite  converging  series.  Hiivgen>  e.\c\  fitcd  to  the 
demonstration  of  this  propr^silion,  ami  (iregoiy  defended 
it;  neither  ol  them  convinced  h\i  antagonist,  nor  do  I 
know  that  Lcibniti  improved  on  what  Gregory  had  done. 

Page  18.  I).  Gr^-gory  of  Kinardie  deserved  a  more  par- 
ticular account  than  is  here  given.  It  is  true  that  he 
served  an  apprenticeship  to  a  mercantile  house  in  Hol- 
land, but  be  fiollewcd  that  profession  no  Ivi^r  than  ha 
was  tinder  aathorily,  iMTing  a  Stronger  peeMoa  for  haow- 
Mge  than  for  aBoaqr.  lie  retamed  to  hie  own  cnaaiiy 
M  l6u,  faaiMahoat  Sll  waia  of  afe,aad  from  thatlima 
led  the  Kla  of  a  pUfaMopliar.  Hariag  lacccoded  to  the 
estate  of  Kinardie  by  tbe  death  of  an  elder  brother,  he 
lived  there  to  tbe  end  of  that  century.  I'hen-all  his  chil- 
dren were  born, of  whom  he  had  thirty-two  by  two  wives. 
Kinardie  is  above  4-0  English  miles  nuiih  from  .^birdcen, 
and  a  few  miles  from  Banif,  upon  the  river  Diveron.  He 
was  a  jrstanioiii;  ili>  m  :f;lilj( .nring  gentlemen  for  his  ig- 
norance of  what  wi'.s  diini;  ul-iui  his  own  (arm,  butanora- 
I  If  in  matters  of  b  ur;,!!!^  inn.  il>is.>)ihy,  and  particularly 
111  medicine,  which  be  had  sttxlied  for  his  amusement, 
and  begun  to  practise  among  his  poor  neighbours.  He  ac> 
quired  such  arepntation  in  that  science,  that  he  was  after- 
ward*  employed  by  the  nobility  and  gentleincn  of  that 
county,  but  took  so  feet.  His  hours  oi  study  were  sin- 
gular. Beii^  much  occupied  through  ibe  day  with  ihoee 
who  applied  10  him  as  a  physiciaa,  he  went  eariy  to  bed, 
laon  aMat  two  or  ihito  ia  tha  aMnioa,  and,  after  ttiH 
dyiagaama  haun^  awal  la  be^apia  aaa  slept  aa  hoar  or 
twobefiwahiBaMatf. 

He  wai  tha  fitst  aian  io  that  countnr  who  had  a  baro- 
meter; and  by  some  old  letters  which  I  have  seen,  it  ap- 
[.rarrd,  that  1  i-  ImiI  i  i/Itl  s|mii,ii.  d  wiih  sonu  philioophers 
lai  the  conlineiiL  about  tin  (  aanycs  m  the  ban  meter  and 
III  uie  weather,  parliciildfly  with  Marinile  tin'  l  iench  pbn 
lii-(i(ihi  r.  Ill  »a->  onre  in  danger  ai  btiiijj  prt»>r<  u:ed  as 
It  n  niiirer  by  the  Presbj  lery  on  account  ol  I  i  s  Im  i'  meter. 
A  depuluUun  ol  that  body  having  wailed  upon  ium  to  en- 
quire into  the  ground  of  certain  reports  that  had  come  to 
tiu'ir  ear«,  he  satisfied  them  so  far  as  to  picvcnt  the  pro- 
si  c  iiiKMi  ul  ii  man  known  to  l»e  so  r.xtenaieely  naeful  by  his 
knowledge  of  medicine.— About  tbe  beginning  of  the  last 
ceatuiy  he  removed  with  his  family  to  Aberdeen,  and  ia 
tbe  timeof  Queen  Anne's  war  employed  hit  Ihouahtt  upon 
an  improvamaat  in  artilleiy.  in  order  lo  amhe  tu  ihot  of 
great  gana  man  dcMnictive  to  tha  eaemy,  and  cxevalci 
a  awdcl  of  tha  engine  hahad  conceived,  f  have  convened 
with  a  eInclMaahar  in  Aberdeen  who  was  employed  ia 
making  ibie  model ;  bat  having  made  many  different  pieces 
by  direction,  without  knowing  their  inlrniion,  or  how 
they  were  lo  be  put  togrlbcr,  be  could  ^vc  no  account 
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of  the  whole.  After  maUan  mme  expmmenu  with  thh 
model,  which  ntisfird  bim,  the  old  gcnt]rin«n  wm  to  mn- 

guinc  in  llii'  hope  of  beirtg  useful  to  the  allies  in  the  war 
against  Francf,  thiit  he  »el  ahout  preparing  u  field  equi- 
pagruith  H  view  lu  make  a  cumpaii:n  in  MantleiA,  and 
in  the  mean  time  sent  hi*  model  to  nis  son  (he  Savillian 
prufi-»*or,  thut  lie  miijlit  have  In*  nnd  Sir  Isaac  Nr»»  ton's 
opinion  of  it.  His  son  "howed  it  to  Newton,  wilhout  Irt- 
Inin  him  ktii>«  Otnl  Ins  mvn  fiither  was  the  inventor.  Sir 
Imuk  wiu  iiiucb  ditpleaicil  with  it,  saying,  that  if  il  tended 
akWIch  to  the  pmrrvBlian  uf  itiankind  u  to  tbcir  de- 
ttniction,  the  inventor  would  have  desenred  a  prat  re- 
ward;  but  as  it  w«*  contrived  wlely  for  destrxiction,  and 
wmM  loon  be  known  by  the  enemy,  be  nibcr  dcnerved 
to  be  punished ;  and  urged  the  pnitetor  wy  ttrondy  t« 
deetfoy  it,  and  if  puieible  to  fupptcM  (be  invMMMm.  u  is 
IHobaMe  theprofciipr  MJowod  laiitdvioet  ior  at  bit  rfraib, 
which  happened  mmr  after,  the  wodet  wm  not  to  be  found. 

When  the  (ebrllioa  brake  out  in  1715,  the  old  gentU- 
man  went  a  second  time  to  Holland,  and  returtied  when 
it  was  over  to  Aberdeen,  where  he  died  about  1720,  aged 
P3.  Ilrlrfl  an  lll^Io^ical  manuscript  of  thi'  irunvaclions 
of  hi*  own  limo  and  country,  which  my  (ulhei  l<iltl  nie 
he  had  read.  I  was  ucquaintcd  with  two  ot  this  ci  n- 
tlcinan's  sons,  and  wnii  si  vctul  di  liis  dannhters,  hi-iidi-!. 
my  own  mothrr.  The  tacts  .•.In  Ac  im  iili  nu  dan- tiikcn  liom 
what  i  have  occasionally  heard  trom  thrm,and  from  other 
persons  o(  his  HCquainlance. 

Pa4;e  14.  In  confirmation  of  what  is  taid  in  this  page, 
that  the  two  brothers  David  and  James  were  the  first  who 
taught  the  New  tonian  philusnphy  in  the  Scotch  Uitiver- 
tities;  I  have  by  me  a  Thetis,  printed  at  Ediobargh  in 


1690,  by  Jamea  Grcfoiy,  who  was  at  that  time  a  pupiiMer 
«r  philosophy  at  St  Andnewt,  and  succMdcd  hit  bmhcr 


David  in  the  profesnoB  of  MtbeaHlks  at  Edinhatgh.  In 
(his  Thesia,  dkcr  •  dedBcation  to  woiiDt  Thrbrt,  IbHow 
the  names  of  twenly^oDa  of  his  scbofaws  wlio  were  candi- 
dates for  the  d^rceof  a.  m.,  then  95  poiitions  or  Theses. 

The  fiisl  thu  e  a'latc  to  logic,  and  the  abuse  of  it  in  the 
Aristotelian  ami  Cartesian  phi|i>sopby.  lie  dihncs  lopic 
to  be  the  art  of  making  a  proper  use  of  tbiiic«  granted,  in 
order  tr>  lind  whHt  is  sought,  iind  tlo  R-fure  iidinil'.  only  two 
Categoru^  m  !■  gic,  viz,  Dstu  au.i  fJiKtsica.  1  lie  u-tnain- 
ing  22  pL>5iiicins  arc  a  conipcnil  ul  Ni-wlun's  Fnncipio. 
This 'I'heMo,  !i>  wu!  the  custom  iit  that  time  in  the  Scotch 
univenitics,  was  to  be  defended  in  a  public  disputation, 
'by  the  candidates.,  previous  to  their  taking  their  deiirre. 

The  famous  Ur.  Pitcattn  was  a  feiloW'Studcnt  and  in- 
Ihnaie  companion  of  thcsalwo  Gmforys,  and  during  the 
vacalion  of  the  coU«ge  was  accuitaned  10  go  home  with 
thett  to  Kinardisk  t*  (hair  father's  home. 
«  D«fid  Gregory  was  apyointad  a  pneerplar  le  the  dake 
af  OloMssMr,  Queen  AwStA  son ;  but  hii  «M<ring  an  that 
rite  wupre*taiadb]rlhadaathofth«t[^iiBC«iB the  llth 
yeaiof  his  age. 

Page  19.  D.  Grrgnry's  Euclid  is  said  to  have  been  written 
in  prosecution  of  a  design  of  his  pre<leci-BSor  Dr.  Bernard, 
of  prinliiij^  the  works  ul  all  uncietil  iiniihenulicians. 
This  design  ounht  ti>  liuve  Ixcn  as-cnlwd  to  Sanlle,  who 
left  in  charge  to  ilie  in  n  professors  of  his  foundation,  to 
print  the  inT^lhcniutical  works  of  the  ancients,  iilid  I  think 
left  also  a  kind  fur  di  lraying  the  cxpiTiie.  Wiillis  dul 
something  in  consequence  of  this  charge;  Gregory  and 
Halley  performed  a  ^rrat  deal  ;  but  I  think  nothing  has 
beta  dotw  in  ihia  dse^gn  fagr  liHlBMj|H^  prol«aor»  since 


Vagi  SO.  ttesides  s^at  b  tbovo  mentisned,  Dr.  G  re  gory 
left  in  mannscripia  Comnentary  on  Newton's  Principia, 
which  Newton  valued,  and  kepi  by  I  1  •>  i  r  many  years 
alter  the  author's  Heath.  It  is  probiilil>  tluit  ni  »liat  re- 
lates to' astronoiu  s  .  i  .i''  CommenUiry  nuiv  roiiiCi.if  in  a 
great  measure  with  ilic  author'-  a-troiu  iin ,  "Inch  indei^ 
i«i  im  eNrelh'Ht  i  onunfiitury  ujii  ui  I'l  ii  |i  u  t  ut  Principia. 

l'as;e'3.t.  Tni-  U.ivid  Grf^uiy  puoii>tu  d  in  Latin,  a  very 
Hiio<\  cmiipi  ndunn  ol  uiithmelic  and  algebra,  with  the  tlllo 
Arilliineiicii-  el  Algebrae  CoinpendiuiD,  in  Usum  Juvelilu* 
tis  ACiidemicx,  Kdinb.  1736*.  H«  had  a  design  uf  pub- 
lisiiint;  his  uiicl<  '■>  Commentary  on  the  Principia,  with  cx« 
tracts  itoiii  tUv  {laper^  lift  by  James Givgpry  Ilis giHod- 
unrie  i  but  the  expense  being  to«»  great  for  his  IbitUlM', 
and  he  toommle  a  solicitor  ol  the  aanHaaca  «f  oriien,  tha 
design  was  drappcd.  His  son  Darid^  yvtalisie,  was  ma»- 
trr  of  an  Easl^India  ship^ 

I'asc4Qi.  T«  thefM^lan«f  the  society  at  Aberdeen, 
ought  to  ham  been  added  John  Stewart,  professor  of  ma^ 
thenialics  in  the  Marischal  college  at  Aberdeen,  lie  pub- 
lished an  explanation  of  two  treatises  of  Sir  Isaac  Newton, 
y'lT,  his  Qiuiili  iUiirt-  ui  ( ' ii r ■.  i  > ,  and  his  .Analysis  by  h<)U»- 
tion-  <d  an  nitinite  nuniix-r  ut  u  rnis.  He  wu>nn  intimate 
1 1  lend  ol  Ur.  Keld's. 

Aiiotlior  <d'  the  first  mombcis  of  that  society  was  Dr. 
iLcul  >Mi].',  wi.'i.  lii-rulcs  lii>  eminence  in  thi- pni(_iiL'« 
ul  medicine,  had  applied  much  loall ports  of  IWtUFal  his- 
tory, particularly  to  botany,  and  was  a  Concepoodoit  of 
the  celebrated  Linnaus. 

Dr.  John  Gregory  and  Dr.  David  Skene  were  the  Silt 
who  attempted  a  college  of  medicine  at  Aberdeen*  The 
first  gave  lectures  to  his  pupils  in  the  theory  and  pnctica 
of  medicine,  and  in  chemistry ;  the  last,  in  amtomy,  BM* 
tcfia  BMdioa,  and  audwifery,  in  order  to  prepare  them  for 
attending  the  nrdMd  cdtcw  at  Ediahnrgh.  T.  lU  . 
  tttMS^Jrr./aMit.JMWer^Kw. 


Another  iastaaM^of  tha  pfevabnee  of  mathematical 

genius  in  the  fiimily  of  Gregory  or  Andervm,  whether  pro- 
duced by  an  original  and  inexplicable  determination  of 
the  mind,  or  coiiiniuiiicuti  d  by  the  force  ol  e\iini|ili-,  and 
the  consciouMie'-s  (d  an  nuiniate  Connexion  with  a  r>;pu- 
tation  already  Hci|ui:i  <i  m  a  purticular  line,  is  the  cele- 
brated r>r.  Ki  id,  pntiiisorid  moral  philiMiphy  in  the  llni- 
veriily  cfGlas^uvt  -,  a  nephew,  by  his  niuiher,  of  the  laM 
Dr.  David  (ireyiory,  Sitvillian  professor  at  Oxford.  ^ 

This  gentleman,  well  known  to  the  public  hy  hit  moral 
and  metaphysical  writings,  and  remarkable  for  that  lihc* 
mlity,  and  that  anient  -pnit  ol  iiii|iilry,  which. neither 
overlooks  nor  undervalues  any  branch  of  science,  is  po> 
cnliarly  distinguished  by  his  abilities  and  proficiency  hi 
OMihemaiical  Uaniin^  The  olyccis  of  litemry  pnniiit  am 
oArn  directed  by  acddcntat  oecaifBOBea.  An  appn* 
hension  of  the  bad  CQaacqaanees  which  aright  laank  Irom 
the  philosophy  of  the  late  Mr.  Hhssc,  indaced  Dr.  Rnd 
to  combat  the  doctrine*  of  that  eminent  attthor ;  and  pro> 
duced  a  work,  whic^  has  excited  nnivansl  attention,  and 
has  given  a  new  turn  to  speciilaiioiu  on  that  subject.  But 
it  is  well  known  to  Dr.  Reid's  literary  acquaintance,  that 
thfv  e.\rriioii>  ha^e  not  diniini-hi  d  the  I'ti^iniil  bent  of 
his  ci  nius,  nor  blunted  the  idije  <d  liis  inclination  for  nia- 
1  lir-iiuill<:;ti  ii-'ran  hub  ;  wli;f!  ,  -it  ft  very  ailvaiici'd  :<^y, 
be  still  cunt  1 11  u  OS  to  prosecute  »  nh  a  youthlul  uttiichment, 
and  with  unmnilting  assiduity. 

It  may  farther  be  observed,  of  the  extraordinary  6unilj 
ahovt  mentioned,  that  Dr.  Jamca  Gitfoiy,  the  ~~ 


G  R  I                          [    G06  ]  G  D  6 

Irinird  profd^urof  ph>>ic  anH  inrdirino  in  tt>e  univrr^ity  hi"  Society,  he  wottM  have  boldly  uppomd  Uie  dognwaf 

of  Edinburgh,  il  llic  *«n  ul  ihc  laic  Dr.  John  Gn-gnry,  the  ancient  philosophy.— (irimaldi  WMCntoff  tt  a  «eiy 

uimi'ihe  nemoin  of  whim  lib  the  above  rvtMrks  have  eaijhr  |MriQd»  ia  1663,  hnmn  oely  44  )'«wr»  uT  tgow 

been  written  by  Df.  Rckt.  The  Mtd  JaiuMhii  lately  pub-  GRINDING  Tdneopa  Gtanw,  Ike. 

Hailed  •  mwt  ingniioM  «mk,  mtilM,  Phiioinpbical  aad  GltOIN»  vMk  buiMen,  it  the  aivle  made  hy  the  ialcf- 

'Litnary  Kuays,  in  t  iiol«mrf  9n^  Edinb.  I79t  t  *!ii4  he  weiion  aftwo  arches.   It  is  of  nra  kinds,  n-gular  and  ir- 

apiH-ant  to  be  aimther  worthy  inheritaitt  of  theail^lar  lagnlar;  vie,  rrgtjiar  whm  both  the  archt«  have  tb«  same 

goniu^  uf  h'li  ruiiiily-  dtanirtcr,  4)iit  an  irn-guUr  $;roin  when  one  arch  is  aiemi- 

(iilfr-oRY  (St  \'i\'rtv*  \  ;i  very  rcppf  table  Flcmiih  circle  ainl  ihc  oilier  a  wiuicllipMi.  (jrxinx  are  chiefly  UmhI 

gromftritian,  was  btttn  al  ISni^i-s  in  lof-i,  and  b  coinf  a  iii  tvirriuiij;  anhcd  rouls,  where  one  bulluw  arched  vatllt 

J '^^J|;  It  Itoiiusii  v'O  years  nt  a^c.   I  lo  sliidk-ii  in^itlK-ntatirs  intrr»<^cti  vrttii  amxlM-r ;  a»  Wi  I  In-  ruutvuf  hum  chtirclm» 

undiT  rill'  !■  .inu'd  .If-tiit  ("laviui.    Hi-  alti>r»ar<is  bocamc  and  in  s  uni'  rcllnrv  iit  Isrtjt'  ihhim  -. 

a  r''pur-iMi-  prdli-s'  iif  (i|  '.ho^f  sciences  himself,  and  li  (i  HL    ,  tfi'  '  i  .i'<'.  imk- <a  llu- new  ciin»ti  llRiioiis,  in  tla- 

iniitrutliiMis       :c  v-iIh  iUmI  by  wveral  priiicw  :   In'  «  »^  jriiuiiiM  a  in  nus[rii>  u  ;  <-i;nl.i:nl[;i',aCC<jrdinj;  to  Mr.  Shurp'* 

railed  tii  I'f.ntn'  hy  (lie  emperor  Ferdinand  tlic  '2d  ;  nini  rat»l<>i;u<',  l-i  >iiiT^. 

Philip  thi- ith,  kinc<>l  Spain.  wa«  desirous  of  haviog  him  Ghvh  i%  hUo  one  of  (he  Arabian  constellations,  and 

to  teach  inaltieinatic«  t<i  bis  «  <n  the  yuune  prince  John  of  an»wcr«  to  oar  Upbiucub,  i'<  winck  they  chani^iil  Uiit 

Asturia.    He  wms  not  le«s  estimable  for  hi»  virtue*,  than  cmstelt  iiion,  thdr  religion  pM>liitii;r<<;  them  Irum  draw- 

*liital(ill  in  the  scivnce-i.   I  lis  well-meant  endeavoara  wtre  ing  bii,\  human  igfun, 

•eiy  eomnwndablp,  when  his  holy  mat,  though  for  a  false  GllVi  a  meoaure  eootaiDiog  ^  af.a  Itiie.   A  line  is-jV  . 

religion,  kd  him  to  isllow  ilie  army  in  Flandcn  one  caa-  of  a  d^^it,  and  a  digit  it^vS*  foot>  nod  a  philosophical 

paifo,  to'eonivss  the  atoanded  and  dyint  soldiei%  in  foot  4  of  *  P<^<'ol<i*'**  whose  vibfMiiMW,  inthalataiiideof 

which  he  recawd  srwml  wounds  himself,   ne  died    an  4  j  degrees  are  each  perfomed  ia  one  second  of  time,  or 


apoplexy  at  Ghent,  in  l667,  at  6:)  year^  nf  age 
As  a  writer,  Gre»ory  St.  Vincent'  wa»  very  diffuse  and 

•  *Mluminous,  l^ut  In- was  nn  i  Nrrllcvit  pc<inniriciiin.  lie 
published,  in  Latin,  thri  c  iiiatlwiiialu  al  vvork^,  iht- prin- 
cipal r>f  which  was  his  OpMs  (i.  ii;n  ir  1  nm  QuHdraturo; 
Cirriili,  1 1  Si'Ctioniiin  Cofii,  Aiitwi  i  ji.  J'!*7.  2  vul.  folio. 
'11)1  '.^'r:  he-  not  dcnioiiilratoil,  ;n  this  work,  ihequa- 
dralurc  of  lliu  circle,  as  he  pretends  to  ha«'  done,  (he 
book  ni  vrrshi  lf»  con(ains  a  great  number  of  tniih-»  and 
iinporiant  discoveries;  one  of  which  it  this,  vis,  thai  if 
one  ;l^ymptoleo(an  hyperbola  lie  dividcii  into  parts  in  geo« 

.mctncnl  progiciiien,aiid  from  the  poinla  of  division  ordi- 
iiaics  bedrawn  pnratM  lo  tlic  Other  asymptote,  ilKy  will 
divide  the  space  between  tlie  aaymptoie. and  curve  into 

'  c^iual  portions ;  whence  it  was  shown  by  Meiwnne,  that, 
\f  lahing  the  conlinval  nn  of  tho«e  punt,  there  would 


of  u  miiiulf. 

GUARDS,  a  name  that  has  l)cm  sometime*  applied  lo 
the  star*  neart>l  X'v.c  noiih  pole  ;  hein^  in  llif  hiud 
pan  of  rlic  churin!,  at  thr  tjii  uf  Ursa  Minor,  or  little 
bear  ;<  "lu-  nt  tlM-rn  h  i-  -    U"  cali-il  tlic  j■■p|l■■^lar. 

GUliUiC  K  !■:  ;  0  i  hmii  Uuio),  coun-<  llor  lo  theclector 
of  Hranili  iib<iiM i;  ami  buraoia  .vtcr  ol  M.i:;;libouri;,  wos 
born  111  l(>03,  and  died  in  ltj86  ut  ilainli  inr:.  We  was 
(iiie  of  the  greatest  piiiiuM<pheis  >ifhi>  liinr.  It  was  Gue- 
ricke  that  invented  (he  air-pump  i  also  the  two  brass  he- 
mispheres, which  beinp  iip|he«l  lu  each  iither,  and  the  air 
exhausted,  it  is  said  m  vend  horses  were  not  able  to  draw 
them  asunder  ;  aiid  the  mariunuset  ur  viiunculus  of  ^aas 
which  descended  in  a  tube  against  rain,  and  rose  again  on 
the  return  of^eeiene  weather.  Hiis  last  machine  fell  into 
disiHa  OB  dm  iavr.iiten  of  the  faawmeter,  aipcciaily  alWr 


b«  obtained  areas  in  arhhtnetical  progression,  adiipte4  to  Hnygtne  and  Antnntons  gave  theirs  to  the  world.  Guc 
afaeciMCS  in  geometrical  projiresaion,  and  which  thcfufore 
'  were  analosnus  to  n  mtem  of  logarithms. 

GRI'NA  OK,      <  i  H  f.N  Ano.    Sec  Gkahadf.. 

GRIMAI.DI  ( \UTii.  I  ranc.  M  aui a).  »hs  a  Inirned 
lliili  iii  Ji-suii.  anil  i!iie  of  thow  philosophers  of  (he  17(h 
ci'iKury  (o  nhoiu  (he  •■ciences  <'f  I'ptics  and  astronomy 
owe  ^rOHt  ubli;'ution«  ;  sciences  w  ;  i  ii  I  i  l  ultiv:iled  in  coin- 
paciwilh  his  compatriot  Riccioli.  i>v  il,lia;v  n(  c«j>.r>i-rtment^ 
and  observat;  II<  nnlieed  the  =pots  iii  tlic  sun,  and  r  iMt 
to  those  in  thr  moon  namey  which  arc  still  in  use,  depumi- 
iiatini;  them  aft<  r  the  most  eminent  astionoiaers  and  pbi- 
loiophiTs.    lie  inade  numerous  experiments  on  optics. 


ricke  madeose  of  hismarmoiisei  to  foretell  storm* ;  whence 
he  was  looked  upon  as  a  sorcerer  by  tlie  people;  so  that 

(!ie  tliuiidi'i  ^.avlna  <i]ie  day  fallen  upon  his  house,  and 
stineieil  !(■  |in  ti  s  s«- vi  ral  niacliin<-«  which  lie  Imii  eui- 
plnyed  in  Jiis  expetnn'  il-.,  :r  -  v  I.m'i  J  imt  tn  c.  ir.-lriii-  ihc 
event  into  a  |iiinisliin(  lit  lio.u  lii-an  ii  lliul  \v„!,aiii;i_v  wilii 
hiin. — (iueiit^.e  was  audior  i<l  seieral  works  in  naluiai 
phdo'^  ipliy,  the  principal  of  which  was  his  £.Nperimcn(a 
.Ma:;<Miur:!ica,  in  fblia»  which  coniainehM  expartincus 
on  a  vacuum. 

GUERITK,  in  Fortifir ation,  a  senlry-box  ;  being  « 
■mail  tower  •<(  wood,  or  s(une,  usually  placed  on  the 


nd  sonv  discoveries,  which  wrrcaflerwanls  confirmed  and  point  of  a  liastion,  or  on  the  angles  oflhc  shoulder,  to  hold 

much  farllierextendcd  by  the  brilliant  discoveries  of  New-  a  sentinel,  who  it  to  take  care  of  the  ditch,  and  watch 

ton.   Tbosa  were  ehielly  contained  in  his  vrorii,  Physico  against  a  ttirprisc. 

Mathtsis  de  Lnniae,  Coioribna»  at  Iridr,  he -.  BoiKmim,  OUIiULE,  in  Architecture.  See  Cvi,a. 

1(95,  in  «to:  a  worh  which  axhibili  •  gmt  quan*  GtX}LIELMINl  (Domikic),  an  eniiient  IteMan  «•» 

tity  of  curious  experiments  Mid  KHnarks  on  light  and  co-  themlidni  and  civil  engineer,  wu  bom  at  Belqgna  ia 

lours ;  a  particular  account  ot  which  may  be  leen  in  my  ]S55.    Hit  Ihvowita  ttudica  were  the  matbeinalict  and 


Abridg.  of  the  Philos.  Trans.  »ol.  1,  pa.  6/5.  This  indeed 
was  Orimnldi's  chief  merit :  for  his  philosophy  was  but  too. 
much  after  the  manner  'd'  hi«  rountry.  wliich,  though  it 
hits  ;^ivrn  to  tlie  wnrld  n  Gi'Jilen.a  Tornci-lh,  fee,  was  not 
llu- firni  ;i' sl^akf  iti  I  111  \  oite  of  Aristotle.  I  n  his  honour 
however  It  musi  be  acknowledged,  that  bad  be  lived  in 


edicine,  of  vridcdl  ktler  fimilly  he  was  admitted  to  the 
degree  of  doctor  by  the  univmity  of  liologna,  in  ib*78. 
On  llic  appearance  of  the  rrmnrkablc  comet  in  i:.i  veau 
1 680  and  l6"HI,  he  publistn  d  a  (realise  DeConi'.aMim 
Natiird  et  Oriii.  9tr,  1681,  in  w  iiich  he  propuji  d  a  new 
sysleio  oi»  the  subject,  which  did  not,  however,  meet  with 


another  country,  and  tmdcr  oOer  atuhoiitj  thm  that  of      ^ppfobatinB  of  the  identife  world.  But  km  not 


GUI  t  t 

•stroBomical  tmtiie,  containing  retnarkt  nn  (he  solar 
cclipso  of  July  12,  10"84,  reflected  greater  credit  on  hit 
kntiwledge  and  accuracy  uf  obn-rvution.  Souii  afterward!i, 
the  tenule  o(  Holugna  appuinied  him  principKl  professor  cif 
luuthcmutics  in  ilicir  university,  and,  in  the  year  I6h6, 
intendant-(n>ni'ral  of  the  rivers  of  the  UologncM:.  In  con. 
aetjuence  ul°  his  attention  to  ihe  duties  uf  ibis  u(Fic<-,  in  ihu 
year  I690  lie  publisihe<l  the  first  part,  and  in  the  tollowiii^ 
year  the  v*d  piirt,  of  his  bydrostutical  treatitu',  eniiiird 
Aquarum  Kiui'iitiuni  Minsura,  Nuvu  Methutio  liiquuita. 
Some  uf  the  observations  in  thii  work  were  ailnckeJ  by 
M.  Prfpin,  \« bo  also  entered  intoa  content  Willi  theaulhi>r 
00  the  lubjcct  of  typhont.  Their  difTorence  in  opinion 
gaw  ril«  to  two  letters  by  GuKlielinini,  which  wurc  printed 
under  the  title  of  Episiola:  Uus  ilydrnstatics. 

Sig.  G.  was  rnpaged  in  M-ttling  the  diffrrrncrs  which 
arose  betwrcii  the  Cities  ut  Uolugim  and  F>-rrura,  respect- 
ing the  ninna^f iiieiit  of  the  enibunkinciit  ittul  tiuict-s  in 
their  rimti;;uuuc  districts;  iind  received,  in  ri'ward  of  his 
services  from  his  unlive  cily,  the  up)Kiiiitinent  to  a  new 
office  ill  the  university,  which  was  that  of  pnil'cssur  of  hy- 
druinc-try.  In  the  year  l6<^^  he  assisted  M.  Cuuiiii  in  re- 
pairing llie  nieridun  line  which  lie  had  drauu  40  years 
before  in  the  church  of  i)t.  Peirnnius,  at  Uulugna  ;  nn 
ivhich  ocrasiunour  author  publisheda  memoir,  descriptive 
of  the  method  of  laying  it  down,  and  eslublitbing  its 
claims  10  ciirnctness  ami  accuracy.  In  the^ear  ibi)7 
he  published  his  grand  pbysico-inatliemaiical  treatise  on 
the  nature  of  rivers,  entitled  Delia  Natura  de  Kiume, 
which  raised  bis  repututum  to  the  highest  pitch  for  hy- 
draulic science.  This  reputation  procured  bim  the  honour 
of  being  employed  by  the  dukes  of  Mantua,  of  Parma, 
and  Modena,  the  grand-duke  of  Tuscany,  Pope  Clement 
the  Ilth,  the  republics  of  Venice  and  Lucca,  &c,  in  the 
invention  ami  construction  of  the  proper  hydraulic  works 
in  their  n-spetiive  territories. 

In  the  year  our  author  was  induced,  by  the  re- 

public ol  Venice,  i»  accept  of  the  mathematical  chair  in 
the  university  of  I'adua  ;  and  the  senate  uf  Bologna  de- 
creed that  he  should  still  retain  the  title  of  professor  in 
their  aniver>ity,  and  the  emoluments  annexed  to  it.  in 
17U2  be  exchanged  bis  matheiiiatical  chair  at  Padua,  for 
Ihe  more  lucrative  one  of  medicine ;  after  which  lie  pub- 
lished different  tracts  on  chemical  and  medical  subjects. 
He  died  at  Padua  in  I71U>  in  the  i.)th  year  of  his  age. 
He  had  bien  admitted  a  member  of  the  Academy  uf 
Sciences  at  Paris  in  1636,  and  was  nKo  associate,  or  cor- 
respondent member  of  the  academics  of  lierlin  mid  Vien- 
na, and  of  the  Royal  Society  at  London. — Tiie  whole  of 
bis  works  were  printed  in  u  collective  form  »t  Geneva,  in 
]7i9>  in  3  vols.  4to  ;  but  the  best  edition  uf  his  treatise  on 
the  nature  of  rivers  has  been  published  at  Bologna  in 
ITaG,  with  the  notes  oi  Munfredi. 

GUINEA,  a  gold  coin  struck  in  England. — The  value 
or  rate  of  the  guinea  ha^  snried.  It  was  at  lirst  equal  lo 
20  shillings  ;  but  b^'  the  scarcity  ol  gold  it  was  afterwards 
advanced  to  2U.  (></.;  and  then  reduced  to  2U.  Tor 
some  years  past  (1812)  it  has  disappeared  from  common 
circulation,  and  clandestinely  sold  at  ^Jt.  or  2Si. 

The  pound  weight  troy  of  gold  is  cut  into  *i  parts  and 
a  half,  and  each  part  makes  a  guinea,  which  is  therel'ure 
equal  lo  ^^Ib,  or  |}  oa,  or  5  dwis.  9J§  gr. 

This  coin  look  its  name,  Guinea,  fruin  the  circumstance 
of  the  gold  of  which  it  was  first  struck  being  brought  from 
that  part  of  Africa  called  Guinea,  for  which  reason  also 
it  bore  the  impression  uf  an  elephant. 


by  ]  GUN 

GULA,  GvLVLE,  orGoLA,  in  Architecture,  a  wavy 
member  whose  contour  resembles  the  letter  s,  comtnuuly 
called  an  ogre. 

GL'LHL,  in  Architecture,  the  tame  as  Gorge- 
GULUIN  (Katim  R),  was  bom  at  St. Gall  in  1477, en- 
tered into  the  society  of  the  Jesuits  in  lS<)7i  after  abjuring; 
the  proteslant  n-li^jion,  and  died  in  1 643.  Having  l)een 
sent  to  Rome  to  improve  his  talents,  he  U-cume  protestor 
<■{  philosophy  and  mathematics  in  that  city,  lie  also 
publicly  taught  the  same  sciences  at  Gmtit,  and  at  Vienna, 
ubere,  in  1634,  16*40,  and  lb'4l,  his  chief  woik  was 
printed  in  a  large  fulip  volume,  on  tlie  Centre  of  Gravity, 
or  ihc  Centrobuiic  Method,  being  a  very  elaborate  geonn- 
tricttl  work. 

Gt'LF,  or  Gt)i.ru,  in  Geography,  a  part  of  ibc  oc<>au 
running  up  into  the  land  through  a  narrow  passnge,  or 
strait,  and  forming  a  bay  within.  As,  the  Ggtf  of  VenKe, 
or  Adriatic  Sua  ;  the  Gulf  of  Arabia,  or  of  Persia,  vkluch 
is  the  Red  Sea  ;  the  Gulf  of  Constantinople,  or  the  Black 
Sea  ;  the  Gulf  of  .Vle.vico,  &e. 

GUN,  a  ftrr-arm,  or  weapon  of  ofTcnce,  which  forcibly 
discharges  a  ball  or  other  matter  through  a  cylindrical 
tube,  by  means  of  inflamed  gunpowder. 

The  term  gun  now  includes  most  of  the  species  of  fire- 
arms; mortars  and  pistols  being  almost  the  only  ouei  ex- 
cepted fmra  this  denomination.  '1  hey  arv  divided  into 
great  and  small  guni :  the  former  including  all  that  are 
usually  called  cannon,  ordnance,  or  artillery  ;  and  the 
latter  inusquets,  firelocks,  carbmcs,  musqu^toonii,  blun- 
derbusu's,  fowling-pieci-s.  Sec. 

It  IS  not  Certainly  known  (it  what  time  these  weapons 
were  first  invented.  And  though  the  intro^luction  of  guns 
into  the  western  part  uf  the  woild  is  but  of  inuderii  date, 
comparatively  speakings  yet  it  is  certain  that  in  sume  parts 
ol  Asia  they  had  been  used  for  many  ages  before,  though 
in  a  very  rude  and  imperfect  manner.  Philostratut  speaks 
of  a  city  m  ar  the  river  llyphasis  in  the  Indies,  which  was 
said  lo  be  impregnable,  and  that  its  inliubitants  were  re- 
lations of  the  gods,  because  ihey  threw  thunder  and  light- 
ning ufKin  their  enemies;  and  other  Greek  authfirs,  as 
also  Quintus  Cunius,  mention  the  same  thing  having 
happened  to  Alexander  the  Great.  Hence  some  have 
ima>;ined  that  guns  were  used  by  the  eastern  nations  in 
his  time,  while  others  suppose  the  thunder  and  |i;;h(ning 
alluded  to  by  those  authors,  were  only  certain  artificinl 
fire- works,  or  rocket*,  such  as  we  know  ure  used  in  the 
wars  by  the  Indians  even  in  the  present  day  against  the 
turrpcam.  Ik  this  however  as  it  may,  it  is  asserted  by 
many  modern  travellers,  that  guns  were  used  in  China  a* 
far  back  as  the  year  of  Christ  85,  and  have  continued  in 
Use  ever  since. 

'I'he  first  hint  of  the  invention  of  guns  in  F.urope,  is  in 
the  Works  of  Koger  Bacon,  who  flourished  in' the  ISth 
century.  InatnfUise  written  by  him  about  the  year  1280, 
be  pn)|xiK>s  to  apply  the  violent  e.xphnive  force  of  gun- 
powderto  the  destruction  of  armies.  Nndthouiih  it  is  cer* 
tainly  known  that  the  composition  of  gun-pouder  is  de- 
scribed  by  Bacon  in  the  said  work,  yet  the  invention  has 
usually,  though  improperly,  been  ascribed  to  Burtboldus 
Schwartz,  a  German  monk,  who  it  is  said  iliscovered  it 
only  in  the  )ear  13'.'0  ;  and  the  intention  is  related  in  tiie 
following  manner.  Schwartz  haviii,(,  lor  some  purpocc, 
poundc<j  nitre,  sulphur,  and  charcoal  together,  inamo^ 
tar,  which  be  aficrwants  cofered  imperfectly  with  a  stone, 
a  spark  of  fire  accidentally  fell  into  the  niurtar,  which 
setting  the  mixture  on  fire,  tho  explosion  blew  the  sioue 


10  •  comMmbW  dituncr.  Hence  it  it  probtble  that 
Schwor'u  might  be  tsngbt  tbe  ndiplot  method  of  applying 
it  in  mr;  W  it  rather  leom  that  Baeoo  CBBceiwd  the 
maiittcr  «if  utiag  it  to  be  by  the  violent  cAbrt  of  tbe  flame 

uticoiiliiu'd,  and  uhirh  in  indeed  capable  of  producing 
B«toni«hinj{cl!ccM.  (SecGuxpuwoKR  )  And  the  fi)(ure 
H  ;i!  niiirir  ol  iiKirlars,  gHciitnii  s]H'Cie»  o!"  >  iM  ;;i ; il  ii  , 
and  ilicir  c-nipl  lyinent,  in  ihrowing  inigt-  stow  bull,  ts  at 
an  rlovation,  very  niut  li  iii  i  ir  this  conjcclurc. 

Soon  «fti-r  the  tune  ut  Sttuvarti,  we  find  guii»  com- 
monly etnplovfd  a-i  iiiilriiiiif  iits  ofwnr.  Greal  guui  »rrc 
fint  usrd.  Thr&v  wert>  originally  made  of  iron  bars  solder- 
ed loje;elhk-r,  and  forliCed  with  strung  iron  hoops  or  riiigi ; 
•everal  of  which  an*  still  to  be  seen  in  the  To«cr  of  l/)n- 
daOi  and  in  tbe  Arsenal  at  Woolwich.  Others  nerc  made 
of  thill  »heet»  of  irt>n  rolled  together  and  hooped  :  and  on 
iwrtifular  emergencies  »otne  have  been  made  of  leather, 
and  of  lead,  witJi  platn  of  iron  or  Copper-  These  firat 
■pieoei  wcm  cxenilM  is  a  rode  and  impenect  nanwr,  like 
the  fint  MMyt  of  moat  new  iflveniiun«.  Stone  baUa  una 
thrown  out  of  tliem«siid  s  email  quantity  of  powder  oted 
on  acoonnt  of  their-wealcne»s.  They  were  of  a  cylindri- 
cal form,  witfaoDt  ornaments,  and  wen.-  placed  un  their 
.  earriagrs  by  rings. 

When,  gr  b>  whom  tlirv  were  first  made,  is  uncertain. 
It  ij  ki'.iiu n  lio\M.M  r  iliut  ill  "  Vciiflinti!.  Mscd  cannonatthc 
»i«  i;c  fif  Claudia  Jessa,  nii»  c.iUp'I  ('lii'>g;'ia,  in  136fi, 
winch  were  brought  thithir  I  v  tun  G'-rinans,  with  some 
powder  and  leaden  bail^ ;  as  also  tn  tlicir  wars  with  tbe 
Genoese  in  137.9.    But  bt'fore  that  period  King  Eldward 
the  ^li  made  use  of  cannon  at  the  battle  of  Crriay  in  1346, 
niid  iit  the  siege  of  Calais  la  1347.   Cannon  were  em- 
ployed by  theTurkt  at  the  nege  of  Constantinople,  then  in 
poMc^sion  of  the  Cbritlian*,  in  I3i)4,  and  in  that  of  1452, 
which  threw  Ajtooa-holl  of  90(Nb.  weight;  but  thcjr 
commonly  bunt  at  A*  fint  twe  «r  Area  firing^.  Loan 
tbe  ISth  had  «o«  caat  at  Tonn,  of  the  aome  aiK,  which 
threw  a  ball  from  the  Bastile  to  Chafcotm  s  one  of  these 
cxtiaordinary  cannon  was  taken  at  the  tiege  of  Dieu  in 
1545,  by  Don  John  de  CoMro,  and  i*  ik>w  in  the  cattle 
of  St.  Julian  da  narni,  10  miles  from  Lisbon  :  the  length 
ol  it  IS  20  (ect  7  inches,  ils  diameu  r  »l  the  inuidli  (i  leet 
3  inches,  Hiid  It  threw  u  I'iill  ot"  lOOllj.  ■.M  :^h:.    It  hnn 
ncithi  r  dolpliins,  rinj^s,  nor  button  ;  is  of  ait  iiniDual  kind 
•  >t  nx'tal :  and  it  has  a  liirtfe  Indottan  imciiptioii  OB  it, 
winch  says  it  was  cast  in  1400. 

F»rnHTly,  it  wat  ciKtomarv  to  ili'^liify  rniinon  with 
uncommon  names.  Thus,  Lewis  the  12th,  in  1303,  had 
12  hruit  cannon  cnsi,  of  an  extraordinary  siie,  called  alter 
ihr  names  of  the  I'J  pe^r»  of  France.  The  Spunish  and 
Portu;;ue5c  called  them  after  their  saint*.  The  Emperor 
Charles  ihc  jtb«  when  he  marched  a^mt  Tanit,  founded 
the  IS  Apoillet.  At  Milan  there  is  a  70-paunder,  called 
the  FiBoniellc ;  and  one  at  BaiHt>-d«e,  called  the  Devil. 
A  Go-pounder  at  Dover-castle,  called  Qwen  Elisabeth^ 
Mnchet^iloL  An  MVpounder  in  the  ToMr  of  London, 
bnroghl  there  frnm  Edhibnrgh-castic,  called  Moonts-me;. 
An  80-poiinder  in  the  royal  arsenal  at  Berlin,  called  the 
Thunderer.  An  80-pounder  at  Malaga,  called  tbeTerri- 
blf.  Two  ciirinu>.  ()0-p'iundeis  in  the  arfcnul  at  Bremen, 
call'-d  tiic  Mf ssfnn<  r  of  bail  nc"».  And  lastly  antinconi- 
nioii  7<>-pi.iiiidt  r  in  the  rastln  4  St.  Angrlo  at  Rome,  made 
of  rtip  n;jils  that  I'aMciird  tlip  cnppcr-platrs  which  covered 
till  nni  I  :,t  I'anthnjn,  with  this  inieript)O0  OK  it,  ExCUvu 
iryb^kibu*  poTticua  Agrip^. 
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In  the  bigiiiniiig  of  the  l£th  century  ihrie  uncommon 
■amcs  were  gencmlly  abolidwd,  and  ite  Mlowiag  mont 
tnieefwl  oocs  adopted  in  their  stead,  vi^ 


W|.orWII,  WLoTpiccn 

Nasft.  Pbundm.  <ien.(llMM  Cm. 

Cannon  royal,  or  onftboon  48  .  go 

Bastard  eannon,  or  I  carthonn  a6  79 

DemMaitbovB         >  t«  .  .  fio 

Whole  culeerim  -      -  Ifl  •  •  M 

Demi-cniverins          -.  9  •  'tO 

Falcon           -         -  -  25 

rUir^tsize    -  S  -  18 

Sackcr  <}  ordinary      -  b'  •  |5 

(.lowest  sort    -  5  -  13  . 

Dasilitk          -          -  -18  83 

Serpentine       •          -  4.9 

Aspic          •          •  2  •  y 

Dragon           •          -  6  -  1'2 

.Syren             -  60  •  si 

Falconet        -         •  3,  3,  and  1       ld,IO,j'  . 

Babinet         -         -  1 


M«||am         -         -         10  or  1 3  oz. 

These  eatious  ulmes,  of  beaati  and  birds  of  prey,  wcie 
adopted  on  account  of  theirswiftnc^s  in  motion,  or  of  their 
cruelly  ;  as  the  f.ilconet,  falcon,  SHcktr,  and  culvenii,  &i, 
for  their  swiftness  in  flying;  the  basilisk,  si  rpcntinc,  aspic, 
dragon,  ^yrcn,  &c,  for  their  cruelty,  fint,  at  piLsfiu, 
cannon  take  tfn  ir  liiiiiie*  fiuiii  the  vvnghl  of  thru  propri 
ball  only,  i  bus,  a  piece  tb«l  di»('hargra  a  ca»t-iron  bail 
of  24  pounds,  is  called  a  24-pounder  ;  one  that  carrtei.  a 
ball  of  12  pounds,  is  called  a  12-pnundrr;  and  so  of  the 
retit,  divided  into  the  following  kinds,  vi/, 

Ship-f;un«,  coa»isting  in  42,  30',  92,  84,  18,  12,  9, 6, 
and  3-pounders.  Onrrisan-guns,  in  41^33, 24»  18,  12, 
9,  and  6  pounders.  .  . 

Batiering^uni,  in  24^  18,  nod  12-poundeii. 
Field<pieces,  in  IS,  9, 6, 3, 2.  If,  I,  and  {•poonders. 
Mdrtan,  it  n  thought,  have  been  at  least  as  aiicirat  as 
cannon.  Tlwy  wert  employed  in  the  wars  of  Italy,  tu 
throw  balls  of  red^iot  iron,  stono«,  &c,  long  before  the 
invention  of  shells.  These  last,  ii  is  ^uppoM  <1,  iviri  of 
German  invention,  and  the  use  of  ihrni  in  war  hhuwn  by 
the  foIloHiiii  ut(  idcni  ;  viz,  a  citizen  of  Venln,  n;  .1  i.  ■- 
tival  CeltbruloH  m  honour  of  the  duke  of  Ckvc.s,  llin  vving 
a  number  ot  ^lll  N  ,  f  ne  of  them  fell  on  a  house  and  >it  it 
on  fire,  by  islm  li  mrliTtune  the  prcnlrst  part  of  llie  lo«ii 
was  reduced  ti  .i'!  .*.  The  tir«l  uccoiint  uf  >h>IUuscd 
for  military  purpoics,  is  III  I43j,  when  Naples  was  be- 
•lieged  by  CharU-s  tbe  8th.  History  informs  lis,  with  more 
certainly,  that  shelU  were  proj<'cted  from  morian  at  the 
siege  of  Wachiendonk,  in  Giiolderland,  in  1588,  by  the 
earl  of  Mansfield  ;  aiid  Cyprian  Lucar  wrote  upon  the 
method  of  filling  and  throwing  such  shells,  in  hb  Appendix 
to  iheCoUoqaiesof  Tarlnglia,  printed  at  liOiidou  in  1 5ftS  { 
vheie  sliO  no  conpovmKiiK  and  thmringof  carcases  niiil 
vniiooa  tinda  of  flra-works  is  shown. 

Mr.  Matter,  an  English  engiiu-er,  first  taught  Iho 
French  the  art  of  throwing  shells,  which  tliey  practised' 
at  the  siege  of  Molte  in  l634.  The  method  of  firing  red- 
hot  ball?  out  of  mortars  was  first  certainly  put  in  practice 
at  the  siege  of  StraUund  in  1675  liy  the  elector  of  Bran- 
den  hurg:  tho«^  tome  lay  in  1653  nt  the  licfe  of  B«^ 

men. 

Another  specie*  uf  ordnance  bns  been  long  in  use,  hy 
(be  name  of  howiuer,  which  is  a  kind  of  medium  as  to  its 
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length,  between  tbf.  cannon  and  the  moijaTf  tnd  k  a  very 
lUfTuI  pitcc,  fur  discharging  eitlttr  ttrtlU  OT  large  balU, 
vbidi  \i  dune  either  at  poiDt-bline,  or  M  »  mbaU  tit<n^ 
lion.  A  new  spcciei  of  onioMcehM  Ulelv  bees  intradiiccd 
by jhe^^toron  companyi  wd  ttwoe*  culliid  •  OntWMMdeir 
ftbicb  it  only  a  very  ihort  bo  witter,  wmd  which  potttMCS 
tho  iHl«MUfe  of  bting  veiy  light  mnd  easy  to  work .  The 
•pecicfl  of  gum  before  mentioned,  are  fww  mode  chiefly  of 
cast  iron  ;  excrpt  lh«  howiucr,  iihiA  il  of  braai,  M  well 
at  some  cannon  und  niortar». 

Mu'..krl>  vx-rc  lir--t  UM'd  at  the  siege  of  Rlicn''  in  the 
jcaf  1  jjl.  'Iln.'  .Sjjiunaril»  were  the  first  wlm  iinneil  p.irt 
of  their  foot  with  these  weapons.  At  dnt  iIhn  ".  rr  m  ly 
heavy,  and  could  not  be  used  without  a  ro»t.  They  had 
niatcli-locks,  and  did  execution  iit  a  great  dialancc.  On 
their  march  the  soldiers  carrio<l  only  the  rests  and  am- 
munition, having  boys  to  bear  their  mu»ket«  after  them. 
They  w<?rp  very  !«low  ill  loading,  not  only  by  reason  of  the 
MMu  iL'J.lini  is  of  their  piece*,  and  because  tiicy  c«in<  .l  the 
powder  aod  ball  eepofsM;,  but  from  the  time  u  look  to 
ptcpnn  aad  mi^mt  the  much;  *o  that  their  lire  ww  not 
nmr  w  briah  «t  otin  is  new.  Afterwards  a  l^lrr  match- 
lock moiket  came  in  neei  and  they  caritei  their  ammo- 
Qition  in  tandelicn,  tb  which  were  bmgtemnl  litttecaaet 
of  wood  covered  aith  leather,  each  eonlaining  a  chaig^  of 
powder.  Tlie  iniiskcts  with  leiis  were  used  as  late  a^  the 
beginning  of  tl»e  civil  wars  in  llio  time  of  Charles  the  1st. 
The  lighter  kind  succeiiliil  iljcm,  :uid  cotiiiiiucil  I. II  ihc 
beginning  of  the  present  cuiiury,  when  ibty  abu  "ii<- 
(lisu'icil,  tin-  troops  throughout  Europe  armed  with  fiw- 
Ificl-N.  'riii-sc- ;in' iisiijiDy  mnfJi- of  hsmnierrr!  irni.  For 
the  iliiiliii^.oii-,.  Ci iiistn;cl!<iii,  ;it;<i  pr.iclico  iif  rvrry  sju  cil-s 
of  gun,  &c,  see  ihesrvcrui  articles  Cannok,  Mohi  ah,^c. 
See  also  GuNNEav. 

GUNNERY,  the  art  of  charging,  directing,  and  explo- 
ding fire-arms,  as  cannon,  mortaVs,  muskets,  kc,  to  the 
best  advantage.  Gunnery  is  soroetimis  conudered  as  a 
part  of  the  military  art,  and  sometimes  as  a  part  of  pyro- 
tccl^ny.  To  the  art  of  gunnery  belong*  the  imawkdie  of 
the  iwce  and  cfcct  of  ^npowdcr,  the  ditpemionf  of  the 
ptaceit  wd  the  proportiona  of  the  powder  and  ball  ihcy 
carry,  with  the  methods  of  manapng,  charging,  pointing, 
■pnmMl|,&e»  AIa  some  parts  of  gunnery  are  tabject  lo 
mathematical  comidenition,  which  among  mathematicians 
are  called  abvolulcly  by  the  name  gunnery,  vir,  tlir  ruK-s 
and  method  of  computing  the  ran»c,  eievaiirm,  (jnumuy 
of  powder,  &c,  ^(i  as  to  hit  a  luark  or  ohjf  ct  |)ro|i<is<'il,  and 
is  more  partictilurly  ctillcd  I'huj  i.cti  i.r.s ;  which  see. 

HisToiiv  o^GusxEiiy. 

I.I  111;;  bt  lore  the  iofention  of  gunpowder,  and  of  gunnery, 
prtifH  1 1^  i<i  c;:lli  il,  the  art  of  artillery,  or  projectiles,  was 
actually  in  practice.  Fur,  nut  to  mention  the  uieof  spcan, 
javelins,  <.r  stin  •^  thrown  with  the  hand,  or  of  bows  and 
arrovtrti,  all  which  iiro  foimd  among  the  most  barbarous  and 
ifitorant  people,  uccnuntsof  the  larger  machines fcrihrow- 
iiig  stviies,  <iarts,  \c,  ;«re  recorded  by  the  .moat  ancient 
writers.  Tliui,  one  of  Uio  kingi  of  Judah,  800  years 
lore  tlieChnstun  $eiu, erected  enunrsof  waron  the towcia 
and  bujuit^ka  ul  Jorwiakeivfet  Mooting  arrows  and  gnat 
stones ibr ike  drfsnqtofidiatcity.  SChn>n.xxvi.  15.  Such 
machines  w«n  aiflienMrtk  known  among  the  Gfcelu  and 
Romans  by  the  numes  of  Ifci'Iista,  rnl;i|nil[a,  &c,  which 
produced  rflfects  by  the  action  of  a  y\>nng  ol  a  strongly 
twiMi'd  conlngc,  i-;  I  of  tuugh  and  cl.istic  aniniul  sub- 
»ianct  >,  110  less  tcrnble  than  the  artillery  of  the  modcriu. 

Vol.!. 
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Such  warlike  instruments  continued  in  use  down  to  tirn 
I2th  and  13th  centuries,  and  the  use  of  bows  still  longer; 
nor  is.it  probablie  that  ibcy  wen  totally  iaidaaide  till  they 
were  sttpenoded  by  gunpowder  aad  the  modcn  onk 
nanee. 

Tke  first  application  of  gunpowder  io  miUtaiy  afiain,  it 
serins,  was  nwde  soon  alki'r  the  yrar  1300,  for  which  the 
[in  1  i>>al  of  friar  Bacon,  about  the  year  1280,  for  applying 

its  enormous  explosion  to  the  destrutiiini  of  aimii-M,  niii;ht 
give  the  first  hint ;  and  Schwartz,  (n  whom  thr  invonuoii 
of  gunpon Ccr  hixii  crniiidHiviv  ascribcii.  on  arcount 
of  the  act  iili-iit  abnM'iiicntionfil  uinh-r  ific  ariicii  Gujt, 
might  lm\<  l>icn  thi'  first  wlio  .ictnaily  apjilioil  it  m  this 
Way,  thiit  is  in  r.ur<j|ir;  (or  as  Io  .-Vviii,  it  is  probable  that 
the  ChiiK-u  mi  l  liuluuis  hud  siimethin!,'  ol  ihc  kind  many 
age^  before,  i  iius,  only  to  mention  the  prohibition  of  tire- 
arms  in  the  code  of  Gcntoo  laws,  printed  by  the  Ilast-In- 
dia  Company  in  17/6',  which  seems  to  confirm  the  suspi- 
cion sui;ge2ted  by  a  passafsln  QointusCurtius,  that  Alex- 
ander the  Great  tbmid  some  wanpoosof  that  hind  IO  ^ia : 
Cammn  in  the  Shantcnt  idiom  b  callcdahcM|^Me,«r  the 
weepon  that  hills  a  biadrad  men  al«aee> 

However,  the  livit  meet*  oCnttilltiy,  inhicb  wen  cbv|B< 
with  gunpowder  and  stone  bullets  of  a  pradigious  abe, 
were  of  very  clumsy  and  ioconvemant  ftfUCtore  .ni 
weight.  Thus,  when  Mahomet  the  2d  be«iq[ed  Conatao- 
tinople  in  1453,  he  battered  the  walls  with  stones  of  this 
kind,  iind  «iih  |iiece<i  i:t  the  rulii'ic  ol  ICOO  poniiifs  ;  which 
could  T.ot  bfc  lifcd  aioro  than  lour  liinc^  a  day.  it  was 
houcvcr  soon  discovcnd  that  iron  bu^^■t^,  of  much  less 
Wright  thfin  Stone  oiws,  uuuUI  be  more  rrficacinus  if  im- 
pi-lU  d  ii\  grtati  r  (juantitips  of  stroni;<-r  jinwdrr.  llus  uc- 
caaioned  an  alteration  in  the  matter  and  torui  of  tlie  can- 
non, which  were  now  cast  of  brass.  These  were  lighter 
and  more  manageable  than  the  former,  at  the  same  time 
that  they  were  stronger  in  proportion  to  their  bore.  T^ii- 
change  took  place  about  the  cluie  of  the  I5tb  century. 

By  this  means  came  tirst  into  use  such  powder  as  is  now 
employed  over  all  Europe,  1^  varying  the  proportion  of 
the  materials.  But  this  cbaofc  of  the  proportion  was  not 
the  only  improveme nt  it  reoeiwd.  The  praeticeof  grain- 
ing it  is  denbHem  of  conridernbUndwastMii.  At  iint  the 
poFdcr  had  been  always  used  in  the  form  M  finemcal^aaeh 
as  it  was  reduced  to  by  grinding  the  materials  m^lber. 
And  it  is  doubtful  whether  the  first  graining  of  powder 
was  intended  to  increase  its  strength,  or  only  to  render  it 
more  convenient  for  filling  into  stiiiill  charyrs  and  lh<i 
loHding  of  »nnill  Arm*,  to  which  alone  it  wa»  applied  for 
many  yean,  u  hile  meal  powdei  was  still  used  for  cannon. 
But  ut  ln*t  ttic  addiiional  streneth  which  the  grained  pow- 
der was  foun<l  111  possess,  (lout)lk-s«  Iroin  tliy  free  pii-va^e.  ' 
of  the  air  betw^n  the  grain*,  occasioned  the  meal-powdcr 
to  be  entirely  laid  aside. 

For  the  last  200  years,  the  formation  of  cannon  has  been 
very  little  improved ;  the  best  pieces  of  modern  artillery 
difering  littl^  in  tlieir  proportions  from  those  used  in  tbe 
limeofCharicatheAtk  Indeed  lighter  snd  shorted  piectn 
base  hem  oftao  proposed  and  tried ;  hat  though  t  hey  have 
their  adeaolages  in  paitienUr  cases,  it  is  agreed  ihcy  an 
not  so  efficacious  for  general  service.  Yet  the  sii^of  the 
pieces  has  been  much  diminished ;  the  same  pnrpgees  being 
now  accomplished  by  smaller  pieces  than  what  n^re  for* 
roerly  thouKht  necessary.  Thus  the  battering  cannon  ivow 
approvril,  arc  tliosc  that  formerly  wcro  ralKd  (iciiii  can- 
non, carrying  a  ball  of  2*  pounds  weight;  lhis,weighl 
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lukvint  been  fouiul  fully  Mifficiest.   The  mctbod  abo  of  than  Ibar  autkon  who  bad  treated  exp«nmcDUlly  on  tkb 

■g^kiagsbKacktbyfinteiUfi^of  the  whole  wall  as  low  ni^U  Tbe  fint  of  these  ia  CoUado,  in  if 4^8,  wIm  ln» 

t$  poaithb  before  i|a  Vfp«r  pan  ii  atteaiptcd  to  be  beaten  given  the  ranges  of  a  falconet,  carrj  ing  a  tbrce-pound  T 

down,  iNina  lo  be  a  Conaidmble  nodern  impmcnciU  in  to  every  point  of  tbe  gunner's  quudrant^  each  poiAt  [ 

pcMtical  fut  of  gumeiy.  But  the  oioM  conidenhle  tbe  isih  part,  or  7i°.  But  from  hit  Bamban  it  ii  i 


inpravBnMMiB  thd  practice  of.  artillery,  is  the  jicodwt  ftttthat  tha«iM««iw  aot  chaiipd  with  ill  umbI  «liat» 
firing,  or  tbe  method  of  firing' with  small  quantities  nf  ■cMofpoiMer.  TliefMlllof  his  trials  shoin  the  ranges 


powder,  and  elevating  the  piece  but  a  little,  so  that  the 
bullet  may  iu>t  gu  clear  of  tbe  parapet  of  ihc  cnt  rny,  and 
drop  into  llnir  woiks:  for  by  tikis  means  the  bull,  coming 
to  tbe  ground  al  a  small  a:i^U',  and  with  a  small  velocity, 
dotf  not  bury  asM,  but  bounds  or  rolls  along  a 'great  uuy, 
destroying  all  before  it.  This  mtthod  was  first  piaciiM-d 
by  M.  Vauban  at  the  siege  of  A/  lb,  in  the  year  1692.  A 
practice  of  this  kind  \vu>  »ucc(  ^>lully  used  by  Ibe  king  ot 
Prussia  al  the  battle  of  Rosbach  in  1757-  He  Ind  M-v.  ral 
fix-inch  mortars,  made  with  trtiiinii>n<i,  ami  muunti'il  on 
travelling  carriages,  which  were  find  ubliquily  on  the 
enemy's  Tinea,  and  among  tbeir  horse.  Thi-ac  being  chaigrd 
wiUi  only  8  ounces  of  powder,  and  elevated  at  one  degree 
•M  a>inarter,  did  great  execution :  for  the  ibcUs  flalling 
along  the  lines  with  bunuii|fiiaesaBde  ibcabmtccloftha 
Mtmy  to  Dy  with  precipitauoo. 

"the  use  of  fiiMrmt  WBi  liowem  kMkg  known  beime  any 
theory  of  projectiles  was  formed.  The  Italians  were  the 
first  |KO])le  who  made  any  attempts  8t  the  tluury.  '.vhich 
they  did  about  the  beginning  of  the  Hub  Cv;i!„i\;  and 
among  them  it  appears  ihr  lii^i  wh.i  wraw  pmltsjic'lly  on 
the  flight  of  cannon  shot,  W4i  Naliolub  1  arlaliu,  <if  Uiihch, 
the  haiiii  .iiiiliDr  who  had  50  cjrcat  a  share  in  liv  in»rntion 
of  the  rules  for  cubic  equations.  In  1337  he  published,  at 
Venice,  his  Nuva  Sen  iiua,  and  in  15iG  his  yiiiMii  et  lii- 
ventioai  div«.rsi,  in  both  wbicb  he  tieats  professedly  00 
these  motions,  as  well  as  in  another  work,  translated  into 
£a|dish  with  additions  by  Cyprian  Lucar,  under  tbe  title 
ofCriloquics  concerning  the  Art  of  Shooting  in  great  and 
nBBil  Pieces  of  Artillery,  and  published  at  Lradon  in  15SS> 
Jartalia  determined,  thai  the  greatest  range  of  a  shot  wn 
wkca  disehamd  at  ail  elevation  of  45":  and  he  asserted, 
cmtraiy  to  the  opintoB  of  lus  coBiaiBpoimries,  that  no  part 


at  tba  pwBhlblBnc,  and  the  levaral  points  of  aleeatioo,  at 
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The  next  treatise  wai  by  Win.  Bourne,  in  1043,  in  his 
Art  of  Shooting  in  Great  Ordnance.    His  elevations  were 
not  regulated  by  the  points  of  tlie  gunner's  quadrant,  but 
by  degrees;  and  he  gives  the  proportions  between  the 
ranges  at  different  elevations  and  the  extent  of  the  point- 
blanc  shut,  thus:  If  tlie  extent  of  the  point-blase  sboLba 


represented  by  1,  then  the  proportions  of  tlte 
vnal elevations  will  be  as  bi  Im  a  ,  \t?.. 

Bourne'*  Propomon  qf  Hun^es. 
BMsa.  B.nge. 
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of  Ihe  {iaih  dcaenbed  by  «  btdl  k  b  i^t  line ;  tho«igh  th«   which  greatest  naBdom,  he  says,  in  b  calm  day  is  at  4S* 


GOrvatuie  in  the  firtt  port  of  it  is  so  small,  that  it  need  not 

bo  attended  to.  He  compared  it  to  the  surface  of  the  sea ; 
which,  though  it  appears  to  be  a  plane,  is  \et  duubtless 
incurvated  rnuiid  the  ten(re  ol  the  earth.  The  same  au- 
thor obwrvis,  thai  iii'  mvenied  the  yunner's  quadrant,  for 
laying  a  piece  of  ordnance  ul  any  point  or  ite^rrc  uf  i  le- 
vation;  and  thotigh  he  had  but  Ijitie  of)p<irUinilv  of  acqui- 
ring any  praclu  rtl  knowU  iIni'  iiy  t  \pcnrn(  n;>,  lir  yet  gave 
shrewd  guesses  ut  the  event  of  some  untried  methods. 

The  pbiloMtphers  of  those  times  also  took  part  in  the 
^ttestiohs  iuiiini4  on  thi«  >ubj4-ct ;  and  many  disputes  on 
BIOtlOBIvere  held,  especially  in  Italy,  which  continued  till 
the  time  of  Gulilro,  and  probably  gave  rise  to  bis  cele- 
brated Dialcigues  on  Moti<m.  These  were  not  pvbKihcd 
tiU  the  year  l63t  i  and  in  the  inierval  ibcre  were  publish- 
«d  may  theofie^  of  the  mwliua  of  military  prtjjeciiics,  as 
wdl  as  mkny  tables  of  tbeir  comparative  ranges ;  thon|^ 
for  the  most  pint  very  I'allacious.  and  incunsistcntwith  the 
molioni  of  ihe^e  b<Hlies. 

It  is  remai  k.iblehowever  that,  •lurt'ns  thoe  contem*,  so 
few  of  (hose  who  were  inll  ll^ted  with  the  care  of  andler\  , 
thought  it  neci'NS.iry  l<i  briiijj  iheir  theories  to  the  lest  of 
I'Xperinirnt.    Mr.  Kobiiis  iijlorms  us,  in  thi'  preface  t6  his 


New  Pjinciples  ol  Gunnery,  that  be  had  met  with  no  more  practical  bictbren. 


eleyarion ;  but  accordir^;  to  the  <trrai!th  of  the  wind,  and 

as  it  favours  or  opposestho  flicht  ot  the  shot,  the  elevation 
may  be  from  4.5"  to  36°. —  lie  rvpes  iioi  iid'orm  us  with 
what  pieei'  he  iruuir  Ih5  trials  ;  tlioni;li  linm  his  proportions 
it  seems  to  have  been  a  small  one.  Tliis  lioweM  r  ought  to 
have  Ucn  mentioned,  as \he  reUlir.n  bi  Iwien  tlie  extent  of 
diflen  nt  riiii:;es  varies  extremely  according  to  the  velocity 
unil  (ieiisily  of  the  bullet. 

Alter  biio,  LIdn-d  and  Anderson,  both  Knglishmen  also, 
published  tmlisea  on  this  subj<  ct.  The  former  of  these 
was  many  years  gunner  of  DovcrCaMle,  where  most  of  his 
experimeniv  were  made, tbe  earliest  r>f  which  are  timed  in 
161 1,  tfaou^  his  bflok  was  mi  published  till  1646,  and 
was  t-mitled  The  GoBBei'i  Gfans.  His  piiiicipks  wen 
suftciniily  iiopilb,  and  sritkin  certain  lindts  very  near  the 
trMth,  though  they  wm  nut  rigt.ntusly  so.  He  hay  ^vbb 
the  actual  Tangm  of  diffen-nt  px-ces  of  artilleiy  at  annil 
elrvaiions,  all  under  10  degrees.  Pis  eNpentneofa  ai* 
numerous  ,1  pi'iir  to  be  made  with  gnat  cure  and 

caution  ;  ura  lie  h.is  hr)nes.tly  mI  down  some,  which  were 
not  leeoMCilHtjIe  to  his  method  :  on  the  whoh  lie  seems 
to  bate  tiiki-n  more  paint,  nud  to  have  had  a  justcr  know- 
ledge of  hits  busineiSyifcflBii  to  Iw  fiHrad^iB  'bkiM  of  bi» 
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Qdilco'i  Dialogues  on  Motion  were  priotMl  in  the  year  Bat  aAer  the  ptiblication  of  Mewtop'f  Priocipia,  it 
i€4S,  An  these  he  pointed  out  tJie  general  Jaws  observed  'might  have  been  cxpoctcd,  tlwt  tli«  dcfrcu.of  the  thcoiy 

hgr^wturain  the  pradiictioo  aid  Goropowtion  of  motion,   '-"^  -...i.-...,  --.^ 

muA  vn»  tl|e  fint  wh»  daieriM  tbc  action  and  eflhctt  of 


tnmtj  m  liiHiaK  iwdn :  w  thM*  niiociplw  Im 
nriMd,  ikM  th*  "ifltt     •  OMmHMho«»  or  of  hj  other 
prajoetUe.  imuM  be  in  the  curve  of  a  paimhola.  unloa  to 
far  as  it  tUduM  be  diverted  from  that  track  by  the  icfist- 

anco  of  chr  uir.  He  alM)  prupuscd  the  mcaiin  of  exanii' 
niiig  the  incqualiti«  which  arise  from  theiici',  and  of  di»- 
coverini;  wlwU  tirnsible  <-lfecU  that  resivtaiirc  wa.]'..!  pro- 
duce in  thK  mulion  cif  a  bullet  at  some  gi\cn  clijtuiici'  trom 
the  piece. 

Niitwi(li5lfi!i>liri;5  tlifse  (ietcrminafions  and  hints  of  Ga- 
lii<  u,  ;t  s.'t'iiis  :b:il  llioM  who  carnt-  ullrr  hiin,  never  ima- 
gined (hat  it  was  ncc»^ury  to  consider  Imsv  liir  the  opcra- 
tion*  of  jjunnery  "cre  afficted  by  this  riMHt^incc.  lotleed 
of  this,  they  buldly  nsMTicd,  without  niaiung  tbecxperi* 
ment,  that  no  great  variatiun  cuuld  ariae  Cram  the  resitt- 
ante  of  tbe  air  in  the  flight  of  ahelb  or  eaMOOn  shot.  In 
lhi«  per niHioii  they  lupporied  thenwlvea  chMiy  by  eoit- 
•idenng  the  extreme  tmrit^  <iCtheair,<!aa^fimd  with  tboie 
deiMW  and  pouderooi  hodie* ;  aad  at  fast  it  bacanean  al> 
mo^  geaenliy  cttaUiabed  mhxim,  tlmt  the  flight  of  theie 
bodies  was  nnirly  in  the  curve  of  a  parabola. 

Thu<,  lloberl  Anderson,  in  his  Geiiuiiie  Use  and  Kflects 
of  the  Gunne,  publi»h<-<l  ui  1074,  a2;ii]i  in  bonk, 
To  hit  It  .Mark,  in  I690,  relates  a  preat  many  evperi- 
nicnls  ;  but  proci-edine  on  the  principles  ui  Galileo,  he 
»tn  nuiiii'<ly  u-^rrls  lli.il  llic  lli.;lil  of  ail  bullet*  is  in  the 
curvr  nt'  ii  piiraliola;  uiidcrliikmi  to  answr-r  all  objecliont 
that  could  be  broutiht  lo  (he cmilrary.  The  same  thinj  was 
also  undertaken  t>y  lilondel  in  his  Art  de  je Iter  lei Bombvs, 
publithed  in  I68J;  «hen>,  after  lung  dif^custioo,  he  eon- 
dudcv  that  tbe  vanations  frum  tbe  air'»  rciiManoe  «r«*  so 
ali$;ht,  as  not  tu  deserve  any  notice.  The  same  subjix't  is 
treated  of  in  the  Pbikis.  Trans.  No.  216',  pa.  $6,  by  Dr. 
Haliey ;  who  also,  swayed  by  the  very  great  diipivpor* 
'  lion  feietwrm  thedamityof  tbeairaAd  that  of  iron  or  load, 
thought  it  rmonablo  to  believe  that  the  oppositioa  of  dn 
air  In  lariic  raetal-eltat  it  aearcely  diaceraiUe;  though  in 
imall  end  liKht  »hot  beowm^hatitmwtheacooantcdfor. 

Though  ihia  hyputbetit  went  on  smoothly  in  specula- 
tion ;  yet  Anderson,  who  made  a  great  number  of  trials, 
found  it  imposfible  to  sii|ipnrt  )t  without  some  now  modi- 
lication.  For  though  it  ilm  ^  not  appear  that  lie  ever 
cxartiine'  tin  fompar:itive  riuicfs  <i|  nthcr  cannon  or 
musket-shot  when  Itred  with  ir  u^ual  velocities,  yet  his 
e.xpcriments  on  the  runee^  oi  sh'  lis  ihrown  with  m1.,li:i!s 
that  were  but  small,  in  compariM>ii  of  thnic  above  men- 
tioned, convinced  htm  that  their  whole  track  was  not 

Cfabolicai.  Hut  initend  of  making  the  proper  inferences 
Ml  hence,  and  cunclndiug  that  the  resistance  of  the  air 
naeof  coneiderable  efficacy,  ho  freoied  a  new  hypothesis; 
which  was,  that  the  shelf  or  bullet  at  it^  fint  discbarge  ths 
flow  IB  a  certain  distanoaiti  •  mjiht  line,  from  lha  end  «f  air 
.  wUdi  Ihw  only  it  bMsn  to  desenhe  a  ■aiaboia:  and  this    of  I 


I  ooly  it  bqpin 

Ught  line,  which  he  calls  the  line  of  the  iropulie  9t  the 
in,  be  supposes  n  the  same  for  all  elevatiMn.  So  that,  by 

assigning  a  proper  length  to  thiv  linr  ot  imputsc,  it  was  al- , 
WB3ri  in  his  power  to  recuncik-  ariy  two  shots  made  at  any 
iwfi  (liflerciit  Eiiigles;  though  the  ^-aroe  method  coold  not 
succeed  with  three  shots;  nor  indeed  dues  be  ever  inform 
us  of  the  fvfnt  of  fuf^ 
tried  at  one  time. 


would  be  ascribed  to  their  tm  tfaifte^  which  is  the  giiest 
icsistance  of  the  air  to  sach  swift  motiom;  as  in  Oat 
work  ha  particolsriy  consideied  the  subject  of  such  roo* 
tions,  CM  related  tha  rssolt  of  eaperimeuts,  made  on  slow 
aotioM  «t  least;  h^  which  it  appeared,  that  in  such  mo- 
tions the  letiitance  increases  as  the  square  of  the  vtloci- 
lii's,  and  he  even  hints  a  suspicion  tliat  it  will  l^.c:^  ;^s■^ 
above  that  law  in  swifter  motiiujs,  as  is  now  known  to 
the  case.  So  I'lir  huwevir  wire  itiuse  who  treated  this 
subject  scii  iitilicuUy,  Iron)  making  a  pro|uT  allowance  for 
the  resiilanee  ol  tin'  lUniospheu-,  that  (Iua  slill  neglected 
it,  or  rather  oppos*  d  it,  and  thejr  theurus  still  differed 
liio^t  ei;regioii>ly  irom  the  truth,  lluygens  alone  seeros 
U>  have  attended  to  this  principle:  for  in  tbe  year  1690 
bo  published  a  treatise  on  gravity,  in  which  be  gevt;  an  ac- 
count of  tome  experiments  tending  to  prove  that  tbe  track 
of  all  projectiles,  niuving  with  very  swift  motions,  was 
widely  diflerent  from  that  of  a  parabiala.  Tim  rest  of  the 
learned  gswAallyacqaiaiced  in  the  jail 
of  GalilooVdcknifa^  and  MCOfdinfly  very  erroneoui  cal 
eolations  cooceniog  the  imnges  of  caaaon  were  giwn. 
Nor  WHS  any  fisrther  notice  taken  of  these  errors  till  the 
year  17 16,  when  Mr.  Ressons,  a  French  officer  of  artil- 
lery, of  great  merit  and  experience,  gavr  in  a  memoir  lo 
the  Royal  Academy,  importing  that,  "  though  it  was 
agreed  thai  l!j,<iry  with  practice  did  i-r.r.sijtulc  the 

pertectHHi  ol  rvtry  art  ;  jet  experience  had  tauj;lit  him 
that  ihrory  wai  nt  very  litt!e  service  in  the  use  of  niortari ; 
that  lite  uoiks  i,(  M.  Uhmdel  had  justly  enough  described 
the  fcevt  riil  piiraln  lie  litics,  according  to  the  different  de- 
grees ol  tbe  elevation  ot  the  piece;  but  that  practice  had 
Convinced 'him  there  ua»  no  theory  in  the  effect  of  goa- 
|)owder;  for  having  enilcavoured,  nitli  the  greatest  proci* 
sion,  to  point  a  mortar  according  to  the«e  calculalioaB,Jia 
had  never  been  able  to  establish  any  solid  fuundalion  upon 
them." — One  intiaoce  only  oocuis  in  which  D.  BemooUi 
iypBat.-4ha  doctiiao  of  Mewion  to  the  awiions  of 
Je«i9aii,  is  tha  Coa.  Acad.  Fetmp.  tom.  «,  pa.  338,jbc. 
Besides  irhkfa  nolhinglarther  was  done  in  this  scjenCe  till 
tite  time  of  Mr.  Benjamin  Eobins,  who  publi.shed  a  uea- 
tisc  in  1742,  intttled  New  Principles  of  Gunnery,  in 
which  ]»  irt  ated  particulnrly,  not  only  of  the  resistaiiCc 
of  llir  iirmris|ili.  rp,  Ihl  iUmi  nf  I'liitr  <il'  gunpowder, 
the  nature  ami  tiTicls  ot  uitl.  fuut  f;uas,  and  almost  every 
thing  else  relating  to  the  flight  of  military  projectiles;  and 
indeed  he  curried  the  theory  of  gunnery  nearly  to  its  IK- 
niost  perfection. 

The  lirst  important  consideration  which  engaged  the 
atteniiou  of  Mr.  Robins,  and  which  is  indeed  the  founda- 
tion of  all  other  particulars  rehtting  to  gunnery,  is  the  ex- 
plosive force  of  gunpowder.  M.  Labire,  in  the  ilj>:. 
of  the  Acad,  of  Sciences  for  tbe  year  1702,  supposed  that 
this  force  may  be  owing  to  the  ioci cased  elasoo^  of  tta 

 in,  and  boiwccn  the  gnio%  ift  cn— eyenca 

of  Oa  hsatand'flia  pffodocad  at  <he  tbno  of  the  explosion : 
ftCMsanot^dcquate  to  the  fOOdi  part  of  the  effect.  On 
the  other  hand,  Mr.  Robiiu  determiurd,  by  irretragabie 
experiments,  that  this  force  was  owing  to  an  elastic  fluid, 
similar  to  our  atmosphere,  existing  in  tbe  powder  io  an  ex- 
tremely condensed  state,  \vh;rh  being  suddenly  disen^a^ed 
from  the  powder  by  the  cumbusuon,  expanded  with  an 
amazing  force,  and  vioK-otly  impelM  tht "  " 
ever  may  oopoie  lis  expansioa.    .  •      -,-  ' 

•  4lt  . 
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In  R<ict-rtaiaiM  dM  islniity  of  fkb  fiiN»  «i- 
gunpoudrr,  Mr.Rolrimbfld  TCCdun*  to  Mvent 


«nlMlc^  Vm»  wbca  ihe  qwurtkiM  mn  txftimi  hf  alfelfmic 
l«<fc>nir  bob;  vif^tlMvdocilyoribeball  ^ 
ways,  after  the  cxampk'  of  Mr.  HawksW,  related  in  the  '    '  ~ 

Philo*.  Traiw-  No.  ?Q5,  and  his  Pby^ici>-.Mccliaii.  Expcr. 

f ... 


vrlocity  of  the  ball, 


«  the  kngtb  of  tlie  charge  oi  |.io«dt  r,  "         "  * 

I'  ihi:  wliok-  li  nglli  of  ihe  bun', 

c  (he  spec.  grav.  ul  tlic  bail,  or  wt.  of  a  cubic  fuotof 
(lie  MBM  mttm  in  ouiicM, 

d  ilic  diameter  of  lliu  bore, 

the  weight  of  the  b^ll  in  ounces. 
For  EsampU,  Suppose  a  =       ino,  *  ac  45  iachc«, 
em  11M5  o>,  tutx  ImII  of  lead,  and  4 njindm;  tikep 

r  =     I10^/(-^  X  log.  ^)  =1674  fbct  per  ttCQiid. 

the  veJocity  of  ibeLiill. 

Or,  if  Ihe  wt  uf  the  bullet  be 

Thenr  =  H»v'("'*'"" 
before. 

*  Haviiig ia  this pTopouiion,  "says  Mr.  Robins,  -.hown 
how  the  velocity,  wliieh  any  builel  arciuires  Irora  the 
force  of  powder,  may  be  cumpuleil  upon  (lie  principles  of 
the  theory  laid  dnssn  ui  thi'  |)rici'dni^  |ir"ji' .suii.[i> ; 
shall  next  show,  that  the  acliinl  \tlocili(  nuh  vxhith 
bulleu  of  difTetent  maj;iutiidi  s  are  iiiipclUd  liom  dif- 
ferent pieces,  with  diirerciit  iiuantiliesot  p.^ttUer,  are  really 
the  saine  v»ilh  the  \<  locitus  assigned  by  ihiw  Conipuia- 
tiuns;  and  consequently  that  this  theoiy  of  the  force  of 
powder,  here  delivered,  does  unquestionably  aioeituo  llw 
true  action  and  modification  of  this  enormous  power. 
"  Butinc)rdertocorop«rcihi 


mo 


pa.  81.  One  of  thi'-e  is  by  firint;  the  powder  in  the  air 
thus:  A  small  quLitility  ui  the  p<ivvilir  is  placed  in  the 
upper  p:irt  iil  a  ^l;l^•>  t;il:r,  the  Ijwer  part  ut  the  tube 
is  immi  r>ed  in  u  ntcr,  llu'  walrr  bein^  made  lo  ri.se  «>  near 
the  top,  thai  only  a  small  pcrtion  ol  air  is  l^lc  in  that  part 
whore  the  pMrt<lf,  IS  placed  :  then  in  this  ?,:luiiti->n  the  coin- 
inunication  hi  twien  the  upper  part  ot'  tin'  tube  and  the 
external  jiir  being  closed,  the  powder  is  fired  by  means 
of  a  burning  gla^s,  or  otherwise ;  the  water  descends 
iipsn  the  explosion,  and  stand*  lower  in  the  tube  than 
before,  by  »  qpace  {woiioftioaed  lo  die  (|amtity  uf  powder 

AmMhetrimtiwdwH  by  firing  the  powder  in  vacuo,  via, 
in  HI  cxiHimied  loccivcr,  by  drop^ng  the  j^iaios  of  pow- 
der apon  a  hot  iron  indtided  n  the  rrceim.  By  tbit 
meatH  a  permanent  elastic  (laid 'was  generated  from  (he 
fifed  gunpowder,  and  the  quantity  of  It  was  alwayit  in  pro- 
portion to  the  quantity  of  ponder  that  was  used,  as  was 
found  by  the  proportional  sinking  of  the  mercurial  gajc 
annexi'd  to  the  air  pump.  The  reyult  i  t  lh(>e  e.\[«ri- 
inents  was,  that  the  nei^lit  ot  the  elastic  air  thus  gene- 
rated, was  ei|U!il  to  ^'^  i>l  lln'  compound  nias^  of  the  gun- 
po«  Jei  whic  h  yielded  it ;  and  that  its  bulk,  when  cold  and 
cxfi.indid  to  ibe  rarity  of  common  atinonphi'ric  air,  ^^as 
about '.210  times  the  bulk  of  the  powder;  and  ronser|ucnily 
in  the  ^anle  proportion  Would  such  fluid  at  first,  if  it  were 
cold,  exceed  the  force  or  elasticity  of  the  atmosphere.  But 

as  Mr.  Rubins  fuund,  by  iinoiher  ingeniou»  expennicot,        "  But  in  order  to  compare  the  velocities  communicated 
that  sir  healed  to  the  e.xtrcme  degree  of  the  white  beat  of    to  bullet.s  by  the  explosion  uitb  the  velocities  resulting 
iron,  has  its  elasticity  quadrup)ed,or  la  4  times  as  tCfOngt    from  the  theory  by  computation  ;  It  is  naonsary  that  tbfl 
lie  UwncainCtmd  that  thefefeeofdieclaBtioairgeaerUed 
nk  ■fcow.'at  Ac  moment  of  the  eitpknion,  is  at  Icoit  4 
.times  240,  or  900,  or  in  round  noatbctttliout  1000  times 
as  strong  as  the  elasticity  or  prcssore  of  the  atmosphere,  on 
iho  same  space. 

Having  thus  detfrmine<l  the  force  of  the  gunpowder,  or 
intensity  of  the  ajent  by  uhich  the  projectile  is  to  be 
urged,  iSf  r.  Robin*  m-xi  prncceds  to  determine  the  effects 
it  will  produce,  or  tin-  velocity  with  which^t  will  impel  a 
shot  ol  a  givi  n  weight  from  a  piece  of  ordnanc*  of  j^iven 
dimensiuns;  which  is  a  problem  strictly  liiniled,  and  |)er- 
fpctly  soluble  by  matheniaticnl  rules,  and  in  in  general 
this  :  Given  the  first  forre,  and  the  law  of  its  variation,  to 
determine  ihc  velocity  with  which  it  will  impel  a  gi«ca 
body  in  passi n°  through  •  linea  ipaco,  which  is  the  longlii 
of  the  tmre  of  the  goa. 

la  tho  lolotion  of  diia  problem,  Mr.  Robins  assumes 
thow  two  |l(l■tlllate^  «ifl,  1,  that  tho  aetiao  of  4ho  pow- 
der oo  tho  buikteeasotaaaoonaadra  hnlletitoatofthe 
pioM;  andSdjIliittallthopowdoroCtbeohMfeiiiired 
and  eoBverted  into  elastic  fluid'befoca  the  bullet  ii  settsibly 
moved  from  its  place:  assumptions  which  for  gCKKl  rea- 
iO«<are  found  to  be  in  many  cases  very  near  the  tiuth. 
It  is  to  be  noted  also,  that  the  law  by  which  the  force  of 
the  elastic  Hiiid  vanes,  is  this,  that  its  intensity  is  di- 
rectly as  I'.',  i-!i'n-,'ti,  'ii  nrij.r' If  ;iPa'  propoi  tioiial  to  the 
space  it  oceupii-s,  \>f  n:.  niiich  tin  ^:ronKer  iis  the  space 
Is  less;  a  principle  I'll  kr  (nv  n,  ;inii  cuinniru  ii.  i-ll  elastic 
fluids.  On  the*f  principle*  then  Mr.  Kolnns  resolves  this 
problf-in,  by  means  of  the  39th  prop. of  Newton's  Principia 
ia  a  direct  way,  and  the  lesult-is  ttpiivaleiit,  to  this  tiieo- 


actual  velocities  witli  which  balktu  move,  should  heca^ 
pable  of  being  diaoovmed,  which  yet  is  nnpotaibloto  bo 
dona  by  any  mc^iods  hitherto  mode  public.  Thaoiily 
means  hitherto pnetiaed  by  others  for  that  purpos4>,  have 
been  either  by  ohionrillg  the  time  of  the  tU^ht  ol'  ll.e  -shut 
through  a  given  space,  ot  by  measuring  the  laiigc  of  liie 
shot  at  a  f;iM  n  elevation  ;  and  tin  ncc  computing,  on  the 
parabolic  hypuihois,  what  nlocily  would  produce  this 
range.  Tlie  first  method  labours  tiixli  r  this  insurmount- 
able difficulty,  that  the  velocities  ot  these  bodies  are  often 
so  swill,  and  ron>e<|ueiitly  tlie  tune  observed  is  so  short, 
that  an  imperceptible  error  in  that  time  may  occasion  aa 
error  in  the  velocity  thus  found,  of  2,  3,  4,  5,  or  600  feet 
in  a  second.  The  other  method  is  to  fallacious,  by  nason 
of  the  resistance  of  the  air  (lo  which  inequality  thefint  1$ 
also  liable),  that  the  velocities  thus  assigned  may  not  be 
perhaps  the  10th  part  of  the  actual  velocities  sought.  < 

"  To.  rcBsedy-  then  these  inconvenienocs,  I  h^ve  in» 
vented  a  new  method  of  finding  the  kbI  vdoctlita  of  bul- 
lets of  all  kinds ;  and  tbia  to  such  »  di^ree  of  en^lncM 
(which  may  be  augmented  too  at  pteMiiiv),  that  in  a 
bullet  moving  with  a  velocity  of  1700  feet  in  l",  the  er- 
ror in  the  estimation  of  it  need  never  amount  to  its^uoth 
part;  and  this  without  any  extiMtdinoiy  nicety  in  tHe 
construction  of  the  machine." 

Mr.  Robins  then  ^iMi  an  account  of  the  nwu'.im  by 
which  he  measures  the  velocities  of  the  balU,  which  ma- 
chine is  simply  this,  viz,  a  pendulous  block  of  wood  >u»- 
pciided  freely  by  a  horiioiUal  yxis,.  agfiinst  which  klucli 
arc  to  be  fired  ibohcUi  wkptfr-vtloc^  aie  to  bedeirv 
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*■  Tbi*  imtnawnt  thus  fitled,  if  (he  weight  of  the  pf  n- 
jdnlim  be  known,  and  likewiie  ibc  napcctive  dittances  of 

centra  of  gimnty,  and  of  iM  oenua  of  oKilbtioo,  from 
iliuriiof  wapmaioOiH  wiU  thence  be  known  wbat  motioa 
tlHl  be  conunwiie^ad  lo  thitpaaduinn  by  the  fMicuaaioa 
of  a  body  of  a  known  wo^btnovug  *ith  a  known  iifgref 
of  celerity,  anil  fitriking  itin  ni^mi  point;  that  i»,  if  tbe 
pendulum  be  suppottMl  at  reit  before  the  percuuiuii,  it 
wilt  be  known  what  librution  it  ought  lo  make  in  cotk«e- 
qut  nce  of  such  a  determined  blow  ;  and,  on  the  Contrary, 
if  the  peniluluiii,  burn;  :il  rt  -:,  \\  stiui  I.  by  a  b«dy  o(  u 
known  ntjih*.  aud  lii<'  \ibr,iUi  n,  vshich  the  pendulum 
inako  after  the  blow,  is  kiu>\«n,  tlu'  velocity  of  theitiikiqg 
body  may  Iroin  thmcc  be  determined. 

"  Hence  then,  it  a  bullet  of  a  known  wiight  striken  the 
pendulum,  and  the  vibration,  which  the  pendul'im  makes 
in  con«'queiice  111  the  stroke,  be  a^certaini'd  ;  the  velocity 
with  which  the  ball  jnuvcd,  is  thence  lo  be  known." 

Mf.  Uobintthen  explain*  his  method  of  computing  ve- 
locities  fiofli  cxperimcott  with  tbi»  machine ;  which  me- 
thod it  imther  tronbicaone  nnd  |ierptexed,  a^  well  aa  the 
twice  of  Ettkr  and  Aotoni,  whaibUowcd  him  in  thcae  in- 
vauig^tionit;  but  a  much  aiotpler  rote  is  given  in  my 
Yra^  vol.2.  i>a.  323,  wbcfB  luch  experinurnti  are  ex- 
plained at  full  length,  and  tbil  rulc  ti  expreued  by  either 
of  the  two  following  lorinuius, 

r  =  5-671:71""  x  '      . '0  =  6l4'58f'!'  K    ,    -  ,  the  velu- 

City ;  where  v  denotes  the  \  1  lucilv  of  the  ball  when  it  ^lIike» 
the  pendulum,  /<  the  wii^jht  <il  tin'  pind uliini,  b  ilii-  «■  i^ht 
of  the  ball,  c  llie  clioril  ul  tin-  arc  ,l<-^ciilj<  il  by  tli&Mbra- 
lioii  to  the  r;iiliiis  r,  j  iIr  iliL-t.ii.i  i  I  ,l.>w  tln'  .tm»  of  mo- 
tion lo  the  centre  of  gravity,  ii  the  clislaute  In  tiie  centre 
of  oscillatiori,  1  the  (listan<  e  to  the  point  l  :  iin|ui!,  and  n 
the  number  of  u!>cillulion«  Ihc  pendulum  will  |j<  rl  nii  in 
one  minute,  when  roadc  to  Okcillale  in  small  ores.  I  Ik 
latter  of  these  two  theorems  t<  much  the  eaMcst,  both  be- 
caoso  it  is  free  of  radicals,  and  becausi!  the  valtie  of  the 
radical  ^o,  io  the  former.  i>  to  be  first  computed  from 
the  nnmberii»  or  anaiber cf  oicillatioai  the  pcndalumja 
•boervcd  to  make. 

With  rach  mnehiaca  Mr.  Robina  made  a  great  number 
of  expcrimentiit  with  nmket  banvis  of  diflt'ient  lengtht, 
with  balls  of  varion  wvigbta,  and  with  difliMcnt  chaigea 
or  quaiitiiics  of  powder.  He  has  set  down  the  renttlts  of 
b"l  of  these  e.i|KTiiueni»,  wliich  nearly  agree  with  thecor- 
responding  vehicilit',  :i<t  computed  by  hi*  theory  of  tlic 
force  of  piiwdi  r,  niui  which  therefore c&(ubli»h  thutthe^>ry 
on  a  sun  liuiiu.iiinjii. 

Fioiu  thesi  e.xperiments,  as  well  as  from  iho  [n  Ci  ding 
theory,  many  important  ronclii»iiiiis  ntre  ile<lLiK  il  by  Mr. 
JUibtns;  and  indeed  by  meuns  ol  ilieM-  it  <>b\ious  that 
Cfngr'tbing  may  he  determined  relative  both  to  the  true 
thirty. of  grojcctlies,  and  to  tbe  praetice  nf  urtilh-ry. 

jpy.  firing  a  place  of  ordnance,  cbui^ol  in  a  '>inular 
maaiMri  agpiitwt  such  a  ballistic  pendulum  from  dilleretit 
dlHtanTTl,  the  velocity  lout  by  passing  through  such  spaces 
of  air  wiU  ht^  jiKUi^  and  cwoKtiucntly  tbe  resisunce  of 
the  iiir»  (tf;rf^l^t;^rchqp«i«iicr  that  waa  wanting  to  com- 
plete .l^aMora^ganaery,  <  r  inilit  iry^rojcctileii  and 
of  thia  kmt^l  Cm  since  made  .a  ^^reut  number  of  experi- 
ments with  canpon  balls,  and  have  thereby  obtained  the 
wholeseries  of  resistances  to  such  a  ball  when  moving  with 
every  de:::-.'L  ul  '.iIltjv,  fiuin  Ti  Uji  lu  fiet  per  sc- 

cudU  uf  time.    In  the  tlruciutc  oi  artiilcryt  ihcjf  may 


liki  w  ive  be  of  the  greatest  use  :  for  hence  may  be  deter-* 
rained  Uu  bt>l  kf  jlhs  i,!'  i;uiis ;  tin- proportions  uflheahot 
wad  powder  to  the  SLVcrat  lengths;  ihcthickwenof  a  piece, 
so  aa  it  omy  lie  able  to  cunlinc,  without  bunciug,  any 
given  charge  of  powder;  asalio  the  t  (feet  of^wada,  duia^ 
bcrs,  placing  of  the  vent,  nmmiog  the  pobnior,  Icc^.  Fot 
the  many  other  cuiiona  cirouactaacea  relating  to  th&sub- 
ject,  aa^  \he  various  other  improvements  in  ibe  theory 
and  practice  uf  gunnery,  made  by  Mr.  Robins,  consult 
the  first  vol.  of  his  Triirt*,  collecte4l  and  publi'-lied  by  Dr. 
Wilson,  in  thtyiar  ir''l,:iii(l  :i|jiihl  luil  m  i'a  iiiiiDy  im- 
p<irtaiit  notes,  ami  oh>er\alii)iis,  hi,  lin  ;iui1j  ir  nl  this 
work,  in  IMlj,  w  here  ,ill)pl<:  lnhM  Ei;.i;i.  ^  m.iy  !«■  I  'Liltiiiicd. 

£oon  alter  tiie  (irst  pulilK;i;i,.;i  ui  Kiii;i:i>'s  Ni»  I'riti- 
ciples  of  Guniu  ,  in  171'^,  tht  h  am  d  in  several  other 
naiionf,  tK  adin^  in  lii>  steps,  repealed  and  l.irtber  ex- 
tended tlie  s.iim  siibjet  t,  -iiiiK'tiiues  varying  and  enlarging 
tbe  machinery  ;  purliciilarly  I  uIit  in  liermany,  D'AntOOi 
io  Italy,  and  Messrs,  DWrey  und  Leltoy  in  Franca.  But 
most  of  ihe»e,  like  Mr.  Rubius,  with  small  fire*arms,  such 
us  muskets  and  fusila. 

But  in  the  year  177^,  ia  coiyunciion  with  sevcitl  uMe 
oflibcTB.of  th^  royal  artillery,  aad  other  mg^nious  gentle* 
men,  «■»  nndertakeo  a  conne  of  cxperiaenis  with  tha 
ballistic  petwlulum,  in  which  we  ventured  to  extend  tha 
machinery  to  cannon  shot  of  1,  'i,  and  3  pounds  weq^t. 
An  account  of  these  experitnelils  was  published  in  the 
Philos.  Trails,  fir  177  S,  .11. <i  fur  wliich  the  Ri/val  Society 
hiinoured  nie  uith  the  pn/e  oj  tiie  i;i)Ui  iiied.il.  "  Thcve 
\M  le  ihr  iinl',  <  \|n-nMunts  ihut  1  ki.nw  of  whieh  hud  been 
mil  !e  with  (iuiiiiMi  bulK  lor  tiiis  pui|iii'i  ,  though  the  con- 
elusiuns  to  he  diduced  from  such,  uie  dI  the  .;H-;Uist.  ini- 
jiort-mce  to  ihi  -e  purls  of  natural  pliiloso|d)y  winch  arc 
dependent  i>i\  tii  eslicls  of  fired  gunpowder;  nor  do  1 
know  of  any  other  |ir:u:lical  mt  lhod  of  ascertaining  tilO 
initial  velocities  within  any  tolerable  degree  of  the  tuttb. 
The  knowledge  of  ^{S  ^velocity  is  of  the  utmost  coo*e< 
quence  in  gHna||iy.;:,h)r  means  of  it,  4ogether  with  tha 
laa^of  the  resistaooe  ofthe  medium,  every  thing  is  detcf^ 
minablc  relative  to  tlyt^  science ,  for,  besides  its  being  an 
exceiloiit  md^bed  of  ftyinf  the  strength  of  different  kwds 
of  powder,  it  ^ves  us  the  Uw  leuriivo  to  the  diHiiMnt 
quantitirs  df  powder,  lo  the  dUlnett  wc^hta  of  shot,  and 
to  the  dilfer^iii  lengths  and  sines  of  g\ins.  BcsMes  these, 
there  does  not  appear  to  be  any  thing  wanting  to  answer 
any  inquiry  that  can  be  made  concerning  the  fliglil  and 
ranges  of  s' v  ii , .  ;  [,t  the  <  tlccls  an^in^  ioiiu  the  resistance 
ofthe  medium.  In  these  expcrimenis  the  wi  |f;hts  of  the 
(H'ndulums  employed  were  from  300  to  luar  (iuo  pounds. 
In  that  paper  is  described  the  method  of  constructing  the 
machinery,  ul'  lindina  the  centres  of  gravity  aiul  oscillation 
of  the  pendulum,  and  of  making  the  cspi  rimouts,  which 
arc  all  set  down  in  the  form  of  a  journal,  with  all  the  mi- 
nute and  concomitant  circum«.lance8 ;  as  also  tbe  invesii.. 
gation  of  the  new  and  easy  rule,  given  above,  for  com- 
puting the  vdbcity  ofthe  ball  from  the  experiments.  The 
charges  uf  powder  were  varied  from  lo  8  ounces,  and 
tbeshot  icom  1  to  near  3  pounds. .  A»d  fnm  the  whole 
were  cl«arly..,iMuced  these  principal  in<creiiGC^,-vti^s. 
.  f  1.  Fiiat,.  That  MMMWoar  firca  almost  inilantineow> 
ly,^.  That  the  vefocidea  eonWMi«icated  to  bolls  or  dtot, 
of  the  same  weight,  by  diflinent  quantities  of  powder,  are 
nearly  in  the  subduplicate  ratio  of  those  quuniiiies :  a 
small  variation,  in  delect.  f.ikni-  (.li-tc  ■.\\.  n  ihe  quunti« 
tics  of  powder  bccawc  grvtO.— ;i.  Aud  when  shot  ol  dif« 


C  tl  N 


[   614  ] 


GUN 


fcreiu  wciglu»  arc  cmpioycd,  wiili  (lie  »ame  quantity  of 
powder,  the  vclocitiw  cuinmunicuicJ  to  t(>cin,  »rc  nearly 
in  the  n-ciprocal  subduplicate  ratio  ot  ihi-ir  wciplitK.— 
4.  So  that,  universally,  shot  which  ire  of  diflcrcnt  wiigbt», 
■Od  impcllfd  by  ihc  flaim-  of  differrot  quanlitii-i  of  pott- 
4er,  acquire  vi'lfKitit-s  which  at*  directly  as  the  »(|uarc 
noci  of  tbe  quantitica  of  p««der,  and  invciwlx  w  ibe 
■qiiare  nou  of  th«  wajglbfi  of  dn  ihoc,  iinirl^.i — &  It 
weaU  tiwielbn  bp  a  great  impraveiMiit  In  artilkiy,  to 
nnke  ttM  «f  tbot  of  a  long  form,  or  of  hnviernwltcr ;  to€ 
thus  tbe  momtMituni  of  a  shot,  whca  fifcd  wteh  the  «ane 
wei$>ht  of  powiK  r,  would  be  increaaed  In  the  ratio  of  the 
sqiiarf  root  nf  the  wciffht  of  ihr  ^liol. — ft.  It  uould  alv»  be 
an  iinprovt  mrnt  to  diniini&li  tfic  «  induct-  ;  for  by  »<i  doinit, 
onc-llnrcl  or  more  of  tin-  ijlliuitily  vl  povMicr  iiii^li!  lif 
saved. — 7.  When  the  improwMin  tm  nirnli'  Di  d  in  iln  !:ist 
two  articles  nrc  can'.idercd  ii'^  botii  takirii;  pluci',  il  i»  i  vi- 
dcut  thut  iibout  hall  (he.  quantity  of  |><>wdri'  m\'Ji:  be 
sared,  which  i»  a  vtry  con»id(-r«ble  object,  liut  im- 
portant as  thi«  saving  may  be,  it  seems  to  be  still  exceedi'd 
||y  that  of  the  urticic  of  the  guns  ;  fur  tha»  a  imall  gun 
may  be  made  to  have  llie  effect  and  execution  of  another 
of  two  or  three  trme*  its  siie  in  tbe  present  mode,  by  di»- 
chaigMiS  n  ibot  of  Mb  oi  thrae  timta  tbe  tari^i  of  it*  m- 


*      of  chambers,  and  irunniom,  and  every  other  cir* 
cumstance  iiecestary  to  bt  ItMnm  fM  thnim* 
proventent  of  artillery." 
AU  tkne  objects  were  obtained  it)  a  very  perfect  and 
accurate  manner ;  excepting  only  the  article  of  rang^ 
which  wca-  not  quiln  eft  ngvlar  and  uniform  as  might  be 
wished.   11m  bulla  were  most  of  them  of  one  pound 
weight ;  bvt  tlw  powder  was  increased  from  1  ounce,  up 
till  (be  bow  «M  quits  fuU;  and  tbe  pendulum  wa%  from 
600  to'aoolb.  weightl  Tha  coMluaiow  b»m  tbevholo 
iMreai  fallow: 

"  1.  That  the  figrner  tow,  faetti«en  the  chaife  and  ««- 
locity  of  ball,  is  again  confirmed,  vii,  (but  the  velocity  is 
diK-ctly  OS  the  square  root  of  the  weight  of  powder,  as  far 
as  to  about  the  charge  of  8  ounces  ;  and  ■  ■  ;t  umild  coii- 
tmuc  lor  nil  chatges,  wore  the  guns  of  uii  indefinite  U  iigth. 
Hut  lib  the  length  of  :he  charge  is  increased,  and  bears  a 
more  f onsiderablc  proportion  to  the  Iciij/lli  of  the  bore, 
the  vrlocilv  tiillb  I  lie  nii  .re  bluirt  ot'  llial  ]ir;  i|iiirtrin . 

"  2.  'i  liMl  the  velocity  ot  the  bull  lllc^ca^e•.  with  llic 
charge  to  a  certain  point,  which  is  peculiur  to  each  gun, 
where  it  is  greatest ;  and  that  by  further  increasing 
tbe  charge,  the  velocity  gradually  diminishes,  till  the 
bore  ia  quite  full  of  powder.   Tlial  this  charge  for  the 


lamoc 

iialbdlar  mmd  ifaot.  Aad  Ikat-a  naaA  fbip-ni^t  gnatcat  velocity  ia  greater  as  the  gun  ia  longer,  but  not 
dfacfaujg*  diot  at  he8«s.ae  thmaeftha  gnaieet  nowauida 

im  eC  .  -  \ 


"  Anally,  as  the  above  axpartncnta  axbibtt  the  regu* 

laiions  w  ith  regitrd  to  tbe  weights  of  powder  and  balls, 
wlii  r.  fired  from  the  same  piece  rf  i  .nli:  nn  \  \c  ;  so  by 
inaiiin5  similar  experiment?!  x^'uli  n  pun,  v.ined  in  its 
length,  by  cuttmj  otf  from  it  i;  ci  rl.un  jiart  before  cuch 
course  of  exprrimcnl'*,  (he  elteci*  hikS  jjeiirrnl  ruin,  for  the 
different  lengths  of  gum  may  be  rer(aiiilv  determine<i  by 
them.  In  short,  the  principles  on  which  these  c.\pen- 
ni<  nt".  were  made,  arc  .*o  fruitful  in  consequences,  that, 
in  conjunction  with  tlie  c&cts  multing  from  the  reMsf 
aace  oif  the  roediviB»  thmp  Mem  to  be  lufficient  for  answer* 
iag  all  the  inquirjei  of  tbe  speculative  philosopher,  as 
well  na  tfaaee  of  the  practical  artillerist. 

In  the  year  1786  »aa  publiabed  tbe  Ant  volume  of  my 
Trncti,  in  which  ia  deiaikd,  «t  great  length*  another  very 
eatcBiive'cattiie  of  eaperiwieau  which  wen  carried  on  at 
Woolwich  in  the  yam  ITBS*  17M.  and  179^1  by  ordar 
of  (he  Dulte  of  Richmond,  naaler^neml  of  the  ordnance. 
Tbe  objects  of  Ibi*  course  were  very  numerous,  but  the 
prStKipdl  of  them  were  the  following : 

"  1.  Tbe  velocities  with  which  balls  are  projccteid  by 
rq'iil  I  hnr^-s  of  powder,  from  pieces  of  tlw  Mine  Weight 
and  e.ditwT,  but  of  different  lengths. 

"  L*.  Tlie  velocities  "iili  ilitTi  rent  chari^es  of  powder, 
the  wcjnlit  and  lengih  ot  tiie  gun  being  the  same. 

"  3.  The  grealcit  velocity  due  to  gllli*  of  dift'erent 
■lengths,  to  be  obtaine:!  by  increasing  the  char|<e  as  far  as 
the  resistance  of  (he  piece  is  capable  of  su<rfainM^ 

"  Tbe  effect  of  varying  the  weight  of  tne  piece  ;  every 
thing  else  being  the  same. 

*■  5.  The  penetration  of  ball*  into  blacks  of  wood. 
"  ^  The  nnget  mid  tinea  of  flight  of-  balls ; 
panthemwith  tbririnWdfelodtiei^  ' 
lartheandhin. 
>r.  Thaaihetorwa*! 
•    of  dMhwiut  dagrew  of  rammipg ; 
of  difliMeBt  degrees  of  windage; 
of  dllbtcnt  poaitions  of  tbe  vent ; 


neater  hoarever  in  ao  high  a  propovtion  at  the  leogtb  of 
tne  gnn  ie  j  to  that  the  part  of  tbe  bore  filled  with  pi 
n  a  kai  peapoition  to  the  whole  in  the  long 


than  it  doe*  in  Iha  «h«rt  ones ;  the  part  of  the  whole  which 

is  tilled  being iudud  nearly  in  the  rccipr.ical  subdu^ictta 
ratio  of  the  length  of  the  enqUy  part.  And  the  other  cii^ 
canatances  as  in  (his  table. 

Chrirgeii  producing  the  Greiilttl  Velocitj/. 
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**  3.  It  appean  that  the  vdoeily  continually  incrsnwi 
aft  tbe  gun  is  longer,  thoagh  the  increase  in  vdodtir  it  hat 
v<ery  small  in  revpe^  of  the  incnaae  in  length,  lae  velo- 
cities being  in  a  ratio  somewhat  lest  than  that  of  the  square 
roots  of  the  length  of  tbe  bore,  but  somewhat  neater  tina 
that  of  the  cube  roots  of  the  length,  and  is  indeed  near!/ 
in  the  middle  of  the  ratio  between  the  two. 

"  i.  The  range  increases  in  a  much  \vv,  ratio  than  the 
velocity,  and  indeed  is  nearly  as  the  si|Uiirc  root  of  tha 
velocity,  the  gun  and  elevation  being  the  same.  And 
when  this  i<>  Compared  with  the  property  of  the  velocity 
and  lenclh  of^uiiiii  tlx-  foresjoiii;;  paragraph,  wfj>erceive 
that  very  little  is  gained  in  the  range  by  a  great  increase 
in  the  length  of  the  gun,  the  charge  beiii;;  the  same.  And 
iadeed  the  range  is  nearly  as  the  5ih  root  of  the  length  of 
the  bore ;  which  it  io  email  an  increase,  as  to  amount  only 
to  about 'ftb  part  more  range  for  a  double  length  of  gna. 

*•  5.  It  appean  that  the  time  of  tbe  ball's  flight  it  ataily 
at  the  range;  tbcgon  nndelevalian  bcii^  thein|Hie> 

$.h  appears  nlio  that  then  it  BO  teaii^  difcienw 
caused  in  the  velocity  or  laage*  by  varyia^  the  weight  of 
the  gun,  nor  by  thanwafinidtb  nor  ly  different  demat 
of  ramming,  nor  by  firing  llwdMUge  af  powder  in  diKtat 
part*  of  it. 
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"  7.  Bul«gT*at  tliflcrciice  in  the  velocity  arises  rrnm  rv 
<mail  (leoree  of  wir>dage.  Indeed  with  the  usual  mmbiiyhcd 
windage  only,  natnely,  about  ,'.ih  uf  the  caliber,  tio  le)* 
than  between  ^  nn<l  -J  of  the  |ifiwfii»r  escapes  and  is  lost. 
And  as  the  ballt  nrv  nficn  •.mailer  ilmn  tliiit  mzc,  it  fre- 
quently hapjH-ns  thut  halt  thrpowdi  r  is  lost  by  unnecessary 
windage. 

"  8.  Jt  appears  that  the  resisting  force  of  wood,  to  balls 
'fired  into  it,  is  not  cunsiant.  And  A*t  tht  iifukt  pene- 
trate d  by  different  velocities  or  cbar^,  are  nearly  us  llic 
logarithms  of  the  charges,  instead  o(  being  as  the  cliargrs 
thMHolviii)  or,^  vhidb  the  niBO  thing,  aatbe  tiiiHiro  of 
tlM  velocity. 

*'  9.  Thew,  aad  moit  ofhw fxperimenu, show  that  balls 
are  greatly  deflected  from  the  direction  ibcy  are  projected 
in  i  and  that  so  much  as  300  or  400  yani^  in  u  ran^  of  A 
tnllc,  or  alnif>st  ^  <if  the  mn>;e,  which  is  nearly  a  deflection 

of  an  ill!  -Ii'  ii'  Id  d<').'ri'('-'. 

"  lii.  l  iii.illy,  these  rxpr  i iiiiriils  furnish  u*  with  the 
fi)llaivinii  ("oiicdimtant  data,  !o  ii  Kili  nililc  degree  I'l  uecu- 
riicv;  rimncly,  the  diniensimix  hihI  eU-Mirinn  i<\  tin  gun, 
tlio  V,  iiL;lit  and  diniensiiifs  nt  [he  [luwiler  un  !  siml.  « ith 
the  range  and  time  o{  tlivhl,  and  the  tir»t  velitcily  iit  the 
ball.  Fruui  which  it  is  to  be  lio(H'd  that  the  rneH<tute  of  the 
resistance  of  the  air  to  projectiles,  may  be  determined, 
taui  thereby  lay  the  fuunduiion  fur  a  iroe  and  practical 
■yitein  of  gunnery<  which  may  be  as  well  useful  in  tervice 
M  in  theory." 

Suite  lJiepiiblic«tionof  tliowTract!!,  we  havcinosccnied 
the  «iperimeniBatill  fitrther,  from  y<  ur  t»  year, gradually 
exttadlng  our  aim  to  mom  nljeett, and  eaiaij^iig  the (unt 
•Oil  mtrbinery,  tiM  wc  have  aniwF  at  exprrimcnli  with 
the  6- pounder  guns,  and  pendulu  ms  of 1 800  poutKb  weight* 
One  of  the  new  objects  ofinquiry,  was  the  rettsiatice  the 
;itm<)s|ilien-  tii.iU-s  to  military  projectile*.  ;  i<i  .il  r^  1,  hIucIi, 
the  tuns  Ijeru  [ilarrd  !if  miiny  diffeicm  disUinres  fri>n> 
the  |"  (i:Kil  Jill,  HU.misl  winch  llie\  are  tirtil,  to  get  the  ve- 
locity Ut^i  tn  |i;i^>Wi^  ttiruuiili  tiinre  sjuiceb  <it  nir  ;  liy  \s  liirh, 
and  the  use  dl  llie  whirling!;  machine,  il. scribed  in  my 
new  Ti.irH,  *<.|.  3,  lor  the  sh>\wr  innliuns,  t  have  iiive^ 
tigated  the  resistiiiicc  of  the  an  lo  given  bnlU  moving  with 
all  degrees  uf  velocity,  fruia  0  up  to  'i'iOO  feet  per  se- 
cond} ma  well  M  the  resistance  for  many  degn^'s  of  ve- 
locity, lo  planes  and  (inures  of  other  shapes,  and  in- 
clined lo  their  path  in  till  Naricties  of  angles;  from  which 
1  have  deduced  general  laws  and  formulas  for  all  such 
uotiotts« 

Ur.  Rabm  mnla  alio  similar  oapnisBcntt  on  the  ro« 
•iataBceoftheair;  btit  being  only  with  mciket  holleti^on 
account  uf  their  sniallnes'-,  aiul  of  their  change  of  figure 
by  the  explosion  of  the  pnw  der,  I  find  ihey  are  very  in- 
accurate,  uiul  ci  nsidenibiy  dillen-nt  from  those  above 
mcMtioiied,  which  were  actuiuli  ly  made  with  pretty  con- 
»iderahle  ciinixni  l>all»,  ol  iron.  For  which  reason  we  may 
omit  here  tin-  rules  ami  theory  deduced  front  them  by  Mr. 
Kobins.till  other,  jnore  correct  shall  have  been  established. 
All  these  experimenis  inditd  a«rei-  in  evir.(in!»  the  \ery 
enormous  re>niance  the  air  makes  tn  the  swift  motions  of 
ntlllary  pnj' cities,  aniountinjt  insome  case«  to  '^0  or  SO 
■  tiriNS  the  weii;ht  of  the  ba^  Itself;  on  which  acci'uut  the 
common  ruli'>  for  projectiles,  deduced  from  the  parabolic 
^•ory,  are  ol  little  or  notuc  in  real  practice;  for,  from 
tfceie  experiments  it  it  clearly  proved,  ibu  tlio  tiack  d«> 
•eribed  by  the  lli|ht  ««•■  «f  we  heaifcet  sho^^it  neither  • 
panhoh,  nor  yet  tffnottka^  a^r  d^nearit,  esoept 


wheii  thry  are  projected  with  very  small  vrluntie^  ;  in  so 
much  thiitstime  balls,  which  in  the  air  nmpc  oiiiy  to  the 
distaiwe  i.f  one  mile,  would  11  vicuo,  when  projected  wjlh 
the  same  velocity,  range  abnvo  )  0  or 'JO  times  as  far.  For 
the  coininon  rules  of  the  parabolic  theory,  see  Projec- 
tiles. .See  also  the  articles  Force,  and  RtsisxaNCE, 
in  this  Diclionary. 

JVIr.  ISenJaniin  Thompson  (now  Count  Runiford),  insli- 
tutcd  a  very  considerable  course  of  experiments  of  the 
same  kind  at  those'  of  Mr.  Itobins,  with  mu^kct  harieli, 
which  was  published  in  (he  Philu».  Trans.  iM.  71,  fcurthe 
year  I7S1.  In  these  experiments,  the  oonelunont  of  llr. 
Robins  are  generally  easfl|taedi  and  several  other  cnriont 
circtiisstanccs  in  thik  tmliml^lB  arc  at  the  same  time  re- 
matked  by  Mr.  Tbompsdii.  Tliis  gentleman  aUa  pursues 
a  bint  thrown  out  by  Mr.  Robins  relative  to  the  d  1  1 :  1 
ning  the  velocity  of  a  ball  front  the  recoil  the  peiKiult: us 
gun  its<-lf.  Mr.  Rubins,  in  p  11,  n  inisrks  that  the 
etfect  of  the  expl<i:le<l  powder  npun  tlie  riciul  of  l!ic  cun, 
is  the  same,  w  lietlier  the  gun  is  charged  with  a  li;i  1 , 1  1  v  itd- 
out  one  ;  and  ihut  the  elinrd,  or  velocity,  of  recoil  witji 
the  ]K>wder  aloiii',  bim;;  snbtnirieii  limn  ilialof  the  recoil 
when  charged  with  both  jHiwiler  and  ball,  leaves  the  velo- 
city which  is  due  to  ihc  ball  alone.  Hence  Mr.  Thomp- 
son observes,  that  the  inference  is  obvious,  viz,  that  the 
iniuneniuin  thus  communicolM  "to  the  gun  by  the  ball 
uloiie,  being  «-quBl  to  the  moraewtum  of  the  ball,  this  be« 
come!)  known;  and  theivforc  being  divided  In  the  known 
weight  of  the  ball,  the  quotient  mil  be  iti  velocity.  Mr. 
Thompson  sets  a  great  valoe  on  thi»  new  nle,  the  vel«^ . 
citiea  by  means  of  which,  be  found  to  agree  nearly  with 
sevefat  of  Aoie  dedneed  from  the'mottonoTtlie  pendulum ; 
and  in  the  other  cam  in  w  hich  they  diflered  greatly  from 
tln«P,  he  very  inconsistcnlly  suppose  that  these  latter 
'  II  '-  v-rr  I  II. On  (I..-  Ill  the  e\pennK-iit*  however  contain- 
ed in  iny  1  raci.v,  a  great  multitude  of  ihojc  cases  are 
compared  together,  and  the  inaceanMiy  df  that  new  rule 

is  fully  proved  ' 

Having  in  the  Olfi  prop,  compared  Ingcther  a  nutnbcr 
of  c<iinputi'tl  and  experimental  velocitit's'i  l  bulls,  to  verify 
bis  theory  ;  in  llie  lOlh  prop.  Mr.  Robins  assigns  the 
changes  in  the  hirce  of  powder,  which  arise  from  the  dif- 
ferent slate  of  the  atmosphere,  as  to  heat  and  moisture, 
bolh  which  he  &ids  have  some  effect  on  it,  but  especially 
the  latter.  In  prop.  11  he  inrestigati'S  the  velocity  which 
the  Heine  of  gun^Kkwder  acipiires  by  expaitdingitilill^anp^ 
poMng  it  fired  in  a  given  piece  of  artillery,  wilboat  either 
a  balkt  or 'any  olher  body  placed  before  it.  Tbb  velodtj 
he  liadi »  upwarda  of 7000 ftet  periecond.  But  the ce> 
kbratcd  Eakr,  in  his  «o«Mnantatjr  on  this  part  of  Mr. 
Robim's  book,  thinka  it  may  be  still  much  greater.  And 
in  ibis  prop,  it  is  that  Mr.  Robins  declares  his  opinion, 
above  alluded  to,  viz,  that  the  effect  of  the  powder  upon 
the  n'coil  of  the  gun  is  the  same,  in  all  cases,  whether 
iir»  il  with  a  ball,  or  without  one. — In  prop.  12  he  tiscer- 
lains  tin-  milliner  in  winch  tlie  flame  of  powder  impels  a 
ball  uliich  IS  laid  at  a  considerable  distance  from  the 
cli.irj;!  -,  slin«in'4  here  that  the  sudden  nceumulation  and 
density  of  the  tluid  against  the  ball,  is  t^e  reason  that  the 
barrel  is  so  often  burst  in  those  case*. —  In  prop.  13  he 
enumerates  the  various  kinds  of  powder,  and  detcribe«tho 
j>rop<'rest  methods  of  examining  its  goodness.  He  hero 
shows  that  the  beat  proportion  of  the  ingredients,  is  whoD 
the  Mllpetiv  it  1 9f  the  a^iole  eompound  mas^of  thefow- 
der,  and  the  atdphor  and  chucoal  the  other  f  between 
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Ihegi,  in  equal  quantitio.  Intbitprsp.  Mr.  Robint  takn^  of  Mwe  other  fofce:  agii  in  the  8th  or  last  praposillmi, 
occasion  to  lemark  upoo  the  um-.  of  eprouveUet,  oc  ne-  he  ^leleml*  tftihow  tlu|^dw  depths  of  penetration  of  l^l* 
thmb    ufint  powdar  $  coodcnuing  the  practice  «f  the   iato  fim  lubalancn,  are  at-ihe  n|tiaK>  of  tkn  vrlocitiaa. 

EM|iih  in  wing  what  i»  called  Ibe  vertical  eprouvctic }  rii   *  *  —   »^'- 

weUa*  that  of  the  Freocb,  in  cnploymg  a  tmall  uwrlar* 
very  large  ball,  and  a  amali  charge  of  powder :  and 
instead  of  \hmi;  he  strongly  recomroemk  the  nie  of  his 
ballistic  pcntlnlum,  fur  its  great  accuracy:  but  for  still 
|[;tci\tcr  <l1»patch,  he  tells  he  shr>ulil  another  ino- 
thoil,  which  however  he  re^erves  to  him>elf,  without  jriv- 
ing  any  purticular  <l(>.rri|>tniii  ot  it.  l"r"ni  "  hathn*.  been 
done  by  Mr.  Uobiii'.  up  >ri  this  hi  iu),  ^<m  r.il  ]irr»uni  ha\e 
introduced  his  nietlHiit  ot  suviicmiin:;  tin  l'iid  :t»  ii  pendu- 
lum, iuid  noting  the  (junitlily  ul  its  oscilUlirijj  recoil  when 
liri  it  with  a  certain  quantity  of  jiowilcr;  ami  ol  tin*  kind 
i  have  contrived  a  machine,  which  jKi»*e»ses  sevi  ral  ad- 
vantages OvaraUotlien,  being  extremely  simple,  accurate, 
and  cxpoditiom ;  so  nrnch  to  indard,  that  the  weighing 
out  of  the  powder  ia  tiw  chief  put  of  the  trouble.  See 
GtmNwoan,  and  EvnouTBm. 
The  other  er  Sd  chapter  of  Mr.  Robins'i  work,  in  9 


But  this  is  ja  mistalie  %  for  neither  does  il  a|>pear  that  his 
tfiak  were  sufltei««ly  numeroui  or  tarions,  nor  were  bb 
sflMll  leaden  bal Ik  fit  for  this  purpose  ;  and  I  have  found, 
frmn  •  number  of  trials'whh  inm  cannon -bulb,  that  the 
pciM'tratifmB  are  in  a  tnuch  lower  pniporiioii.  uiid  tbnttbe 
rc»i><ili^  fi.iee  111  \v<i<id  i*  ii<a  uui1>  rill.        i  im\  'i  K  ACTi. 

In  the  liHIimii.^  siiijill  liiicl--,  lul'lid  lo  ytmi ijili s,  m 
this  volume,  Mr.  It  In  .1  ;  lil^l(ul^  ^  li.e  >ul>jt  cl  ot  the  re-  . 
sistsince  cit  the  iiir  nr.irli  luili.'  i.  uiid  hi)-.  <io«n  rules  for 
(■oiii|Hitiiii;  raiiijCA  11  .iilr  ill  llir  :iir.  liut  llu  iini-I  be  far 
Irom  atf  urate,  a*  Uit-y  are  liiun<l(<i  on  iIk-  tw.i  lullowing 
principle;,  which  1  know,  from  nunu  riiu'>  e.\|M  rimen(»,  are 
erroneous :  nz,  lit,  "  'rh.it  til!  ilic  \clociiy  of  the  projec- 
tile surpasses  that  of  I  lOi)  fert  01  a  si  coiitl,  the  mistaoce' 
may  be  t'jteenicd  to  bfr  in  the  dnplicutc  proportion  of  the 
velocity.  2d,  That  if  the  velocity  be  greater  than  that  of 
11  or  1200  fleet  iii  a  second,  then  the  afaaolute  quantitj  9f 
that  Tesistance  in  these  greater  velocitiia'wiU  be  near  3 


pwpwitioM,  tmis  **  of  the  reiislance  of  the  airland  of  the  timrs  n»  {(tent,  as  it  should  be  bv  »  compariMn  with  the 

track  diacrihed  by  the  flight  of  shot  aad  sheila.*  And  of  mailer  wtocitica."  For,  instead  of  passing  at  once  fimtt 

these,  prop.  I  describes  the  gmeftl  jprindplca  of  the  (e>  the  lavr  of  the  square  of  the  velocities,  and  ever  after 

'  iMMleB  monng  in  then.    Here  'about  S  times  as  much,  my  ex  peri 


aistancc  of  fluids  to  solid 

Mr.  U'lbiii'S  discriminates  bctwf^n  continued  and  (om- 
prcsK-1.1  Ihiids,  which  immediately  rush  into  the  spare 
quitted  liy  a  budy  inos  in  liiriii,  aiiil"lr'  i  I 1^  ■.  h  hJ 
to  the  impuKe  r,t  llir  IhilIv  williout  rcjiiili  iiMi.;^  .iinl  UC(U- 
mulafilig  Ix'Inrr  It;  iirid  Mich  tliiids  a^  aie  iiiipntrctly 
CoiiriirC-s^eil,  rushin|<  into  a  void  space  wilh  a  limUcii  ve- 
liicity,  as  in  the  case  of  our  atmosphere,  "hit  h  eoiidenscs 
more  atul  more  before  the  ball  as  tins  inovei  quicker,  and 
also  presses  the  Icsi  Jiehind  it,  by  follow  ing  it  always  with 
only  a  siven  velocity  :  hence  it  happens  tliat  the  tbrmer 
fluid  will  resist  moving  bodies  in  proportion  to  theaquie 
of  the  velocity,  while  the  latter  riMists  in  a  iiigher  propor- 
tion.—Proposition  t  -is  '*  to  determine  the  resirtaace  of  An  account  of  the  experiments,  relating  to  the  1 
'theair  to  pr'j<-ctik-s  by  experiments."  One  of  the  me-  of  the  air,  exhibited  at  different  times  before  the  Royal  80- 
thods  Ibrthis  puri>o-.e,  is  by  the  ballistic  pendulum,  pla-  ciety,  in  the  year  I74&  Number  4,  Of  the  ftktce  of  flred 
cin^  the  gun  at  different  distances  from  it,  by  whidsha  gunptrwder,  together  with  the  computation  of  the  veloci- 
iindMhe  velocity  lost  in  passing  through  certain  spaces  of  tie*  thereby  communicated  to  military  projectiles.  Num- 
air,  and  Ci(ri'-e(iuently  the  force  of  lenslaiye  to  such  ve-     ber  5,  A  idmpnrison  of  the  e.\pvrinii  iiial  ranges  of  cannon 


ments  prove  that  the  in- 
crease of  the  reti-.laii(  e  aljM\i-  tiie  law  <;f  llir  si|uare  of  the 
velocity,  tak<s  pliire  at  (li>t  111  liie  suiallest  juotmnv,  and 
inert  ases  prailiially  iii'Jtf  and  more,  to  a  certain  (iidiit,  but 
never  rises  Jo  high  a-s  to  he  3  times  that  quantity,  after 
uhich  it  decreases  ai;uin.  .Ml  vlncli  fully  appears  IBtlM 
3d  vol.  of  my  new  Tructi,  lately  |Uiblls|«'d. 

The  additiiinal  iracl>  of  Mr.  Kobin.'i,  In  the  latter  part 
of  this  volume,  which  contain  many  ust  ful  aiul  imporleot 
matien,8re numbetedand titled os follow s,  \iz  Number  1, 
"  Of  tbe.refistance  of  the  air.  Number  "i.  Of  the  resiit- 
aaceeftheair;  together  with  the  method  of  computing 
themetionsofbodiesptojectedin  that  medium.  MumberS, 


locities  !vs  tiu'  l^tdy  moves  with  in  the  several  piuts  of  its 
path.  And  aiiiitluT  way  "n>  i'y  firini;  I  ^  1'-,  w  ili  a  ^iven 
velocity,  ovi  r  a  lari;r  |ni  re  of  watrr,  in  «  inc  h  the  lali  and 
plunge  of  the  ball  could  be  vi'i  ti,  and  con.se(|ueiitly  the 
space  it  |)as'<<l  mer  in  a  sni'ii  tune.  H>  the^e  means 
Mr,  It  iLi  ;-  (leli  riniMid  the  ri'sHlaiices  of  thi' air  I<i -mvi  lal 
didcrenl  velocities,  ail  which  showed  that  there  wa^i  a  gra- 
dual increase  r>f  ibe  resistance, over  the  law  of  the  square 
of  the  vrlocity,'as  the  boily  mov(.d  quicker.  In  the  remain- 


ami  iiioiiaiw  with  the  tlieoiv  «onliii!iefl  in  the  preceding 
papers.  —  I'r.ietiral  ^Jll^llll^  reliilini:  to  tin' effects  and  ma- 
nauemenl  of  ariillery,  an<i  the  lliijhl  of  sh(  Us  and  shot- — 
A  proposal  fur  inert  iimmj;  tin- >tren'jlli  ijfihe  rtritish  navy, 
by  changing  ail  the  guns,  fr<ini  the  1  N-pouniUrs  down- 
uards,  into  others  of  equal  weight,  birt  ol  a  L;i  i  aler  liore." 
With  several  letters,  and  other  (>aper»,  "  On  pointing,  or 
the  direriiitg  of  cannon  to  strike  distant  objects ;  Of  the 
nature  and  advantage  of  iitfi  il  [>arrel-pieces,"  &c. 

I  have  dwelt  thus  lonj;  on  M  r.  Robins's  New  Priitciples 


ing propositions  of  this  chapter,  he  proceeds  a  little  fur- 

the/'in  this  subject  of  the  miftanoe  of  tho  air ;  in  which  of  Gunnery,  because  it  is  the  first  worli  that  can  be  consi 

he  l^ft  down  a  rule  fur  the  proporUon  of  the  rcsislance  be*  dcted  as  ntlempting  to  establish  a  practical  ayHem  of  gurt- 

,  tweentwo  assigned  velocities;  and  he  shows  that  when  a  neiy,  and  projectiles,  on  good  experiments,  on  the  force 

'  i4-paund  ball,  fired  with  its  fiill  charge  of  powder,  fiirt  of  gunpowder,  on  the  rmistanca  of  the  nir,  and  on  the  afr 

Nsnes  from  the  piece,  the  resistance  k  meets  with  from  fects  of  ^BHmUt  pieces  of  artillery.  Tboae  experissonts 

the  air  is*inoie  than  SO  times  its  weight.  He  fiiither  proves  are  hosrever  not  sirfRciently  perfi*ct;  both  on  nccount  «f 

that*  the  trstfk  described  by  the  flight  of  shot  nr  shells  is  the  stnalliiess  of  the  bullets,  and  for  want  of  good  ranges, 

neither  a  parabola,  nor  nearly  a  parabola;  unless  they  are  to  form  a  proper  theory  upon.    1  have  supplied  some  of 

projected  wilh  small  velocities;"  and  that  "  hulh;'-  i  ;  (he  necessary  desiderata  for  this  purp<ive,  viz,  the  resist- 

their  fliaht  are  not  only  depressed  beiK-ath  their  original  ■.mci'  of  the  air  Ki  cannon  bails  moving  with  all  degrees  of 

(linLiiun  by  the  action  of  gravity,  but  are  also  frequently  v,Ii,l  1!    aiH  the  velocities  c-ommunicatcd  by  given  charges 

driven  to  iJic  nghi  or  left  of  that  direction  by  the  action  ot  powder  to  diffiyent  balls,  aad  from  digeienl  piecce  of 
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•rtiUrty'  But  tUc-rr  ue  Mill  wanting  Rooil  rxprrimenta 
with  dilU^rfnt  pieces  of  drdonnce,  pting  ilw  *»age%  nnd 
Ijpnn  of  tiigbi,  witii  nikvnrlctie*  of  cbargr*t  bii«I  at  nil  <lii^ 
fercnt  «mik«  of  cl««Btion.  A  few  bbwcvi-r  uf  ih<Mc  I  have 
lAttimd,  w  in  lh«  kiknAag  mwU  table,  wkich  nie  de- 
rived fmm  «x|ierimcnt»  made  with  a  nmliutu  unt^fMHin- 
der  ino,  ibe  iron  ball  b<>ing  nearly  2  inclu  s  ti>  ilinmetcr. 
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The  cek-bra(e<l  KuKr  added  many  exrcllent  disserla- 
tiunt  on  the  subject  of  nunnery,  Id  Ius  tranidalion  nf  Ro- 
iiius'i  gunneijr  inin  the  German  Ungua^i-;  which  yicse 
again  (arlher  inprovrd  in  Bawu'»  trautlaiiuii  ol  the  same 
into  English  in  Ihe  year  1777.  See  aiiw  Antnui'*  Lsamrn 
de  In  I^udtv;  the' cxperimctila  of  tUMI.  d'Arcy  ■nd  Lb 
"Stof,  in  ibe  lleatoin  of  ihe  Acndnny  in  1751 ;  and 
D'Arcy's  Emi  d'ane  tbeorie  d'artiilerie  in  ntiO:  my 
Tracts;  and  paper  on  th*  force  of  fired  gunpowder  in  the 
Philos.  Trans,  for  1778:  alitl  Thoinp^nn's  piipi  r  tbc 
same  5uliji'Ct  in  l/SI  :  ljut  nin,..-  '2        1  nf  my  ^ 

new  Trarts,  contiiinin<;  che  cumlUkIuu  <liiluclion!.  drawn 
ftom  all  llie  i  xtwniiicnts  made  at  Woidwicli. 

or  ilje  coniiMoii  or  parabolic  theory  ol  Kiinnory,  Mr. 
8iinpM->li  i;iH<'  very  lU'iil  and  c<jiici>i'  treati-c  in  hi*  Sulecl 
£xerci»C!>.  And  h  very  ingenious  trvuti>o  ura^  hUo  given 
by  Mr>  Reuben  Burruu^li,  m  1779;  cunt^imin;;,  not  only 
toe  problems  that  are  common  on  lhi»  »uliject,  and  the 
method  of  determining  the  maximum  range  on  an  inclined 
plane  when  tbc  piece  is  situated  in  that  plane;  but  alio 
when  it  is  placed  above  ur  beluw  the  ^ivm  plane;  a  pro- 
blem of  much  graUer  difficulty,  and  which  had  nut  before 
faoen  publicly  ^ven  by  any  other  author.  Other  writei* 
DO  this  part,  an  Slarrat,  Gray,  Williams,  Glenie,  Sec 


For  Peter  IMexia,4n  his  \'ttriou«  Reudin;^,  mtllitMit  thnt 
the  MiRifN  i,ung  b{»i«^idin  1343,  by  Alphonmt  tlie  Ulb> 
king  o(  CmiiIc,  dischaifcd  «  kind  of  iron  morton  vpon 
tiiem,  which  made  ■  noiae  like  thunder  j  and  tbit  is  se- 
cond od  by  wbat  is  relmed  by  Don  Pedro,  bishop  of  l^na, 
in  his  cbronicie  of  King  Alphonsus,  who  redoced  Toledo* 
via,  that  in  *  sen-combat  bctmen  the  king  of  Tunis  and 
the  Moorish  king  of  Seville,  about  that  time,  those  of  Tu- 
nis had  ceclHiii  iion  (i>li<  or  barn  s,  wuli  winch  tli^  v  tin. 
tbunderbitlts  uf  (ire.  Diicanije  ntuh,  that  there  is  nieu- 
ii  iii  ii.^nlr  of  i:unpuu(ier  in  tin  i<  ^i~t<    ol  tiie  chunben 

ul  ar<i-.jiit>  in  I  tHc.t.  m  early  a;.  i\iv  year  I3J8. 

r>'., t  a  J  .■i  .iis  :  r;  U'^i'er  liaroii  knew  of  f(unp<jHdtr 
in  at  Kill  yi.ur>  bciuie  Silinartz  was  boin.  He  tells  u>,  ill 
liu  'li.  ,*lise  De  Secret.-  U[)eiil,us  Artis  ct  Natuta:,  ct  de 
Nuliitutc  M.ij^iw,  cup.  0,  {uii.cb  is  supposed  by  sorae  to 
liMVL-  iK-en  publi4ied  at  Ox(oii\  ii;  l  vMl>,  and  »liich  was 
undoubteilly  written  U-lore  Um  0|>u>  M.-ijut,  in  I'iti/), 
"  that  from  saltpetre,  and  other  m^ii  du  jiu,  we  are  able 
to  make  a  lite  that  shall  burn  at  what  distance  wiytlGase." 
Dr.  PloituUoinhis  History  of  psfofdfhiic^pa.S9f»a|stti«» 
jis  that  these  "  other  ingredtcnitt  srete  explained  Jn  n  MS. 
copy  uf  tho  sane  treatise,  in  the  hands  of  Dr.  6.  Lungbaiii. 
and  seen  by  Dr.  Wallii,  to  bn  enlphur  and  srood  cual." 
In  addition  to  which  we  ai^  told  in  the  life  of  Friar  Ba- 
con in  Biogmphia  Briunnica,  vol.  1,  that  Bacon  bim-K  If 
has  divulged  the  secret  of  this  coiii|vi5iiion  in  a  cipln  r,  by 
tran*p<)sin;;  ihe  letlersof  tbc  i  vi;  u.  uK  m  c  li;i|--  \i.  o;  il  i- 
!iaid  Iri'utiM' ;  wbcre  it  is  lliu>  e\|>M il  :  mU  l.uiii  u  -.A.-. 
pctrte  Lt'ii.i  Morr.  can  lrrr  i-.  c.u .'>oiaii-i  |iiil.vn.) 
et  sulpblil  is  ;  <  t  »IC  laCR>  lon:lruiii  l t  i  on ii.caliiiiiem,  m 
scui-.  Mrtiticiuiu  :  niirl  lieiiCi'  tlie  bn  ij  rf.pber  apprebemU  the 
Wolds  CHthoaum  puli'Cic  v\eie  tiatislcired  to  ibe  6th  chap- 
ter of  Ijinebaiii'»  wn.  In  iliis  >aine  chapter  Hacon  CX- 
prestly  says  that  s'xii.d'.  like  luunder,  and  l-orru^cntianS, 
may  be  fomed  in  tl  e  nir,  iiiucb  iiioie  horrible  lliun  thoM 
that  happen  naturally.  And  farther  adds,  that  there  arc 
mauy  ways  of  doing  this,  by  inhicb  a  city  or  an  amy 
might  be  di  aroyeiU  •nd:.he'«Mppo«ea  that  by  an  aitilico 
of  this  kind  Gideon  defeated  tbo  Midianites  with  only  300 
men :  Judges,  cba|k  7*  Them  it  ntfb  another  paiaago  to 
the  same  purpuee,  in  the  ticntisc  De  beientin  C^petimeB- 
IniL  Sea  Dr.  Mb'c  edition  of  the  Opus  Mqus,  pn.  474. 


GUNPOWDER,  a  composition  uf  nitre,  sulphur,  and 

charcoal,  mixed  tsiiethcr.  and  WiuiUj  itaauhitcd.  Thia  .     ^  

easily  takes  lire;  and  wben  fired,  ft  rarefics.or  expands  SeeabothclifeofR.  Bacow  in  this  Dictionary 

with  great  vehemence,  by  mean*  of  its  elastic  force.— It  Mr.  Robins,  in  Ibe  preface  to  bit  ijuiiiu  ry,  appri  licnds 

is  to  this  povfder  tliat  »c  owe  all  the  effect  and  action  of  that  Bacon  describes  ;;uiipow<ier  not  as  a  new  coinposi 
guns,  and  ordii;»iice  of  all  sorts.          ibut  l'>  rtilicatinn, 
wilb  ibe  modem  military  art,  iVc,  in  n  gr.  at  measure  de- 


pend U|»oii  it.  I  br  above  detinition  h  isvevi  r  ly  ruU  ^i:  ■■- 
ral,  for  instead  of  the  nitre,  it  has  lalelv  b.'<'ii  iliscoven  d 
that  the  marine  acid  answers  mucb  bt  tti  i.  3>  m  >tv<  iif^th, 
but  is  dai^rous  in  its  use,  a*  too  liable,  lu  accidental  ex- 
plosion. 

The  invention  of  gunpowder  is  ascribed,  by  Polydorc 
Vii^l,  to  a  chemiiti  who  having  accidentally  put  some  of 
thiscompontion  in  a  nunrtar,  and  covered  it'wimastoiie,  it 
happened  lo  takcfiiv,  and  blew  up  the  stoodi   Tbevet  in- 


iKiii  (irsi  [iriip<j»i  il  by  Inmielf,  but  a<  ibe  applicalinn  ul  an 
old  onr  lu  iiiiiiiary  purposis,  and  liiat  it  was  known  long 
U  luu  1.15  tune. 

I'ut  yi.  Duleiis  curiu-5  tbc  antiijuity  of  i^unpouder  !>tiil 
much  higher,  and  lefei*  lo  (be  wriliniis  of  the  ancients 
themselves  lor  the  proof  of  it.  "  X'irgil,"  says  be,  "  aitd 
his  Coinincnlator  Serrius  (.tneid,  lib.  Li,  v.  Z.S.i),  Hvgi- 
nus  (Fal^ul.  6l  and  (>60),  Cusiaihius  (ad  0(lyj«.  >. 
pa.  1683,  lib.  1),  La  Cerda  (in  Virgil,  luc.  ciiO,  X'alcrius 
Flaccus  (lib.  i.  663),  and  many  other  auiiiofs  (at  Raphael 
Volaurran.  inCommentar.ConwUoaAgriiWP 


pokler.Oper. 

ibrint  ui  that  the  peieon  Iwre  apctken  of  wn»  a  nonk  of  do  Vcrbo  Dei,  c  >00»  pa.  237<— 45mM<'&  ArttM  U- 
Fribourg,  named  Comtanline  Aneli^i  hut  Bdleibnt  beral.  torn.  9.  pa.  liso),  spoilt  in  wch  s  naiiner  of  Snl- 

and  aihrr  authors,  with  more  probaUlityf  hold  it  to  be 

nartholdus  Schwartz,  or  Black,  who  discovered  it,  at 
some  say,  about  the  year  \310  ;  and  the  iir>l  use  "I"  it  is 
ascribed  to  tbr  N'enetiatss,  in  the  year  iJJsO,  duiin;;  the 
war  witb  tbe  ii'ii  '-i  .  Hilt  lliercarc  earli<  i  aceounis  uf 
its  use,  after  the  accident  uf  Scbwartx,  as  well  as  before  it. 
Vob  L 


moneuifc  attempn  to  imitaite  thunder,  at  suggest  lo  u» 

that  this  prince  used  ibrthat  purpose  a  composition  of  the 
nature  of  j^unponder.  Kustatbius  in  particular  mentions 
lyni  (111  (liis  occasion,  as  being  vi  very  expert  in  media- 

nil  ,  ttiiLl  :  tornied  niacbines,  which  imitated  iPte  noiyf-  nf 
thunder ;  and  the  writers  of  fable,  whose  surprise  lu  this 

«K 
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respect  may  be  cofflpared  to  (hit  of  the  MexiciiiK  when 
thry  tint  btbeld  th«  fire*«nDt  of  die  Spanmrdt,  give  out 
dMt  Jopiter,  inccmed  at  the  audacity  of  ibis  priAccb  ilew. 
Uai  wilo  lightning,  as  he  waa  employing  himKlfiu  Iwineb* 
iDg  bis  thunder.  But  it  it  nuiclt  man  muiral  to  soppow 
that  tiiis  uofoitHMlc  priiMS**  th«  iliv«Mor  of  guopowdrr* 
fsut  tke  tn  these  ftmies,  bjf  htnAn^  MtideMally  Ulan  « 
virtiin  t*)  his  own  experimeiiTs.   Dion  (Hist.  Rofs.  in  Cb- 
li^  jlii,  |iti.  b6"'J>  anil  .loiiiin>-»  Aotinrlicnu^  (in  Chronico, 
&c.  «  ValoMo  ulila,  Taris  l()3t,  pa.  S04),  nporl  ihc  wty 
K(nn'  thiriL;  I'i  t'.niLUi.'.  ii^siiiiiig  u«.  ihai  iliis  cmporor  iitn- 
taU-i;  I  Ir.imiiT  ami  1 1     tiling  bj  itn  iitii  nl  ci  rliiiii  ruBchinoi, 
whici:  at  Itc  -.11111'  liiiic  iniKtni  Mi'ins.    'riik  iiiihliu-  alii) 
inliil'iii^  ii>  ttiiil  thi-  Urat'hiiiaiiii  riicounUTcd  mii.'  unulher 
with  (hundcr  und  lightninj!,  nhirb  tbt-y  lin<l  (lie  ur(  of 
launchitiftlroiuoii  liifcih  At  a  consiiii  rablcdntancr;  ( I  henii'H. 
OrHlio  'J/,  pa.  i).>7).    And  in  another  plarc  hr  rrlati-s, 
that  Ucrculcs  aini  l!,!cch««,  titlcmjitin;  tn  a"uil  th<-m  if!  a 
ibrt  where  thev  "•■ir  finiiuclird,  v»<  ie  mi  ruuglil)  rvcci»- 
«il  by  niteratetl  strokes  of  ibundrr  and  li){htninj>,  that 
tbay  wot  oUigad  to  retire,  leaving  bebind  ihcni  an  evir- 
liiiing  mammcat  at  tba  rashness  of  their  coieiprise.  An* 
tbiM  the  histoiim  reports  «f  Anlbcniw  TVaiinnis,  that 
Hbaring  ditagmMl  iritb  bis  neighbour  Ztm  ihc  i  hcioridaos 
be  set  fire  to  bis  home  with  lhamter  aad  lighminf;.  It 
nfiprars  from  all  thri>c  ptt'-iases,  that  the  effect*  ascribwi  to 
tlu  so  i  nline-  of  war,  <-^prcmlly  thoise  of  Calij^uta,  Anthe- 
iiiiii-'.  anil  llii>  liiJians,  rould  be  unty  brouf^ht  about  by 
guti|Mjwnli  r.    .Anil  what  is  still  more,  we  find  in  Juliui 
Alricanus  a  ri  c<  ipl  for  an  ingrni'iiiii  composition  to  be 
thro*n  upon  an  nu'my,  svhich  vcrv  luarlv  rrMrnhlos  that 
powder.    Hut  what  placi>  llii>  tu'Vond  all  Joub!,  is  a  cloir 
and  positive  pas<tage  of  an  author  called  Marcua  Cinecus, 
whose  work  in  manuscript  is  in  thr  royal  library  ut  Paris, 
entitled  Liber  Isniom.    Or.  Mead  had  the  same  also  in 
nanuiicript,  and  a  copy  of  that  is  now  in  my  hands,  (8m 
above.)  The  author  describes  several  ways  of  cneoanla^ 
ineaneneay,  by  lanncbing  Are  upon  hiirf;  andanitNig 
otoen  {pves  the  following.   Mix  together  one  pound  of 
live  sulphur,  two  of  charcoal  of  iriltow,  and  6  of  saltpetre ; 
reducing  them  to  a  wry  fine  powder  in  a  marble  mortar. 
]io  adds,  that  a  Certain  ciuantity  of  thb  is  to  be  put  into 
a  Kiii^,  narrow,  and  will  compactiil  cover,  and  so  dis- 
charf^cil  into  (he  air.    lit  re  «c  have  lht',di-»cription  of  a 
rocket.    1  he  cover  with  which  ihundi-r  i^  imitatnl,  tic 
nitre&eiits  as  short,  thick,  but  half-iilU'd,  and  siroiiijjy 
bound  with   packthrrail  ;   which   is    i  sacily   Ihc  form 
<»f  a  cra'ker.    lie  then  tri-at*  of  ilitirrt'iit  nuthodv  of 
preparing  il.f  match,  ami  how  one  Mjuib  may  m  t  tire 
to  another  iu  the  air,  by  having  il  inclosed  vviihin  it. 
lu shott,  be  speaks  as  clearly  of  lb#  compusition  and  (-fleets 
of  gnnpowder,  as  any  person  in  our  timrx  could  do.  I 
own  I  have  not  yet  been  able  precisely  to  dt  trrmine  when 
tbw  author  lived,  but  probably  it  was. before  tht  time.of 
the  Anbiiin  physician  MeniiSi  who  mentione  bliBi  and  who 
Aonriabed  in  the  begiamitt  of  the  9th  eentuiy.  Nay,  there 
is  reason  to  believe  that  M  it  the  lame  of  whom  Galen 
tpeakt ;  in  w  hich  ca^c.hc  will  he  of  antiquity  sufficient  to 
support  what  I  iidv-ance."    If  appears  also  from  many  an* 
tbors,  and  manv  rircnm&tance!!,  that  this  composition  has 
been  known  tu  the  Chinese  and  Indians  lor  ihousanda  of 
years.   Ste  what  it  aiid  on  ibia  head  under  the  article 
tii;v.     ,  • 
To  this  history  of  :;iin|ii  ^.dcr  it  may  Ih  addc^,  that  it 
has  Ulely  berodiKuv«ied  that  saltpetre  or  nitre  is  nut  es- 
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sential  to  this  composition,  but  that  ils  place  may  bctnp- 
plied  by  other  substances ;  for  new  gunpowder,  of  dottbie 
the  stiength  of  the  old,  bat  lately  been  made  in  France,  bf 
the  chcmiitt  in  that  eovntry,  without  any  nitre  at  alU 
and  in  the  year  1790  I  tried  tome  of  this  new  powder, 
that  wat  made  at  Woolwich,  with  my  eprouvette,  when  1 
found  it  nhoat  dOUUe  the  strenjith  of  the  ordi  nury  sort. 
Tbit  it  effected  bytubtlituting,  instead  of  the  nitre,  the  like 
quantity  of  the  marine  acid. 

But  perhaps  this  nrw  composition  may  not  ronit'  into 
Common  and  general  um:;  both  bet  a u si '  of  the  great  1  x- 
pi  n«e  III  procuring  or  niakin;;  tin-  acid,  and  oi  iln-  irouhh' 
and  dandier  of  preventing  it  Iiu  :.  i  ikr  ;;  tire  b\  the  heat 
in  the  operation  ;  lor  it  is  found  to  catch  fire  and  explode 
1 10111  a  very  tmall  dye  of  heat,  and  without  the  aid  of  a 

spark. 

A*  to  ihe  l^reparation  o/Gui>FOwnER;  there  arc  divers 
compotitions  ul  it,  with  respect  to  thr  profiortioiis  of  the 
three  injiredienls,  to  be  met  with  in  pyrotechnicalwritingt; 
hut  the  process  of  making  it  up  it  much  the  same  in  all. 

For  some  time  after  the  invenden  of  ardllery,  gunpow- 
der was  of  m  mocb  wtabkr  compotiiion  than  that  now  in 
use,  or  that  dctcribed  hj  Uareut  GnKut;  which  wat 
Chiety  owhig  to  die  weahnrtt  of  their  first  pieces.  See 
GOW  and  CaviIOW.  Of  33  different  compositions,  used 
at  different  tinicn,  and  inenlioiied  by'I  arlaclia  in  liisC^ues. 
and  Inv.  lib.  3,  c|Ue».  5,  the  first,  vdoch  was  (lie  ohlist, 
contained  equal  parts  o!  the  iliree  niiin  ilients.  J'.i'i  \(i;<  ii 
gun*  of  miidotii  stnicture  were  introdudd,  ^innpondcr  of 
the  s-iiiii  t  III  1; |i  .siiion  a>  llie  prues  1  c  1:11'  also  into  use. 
In  the  time  ot  I'artaglia  the  cannon  powder  was  made  of 
4  parti  of  nitre,  one  of  sulphur,  and  one  of  charcoal ;  and 
the  musket  powder  of  48  purls  of  nitre,  7  parts  of  sulphur, 
and  8  parts  of  charcoal ;  or  of  i,s  parts  of  nitre,  2  parti 
of  sulphur,  and  3  parts  uf  charcoal.  But  the  modem 
camposilion  is  6'  partis  of  niin-,  to  one  of  each  of  the  other 
two  ingredients.  Though  Mr.  Napier  layt,  he  linds  the 
ttmigtb  commonly  to  be  grealett  when  the  proportiooa 
are,  nitre  3lb,  charcoal  about  Su,  and  •nlphuraboat3oa. 
See  his  paper  on  Gunpowder  in  the  TnuMcHont  Of  the 
Royal  Irish  Academy,  vol.  2.  I1ic  cannon  powder  was  in 
meal,  and  the  mu<<ket  powder  grained.  And  it  is  certain 
that  tile  ci^aininj;  of  powder,  which  i-.  a  veiy  considerable 
advanta:;e,  l»  a  luodetii  improvement.  Seethe  preface  to 
IloLins's  Math.  Tracts,  pa.  3?. 

Ill  making  pun|i(u\(ii  r,  regard  is  to  be  had  to  the  purity 
or  ^njiHliifss  r,(  rhi'  ir-L':'iii'.  Ills,  ;is  \vi  II  ai  the  proportiursof 
tlieiii;  ti  J  the  streniJili  ol  the  powder  depends  much  on 

that  cKciKii^tance,  and  altO  OB  thO  fmjftt  Wefhisf  OT 
mLxing  thein  together. 

To  purify  the  nitre,  by  taking  away  the  fi.vt  or  common 
salt,  sum!  earthy  part.  Dissolve  it  in  a  quantity  of  hot 
water  over  the  fin;  then  liltraie  it  through  a  flannel  bag, 
into  as  open  veaicl, and  set  it  aside  to  cool,  and  to  ciyttal- 
Ueb  Thne  ciyMdi  may  10  like  manner  be  diiiolwtd  and 
ciytlaUlaed  upiui  end  so  on,  till  they  beeiMaei|ttitepuj« 
and  white.  Then  put  thes^B  ciysiah  into  a  dry  kettle  over 
a  moderate  fire,  srbicb^adually  increase  till  it  begins  to 
smoke,  evaporate, lose  its  humidity,  and  grow  very  white : 
it  must  be  kept  continually  stirring  with  a  ladle,  leat  it 
shuold  return  to  its  former  fipure,  by  wtiirh  its  grca'inos 
would  be  taken  a«  ay  :  alter  si  hukIi  »a;er  is  \n: 

poured  into  thr  keltic  as  will  rtner  the  nitre;  and  vehen 
It  i<  dissolved,  and  reduced  10  ilic  consistency  of  u  thH  l< 
liijuor,  it  mutt  be  continually  slirred  with,  a  ladle  till  all 
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llie  noistuic  a  nftin  evap>iMed,aiui  it  be  leduced  fu  a  diy 
«wi  «hUe  meal. 

The  like  itgani  it  tv  he  had  to  the  Milphar;  ehfoiiag 
that  which  u  Hi  UWge  lumps,  clear  and  perfectly  yellow ; 

not  \riv  hard,  nor  conipaci,  but  porous;  nor  yrt  too 
much  sliitiiiig;  anil  if,  when  »et  on  riif,  il  !r<cly  burns  all 
n«av,  il  i»  n  si^n  ol'  iti  ;;ooilni's«  :  tiki  'M^c,  it  it  Im- 
prcb-i'-d  lictwccn  ttto  iron  ['l  ilt-s  that  an-  ln>t  ^  iiiiu_;h  to 
i(iak^ it  run,  ant]  in  llic  tuniiitin  n  iipjiriii-v  m  lli>»,  imJ 
thi*t  which  fpm.iiii^  of  a  rrd.ii-h  col  nir,  ii  i.  t(i<  n  fit  lor 
tin:  |niipiiS4-.  liut  III  r;iM-  It  Im  IouI,  It  iiiiiy  Or  juirh'ii'ii  iii 
(1:^  manner;  melt  the  sulphur  in  n  Itir^^c  iron  Indlo,  or 
[.  •■,  luer  a  very  gentle  coal  tire,  »<ill  kindled,  but  nut 
llaiuing;  then  kcum  <itf  all  thnt  ri^es  on  thi'  top,  and  awiau 
upon  the  (ulphur  ;  luki'  il  pr(  !.<'mly  iiltt  r  irom  ths  fire, 
and  strain  it  through  a  double  lineo  cLulh,  Iviliag  it  pass 
IdsurtHy;  m>  mil  it  be  pure,  the  gnn>  OMMtcr  remaining 
behind  in  the  clotli. 

Wat  the  chueoat,  the  third  iajradierit,  Miefa  sb«ald  be 
•heacn  as  is  lar|>e,  elter»  and  irea  fm  knoia,4vcll  burnt, 
and  cleaving.  The  charcoal  of  liftht  wood*  i*  muellyprc- 
£rn«d,  in  ttif  willow,  and  that  of  the  bmncfaes  or  twiL^s  "f 
«  inotlcrutc  thickneiis,  ai  ofan  inch  or  two  in  iluinu'ter. 
IKj^vvooii  is  now  much  estrriN-.  il  1'ir  tliii  pii:[M^r.  And  a 
nii'lliod  ol  cliarrinj!  the  wood  in  a  iargi'  ir^u  r'l.in'I'T  has 
lately  be«-n  rccomniemli'd,  uf.d  indred  pioM-d,  a*  vhI  iiii^ 
lietter  charcoal  than  lorinerly.  I'he  cliitrcoal  not  inlv 
conrui5  with  tlie  sulphur  in  supplying  thi'  iiillamniable 
matter,  uhicb  cauies  the  detonation  of  the  nitre,  butaiao 
greatly  adds  to  the  explr>sive  power  of  it  by  the  qusntity 
of  clastic  vapour  exptdU-d  durin>;  its  coiiibu^ilioii. 

These  three  ingredient*,  in  llit  ir  piinit  siatc,  l)cingpro» 
cured,  king  experience  has  ahown  tbai  they  are  tiKsn  to  ha 
mixed  tofether  in  the  proportion  befon-  mentioncdi  tn 
lia«a  iba  beK  elect,  via,  three«quanent  oi  the  compoaition 
to  ba  aitiOb  and  thcother  quarter  made  up  ui  equal  ptirti  of 
tba  other  tvro  in<;redienl*;  or^^which  i>  the  HMpe  tbtag,  6 
paita  nitre,  I  part  sulphur,  and  1  part  charcoaR 

Bat  it  ii  not  the  due  pmp-ii  lion  of  the  muterinls  only, 
which  i*  necessary  to  the  niakiir^  iit'aood  pmvdcr  ;  annthrr 
circurastanri'.  not  Its',  risenli.il,  k  tiie  hmmh^'  tin-  i  uill 
together  :  if  tins  lio  not  eliectUKllsdone,  some  pa^^^  ol  !iic 
i'fiiipn»ition  will  have  too  inucli  intr<'  i.i  them,  and  others 
too  little;  and  in  either  cum-  tliere  will  tie  a  delect  of 
Strength  in  the  pov\der.    Rolji:i4,  pa.  1 1;^ 

After  the  materials  have  been  reduced  to  tine  dust,  they 
are  mixed  together,  and  moiitaned  with  water,  or  vinegar, 
•r  orine,  or  spirit  uf  wine,  tec,  and  then  beaten  together 
with  wooden  p«'st|p«  for  2*  houri-,  t  iiher  by  hand,  or  by 
mills,  and  afterwards  presied  into  a  hard,  firm,  and  solid 
cakeu  Whan  dry,  it  is  grained  or  corned ;  which  Is  done 
by  breaking  the  cake  of  powder  into  small  piccsa,  and  so 
nuuiing  it  through  a  sieve;  by  yhich  means  tiw  gnias 
laaxbave  any  size  given  them,  according  to  the  nature  of 
tba  sieve  employed,  either  finer  or  coarser ;  and  thus  also 
tlie  dost  ii  te|tanit>jd  :> uru  the  grains,  and  a^^nin  mix' d 
with  other  mi(uut.tctuiiiij;  powder,  or  worked  ogam  iiiio 
cakei. 

Powder  is  smoothed,  or  glased,  as  it  is  talK  d,  for  small 
arms  by  the  following  operation:  a  hnilow  cslmder  i  r  cask 
IS  micaited  on  an  axis,  turned  by  a  wheel;  tlll^  ca»k  is  half 
filled  witii  p.iivcier,  and  t\irned  for  6  hours;  and  thus  by 
tiie  mutual  friction  of  the  grains  of  powder  it  is  smoothed, 
or  glased.  The  firie  mcvy  part,  thussopmltd  wm 
aff  from  the  rest,  Is  agnagpMtiUtcd. 


m  NaiMn,  ^flKU,  4m,  qf  AaMitr<— When  lha  fowdrr 
k  pnpaitd  is  above,  if  the  least  spaii  b»  amick  apoa  it 
from  a  siM>l  and  dint,  the  wbola  tirill  i«««diaialj  loAaaM^ 
and  bunt  forth  with  extreme  violetice.— The  edect  is  by 

iiii  in.  Lins  diirici4lt  l'>  account  for:  thcchnrcuHl  part  uf  the' 
pram  upoiiwliicli  tl,-.-  Sj'Hik  lulls,  eati  hing  lire  like  tindj  r, 
the  sulphur  and  nitre  aif  readily  meUei:,  and  the  former 
aUi)  break*  into  flame;  the  ( oiui;;iiiius  giHiii^,ut  (he  ^ai.  c 
tinii  iiudei,;!  ing  tin  v.uih-  detonip-j-iluiii. 

Lpoii  tliiN  [M:nt  S  r  l-.i.ir  N.  \iriin  i.  iitoiis  thu»:  The 
charcoal  and  sulphur  ;!i  ^un|i j.  .  ■  i  ea  ily  lake  lire,  auii 
l(indle  the  nitre;  and  iiu-  spirit  ol  th<  iiitrc,  bnni^  lh<  reby 
rarclifcl  into. vapour,  rushes  out  vmiIi  an  e\pio>non  iin  cli 
after  the  manner  that  the  v4|>onr  oi  w«rtcr  i  u^I.es  out  of  an 
coUpiW;  the  sulphur  also,  bi-ing  vmiatite,  is  converted  into 
vapour,  and  augments  the  e.s plosion:  add,  that  the  acid 
vapour  of  the  sulphur,  u»n>cly  that  which  distils  unifer  a 
bell  iaie  oii  of  aaiphar,  entering  violently  into  the  fixt  body 
of  lha  aitra,  lets  Mwn  spirit  of  ihc  nitie,  andexcilw  a 
greater  fiermentBtios^  by  whicb  tba  hcaf  ia  litiAcr  ao^ 
mcntad,  and  iho  fiat  bodj^  of  the  intra  is  alio  raiafiad  into 
fume;  and  the  exploiioa  m  cooaeqacnca  made  mofa  vabo* 
ment  and  quick. 

For  It  sail  <d"  tartar  be  mixed  with  gunpowder,  and  that 
mixture  hv  uarnie<i  till  it  lakes  fire,  ihe  explosion  will  be 
tar  more  violent  and  i  .ipi.l  tliuli  I'lat  ofguiipouder  alor.e  ; 
which  cannot  |ii>K>'id  itutn  any  other  csum',  than  ihcac* 
tion  of  ilie  \apiHir  oi  the  |^npow  der  Upon  tba  salt  oflanhr,  ' 
by  which  that  sail  i->  rarefied. 

Tlie  explosion  uf  gunpowder  tiierefoic  arises  fiotu  tbc 
vtoleat  action,  by  which  all  the  mixture  beir.i;  quickly  anti 
vebcnMnlly  heated,  is  rarefied  and  converted  i:Uo  lume  and 
vapour;  which  vapour,  by  the  violence  of  thai  action  bo- 
ooming  so  hot  aa  to  i>tiine,  appears  in  the  form  uf  a  flame. 

Uf .  Laliire,  in  tba  History  of  the  French  Academy  ■ 
far  iroSfasciibwallthie  farce  and  efiiect  bf|unnowri«rto 
tba  sibling  or  elasticity  of  the  air  inckiaed  in  tba  fevcral 
grains  of  it,  and  in  tbe  intervals  or  spaces  between  tha 
grains  ;  the  powder  being  kindled,  sets  [he  springx  of  so. 
man)  littli-  |>arcels  of  air  into  action,  and  dilutes  them  all 
at  otice,  whence  tbe  elTeCt  ;  tlic  powder  Itself  (Mily  ser\  i^^  to 
light  a  lire  which  may  put  the  nir  in  itetion  ;  alter  umth 
the  wiiiile  l^  prrlornied  hy  the  air  alui  i  - 

lint  It  appi  ars  from  ihe  expcrimenli  .ind  m  srrvalHins 
of  j\lr.  RobiiK,  that  if  tlii>  air  be  in  Us  iiiitnral  Mate  at  the 
lime  when  the  powder  is  tired,  the  liiealest  addition  its 
elasticity  could  acquire  from  the  flame  of  the  explosion, 
would  not  amount  to  fire  tiroes  its  usual  ijuantity,  and 
therefore  could  not  suffice  for  the  soOtli  part  of  thl>  eflbrt 
which  is  exerted  by  Jircd  powder.  To  understand  the 
force  of  goapowder,  it  must  be  coii>idercd  that,  whether  it 
be  fired  ia  a  eacoam  «r  in  air,  it  products  by  its  cxphMion 
a  permanant  elaatic  Aaid.  See  Pbilos.  Trans.  Ma.  f!l5 ; 
also  Hanbaba^a  Fbyi.  Medan.  £x^.  pa.  8 1 .  It  aharsmx. 
pears  from  experiment,  that  tha  elasticity  or  prenuic  of  tm 
fluid  produced  by  the  firing  of  ganpowdcr,  is,  OKetif  pa> 
ribus,  directly  as  its  dniMty. 

In  order  to  lU  t'  i  niin.  the  elasticity  and  quantity  of  this 
elastic  fluid,  prnduri  r,  fnit.i  the  explosion  of  a  given  qiian- 
titv  ol  nnnpowdi  r,  Mr.  llobins  premises,  that  the  elas- 
ticity of  this  lluid  inti  1  i^M  i  by  heat,  and  dirainisJiet.  by 
cold,  in  the  same  manm  r  '■■  emnmun  uir;  ami  that  the 
density  of  this  fluid,  and  cuii>ei|uenlly  us  weight,  is  the. 
adma  witb  the  weight  of  an  ei|ual  bulk  of  air,  having  itic 
flhrticitl  and  tha  same  temperature.   From  these 
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principle*,  and  from  tbe  experiment*  which  tlcy  arc 
nublithed  (for  a  detail  of  which  w«  mast  refer  lu  tin- 
buok  itadf,  ao  ofiten  died  la  the  preceding  article*),  h«  con- 
clnda  that  the  fluid  produced  hy  the  firing  o(  Kunpowder 
k  Marly  of  the  wng^i  of  the  ntncrating  powder  iuclf ) 
and  th^  tbe  volume  or  bulk  of  liii>  a'lr  or  lliidt  when  ex- 
panded 10  (he  rarily  of  common  atmosphrric'airf  la  about 
CM-  times  ihf  bulk  of  llio  said  gcncrtitiii!:  powder;  and 
«; nil  I  irn.  |iivnri|  to  Id'iio  tiirA-  tlx-  hulk  it  ipctu- 
picil  i;i  tlu'  iiilu'  I  I  riici^,  iol.  3,  |»a.  JOJ).  C  i  iiiif  N.iIul\', 
ill  l:i*  MiM  '  ..  I'liii.  Malhi  m.  Jioc.  I'riv.  Taurm.  p.i.  l  .!5, 
inaki'^  llic  prupitrtiuu  as  1'i'2  to  I  ;  which  be  Mty»  agrvc* 
N\ :  1 1 1  I  ii  e  computalion  of  Men.  Uanktbcc,  Ajnontans,  and 
IkhUor. 

liriicc  il  ii|i|MMt>,  that  any  quantity  of  powder  tiicd  in 
any  contim  il  s\y.nt;  ulii<-h  it  adequately  fill*, exert*  at  the 
inatant  of  iis  c-.\|>i<iMim  againitt  tho  tides  of  the  veoel  con- 
taining it,  and  the  budifs  it  impels  befoic  it,  a  force  at 
lent  2<U  limes  greater  than  the  elaatidty  of  common  air« 
or,  which  is  the  sane  thing,  than  the  prmore  of  tbe  atfflo* 
qthcfu  i  and  ibb,  witliottt  considering  the  atval  addition 
ariiim  from  the  violeni  (lci;n-c  of  facat  with  which  it  it 
endued  at  that  time;  the  <|uiiniity  of  which  auKmentation 
it  the  m-xt  head  of  Mr.  Kobin!<^cni|uiry.    lie  determines 
that  the  eliisticiiy  of  the  air  h  iitcrcusi-J  in  ii  prupi>riiun 
Miiurwhat  givairi  ili.iii  (ii,u  iit'  V  in  i,  !%lu  ii  lic-.iii'il  to  the 
rxlrctticst  heal  ul  rv  <l  Imt  irmi  ;  aiul  -.,i|ipii-nii;  thai  the  Hume 
c'l  llii'il  yii '^ihivmIix  i>  not  <i|  a  k•s^  (li'tjn'v  ul   in  , it,  liieTcrt- 
n\siJ  the  turiiici  iiutiilier  il  lillk'  iimri'  tliiiit  4  tiiiit  »,  iiiakp» 
nearly  1000;  which  shdws  that  tin  el.i'.nrity  i>(  the  Hanic, 
;il  the  inuini  nt  o(  c.\pl<Kion,  is  about  KHU)  times  stronger 
llian  the  elasticity  of  coinrnon  air,  or  than  the  pressuiv  "f 
the  atmosphere.    Itut,  from  lliv  hcij;ht  of  the  barometer, 
it  n  kaoamthal  ibepteasare  of  the  atmosphere  upon  evi  ry 
aquai*  inrh,  it  on  a  ttedtum.l4^ilb ;  and  therefore  1000 
ttma  this,  or  UT^Olh.  it  tbe  force  or  pressureof  the  flame 
of  f uupowdeff  at  the  moatent  of  cxplusion,  upon  a  aquaie 
ineii,  which  it  eery  nearly  equivalent  to  6  torn  and  a  half. 
And  it  i*  proiml  bt  my  IVacts,  vut.  3,  that  tfa*  Cite*  it 
more  than  double  of  tbit.  This  tin-»t  fbrc*  however  di- 
minilbes  09  the  tluid  dilates  itself, and  in  that  pro|H>rtinn, 
rix,  in  proportion  to  the  spare  it  occupies,  it  being  only  half 
the  strength  uheri  It  occ<jpie>  a  dotible  space.  One  third  the 
Uretlf^th  when  liipli-  lln-  space,  and  so  nn. 

•Mr.  |{ul>iri>  iurlluT  sU|)i>iisi.s  the  ih'i;iefaf  he. it  bIkivc 
mentioned  to  be  a  kirul  <i|  imiliuiii  heii!  ;  but  that  in  the 
cav  of  large  qijuiiilties  nl  powder  the  heai  \>  ill  be  hijjht-r, 
and  in  very  ^!aalI  quantities  iimer;  and  tiiat  thereloie  in 
the  former  ca>,<  the  (orce  will  l-e  soiin.  Ahat  an. re,  and  in 
the  latter  50HK-H  nat  !c-«s,  than  1000  tiinrs  llie  Im  cc  cr  pies- 
surc  of  the  almu^pin  re. 

He  iuriher  found  that  the  strength  uf  iivwder  ia  the 
tame  iii  all  variations  in  the  deiitiqrof  the  atmoipbere. 
But  that  the  moiature  of  tbe  air  hat  a  gntat  effect  upon  it ; 
for  the  fame  qoantiqr  wfaidi  i«  a  dry  wuaon  would  di»! 
cbaife  a  bullet  with  a  vdoriqr  of  ITOOfect  la  oaeateiMtd, 
will  not  in  damp  weather  give  it  a  wlocily  of  more  than 
18  or  1300  feet  in  a  second,  or  even  less,'  if  the  powder 
be  had,  and  improperly  kept.  Uobins's  Tracts,  vol.  1, 
pa.  101,  &C.  Fartlii  r,  as  tin  ri'  i^  a  terlain  (jiiaMily  ol' 
water  whieh,  wlu:i  n>i\<  d  jHiwcier,         pit     iit  its 

fir.n;;  at  alJ,  it  raiiiiDt  be  doubted  but  every  decree  of 
mo lire  iiiust  abate  the  violence  of  the  explosion;  and 
hence  ilie  LHecLs  of  damp  punkf  aK  oot  dukiilt  to  be 
accuuiiLcU  fur.       '  ^ 


!i  is  to  be  olm-rved,  however,  that  tbe  moittareimltibed 
hy  powder  does  not  a-ndcr  it  icsB active  wbea  dried  agpin, 
Indeeji,  if  powder  he  exposed  lo  very  great  dampt  without 
any  caution,  or  when  common  salt  aboundt  ia  it,  at  often 
bappcnt  thfiMigb  ne^igRtce  in  refining  the  nitfr,  in  neh  ' 
cases  tbe  roorsiure  It  imbibct  may  perhapr  be  tuflicient  to 
dissolve  some  part  of  the  nitre:  which  is  a  perinuiient  da- 
mage tiiat  no  diyiny  can  retrieve.  Hut  tt  lien  tolerable  care 
is  l:iken  in  pit  SI  i  viiij  |'i>\\  ilcr,  ri.iI  ■  mTf  ii  l^  rwmno"-.  J 
ol  bus  been  will  put .1  tr'ini  cuniinon  )ial(,u«ili  n  tain  us 
force  lor  a  long  uum  .  anil  il  is  <iiid  tbnt  powder  lias  bcvn 
known  lo  have  Ineii  pv.^.i  tmiI  lor  .i(>  years  willKiut  any 
apparent  dai.ia^i-  tiniu  us  a^e 

'I'he  \elocity  ot  expansinn  ol  the  tlame  ol  gunpowder, 
when  fin  d  in  a  piece  of  artillery,  without  either  bulh  t  or 
other  body  placed  before  it,  is  prodigiously  great,  vij, 
7000  feel  |H  r  secnod.  or  upwards,  as  appears  from  the  ex- 

E>rimcnt»  III  Mr.  Uobins.  Uui  Mr.  liernoulli  as  well  at 
ulcr  suspect  it  IS  still  much  greater;  though  I  havefufnd 
it  to  be  miwh  ibc  same  at  Mr.  Rofaint.  siw  »y  Tracia, 
vol.  3,  pa.  306". 

It  is  this  prodigjout  Celerity  of  expaniioB  of  the  flame 
of  fired  gunpowder,  which  iaitt  peculiar  exedlenee,  end 
the  circiinisiancc  in  which  it  ao  eminently  surpasses  all 
other  inveiuiotis  either  ancient  or  modem  :  for  as  to  the 
monK'ntiiiu  id  tln  si-  |,.i iip  rtiKs  (inlv,  many  of  the  warlike 
niachiiuti  ol  tbe  isiu  ieiili  prmiuti  <l  this  iti  a  degree  far  sur- 
pa^sint;  thai  of  our  bea\ n  st  eutinnn  >hiil  <ir  shells:  but  the 
great  reli  ritv  sTiven  Vt  (in-se  bmlies  caiiiiut  be  in  tlie  Icu^t 
appru.u  III  <l  In  iiiiv  ntlit  r  nn  ans  than  the  Hnmc  of  powder. 

To  prove  (iHiipiiwdcr.  '1  here  arc  several  ways  of  doing 
this.  I,  liy  si<!lil :  thus,  il'it  be  too  black,  it  is  a  iiglttliat 
it  is  moist,  or  else  that  it  contains  (00  much  charcoal ;  SO 
also,  if  rubbed  uj>on  while  paper,  it  blackens  it  more  thait 
good  poMder  dues :  but  if  it  be  of  a  kind  of  axure  colour, 
lemewbat  inclining  to  red,  it  is  a  proof  of  good  powder. 
S,  By  .toufbii^:  for  if  in  cnwhiqg  it  arith  the  finnn' 
ends,  thefmnt  break  catily,  and  lum  into  dut^  wtthevt 
lbclitghanl»it  has  too  muclicaaliail;  oriA  in  pnmiBg 
it  under  the  fingers  upon  a  imooth  hard  board,  tome 
grains  feel  harder  than  the  rrsl,  it  denotes  that  the  sul-' 
phur  is  not  well  mixed  with  the  nitre.  Also  by  thrusting 
the  band  iiil<>  tin'  paicel  ul  pinvdi  r,  and  grasping  it,  as  if 
to  lake  (lilt  liar.i'lijl,  \i>n  will  ti  h1  whether  it  be  dry  and 
eijually  grained,  by  lis  evadmt;  ihe  s;rasp,  and  running 
iimslly  out  ol  tin-  liard.  .5,  By  burning  :  and  here  the 
nietil'id  most  ciiniiiKinly  lidlowed  for  this  purpose  with  US, 
says  .Mr.  Ilobins,  is  to  tire  a  small  heap  of  it  on  a  clean 
board,  and  ti>  attend  nicely  to  the  flame  and  smoke  it  pro- 
duces, as  well  as  to  the  marks  it  leaves  behind  on  the 
b<j.'trd:  but  bnidct  this  uncerlun  method,  there  art 
other  conirivancct  mide  uae  oi^  such  as  powdor.trien 
acting  by  a  spring,  cipnmonly  sold  at  the  shops,  and 
othm  afun  that  move  a  great  weigbt,  ibrowiag  it  np> 
wards,  wbtth  is  a  vny  Imd  tort  of  eprouvrtle.  But  dieae 
machines,  tayt  Mr.  Ilobins,  tbot^  mor6  perfect  ihnn 
the  common  ppwdcMiiers,  are  yet  liable  to  tcrrat  irregu- 
larities; for  as  they  an*  all  moved  by  the  inslantaneuus 
stroke  of  the  flame,  and  nol  by  its  continued  p-rcssun', 
liny  iln  nut  delirniiiie  tlii'  jinfi'  iil  tlu-  hied  ]  '  u  .'  f  uiih 
su!ii<  li  nt  <<  rl.tinty  and  uniturinitv.  -Aiiolher  nu;!liud  is 
tn  |uiIl;i'  Iriiiii  the  latii^r  civi'ii  ti>alaiL;e  ^olid  ball,  thrown 
Iriiiii  a  very  sjnjit  inintar,  eliarged  with  a  small  quantity 
of  powder;  wbicli  is  also  an  uucertain  way,  both  on  ac- 
count of  the  great  disproportion  between  tbe  weight  of 
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ibe  ball  aad  powttert.and  iha  lUMiial  miatance  ctf  the  itwitb  vinafir,  walar,  nri^  «r  bniady ;  they  then  beat 
•ir;  ndttomentioiitbath  is  too  lodiooi  to  provt  bugB  '  it-linr,ciftiti^nd  to  ovary  pouiiil  of  powder  add  anoanee, 
qnantitja  of  powder  in  tfak  way ;  for,  **  if  cueli  horiel  of  or  an  ounce  and  a  faal(  or  two  ounces  (accoiding  ai  it  k 
IMwdcr  was  to  be  proved  in  tnia  manner,  tbe  troable  of  decayed),  of  adieit  oiiia }  and  afterwards  these  ingtadi- 


cbarging  the  murtar,  and  bringing  back  the  Imll  escb 
time,  wouitj  be  intolerable,  and  the  delay  so  great,  ihat 
no  busint'»  ol  lhi>  kiiiil  could  rvi  r  be  Iiiii^Ik  il  ;  itiid  if  a 
iiuniU  r  ol  hariilsuio  recelM-il  oi\  tlif  iii.  i.i  m  n  i-  w.  it  i^ 
firfiit  uddh,  but  sonn*  iMd  nuoi  wcmlil  br  aiiKnig  tluni, 
wlilcli  iiiity  i>rovi- a  Er<»l  oi-i«|>()Ointiiniu  in  liiui*  ol  ■■•  i- 
vicv."  TliOf  i-.\C('))li-'riN  do'  '•  iKn»;i\>  liolil,"  coiidiiio  * 
iMr.  Ri>bin>>,  ";in«iii>t  llir  irt-ilii"!  I:\  «liirli  I  ii<ivc  liin! 
thi'  coiiiparHlivL-  !>tri'ii^lli  oi  ilukrcnt  kimU  i.l  |)m\\<1(  i, 
wiiicb  ban  been  by  ihe  actual  velocity  given  to  a  bullit, 
by  Kich  a  i)uiintity  ot'  powder  a*  i»  UMUtlly  esteemed  a 
proper  cbarne  for  the  jiiecp;  and  as  ilii<>  velocity,  bow 
aver  great,  is  ca>iiy  <li>.c.)vired  by  the  inuliun  which  the 
pendulum  acquire*  from  the  stroke  of  the  buUel,  it  might 
Scam  a  good  nmeiMlment  to  the  method  need  by  the  Ftcncb 
(vii,  that  of  the  small  uiottar  abo«c»iDentioBed)  to  intMH 
ducc  this  trial  by  the  pendulum  instcsd  of  It  But  though 
I  am  latisiied,  that  this  would  be  much  more  accurate, 
less  laboriuu«,  and  readier  than  the  other,  yet,  as  there  is 
-Seine  little  iiltenti<in  iiiiil  chuIioii  n-i^utr"  !!  in  ttii»  priiclice, 
which  inigia  render  it  ot  le»>  <)i-patcli  tliaii  niiulit  be  con- 
NPliielil,  when  H  great  niiiiili  i  .  :  li  ii.i.  K  n  lr>  be  yepa- 
rately  tiicd,  1  should  mysilt  cIioom'  to  iirjtii>o  unoilu r 
metliod  not  less  certain,  but  prniii^ioii^l y  nmre  expedi- 
tious .  so  that  I  could  engag*',  that  tlie  weigliing  out  of  a 
»ninll  parttl  ol  powder  from  each  barrel  should  be  llie 
grcatesit  part  uf  the  labour;  and  doubtless  tbtee  or  lour 
hands  could,  by  (his  means,  exsniine  500  IWRPk  in  a 
morning:  bcsidcsi  the  machine<i  for  this  purpose,  as  they 
■igbt  be  made aif  Cast-iron,  would  be  so  very  cheap,  that 
tii^ might  be  multiplied  at  pleaaure.*   Uobins,  page  ISS, 


.•Ma  ata  to  be  awistefled  and  well  mixed,  so  that  nothing 
may  Jw  ditcerttwl  in  the  composition,  which  may  be 
known  by  culling  the  naaa,  and  then  they  gnnuiaie  it  aa 

ustlul. 

Ill  ease  till  p  luih  r  Ijc  <p;  it,  .iU';i ,  lln-  lui'i y  u  :'. v  Is  to 
ixtiact  llie  ki,l:p>'ln'  vviiii  uatei,  in  ila-  ujuiil  way,  by 
boilin,',  liltiriliui:,  ruipiiratin^.and  cryslnllizin^;  and  then, 
wilh  Ir.^li  -iilpaur  iiiiii  charcoal,  to  make  it  uji  again. 

O  l  I  !■  ■.ulijici  i'\  j;LiiLp  )wder,  see  aUo  Kuler  on  Ro- 
biivs's  Ounncry,  Aiituni  Lxamen  do  ka  I'ouilrc,  Battme^ 
Chemistry,  and  Thompson's  6xperimen(k  in  the  Philoi. 
Trans,  fur  17  81. 

GUNTEK  (EouuKP),  an  excellent  Kn^lish  mathe> 
maiiriao,  was  born  in  tiettt'ordsbire  in  I6Sl.  He  was' 
euucutcd  at  M'estiniiuier-scbool  under  Or.  Busby,  and 
frum  thence  was  elected  toChrail-ehurdioolhgej  Uxfotd, 
in  ISS9,  where  he  looh  tbe  degree  of  master  of  arts .  in 
tfi06,  and  afterwards  entered  into  ho^  ordert.:  and  in 
I6l5  be  took  the  degree  of  bachelor  of  divinity,  liut  be- 
ing particularly  dbtinguisbed  for  his  muiliemuiical  ta- 
lents, when  Mr.  Williams  rwigned  the  profeMonsliip  of 
iislioiKiiny  in  Gre»liaiii-collef;e,  Luinion,  Mr.  l.j(int<  r  W!e> 
tri<j.-i  ri  to  succted  hini,  the  Olh  ol  .\luitii,  Itiiy  ;  wlieie 
he  greatly  distniauiihed  himself  by  his  lecture-s  and  wri- 
lini;?,  and  v»liere  he  died  in  l(>'2(i,  at  only  4,>  yearii  of  age, 
to  ilic  iiifiit  los,>  of  the  niatbeiiiulical  world. 

Mr.  (iuntcr  was  the  author  of  many  useful  works  and 
inventions.  About  the  year  l()06',  he  merited  ihc  tale  of 
an  inventor,  by  the  new  projceliun  of  his  Sector,  which  he 
then  described  in  a  Latin  treat  im-,  not  printed  however  till 
some  lime  afterwards. — In  1(318  he  had  invented  asmall 


It  IS  not  certninly  km/>WB  what  mignt  tie  the  porticiilar  portable  iiuadraiit,  lor  the  more  readily  finding  the  hoar 
oooatruction  of  tbecprousitM  hern  hioled  at,  but  it  waa  and  asimntht  and  otiier  useful  pnrpoae*  in  aatraBomy<^ 

-  "  '   ■•■      — "      And  id  1680  or  ifiM,  he  puldiihed  bnCkimTrua^ 

hnam,  or  Tkble  of  Artificial  Sines  and  Tai^nts,  to  to* 
radius,  10.000,000  parts,  to  e«e^  minute  of  the  quad- 
Nut,  b«ng  the  first  tables  of  this  kind  published;  together 
with  the  first  1000  of  Rriggs's  logarithms  of  common  nutn- 
bers,  which  »ei  L-  in  later  editioiiM  xtciuled  to  U),(K)0  nuni> 
iH-rn. — In  IfijJ.  iiO  distovereit.li)  e.Np'  riinent  inadeat  Dept- 
ford,  the  variation  or  chaii;;eiil)ii-  liei  ItiKitioii  oi  thr  luu;;- 
lietic  needle;  hi'*  cxpcrniient  sliowin4  th.a  ihc  lii  cluiation 
had  varied  ,i  in  tlie  vpiiic  ol        \<.ir'-;  and  the 

same  wa»  coiiiinned  and  estubiishul  by  his  succii>sor  Mr. 
(iellibrand. — He  applied  the  hig.trithiiis  of  iiuinliers,  and 
ol  sines  and  laiigents,  to  sirai^ht  lines  dcawn  on  a  scale  or 
ruler;  with  which,  proportions  inoommoo  numbei^i  and 
trigonometry  were  rc5olve<l,  by  the  more  application  of  a 
pair  of  romp.isses;  n  inethiM  founded  on  this  property, 

 ^_  ,     that  ihe  logantbms  of  the  terms  of  equal  ratios  aqui* 

lhli|i|i|iiili  the  same'  quantiUf  of  the  aauw  Ikfaid  dMierant.  This  waa  called  Guniei's  Praportioa,andOai»> 

.  -V  1.  yjj,  J  ami  the  instniment,  in  the  form  of  a  two-foot 

scale,  is  still  111  OOllllllOQ  use  for  imvigatioB  tmd  other  pur« 
poses,  and  is  commoitly  called  the  Gonter.  -  He  alao 
greatly  improved  the  sector  and  other  instruments,  for  the 
same  uses ;  the  description  ofall  which  he  published  in 
— lie  introduced  the  common  inriuiurins;  chain,  now 
consiantiv  om-iI  i-j  land  surveyins,  which  is  thence  called 
(jiinteT  s  chain.  —  Mr.  Gunte^drew  ihi- lines  <ili  the  dials 
in  W'liiti'hall-garden,  and  wmtc  tln'  ih  -ii  jitn  n  lui.i  u.,c 
of  them,  by  the  direction  of  Prince  Charles,  lu  a  stnali 


Cbably  a  piece  of  oednaaca  suapeaded  liha  a  .pendil- 
as  n^  ha^nnado  assciil  Mferimaola  wkh  *  banral  in 
that  manner.  '  Be  thia  bowesAr  U  it  may.  acwnal  persons, 

frum  those  ideas  and  experiments  of  Mr.  ItobiiM,  have 
made  eprouvcttes  on  this  principle,  which  nppenrs  to  be 
itie  li<-t  1)1  aiiv  ;  iitio  on  this  nlni  aUo  I  I'.avr  lately  rnaile 
u  inaciimu  li»r  tins  ptirposi',  \v'ueli  has  several  [.u'Culiar 
Contrivanees,  an.l  ,hU.i:iIiil;'.'s  over  all  olliers,  bo'ii  in  llie 
nsluri'  ol  I'.s  iiiti'.ioM,  and  the  liivisioiis  oi)  IIS  arc,  cVc.  It 
isiSSlOHll  caution,  liir  linre  ol  wliirh  is  about  one  inch  in 
diameter,  and  is  nsualiy  char!:e<l  with  2  ounces  ol  pow- 
der, and  with  powder  only,  as  a  ball  is  not  neces-afy,  and 
the  strx-ligth  of  the  powder  is  accurately  shown  by  tin-  arc 
of  the  gun'i  recoil.  The  whole  machine  is  so  simple,  easy, 
and  expeditious,  that,  as  Mr.  Robins  observed  above,  the 
[Of^  powder  is  the  chief  part  of  the  trouble  ; 

1  uniform,  that  the  successive  nweti* 


afc|Wi<ler,  Mdom  gave  a  dipbamoe  ui  ^  recoil  of  the 
iOOth  part  of  indt  Sea  fba  construction  aad  use  of  this 
epiowvette  in  my  Tracts,  vol.  3,  tract  33. 

To  recover  damaged  Powfer.  The  incthofi  of  the  pow- 
der merchants  rs  this:  they  put  part  if  liie  powder  on  a 
i.'iil-cloth,  to  tvhich  ihey  add  an  equal  weiulit  of  what  is 
really  eooil  ;  then  w  itli  a  sliovel  they  mingle  it  well  toge- 
ther, dry  it  111  the  >uii,  and  barrel  it  up,  keeping;  it  in  a 
dry  and  proper  plare. 

Others  again,  if  it  be  very  bqd^  leil^re  it  by  moistening 
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tract  i  which  he  BfUTw;tiil»  prinU><l  at  the  desire  of  King 
JUMt,  in  I(>34.— ilr  was  the  lirtt  who  UMsi  thu  Mofii  co- 
•iiM^  for  the  tine  of  the  cumplctnent  of  an  arc.  He  ako 
introduced  the  use  of  ■ritbnetlckl  eomplf  ment»  into  tho 
logiuitlimioil  arithmetic,  m  it  witncaaed  by  Uriggt,  cap. 
10,  Aritbt  hogf  .  And  it  hu  beeif  laid  that  be  fint  ^urted 
the  idvaof  tJw  Logarithmic  Carre,  wbicb  wa»  w  called, 
becaune  the  legBMnl*  of  it*  aiik  an  the  foganthm  of  tba 
corresponding  onlinaieii 

M!s  works  have  been  collected,  and  vartooi  editkiM  irf 
thrm  have  bni*  published;  the  5th  is  by  Mr.  Williatn- 
Leybnunir,  in  U)7.),  ci'ritaining  the  Description  and  Use 
of  the  Sector,  Cr>■^4-4tafl,  IVmv  ,  IJuiuliiiiit,  uiul  (ilher  ili- 
strumon!>;  wilh  Tu  rHl  pitCi'S  iiiliicii  Ijy  Samiifl  I'ostir, 
lli  nry  I'imihI,  unil  William  L«y bourne. 

(ii  NTi.li's  C'li.iiv,  the  chain  iriciiminoii  U"*-  fni  nira- 
suriiiji  laiiJ,  urC'ddi'^L:  l<i  ;a;c  i.r  Matuli-  iiica.'iurc  ;  ^'l 
ullcd  from  Mr  Ciuiilcr  ili  repiii<<i  invfiilor.  Ihc  lu»i;lli 
of  the  chain  is  dli  tu  t,  or  J  J  y"r<li,  or  i  polo*  of  5i  yarili 
Mcb;  and  it  i<>  iliviiltd  into  ir>o  links,  of  7'92  inches  each. 
Thischiiiii  IS  dit  mutt  convenient  of  any  inetromaut  isr 
iBCUuring  )and,  becauw  the  contenu  ihauco  cunrated  aia 
eo  easily  redooni  to  acre*.  The  icawD  of  which  a,  tbat 
an  acre  of  laad  It  joat  «}ual  to  10  aqouo  chains,  or  10 
ehane  in  length  iml  t  in  breidthf  or  eqtiat  to  100.000 
square  links.  Hence,  the  rlim<  n;ioMhehig taken  inchdiis, 
and  multiplied  together,  it  gutii  the  content  in  sqaara 
chain?  ;  iricrcrDri-  being  divided  by  10,  or  a  figure 

cut  ol)  i\n  dftmiah,  brin]»s  the  content  to  acres;  after 
which  the  liecimaU  arc  reduced  to  rotids  anil  |M.•^llH■^,  liy 
niulliplying  by  4  and  40.  But  the  bitlcf  wuy  lb  tu  v  i  tiii' 
diinuu!>ioiis  down  in  links  as  integers,  consnleriiu  '-itb 
chntn  as  1(X)  links;  then,  havino  multiplied  liic  ilinu  ii- 
.sii.ns  li.jjether,  producinn  square  links,  ili^idc  tlun  liy 
lOO.oot),  that  is,  cut  off  places  for  dLCitnals,  the  n»t 
arc  acres,  aud  the  decimals  are  ledneed  to  roods  and 
jwrches,  a«  Ki  fore. 

Eiampk.  .Suppose  III  iiicasirring  a  rectangular  pi(cc  of. 
ground,  its  len;:tli  be    75/'>  links, 
and  lis  breadth  4S0  link*. 

3IS0 
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Per.  K >;(>;) 
i>u  ihf  coiiicDi  IS  ,-5  ju-.  :1  I  Mills  10  peftlics. 

GuKTKK  1,1  s  r.,  a  I.(i^.iritlinitc  line,  usually  gradimtt  il 
upon  >cali-^,  ~i  1  icir>,  i*<t  ;  und  so  called  from  il»  invrntor 
Mr.  (Uiiiter.  Tliis  k  otln  rwiif  ci*!lr<l  U\v  liii<- <it  Imos,  or 
line  ul  i^umbers,  and  ciinsHt^^  of  the  log:irilhins  Iraniiterred 
upon  a  ruler,  ttc,  from  the  tables,  by  means  of  a  scale  of 
cqt»1  parts,  which  therefore  serves  tu  resolvv  problems  ia- 
StrumcntMlly,  in  the  !,nmf  manner  as  logarithms  do  aritik' 
aetically.  For,  whereas  logarithms  resolve  proportions, 
or  perform  muliiplication  bim  dititioa,  by  onljp  addition 
MM  subtraction,  the  suae  are  perfocned  on  this  line  by 
laming  a  pair  of  compuaes  oser  thn  way  or  that,  or  b/ 
■lidioA  one  slip  Af  wood  by  the  side  of  another,  dtc 

A  fine  of  tnts  description  has  been  contrived  various 
way?,  for  the  advantage  o^ti;ivirrL;  it  long  as  possible. 
At,  ^rst,  on  the  two  feet  ruler  or  scale,  by  Cuuicr.  Then, 


in  the  logjirfilims  were  drawn  by  Wingatc,  on  two 
separ^tt'  rulers,  sliding  against  each  other,  to  save  tbanM 
of  compasses  in  rvM'lving  proportions.  They  were  alio  in 
l5<7  ■fpiicd  to  concentric  circles  by  Ouglitred.  Then 
in  a  spiral  form  by  M  r.  Milbunic  of  Yoriubire.  abotit  the 
year  iti.30.  Also,  in  \iii7,  on  iho  present  eomawDsIidiiig 
rule,  by  Seih  Paruidge< 

Lutl^t  Mr.  WtHlam  Nicholson  has  propoiod  MiMhar 
diapowtioii  of  then,  on  conocntrk  ot^ca,  in  tha  Pbilos. 
Trans,  an.  1787,  pa.  251.  His  imtninent  is  ct|aiva)etit  to 
a  Strsigfat  rule  (jf  28{  inches  long.  It  consists  of  thrci 
concentric  circles  4npriivtd  and  gr.iduBtud  on  a  plate  of 
about  1(  inch  in  dinnn  icr.  I'mni  ihi- toiiire  proceed  two 
leifs.  haviii-;  right-liiM-ii  kIiiin  in  tlit  direction  of  radii ; 
w  Inch  arc  inoviulili.- Mtlii  I  singly,  ur  toictler.  To  use  this 
uiilrmnint;  place  thci  il^'c  t,\  out-  li  j;  nt  the  HOtect-dent 
I.I  iiii)  prupiii  Hull,  imd  tlic  (illicr  at  llic  conM  ijui'iu,  and 
li\  llit'iii  lu  ihatitngle:  Ihc  two  legs  beiiiu  tht  ii  moved  to- 
^'ciiier,  and  the  anleccdctit  leg  placed  at  any  other  nuni> 
ber,  the  other  leg  );ivcs  its  consequent  in  the  like positioll 
or  situutinn  on  the  lines. 

The  whole  length  of  the  line  is  divided  into  two  ei^vaS 
intervals,  or  radii^  of  9  larger  divisions  in  each  radius, 
which  are  nunbeiad  fiom  1  w  10,  the  1  ilandinc  at  the 
'the  h^ninig  of  the  lian,  hMMHo  the  log«Hthm  of  I  Is  0^ 
and  tha  10  at  the  end  af  each  ladius ;  also  cnch  of  these 
9  spaCM  b  subdivided  isto  10  otlier  parts,  unequal  ae- 
cordiag  to  tha  logarithms  of  numbers ;  the  smaller  divi- 
sions being  always  lOths  of  the  larger  ;  thus,  if  the  large 
division*  iinil.i  or  ones,  the  smaller  are  teii'.ij-fi  ii  :^  ;  if 
the  larger  be  lens,  the  smaller  are  ones;  and  II  tin.-  Uiigtr 
be  \<M)\,  the  sniiillcT  arc  \f)'-;  i!vc. 

t'j£  o/  (iurUcr'i  Line.  1.  To  find  I  he  product  qf  two  mim- 
I'ers.  J.xti  iid  (lie  cuinp.isscs  from  1  to  eitlicr  of  thi'  iiuiii- 
U  IS,  and  that  extent  will  reach  the  same  way  from  tho 
other  nunib«  r  to  the  product.  Thus,  to  multiply  7  and  S 
t<);iLtlij!r ;  e.\icnd  the  compasses  from  1  to  5,  and  that  ex* 
teitt  will  reach  from  7  to  .ij,  ilu'  product. 

2.  Tb  divide  ont  numUr  by  nanther.  Extend  tha  OtHH* 
passce  floom  the  divisor  to  1,  and  that  extent  will  taoch 
the  maa  may  from  the  dividend  to  the  i|uotient.  Thus,  to 
divide  35  by  5 ;  extend  the  compasst*  from  5  to  I*  and 
that  extent  will  reach  firon  35  to  7,  which  iitbaiattatieat. 

3.  lb  jMaMpnfarimatioilkeegummimAtni  as 
suppose  to  6,  Sit  and  10^  Extend  from  dta  j^  aad'that 
extent  will  reach  from  1.0  to  15,  which  is  the  4rh  propor- 
tional sought.  In  like  manner,  a  3d  proportion  I  >  K  uiui 
to  t'.vii  gisen  tiTm»,  eNteiiding  Irtim  the  1st  lu  the  2d, and 
ihcii  II Kill  tin-  l>d  to  the  31. 

4.  7"i)  All  J  u  meaHproj.oi  luvat  helv.rm  lieo  ^irfu  numbers, 
;i>.  -,ii|  (iii-i-  bi  Uvi  Pii  7  and  '^8  r.xl-i-il  In  111  7  to  'J8,aud 
bl«'i!  itial  e.xli  iit  ;  then  i!s  U-dt  wil|  riucb  from  7  forward, 
or  from  backward,  i  j  It,  (lie  mean  proportional  be- 
tween them. — Al>P,toe.\  II  uci  ihe  square  root, »s  of  25,»  hich 
is  only  finding  a  niean|)r(vp(/rliuiial  betwrn  u  1  and  the  given 
square  3^,  bisect  thedisiaacc  lietueen  I  aiicl-2.5,  and  tha 
half  w-ll  itai.il  hum  I  to  5|  the  root  so  light. — InlikemaiH 
ner  the  cube  or  3d  root,  or  the  4th,  5tb,  or  any  higher 
root,  it  fonnd,  by  taking  the  extent  between  I  and  the 
given  power  i  then  take  such  ipart  of  it  as  is  danoMd  bgr 
(be  index  of  the  root,  vis,  the  3d  part  lor  the  cttbatoo^ 

,dka  4th  part  for  tha  4tfa  net.  and  so  on,  and  that  pan 
wiH  reach  from  I  to  the  root  sought. 

If  the  line  on  the  scale  or  r.ilrr  h«ve  oalidcr,  thlt  b  10 
be  used  instead  of  the  compasses. 
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ERphic  projeetMaontlwplMNoNfc««qaiMedftl,th*m 
iiig  supptMcd  in  OM-or  the  poles;  lo  Hut  the  tropic, 

ecliptic,  and  faoriton,  form  tbe  arches  uf  circles,  but  the 
hourcircl»oti]iQf  curvn.  dnwo  by  ueaiu  of  several  alti* 
tudn  of  ihf  WB,  ktiom  ptrtfeatar  kiitade  etary  day 

in  the  )car. 

'I'll!'  use  nf  thi!>  instrument,  is  to  find  the  hour  of  the 
ihc  duv,  itte  tun's  azliiuith,  iVt,  nnd  other  COBimoo  pro- 
hli-ms  uf  the  sphere  or  globt-  ;  ai u  lo  taka  thiB  •llllttde 
of  ail  object  in  dcga'es.    See  QuADaAMT. 

Gunter'i*  Sc<«  1. 1:,  usually  called  bv^'-amenTheGuilteri 
ilk  Ikige  pUin  scale,  having  various  lines  upon  it  of  great 
aein  wontiitg  the  casrs  or  queition*  in  Navigation.  This 
teak  h  usually  8  feet  long,  and  about  an  inch  and  a  half 
broad,  with  variout  lines  upon  it,  both  natufal  and  loga- 
riibmict  ralaiingio  trigonometry,  aad  mmfUien,  tie, 
•  On  tha  one  tide  an  tha  Mtniu  Unia,  ttd  on  Iba  oilier 
Ihaaftificialor  k^nrithaic  onoa.  Tbe  former  tide  fc  irat 
divided  into  inckH  and  Moilit,  and  numbend  from  i  to 
24  inches,  ramiilfthc  wbote length  n>-ar  one  edge.  One 
half  the  length  of  tbtt  side  consists  of  two  plane  diagonal 
scales,  Uir  taking  <iff  din.i  irion*  to  three  phici-s  ol'lipun-s. 
On  till-  uiix  r  liaU  ur  loot  ot  ihi»  side,are  contained  various 
lines  rcluiirij{  to  trigaBometiy,intbeiwtuitlanmben,and 
marked  thu«,  viz, 

Rumb,   the  rumba  or  pnintt  of  tbo  ( 

Chord,  the  line  ul  chords, 

Sine,    the  line  of  sines, 

Tani^.    the  tangents, 

S.'  T,     the  seniitangrnis, 
and  at  the  other  end  of  this  half  are 

Leag.  leagues,  or  efjual  parts, 

JlMm,  another  line  <rf  mmbs, . 


M.  L.  miles  of  kwjtnde,  * 
Cfter.  naatbwfiBeofcfawda. 

_  Abo  in  the  middbof  lltb  liwt  an  Ik  and  P.  two  o^ar  • 
lines  of  equal  parts.  And  all  tlieie  lines,  on  this  side  af 

the  scale,  wrve  fur  drawing  or  laying  down  the  igttfNla 

the  cases  in  trijjonometry  and  navigation. 

On  ilif  ot!iiT  sidi-  ol  the  scalr  are  ihc  lolldw ing  nrtifi- 
cial  or  loguriiliniic  Hnrs,  which  icrve  tor  tvutkingor  re- 
solving (boM-  can-i  ;  viz, 

S.  li.    llie  sine  ruiiibs, 

T.  R.    the  tangent  rnmbs, 

Aumft.   line  uf  numbers,  . 

S.'.'ir.      SlllL'S,  •  ■         *  , 

l  .  S.    the  versed  Sine"!, 
Tang,    the  laneeitts, 
A/eri.    Meridional  parts, 
E.  P.    Equal  jHirts. 

The  Jatc  Mr.  Juhn  Robertson,  cirtk  and  librarian  l» 
the  Royal  Society,  greatly  improved  this  scab,  both  a»  to 
■iaeandaecuacy,UM>theuieof  aoariner*.  Ua  extrtidrd 
it  to  30  iodiflS  long,  t  inches  broad,  and  half  an  inch 

tbiclt;  upon  which  the  several  lines  are  very  accurately 
laid  down  by  Mewrs.  Naime  and  HItint,  inconious  instrn- 
irciil  riiiikiTs.  Mr.  Kobt  r;--"lj  iJn  J  li.l'ijir  in-  ,iii|n •.  d 
iiculfs  Mcri'  pulili^hi  d  ;  bur  ilir  urt  ui  i  and  desciiptmn  ol 
them  wi-n-  n'-d  .jraun  up  by  liis  frien^  Mr*  Wil- 

liam Mountame,  and  publislicd  in  i77  8. 

GU'lTiE,  or  Dropa,  in  Architecture,  are  ornaments  in 
form  of  litiie  IkUs  or  cones,  used  in  the  Doric  order,  on. 
the  arrhitruve,  bohw  the  tfj^Hyphk.  ThcK  m  iwially 
six  ofifaem. 

GYMNOSOPHISTS,  a  set  of  Indian  philosopheis,  b> 
mous  in  antiquity;  so  denominated  from  their  going  hare> 
foot :  as  that  uf  Peripatelict  was  gtvan  to  those  who  phi' 
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XJADLKY  (JouN),adistingui»lied  memb<  r  of  ilieRoyal 
Society,  was  elected  a  fellotv  iti  17i7i  and  died  W  b. 
15,  1744.  He  contributed  many  useful  papers  to  the 
Royal  Suiiety,  which  are  contained  in  llieir  I'rans.  froip 
to),  d'2  to  vol.  3>)  ioclusive.  But  he  lias  lieeti  chieily  crie- 
inated  for  the  invention  of  bis  reflecting  In-^lrunient  fur 
laUngangIn,  Commonly  called  the  I  ladle/s  Quadrant  or 
Sextant,  otlen  d  to  the  R»yal  Society  in  by  which 

his  name  has  been  rendered  immortal. 

Ha'DLSf's  9midrmif  Satau,  &c,  an  excellent  iostru- 
snent  to  called  from  its  inventor  John  Hndley*  ct4).  See 
ila  dssRiplion  and  ne  nadcr  the  article  Qv adbamt. 

HAIL,  or  H*iLtvoirsa,anaqucuiu  concretion,  usually 
in  form  of  white  or  pellnctd  spherules,  de>ceii(lin»  out  of 
the  atmosphere.  ILiiktones  ii'>suine  variutis  shap<-$,  being 
iomeliiiies  round,  at  other  tinm  p>  ramidal,  crettated,  an- 
^nlar,  tiji  u.  uii.!  tiat,  and  soinm  m,<>s  stellated.  With,  siz 
ruilii  like  the  -.mall  crystals  of  snow. 

It  is  very  difficult  to  nccouut  lor  the  phenomen.;  jriiuil 
in  a  satisfactorv  manner  ;  and  there  are  various  ujinnuns 
on  this  head.    It  is  usually  conceived  that  hail  li  lonnctl 

•of  drufw  of  lain,  liaisen  ia  their  pawagp  tluvugb  the  mid- 
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die  region,  Oliu  r*,  as  the  Cartriinn<.,  take  it  for  the  * 
IragnientM  of  a  Irozcii  cloud,  halfmellcu,  an-i  thus  prrci- 
pitated  and  congealeil  aj^ain.  .Sii^nor  Ik-eearia  sii|ip<i!>es, 
that  it  is  fornifd  i:i  tbi-  bi'iiier  i e(;ioiis  uf  ibc  air,  where 
the  cold  IS  inienM",  and  wluTe  the  tiectric  matter  is  very  • 
copious.  Ill  these  circum8tancc>i,  u  great  dumber  of  par» 
tides  of  water  arc  brought  near  together,  where  they  are 
frascn,  and  in  their  descent  they  collect  other  particles  ; 
so  that  the  density  of  the  subsunce  of  tbe  hailstone  be* 
comes  less  and  less,  from  tbe  centra  i  this  being  fb/med  ' 
first  in  the  higher  n;gions„  and  the  aui&ee  bcii^  collected 
in  the  lower.  Aeooinfii^ly,  in  monniaias,  haibtones  as 
well  as  drops,  of  rain,  an  very  smallt  and  both  agree  in 
this  circumstance,  that  the  more  inienie  thv  rbciricity  is 
that  forms  them,  the  h^^er  tliey  are.  It  is  fre<]Ucntly  ob- 
served that  hail  attends  thunder  and  lightning  ;  and  -hence 
Beccari^i  obsei  vis,  that  as  incti  in  promotes  freezing,  to 
the  rapid  motion  ot  ttie  cKciriliid  clouds  may  promote 
that  itTect  ui  iv.':  .iii.  Natural  histories  furnish  us  with 
a  great  variety  uf  curious  instances  of  extraordinary  sbow* 
ersofhati.     hce  tbe  I'hiios.  'I'nins.  NOlt  S03«  Ud 

Hill,  de  France,  torn.  2,  pa-  33*>. 
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HAI.F-MooVt  in  Fortification,  is  an  outwork  having 
only  two  hen,  fonning  t<^ther  a  saliuni  Hniilc,  utuch  is 
ibnked  by  iooi«  put  of  the  pbce,  and  ol'  tliu  other  bas- 
tion. See  Okm ibv>K  and  IUvelih. 

HAi.r-TAxat.KTt,  ire  the  tiOkgenit  of  the  half  etn. 
See  SCAtK  end  SnuTAWonrTS. 

HALLKY  (Dr.  Kdmukd);  e  nuMt  eminent  Engiith 
tnaihuiuaticinn,  philosoplu  r  and  aslrnnotner,  wubomtn 
tlio  parisli  of  St.  lifiinanl,  Smjtc Jiltli,  near  Lontion,  Oct. 
'jy.  U'jtJ.  His  (iillicr,  »  wiiiilliy  i  iti/i'n  and  «Kip-boili  r, 
nsoiving  to  iiujdcive  the  promiMn^  <lLs|iu-tiKiii  obvrrM-d 
in  lit»  son,  put  liim  liisl  to  St.  I'kiul'i >cliiiii|,  wIkti'  Iu" 
Mw)n  c.\ci  lli-il  in  ii'il  parts  ol  c•l^l5^ical  IcninniL',  iimi  mail.' 
bcMd<  >.  n  oi^td"  I  iiblr  adMiMCc  in  tlie  mjitln  inarit  >  ;  50 
tliiit.  ii>  NV'iKid  o^mtvcs,  he  Hh;!  pcrU'Cllv  li  iu  iit  ihv 
ot  thr  (cU-sl  h1  !;iotM-,  and  could  niaki:  e  cuiitpli  Ir  duii  ; 
:i!i<l  ui.  me  ini'urined  by  IhilK'y  hinwlf,  that  be  tibscrvi  d 
the  cbiutfie  of  the  variation  of  the  niHgiirlic  tieedk  ai  i/>ii- 
doa  in  1072,  our  year  before  Ult  school.  In  |6'73  he 
waft  was  lenl  to  Oxford,  where  he  cbicfl y  applied  bvmcif 
tn  mathematica  and  astninoaiy,  in  arhtch  he  mi  Rreatly 
auiMed  byacariottiappacatiisof  inktranent!,  which  hu 
fadier, twilling toeocouragebk  mw's  genius,  liad  purchased 
for  him.  At  Ijl  yean  of  age  he  beean  10  oblige  the  world 
with  new  obscrrarions  and  aiicowrirs  (which  he  continued 
to  do  |.j  tljL  (.[^r!  of  u  very  long  lift-),  by  publishing  "  A 
DircLliiti  IC>.  i.tm-tiiCiiS  ^ll?th(MJ  of  fitulini;  ihe  Apheliaand 
Tixci  rilrinlv  of  tin-  (iIkih  iv."  Ursidi-s  vhi  ious  particular 
olj!nT\;nion5,  mailc  from  limr  to  liinr  on  llie  ccK-ilial  pht- 
nonicna  ;  in'  li.id,  froiri  I;k  (ir^t  ;ifliiii^sioti  into  collone, 
pur»ued  a  general  sclu  nii-  for  asn  rtainiiif;  tin-  true  places 
of  the  fixnl  stars,  and  liy  lliis  nvuiis  to  correct  tlir  errors 
ofTycho  liraht-.  liis  original  view  in  this  was,  to  carry 
•on  the  design  of  that  fiut  restorer  of  iiitronomy,  by  com- 
plfting  the  catalogue  of  those  star*  from  his  own  obs»  rva- 
tions  ;  but,  on  further  inquiry,  liiidiiig  iIhis  province  taken 
tip  by  Hcvelius  and  Flamtteed,  he  dropped  that  pursuit, 
and  formed  another;  which  was, .to  perfect  the  whohs 
scheme  of  the  {leavens,  by  the  addi^  of  the  tiatt  which 
lie  so  near  the  soaifi  pole,  that  they  cooM  not  be  oheerved 
by  those  a»tronoaiers,  as  never  rising  above  the  horixon 
either  at  Dantnck  r>r  at  Greenwich.  With  this  intention 
he  left  the  University,  lietore  he  bad  taken  any  dejrce, 
Aixl  embarked  foi  liic  island  of  St.  Helena  in  Nov.  l()7ti, 
when  he  v^aiicly  -O  years  of  agf,  aiid  hrrivrd  thereafter 
a  V oyu;,T  of  til  I ;  I'  rii"iitli<.  I  le  iiii:i)eilMti-|v  set  about  hit 
task  siie'i  iliiiL'i  (ite,  lliat  lir  f  ■  .mpK  li'd  Ins  f  ii(al"i;'.<% 

and,  returning  hoiiie.  luiid^  il  in  I.n^Iaiid  111  N.n.  Ki/.s, 
alter  an  .Tbseiiec  Of  two  year^  only,    lin  uimi  r-ily  of  (»\- 

j'urd  iinmediiiit  ly  conferred  upon  him  the  degree  of  a.  m. 
ami  the  RoyalSueieqr.efbowioii  elected  bia  onetof  their 
members. 

Ift  1679  he  was  selected  by  the  R.<yal  Society  to  go  to 
Uantsiclt.  to  endeavour  to  adjust  a  dispute  between  Ho> 
wctiut  and  Mr.  Uuoke,  concerning  the  prcfirrenQa  between 
plahi  and  glaia  ligfaN,  in  Mtnncmtical  iiMtramciitti  He 
arritrad  at  Dantsidt  the  of  May,  when  he  immcdi- 
alaly,  ia  oaif}ancliea  vhh  He«'clius,  n-i  about  their  astro- 
nomicat  ofaewvatioai*  whldi  they  cluM^^ly  continued  till 
the  18th  of  July,  when  Halley  left  Danuick,  and  fetnrned 
to  Bngland. 

In  the  vear  KiSO  hi-  unti-  :  i  1  ik  nliat  \^  r.Jlet!  ihr-  gr.ijisl 
lour,  accompanied  by  his  tru  iul  ilie  crlebraied  Mr.  N<  l- 
wjii.  In  the  way  from  Calais  to  I'iuis,  Mr.  llalL-y  Imd  n 
>ij^t  of  a  remarkable  cuoiet,  as  it  then  appeared  »  sccuml 


lime  that  year,  in  its  rrttirn  from  the  sun.  Ik  had,  the 
Norember,belbre,  seen  it  in  its  descent :  and  he  now  hasten- 
ed to  cumplrte  hit  observations  upon  it,  by  viewing  it  from 
tiw  royal-obMniatoi)  of  Fraace.  Hii  dc^gn  in  tfaia  part 
ofhii  lour  wal,  loMttk  a  friendly  corrnpon<lenee  between 
the  two  royal  aittwnnmert  of-GnensricWand  Pant ;  and 
in  the  mean  time  to  improve  himself  under  so  great  a  mas- 
ter as  Cassini.-  From  thence  he  went  10  Italy,  where  he 
s|>ent  a  great  part  of  the  year  HiSI  ;  but  hiiaffiun  Callifllg 
hini  lioine,  he  then  returned  to  l-ln^lund. 

Soon  iiir.  r  (lis  n  larn,  In  nu!  rned  the  dnuphter  of  Mr. 
Tooke.  au^l.Ior  of  the  e.xchei|iii  r,  and  took  Up  his  re»t- 
di  tKi  at  UIiiil:I'<!),  where  he  s  i  up  hii^  tube  and  sextant, 
Mi  .i  rii^i  ii\  piir^'.ied  hi*  (iivoui  lie  study  :  in  ti  e  fnciety  of 
tljis  .iiniaoli  lady  he  lived  happily  for  live-and-liliv  years. 
In  itisj  he  publislu'd  his  Theory  ot  the  vuiiation  id  the 
.Magnetical  Coiii|Mi»s  ;  in  which  he  supposes  the  whole 
gloU'ofthe  earth  to  be  one  great  magnet,  having  four 
roa;;iieiical  poles,  or  point* of  aUtactwn,  kc.    The  w»me* 
year  hisu  bu  entered  upon  a  new  method  ot'  finding  the 
longitude,  by  an  accdiale  ohacrfatian  of  the  moon's  no- 
tion.  Hia  pursuits  it  seetos  were  now  a  little  interrupted 
by  ihedcatn  ofhb  lather,  who  having  sufTered  greatly  by 
the  (ire  of  London,  as  well  as  by  a  second  marriage,  into 
which  he  had  imprudently  entered,  wa*  found  to  have 
wa'-tK  d  his  fortune.    Our  author  however  s  .111  n  iiir.rd 
lii>  pursuits;  for  in  the  Le.;inning  of  l6Sl  In  iiiu-i  ti  In-, 
lli(Hi;;li(s  in  (he  siilj|i-ct  of  Kepler's  !»e4i|UI-M  If:  r.Kc  [>ri>- 
porliiin  ;  wlien,  afliT  some  meditation,  he  concluiied  i.xim 
it,  that  tlie  ci  ntnp;     i  1:  t<  c  .must  decrease  in  proportion 
to  the  square  ol  I  he  tiistaf.ee  reciprocally.    He  fuiind 
himself  unable  to  make  ii  out  in  any  geometrical  way, 
and  therefore,  after  applying  in  vain  for  assistanrr  to  T). 
Hookeand  SirCbnstopher  Wn'ii,  he  went  to  Cumlo i  l^j. 
to  Mr.  Newton,  who  fully  supplied  him  with  what  be 
so  ardently aoiight.    But  Malley  having  now  found  an 
immense  treasure  in  Newton,  could  not  mt,  till  he' 
had  prevailed  with  the  vwnrr  to  (oricb  the  public  with 
it  I  mi  t»  this  interview  the  world  is  in  some  measure  in* 
Sehted  for  the  Ptincipia  Mathematica  Philosophite  Na- 
luraliit.  That  great  work  was  published  in  Ifi86  ;  and 
Halley,  who  had  the  whole  care  of  the  impression,  pre- 
fixed to  It  a  discourse  of  his  own,EivinL:  »  LU  iierai  nrronnt 
of  the  intronomical  pnrt  of  the  book  ;  aijd  also  an  elegant 
copy  of  verses  in  Ijitin. 

In  lf>87  he  undertook  to  explain  the  eauu-  of  a  natu- 

t.il  pill  nt  r.oi',  which  had  till  tlit  n  b«ltl<  li  the  researches 

111  I  hi  :ibU  s1  '.;eoi;ni;ihers.  It  is  observed  that  the  iMedi- 
terranejii  ^l  a  iu'm  r  »«ells  in  the  least,  though  there  is  no 
visible  discharge  of  the  pnidigious  qunuttiy  of  wafer  that 
runs  into  it  I'rom  nine  large  rivers,  besnh  s  si  veral  small 
ones,  and  the  constant  setting  in  of  the  current  nt  ihe 
month  of  the  Straits.  His  solution  of  this  difUcully 
geve  so  much  eatisbctiaa  lo  the  It.  Society,  that  he  «raa 
requested  to  prawenta  thcae  enqnirica.  He  did*  so ;  and 
having  shown,  fn  many  aceuraia  aspenmcnts,  bow  that 
vast 'aconrionofwater  woe  actanllycaniad  dfin  vapoun, 
raised  by  thonclinn  «ff  the  mm  and  wind  npon  its  mtAee, 
he  proceeded  with  the  lite  sttoccw  to  point  ottt  the  me- 
thod used  by  nature  to  return  the  said  vapours  into  the 
sea.  This  circulation  he  supposes  to  be  carried  on  by 
the  winds  drs'  .;  th  so  vapours  to  the  movjii  ;.i:  s;  \*licrc 
•  belli!;  ciilli  cted,  ihi  )'  torm  springs,  which  iiiiuiiii;  become 
nvulili  iir  brook^,  and  many  of  these  again  meeting  in 
the  valleys,  grow  into  large  hvcrs,  emptying  themselves  at 
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taal  into  th«>  sea  :  thus  Ucrnon4(.'.Hui^,  in  ihc  most  iK-uuii- 
ful  and  sHtist.icIory  riaiim  r,  ihc  way  in  vvriii  h  llu-  ii|inii- 
brium  ol'  rtxcipi  and  rxpi'i>!>c  i>  ccinliiiUitlly  ^mtrvt-il  in 
the  uiiivci^ui  oci-uii. 

lie  mxt  ranged  ia  the  Held  of  ^pcculaiivc  geometry, 
wlicrr,  ubsL-TvHif  ton*  inipert'rc(ioii»  in  ilie  im-thwU  U- 
foi«  given  for  coiutruciing  Miljd  probli'nu,  (ir-<<qu«tiiiiu  of 
tlw  3il  ood  4tb  powcn,  lie  I'uruiished  new  rutcii,  which  wen 
both  rooie  cacy  and  more  elcEKDtthan  My  of  the  tumvri 
lugi-ilur  with  (tnewiiwdiodoflindiniBtbe  nvnber  vinau 
of  Mich  fffWlwiit»aiM)  the  linuitof  the  »arno.  Mr.  Uallry 
next  undertook  to  pablish  n  awre  cnrrr^  Epbeinciu  for 
thf  yritr  1688,  there  being  then  grvat  want  of  projKr 
fph<  iiuTidc!!  of  any  tolerable  ej(KCtttr»s,  tlir  commuii  oik's 
htiii^  luslly  Ci  tri|'l,iLi;<  ;1  >'(  by  Mr.  Fliimilfi'il. — In  U)';)! 
In-  pulih^lifd  ixiic;  ;ab,i;^  of  tlie  conjunrliuiis  ol  Wnuii 
uiid  Mvrnirv  ;  ami  he  alti-rwurds  sliovveii  uik'  i-xtiacudi- 
liarv  usi'  to  tx-  iiimJc  of  lliosc  trtblts,  vi/,  Idt  ilisiovti iiii; 
thr  sun's  panillax,  and  thoiice  thi-  true  distance  of  llic 
earth  Ironj  tlio  sun. — hi  Itiy^,  our  aullior  produced  lu» 
tables  for  showing  ilie  valiit  of  annuities  <in  liven,  calcu- 

Itltcd  from  bills  of  murlaiily;  and  bis  uinu-rial  theorem 

tut  lindiqg  the  f<iei  oi  opilc  giann. 

But  it  would  be  endless  to  enumerate  all  hit  valusblr 

dbcovetica  now  communicated  to  the  Royal  Spcic^»  and 

tuUbhed  in  the  Pbiloa,  Ttani.  of  which,  for  uaiiy  yean, 
h  iriccd  warn  ihs  ddef  oiMinent  and  support..  Their 
'variod*  Bteiit  k  thtuwa  into  one  view  by  the  writer  of  hi* 
doge  in  diefkrb  Uemoirs;  who,  having  mentioaed  hie 
History  X  the  IVade^indi  and  Jdonaoont,  proncJa  ia 
these  terms:  "This  wa»  immediately  r«))lowed  by  hit  «ti- 
niafiun  nt  llif  <|iian[ity  of  vapj-urs  "Litli  the  sun  raise* 
from  tiic  sea;  lliu  cjicui.iliun  nl  Mspuurs;  the  origin  ol 
fountains;  qui-'>;i(in>  "ii  llu'  untn'c  of  ii;;lil  .iri;l  ir;ui^|i:i- 
rcnl  bodies;  :i  dc^  r.'jiHi.iliiui  uf  llu-  digri'L's  ul  iiitnialii^, 
in  urdi-i  til  aiiju^t  tlic  vul  jaiion  of  annuities  on  lives ;  and 
iHiany  other  works  iu  the  sciences,  rt  lating  to  astronomy, 
geometry,  and  algebra,  optics  and  dioptrics,  bnllislics  uiaI 
irirtillery,  sp<-culativu  and  experimental  philosophy,  natu- 
r.il  hjsiory,  antiquities,  philology,  and  criticism;  being 
about  J5  or  30  diisertations  which  be  produced  during 
ihe  9  or  10  year*  of  hit  uridaace  at  L/ondon ;  and  all 
abounding  with  ideas  new,  singtilar,  and  useful." 

In  1691, the Savillian  professorship  of  a-stronomy  atOx- 
find  being  vaeantt  be  anplied  for  that  office,  but  without 
•acoe».  Whialon,  in  the  Memoin  of  hii  mn  Lite,  idit 
us  from  Dr.  BeMlcjT.  that  Hallcy  •*  being  thoiight  of  for 
successor  to  the  madiematical^  chair  at  Oxford,  bishop 
Stillingtlcet  wasdi^ircd  to  recommend  him  at  court;  but 
hearing  that  he  was  a  sceptic  .ind  a  bantrrcr  of  religion, 
the  bishop  scrupled  t^i  !■  ruiorind,  i.ll  Ins  chaplain 
r,(  iitlrv  sli'.i..l.i  ronfi  r  with  him  nii  l::r  sijl.|rct,  which  he 
Old.  lUit  ll.illf'v  was  so  siiictT".'  Ill  Ills  ir.hdelily,  that  he 
would  iJyt  4u  miirli  as  pretciiii  tn  In.  tiu'  C.hrislian  re- 
ligion, though  he  W.I'  likely  ti,  1  a  [n  tV~-i<i ship :  and 
it  wr,  in  cnnscqoence  given  to  Ur.  David  Gregory." 

H  ilUy  liad  published  his  Theory  of  the  Variation  of 
tlic  Ma^iiclical  Compas^as  has  been  already  observed,  in 
1683  ;  which,  though  it^Waa  well  received  both  at  home 
and  abroad,  he  found,  upon  »  review,  liabUito  gnat  and 
insuperable  objections.  Tct  the  phrnomenaof  tbe  viriip 
tion  .of  theacedk,  «pak\:^iyk  it  i*  niaed,  being  so  many 
certain  and  iiidjMOtalite,l^|;  he  apaied  no  pains  to  pos- 
sess himself  of  all  the  OMemiiona  fdaiing  to  it  ha  oovld 
posnbly  cona  at^  T»  tbb  aid  ha  proaaiad  an  applica* 
Vol.  I. 


lion  ii>  bo  made  to  King  VV'illiain,  w  ho  appointed  iiini-com- 
iiiiuidiT  ol  llu  I'araniour  piuk,  with  onlors  to  search  out 
by  ubscivatiujis  the  discovery  of  the  lulc  of  variationii,and 
to  lay  down  thi.'  longitude<i  and  latitude*  of  the  English 
seitleiuents  iu  America.— lie  u  i  out  on  this  attempt  on 
the  34lh  of  Novcrob<  r,  1  (  y.s ;  but  having  crossed  the  litw,' 
his  nirn  grew  sickly,  and  bis  tit«t4irateiia»t  mutinying, 
he  murned  to  Eoglund  in  June  JliSlP.  Having  got  tho 
Itrnlmant  tried  and  cashiered,  he  *«  sail  a  second  lime  in 
Scpiembcr  foHowiqg,  with  the  tame  ship,  and  another  of 
lest  bulk,  of  which  be  had  also  ih>-  coniniand.  He  now 
travened  the  vast  Atlantic  ocean  from  one  hemisplu  re  to 
the  other,  us  fir  as  the  ice  would  pLr:;;it  Inni  to  gn  .  ami 
haviiij;  made  his  (diTrvations  at  St.  ili  l<iij,  L(ra/d,  Cape 
\  erdi-,  Itaibiiili  i  ■•,  .'w.i.ltii.is,  iLc  Canariis,  the  ctNisl 
"I  liarhary,  aoU  iiiui.v  "tlit  r  laiiludi->,  hf  arri\e<l  in  I'.iil;- 
i:<nd  ill  Sipti  Hibi  r  1700;  and  llie  ru  Nt  )<  ar  pubbshid  a 
piiiriil  chart,  showing  ut  one  »n.\v  the  ^uiiaimn  ol  thr 
Coni|)uss  in  all  those  (dad  s. 

Captain  Ijalliy,  as  he  was  now  called,  had  bun  al  home 
little  more  than  half  a  year,  when  he  was  sent  by  the  king, 
to  observe  the  course  of  the  tides,  kvlth  the  longittidc  and 
latitude  of  the  princi|Nil  head-lands  in  the  British  ch'an- 
lul;  which  having  executed  with  his  usual  expedition 
and  dccuracsj  he  published  a  large  map  of  the  cbaamel. 
boon  alter,  lita  Emperor  of  Germany  re«ul*iAg  to  malE^a 
cunvciiieot  harlMttr  for  shipping  in  the  AdriaiiCt  Onptain 
Hallay  was  sent  by  Queen  Anne  to  view  the  two  watt  00 
tllP^oiiaat  of  Dalnatia.  He  embarked  on  the  29d  of  Nu- 
wnbcr  t70'2  ;  passed  over  to  Holland ;  and  going  through  . 
Germany  to  Vienna,  he  proceeded  to  Istria;  hut  the 
Dutch  o(i|'i  -.jri!^  till  di  'yzi'i,  it  »».is  laid  aside  ;  yet  the  em- 
peror oiaiK'  1,1  in  a  piisciii  i<l  a  rich  diamond  ring  from  his 
(ingi  r,  and  ii(iiin civil  him  with  a  letter  of  r>  coinnietidalion, 
written  wuh  liiiunn  hand,  to  Quern  .Aniu',  h  »;is  not 
long  iillcr  his  ri-luni  In-  \»iis  sent  again  in.  thi  same 
busiisr-v?;  i\hvn  passing  through  IhiniAet,  hesuppid  with 
l  li  cl(^iinl  Prince,  who  was  attirwards  Kiiu  Cicorge 
(he  |si,  and  his  smtcr  the  queen  uf  Prussia.  Un  hi-,  ar- 
ntal  at  Vienna,  he  had  likewise  the  honour  the  sanit' 
evening  toUt  pirs<-ntcd  to  the  einprror,  wiwaeothis  chief 
engii>eer  to  attend  hiro  to  Istria,  where  they  repaired  the 
fortifications  of  Trieste,  and  add&i  ncvt  ones. 

Mr.  Hallejr  returned  to  England  in  Noscmhcr  1709  i 
and  the  «une  year  he  was  made  jpro&saor  of  g^oowtry  io 
the  uniecnity  uf  Oxibid,  inalcad  of  Dr.  W«l|^  thes  juat 
deceased.  On  hia  aeoeiiion  to  thit  office  tlia  ludvetBty 
was  pleased  to  hbno«r  him  with  the  degree  of  doctor  of 
laws,  lie  was  scarcely  settled  in  Oxford,  when  he  begun 
to  translfltc  into  Latin,  from  the  Arabic,  Aptdlonius  dc 
Sectiotie  UathJiii-  ,  .i:.rl  ;n  nutorr  the  iw.i  l-i.nks  Dr  S<c- 
lione -Sp.i;:  I  1)1' ttn,'  -aiue  imtli  ;r,  w  li r ii  :u  >•  li.-.l ,  iroin  ihe 
aeciiunt  n  i;t  llieiii  1  .  i"  :);.iUs  ;  and  hr  l,:  islx-d  tht! 
whole  wiiif.  Hi  )7"l>-  li-  .il  i-rwaids  lusd  a  -.nar"'  in  pre- 
paring fi-V  t  i;  l'  Api:lI(  U;us's  Conies  ;  and  \ cii;'.. rid  to 
supply  til'-  »li  ill  sill  1..  k,  the  original  of  winch  is  also 
lost.  To  this  work  he  added  .Sercnu?  on  the  Section  of 
the  Cylindur  and  Cone,  printed  from  the  original  Greek, 
uitli  a  Latin  translation,  and  published  the  whole  in  folio 
1710.  Besides  these,  the  Miscellanea  Curio<:a,  in  3  \o- 
lumcs  8vo,  had  come  out  under  his  direction  in  1708. 

In  171  he  succeeded  Doctor,  afterwards  Sir,  Hans 
flaaaa,  la  tha  oflca  of  secntaiy  to  the  Royal  Society. 
And,  on  the  deaA  of  Mr.  Flamiieed  in  1719j  be  was  ap- 
poiMed  UMUCceed  him  at  Oreanwieh  aa  aitfouomer-royal ; 
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on  which  occwion,  that  hi^  iiiiglit  bv  more  *i  IcisQte  to 
iittiiul  tlic- liutii-s  ol  tlii>  ilii(>i^ilaiit  ^itUBtioI^  he  mignod 
the  oflBce  of  secretary  to  the  Hoyal  Society  in  1721. 
Though  be  wfts  63  or  64  years  of  age  when  he  (.■iitered 
.00  bis  oflict?  at  Greenwich,  yet  fur  the  space  ul'  IS  yi«rs 
be  watched  the  hearem  ivilh  the  cloM>>t  attention,  hardly 
mwt  miuiag  m  wbaervMion  dttrinc  «U  tfaat  nme,  and, 
«f iImmii  «ny  awiitnit,  peffonncd  the  irhok  boiineio  «f 
the  obMpnttmy  bimlf. 

Op  the  acecnaon  of  the  late  king,  the  quc«n  comort 
Caraline  Didea  vi^it  to  the  Ruyal  Ubwrvalbry :  hr■^n^ 
pleawHl  with  every  thm^;  ^he  sivt,  and  understanding  ibc- 
troalincss  of  the  ablninitniLr's  ialary  (100/.  a  year),  her 
majesty  very  graciously  s<iid  that  she  would  ^|)eak  to  the 
king  to  have  it  incrciiscd;  to  which  I)r.  Iliilley,  niarnied, 
replied,  "  I'lay  your  miijejty  do  no  such  thing;  for 
•hould  the  Mihtiy  be  incre.t^eil,  it  might  become  an  object 
of  emolument  to  place  there  some  unqualified  needy  dc- 
pendeiil,  to  the  ruin  ot  ihe  institution."  However,  un- 
derstanding that  the  Dr.  had  formerly  nerved  the  crown 
as  a  captain  in  the  ns*y,  (he  anon  alter  obtained  a  grant 
of  hii  hiilf-pay  for  that  commission,  which  be  accordiiig^y 
enjoyed  from  that  lime  during  his  life.  An  otTcr  m*  alio 
■Mde  him  of  being  appointed  matbenatical  preceptor  to 
the  Dnka  of  Comberland  j  bat  h«  dectined  .that  honour. 


But  the  mo»l  considerable  and  generally  nxfived  theor)', 
reliitinf;  to  the  generation  of  halos,  is  that  of  Huygcljs. 
This  celebrated  author  !>u|)p0!>e>  halos,  or  circles  round 
the  !>un,  to  be  formni  hy  miiuII  round  grains  of  hail,  com- 
poMMl  of  two  different  parts,  the  one  of  which  it  transpa- 
rent, inclosing  thft.other,  which  isopaipiM:  And  this  is 
the  general  nructn're  actually  obwnred  in  haiL  He  fur- 
ther toppwct  that  the  grains  or  globules,  that  form  thcM 
hake,  ooaiisied  at  jRnt  of  eoft  snow,  and  that  they  ham 
hcca  rounded  by  ■  continual  uguution  in  the  air,  and 
thawed  out  their  outside  hy  the  heat  of  the  ran,  &e.  And 
he  illottrate*  hia  ideas  of  their  ibrmalion  by  geometrical 
figun-ii. 

Mr.  Weicller  endeavours  to  refute  Huygitis's  manner  of 
accouiiliiic;  forhalo«.  by  a  vast  numbei  ol  sriiiill  vapours, 
each  uilh  u  Miuwy  iiiie!eU5,  coated  lotirui  witli  a  Iran.spa- 
rent  tiUfiini;.    lie  ohbcrve^,  that  tlie  suii  jiuinls  iis 

iina^e  in  the  atmi'sphere,  and  bv  tin  t'orce  ol  iti.  rays  puts 
the  vii)"iu:^  ill  tiioliuii,  Kiirliirivc  lliem  toward  itic  sur- 
face, tdl  they  are  collected  in  nucii  a  quantity,  and  at 
such  a  distance  from  the  sun  on  each  side,  that  its  rays 
are  (nice  refracted,  and  twice  reflected,  they  will  when 
they  resell  the  eyce^hibit  the  appearance  of  a  halo,adonicd 
vita  the  coloun  nf  the  rainbow;  which  may  happen  in 
pettncid  vapour*  wtlhout  snowy  nuclei,  as  ap- 


of  bit  adtueed  age,  and  the  duties  of  hit   pcnn  hj  the  otperimentof  hollow  ^aat  ifibeffca  filled  with 


la  1749  ha  wnt  choien  a  fbrrign  member  «f  the 
Academy  of  Sdeneaa  at  Panii. 

About  I737lie  wat  aeiied  with  a  paralytic  disorder  in 
his  right  hand,  which,  it  is  said,  was  the  lirtt  attack  he  ever 
felt  on  his  constitution:  however,  he  came  as  usual  once 
a  wiek,  till  within  a  very  short  time  of  hi«.  death,  to  meet 
bis  Irifiids  in  town  on  Thursday*,  the  day  of  the  Royal 
Society's  mc-eting,Ht  what  15  MjIi  railed  Dr.Halley's  club. 
lli«  imraUtiCftl  disorder  increasing,  hiiitrength  gradually 
\»  .re  aw.iy,  till  he  expired  Jan.  14,  174'-,  86th  year 

of  his  age;  and  his  corps  was  interred  in  the  church-yard 
of  Lee  near  Blackheath. 

Kesidcs  the  worhs  before  mentioned,  his  principal  pub-. 
lir.uiL'as  are,  I.  Catalogus  Stellariim  Australium.  2.  Ta- 
bai«  Aatroaanica.  3.  The  Aitronomy  of  Cometh 
With  n  pent  nnldtnda  of  paport  In  tha  Fhikit.  Tnni, 
ftwn  wLll  to  voL6a 

HAUrAX  (JoMii).  Sea  HotTvooD. 

HALO,  orObnosA,  a  coloured  circle  8| , 
tha  body  of  the  tun,  moon,  or  the  larger  stan. 

naturalists  conceive  the  halo  to  arise  from  a  refraction 
«f  the  rays  of  light,  in  passing  through  the  fine  rare  vesicti- 
Ik  ofa  thin  »upour,  towards  the  top  of  the  a'r.:{>>phere. 

Descartes  observes,  that  the  halo  never  :ip|i(  11  v-  lu  nit 
rains ;  whence  he  concludes  that  thi*  pLe;  r  1,;  u  i:  i  -.  occa- 
sioned by  the  refraction  of  lijht  in  thi'  irnimi  parliclej  of 
ice.  ivljitii  nil  iIm:)  ilnUMi!:  in  the  atmosphere;  and  to 
the  Jittcrcnt  protuberance  of  these  partich'S  he  ascribes 
the  variation  in  the  diameter  of  the  hnlo.  Cia^-iendi  sup- 
poses, that  a  halo  is  occasioned  in  the  same  raaancras  the 
rainbow  ;  the  rays  of  light  being,  in  both  caan,  twice  re- 
fracted  and  once  reflected  within  each  diop  of  TBin  Of  vn* 
pour,  and  that  the  dilfcrencc  between  them  aiitet Ollitely 
fromiheir  difliReot  tituation  with  respect  to  dia  efaaerver. 
Dechaica  alto  endaawnied  to  thow  that  the  feneiatioo 
of  the  hahi  is  ibnilac  to  that  of  the  raiHhow ;  and  that  th« 
teaaon  wby  dm  celoiin  of  the  halo  are  more  dilute  than 
those  0$  the  laiabow,  is  owing  chiefly  to  their  being  form- 
ad,  notja  kigedropt  of  raia,  but  in  rtry  small  vapour. 


therefore,  whenever  thott  tphencal  vapoait  aia 
aitniMd  as  before  meniianad,  tha  fcftactioBt  and  refla^ 
tiom  will  happen  every  where  dike,  and  the  figure  of  a 

circular  crown,  with  the  usual  order  of  collMU^  will  ha 
the  consequence.    Philos.  Trans,  No.  459. 

Newton's  theory  of  halos  may  be  s.r<  n  \r,  his  Optics, 
pa.  155.  .\v\i\  this  curious  theory  wn>  contirmed  by  ac- 
tual observation  in  ,lunc  l(>93,  when  the  author  saw  by 
reflection,  in  a  ve^^el  of  stagnated  wuter,  throe  halos, 
era  IS  lis,  ur  i  .ii^s  i  f  rahmrs,  about  llie  sun,  like  three  sm;:ll 
rainbows  cunet  ntrK.  t'l  his  body.  These  crowns  inclosed 
one  another  imim-riiLtely,  so  that  their  colours  proceeded 
in  this  continual  otder  irom  the  sun  outward  :  blue,  white, 
red  ;  purple,  blue,  green,  pale  yellow,  aad  red  (  pale  blue, 
pole  fed.  Crowns  like  Ibcte  toroelimes  appear  about  tha 
moon.  The  mora  equal  the  ^bolcs  of  water  or  ica  ai* 
to  one  another,  the  mon  CRwmt  of  coloun  will  appear, 
aad  the  cokuft  t»}ll  be  tha  mc«e  lively.  Optics,  pa.  8S8. 

There  an  tereial  af  onbitttiBg  phenomena  tiinihiT 
to  dMM.  The  flame  of  a  candle,  plaecd  in  the  midit  of 
a  steam  la  cold  weather,  or  set  at  the  distance  of  some  fceC 
from  a  glan  window  that  has  been  breathed  upon,  while 

till  t|;,(-clal<>r  is  also  at  the  i!iv!i\iire  .af  m  aie  feet  I'lom  an- 
otiict  part  of  the  window,  or  placed  behiinl  a  ftlass  receiver, 
when  air  is  admitted  into  the  vacuum  within  it  to  a  Cer- 
tain density,  in  each  of  these  circumstances  will  appear  to 
be  encompassed  by  a  coloured  halo.  Also,  a  i^piaiitity  of 
water  being  thrown  up  against  the  sun,  will,  as  it  breaks 
and  disperses  into  drops,  form  a  kind  of  halo  or  iris,  elfri 
hibiting  all  the  colours  of  the  natural  raitthow.  Maa- 
tchcnhmk  ohsenwd,  that  when  the  glass  windows  of  hit 
room  were  covered  with  a  thin  plate  of  ice  on  the  inside, 
Ibe  moon  ^n  through  it  was  surrounded  with  a  large 
and  variously  coloured  halo ;  which,  npoo  opening  the 
window,  ba  feimd  ante  entirely  from  that  thin  plua  «t 
ica,  becaate  aaaa  wat  ohiemd  except  dnaagh  tbitplato. 
Tba  ttino  author  conciladei  hit  aeeount  af  eoranat  with 
obterving,  that  some  density  of  vapour,  or  tome  thicknest 
of  the  plates  of  ice,  divides  the  light  in  its  tnnsmitiion 
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ckhrr  through  the  tmnll  globalnoc  thair  interttictff  into 
It!  separate  colouri ;  but  wh«t  that  imilg  l|»  «r  wJitt  the 
■Im  of  the  pwdclca  which  eOBpoK  tlw  vipoor  nwy  br, 
lisdoct  Dot  piclrad  to  «h(oniiilw.  btlod.  ad  WH.  Nat. 

i».io3r.  ■  , 

IthasoAeB  haen  ofaoenod  tbit  •  two  aboat  the  ihii  ot 
nooDi  docs  not  a|;p«Nr.cifeiiIir  UMfconeaurie  fo  tbe  lu- 
iiiiiiiuy«  but  oval  and  ezcentric,  with  its  loageit  diancn'r 
peipendiculaT  to  the  horiion,  and  extended  from  the  rmmii 
mnber  <iownwanl  than  upward.  Dr.  Smith  aseribm  ttiii 
phcnomrnori  tu  the  a|)|)arent  concave  vault  ol'  lliir  sky 
being  less  than  a  hemisphere.  When  the  angle  whiih  the 
diaiiit  ti  t  (if  a  liain  subtends  at  I  in  i  \  ii  is  43'  or  46^,  and 
the  bottom  ot  tlic  liiilo  is  t.i  ,ir  tin  horizni,  uml  cmisc- 
fjuc-ntly  il>  apl'  M  1  I'.r  ii^i;ir  is  ni'iloval,  tliu  ;\p|i.iri'iit  wr- 
lical  iliMineti'r  is  diMdt-d  by  the  miKjn  in  Uic  |irninirti.m  of 
abuiit  '~  ti>  3  or  4-,  and  is  to  tiic  liorizontal  ilianu  tLT  ilrmm 
through  the  movn,  ait  4  to  3,  nearly. — See  further  un  the 
•abject  of  this  articlr,  Priestley's  Hist,  of  Discoveries  rr- 
lattng  to  Vision,  pn.  596«^lSi  ami  .^111  i;h'»  Optics,  art. 
167,  51.1,  526",  527.  itc. 

HAMCL  (JoH  v-Uarn»TS  W),  a  very  learned  Fn-nch 
philoiopbcr  and  writer,  of  the  tjVk  omtory,  was  born  in 
Lower  Nonnaiidy  in  t6t4>  At  IS  jmn  of  age  be  pub- 
lished'•  treatise,  in  whkh  lie  axplamil.  In  a  very  simple 
manner,  and  by  OH*  uff  tWU  figttRI»  Thcodctios't  3  bouks 
on  Sptierics;  to  which  he  adctod « tract  on  trigonomciry 
extremely  perspicuous,  and  designed  as  an  introduction 
to  astronomy.  Ho  published  afterwardi  various  other 
works  on  astronomy  uiid  philo>iij  li\ .  NiUurul  |iliiloio- 
phy,  as  It  was  then  tauglit,  »a»  only  a  <  dU.  rtion  of  vague, 
knotty,  and  barren  qucstiun's  ;  when  uur  aurli  r  under- 
took to  establish  11  upon  risht  principlt-!.,  ai  i!  iiulil;^lu'd 
his  Astrononiia  Pliysicn. 

In  16G6  M.  Colbert  propo-icd  to  Louis  idc  1  kh  a 
ackeme,  which  was  approved  of.  for  establi»)iing  a  royal 
academy  ut'  science*;  and  appointed  our  author  secretary 
of  it.  In  iSfi,  hb  Pbilosophia  Vetus  et  Nova  iraa 
printed  at  Paris  in  4  vols,  13mo ;  and  in  I68I  it  was  en- 
{•rilFdand  printed  there  in  6  vols.  Hamel  wrote  sevvnil 
other  pieoei;  and  hit  worluin  thia  way  wbr  collected  and 
pHliliimd  at  Nnrcmbeig  1081,  in  4  votanws  4to,  under 
the  title  of  Opera  PhUaiapUcn  et  AatfOBaaica.  Theaa 
were'  higjily  valued  at  that  period,  tlHm^  the  iHipwa» 
raents  in  philosophy  since  that  timo  have  rendered  dM« 
of  little  or  no  use  in  the  present. 

In  16.97,  our  author  resigned  his  place  of  secretary  of 
the  Ri>val  Acndetny  of  Sriencos ;  in  which  he  was  sue* 
ceeded  by  .M.  Fontenellc.  However,  he  published,  in  16;)S, 
Reci«  Scicntianim  AcadeniiSE  Hi>toria,4to,  in  four  bonks  ; 
whicti  beini;  mucli  approved,  he  afterward',  augnunieil 
with  two  books  more.  This  work  contains  an  account  of 
the  foundation  of  the  Royal  Academy  of  Sciences,  and  its 
transactions,  from  ififiti'to  1700,  and  is  now  the  most 
Oscfut  of  all  his  work».  IJc  was  Regius  Professor  of  Phi- 
loiophy,  in  which  office  he  wasaucceedcd  by  M.  Varigpoot 
■t  his  death.  wUdk  h^paned  J^vg.  6,  1706,  in  oia  99d 
year  of  hit  age. 

HAMILTON  (Dk.  Hoor),  »  «eiy  lenectable  ma- 
thematician, and  philotepher,  was  born  at  Kaoefc,  in  the 
county  of  Dublin,  March  S6,  17^9.  He  entCRd  Trinity. 
college,  Dublin,  in  November  1742,  and  obiaitied  a  fel- 
lowship in  that  rolleue  in  1751,  when  he  was  only  22 
years  of  nsc.  in  I'lr  mm-  17."i^,  In  [lu^ili-ln'd  liis  well- 
anown  and  much-admired  i  realise  on  Cuuic  Sections ; 


and  the  nnxt  yejr  was  elected  Erasmus  Smith's  profestor 
of  luittiiai  [tbiluhoph y.  In  the  discharge  of  his  dtlly  at 
piofesvir,  Ik'  coropoted  and  pablisbed  four  loctnica  intro* 
ductory  tu  the  study  of  naiu^l  philosophy;  and  is  the 
yrar  176:2,  4ie  wrote  three  ^lamphtcal  cMyt  on  -the 
aaCent  of  vapoun,  the  fornqfMio  of  cloiidit  rm,  &«  i  mi 
,  lie  nature  ol  the  aurora<boreaU^ and  the  tail*  of  ccimatB; 
and  on  the  (iniiciples  of  Bechaaiet. « 

Dr.  Hamilton  resigned  hit  fel1oinbi|i  in  1764,  having 
accepted  the  living  of  Kilmacrean,  in  the  gift  of  the  ctd- 
lege:  in  I7(i7.  he  was  collated  to  the  puri»h  ol >>i.  Anne's, 
Dulilin.  This  laUer  preferment  was  wh>ii  i.schanged  tor 
lie  oe.iiKry  "1  .\nniii;h.  In  177'-,  he  married  t  and  soon 
I  piililisi^  il  Ins  essiLv  on  ihe  exiMrnre  and  sttiihute^  of 
li.e  Siipi iMi,<'  Biiu^.  ill  lh>-  M.  ir  17;'.'.  lie  iiii'.de  some  im- 
p'lrtiiiit  impi uvt'incnts  in  the  consiruc'.ioii  id  the  barome- 
tet  ;  and  i.i  179*,  drew  up  a  pa|H-r  on  the  power  of  Kxed 
caustic  tilkaiine  salts,  to  preserve  the  lli-sh  of  animals  from 
putrefaction.  All  this  time  he  coniinucd  to  attend  a^u- 
lou»ly  and  conscientiously  to  his  duties  as  »  parish  prwtt. 
Ill  Jitiiuiiiy  I7y0i  I"-  "  I  -  coimrcrati-d  bishop  of  Cloiifiart; 
aivd  abont  3  yrsn  afterwardt  he  was  translated  io  the  tee 
of  Ots:<ry.  of  which  he  eoniinned  bishop  nearly  seven 
years.  )  le  died  Dec.  1 , 1  SOS,  in  the  77thi^ear  of  his  afe. 

The  pr'tnii|ii  tmit  in  the  ditpoiition  of  Biahop  HaanU 
ton,  was  unanected  httmlity:  nit  chief  intdleetual  cba- 
racterwtic,  a  patient  taanner  of  thinking.  His  theory  of 
the  solution  of  water  in  tiir  is  now  exploded,  and  his  iliroty 
of  the  aurora  borealis  has  yielded  to  thnt  of  M.  I.iliei. 
(Sti-  Auima  1m  :juIi^).  But  his  iiu'chuiiical  essays  nuiy 
still  be  read  ivtlii  pleasure  and  advantage.  Dr.  li.linil- 
ton's  «orks  hase  been  lately  collected  and  published  by 
his  son  Ale.vander  llamillon.  in  2  vols.  Svo  ;  ofMliich, 
l'.\c  tirst  roiitaitis  the  Ljiiiii  edition  ul  the  Cuiiii.  .Seciir.r  ■.. 

HANCtlS,  HAXCilKs,ot,H  ANSEs,  III  ArcMliTtiirt,  are 
certain  intermediate  parts  of  arches  between  O.e  key  or 
crown  and  the  spring  at  the  bottom,  being  ;  et^  ip>  about 
one- third  of  tKe arch, and  tiinaled  nearer  the  iH.ttimi  than 
.  the  top  or  crown;  and  are othcrwiae  called  the  spandrels, 

HANDSPIKE,  or  HAKsrac,  a  lever  or  piece  of  aab| 
cini,  or  other  Mfdi^  wood,  fitr  raiaiag  by  the  band  gnat 
weUhlt,  he.  It  it  5  or6  ftet  long;  cnt  thm  and  croohed 
at  the  lower  end,  that  It  nay  be  foit«d  own  readily  be- 
tween things  required  to  be  separated,  or  under  any  thing 
that  if  to  ^  raised.  It  is  better  than  a  crow  of  iron,  be* 
came  its  length  allows  a  better  poise. 

H.\RD  Botliej,  are  such  as  are  absolutely  inflexible  to 
any  pressure  or  percussion  whatever ;  uitTerinj;  from  soft 
bodu  s,  «liow  parts  yield  and  are  easily  moved  among  one 
atiothtr,  uithuut  restorint!  thrmselvps  again;  and  Irom 
cl»^tic  b<idie»,  the  parts  <  T  Ijicli  .umi  \  icid  and  gne  »av, 
but  pn>sently  restore  llieinsclves  again  to  their  former  stale 
and  situation.  Hence,  hard  bodies  do  not  bend,  or  indent, 
but  break.  It  is  probable  boircver  there  are  no  bodies  in 
aatuK  that  are  absolntely  or  perfectly  either  hard,  soft, 
or  elattic{  but  all  possessing  these  qualities,  more  or  Icstt 
in  MNM  dagrce.  M.  Bernoulli  asscru  that  hardmm,  in 
the  coranMm  ionie,  is  absolntely  iaipoatible,  beinc  can* 
trary  to  the  law  of  continuity.  The  laws  of  notwn  fiir 
hard  hodica  are  the  same  as  lor  aofk  onaa,  both  bcinig  sap> 
.  posed  to  adhere  together  on  iWir  iaraact.  And  tlieiatwe 
kinds  of  bodies  might  be  compriaed  under  tim  oommna 
name  of  Un*elastic. 

IIAUDKNING,  the  piking  a  greater  degree  of  h.u.liuss 
(u  bodies  iWn  they  had  before,    'i'bcic  are  Kvvrat  ways 
4LS 
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of  hardening  iron  and  steel ;  as  by 
quenching  them  in  cold  water,  Jtc. 

C<ur-HAKDEiiiNO,  i»  a  superficial  conversion  of  inm 
into  steel,  w>  if  It  wer«  casing  it,  or  covering  it  with  a  tbin 
cmt  ot'  bitrdrr  matter.  It  u  thus  performed :  Take  cow- 
bom  or  hoof,  well  dried  in  an  oven,  and  boat  it  to  powder; 
put  equal  quantitict  of  thia  powder  and  of  tey^alt  Into . 
■lalo  uritw,  or  wh'ii»>wine  vinegar,  and  mix  tbcm  Hill  to- 
gelht'i  ;  cdvcr  the  iron  or  steel  with  thia  taixtHIC,  and 
wrap  II  up  in  lunm,  or  plate  iron,  »o  as  the  mixture  may 
touch  every  part  uf  the  work ;  then  put  it  in  the  tire,  and 
blow  the  coalR,  till  the  whole  lump  has  acquired  a  bloud- 
red  heat,  l>ui  no  hi^lu  r;  lastlv,  tukc  it  out,  an<l  i,  : nrh 
it. — S*-*'  Stki'I.,  iiiidiT  which  uiticlc  arc  describiu  i  tlin 
proccsHs  lor  ilii^  purpose. 

HAUDING,  ii  Miiiili  iifw  primary  planci,  cnlli  d  iiUo 
Juno,  di>cover<  d  by  tii  '  -HstruiKimcr  -M.  Hiiid.M:: 

HARDNK6S,  or  KiGiDirv,  that  quiililj  iii  liodirs  by 
wl^ich  their  |>nrt»  so  cohere  as  not  to  yield  inuard.  or  cive 
way  to  an  external  impulse,  without  initanily  going  be- 
jrand  the  distani»  of  their  mutual  attraction ;  and  there- 
fore are  not  subject  to  any  motion  in  respect  of  each  other, 
without  breaking  the  body.  Then^  were  many  fanciful 
'  opinions  aaoiK  the  aocientib  concerning  the  arase  of  hard* 
Bcu}  tttch  «t1ient,c«>ld,  dryncM,  ihalraoknd  anmof  tha 
pardcks  oT  ainer.  The  CfnrMiianB  make  tlie  mtiIwm  of . 
bodiii  to  eomlst  la  rest,  at  that  of  toft  ud  fluid  ooct  in 
tba  nuMion  of  their  particles. 

Newton  ahows  that  the  primary  particle*  of  all  bodies, 
whether  solid  or  fluid,  are  pc-rfcctly  hard  ;  mid  are  not  ca- 
pable of  being  broken  or  dividiti  by  any  power  in  nature. 
The--'  p  u  lie  mniiitains  arc  connecti  ii  and  kept  lo- 

gethur  by  an  attractive  power;  and  according  to  tiie  cir- 
cumstance* ol  th.«  attraction,  the  body  is  either  hard,  or 
toft,  or  even  ftuid.  If  the  particulars  be  io  ilUfiospd  or 
litted  for  each  other,  »!*  to  touch  in  large  ^ucacis,  tl.i- 
body  will  be  bard;  and  the  more  so  as  tliose  surfaces  arc 
the  larger.  If,  on  the  coalrary,  they  only  touch  in  small 
surfaces,  the  body,  by  the  weakness  of  the  attiaction,  will 
remain' toft.  At  present,  many  philotophan  nrc  of  opi- 
nion, that  hardness  consists  in  the  absence  or  want  of  the 
action  of  the  univei-sol  fluid,  or  elementary  lire,  among 
the  paiticlea  of  the  bod  v*  or  a  deficienqr  of  what  it  called 
btnnt  halt}  wMla  on  tii*oaiilhBiy»  fluidity,  according  to 
dMn,  coniili  in  the  notion  of  die  paiticiet,  in  coma- 
quence  of  the  actton*af  that  elcnieniary  fira. 

Hardness  apptars  to  diminish  the  cohesion  of  bodies,  in 
some  degree,  though  their  frangibility  or  britilcnrss  docs 
not  by  any  moans  knp  pace  with  lluir  hardness.  Thus, 
though  slass  W  vrry  hard  and  vei  \  brittle  ;  yet  (tint  is  sltW 
harder,  though  Irs-,  brittle.  Aiiuinj^  the  metal«,  lluse  two 
properties  secni  to  be  more  cnnincted,  tbou;:h  eieii  here 
llio  ciiniie.\iun  ii>  by  u->  means  complete :  t<ir  tli'>u;ili  ste  el 
be  br'th  the  hardest  and  nu>st  liriltle  ijf  uit  the  inelaU; 
yet  lead,  which  is  the  ^c-ltesl,  is  not  the  most  ductile. 
Neither  is  liarilncss  connected  with  the  specific  gravity  of 
b<Hlie»  ;  for  a  diamond,  the  hardest  substance  in  nature,  is 
little  more  iban  half  the  weigtht  of  (he  lightest  inclal.  And 
as  little  it  it  connected  with  the  coldness,  or  elactrinil 
properties,  or  hny  other  quality  with  which  wo  am  ai^ 
quaintcd.  Sonw  bodict  are  reodeifd  hard  by  coU,  and. 
othen  hy  diflinvnt  dejeraet  of  heat. 

Hr.Qviit  and  olheia  have  constructed  tables  of  the 
baidneia  of  diflercnt  anbtfaBces.  A  nd  the  manner  of  con* 
•ituctiiv  thflw  tnhlti,  waa  by  observing  the  order  in  wbieh 


they  were  able  to  cut  or  make  any  impression  upon  one 
another.  The  following  table,  cxtiacttd  from  Mugellan't 
edition  of  Cronstedt's  Mineralogy,  was  taken  from  Qoiat, 
Bei]ginan,  and  Kirwan.  Tbefintcolttma  ■hovt  the  iMfd- 
neat,  and  the  second  the  tpeciie  gravity. 


Diamond  from  Otmni 
Pink  diamood 
niueish  diamond 

V'  ll  iwi'.h  ilianiond 
Ciiliir  Jiaiuond  - 

F.ilc  blue  sapphire 
Pale  ruby  from  Brazil 
Diep  bill''  ^uppUire 

Top.!/  . 

Whitish  ditto 
Ruby  spincll 
Emerald 
Garnet 

Ante        •      "  • 
Onyx 
Saraonys 
Bohcrotan  topat 
Occid-anetbyit 
Crytial  ' 
Carnelian 

Green  jasper  • 
Sclioerl  •  • 

Tourmaline 
(^'narta 
i)\m\ 

Chrysolite 

Reddish  yellow  jasper 
Zcolytc 
Fluor 

Calcareous  tpar 

Gypsum 
Chnlk 

HARMONICA,  Harmorics,  a  branch  or  diWsiqn  of 
the  ancient  music;  being  that  part  which  cotttiden  the 
diflcrencca  and  pra|ioriions  of  sounds,  with  rtapcct  to  aentt 
and  grave;  aa  dimngnithed  Irmn  ihythaicB,and  meirica. 
Mr.  .Malcolm  baa  inade  a  very  inouitiioas  and  learned 
inquiry  into  the  Haimonica,  or  hnnnonic  principles  of 
the  ancients. 

H.AKMOMCA,  the  name 'of  a  muncal  Instrument  in- 
vented by  Dr.  Franklin,  consisting  of  the  glasses,  called 
musical  glasses. — \Vc  arc  informed  that  the  first  hint  of 
MMi^icil  cbisses  IS  to  be  li'Und  in  nn  oid  I'-iviilish  bofik,  in 
uiueh  a  number  ol  various  aiiiuseinents  wete  described. 
■|  hut  aullior  (iirects  his  pupil  to  clioose  liall  a  dozen  drink- 
ing-giasMs;  to  Iii!  eaeii  of  them  with  viritt  r  in  proportion 
to  the  gravity  or  atuteiiess  ol  the  souinl  which  it  is  in- 
tended to  give  ;  and  having  thus  a<ljuMeu  them  to  each 
other,  he  might  entertain  the  company  with  a  church 
tune.  These  were  p4  tbaps  ihe  rude  hints  which  Mr.  Piick- 
eridge,  an  Irish  gentleman,  afkcrwardt  improved,  and  after 
him,  Mr.  E.  Dclaval,  an  iagrnious  member  of  the  Royal 
Socie^;  and  finally  ,  brongitt  to perfvciiou  by  thecelebratcd 
Fmaklin.  See  the  history  and  dcacripiion  in  hit  Lattery 
particnIaHy  in  that  to  Beccarin. 

HARMONICAL,  or  HaftMOHic,  iMoelliinK  nli 
to  liarroonyi  Thus, 
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lUkBOiiiCAL  Arithmetic,  Is  so  much  of  (he  theoiy 
•■d  doctrine  of  numben,  as  relates  to  making  the  conpa* 
ikomuxi  reduciiom  of  muaical  tntnrvab,  which  mm* 
pHMed  by  numben,  for  fiDdim  dMir  natml  rahrifloi, 
conifoiitioiwi  snd  molmiaM. 

H^miigwiCAL  CmfmMm,  ia  in  gentnl  uaat^  iacladet 
the  coapoailion  both  of  harmony  and  aoalodys  >•  «•  of 
music,  or  song,'  both  in  a  tingle  part,  and  in  wrpfBl  parts. 

Hahmovical  Interval,  the  difference  belwctti  two 
sounds,  in  respect  of  grave  and  acute :  or  that  imaginary 
space  tenniMlcd  with  two  Kniiidt  dilferim  in  iifealcam  or 
gravity. 

HARMONICAL  Curve,  an  iiiia,;inary  kind  of  curvi-, 
into  which  it  ha*  been  suppo-scil  ituit  a  musical  chord 
would  be  inflectetl  «  hin  put  iiitosiicli  a  viliratory  nioti^.n 
as  excited  sound.  It  has  been  asserted  by  Dr.  Brook 
Taylor,  and  others,  that  if  ii  cboni  be  inflected  into  any 
other  form  titan  that  of  t^e  harmonic  curve,  it  will,  since 
tiiaae  pom  which  an  without  this  figure  arc  impelled  to- 
wards it,  by  an  exceu  of  force,  and  thoae  within  it  by  a 
deficiency,  in  a  very  short  Itnu  arrive  at,  ur  very  near, 
the  form  of  this  precise  cant.  But,  as  Dr.  T.  Vouog 
fery  prop-rly  iqiMrin,  "  it  woald  ho  easy  to  prove,  if  this 
leaacMui^weiealiowod*  that  the  fefm  of  the  curve  can  be 
DO  other  than  that  of  the  axis,  amoe  die  tending  force  is 
continually  impelling  the  chord  towards  thislioe."  Philos. 
Trans.  ISOft,  pt.  I. — In  theory,  a  mtisical  chord  is  con- 
ccivf;l  rii  he.  ;i  mathematical  lirn'.  llixiMo  l;\  the  lca«C 
force,  iuiil  liaslic:  ntid  when  luch  chord,  at  llio  limit  of 
its  vibriiticiii,  Hsstiiiies  ihn  f<irni  of  this  liarmuiiical  curve, 
it  will  vihratr  to  and  Uq  in  curves  of  the  same  species. — 
According  to  the  investigation  of  Dr.  Smith,  the  tigure  con- 
tained under  the  liarmonical  cur^e'and  its  base,  is  of  the 
aarae  species  .is  v.u-  (ijtire  <jf  bines.  From  the  iiivestigalion 
it  follows  :  I.  That  the  force  by  which  any  small  particle 
of  an  elastic  string  is  impelled  towards  the  centre  of  its 
coratttre,  is  to  the  tending  force,  as  the  length  of  ti>e  par* 
tiela»  is  to  the  radius  of  curvature.  9.  The  perpendicular 
tUttMOB  of  a  particle  from  the  string  in  its  quiescent  poii- 
lim,  is  to  thettitng's  length,  as  the  same  loigtb,  is  to  (he 
ffiditis  '<r  curvatun:  into  the sqitaie.of  3*U1^  Hence, 
if  aii>  ]M  1 1  '  iidicuiar  distance  db  be  put  s  tf,  the  string's 
length  =»,  and  3M4I55J  =  c.then  will  the  radius  of  curva- 
ture o  a         3,  tjich  particle  of  the  string  will  arritc 

at  the  axis  at  the  same  instant  of  tiaw.  Bat  it  Is  all  along 

supposed  that  the  greatest  distance  of  the  string  from  the 
bears  no  sensible  proportion  to  its  length.  See 
Smiih\  llarm'in.  p;i.  -:i48, &c;' aiio Motcs to tiw  Jcauils' 

Nfvvtoii,  lorn.  'J,  pu.  :t48. 

11  \.;MONi(  Ai.  I'l'ipf'ilioTi,  or  ^Tiisical  Proportion,  is 
that  ill  which  the  iiril  li  rni  is  to  the  third,  as  the  difference 
of  the  first  and  second  is  to  tlie  ililTerence  nf  the  2(1  and 
3di  or  when  the  first,  the  third,  and  the  said  two  ditfe- 
iCDCes,  are  ingeomt'tricnl  proportion.  Or,  four  terms  arc 
inbarraonical  proportion,  when  the  1st  is  to  the  4th,  as 
(he  difference  of  the  (stand  2d  is  to  the  difference  of  the 
3d  aad  4th.  Thus,  S,  3.  6,  arc  in  harmonical  proportion, 
.boeBnseS:6::  1:9«  And  the  four  terms  9,  19,  l6,  24 
»•  in  hamonical  proportion,  bccaose  d:94::S:8— If 
the  piroportlowl  terms  he  eontinufd  in  the  former  caae, 
lliey  will  Ibm  an  hacnoBidd  piag^on.  or  scries. 

1.  The  recipncah  of  an  arithmetical  progrcsjuon  an  in 
harmonical  progression;  and,  conversely,  the  reciprocals 
of  barmonicals  aic  arithtneticals.   Thus,  the  reciprocals 
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of  the  barmonicals  2, 3,  6,  are  |,  f  whick  m  arith- 
melicalsi  fori-  i  =  i,  and  i  -  i  =  ^aiso:  and  the 
•Mspncalaofihtarithmelicals  i,  2, 3,  4,  f<c,  arc  I,  I, 
|i ftVf.whidi  are  harmonicaU;  for  | :  | : :  |  -  4^ :  ^  -  ^; 
■odaoon.  And,  in  genej-al,  the  reciprocals  of  thcaiith* 
Mdtieils  a,  a  f  d,  a  -h  "Zd,  a     ad,  &c,  vi«, 

?  m*  TTIP  r7~U'  hormonkalsj  et  • 

oontri* 

S.  If  three  or  four  numb<'i^  m  harmonical  proportion 
be  cither  mullipliril  nrdunled  by  some  numl  .r,  pro- 
ducts, or  the  quotients,  will  still  he  in  harmonica!  propor- 
tion. .  Thus, 

the  hurinonicals  »  6,    8,  12, 

multiplieil  by  2  give  -  12,  Id,  24, 
or  ilivided  by  2  give       -  3,    4,  (i, 

which  are  al-u  harmoiiicals. 

3.  To  liiul  it  harmonical  mean  proportional  between  two 
terras :  divide  double  their  product  by  their  sum, 

4.  To  find  a  3d  (enu.ia  liarmoiiicul  pmportioa  to  lw4 
ipven  terms :  divide  Ad*  product  by  the  dUfermce  ti«- 
twoen  double  (he  1st  terta  attd  the  2d  term. 

5.  To  find  a  4th  term  in  hannonical  proportion  todweo. 
termi(it«;  divide  the  product  of  the  laC  aad  4d  fay  the' 
diAncaco  hetween  douHa  the  1st  and  llw  Id  tena. 

Henc^  of  the  two  terms  6  and  9, 
the  liamonical  mean  is  4, 
the  3d  harmonical  proportion  is  2, 
also  to  6,  4,  3,  the  4tli  harmonical  is  2. 
ti.  Il  tJu  re  be  taken  an  antliint  tical  menu,  and  a  liar- 
tnoiiicul  mean,  Ijctwec.n  any  two  terms,  the  four  terms  will 
he  in  geomeirical  pM|i:)i:i:iii.    'I'l.us,  bctwced  0  and  ^ 
the  iirithmelical  im.in  is  4,  and 
the  h.'u  iiiMiiic:il  ini  au  is  3  ; 
and  hence  {1  :  t  :  ;  3  :  2. 
7.  Also  the  arithmetical  mean,  the  geometrical  mean, 
and  the  harnioiiical  mean,  between  any  two  terms,  are 
ihre<-  terms  in  caiuiiin.<l  geometrical  progression.  So, 
between  6  and  3,  the  arithmetical  mei^  is  4^tbr|ieometri- 
cul  mean  is    12, and  the  harmonical  mean  la);  than  4 : 
v/12  ::  ^12  :  3. 

il.VRMONY',  in  Music,  the  agrceaUe  rasnit  of  an  union 
of  several  (ausical  sounds,  heard  at  one  and  the  same  rinw} 
or  the  mixtnn  of  divers  aoands,  which  together  have  an 
agiccable  eflbctontbe  ear.'— As  a. continued  succession  of' 
musical  sounds  produces  melody,  so  a  continued  combina- 
tion of  them  produces  harmony.  Ariioni;  the  iincients, 
however,  as  sometimes  also  among  the  moderns,  harmony 
is  used  in  the  strict  sense  of  oonsonance;  and  ao  is  oqtti*. 
valcnt  to  the  symphony. 

The  words  concord  ami  harmony  do  really  signify  the 
same  lliino  ;  th«»ii,.'!i  C!i>tom  lias  made  a  little  difference 
bclrti  cii  them.  Ciiririiril  is  the  agreeable  effect  of  two 
sounds  in  consonance  j  harmony  the  effect  of  any  greater 
number  of  agreeable  sounds  in  consonance.  -Vgain,  hai^ 
mony  always  implies  consuiiance;  but  concord  is  also  ap> 
plied  to  sounds  in  succeswin;  though  never  ba(  where  tna 
tcrnu  can  stand  agreeably  in  conmnanrr.  The  effect  of  an 
agreeable  succession  of  aeveni  suundis,  is  called  melody;  as 
that  of  an  agreeable  oomonance  is  called  faarmo'uy. 

Harmony  u  wdl  defined^  the  sum  vt  malt  of  the  cook 
bipation  of  two  or  naia  ceoeords;  jhat  is,  of  three  or  mora 
simple  sounds  strihing  the  ear  altogether;  and  diflmot 
'compositions  of  concords  constitute  various  degrees  of 
harmony.   Tbc  oncicou  seem  to  have  bceii  entirely  ua- 
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acqu  uiiu  d  wiih  li;<rm<inv,  the  boul  of  the  inodrrn  iiiu.iic. 
Iti.ill  ((icir  cxj/liculi'iiiv  <i|  tin-  nil  I'jpcBiu,  tliev  >ay  not  um.' 
wonl  I'f  llie  roiici'it  or  linrn^dny  ul  part*.  Wf  hav>>  iii- 
stiiiiCL':^,  Lixlii'il,  of  liu'ir  joiiiiti:;  viveral  voices,  nr  initru- 
infiit».  III  coiiioitancc ;  bul  Uitii  ihi-se  were  mil  »u  joined, 
sa  thai  <acli  had  a  distinct  and  proper  mclod),  so  making 
a  tUCCnston  of  varinu*  rnncnrds ;  but  they  were  Cttbtr 

nivsoai,  or  octave>,  m  <  vrr)  i.ute :  and  so  all  performed 
the  bainc  in^Jivjilual  iiu  lo'^y,  »nd  constituted  onf  son);. 
When  the  parts  diHer,  not  in  the  tension  of  the  whole,  but 
in  tbe  dift-rent  rrlaliotn  uf  the  tucceuive  notes,  it  is  this 
tint  eamtitnlcs  th«  iMidern  ut  of  baimony. 

HaftMONT  tfth  %ierrj,  or  GrtefM  Mimmy«  •  UmI 
of  nusic  noch  iipokcn  of  by  fflany  of  tho  •odcDt  fihilA- 
■ophers  and  faibers,  topiKHml  to  be  prodaoed  iSm 
tweedy  tuned  raotions  of  (he  ttan  atid  ptaoeta.  Thii 
harmony  they  attribuled  to  the  variouit  proportionate  im- 
pression*  o(  the  heavenly  bodii-s  on  one  another,  acting  at 
pn  ]"  r  innr^nls.  They  think  it  imptissible  tlnit  sm  ii 
pl■o^ll^l<lu^  b",in>%,  m4>»in:'  with  such  rapidity,  sliould  be 
.silent;  on  tin;  coiitMry ,  tlie  :itnios|i!>ore,  continually  im- 
peiicd  by  them,  mij-t  ynKI  a  wt  ul  &ound«  proportionate 
to  the  impression  it  riceives;  and  that  conM!quenlly,  as 
they  run  all  in  difli  rent  ciixiiits,  and  with  various  tlegret* 
of  velocity,  the  ditfeient  tones  arising  from  the  divcrwiy  of 
molluns,  directed  by  the  hand  of  the  Almighty,  must  fomi 
an  agiei  .iiile  symphony  or  concert.  They  therefore  lup* . 
posed,  (bat  the  moon,  as  being  die  lowest  of  tbe  plMicls» 
corresponded  to  mi$  Mntury,  tojitt  Vcntts,  to  Mf  dw 
Sun,  to  la;  Uan,  lo  tii  Jupiter,  to  ti«;  Sainrd,  to  Tf: 
and  tbe  oilipf  the  fixed  stars,  as  being  tbe  bigbest  of  all,  to 
M<,  or  (b«  oaave. 

It  is  tbougfat  that  Pythagoras  bad  a  ykm  to  the  gimvit»- 
tion  of  celestial  bodies,  iit  what  he  taught  concerning  the 
harmony  of  the  tphcres.  A  musical  chord  gives  the  same 
note  as  one  double  in  length,  when  the  tension  or  force 
with  which  the  latter  i»  stretched  is  quadruple;  and  the 
gnivily  of  R  planet  is  quadruple  of  tbe  gravity  of  a  planet 
at  a  doulile  distance.  In  general,  that  any  musical  chord 
may  iit'coiiie  unison  to  a  lesser  chord  of  the  same  kind,  its 
tension  must  be  increased  in  the  same  proportion  as  the 
square  of  its  leni^th  is  greater;  and  that  the  gravity  of  a 
planet  may  become  equal  to  the  gravity  of  another  planet 
Beam  the  sun,  it  must  )m>  incrcned  in  proportion  as  the 
sqUBlciif  its  distance  from  the  sun  is  greater.  If  (here* 
forowe»hould  suppose  musical  chords  extended  from  tbe 
ran  lo  cMcb  nlamt,  that  all  these  chords  might  hecowe 
unison,  it  would  be  requiiii*  lo  ioctene  or  dimnuth  their 
tesiMons  in  tho  sumo  propoitlona  would  be  snflcicBt  lo 
render  the  gnvitica  of  the  planets  equal ;  and  from  tbe 
•iuilitudcof  those  proportions,  the  celebrated  doctrine  of 
the  harmony  of  the  spheres  is  supposed  to  have  been  de- 
rived. 

Kepler  wrote  a  large  work,  in  folio,  on  the  harmonies  of 
the  wcifld,  and  ]iarticnliirly  ol  that  of  the  celestial  b'ldies. 
He  first  endeavoured  to  tin<!  o\it  s<inie  relation  between 
the  dimensions  of  the  five  f  '  ..l  ii  .ols.i'-.  .ind  the  intervals 
of  the  planetary  spheres;  and  imagining  thai  a  cube,  in- 
scribed in  the  sphere  of  Saturn,  would  touch  by  its  six 
plaiK\s  the  sphere  of  Jupiter,  and  that  the  other  four  re> 
gular  solids  in  like  manner  fitted  the  intervals  that  ant  be- 
tween the  spheres  of  the  other  planets,  he  became  per- 
suaded that  lUs  was  the  irue  reason  why  the  primary 
planets  were  prBciscly  ifix  ia  Dumber,  and  that  tbe  author 
of  diowoildbad.datafiMii6d  ibnr  distoncci  fiom  the  mis. 


the  centre  of  th*  system,  troni  a  regard  lo  tbi'.  nn»log> . 
But  afiervsiuds  nn<iiii^  that  the  disposition  i  f  the  live  rt- 
^nUr  solids  among  the  planetary  spheres,  was  not  agree- 
abli  lo  ;he  inti  rvuls  lelrteon  their  orbits,  he  endeavoured 
to  discover  oilier  schemes  oi  htirinony.  Tor  this  purpose, 
he  compared  the  niotions  of  the  same  planet  at  its  great- 
eit  and  least  distances,  tind  of  liie  iltHen  ni  planets  in  their 
eeteral  orbits,  as  they  would  apjieiirvK  ui  d  irom  (hcsunj 
and  here  lie  fancieil  that  he  found  a  similitude  to  tbadi* 
visions  of  the  octave  in  music.  Lastly,  be  imagined  that 
if  lion  were  drawit  from  the  earth,  to  each  of  the  planeti, 
and  the  planets  appended  to  them,  or  sticlhhed  by  wd^ia 
IMopoftioaal  to  the  plaaela,  thcso  lines  would  mn  MMHid 
all  the  Bolct  in  tbe  octavo  of  a  musical  cfaofd.  See  bia 
Harmonics:  also  Plin.  lib,  i,  cap.  32;  Maerab.  in  Somn, 
Scip.  lib.  2,  cap  1 ;  I'lutarcb.  de  Anilnal.  Procreatione,  ji 
TimaKi;  uiid  Maclaufia'a  View  of  Nowton't  Diacwr. 
book  1 ,  chap.  C. 

llAKQUKiU'SS,  a  hand-gun,  or  a  fin-arm  of  a  |)ri.per* 
length  and  woi;;bl  to  be  borne  iii  tin  arm.  llanzelet  pre- 
sCMbt  -  ils  iirnju-r  loii:;1b  to  be  4<)  c.ililiri-s,  or  diameters  of 
Its  hull-,  .ij;<(  the  uii^htoi  lis  bull  1  oz.and  J;  its  charge 
of  piisv  iler  !is  niiit  b. 

HARRIOT  (Thomas),  a  very  eminent  English  mathe- 
matician and  astronomer,  was  born  at  Oxford  in  Ijtio, 
and  died  at  London  July  2,  l62l,  in  (he  (>lst  year  of  his 
age.  Harriot  Uan  hitherto  been  linown  to  the  world  only 
as  an  algebnist,  though  a  wry  coiaeDt  one ;  but  from  hie 
man9seript  papers,  that  have  been  but  lately  diacoveied 
by  Dr.  Zach,  attroBOOMr  to  lha  duhe  of  Soae-Ootha,  it 
appears  that  he  wut  not  Icti  eminent  aioD  aitnNMiBcraiKl 
geometrician.  Dr.  Zach  has  pitelad  «t  uecottot  of  those 
papers,  in  the  Astronomical  Epbemerb  of  the  Royal  Acaf 
demy  of  Sciences  at  Jlerlin,  for  the  year  1788;  of  which, 
as  it  is  very  rurions,  and  contains  a  great  deal  of  infor- 
mation, I  shall  L.ii-  .1  ':anslation,  to  seivc  us  nu- 
moirs  concerning}  the  lile  and  writings  of  this  cuiiiient 
man ;  afterwards  uddliig  on^  tome  neoeieary  remarks  of 
my  own. 

"  I  here  present  to  the  woild,"  ,sn\s  I)r. /;uh,  "  ashoit 
accoijnt  of  some  valuable  and  mrious  manuscrijils,  vthich 
I  foood  in  the  year  178  i,  at  the  seat  of  the  carl  of  Kgre- 
mont,  at  R.-tworth  m  Sutaex,  in  hopes  thut  this  learned 
and  inquisitiva  age  will  either  think  my  endeavours  about 
them  wor(by  of  its  assistance,  or  else  will  be  thereby  in* 
duced  to  attempt  sotue  uiLcr  means  of  publishing  them. 
The  only  ondeniabk  proof  i  cnn  now  produce,  of  the  ase> 
Ailncasof  such  an  nadcrtaking,  is  by  giving  a  siiccinct  ra- 
port  of  ibecoolBnts  of  these  malerials,and  briefly  showing 
what  may  be  c fleeted  by  them.  And  dwugh  t  cime  to  the 
pcrformaiKOof  sucban  enterprise  with  nuich  less  abilities 
than  the  diflerent  parts  of  it  require,  yet  I  trust  ijiat  my 
love  fi)i  truth,  iny  design  Jind  ueal  to  yindii;;ii  ihr  '  oiioi:r 
due  to  an  F.nglishinan,  the  author  of  these  manuscripts, 
which  arc  the  chief  rejisons  that  have  influenced  main  thit 
undertaking,  will  ?erve  us  my  e.vcuse. 

"  A  predecessor  of  the  family  of  Lord  Egremont,  vijr, 
that  noble  and  generous  i  nrl  of  Northumberland,  named 
Henry  I'ercy,  was  not  only  a  generous  favourer  of  all  good 
learning,  but  also  o  patron  and  Maecenas  of  the  literati  of 
his  age.  Thomas  Harriot,  tbe  author  of  the  said  manu- 
scripts, Robert  Hues  (well  known  by  bis  Treatise  upon  the 
Globe*),  and  Walter  Warner,  all  throe  eminent  matfaeroa* 
ticians,  who  were  known  to  the  curl,  received  from  hiai 
yearly  pewiow;  lo  thtt  when  tbecul  was  committed  pti- 
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tdmr  to  tbc  Tower  of  London  in  the  year  I6i06,onr  author, 
with  Hoe*  and  Wameri  were  kit  coiutani  companion* ;  and 
were  wuUf  called  Um  mA  of  NoRliuilMrlaiid'a  tlim 
Magi. 

rhomas  Harriot  b  «  bwmi  and  odebnittd  mtlw 
maiician  among  the  learned  of  all  Mtiam,  by  bit  excctlcnt 
work,  Ariis  Analytics  Praxii,  ad  ■qnatioBee  algebraical 

nnva  vxpcdita  et  general!  mcthuilo,  resolrendM,  IVactalua 
po>thumiis;  Land.  I6'3I  :  dcdicatiil  to  Henry  oarl  of 
Northuiiiboilniiil ;  published  ul'lcr  his  deaih  by  Walter 
WaiMcr.  It  15  ri'inarkiiljlp,  that  the  fame  and  tbe  hninKir 
of  thi«  tnilv  iticat  man  were  constantly  altackrd  liy  itic 
French  inatlirmaticimis  ;  who  could  not  fiidurc  thai  llur- 
not  should  in  any  nay  diminish  the  tVtini-  uf  their  V'ietu  and 
iVscartc*,  especially  the  latter,  who  was  <)]M-nly  accusetl 
of  pingiariam  from  our  author.  [See  Montucla's  Hijtoire 
det  Matlicmatiqucs,  part  9,  pa.  485  et  siq.— Lettres  de 
*M.  Descartes,  torn.  3,  pa.  4S7,  edit.  Paris  1067,  in  4to. — 
IKcdonnaire  dc  Morreri,  word  Harriot, — Kncyclopedie, 
word  J^gcira.— Lettrea  da  M.  de  Vidtaire^  enr  la  natioa 
Angloiiei  Icttra  I4v— Menoiw  da  I'AbbA  de  6m  dam  ka 
MeM,  de  rAcad.  daa  Sdenoat  de  Vuk  pear  174i.p-J«is. 
Colliai^»  great  Hiitorical  DictloMiy,  word  HmHal/—t>r, 
WalUs'B  preface  lo  bii  Aljpbiai-*'!^  wbkh  toay  b«  added 
the  article  Algebra,  in  thn  diclioaarjr.] 

"  Descartes  published  his  Geometry  fiyean  after  Har- 
riot's work  Bpi<eared,  vi«,  in  the  year  l637-  Sir  Cbarlei 
Cavendish,  then  ambasnador  at  the  French  cimrt  nt  Paris, 
when  De»carte»'»  Gt-ometry  made  its  first  appuarancc  in 
public,  observed  to  the  famous  geometrician  Roberval, 
that  iliete  improvements  in  analysis  had  been  already 
made  ilirsc  6  years  in  England,  and  shuwid  him  after* 
wards  Harriot's  Artit  Analyticae  P^8^is;  uhich,  as  Ro- 
berval waa  looking  over,  at  every  page  he  cried  out,  Qui ! 
«ai  t  il  I'a  vu  I  Yea !  yet  I  be  baa  teen  it  1  D«!scart«s  had 
abo  been  in  England  before  Harrioifa  death,  and  bad  beard 
of  bit  new  imftroveatentt  and  invention!  in  analyra.  A 
oritieBl  life  of  tbit  man,  which  hb  paper*  arould  enable  ne 
to  pobUibi  will  abow  more  clearly  wbat  to  think  'apaa  thia 
matter,  wbidi  I  bope  may  be  ditcoiied.  to  the  daa  aoaoar 
of  ooranthor. 

Nov  all  tbit  relatN  to  Harriot  tha  eelabrated  ana> 
lytti  bat  It  ba*  not  hitherto  bees  kaawa  that  Harriot  waa 
an  eminent  astronomer,  both  theotarical  and  practical, 
uhich  fir^i  appears  by  these  manuscripls;  among  which 
the  iiii>*.t  n  murkablc  arc  199  observations  of  the  Sun's 
Sprits,  with  their  drawings,  calculations,  and  determina- 
tions of  the  sun's  rotation  about  his  axis.  There  is  the 
greatest  probability  that  [larrini  was  the  lipit  discoverer 
of  these  spot*,  even  before  either  Galileo  or  Srheinfr. 
The  earliest  intelligence  we  have  of  (be  first  ditCDverrd 
solar  spots,  h  of  one  Job.  Fabricias  Pbrysius,  who  in  the 
year  published  at  Wittembcrg  a  small  Ireaiite,  in- 
titledj  Da  Moculia  in  Sole  obtcrvati*  et  apparcnte  aonmi 
can  Ma  oonversione  narratio.  Galileo,  who  ia  «Dnt> 
xnonly  accounted  the  first  di*Cov«rer  of  the  solar  spot*, 
published  hi*  book,  Istoria  e  Dimonstraiiont  laturne  alio 
Machie  Solara  a  loni  accideBti,at  Rome,  ia  the  year  l6lS. 
Hbintobeerration  ia  thb  work,  b  dated  Jntw  t, 
Aagjrio  de  Flliit,  tha  editor  of  OaUlaaT*  work,  wbe  wtata 
the  dedication  rad  pvefaca  to  it,  mention*,  pa.  5,  dmt  6a* 
lileo  had  not  only  ditooveied  these  spots  in  the  month  of 
April  in  the  year  I4$ll,at  Rome,  in  the  Quirinal  Garden, 
but  had  shown  them  srvenil  monttis  lie'nrr  (molli  mesi 
innanai)  to  bis  friends  in  Florence ;  and  that  the  obtcr* 


valiowof  the  disguised  Apellm  (thaJcauitScheiuer,aiwiN 
teadcr  to  thb  first  discoveiy)  ware  aot  bttrr  than  dm 
atMMh,4f  October  in  tha  iiiaa  year}  by  whicb  the  cpoA 
«Mb  ditcovaiy  waa  touit  to  dm  beglaafaig  of  the  year 
Iflli   Bat  a  passage  in  the  first  letter  of  Galileo'*  worlcs, 

E'tl,  l^vai  a  more  precise  term  to  this  discovery.  Ga- 
o  there  laya  ia  pmin  terns,  that  he  had  observed  the 
spots  in  the  sttn  18  monihs  before.  The  date  of  this  letter 
is  May '.3^,  16"I2;  which  brings  ihc  tiue  epoch  of  this 
discovery  to  the  month  of  November,  KilO.  However, 
( ..il:  Il  i (ii^t  produced  oiJSel^.-ltl'ln^  aie  milj  from  Jur»c  2, 
KilJ,  liiul  those  of  I'atlicr  !>chi-iiii  r  of  ihr  innnrh  of  Oc- 
tober, in  the  same  year.  But  ii'>w  ;ii  ]  n  .ir,  tium  Har- 
riot's meniiicripts,  that  hii  first  ol>ser\ulioi,!,  of  ihi-se  spots 
arc  of  Dec.  8,  If  lU.  It  is  not  liktly  that  Harriot  could 
have  thb  tvotice  troni  Galileo,  for  1  do  not  find  this  roatbe> 
maticianV  liame  ox'r  quoted  in  Harriot's  papers.  But  I 
find  him  mentioning  Joaephus  a  Costa's  book  I,  chap.  2, of 
his  Natural  and  Moral  History  of  the  West  Indies,  in 
wfaij^be  relate*  that  in  Peru  there  are  cpoti-  baaeen  in 
tha'WteilUeb  are  not  to  be  seen  in  Europe,  h  rather 
imawitw  llaWikf  had  taken  the  hint  from  thence.  Be» 
ridei^ith%my  iKely  that  Harriot,  who  lived  with  to  g»> 
acvoos  a  patron  to  all  good  learning  and  improveiaomt, 
had  got  the  new  invention  of  telescopes  in  Holland  much 
sooner  ill  Kn;;hiri(l,  than  thr-v  could  reach  Clalilro,  who  at 
that  time  lived  at  Venice.    Harriot's  very  (  urul  ex- 

act nbeervation*  of  these  spots,  show  aUn  thm  h<  wa'^  In 
possession  of  the  best  and  roost  improve  .!  triesenji.  s  of  that 
time;  for  it  appears  he  had  somewith  nia^iniyin;^  pn^ers 
of  10,  20,  and  30  limes.  At  least  there  are  no  l  arlicr  ob- 
servaiiiins  of  the  m  !.ir  sp)ts  extant  than  his:  they  run 
from  December  KilO,  till  January  18,  1613.  1  com- 
pared the  corresponding  ones  with  theie  obterved  by  Cia- 
lileo,  between  which  I  found 'an  exact  agreement  '  Had 
Harriot  bad  any  notion  abwUGidileo's  discoveries,  be  cep* 
tainly  would  have  also  known  tnmeihing  about  the  phaaw 
of  Venus  aad  Mercury,  and  itoaeially  about  the  singalar 
ahi^  of  lataratfial  dhaavwaJ  tw  Galileo;  but  I  find  not' 

•  arond  inaD  hb  papam  nitcaniBig  the  pwrticular  figuia 
aflhatjrfHM^.  1^  ^7!^ 

*  Qr  (KylMfVaMBlak  l^wttid  among  hli  papers  a 
larg^  set  of  obaervations,  with  their  drawing,  position, 
and  calculation*  of  their  revolutions  and  p<  rio>ts. 

first  obeervalion  of  those  discovered  !-.it<  liiies,  1  find  to 
be  of  January  )6,  l6lO;  and  they  go  till  February  2(i, 
l6l2.  Gal.l.i)  pretends  to  have  discovered  them  Ja- 
nuary 7,  161U;  »o  that  it  is  not  improbable  thai  Harriot 
u  .X  likewise  the  fint  ditcovercr  of  tbeseattenMlaalsof  Ju* 

i'ltrr.  . 

"  Among  his  other  obsrrvatioo*  of  the  moon,  offoam 
eclipses,  of  the  planet  Mars,  of  solstices,  of  refraction, 
of  the  declination  of  the  needle;  there  are  most  remark- 
able ones  of  the  noted  comet.s  of  i607,  and  of  iSli,  tha 
latter,  for  there  were  two  this  year  (see  Kepler  da  Comelii, 
pa.49)<  Tbvy  were  all  ohaervad  with  a  crom  *taff,  by 
mcatttriag  their  dittonm  A«m  find  nam  (  whence  thma 
ohtervation*  are  the  iBOfe  valtaMe,  a*  cuMMli  bad  beibia 
been  but  hxieely  atteaded  to :  Kapler  hiamiif  obienwd  the 
eoawt  of  1607  only  with  the  naked  «re,  pointing  out  its 
place  by  a  rough  eatimation,  without  the  aid  of  an  instru- 
ment ;  and  the  elemcnis  of  their  orbits  con  hi,  u.  ci  1.  ct  ni 
better  observations,  be  on\y  calculated  l>y  ilu  m.  'J'hc 
observations  of  the  Comet  of  the  year  \Uii7.  are  of  the 
more  importaQcc,  even  now  for  modern  asiruttomy,  as 


ih'w  thr  sanic  cnmi  t  thai  lulliiU-ci  Dr.  iUlley'i  preiliction 
01  a»  rcTurn  iii  tliu  joar  17jJ>-  Thjit  prMilirtipn  \\m  mily 
gruuiidcd  on  the  I'lcnu  nl*  atiurded  him  by  these  liiose  oij- 
M.Tvatioi»;  for  which  reasuii  Vc  uiily  at^ij^nod  ihu  term  of 
its  return  tu  the  i>\)^tcc  uf  a  year.  'I'ho  very  intricate  culcii- 
latioat  uf  thr  pcrturhatigns  of  this  cornel,  a/terwurdi 
made  by  M.  Clairani,  icdoccd  the  limits  to  a  inuntb'* 
tgKt»  But  11  griitter  light  miy  now  be  thrown  npin  this 
awtler  by  the  owre  MCttnle  obacmtioio*  on  tki»  comet 
by  Mr.  Harriot.  In  tbo  nHMitb  of  October  17S5,  when  I 
eunvened  ontfaeMbJrctof  Harrioftpopetsaodctpednlly 
on  tbit  comet,  with  the  vcfy  celHiniMi  mnthemnticiaa 
M.  Lacrange,  dircctorof  the  Royal  Academy  of  Sciencn 
at  Benin,  he  then  suggested  to  mc  an  idea,  which,  if 
brought  into  execution,  tvill  cleur  Up  an  iluporlunt  point 
in  astronomy.  It  «cil  kiio»ii  to  ustrunomerit  how  dif- 
ficult u  lu.irter  it  IS,  tOidrtermine  the  mass,  or  quantity  uf 
iii:itUT,  III  the  planet  Saturn  ;  nnd  how  litlie  suti-Iiictory 
the  nudi/Us  of  It  are,  lli.it  lui>e  liiiluTto  bmi  toiuieil. 
The  wliiilc  theory  of  (In-  pi  rturli-ilioris  of  conitti  depend- 
ing on  lh»  uiiciTluiii  liiilLiin,  Et  uiul  attempts  and  trials 
have  bi-en  made  towards  it  mure  exact  dcterniiiiuiion  of  it 
by  the  ino!>t  eminent  •;eoinetnciant  of  ibb  age,  and  parti- 
larly  by  Lagrange  himbcif ;  but  never  having  been  ^atndicd 
mtu  the  few  and  uncertain  data  herriofore  obtained  for 
the  rcaoltttioo  of  tfaia  problem,  ho  thoucht  that  Uatriot't 
observaliom  oa  tha  coawt  «f  iSOft  Md  tha  BodcmoMa' 
of  the  ttme  comet  in  1759,  mndd  mggieat  a  way  of  re- 
aolring  tba  proUca  «  poMeriori :  that  of  determiniiu  by 
ihMi  the  CMBanu  of  iit  elUpsu.  The  retardation  of  tiio 
comet  compared  to  ill  period,  may  clearly  be  laid  to  the 
account  of  the  attraction  and  perturbation  it  hai  sufTered 
in  the  region  of  Jupiter  and  Saturn  ;  and  as  the  part  of  it 
belonging  to  ,hi|iiii  r  !■>  viiy  well  kimur),  the  remainder 
must  be  the  ^liarr  uhicli  u  due  to  Saturn  ;  from  whence 
the  m.u^s  o4  the  tatter  may  br  inferred.  In  consequence 
of  this  conxidi  riition  I  liuve  already  begun  to  reduce  most 
of  Harriori  obveri  m urn-.  :  )  ilii^  comet,  in  order  to  calcu- 
late by  ihcut  tJic  true  clGmt  nts  of  its  orbit  oo  an  elliptical 
hypotbciii,  to  ompleta  M.  Lagtaai^'i  idea  upon  thii 
matter. 

**  I  iorfacar  10  mention  hen-  any  nore  of  Harriot'*  ana- 
lytical papers  which  i  found  in  every  great  norober. 
Tlivy  conlani  M-veral  elegant  soluliont  of  quadratic,  cobic, 
and  biqitadraiic  equatioot;  with  some otiier  solutiom and 
locageomrtrica,  that  show  his  eminent  quaOicatiaae,  and 
will  sem  to  vindicate  them  aftiust  the  attadt*  of  Mweral 
FmicK  wriicm.  who  rrfose  him  the  justice  4ne  to  fait  skill 
and  acconi|dishraents,  merely  io  save  OeMWin't  honour, 
who  )et,  by  some  impartial  men  of  his  own  nation,  was 
accused  of  public  plagiarism. 

••  Thontaa  Harriot  was  born  at  O.xford,  in  the  year 
1j60.  .Mter  Uing  instnictcil  in  (he  nuliinenls  of  Ijii- 
guagc»,  he  became  acomnmni  r  ol  St.  .Mary'-.-lIaI!,  wiiere 
he  took  llic  dei^iie  i-f  l>,ic!iilor  ol  arl>  in  1.'>'<J.  lie  iiiul 
then  so  di»liii;;u;>hud  hiiuM  i|  l>v  Ins  vi'U'oniii^oii  skill  in 
malhematic"-,  iis  lo  be  ri  comiiieiided  sof>n  .iftcr  to  Sir 
Waller  Kalei<;h,  as  a  proper  preceptor  lo  him  in  that 
science.  Accordingly  (hat  noble  knight  becnine  his  first 
patron,  took  him  into  his  family, and  aliowi  d  him  a  haiid- 
tome  pt  n<ion.  In  15M  he  went  over  with  Sit  Walter's 
first  colony  to  Virginia ;  where  be  was  employed  in  disco- 
vering and  surveying  the  couulty,  dec;  maps  of  which  I 
have  found  (says  Dr.Zach)V««y  oeaXh  execated  amoiw 
fail  papers.  After  hit  letnn  he  pnbliilMd  A  Brief  and 
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True  Heport  of  thi'  NevvfiuindUnd  ol  Virginia,  of  the  Com- 
inoililie-.  there  found  lo  be  raib«(l,  <SiC  ;  Ixnid.  l.jfJS.  This 
Wiis  ri'pniited  in  ihc  Ud  volume  ol  JlukUijt'ii  \  oyages  :  it 
aN,j  translated  into  Latin,  and  printed  at  Krankfoit  in 
the  year  15kJO.  Sir  Walter  in!roducc«l  him  to  the  ac- 
quaintance of  the  luirl  of  Northumberland,  who  allowed 
him  a  yearly  p<nsioii;  Wood  says,  of  1 30/.  only;  but  by 
some  of  bis  receipts,  which  I  haw  fuuiidamoiig  his  papers, 
it  appears  iliat  he  had  ;tuo/,  which  indeed  was  *  verjr , 
larite  sum  at  that  time.  Wood*  in  his  AtfaeUi  Oxon.  aKi> 
tions  nothii^  of  Harriot's  papcn,  except  a  OMiiascript  in 
the  libniyatSionCoillege,  L«mlo«,  entitled  Epfaemrris 
Chyroraetiica.  I  got  access  to  thb  Hhnry  and  manu- 
scripts, and  viras  indeed  in  hopes  of  finding  something 
more  uf  Harriot's;  for  most  of  his  observatious  are  dated 
from  Sion  College ;  but  1  could  not  find  any  thing  (roni 
Harriot  liimii  lf.  1  lound  intiei-d  some  other  papers  of  his 
ItH  n<l> :  l.e  niciuinns,  in  hi?  observation},  one  Slr..Slandish,' 
at  DNiurd,  and  Na'.jl.h  ,  I  Torpcrly,  who  also  was  of  the 
aCfjuaiiilunte  of  the  htal  uf  Northumberland,  and  had  a 
\im:Ii  I  rii>iufj:  flora  the  i  jinu  r  I  found  t» o  oljs^Tvalioiia 
of  thi' >anie  comet  of  liilS,  made  in  Oxford,  wliicii  be 
coinmuuicaled  to  Mr.  Harriot. 

"  Thomas  Harriot  died  July  2,  l6'2l.  His  disease  was 
a  cancerous  ulcer  in  the  lip,  which  some  pretend  lie  got 
by  a  custom  ho  bad  of  holding  the  matbcmaiical  brass 
iiutruments,  when  wovkijiig,  ia  his  mouth.  1  found  w> 
veial  of  bis  lellerst  and  answeis  to  thedi,  from  his  physi- 
cian Dr.  Alexander  Rhcad,  who  in  hit  treatise  awnmni 
Harriotts  ditenie.  His  body  was  conreyed  to  St.Chritio- 
pberli  chttich,  in  London.  Over  bis  grave  was  toon  after 
erected  a  ■oniinent,  with  a  large  and  suitable  inscrip- 
tion, which  was  destix>yed  with  the  church  itself  by  the 
dreadful  fiis  of  S^lanher  He  was  hnt  60 yean 

of  age." 

Tlir  ji'.  ciiiiili  (;:it':rij  iitiJ  nieiils  of  Harriot's  Ai^^iLrii, 
we  ha\e  sp<,.ki  n  In;  n,  :y  and  particularly  ut,  under  the  ai- 
ticlc  Atgedra.  lu  his  manuscript)  lately  discoveri  j 

by  Dr.  Zatli,  us  ubi^e  iiu  ntioncd,  it  is  «iih  pleusuie  I 
can  announce,  that  thi  y  aie  in  a  fan  tram  lo  be  publi>hed  : 
they  have  been  prcseiucd  to  the  university  ot  Oxford,  on 
condition  uf  their  printing  them;  with  a  view  tu  which, 
they  have  teen  lately  put  into  the  hands  of  an  iogeni- 
uu!>  iiiL'inber  of  that  learned  body,  to  airuugeand  prepare 
tbi-in  for  the  press,  bee  Wood's  Atiteiue  Oxonienib,  voL  1. 
pa.  ago. 

HARItiS  (Jobs),  d.  o.  and  r.  lu  s.  wss  elected  into 
the  Knyal  Society  abont  the  vear  became  one  of 
tho  aecMlarios  to  1709,  and  died  ScpL7,  Iflft  Dr. 
Harris  ^nbliahed  the  "fint  real  dictionBry  of  the  arts 

and  science*,  under  the  title  of  Lexicon  Technicunr, 
in  folio,  1699,  showing  the  state  of  the  sciences  at  that 
time,  a  good  account  of  which  is  jjivtn  in  rim  I'hilos. 
Trans,  for  1704,  and  in  my  Alirniy.  vol  i,  pa.  — 
Some  years  al'i  r,  a  2d  viJuine  «ai  addeil,  in  a  new 
alphabet,  lo  intliide  tlie  new  iniprovcmci.ls  in  '•(leiice. 
A  Jd  volume  "a>  aflerwardu  added,  but  supposed  to  he  a 
compilation  by  the  hiMjk«<  Her-..  The  whole  was  a  very 
usifui  work,  nn<l  weiii  ihroi.^h  several  editions.  He  had 
some  pH}Jer^  inserted  in  the  I'hilos.  Trans,  and  published 
scvcial  other  useful  books:  as,  a  neat  tract  on  .Algebra, 
8vo,  1706  i  and  another  on  Gcoacliy  and  Plane  Tti^ 
nometry,  being  chiefly  a  tiaaslation  from  the  Fvench  of 
Pardici^  the  3d  edit.  1702. 
Abont  diis  tone  it  aeenu  thafDr^Htnis  **  lived  and 
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t,iUj;lit  iDuttiomatics  at  his  house  in  Amen  Comer."  lie 
wroti'  al.su,  A  Noiv  shi  it  Tu'i»li>r  i>t  .Miiclir.'i  ;  «lth  thi- 
Gtuui  tricat  Coiistiucliun  ot  LtjUMlii/iis,  as  lar  as  tbt.*  4tb 
ptivver  or  Diinetitiiuii :  tupcthcr  uith  a  specimen  of  the 
naluie  and  algoritb  oi  I'luxions.  Tlii«  tract  i«  un- 
nvttiicrd  to  have  been  written  piimarily  for  tlie  use  <>i 
audilort  at  the  public  malhemalical  lecture  »et  up  nt  the 
Marine  Ciilievinju>ie,  Ulrehin-lane,  by  Charles  Cox,  l^q. 
M.p.  for  iMKilhwttrk.  He  al*o  publubed  ElcincDl*  of 
Plain  aud  Spherical  TrigoooiMtry,tcigQtberwilb  tba  prin- 
ciplci  of  Spbcfie  G<>onllctiy,  and  tlw  aeren)  prajectiona 
of  tho  Sphcro  in  Flano.  Also  The  Oeicripiton  and 
Van  of  the  Cckitial  and  Tentatiial  GIoIm^  and  of  Col- 
lina'a  Puckot  Qnadnutt,  4th  edition.  H«  waa  «lae  tho 
author  df  a  Colk-ction  of  Voyage*,  i  vols.  fol.  1705; 
of  which  osefol  work  there  bate  been  aume  other  cdi- 
tion^,  purliculHily  OMO  io  1744,  Mtiidi  tmpmrcd  by  Or. 
John  Campbell. 

Dr.  Harris  aiipi-ar^  to  Iiave  been  a  patron  of  thr  mathe- 
maticul  Wni.  J>.ii<  >,  li>t|.  tin- fnciul  of  Sir  I.  Nealuii.  and 
father  of  ihc  late  KariicJ  Sir  \Vm.  .Ji!n<-5,  lh>  Ci  lebrati  I 
,  Imlian  jmlm',  as  .Mr.  Ji-rw-s  ih'.iicaleiJ  to  lln-  Hev.  iMr.  .lohsj 
lianis  Ins  Trcatibt  on  NuMfjation,  published  iti  170'.', 
Ill  uliM>e  house  Air.  Junes  says  be  cuinpuM-d  his  said 

HAllIUSON  (Jobk),  a  most  accurate  mechanic,  the 
celebrated  ioveotor  of  die  famous  uat-kttptr  for  ascer- 
taining the  longitude  at  lea,  and  al«o  of  the  copipouad  or 
gridiron  pendulum  ;  was  bora  at  Foulbyt  IMWr  tWcfiact 
io  Yorkshire,  in  1693.  His  iiuker  was  »  carpeoter,  in 
'  which  profiniiuu  our  author  asnaled:  occatioBally  atM, 
according  to  ^a  mixellaneous  practice  of  eomniy  artist*, 
anfvqring  laAd,  and  repairing  clock*  and  wafckcsj  and 
yoniv  HarriMW  alwayi  wa*,  from  bi»  earliot  ytar*,  greatly 
attached  to  any  machinery  moving  by  wheels.  In  1700 
he  removed  with  bis  fatlier  to  Barrow  in  Lincolnshire ; 
where,  though  his  opportunities  of  acquiring  knowledge 
were  very  few,  he  i  at;''rly  Impruvi  d  every  incident  from 
which  he  might  CoUett  inloimution;  frer,uently  emplny- 
in|T  all  or  t;riat  |i;ir;  i  :  liis  niuhti  in  writiiiL;  t  iu  iii;;  l 
a  and  healwav''  iickiiiiwU'<!ii;e'l  his  nbU^iinun^  "i;  n  rli  i^v- 

man  who  tame  every  hui.n.iv  lu  utlu  i.'ti- :ii  iit wh Ln jur- 
hood,  who  lei.t  hiin  a  .MS.  copy  ui  i'n»(is>iir  ShikIi  im/i.'^ 
lectures  ;  which  he  carcliiUy  and  neatly  traiibcriU  d,  wilh 
,  all  the  diagrams.  His  native  genius  exerled  itself  supe- 
rior td  these  solitary  disadvantages  ;  for  in  llie  yi  ar  1/26", 
he  had  constructed  two  clocks,  chiefly  ot  wood,  in  which 
he  applied  the  ctcapemcnt  and  compound  pendulum  of 
^  hb  own  invention :  these  surpassed  every  thing  of  thu  kind 
then  aada^ iCarealy  erring  a  second  in  a  month.  In  17t?S, 
fee  cam*  up  to  London  with  the  drawingi  of  a  machine  for 
dcterninii^  the  loiigitudc  at  lea,  in  expecution  of  being 
enabled  to  axeeuia  one  by  the  Board  «r  Longitiada.  On 
apnikadnn  to  Dr.  Halley,  the  aatwaoaar-royai,  he  Kfei^ 
rad  him  tottr.  Gcorp>  Graham,  wlwadiwcdiiltn  «a  onka 
lucmaehiM,  before  applying  to  that  board.  Accordingly 
our  author  returited  home  to  perform  his  task;  and  in 
1735  revisited  London  with  his  first  machine ;  with  which 
he  was  sent  to  Ijsbon  the  next  year,  to  make  trial  of  it. 
In  this  ihort  vovage,  hr  corrected  the  dead  reckoning 
aljout  a  degree  and  a  Ij.ill  ,  a  success  which  procured  him 
both  public  and  private  encouragement.  About  tlie  year 
1 739  he  completed  his  second  machine,  of  a  construction 
much  more  simple  than  the  former,  and  which  answered 
much  l>elter  :  thil,  Ootldl  UtMDt  to  ttlL  imRUicaded 
Vol.  I.  . 


sir,  Harrison  yet  stronger  to  the  painmngc  of  his  friends 
and  the  public.  His  third  machine,  wiiicli  Uv  |irodiHed 
III  1/49,  "as  still  less  conijilicuteil  than  tiie  senwid,  and 
more  accurate,  as  erring  only  3  or  1  seconds  in  .1  week. 
This  he  couceived  to  be  the  ne  pba  uUnt  of  bis  attempt*  ; 
but  by  endea\ouring  to  improve  pocket-watcbcs,  IkISmumI 
the  principles  he  applied  to  SUrpOM  his  expectations  so 
much,  as  to  encourage  him  to  make  his  fourth  time- 
keeper, which  i*  in  the  form  of  a  pocket-watch,  about  6' 
incfica  diameter.  With  this  limc-koeper  hi*  son  nado 
two  voiyagpi,  the  one  to  Jamaica,  and  tne  other  to  Barbn- 
doc*  I  in  «4iicb  exparinciua  it  corrected  the  lon^nUe 
within  the  neaRtt  limit*  required  by  the  act  of  the  IStli 
of  Queen  AittM;'  and  the  inveu^r  bad  therefbie,  at  dif- 
ferent times,  more  than  the  proposed  reward,  receiving 
from  tho  Hoard  of  I^ongitudc  at  different  times  almost 
C  1  I  I  I  a  li  n  liuiidreds  from  the  !-a«t  India  Corii- 
pauy,  iVt.  i'.'ii^e  lnjr  machines  Were  given  up  to  the 
Hoard  <d  Loni;iiiidi'.  'rij<  ihrei  lornicr  Hire  not  of  any 
ii".!-,  lis  all  liie  advaiilii;.'.!  ^  gullied  by  m.ikiii^  them  uere 
II  'J'  '  111  mild  111  lh(  last:  heiiii:;  svortliy  liij\v<-\ei  of  pre- 
s' Tvatioii,  as  iiKcbauical  curiu<,ities,  ihey  are  deposited 
ill  the  Koyal  Ol^servatory  nt  Greenwich.  The  fouiih 
machine,  emphatically  dUtiuguished  by  the  name  of  the 
time-keeper,  was  copied  by  the  ingenious  Mr.  Kendal ; 
aiKl  that  duplicistc,  during  a  three-year* circumuvimtion 
of  the  globe  in  the  southern  hemisphere  by  Captain  Cook, 
auswcn*d  a«  well  as  the  origin,il. 

I'hc  latter  part  of  Mr.  Harrison's  life  wa*  employed  iu 
making  a  Mth  improved  time-keeper,  on  the  lame  princi- 
pka  vnA  the  preceding  one;  which,  after  a  ten>weeki 
trial«.  in  lf7Si  *t  the  king's  private  obsemuwy  at  Rich- 
Bond,  waa  ibuad  to  liave  erred  only  4|  second*.  Widiia 
a  few  years  of  hi*  death,  hi»constitution  viiibly  dcclinedi 
and  he  bad  frequent  fit*  of  the  gout,  a  disorder  that  never 
attacked  him  bcfbro  hi*  77th  ycor.  His  constitution  at 
last  yielding  to  the  infirmities  of  old  age,  he  dieil  .it  his 
hi. use  ill  Red-Lion  Square,  in  1776",  at  83  yeans  of  age. 
Our  author,  like  many  other  mere  inechunics.l'ouiid  nuicli 
iifT.ciilty  in  delivering  hii  senlimrnty  in  \vi  iting  (at  h-asl 
la  the  Iatlf."r  periods  id"  his  life,  «hin  his  lacultii"*  were 
much  impaired),  in  which  he  adhered  to  a  peculiar  and  • 
uncouth  phrax'fllogv.  This  was  but  too  evideiil  \:\  hli,  De- 
iscriptimi  f  :iiireriii!ij;  inch  .Mechaniim  a^«l||  ii;':  id  u  li.er 
or  true  Mensuration  oi  l  iiiic, i^c.  8vo,  1773.  In  tin*  Miuill 
work  is  included  also  an  account  of  his  new  musical 
•cale;  Iwinga  mechanical  division  of  the  octave,  according 
to  the  proportion  which  the  radius  and  diameter  of  the 
circle  have  respectively  to  the  circumference.  He  bad  in 
Lis  youth  been  ihcl^erof  a  band  of  church-singers;  had 
a  Wry  delicate  ear  for  nusic;  and  hi*  experiments  on 
aonnd,  with  itenriatniaoMchofd  of  hit  own  improvemc^nt, 
it  has  been  laid  were  not  Ice*  accorale  than  those  bo  was 
engaged  in  for  the  moiM^M^  of  tine. '  , 

HARTSOEKIU^  (lU^iuta),  *D«tei  pbllaMphe^, 
bora  at  Oonda,  in  1656.'  'Afkcr  nceiring  a  fibeiil  edu- 
cation under  his  father,  who  was  a  minister  undtr  the  tw* 
monstrants,  he  applied  himself  assiduously  to  mathCB^ 
licb.  and  iiataral  [ihili>Mi[s!- . ,  and  became  so  eminent  that 
Peter  the  (irtrit  mviti-d  hini  to  Moscow,  but  he  declined 
the  honour.  He  became  profe-snr  of  philosophy  at  Hei- 
delberg, uml  mathematician  to  the  Elector  Palatine.  Ha 
died  ii:  i7:j.  Hartsoeker  wrote  a  Course  of  MatnialFM* 
loaopby,  in  4tuj  and  aome  small  pieces.  ' 

lUUTEFHIILLB  (loB>},  ao  ingenion*  hadMiUC, 
■'•  4  M  ■ 
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born  at  Oricam  ia  1674.  He  made  a  grnt  progrot  in 
mcchminin  gmeral,  bnt  had  a  particular  taste  for  clocli* 
wori(,  and  raada  several  discoveries  in  it  that  were  of  tia- 
gular  uir.  It  was  he,  it  appears,  who  dctenBiocd  ihe  me- 
thod of  nodrntin!;  the  vibcatioa  af  tha  balan^  hymcam 
of  n  small  steel  s]irin<;,  which  has  since  been  tncfl.  This 
di»covery  lie  laid  belbrc  the  mombcrs  nf  the  Academy  of 
Sciences  in  16"94;  and  these  \vutch«  urr,  by  «ay  of  emi- 
nence, called  |K-niluluin  »iitch«;  nut  iliui  iln-y  have  real 
penrtuluMis,  but  because  tin y  inarly  u|n>ruai  !i  to  ihejuit- 
nes'*  of  peniiiiU.iiis.  Iliiyi;i-nv  lus  tin-  iiuTil  .-f  ]»  rirclmg 
this  hu|ip>  in\<'!itinii :  Ij'jI  bavMi™  iiLiflaud  liiin-i  U  llic  iii- 
vi'nt'ir       i  (ibt;iiiii  (I  .i  pali.'iit  lor  i:;akiiii;  >  with 

spiral  s]inni;s,  tin  uM  r  Fi  uille  (>j>postd  the  r<  !ii<.tering  of 
it,  aii:l  publiihi  il  a  p  I'^  r  on  the  subject  ugiiiiiit  liuygrns. 
-  He  died  iit  17'.3+,  at  50  year*  of  age.  Utsnlcs  the  above, 
be  wrote  a  «reut  many  other  pieces,  most  of  which  arc 
small  painplil<'t<,  but  vciy  cunous :  a»,  I.  His  I'erpiiiial 
Pendulum.  .3.  N'<  w  InwntioiH.  S.  The  Art  of  Cn-nthin)! 
under  Water,  and  the  iniiailS  of  preserving  a  I-'lmne  shut 
up  in  a  Small  Place.  4.  IU4lcctions  on  miichiues  for 
railing  Water.  A.  His  Opinion  on  the  different  Senti* 
ments  of  MaUcbraachc  and  Regis,  relating  to  tba  Appear^ 
'One*  of  the  Moon  when  icen  in  the  Horiinn.  6.  The 
'  Magnetic  Balance.  7*  A  Placet  to  tlw  king  on  the  Langi« 
tnde.  8.  Letter  on  the  Secret  of  the  LMgjtude.  9*  A 
New  System  an  the  Flux  and  Reflux  of  the  Sea.  10.Tb« 
niean»  of  rnukiiiL;  Sc[i<,iblc  l■l^p<■riment^  that  prow  lha  Mo- 
tion of  the  hill  til  :  and  many  other  pieces. 

lIAYluS  (Cit  Aai.F.s,  Ivsq.),a  very  singular  per^nn,  whose 
^■reiit  erudition  was  so  concealed  by  bis  iiiLnli^ty,  tint  hi? 
name  is  known  but  to  few,  tlmsjuh  bis  publiciituins  an' 
nuuiy.  11c  was  born  in  KiTS,  and  duil  in  l/f'O,  m  82 
yi  iir'-  of  age.  He  became  dislinguislu  il  in  170+  by  a  Trea- 
tise of  Flu.Nions,  in  folio,  being  we  believe  the  first  treatise 
on  that  science  ever  published  in  the  English  language; 
and  the  only  work  to  which  he  ever  set  his  name.  In 
1710  came  out  a  sniiill  4to  pamphlet,  in  ip  pages,  enti- 
tled, A  New  and  ensy  Method  of  determining  the  Longi- 
tude from  observing  the  Altitudes  of  the  Celestial  Bodies. 
^  Alio,  in  1783*  he  publitfacd,  The  Moon,  a  philoiapJucal 
tHakgiie;  tending  to  show,  that  the  owoo  it  not  an  o]Mqna 
bodr,  Initliatiwiveli^tof  berown.  ,  . 

"n  aikin  in  the  Greek  and  the  Latin,  as  wall  as  the 
madam  laogw^,  be  added  Ibe  knowledge  of  the  He- 
bi«w :  and  m  pabluhed  several  pieces  relating  to  the  trans- 
lation and  dironolovy  of  the  Scriptures.  During  a  long 
course  of  years  be  had  the  chief  management  of  the  late 
African  company,  being  annually  elected  sub-povcniar. 
But  on  the  diisuUiliim  of  that  coiii|r,iiiy  in  1752,  he  re- 
tired to  Do«ii,  ill  Kent,  whi  rr  hr  >|ien;  most  of  his  hours 
in  study  ;  fioni  linice  bowcM  r  In  h  turm  d,  in  1758,  fo 
cbumbers  in  Gray'»-inn,  Limlun,  uli'  rr  iic  dinl  in  176O, 
as  tncniioned  above,  lie  left  a  posthumous  work,  that 
was  published  in  8vo,  under  the  title  of  Chnnagiapbia 
Asiattca  et  >Egyptiaca,  &c. 

HEAD,  in  ArdlHeelore.  ll<  l  U  m  useduanama- 
nent  of  sculpture  or  carved  work,  frequently  serving u 
tile  key  of  an  arch  or  platband,  and  on  other  occssions. 

HEAT,  theopposite  to  cold,  being  a  relative  terra  deno* 
ting  the  property  of  fire,  orof  those  bodies  we  denominate 
hot ;  being  la  as  a  msatioa  excited  by  the  action  of  fire. 

Heat,  as  it  axltts  in  the  hot  body,  or  that  whidi  con- 
■titutet  and  denominates  h  body  hot,  and  enables  it  to 
prudttca  anch  cflaoa  on  our  organs,  is.  vaiiously  coniider- 
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ad  by  pfaiioaopbors :  tome  making  it  a  quality,  otfarts  a 
mbttance,  and  others  only  a  mecbanical  aifection.  Tbb 
fbrmer  principle  is  gj«en  and  maintained  by  Ariitotlb  and 
the  Paripatetics.  White  the  ^cureant,  and  other  corpm*' 
cttlariaH^  delne  heat  not  as  an  accident  of  but  aa  aa 
csaeniial  power  or  prniKrty  of  it,  ihesame  in  reality  with 
it,  and  only  distin|>uished  from  5re  in  the  manmT  of  our 
Conception.  Heat,  therefore,  on  their  principles,  is  no 
other  than  if-.c  volatile  substance  of  fire  its.If.  niloci  d  into 
atoms,  uud  emitted  in  si  continual  stieuru  Ixim  n-niu  d 
b<>dies ;  m»  as  not  only  to  warm  the  obji  (  i~  willun  its 
reaeh,  but  also,  if  they  be  inllamuiable,  t.i  kmdii-  ;hem, 
f.irii  ihrii;  iiit.i  tin-,  anil  ci'ii^pire  with  them  to  maki-  liame. 
iti  Llicct,  till  M  turjuisclc^.  olnerve  they,  ^1,1114  oil  Iroin 
the  ignited  l>i:ily,  con-tif.ili'  Un-  w  hile  y<-I  (  ouiawifd  w  ithm 
the  sphere  ol  its  tlanie  ;  but  (vhen  lltd,  01  got  beyonil  the 
same,  and  di>|M  r>e-d  every  way,  so  as  toesmpe  the  appre- 
hension of  the  i  ye,afld  only  to  be  perceived  by  tbefeelii^ 
they  take  the  ilcnoatinatioa  of  haat,inaamncb  at  dny  aa* 
cite  in  xit  that  sensation. 

The  Cartesiutis,  improving  on  this  doctrine,  aSsert  that 
heat  couaitts  in  a  certain  motinn  of  the  insentibic  particka 
of  a  body,  membliag  the  motion  by  which  the  tevcial 
pantof  onr  body  aie  agimind  by  the  motion  of  the  heart 
and  blood. 

Ottr  latest  and  best  wrttenaf  mechanical,  experimental, 
and  chemical  phitomphy,  difllFr  very  considerably  about 
beat.  The  chief  difleience  is,  whether  it  be  n  peculiar 
property  of  one  certain  inimiitable  body,  called  fire,  or 
plil<i.',i-toii,  or  I  IccI I icilv  :  orwhilluT  it  may  In-  produced 
merhaiiically  ill  oil  er  hoilies,  hy  indueinj;  an  altrralirin  in 
thfir  partirlis.  Tin  t'orincr  tcin  t,  wlnrli  is  as  ancient  as 
Dcmocntus,  and  the  system  of  atoms,  had  yteided  to  that 
of  the  (  .irt(:^iatis  and  other  mechanists  ;  but  is  now  with 
great  address  retrieved,  and  improved  on,  by  some  of  the 
latest  writers,  particularly  llombcrg,  the  younger  Lcmery, 
Gravesandc,  noerlixuvc  in  his  lectures  on  fire,  Ulack, 
Crawford,  and  other  chemical  philotophen. 

That  which  is  denominated  fire,  according  to  Boci^ 
haave,  is  a  body  ^ui  generis,  created  such  aborigine,  tin* 
alterable  in  its  nature  and  properties,  and  not  either  pro- 
ducible da. novo  from  any  other  body,  nor  capable  of  being 
reduced  into  any  other  body,  or  of  ceasing  to  be  fire.  This 
Sre,  be  contends,  is  diflbsed  equnbly  every  wherr,  and  ex- 
istt  tbfcc,  or  in  equal  quantity,  in  all  the  parts  of  space, 
whether  void,  or  possessed  by  bodies;  but  that  nnlurally, 
and  in  itaelf,  it  is  perfectly  latent  and  impercc  piihle  ;  be- 
ing only  discovered  by  ciTtain  effects  winch  it  produces, 
and  v«'hich  arecoi;iii.  ..1  1,  dy  our  sense-i.  'riioM'  .'Urcis  aru 
heat,  light,  Coheir,  ran  ;acnon,  and  hiiriiiiig,  which  are 
all  iiidicatii'iis  rit  life,  Ay  being  none  ol  them  producible 
by  any  other  rau^e  ;  so  that  wherever  wc  observe  any  of 
these,  we  may  satcly  inlVr  th<  aclion  and  pTi  >ciicc  ol  (ire. 
But  though  the  i  irect  cannot  be  w  ithout  the  cause,  yet  the 
fire  may  n  niiiin  u  i;!iout  any  of  these  effects  ;  any,  we 
mean,  gross  enough  to  ailirct  our  seniies,  or  become  ob* 
j>  cis  of  them  t  aiMtUai  be  adds,  ia  the  oidinaiy  case ; 
there  being  a  canmirrenoa  of  other  ctrcuBHtanco,  which 
arc  often  waotii^  Bacaiwry  to  the  praductioii  of  such 
tentiUc  eftdfc 

Heat,  according  to -the  mechanical  philoaophers,  es- 
pecially .Bacon,  Boyle,  and  Newton,  is  coi^darad  Botat 
an  origiiial  inherent  property  of  any  particular  kind  of 
body;  but  as  mechanically  producible  in  any  body.  The 
fomer,  in  aa  express  treatise  De  Forma  Calidi,  from 
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'p.  particular  enummtion  of  the  aeveral  phMWmcnK  mod 
cfli-ct*  of  heat,  ikduci-^  srveral  fcncral  prupertiot  of  it; 
anil  iiencc.hc  defines  beat,  an  ex|xiiiM\-c  umittlaiory  mo- 
lion  in  the  minute  particle*  of  iho  botly ;  by  which  liiey 
tend,  irithwMje  npidity,  iowiirl*  tbe  circunTcKnce,  oad 
al  the  anme  time  ineUnei  little  upward*. 

Mr.  Boyle,  in  a  trratiw  on  liie  mechanical  oriigpii  of 
heikt  and  coM,  »trongly  &uppiirt!»  the  ductrine  of  the  pro* 
ducibiliiy  <'1  heal,  with  new  obMrvaliimi.  mid  experimenb ; 
as  ill  the  itiM.incc  of  a  imilh  briskly  huniiuertiig  a  unall 
pieci-  of  irciii,  which,  ihuuL^li  cold  nt'thc  cowmepconicht, 
soon  bfcoini^  <-NCvt<Uii!;ly  hoi. 

Tills  ij-ilein  u\-i)  Ciirthi  r  suppoHf,!  Ky  Nrwliin,  uho 
iloit  not  riiii'.i  n<  liii  as  any  |i.irticiil;u  --f H  th  s  Hi' body, 
orii;ini!llv  I'nil-.K  il  w.lii  mji.  u  pi .  ijn  in.  Fiii, 

BCC Tiliiia  t;i  him,  ii  mAy  .1  I m  il^  iiiucii  ignited,  tliat  is 
hculcti  hot,  Ml  ii>  (o  i  niit  ligiil  I  jjii  'tisly  :  wlutt  c-lsc,  ob- 
lervek  he,  is  rcd  liot  iron  but  tin-  ?  tiiid  what  ei'.f  is  a  burn- 
ing charc  .a  I  but  ii-d-hot  wood?  or  llanie  it^'lf,  but  rcd- 
hot  nnoke  i  it  ii  certain  that  flaino  i.-,  only  ihe  volatile 

Cit  of  the  fuel  heated  red-hot,  i.  e.  no  hot  as  to  shine ;  and 
noc  only  such  bodies  as  are  volatile,  thai  is,  -«uch  as 
ctaita  copious  fume,  will  fluint-;  nor  <vill  they  flame  longer 
tbut  they  havcfiirae  to  burn.  In  distilling  hot  spirits,  if 
the  boad  of  the  >tiU  he  lakaa  olf,  ihp  ascending  vapours 
will  catch  fire  fion  a  candle,  and  turn  into  a  flame.  And 
in  the  wno  mannencveml  bodici»nHieh  heated  by  motion, 
attri^on,  fermentation,  or  the  like,  will  emit  ktcid  fumct, 
which,  if  Ihey  bo  copious  enough,  and  the  beat  lutRciently 
gti  ;it,  svill  bp  flame;  and  the  reason  why  fuu-d  nu-taU  do 
Hut  Ibme,  ih  the  smallness  of  their  fume  ;  this  is  evident, 
because  spiltci,  wlm  li  fvimr^  most  copinu^iy,  duo  likewise 
tlamc.  Add,  that  all  llaniing  bodiis,  as  <iil,  talUm,  wax, 
wood,  pitch,  sulphur,  &C,  by  ll.uiili;;:,  uaMc  aiui  laiiiMli 
into  Ijurninji  smoke.  And  do  not  all  llxtd  boihe^,  wlun 
h.  .!-i  ;  III  11  ii  certain  degree,  emit  liplit.aiul  sli;;H'?aiKl 
is  n<il  this  i  miision  performed  by  the  vibratiug  motion  of 
their  parts?  and  do  nut  all  bodies,  which  abound  uith  ter- 
leatrial  and  sulphureous  part*,  emit  light  as  often  Bstho«c 
pnvto  lie  Mfficiently  agitated,  whether  that  agitation  be 
■aJe  by  exurnal  fire,  or  by  frictiuti,  or  pereusjdon,  or 
pnttwiactioa,  or  by  any  other  cause  i  Tlius,  sea-water, 
ianatorm;  quicksilver  agitated  in  vacuo;  the  back  of  a 
cat,  or  the  lU'cIv  of  a  honic,  oblii|uely  robbed  in  a  dark 
place ;  wood,  Aesb,  aod  fish,  while  thnr  putrefy :  mpoan 
Atom  putrefying  waten.  Usually  called  ignee  fiZtui ;  ttaeke 
of  moist  hay  M  conti  glowwortnt ;  amkr  and  diamonds 
bv  rubbing ;  fragmenli  of  itcd  Mrnck  off  widi  a  flint,  &c, 
all  emit  light.  Are  not  groei  bodici and  light  convertible 
into  each  other,  and  may  not  bodies  receive  much  of  their 
activity  from  the  particles  of  light  which  oiiti  r  their  com- 
position }  1  know  no  body  less  apt  to  shine  than  uater  ; 
and  yet  water,  by  i  r  i;  \<  11  distillations,  changes  into  fixed 
earth,  which,  bs  ;i  ir- ru  nt  heat,  may  be  brought  to;hine 
like  other  boilit 

Lt't  it  further  be  conbiilfred,  that  tlie  sun  and  stars,  ac- 
conlui^  Id  Ni  wton\  conjecture,  are  110  other  than  great 
earths  vcbrniently  heated;  for  large  bodies,  he  observc*s, 
preserve  their  heat  the  longest,  their  )>arts  heating  each 
other :  and  why  may  not  great,  dense,  and  fixed  bodies, 
when  heated  b^ond  a  certain  degree,  emit  light  so  copi- 
ously, as  by  the  emission  and  reaction  of  it,  and  the  reAec- 
tiooa  and  refractions  of  the  rays  within  the  pores,  to  grow 
•till  hotter,  till  they  arrive  at  that  degree  of  heat  which 
tka  sun  ii  oft  Tiidr  piM  dbo  |Bny  he  farOer  picMncd 
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from  fuming  nwagr,  not  only  by  their  fixity,  but  by  the 
vast  weight  and  deniity  of  tlieir  atmotpltcn's  inruinbent 
im  them,  thus  strongly  Comprvesiiig  them,  and  condeniuug 
the  vaponit  and  exMlations  arisii^  frcMn  tlu<m.  Hence 
we  see  warn  water,  in  an  exlyiasted  nvciwr,  to  boil  ai 
wbemantly  a*  the  hottest  water  expoicd  to  tbe  air;  the 
weightof  the  incumlini  uimotphcw,  in  this  latter  case, 
keeping  down  the  va]i  urs,  and  fiindering  the  ebuIUti«in, 
till  It  has  acquired  its  utnio^t  degiev  of  heal.  So  abu  a 
mixture  of  tin  and  lra<l,  put  on  a  n  d-hot  iron  in  vacuo, 
eiiiilb  H  tmi-(  iiiul  n.ime  ;  but  the  same  mixture  in  ihi  <i|  1: 
ail,  b)  K'.i>iiu  nl  ilie  incuintn-iit  alniiApheie,  iioi-«  nut  titiil 
the  lea-.t  si-nsihle  il  inn?. 

Thus  much  l.ir  llie  -ysli  in  of  lh<  prmliiciljiiitv  of  heal. 
On  ihe  other  huml,  M.  Ilniiiljr  rg,  in  hib  tssai  du  Si»nlre 
I'riiieipe,  hulds,  that  the  f  heinical  principle  or  element, 
sulphur,  which  )3  supposed  one  i  f  the  .simple,  priniiirv, 
pre-<'Ni^i"ni  ingredients  of  all  natural  budie»,  is  real  fire  ; 
iind  co::m  4u-.  iitly  that  6w  is  CO-cvbI  with  bouy.  Mem.  de 
I'Acad.  an.  I70'i. 

Dr.  Gravcsande  goes  upon  much  the  Htnic  principle. 
According  to  him,  fire  enters  the  composition  of  all  bo4i4'», 
is  contained  in  nil  bodies,  and  may  l>e  separated  or  pro- 
cured from  all  bodies,  by  rubbing  them  against  each  otlwr, 
aod  thus  puttinf  their  fire  in  notion.  But  iln^  ht  adds^ 
is  by  no  means  OHHtfaled  If  such  motion.  Ekm.  Fhyi. 
torn,  t,  cap.  1.  Hea^  in  the  hot  body,  he  ofaacrves,  ^  an 
agitation  ot  tb«  pMIs  of  die  body,  made  by  means  of  the 
fire  contained  in  it ;  by  such  agitation  a  motion  is  pro- 
duced in  our  bodies,  w  hich  excites  the  idea  of  heat  111  our 
minds:  so  that  heat,  in  re-.pect  of  us,  is  nothing  but  that 
idea,  and  in  the  hot  body  nolhini;  but  motion.  If  such 
motion  expel  the  lire  in  right  lines,  it  may  give  us  the  idea 
<>i  liizlii  i  if  in  a  varioMS  and  hregulai'  motion,  oidy  that 

of  heat. 

Leinery,  llie  yyuii.,cr,  :ij;iee-.  »ilii  these  t"o  auth<irs, 
in  as^ettihg  tins  uhsolule  and  iii;:en< ruble  tiuture  of  lire; 
but  he  extends  it  farther.  Not  contented  with  ron(iniii;j 
It  as  an  element  to  boilK"*,  he  endeavours  to  show,  that  il 
is  equably  diffused  ihroUKb  all  space;  that  it  is  present  in 
all  places,  even  in  the  void  spaces  between  tue  liodies,  ai 
Well  as  iu  tbe  insensible  interstices  b(Hv''  ii  t:  .ii  {lartk 
And  this  last  seniinHiii  fulls  in  with  tlmi  of  Uo<.  rhaa«0 
above  delivered.    Mem.  de  I'Acad.  an.  17 1^. 

Philosophers  have  lately  distinniisiwd  heat  into  abw 
lute  and  scnsibk.  By  absolute  neat,  or  fire,  ihejr  mean 
that  power  or  olenMnt  which,  when  it  ii  hi  a  ccrtiki  d»> 
gree,  excilee  n  aninab  the  aematton  of  .beet;  nnd  by 
somible  heat^  the  sam  power  coosidered  in  ita  tdatfam  lo 
the  elfiKts  it  prodnees:  thtis,  two  bodies  are  said  to  have 
equal  quantities  of  sensible  heat,  when  they  produci-  equal 
effects  upon  the  mercury  in  the  thermometer;  but  as  bo- 
dies of  diiferent  kinds  have  different  capacities  lor  con- 
taining heal,  the  absfilute  heat  in  such  b<jdii-s  aiH  he  ilif- 
fcii'ii*.  tli'M^iji  the  vi  nsiblo  heal  he  thesanie.  Thus,  a  jionnd 
of  water  and  a  pound  of  aiitiiiuniy,  of  the  same  tempera- 
ture, have  equal  sensible  heat  ;  but  the  former  Contaiosa 
much  gieaterquanlity  of  absolute  heat  than  ibe  latter. 

M.  De  Luc  has  evinced,  by  a  variety  of  experiments,  thai 
the  expansions  of  merrury  lictwceu  the  freexiiig  and  boil> 
in°  points  of  uui  .  r,  c<>rrev;»:ml  precisely  to  the  quantitica 
of  absolute  beat  applied,  and  that  its  contractions  are 
proportionable  to  the  diminution  of  this  element  within 
these  limits.  And  henca  it  may  be  inferred,  that  if  tha- 
mercury  were  to  relab  ikflnid  farffi,  iu  coatnctiau  wottM 
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he  prafmtioMMe  to  tlw  dceicnnti  of  the  afawlote  hart, 
thoagh  die  dfairiiiatioBweieceiitiiHied  to  tb*  point  oT  total 
pmation.  But  the  ooaqnumtivo  ottantilka  of  atoolute  heat, 
which  are  communieatod  to  diMtent  bodiei,  or  tapomtod 

from  ihcrn, cannot  bedctomined  inadiitctniaiuwr  bythe 

ihcrmiimctcr. 

Suiiie  philosopher*  bavr  ap|iri  h(  ii(!c  <l  lhat  the  quantities 
of  absolulp  heat  in  bodii-s,  au-  in  prup..itutn  to  thi-ir  dcn- 
silirs.  W  liilr  iilhffs,  tt*  J$i>iTliaaw,  ini.igiiK-il  that  heal  i» 
equally  liill'i-cil  thrnuah  all  bo(lll^,  tin'  drrm  »t  a»  wi-ll  a» 
ihf  rari.'.t,  uiiJ  th'Tiluio  ihiU  llif  iju.intiiii-!.  of  hi'iit  iti  bo- 
difi,  ;tu'  111  |iru|mrti(in  let  their  bulk  or  miipiiiimlr :  uiiii,  at 
lii>  ilcsirf,  luluiiihtit  Atd'lliptcil  to  ik'toriu;-,!  lacl  by 
cxptrimeiit.  Fur  tlm  purpose,  be  took  iqiiiil  c|uantilic» 
of  the  Mime  fluid,  and  gave  them  diffiTcnt  degrte-iof  l|pi»t ; 
then  upon  miviin^  ihcni  intimately  together,  he  found  that 
the  tdBperu lure  of  the  mixture  was  a  ju<ii  iiiedium,  or 
•rithneUcal  mean,  bi-meen  the  two.  Dut  if  tlii%  rxprri- 
mcnt  be  made  with  water  and  mercury,  in  the  same  cir- 
eiraMHM»i|  via,  in  equal  bulks,  the  mute  will  be  dif- 
Ceicnt,  as  die  tcmpcralUN!  of  the  wlxtttiro  will  not  be  a 
■Beaa  between  the  tato,  hiit  alwajw  anuer  to  that  of  the 
water  than  to  tbequkkrilvcf }  eo  that*  when  the  walerb 
the  hotter,  the  lea^iMun  of  the  mutt  on  ii  abofe  the 

.meao,  and  below  it  when  the  water  le  the  eoMer.  And 
from  experiments  of  this  kind  h  has  been  inftrrad,  that  the 
comparative  quantities  of  the  absotale  heats  of  these 
liuids,  are  rt nprorally  propnrtionul  to  ihe  chiuvii  ulm  h 
are  produced  in  their  ^.eiisible  heiil>,  «  hen  lliey  ;iu-  mixed 
together  at  rlitfi  rent  tPiii|H-r;iturp< ;  and  thi-  l  ^ri  '  hs  been 
publicly  taught,  for  several  years,  by  Dr.  I'Urk  luiil  Dr. 
Irvine,  in  the  universitirii  of  Edm i  ii;  jK  i  ( .  1  i-  ji  .v ,  ']  [m 
rule  however  docs  not  apply  to  those  iubsianci  *  which,  in 
mixture,  i  xcite  vensiblc  heat  by  chcmicul  action. 

From  the  experiments  and  reasoning  employed  by  Dr. 
Crawford,  jl  more  fully  appears,  that  the  quantities  ufab- 
lolnte  heat  in  diffennt  bodivs,  are  not  as  their  dcnsitica; 
or  diat  equal  weights  of  hetcrogeneou*  •Mbtttnoca,  at  air 
and  water,  having  the  same  temperature,  may  contain  un- 
equal quantities  of  absolute  hMt :  be  also  >bowii,  that  if 
Mhv'toa  be  added  to  a  body,  •  qoatiltty  of,  the  absolute 
hcnt  of  that  ho^  will  be  extiirated ;  md  the  pblo- 
gbton  bo  iepnntaii  ainln,  nn  eqnal  qnantHy  of  beat 
will  bo  abaorbed.  So  nat  heat  and  pUogiatoa  qipear  to 
be  two  oppoiito  pviadplca  in  nataio.  Ktt  lUt  in|snitHu 
writer  has  not  preanmed  absolntely  to  decide  the  qontion 
that  has  been  long  agitated,  whether  heat  be  a  substance 
or  a  quality. — He  inclines  to  the  former  opinion,  however, 
and  observes,  that  if  wc  adopt  the  opinion,  that  he.it  ti  a 
(liitinct  substance,  or  an  element  *ui  generis,  the  pheno- 
mena will  befouiirl  to  iKhiiit  of  ;i  simple  and  obvious  inter- 
pntation,  and  to  be  perfectly  anreeuble  to  the  analogy  of 
l  iitiii'  Sec  Cruwford's  Kxperiments  atvd  Observations  on 
Animui  Hciit  nrnl  the  Inllaminntinn  of  Combustible  Bo- 
dies. Also  Mr.  Leslie's  ingenious  treatise  u|nin  heat  ; 
Schei-le's  Experiments  on  Air  and  Fire  ;  Thomson's  Cbc- 
mittry,  vol.  1  ;  Boerhaave's  Chemistry ;  Davy's  Kssays ; 
Kumford's  Rssays,  &c;  Herschel's  in  Phil.  Trans. ;  sevcnl 

'  vols,  of  the  Fhiloi.  Magazine,  and  in  Nicholson's  Journal. 
Ammal  Heat.  The  beat  of  animals  is  very  various^ 
both  according  to  the  divcnity  of  their  kinds,  and  the 
dilfcfCDce  of  the  Manna :  accordingly,  aooiogitts  have  di> 
vided  them  into  lipt  and  cold  Uooded,  recko&n^  those  to 
be  hot  that  are  near  or  abone  oar  own  temperature,  nnd 
att  otheiB  cold  arhoae  beat  ia  bclcNr  outs,  and  coaiequently 
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nllieet  nt  with  die  aeaae  of  cald;  thus  makim  ttw  itttBaa 
ipectet  a  mediam  beiwcca  dm  hot  and  cold  Uooded  ani- 
mnb,  or  at  least  the  hiweat  order  of  the  hot  blooded. 

The  heat  of  the  human  body,  in  iu  natural  siuie,  ac- 
cording to  Dr.  Bocrhaave,  is  such  as  to  raise  iln  in  rcury 
in  the  thermometer  to  <)2°or  at  most  to  9+';  anti  Dr.I'it- 
cairn  niukes  the  lieat  nl  thi  liuiii.iii  skin  the  same.  Indeed 
it  is  evident  (liiil  difTererit  parts  ni  the  liunmn  bodv,  and  its 
dlffcrei.t  sl.Hli'S,  ;is  well  us  ih,-  dilVtreiit  seasons,  will  make  it 
?how  of  dillereiit  temjK  ratuTi  s.  Thu^,  by  various  e.Xpvri* 
ini  Ills  at  diliett'iit  nines,  the  hi  at  iif  ihv  human  body  It 
made  various  by  the  following  authors  : 
lioerhaave  and  Pitcairn      .  .      .  qo^ 

.\monton5  -        -        -        .        gi,  92,  or  93 

Sir  Isiuic  New  ton        -       -       .       .  . 
Falirrnbeit  end  Muschcufarork,  the  blood     -  gB 
Dr.  Marline,  die  skin       -      -      -     SI7  or  98  . 

 the  urine      '  '      '  99 

Dr.Hale^lhe  skin      .....       jn;'  ' 
....  the  nrine         -      -      .   '  -     109  . 
Mr.  John  Iinnter»  under  hit  toi^ne     •     •  9f 

 in  liit  feetom       •     >  9$^ 

 .hit  nrethia  at  1  inch     -  92 

at  S  inehet  .  93 
at  4hiehas  -  94 
the  hall  of  the  theimoBt.  at  the  hnib  of  7  „ 
the  urethra  J  9r 

For  the  powers  of  animals  to  bear  various  diizrces  of 
heat,  see  the  Philo<i.  Trnns.  vol.  65,  OS,  iScc.  i  here  11 
hardly  »ri\  '.nli|ixl  of  phlliisophieal  iiim slinalioii  that  has 
afforded  a  greali  r  variety  ol  hypotheses,  e.mjec  tuics,  and 
expcrimonls,  than  the  cause  of  animal  h<  at-  llje  first 
opinion  which  has  m  T)  generally  obtained,  is,  that  tlie 
heal  of  animal  budies  is  owing  to  the  attrition  between  the 
arteries  and  the  blood.  All  the  observation!  and  IC8HH|. 
ing  brought  in  favour  of  this  opinion  however,  oidy  thosr 
that  the  beat  and  the  motion  of  the  arteries  are  generally 
proportional  to  each  other;  without  showing  which  ii'the 
cause,  and  which  the  eflecl ;  or  indeed  that  either  it  the 
cause  or  cflicct  of  the  other,  since  both  may  be  iho  eftcti 
of  aome  odiar  came.  Or.  Donghu,  in  hn  £may  on  tfca 
Genwadon  of  Heat  in  animab,  ateribei  it  aolely  to  tha 
friction  of  the  glohnleaof  Mood  in  their  ctrcuiation  throu||i 
the  capillary  «esaela.  Another  opinion  is,  that  the  lungs 
•re  tha  foaatain  of  heat  in  the  human  body :  and  this  opi- 
nion ia  supported  by  much  the  same  kind  of  nrgmnetus  us 
thefcnner,and  sw-mingly  to  little  better  purpose. 

A  third  opinion  is,  that  (he  cause  of  animal  heat  is 
owiii;;  to  the  iiciion  of  the  soliH  pari-  upon  one  ar.other. 
.'\nd  as  ihe  hi'iirl  and  arterie-  have  the  most  n.;ilion  it 
has  been  ihi  t  n;iuiral  to  expect  that  the  heat  slu.uld 
be  ottinfi  to  tlii>,  iin.iRin.  But  even  this  does  not  seem  very 
plausible,  (r.'m  ti-e  fultowin"  cunsKieralions  :  isj,  The 
moving  pans,  hovicver  we  term  them  solid,  arc  neither 
hard  nor  dry;  which  two  conditions  arc  absolutely  re- 
quisite to  m.nke  them  fit,to  generate  b»-at  by  attrition.  Jd, 
None  of  their  motions  are  swift  enough  to  promise  heat  in 
this  way.  3d,  Tlicy  have  but  little  chungc  of  suriacc  in 
their attritioot.  And  4di)y,  The  moveable  libixs  have  tit, 
mttCili^iOrKqnort  every  way  iurroundini  then,  to  prevent 
their  being  dotmyed,  or  heated  by  attrition. 

Anoowr  canie  awigprd  for  the  heat  of  our  bodies,  is  that 
prams  by  which  oar  aliment  aad  luids  are  perpetually 
iinderpoing  some  altCniMB.  And  this  opinion  is  chiefly 
supported  by  Dr.  Slavaoaon^  in  the  Edinburgh  Medical 
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Bmy*.  ml.  5,  art.  77.  Th«  Ute  ingeniova  Dr.  FiMltlln 
iaelinei  to  this  opiiiiun,  when  he  nys,  that  the  lluid  lire. 

as  well  as  the  fluid  air,  i«  aiiractcd  by  plants  in  their 
growth,  and  become*  consul ida tod  with  the  otht'r  muteriuU 
of  which  tliovan-  turnn  il,  ;uiJ  make  a  nn^nt  |i;i(t  of  thi'ir 
iubsluncc  ;  thai  ulii'ii  thfv  cottic  to  bi;  ditjcisleJ.  and  to 
miiliT^i)  u  Iviiiil  ijf  iVrivH  lUiyinn  in  ti.^'  ve->si  |v,  |i,',rl  of  ti  c 
lire,  as  ucli  as  part  of  litv  ;ur,  rccuvi  r>  its  Ihiiil  activi  stale 
again,  aiul  iliflux'S  itscll  on  U.e  body  ilin^e^tiii^  and  5cpa- 
rHtin<;  it;  &c.  Kx|  cr.  and  Ols.  on  Kbrtricity,  pa.  346. 

Dr.  Mi/r!i:;u  i  ihinks  Ihi-  inat  «d"  uninials  c.\plicnbli* from 
the  phosphorus  and  air  they  contain.  Phosphorus  i'Xi»t», 
at  least  in  a  dormant  state,  in  animal  fluids;  and  it  is  also 
known  (hat  they  nil  contain  air;  it  is  therefore  only  ne- 
cessary tu  bring  thi<  phosphoreal  and  aerial  particles  into 
cuiitact,  and  heat  nul^t  uf  consequence  be  generalvd ;  and 
were  it  not  fur  the  cjuanlity  of  aqueous  humoun  in  ani- 
mall,  (ttal  aceentioni  would  frc^iucotljr  happen.  Phikia. 
Tram.  No.47<f. 

Dr.  Black  suppn^-s,  that  animal  1iM*i»fcne(Medc»> 
tlrely  in  the  lui)»s,  b^  the  aetioo of  tha  air  Mt  the priaeipla 
of  inflammability,  and  h  thcnce  diffoted  over  the  reft  of 
die  body  by  means  of  the  eimlMtinn.  But  Dr.  Lcalie 
Vlges  (evcral  arguments  against  this  hypothesis,  tending  to 
show  that  it  is  repui^iiunt  to  the  known  laws  of  the  animal 
niachiiir;  hu  ailLinees  another  h\priihesis  instead  of 

it,  VIZ,  tli.il  ibc  siib;ili'  piMici|ile  h\  Lln-inists  termed  phlo- 
{•i'ton,  wbirti  ''iit<  irili>  the  r<imp')s'.linn  of  natural  bo- 
dice, is  in  coii'-ri|iu  nri'  ul  the  ucti'in  uf  the  v.ucultu  ^y-Iem 
gradually  evdUi.]  ilirnuj^h  every  part  of  the  nrnniiil  m:.- 
rliino,  and  ihi'.t  ilninig  this  c\ohil:(in  heat  is  generated, 
'riiis  opinion,  In  canilidly  ackriuvv  |edj;es,  was  first  delivered 
by  Dr.  Duncan  uf  ICdinhurTh  ;  and  that  something  simi- 
lar tO.it  it  to  be  found  in  Dr.  I'ranklin's  works,  aiM  in  a 
papOTof  Dr.  Mortimer's  in  the  Philns.  Trans. 

The  last  hypothesis  wc  shall  mention,  is  the  very  plau- 
rfUe  one  of  Dr.  Crawford,  lately  published  in  hin  Experi- 
ments and  Observations  on  Animal  Heat.  This  ingenious 
gentkmaa  h4s  inferred,  liom  •  vuie^  of  experimcnu, 
that  heat  and  phkeittaii,  ao  Ihr  finm  beb^g  eonnccted,  as 
moat  philoaophers  haw  ima^ned,  act  in  some  measnrain 
oppoailion  io  each  other,  uy  the  action  of  heat  on  bodici. 
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inte  heat  of  6oriil  uHtM  Uooi  bclutothntof  wnen 
blood,  as  1 1|  to  10:  thawfaie, ainBa  the  hlood  which  i* 
returned  by  the  puliMnaty  vdn  to  the  heart  has  the 

quantity  of  its  absokite  heat  increased,  it  must  have  ac- 
quired this  In-iU  m  it'  pas'.are  tlirini^li  -.lie  lutigi»  ;  -.u  that 
iu  the  process  of  re?,i)irati<in  a  ipiautjly  of  aliMiInte  heat 
is  M  punited  Ituni  llir  .iir,  and  absoibed  by  the  IiIciniI.  Dr. 
Prieilley  lia.^  also  pri;v(  d.  that  in  n-^piration,  jiliiogiitoli  is 
separated  Inni  thi'  ij!n.:nl,  ami  cinnLined  with  air. 

This  theory  !i<  \<reM  r  b.as  been  consisted  and  disputed, 
and,  it  has  been  said,  Dr.  Craw  ford's  experiments  repeated, 
with  contrary  n  sulis.  Though  non^utaraiid  systemati- 
cal theory  has  y  et  been  formed  in  its  stead. 

Neat  <lf  Comhustible  and  ii>fiammable  hoditt.  Dr. 
Crawford's  theory  with  respect  to  the  inflammation  of 
combustible  bodies,  is  founded  on  the  same  principles  as 
his  doctrine  concerning  the  heat  of  animals.  According 
tolimt  'drt  'liatt'^hiai  is  prodnced  by  combuslion,  is 
derivili  IrdV liM  aiif  tmi  not  fnm  the  inflammable  body. 
IntamiMiUb  bbdici^  Ii«iaiqn,ataond  with  phlo^itoa,  and 
coBiaiii  Utile  alaoloie  beat;  the  atmosphere,  on  the  con* 
tniry,  abounds  with  abeolale  heat,  and  contains  little 
phlogiston.  Ill  the  process  of  inflammation,  the  phlogistoa 
is  sqiarated  from  the  inilaniniable  body,  and  combined 
with  the  air  ;  the  air  is  phl(i|;isticatcd,  and  atfurds  a  great 
proportion  of  its  absolute  beat,  which,  when  extricated 
suddenly,  bursts  forth  into  flume,  and  produces  an  intense 
degree  of  sensible  heat.  And  since  it  appear*  by  calcu- 
lation, (h%(  the  heut  produced  by  convcriini;  alinospKerical 
into  tiveii  air,  is  such,  if  it  were  not  dissipated,  a«.  would 
be  sufficient  to  raise  the  air  so  changed,  to  mure  than  \1 
times  the  heat  of  red-hot  iron,  it  follows,  that  in  the  pro- 
cess of  inflammation  a  very  great  r,uantily  of  heat  is  de- 
rived from  tbe  air.  '  But,  on  the  c>  lUraiy,  no  part  of  the 
heat  can  be  derived  from  the  combustible  btidy ;  because 
this  body,  during  the  inflammation,  being  deprived  of  its 
phlogiston,  undergoes  a  change  similar  to  that  of  the 
blood  by  the  process  of  respiration,  in  consequence  of 
which  its  capacity.  fcHrhekt  it  inereaaed ;  and  thcreibre  it 
will  not  evolve  any^rt  of  Ita  aheDtutehaat.  hvA,  like  the 
blood  in  its  passagif  dlonghthe  lungs,  it  will  abaorb  heat. 


By  the  action  of  heat  on  bodici,  A  jimiiar  theory  of  hnt  us  lately  been  published  by  Mr, 
tta  liMCe  of  tlirir  attraction  of  phlogiston  is  diminished, and  '  EWnt.  See  his  PhilowpMcal  Obicratiaiis  on  tbie  aencs 


bytheactiim  of  pbltigitton,  a  part  of  their  al«ol|iie  heat  is 
expelled.  He  has  ano  demonstrated,  that  atmospherical 
air  contains  a  graater  quantity  of  absolute  heat  than  the 

air  which  is  expireii  fr>>in  liie  lungs  of  animals  :  he  makes 
the  proportion  ot  the  absolute  heat  of  atmospherical  oir  to 
thatoflixed  air,  as  6?  to  1  ;  and  the  heal  of  dephlogisti- 
CHted  ail  to  that  of  atmospherical  air,  r»  •i'G  to  1  ;  and 
obser-iiii:  tln.c  Dr.  I'riestley  has  proved,  that  the  power  of 
this  <i<  liiL  i-ticaled  air  in  supporting  aniniul  life,  is  5 
ti.nes  as  pvM  as  that  of  atmospherical  nir,  he  rnncludes 
that  the  quantity  of  absolute  heat  contained  in  any  kind 
of  air  fit  for  respiration,  is  very  nearly  in  proportion  to  its 
purity.  Of  to  its  power  of  supporting  animal  life;  and  since 
tbe  air  exhaled  by  respiration,  is  fonnd  to  contain  only 
the  67th  part  of  the  heat  which  was  Conlailied  in  the  at* 
mospherical  air,  previous  lo  impintiaa,  it  is  very  reason- 
ably inferred,  that,  the  latter  mnat  neccaiarily  deposit  a 
very  great  proportion  of  ila  abeolale  beat  in  the  lungs.  Or. 
Crawford  has  also  shown,  that  the  blood  which  paiaes 
I  the  lungs  lo  tbe  heart,  by  the  pulmonary  vein,  eon- 
me  absolute  heat  than  that  which  passes  from  the 
kaart  to  the  laiigi,  by  the  pulmonary  artery;  the  abto- 


of  Vision  and  Hearing;  to  which  is  added  an  &say«« 

Combustion  and  Animal  Heat,8vo,  1780.  SceCaiOftiCy 

also  Professor  Leslie's  late  work  on  heat. 

Mr.  Ezek:!-I  \\'nlk<  r  Iia'.  f;v.ni  a  m  at  rirr.iin  1  r.f  !hc 
causes  and  luodeot  combii>Uiii:,  m  tin  I'luius.  ilagasme, 
vol.4,'!,  pii.  101,  as  follows.  'I'herr'  are  very  few  bodies 
in  lumire  ih.il  ilo  not  contain  eithrt  thennogen  or  photo- 
gen.  All  those  bodies  which  arc  called  combustibles, 
conliiiri  the  element  o(  light,  which  I  call  ph(i|t>j;en,  to 
a'. oid  tl.e  Use  of  amLiguoiis  terms  ;  and  all  those  bodies 
which  ar»i  called  supporters  of  combustion,  contain  the 
generator  of  heat,  called  thermogen  for  the  same  reason. 
These  elements  may  be  made  to  unite  and  produce  com- 
falliilo%  or  increase  the  temperature  of  bodies,  by  various 
Bams  I  OS :  1st,  by  friction;  2d  ly,  by  percussion  ;  3dly,' 
bypnasafe;  ithly,  by  mixture;  6tbl>,  by  increase  of 
tempnatniei  and'Sihly,  by  the  fanciioos  of  living  animate 
and  vegetables.  >  ■  '•>"»■'• 

Thermogen  and  photagSB  lO  «  ecmdcBSCd  itate^  aaftif  A 
charged  Leydenjar,  have  so  stfoiigaa  Mlnction  Ibr  sodk 
other,  that  they  wilt  pass  throt^  any  of  thooa  bodiea 
called  conductors,  to  a  very  gteat  ^Maca^  to  bO  lAutad. 
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But  when  they  are  united  lupontlt  r  ibK-  manor,  Ihey  witl 
rptnain  mixed  togrtlMT  for  iij|><'>  wiiixnit  protlucii^  nny. 
efieci;  but  u  mon  m  they  arc  brought  within  n  certain 
ditlance  ofcncb  wtlicr,  which  nmy  be  called  their  striking 
dilWnWicr  their  spbeic  of  action,  ritber  ctmtbiuiion  iHkcs 
placvi  or  the  b-mpcratuns  of  the  body,  in  which  they  mctt, 
is  incnmed.  The  foilowit^  explonalioni  of  some  wcll- 
knowa  oxpcritoenb  will  tend  to  show  dio  importance  of  a 
tbcnrjr  founded  on  facta. 

EtperimaU  1.  In  a  memoir  rrad  to  the  National  Insli* 
tola  of  Frioicc,  M.  liiut  a^uinuna".  llu-  imporluiit  fact, 
that  a  iiiixturf  <jt  hy<ir<ii;cti  und  o.svi;i  ii  yas*'*  inuy  lir  iiiaJc 
tncxplodc  by  itu'chaii.rui  n  i.; |n c-^h  ii  <inly,iiidc|xiulfiitly 
of  thei'lccli  :c  >piiik. — Li^Hi.;UiUoH.  O-vyui  n  iiiid  liydii'j;i  n 
fiujcb  ttoidd  remain inixrd  tii^irtliPi',  |i>:  iinv  liii^lhol  tinn  , 
without  combiiiiMs,  ih'.-  thiriiiogcn  arU  jiliotogcii  iii  them 
Uriiif;  kept  iv.  tn  i  ^;<  Ht  a  djsluiice  by  lluir  bui^•^ ;  but,  by 
nil  chunic.il  conipri'ssion  only,  thi  v  arc  forcrd  ttilhin<h''ir 
klrikiiii;  dittanct',  uud  liy.lit  uiid  iii'ut  arc  producru  uii  the 
same  principle  as  ciiniljustiuii  is  pioiluLcd  by  diichurgiiig 
a  Leydi  ii  jar. 

Eiper.  2.  Talce  6  grain*  of  oxygeiiizi-il  miiriaii.-  of  pot- 
an,  and  9  grains  of  Hour  oftvlphur,  rub  them  tugethcr 
in  a  mortar,  and  a  smart  detonating  noiie  will  be  pro< 
ducad.  Continua  to  mb  tiw  mixlne  faanl,  and  the  re- 
port  will  fan  freqnantly  repcaledt  accompaiii<  d  vv<ih  vivid 
insbctofllght.  If  tho  tamcmixturehewrajipt  a  m  paper, 
'  laid  on  an  Mt«il,  md  smartly  straclt  with  a  hammer.  th« 
report  will  be  ai  loud  as  that  of  a  pistol. — Eiolan.  These 
axpellnwnts  may  be  expluint-d  un  the  same  principle  an 
the  last  The  two  ingredients,  thouah  mixed  tojjetlicr, 
produced  no  eliect  until  the  ihirmo^en  in  diu'  <•(  i1ili:i 
and  the  ]jliotugcn  iii  the  other  were  lorced  inti)  iinuiii,  liy 
irictlon  or  percu')5iDn.  And  on  the  same  principle  [he 
I'lJccts  of  iiiany  other  I'uliinnatiiij;  Hllt)^tance^  may  be  ex- 
plained. 

Erper.  3.  If  an  ounce  of  strong  nitrous  acid  be  mixed 
with  abuut  half  its  weight  of  Milphuric  acid,  hiilI  poured 
into  a  little  oil  of  turpf-ntine,  the  whole  will  iinii)<iii4leiy 
burst  into  Hame.'— £spiaii.  The  ihernioiriii  and  pholo;;en 
in  thcso  tiuidh  rnmint;  immediately  into  contact,  flame  n 
ymdiwed,  unhuui  uny  mechanical  furce  or  increase  of 
tempeimturc.'— Now,  from  this  experiment  it  appears  im- 
possible  that  water  can.be  a  compound  of  o.xyj;en  and  hy- 
drogen }  for,  if  it  wore,  thcae  two  principlcB  of  nombnaiion 
would  bom  into  flaaio  like  the  acid  awl  the  oil.  But  ao 
piasmre,  no  iacmin  of  tempeiaturi^  nor  any  union  with 
cnmbuitlbfc  aMaer»  can  produce  a  «nj>lc  spark  of  ire 
Oom  water.  In  sbort,  notbii^  cunibuiiible  is  found  in  its 
cmnpaeition. 

JS^per.  4.  fumbustion  may  uImi  be  generated  hy  fric- 
tion. Two  puces  of  hard  wood,  being  smartly  rubbed  to- 
gether uith  nrV'il  [ii.  v>urc,  will  soon  buiil  intv  (l.ime. — 
Eiplan.  'Ihe  lii'-l  iiicniiu  nt  of  caloiic,  bv  Irii  ii.jn,  w  ex- 
Ciri  d  liy  «  prirtmn  ut  the  (iiermii|;en  of  the  air  beuia  furted 
into  uaion  «illi  tin  pluii.iL;eii  iti  the  wood  ;  .mil  by  con- 
tinuing the  operutiol),  llie  tempernlure  <it  ihc  iiithiinmalde 
priii'  iple  of  the  vKVid  is  iiici  eitsed  lill  (brae  li  produced. 

Eififr.  When  a  rod  lit  iron  l^  laid  upon  nn  anvil,  and 
hBiniiierc'd  with  u  quicli  succession  of  heavy  »irokes,  it 
soon  becomes  red-hot.  But  it  cannot  be  strongly  heated 
asecond  time  by  the  same  meam,  unless  it  be  first  intro- 
duced into  a  fire. — Eiplan.  The  first  stroke  of  the  ham- 
■crfoicea  a  small  portion  of  ibetiiefniogenof  tbeair  inlo 
ooniact  witli  tta  pliotiigpa  of  Oe  ■einl,  whkb  genenlci 


the  first  increment  of  caloric;  and  hy  repeated  strokes  of 
the  hammer  the  cahiric  Is  increased,  lill  the  rod  becomes 
red-hot.  Uut  the  pliotogen  uf  the  metal  become*  exhausted 
by  this  nu-ans,  and  thenfore  cannot  produce  caloric  a  se- 
cond tiiBC»  till  it  .has  rrcoveicd  its  combustible  property 
in  tho  fin>.«»Tbe  burning  uf  iron  wire  in  oxygen  i^as,  in  a  ' 
brilliant  manner  shows  tow  iron  loicaets  photofsn,  and 
becomes  oxydiacd.  * 

Eiper.  a.  .Mr.  Thomas  Wedgatpod  has  shown,  that  it  h^^s 
never  yet  Uvii  explained,  hoW  flictlon  produces  caloiie. 
lie  look  a  puce  e,f  common  window-glass,  niid  held  the 
edi-e  of  it  against  the  edge  of  a  revolving  grit-stniie,  whei, 
that  part  in  CMiitru  t  uitli  the  stone  became  red-lin,  and 
thre«  I'll  iiiit  j'iirl  ( ;eh  u  liuli  tiied  >;im|Mnvder.  Thesloiie 
and  llie  ^hi-s  beii  in'th  niCoinbuslible  substances,  it  re- 
tnain^  tM  I,.  < \|i!ai-i''il  lim\  caloric  was  produced — Ex- 
pltiii.  It  has  1)1  I'.ie  b>en  ti.' it  I  in  i  ;v  etric  machine 

creates  lioiiimj;,  but  by  fnctioii  niily  culli  ets  the  tvxi  ele- 
ments which  produce  caloric,  fiiii:i  tin-  earth  ni»l  the  at- 
mosphere. Though  the  stone  and  the  j;i  iss,  in  Mr.  W.'s 
rxperiiueiit,  are  both  incombustible,  yet  it  is  almost  a 
seU-evidcnt  conclusion,  tliut  tiiey  collect  the  two  elements 
of  caloric  from  the  air  and  the  earth  by  friction,  in  tfae 
same  manner  as  the  electric  ronchioe. 

£jrp«r.  7.  It  is  well  known,  that  wlien  flint  and  itcel 
an  nnafthr  atruck  agfiinst  each  other,  a  apark  always 
enMH%  amicb  is  capable  of  setting  fire  to  tinder  or  lo 
gaapowder.  The  spark  in  this  case,  as  was  long  ainoe 
•teertained  by  Dr.  Hooke,  ,is  a  smalt  particle  of  the  me- 
tal, which  is  struck  off,  and  takes  fire  during  its  p.issagc 
thriiu;^h  the  air.  This  therefore,  and  all  similar  cay-s, 
belonp  to  the  class  of  coinbuslioli.  Htit  !ii;lit  oiten  aji- 
pears  Hhen  tui;  bodies  are  struck  upait. si  each  ejcu  r,  when 
we  are  ci  it.iiil  llial  no  snob  llitlijjas  eumlnisiinn  ean  hap- 
pen, because  buth  the  bo<;ies  are  i iiei  rabu^t iiiir-.  'i'hus, 
for  insti.nee,  sparks  are  eniHteil  ulu  ii  tno  (juariz  stones 
are  struck  stuiirtlv  against  each  other.and  lii;lit  is  emitted 
whui  they  are  rut/bed  ajjuMist  each  olber.  Maiiv  other 
liaid  stones  also  i  niit  spaiks  by  such  collkions. — If  they 
be  olteii  iiiAile  lo  emit  spaiks  above  a  sheet  of  white  paper, 
there  are  found  iijum  it  a  number  uf  siiiall  black  bodies, 
somewhat  like  tin- es;gs  of  flies.  These  Ujilies  are  hard, 
but  triable,  and  leave  a  black  stain  when  rubbed  on  the 
paper.  When  vie^ted  with  a  microscope,  they  seen  to 
have  been  melted.  Muriatic  acid  changes  their  colour  to 
•  green,  n»  it  does  that  of  lavas.  These  sufaatancai  evident 
ly  ptodoced  the  sparks  by  beisf  heated  rrd-hot.— £^pJlm. 
It  may  first  be  observed,  that  if  the  flint  bo  moved  over 
the  stone  very  slowly,  no  spaik  is  produced,  nor  « jil  any 
»park  appear  if  the  flint  barely  touch  ibe  steel,  t'hough 
tlic  velocity  of  the  flint  .be  the  greatest  possible  :  conse- 
quently, caloric  cannot  he  produced  by  c<dlision  or  fiic- 
tion,  but  by  velocity  and  pressure  conjointly. — 2dly,  By 
the  collision  of  the  (lint  and  stiel,  the  thermopen  of  the 
atninspiiere  is  loreeil  Kilo  uuiiei  with  tlie  )ibii^ijj;en  <jf  the 
metal.  The  com  In  niit  ii  n  thus  pi-iilueiil  nuiis  ihe  nu- 
nule  particles  of -lef  I,  struck  •  i;i  bv  ilii'  Hint,  into  small 
yliibulrs.  That  lli:s  UK  tal  conlanjs  tlje  i;eiielator  of  light 
is  w<ll  known,  by  the  buriii:;i;  of  iron  or  steel  wire  in 
oxygen  gas,— Sparks  are  omitted  when  two  quartz  stones 
are  suuck  smartly  aj;ainat  each  other  under  ua'ter;  and 
Air.  Kirwan  aflirms,  that  sparks  are  prutluced  by  the  col- 
lision of  flint  and  steel  under  comniou  spring  water. 

Eifir,  8.  f rora  Count  Rumford's  expciimenls  it  ap- 
ftuh  that  bjr  ft  awdente  dcgite  «f  friction,  the  wma 
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piece  of  metal  afforded  so  rauch  caloric  under  wali  r,  its 
lo.kitp  it  htiiia^—JSrplan.  This  experiment  m:i}  be  e\- 
pUined  on  the  mmw  principle  m  the  la»t.  Water,  being 
m  better  condtietor  of  thrrmo^n  than  atmocphcric  air, 
cmnot  prevent  the  produciiun  of  caloric  by  the  coUuioa 
or  friction  uf  hard  Jmdin. 

HtAT.ia  G'Mfro^y,  i>  thatwhidi  relates  |o  thcnrA. 
There  is  a  great  variety  in  the  beat  of  diflerent  places  and 
iK-usoiis.  Ntiiuralifis  have  commonly  askunwd  ii  as  a  fact, 
tbut  ilip  nearer  iiny  place  u  to  the  centre  ofthe  earth,  the 
Iniltcr  II  i>  liiunil  ;  lail  ili»rs  ii'^i  ii|i|jc.ir  to  li"M  slrinly 
true.  Anil  if  it  wore,  tlif  effect  might  he  otherwise  ac- 
counted for,  and  inua-  Mii»rictorily,  thM  from  their 

)n):i;;incd  central  lire. 

Mr.  li'i\!r,  wlii>  liiid  l>ien  at  tin-  lintti  lu  of  some  niinei 
huu^ell,  with  tin^re  proliabiiily  su'>|)ect»  tliat  this  di  nrtv  i>( 
hiat,  i<t  lea^t  in  »uiiu'  ol  tliein,  may  arise  from  llii  |)c  c  ii- 
lior  nature  uf  the  inimntk  ilu  re  prodticed.  An  i  tie  in- 
MauOIS  a  niaernl  of  the  vitrinlir  kind,  dii!!  ii|>  111  htrgB 
tJtMUItilies,  it)  several  |Mirt<i  of  I'nrlnnd,  which,  by  the  bare 
eiRasion  ol  I. '  iniiH  1  ».ikr,  nmII  Income  !>n  hot  as  almoit 
to  take  fire.  To  wbich  may  be  added,  that  such  pincos, 
io  the  bowrit  of  the  carib,  usually  feel  but,  from  the  con- 
fined  md  eUigpHiiit  Mate  of  th«  air  in  them,  in  which  die 
heat  h  iielannd»  for  «aat  of  a  current  or  ebang^  of  air  la 
cany  the  beat  off. 

On  the  ether  hand,  on  ascending  high  mountains,  the 
air  feels  monr  and  more  cold  and  piercing.  Thus,  the 
lops  of  the  Pike  of  Teneriffe,  the  Alps,  and  sercral  other 
!.-' iiiiilaiiiv,  cvci>  ill  the  mil-'!  stiitry  countries,  arc  f<iUnd 
always  invested  »uli  siimv  an  1  ice,  v.lntH  tin-  heat  i^  nrvcr 
sufliciellt  to  tli:iv».  Ill  •-oine  ui  till  iiint.iii'.'i  111  I'cru  tlir  re 
is  no  *!icli  thing  ruiuiini;  iuiui,  but  nil  ice:  plant* 
\e(;clnte  q  Ijltle  about  the  bultmii  uf  tlie  niiHintaiiis,  l>nt 
rii-ai  liie  ti<n  tm  v  r-i;ptablr  Clin  live,  for  the  iuleaieness  ol  the 
cold.  Tills  ertect  is  atlributed  to  the  ihinncM  of  the  ttir, 
and  tlic  little  suriaccof  the  earth  there  is  to  ix'flcct  the  rays, 
as  well  a»  the  grc«tdi*taoce  uf  the  general  surface  of  the 
earth  which  reuecis  the  ray^  hack  into  the  atmosphere. 

As  to  diedivermty  in  the  heat  of  diQ'erenl  climes  and 
seasons,  it  arises  from  the  different  angles  under  whiclr 
the  sun's  rays  strike  upon  the  surface  ofthe  earth.  In  the 
Philos.  Trans.  Abr.  vol.  3,  p.  Dr.  Hallcy  has  i^ven  a 
computation  of  thia  heat,  on  Ihc  principle,  that  the  aunple 
action  of  the  sun'e  rayiip  like  other  impulMt  or  strokes, 
is  wurc  or  less  lbrcible,aeoonlirw  to  the  Mncsof  the  aiigles 
of  incidence,  or  to  the  sines  ofthe  sun'aajtitvdes,  at  dif> 
fercnt  times  or  places. 

Ill  r.re  it  follows,  that  the  time  of  continuance,  or  the 
sun's  shilling  on  any  place,  being  taken  for  a  basis,  and 
the  sines  <it  iLc  >un's  uUitnde*  perpendicularly  euctcd 
upon  it,  and  a  curve  line  ciruwn  through  the  extremities 
ul  'lii.isc  pcr]jcndicu!.irs,  the  area  thus  cnlnprehended  ttill 
l>c  proportional  to  the  collection  of  all  ihc  heot  of  the 
sun's  beams  in  th^t  period  of  time. 

Hence  it  will  likewise  follow,  that  at  the  pole,  the  col- 
lection of  all  the  beat  of  a  tropical  diiy,  is  jiroportional  to 
the  rectangle  or  product  rif  tlu-  sine  of  -Z^l  degrees  into 
24  hours,  or  tho  circumlerrnce  (if  n  circle,  or  as  into 
IS  hoars,  the  sine  <rf  23|  degrw*  being  nearly  ,\  <  f  ra« 
dius.  Or  Hw  polar  heat  will  be  equal  to  that  ot  ih<  sun 
continuing  19  .1m^  above  the  horison  at  63  degrees 
liei|^t;  and  the saA  i*  not  5  b««n  more  dovaied  thin 
this  under  the  eqainoctiaL  - 

But' as  it  It  the  aatnre  of  heat  to  remain  in  ihestthject. 


lifter  the  luminary  is  removed,  and  particularly  iti  the 
air,  under  the  equinnctinl,  the  12  hours  absence  of  ihe 
sun  abates  but  little  from  tlie  edcct  itf  his  heat  in  the  day : 
but  under  the  pole,  the  lunji  aheence  of  the  sun  tot  6  ' 
months  has  so  culled  the  air,  that  it  is  in  a  oumner  fiwaeD, 
and  after  the  sun  has  risen  upon  the  pole  again,  it  is  loftg 
before  his  U-anofk  caft  make  any  iinprcsiion,  bcioig  ol^ 
strncted  by  thick  dondsand  fog*. 

From  the  foregoing  principle  Or.  IIulK  y  com)<iite«  the 
following  table,  exhibitinE  the  ln.it  to  iviry  Killi  deuree 
<if  l.i'il I, J.  ,  I.  ;  ! li,  I  ,1 ,11  ctird  and  tr-ipii.il  Min ,  :iiul  n i^n 
uhich  an  estunate  may  tasjly  be  uiude  lui  tlir  iiiteritiediat* 
degrees. 
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From  the  same  principles,  and  table,  also  are  deduced 
the  following  corollaries,  viji, 

1,  That  the  equatorial  heat,  when  the  sun  liecomcs  ver- 
tical, IS  as  twice  the  square  of  the  radius. —  '2,  Tlml  at  the 
eijulitor  the  heat  is  as  the  sine  of  the  sun's  decliij.aion. — 
■i-  1  hat  in  the  frigid  i:onc»,  when  the  sun  sets  not,  tbe 
lieat  is  as  the  circuinlerciicc  of  a  cu  rie  into  the  sine  uf  the 
altitude  at  6:  And  consequently,  that  in  the  same  lati- 
tude, then-  aggiegates  of  heat  are  us  the  sines  of  the  sun's 
declination  ;  and  at  tbe  same  declination  of  the  sun,  they 
are  as  the  sines  of  the  latitudes;  and  generally  they  are  as 
ilie  sines  of  the  latitudes  into  the  sines  of  declination.^ 
4,  That  the  equatorial  day's  heat  is  every  where  as  the 
cosine  of  theUliludc. — 5,  In  nil  places  where  the  sun  sets,, 
the  diOerx  ncc  between  the  summer  and  winler  heats,  when 
(he  declinations  are  contrary,  is  equal  toa  circle  into  the 
aine  of  the  altitude  at  6,  in  the  mmn*t  iwialleli  and 
consequently  those  diflcrencea  are  aa  tbu  reemn^les  of  the 
eincs  m  the  latknde  and  declinations.— 6,  The  tropical 
sun  has  the  least  Csrce  of  any  at  titc  equator ;  and  at  the 
pole  it  is  greatest  of  all. 

Many  objections  have  been  urged  against  this  theory  of 
Dr.  Halliy.  Sdme  have  insisted,  that  the  etlect  of  the 
sun's  heal  is  nut  m  the  simple,  but  ii)  the  duplici^te  ratio 
of  the  sines  of  il.e  angles  of  incidence  ;  like  the  law  of  the 
iinpulye  iif  lliiids.  And  indeed,  the  ([uantiiv  i  f  the  sun's 
direct  rays  recined  nt  any  place,  heing  evnh  rtU  a.s  ihc 
sine  of  the  ani>lc  of  incidence,  or  of  the  sun's  altitude,  {f 
the  heat  be  also  pro|K>rtiunal  to  the  force  with  which  a 
ray  strikes,  like  the  me^'hanical  action  or  impulse  of  any 
body,  then  it  will  follow  that  the  heuc  most  be  in  the 
compound  ratio  of  both,  that  is,  an  the  square  of  the  sine 
ofthe  sun's  altitude.  l>ut  thi»  last  principle  is  here  only 
Mtmaed  gratis,  as  «»c  do  iwt  know  a  priori  that  the  heat 
k  proportional  to  the  fsrce  of  a  suikiog  body ;  and  it  Is 
onw  cspesiment  ih»t  can  determine  this  point. 
,u  ia  cattain  that  beat  coamnnicaicd  by  the-ami  to  ho> 
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din  on  iht*  earth,  drprnds  hUo  much  upon  other  circinn- 
•Mnecs  bcsiiic  the  direct  turce  of  his  ray!>.  Thr^e  must 
be  modifiMl  by  our  •imu!>phprc,  and  variously  rctlcciod 
ami  combtnad  by  the  action  of  the  curthS  kurluce  ilselt', 
to  pioduce  «iy  nmurksble  effecu  of  best.  So  ihatt  if  it 
were  not  for  tl 

tbe  naitcd  beat  of  iho  tun  wouM  not  bo  very  wuible. 

Dr.  Hall^  bioMlf  «nt  well  appiiicd,  that-  nwny  other 
dreumatoiKCi,  bdidet  tho  direct  foree  of  du  mn't  rays, 
«oatributcd  tA  ougment  or  ditninisli  the  edect  of  this,  and 

the  heat  resulting  from  it,  in  ditli  ivnt  cliinaln;  and  there- 
fore no  calculation,  formed  <in  the  preceding  thi'iiry,  can 
be  »upposi'<i  I  c  :  h-.|i<iii(l  I'NiiCilv  wish  nl;ser\atiuii  and 
cxpenracni.  it  Iuin  also  liei  n  i>l>jLCleil  that,  accutdilig  to 
the  foregoing  theory,  ih.v  j^re.iiest  heat  in  the  same  plare, 
should  be  at  the  siimrm  r  s{iUtirr,  ami  the  most  extreme 
Cold  at  the  «;iilci-  mcUucl- ;  wliicli  is  contrary  to  expe- 
rience. To  this  objection  it  may  be  reijlieil,  tli.it  heat  is 
not  produced  in  biidie»  by  the  sun  iiistar.I.im  (j  jvly,  nor 
do  the  effects  of  his  heat  cea>.e  inilnediiilely  « lien  his  rays 
are  withdrawn  ;  mihI  therefore  tho»c  parts  which  arc  once 
healed,  retain  the  beat  for  ttome  time  ;  which,  with  the  ad- 
ditional heat  daily  imparted,  makes  it  continue  to  increase, 
though  tlie  tundcclinet  from  ut:  and  this  is  the  ica»ou 
why  July  is  hotter  dMm  Jnne»  lliongh  the  sun  haa  with- 
drawn ffom  tbe  BUBMrtropie:  aawe  alio  find  ititgpne- 
nllj  hotler  at  owj  two,  or  tbm  in  the  afternoon,  when 
tbe  mn  hat  downed  towards  the  west,  than  at  noon,  when 
ho  it  on  the  meridian.  A»  lotig  us  the  heating  particles, 
which  are  constantly  received,  arc  more  numerous  than 
those  which  fly  away  or  lose  their  force,  the  heat  of  bodies 
must  rontiiiUiilly  iiirrcasr,  S".  iil'ter  ^<::\\  has  left  the 
tropic,  »hc  riLiiiibfr  nf  [i.irtiflis,  uhicli  lii.it  our  tttmo- 
sphcrf  ;ni  I  ri_:ill,,  cr.L.lar.llv  mcreiisi-s,  Ixcuusi'  wf  receive 
more  111  the  day  than  we  lusc  at  night,  and  therefore  our 
heat  mutt  alto  increeae.  Bci  as  tlie  days  dccr<>ase  aijain, 
and  the  action  of  the  tun  becomes  weaker,  mori'  p.iriicles 
will  be  dispersed  in  the  nighl  ihaiuire  icceivi  d  in  tlie  day, 
by  which  means  the  earth  and  air  will  gradually  cool. 
Further,  those  places  which  an-  well  cooled,  require  time 
to  be  heated  ajjain ;  and  therefore  January  is  nio!>tly  colder 
than  Decctnber,  though  the  tun  has  withdrawn  from  the 
unntcf  tr'tpic,  and  begun  to  emit  hit  rays  more  directly 
tqion  us. 

But  the  chief  cause  of  the  diilirrence  between  the  heat 
of  summer  and  winter  is,  that  in  summer  the  nyt  ML  more 
directly,  and  pom  Ibiouj^  a  lem  dense  patt  of  tha  atmo- 
sphere; and  therefore  with  gicaler  Carae,  or  at  IcMt  in 
peatir  nvmber  in  tbe  same  place :  aad  bciddes»  bjr  their 
Umg  continuance,  a  much  greater  degree  of  heat  Is  im- 
parted by  day  than  can  be  dispersed  by  nipltt.  For  the 
calculations  and  opinihns  of  several  other  philosophers 
on  this  !:•  iii.  -I  f  KeiU's  Astron.  Lect.  8;  Ferguson's  As- 
iron.  ci.iij).  lu;  Ixino's  .\stron.  \  777  ;  Memo.  Acad. 
Scieiic.  171}). 

As  to  the  ti  mperatiire  nr  liial  of  our  atmosphere,  it 
may  be  obwrved  that  llir  mercury  solilom  falls  un.i(  r  10° 
in  Fahrenheit's  thermometer;  but  we  arc  apt  to  reckon  it 
Very  cold  at  24^',  and  it  continues  chilly  tn  4(»'^  and  a  little 
above.  However,  such  colds  have  been  often  known  to 
reduce  it  ilou  II  to  0",  the  beginning  of  the  scale,  or  nearly 
(be  cold  produced  by  a  mixture  of  snow  atid  salt,  often 
Dear  it,  and  in  toroc  places  b^low  it.  Thus,  the  degree  of 
ibe  thermometer  has  been  observed  at  traiious  times  and 
(toecsulbllnim: 
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temperature  of  our  atmosphere  ii  about 


48°,  bcii^nnrly  a  medium  of  all  the  reasons.  Tbe  French 
makah  tomewbat  li%her,  loekoning  it  equsl  to  the  cave 
uf  iheipregwlobwrmtoiy,  or  M".  la  cold  eonntries,  the 
air  is  fouiid  agreeable  eoouf^  to  tbe  inbabitfnts  while  it 
is  between  40  and  50".  But  in  our  climate  src  arc  best 
pleased  with  the  heat  of  the  air  from  50  to  6o°;  while  iii 
th<  lii<!  uniiitiii  s  the  air  is  generally  nt  a  mi  Jiura  about 
7o\  W  iih  us.  tiie  uir  IS  not  reckoned  warm  till  it  arrives 
alniiit  64',  .■iiid  it  is  \ery  warm  .-irid  sullry  at  80  '.  li  ij 
to  be  iidlrd  lliui  ihe  forej^oing  observatmns  are  to  Lo  under- 
stood 01  llii  siiite  III  (he  air  in  the  sf.ade  ;  fur  as  to  the 
heat  of  buiijt  s  acted  on  by  the  direct  rays  of  tbe  sun,  it  it 
much  grcaliT :  thus,  Dr.  Marline  found  dry  earth  heated 
to  above  12n''';  but  Dr.  Hales  found  a  very  hot  sun.«bine 
heat  in  1737  to  be  about  140°;  and  Muschenbroek  oaoa 
observed  it  so  high  as  150°;  but  at  Montpelier  the  snn 
was  so  very  hot,  on  one  day  in  tbe  year  1705,  at  to  raisa 
M.  Anionton*'  tbennoaicier  lo  tha  marb  of  boiling  water 
itself,  which  is  our  212°.  (See  Tempetrntnin  of  tha  Atmo« 
sphere  under  the  article  ATMOamxaa.) 

It  appears  from  the  t^/ttet  of  the  ihermomoler  kept  at 
Londoo  by  Dr.  Hebeidai  li»  9  yean,  via,  ftom  the  aid  of 
1763  to  the  end  of  1778;,  lhat'the  mcati  hoat  at  8  in  the 
morning  was  47^*4 ;  and  by  aoodier  register  kept  at  Ha wk. 
hill  near  Edinburgh,  that  the  mean  heat  in  that  place,  du- 
ring the  same  period  of  time,  was  16^.    Also  by  registers 
kept  in  London  and  at  Hawkhill,for  the  three  years  1772, 
177'!,  1774,  il  a[)]ieari,,  (luU  the  mean  lieut  of  these  three 
years  in  Li.ml'iii,  at  S  111  the  mornirij;,  was  4S'''5,  and  at 
C  111  till'  aftcrmmii  !)h°,  but  the  mean  of  both  morning  and 
ufternoun  5'i"'<'  ,  wiiiU-  llie  ineitii  heat  at  fiawkbill  for  the 
same  time,  ^ 
ut  S  in  the  muir.iiig  waa  43°*4 
and  at  2  in  the  alternooR  50'1 
and  the  mean  of  both  47"7- 
The  mean  heat  of  springs  near  Edinburgh  i-   1  mi  I  to  be 
about  47°,  and  at  London  51^    Philos.  I  rans.  vol.  65, 
art.  44. 

Lastly,  from  the  meteorological  joum.^ls  of  the  Royal 
Society, publiUied  in  the  Philos.  Trans.  11  4ippuirs  that  the 
mean  heights  of  tbe  ibermonieter,  for  the  whole  yean^ 
kept  without  and  within  the  house,  are  as  below : 


Tbm.  Without 
For  1775  -  SI'S  - 

1776  -   4I*1  - 

1777  -   51*0  - 

1778  ♦   52-0.  - 
mean  of  all    -   51*4  - 


TbwM.WUhia 
•  S97 

-  5C-9 

-  53-0 

-  531 

-  529 


HsAT,  Idiflsr,  is  iMcaiiblc^  cooecaled,  donaant  tu  it 

were- 

IIE.WEN,  an  nzurc  transparent  orb  investing  our 
earth,  where  the  celestial  bodies  perform  their  motions.  It 
ia  tS  divcn  dettwumtkiMt  «•  the  Uj^wst  or  eaiiyiWB 
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ii,.tiM  etberill  ov  tnviy  heA««n,  the  planetary  hca- 
tao,  &c«'  Ftometly  th«  hnveus  were  <x>i)»iJcri  J  as  sulul 
•ulMIMieeiy  or  «Im  m  ipuet  full  of  aolid  muter ;  but 
,  NcwtOT'hwabandamlyihowntbailbe  beam*  are  vo^ 
■Inioit  all  mnlanca,  aad  consequently  of  almost  all  ma& 
tor:  this  ho  prown  Uroa  the  pbenonwim  of  the  celestiil 
bodies:  from  the  pianola  peiMUiiig  in  tbcir  motion^  with- 
out any  •.eligible  diminution  of  their  n-locity;  and  the 
comet)  itvely  ptuis'\n«  in  all  dirrclion^  (owardvall  parts  uC 
the  heaven*.  Hi  avcn,  takrn  in  this  grn<  ral  senio,  nr  tlie 
wIidIl-  cx]iaii^r,-  bctwri  n  ourcurrti  and  the  ri  imik'^l  rcj^oiu 
ol  ibc  lixeJ  itars,  iiiuy  bt-  ilivuled  into  t«i>  »<  ry  maciual 
parts,  according  to  thi'  maltor  occiip\inx  ni,  the 

atniusphcrc  or  si-rcal  heaven,  occupied  by  air;  and  the 
cihcn-ul  lieaven,  poajemeJ  by  a  ibin  and  unMitting  me- 
dium, called  ether. 

HbaVBW-  is  more  particularly  used,  in  Astronomy,  for 
'  M  orhf  or  circular  rt  gion,  of  the  elhereAl  heaven. 

TIm  ancient  astronocDera  assumed  as  maily  different 
bcavens  as  thev  nbterred  different  celestial  motions.  All 
theso  they  made  solid,  thioltiag  they  could  not  olberariia 
•lulain  the  bwUct  filed  in  tbtMi :  uid  of  a  spherical  fona, 
■»  being  th«  noat  proper  for  motion.  Thus  they  bad  nvou 
hancns  for  the  seven  plaiiets;  vix,  the  heavens  «(  tbo 
Moon,  Mercury,  Venus,  the  Sun,  Mar»,  J  upiter.and  Saturn. 
The  8th  was  for  the  fixed  stars,  which  they  particularly 
called  the  firmament.  Ptolemy  added  a  pih  heaven,  which 
he  called  the  primum  mobile.  After  l:\:v.  t-vu  crystalline 
licivons  wore  added  by  King  Alphonsus,  iVc,  to  ocfuunt 
tor  Msme  irregularities  in  iho  motions  of  the  oth»  r  ln  as  i  iji. 
Anil  lastly  tin  cnipyrcaii  heaven  was  drawn  over  the  whole 
for  the  residence  ut  ;!  i  l)i  ity  ;  n  lut  ti  made  the  numb«  r  I'J, 
But  some  admitted  many  other  heavens,  according  as  their 
different  views  and  hypotheses  requin-d.  i'.udnxus  sup- 
posed S3,  C^lippus  30,  Regiomontunus  ^3,  Ariiiotic  47, 
and  Fvcaslpr  no  less  than  70.  The  a-itrommiers  however 
did  not  muidi  concern  themselves  whether  the  heavens 
Ibcy  fb«  allowed,  were  real  or  not  -,  provided  they  served 
•  purpose  in  accountiiy  for  any  of  the  celestial  motioaa» 
and  agreed  with  the  pbenomena. 

HEAVINESS,  the  hum  as  Gravity,  wbicb  see. 
Henvy  bodies  do  not  lend  precisely  to  the  very  centre  «f 
tbe  earth,  except  at  the  polee  mti  the  equator,  oo  ae- 
coant  of  the  spheroidal  flgpua  af  die  earth  j  their  direction 
beiitg  cv«ry  tvbaf*  peipeadkiilar  ta  tfaa  miAca  of  tbe 
spheroid. 

IICGIRA,  a  trrm  in  Chr^  r.o'ui;) ,  virnifvinj  tfn'  epoch, 
or  account  of  time,  utcd  by  tlic  Jklaliumcdaiis,  «hti  begin 
tbcir  CLiiii|>ui<ii;!iii  ii  .111  ihr  <lay  that  Mahonu  t  was  forced 
to  make  iiis  escape  fmni  the  city  of  Mecca,  which  happen- 
"■edon  Friday  the  Kith  of  July  62?. 

Tbe  yean  of  the  hegtra  are  lunar  oitrs,  ty^nsiatiitt  only 
of  S54  days.  Hence,  to  reduce  these  yean  to  ibaMfain 
calendar,  that  is,  to  find  what  Julian  year  a  given  year  of 
the  hcgim  answers  to  :  reduce  the  year  of  the  h^ra  into 
days,  by  mniiiplying  by  954»  divide  tbe  product  by  Sfi5|» 
and  n»  the  quotient  add  6XS,  the  year^tba  bepia  com- 


HEIOHT,  the  tUid  dimemiaa  ofa  bndv,  

whb  Hierd  taiteehratioB  above  tbe  gpovad;  or  ai^  dip 
.  stance  above  the  earth'*  surfoee,  Bee. 

HeiaHT,  <tf  a  figure,  the  same  as  its  altitude^  hdagdte 
perpendicular  from  its  vertex  to  the  base. 

HEioHT.qfiAefafi^ftG.  Sat JMlMle4fllkMlr,&« 
Voi„I. 


i  I  LI.I  AC  A  L,  sonetbiag  tefautng  to  the  sun.  Thm, . 

I1ki.i  ACAL  Hiimg,  of  a  star  or  planet,  is  when  it  nm 
with,  or  at  tbe  same -time  aa,  tbe  san.  And  bdiacal  set- 
ting,  tbe  aamo  as  tbe  setting  with  the  sun.  Or,  a-  star 
heHncally,  when,  after  it  has  been  in  conjunction 

whb  the  sun,  and  so  invbihie,  il  yets  «t  vurh  a  distance 
firom  him,  a*  to  b«  seen  in  the  nMun  lu  iMre  the  sun's 
rising..  And  It  is  said  to  set  heliar.illv,  whv  Ot  iipprcarhes 

so  lu'iir  thf  Mill  ns  to  be  hid  bv  hi*  bi^iui.-.  Sii  that,  irt 
8li lclIll■^s,  the  hi'liaral  ri»iiij:  and  si'tdiiff  azf  only  an  uppd- 
rilMii  and  occullMium. 

IIKLK'I.  iVtijor  and  Minor  ;  ilu-  sume  as  Ut^a  Major 

I  i  K I  .lC(jn )  Paraboln,  or  the  Parabolic  Spiral^  h  a  curve 
arisinti  from  the  supposition  that  the  common  or  ApoUo> 
nian  parabola  is  bent  or  twisted,  till  tbe  ONis  come  into 
the  periphery  ot  a  circle,  the  ordinate  still  retaining  their 
places  and  perp  ndicglar  positions  with  respect  to  the  cir- 
cle, all  these  lines  still  mnainingin  thcsameplaae.  Thus, 


a  naiabola  bciag 

the  circonlSnrii^ 


the  axis  of  a 
brnt  Into 

eneeacDVtand  tbe  ordi- 
aaletcr,  do,  &c,  still  pcr- 
pendicuUkr  lo  it,  then  the 
parabola  i(se!f,  passing 
through  the  extremities  of 
the  ordinate*,  is  twisted  into 
the  curve  nro,  he,  called 
the  HeliCfiid,  or  I'aiaboiic 
Spiral.  Hence  it  i?  evident 
that  all  tbrordinatesCF,  T>o, 
&c,  lcn:i  iij  the  Lt-nlre  ot  ihe  circle,  bring  perpendicular  to 
tbe  circ tun lervDce.— Also,  the  equation  of  the  curve  re- 
mains the  same  as  when  it  wMi  a  paiabola;  viz,  putting 
X  =  any  circular  abseils  ac,  and  jr  m  er  tbe  correspond- 
ing ordinate,  tben-is^  m  jft,  where  p  is  the  panuaeier  of  ^ 
tbe  parabola.  ' 

HKLIOCENTKIC  Place  <^  a  PlMet,  is  (be  place  in 
wbicb  a  pUnet  would  appear  to  be  when  viewed  ffom 
tbe  SOB ;  or  tbe  point  of  ibc  ecliptic,  in  which  a  planet 
viewed  fren  ibt  sun  would  enwar  to  be.  And  tbciaibia 
tbe  bcUacenliie  place  eoineiths  with  the  longitude  of  a  , 
plaaet  viewed  from  the  suo. 

HEtioCBHTitic  Latitude  tf  a  Planet,  is  the  inclination 
of  thi  line  iliu'vti  between  the  centre  of  the  sun  and  the 
centre  of  a  planet,  to  the  plane  of  the  ecliptic  The 
greatest  heliocentric  latitudi  is  equal  to  tbe  inclinatioilof 
the  planet's  orbit  to  the  plane  <d  ihe  ecliptic.  _  * 

HELIOCO.ML'1 1',,  Comet  of  thi-  Sun,  a  pbenomenOB 
soinelunes  observed  at  the  setting  ol  the  sun;  thus  deno- 
minated by  Sturmiusaiid  I'ylen.who  had  seen  it,  bccAlse 
it  seems  to  make  a  comet  of  the  «un,  faeinj;  a  large  tail, 
or  column  of  light,  fixed  or  attached  to  that  iuininaty, 
and  dragging  after  it,  at  iU  setiii^,  like  the  tail  of  a  coaMC. 

HBuOMHT£R,  or  AaraoMvrBB ;  aninitniaMMlbr 
neaabiing,  with  patlknlar  -exactarss,  the  diarociers  of 
IbeauD,  BMon,  awl  etan^Tbis  inatrument  was  invealcd 
by  M.  Bouguer  in  1747,  and  b  a  kind  of  leieioope^  con^ 
SMtiif  of  two  objcci-glaeses  of  equal  laeol  distance  phMed 
by  tbf  fide  of  each  otbeffi  to  that  the  aama  eyo-glnse 
serves  for  both.  The  tohe  of  this  imtniment  is  of  a  co- 
nical form,  larger  at  the  upper  end,  which  n ;ceive»  the 
two  object-glaacs,  than  at  the  lower,  which  is  furnished 
with  as  njeifw      fluereawter.  By  the  eonstmciioB 
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of  this  iHitrvimrnt,  Ino  ili>iiiirt  images  of  an  olyt-ct  nru 
ttirnnit  i;i  (he  tllcu^  al  (lie  t-yi-glais,  whose  ilnlaiHi',  dc- 
poiiilirk^  un  tiui!  i>l  ilic  uvu  ot>ji'c(-glu>M-!i  I'rum  each  other, 
may  be  nicasurcd  with  gnat  accuracy.  Mi-m.  Acuti.  Sci. 
I74H.  Mr.  Sorviiigtoii  Suvcry  discovered  »  tiinilar  mc- 
tbiHl  of  impr<i\iii<;  (he  riiicroineti T,  which  WM  eomninal* 
caieil  to  (be  iluyiil  S>cii-t>  in  1743. 

IUeLIOS(^l'E,  a  kind  oficlnooM  |iecttlisrlya«la|Med 
for  viewinu  iin  I  ol.servitig  ihetuit  vilhottl  hvitiiutke  mft, 
'I'herc  arc  vuriuuH  kinds  of  thi*  iiutramcnt,  mildly  Kuutv 
by  employing  coloureU  glna  for  Uw  object- or'qro-glttai  or 
Voih;  and  toraMimc*  only  utim  u  eyc>ilM  bhclcnnl 
by  holding  it  over  the  •molie  or  ume  of «  ump  or  omdla^ 
which  H  Huygtiu'f  way.  See  Dr.. Hookers  trealiie  on 
Hdioacopet. 

HELIOSTATA,  nn  inslrutnent  invented  by  Dr.  Grnvc- 
iarule,  and  m>  calU<l  fn.ra  is  )iiM|ieily  <.f  fixing  the  »un- 
Uani  ill  one  position,  vu,  in  a  liori/unlal  direction  acrots 
the  dark  chamber  w  bile  ii  is  used.  See  GrHvesamlc's  Phy- 
»icrs  Elem<  nt.  MaiheniatiCB,  tora.  2,  pa.  715,  etl.3tia, 
174.',  iki     iicc'uuii  of  Uie  pHncipio^  cawtraclion  and 

use  111  tin>  nl^t  1  iinn-iit. 

Ht-IJSl'IlF.ltK  Une,  n  the  rhunib-liiie  in  naviga- 
tion; ii«in<;  Ml  called,  b(^BUM  ontJio  globe  it  winils  round 
theiMle  h'>liacal>y  or  ipindly,  appnacbtngnlway*  Mwer 
and  nearer  to  it. 

a  spiral  line.    See  SpiMLi 

HKtMICYCLE,  in  Architecture,  a  tern  applied  to 
inidrealar  vaulu. 

HBMtS^pHKRF.,  the  h»1f  of  a  spbcte  or  glebe,  when 
diflded  in  two  by  a  plane  passing  through  it*  centre. 
•  Hemisfrehe,  ill  Astronomy,  u  particularly  mcd  for 
one  half  of  the  mundane  sphere.  The  equator  dividet 
the  sphere  jnlo  two  equal  parts,  culled  tlic  nnrthern  and 
■outhern  beinikphcrcs.  The  horizon  abo  divides  the  tphcrc 
into  two  cqoal  pan*,  called  the  vppar  and  lower  hieni< 
spheres. 

IJemisftiere  is  aUo  used  loi  n  inup  or  projection  of  half 
the  terrestrial  plobf,  ur  ul  hall  the  celestial  sphere,  on  a 
plane;  biingmoiL'  lr'  i|Ucnlly  railed  a  planii'plieri'.  riio 
centre  of  gravity  of  a  hemisphere,  is  rive-ei^iiili<.  of  the 
mdiuf  diilant  from  the  vertex.  A  hcmi>|ilKr''  unites 
the  parallel  Byi  at  the  Hiitiincr  of  four-thirds  ofadi;f 
meter  from  tha  pole  of  the  lav;. 

H%ui%9BmM  <if  Miigdebwrgh,  two  brass  concavchr-. 
ilii«pheret,on«  of  which  isfurni>heil  with  a  cock,  by  which 
it  may  ha-adjoHcd  to  the  air-pump.  Theolhar  hua  ring 
«t  the  niddie  of  Ita  convexity,  ity  roeaas  of  which  it  nay 
be  suspended.  When  theia  ttee  hainitpbena<afo  placed 
tofjcther,  the  air  is  drawn  frorii  within  through  the  ne- 
diuvi  of  the  cock  by  the  mechanism  of  the  air-pump  ;  and 
then,  the  enhauslion  being  carried  far  pnmif:li,  and  the 
cock  '.UMiviI  to  prevent  tin  iulniivsiuii  of  i:  I'u  wilhou!, 
a  coiivldeialile  force  is  rf(|UiMie  to  '(paui'i  llir  hemi- 
spheres; the  force  varyiii:^  .\  ;  .  iln  ir  pn  !tt  cir<  li  .  I  -iv  I'ur- 
ni!>hes  an  easy  and  obvious  nuiliod  <il  prcAingthe  prf?hure 
of  the  air.  Otto  Gueriche,  the  invenmr  ut  llie  air-pump,  to 
wttontalsois  due  this  invention,  made  hemisphere*  of  about 
a  ftM>t  radius,  and  found  that  the  ntmusphcric  piemuaon 
them  wai  equivalent  to  about  ^>M>0  pounds. 

HEHISPHEROIDAL,  in  Ucomeiry,  something  that 
approaches  to  the  figure  of  a  hemisphere,  but  ii  not 
justly  so. 

U£&UTON£»  inHmic,  a  halfiKM^  orMui-lone.  ■ 


HI'-NDECAGON,  a  figure  of  eleven  sides,  or  the  En- 
decaiion  ;  whali  xe. 

llKMOCIlA.'i,  or  lli  x lociius,  a  northern  constel- 
lation, the  iaine  as  A»nt;iv,  which  sec. 

1 1 KF I  AGON,  in  Geometry,  a  tigure  of  aeven  aides  and 
seven  angles,— \\  hen  those  sides  and  ungjles  are  all  equal, 
tii«  bepiagion  is  said  to  be  regular,  otherwise  it  is  irregu- 
lar.—Ina  regular  lieptagon,  the  angle 
e  at  the  centre  i*  sa  M"!*  the  angle 
BAB  of  the  polraon  ia  a*  ISS"! ,  and 
kil|alfcAB«sM°f   AIM  the  arc* 
it  ■»  the  atpiara  of^the  tide  as*  k 
9-6S39l94orsAB*  *  |i,  where  <isi 
the  iNHKent  of-ihc  angle  cab  of  04'f 
to  the  radius  I ;  or  I  it  tL«  loot  of 
the  (HjuMiiun ; 

,  _  _  '  -  v^^'  -  y":   _   » 

'  1  —  J  n 


wbcm> 


the  value  off  and  ^  are  the  roots  of  the  equatiujlt 
-  i  X'  *  Ix'  -      =  0,  . 

/  -         iy'- V?  =f  0- 

S**  my  .Meiisui-alion,  pa.  KO',  llh  edition. 

Hum  AdoN,  in  I'oriilication.a  place  fortified  or  strength- 
ened  with  M  veu  bust  ions  for  lit  defence.  . 

Heptacun A  I.  Sumbrrs,  urea  kind  of  pulygoOfl  nilfll* 
hen  III  which  the  ditTerenre  of  the  terms  of  Ihaoom- 
■ponding  arithmetical  progrcttion  is  S.  Thui, 

Arithmeticalt,   1,  St   11,   14$,  <1,  96,  ttc 

Hcplagonal*.  1,  7,  18,  Sh  ^5,  81,  &c ; 
where  the  bcptagpnalt  are  formed  ly  .idJing  continuidly 
tha  lenitof  Ihearithmeiicals,  above  them,  whote  com m on 
diiiercnce  is  5.— One  piop<-rty,  amou^  many  others,  of 
these  heplagonal  numbers  IS,  that  if  any  une  i  ftlu  iu  ht 
multiplied  by  40,  and  to  the  product  be  added  the  turn 
will  be  a  square  iiiiinh  r.  < 

Thus  1  X  vo  +  ;j  =    49  =  7*; 

and   7  »  40  +  9  =    i'SJ)  =  17'; 

and  18  X  40  4-  9  =    729  =  "27' I 

uiid  :>*  X  40      9  =  136'9  =  37';  Sec. 
Where  it  is  remarkable  that  tlio  series  of  »quarei  to  formed 
is  7',  17',       37',  &c,  the  commoodilierence  of  whose 
roots  is  10,  the  double  of  the  cotumoe  diAncnce  of  the 
arithmetical  terict,  from  which  tha  heptmuMlttiwibracd. 

— See  PoLTCOKALt.  •  ' 

HCFTANGULAR  Figure,  in  Geometiy,  it  one  Aat 
hatte«eaaiiflim;  and  therefore  alio  aevea  tidaa. 

IIERCULES,  in  Aitranenyt  a  connelktion  of  tha 
Dofthetii  hembplieR^  and  ooe  of  the  48  old  fomielkitiom 
menikmed  by  andent  writeis,'  The  atari  in  this  cooalel- 
lation,  in  Ptolemy's  catalogne,arcS9;  iniyclio%  88;  and  . 
in  the  Britannic  catiilogue,  113. 

UllRlSSON,  in  Forlificalion,  lii  .iin  arnicd  with  iron 
spikes,  having  their  poitit'i  turned  oijiward.  Il  is  su[H 
portid  in  the  middle  i;y  a  s!uke,  having  a  pivr>t  on  which 
ii'turns;  and  serves  sus  a  b;irti<  r  to  bluck  up  a  ptiijtagc.^ — 
Ilerissons  are  frequently  placed  bel'i.re  ^iitrs,  especially 
the  ptttterns  of  a  town  or  fortnss,  to  secure  those  passages 
which  must  of  necessity  lie  often  opened. 

HtKMANN  (Jamu),  a  learned  mathematician  of  the 
Academy  of  Berlin,  and  miynber  of  the  Academy  (^8ci» 
ences  at  Paris,  wet  bom  at  Basil  in  I^S.  Hewaiiagreat' 
traveller ;  and  for  S  yean  was  profoitor  of  ■tathcnatict  at 
Padna.  He  aftefwaidi  went  to  Rustic  beiiia  imiied  thi- 
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*  Hut  by  Ike  Cm  in  ITM.  •»  mil  t»  U*  compatriiit  Daniri 
Bemoullt.   On.hb  tvtiirn  to  hif  mitve  counrry,  hi>  wii« 

*  appointed  prorr»!ior  of  morality  and  natural  law  at  Basil; 

*  where  he  died  in  1/33,  at  .•"i-i  yrars  of  as*"-  UiTjnann 
wriitr  ''•'\t'n>l  iiimiIh  iiuilical  nn(i  |>lMlo<io|>hicHl  pi4(><,  in 
the  .MfiiH  ii?  ol  <lii!i  itiii  ,\fi«ileinn-s,  and  cK^  u  hi  ii.' :  hut 

his  priDCipill    Willi.,    1>    till'    rill  >:  :  illlllll.;!,    (Il    |V\<i    I'm  <|^^  tin 

tlTe  I'orrcs  and  M'Jliun»  ol  both  Solid  and  MuiU  liuilu  » ; 
4ii>,  1716':  aferylcuned  work  on  the  new  UHithennlicai 

ph\*ic4. 

HKRMKTIC,  or  Heii>ci.i  u  AL  Art,  a  name  given  to 
chenii«try,  on  a  <iupp<>»ition  that  llermc»  I  rnnie^isl  was 
its  iiivi'iuor. 

H£KMCiTICAL  Pkilomphy,  is  that  which  underlukcs 
to  aolvn'aoU  rKplain  all  the  pheiii>mena  of  nature,  irom 
Uw  tbrtf  chemical  princi|:le»,  salt,  sulphur,  and  mercury. 
A  CDii«>iderablc  addition  was  made  In  th<'  ancient  herine> 
tktl  pbiloaaphf ,  by  the  modnp  doctriae  of  alkuli  «nil  Mid. 

Ubkiibtical  Stmtt  or  BtrmtHcat  Sitlmg,  m  noMier  of 
(lopping  or  closing  (>lan  vessel^  fyf  dwmic*!  vti  other 
operatiotui,  so  very  closnly,  that  nn  Kibstancr  can  possibly 
exhale  or  escape.  This  ia  usually  dotve  by  heating  the 
neck  of  the  vessel  in  the  flame  of  a  lamp,  with  a  blou-pipe, 
till  it  b«  ready  to  melt,  and  thaiwith»f«iir  «f  botpincvn. 
twisting  it  clo«"  toffffhcr. 

lltRO,  or  Utiio*,  ihr  naiDL-  oftno  Celebrated  mathe- 
niatirians  of  the  Ai<'\iiii:iii;<ii  school,  under  Ptolemy  Eurr- 
gctes  il;oae  cai!i  <!  tin  rider,  who  wr<ite  a  very  ingenious 
treatise  on  various  pneumatics  and  hydraulic  machines, 
tianlaii  rl  into  Latin,  and pnbliahed  insereial  editions  and 
forms,  since  the  invention  of  printiag ;  first  a  very  elegant 
edition  by  Commandine,  in  4to,  1583,  entitled  fleronis 
Aleaandrioi  Spiritalium  Liber.   To  this  was  added  Qua' 


that  the  eylindikd  torn  AoiU  be  Kcared,  and  then  the 
whole  WMft  coaled  over  three  or  finir  times  with  pnini, 
side  a'Mi  oulildc,  to  srcii)c  it  a^.tiiist  the  damp.  Tlie  lube 
WHS  fuinicd  at  a  %\:iiit  distance  Irom  its  (ire^riit  phicr,  aiiil 
remoVi-d  vmli  Lieut  e.iM-  \n  nuji,  dm. it'll  into  mx  'its;  . 
Ml  lliat  two  nil  II  n  <  ^ich  snli ,  vulli  u  pcli  of  5  f<  et  loii^  in 
llii  it  liaiiils,  111  ^^  liii  il  allixed  n  |iiroi- Tif  cnarsi' cint'i, 
7  I'' et  loi.c,  :;'  in:^  under  ihe  tube,  ai,<l  mcd  to  a  ,j 
o  teet  lofp,  in  llie  iiaiid*  <.f  tw<i  o;i;<  i  n.cri,  Jl-^:•>^(  ll  in 
CiHiyin;;  Uie  tuhe,  ']  he  hir'Hi  of'tln-  tube  is  3;Me<'t  4 
intl.ei,  the  liiaineter  4  feel  ICI  iiilIh  ;  ami  upon  a  mo- 
derate computation  it  «u;i|ius<<l  ih.it  a  wn  ;i<-n  tule  fur 
the  same  purpoic  wouM  h  five  extti'iut!  ilnji  m  u'(irJi( 
at  least  SOQO  pounds.  The  length  ul  liie  irmt  plate ibna- 
ingthc  lube.and  e  xiijxiM'J  oi  smaller  ones  Sfrrt  lOtiicbef 
long,  and  23i  inches  broad;  ia  nearly  40  fcet,  nnd  tbe 
bieadtb  14  feet  4  inches.  * 

Theg^tniimirwhichtfay  proper  methods  km  hrao«lit 
to  the  lower  part  tff  the  tiiM,itiiMide  of  nu'iul,  4<^1  inchts 
in  diameter  »  bnt  the  concave  part,  or  poiishrd  <.urrHce.  » 
only  48  inches  in  diameter.  Its  thirknevt  i<.  3{  inchev 
ami  when  it  c,«nie  from  the  cait,  its  wei:;ht  was  31  ix 
pounds,  ol  uhiih  a  small  f|iiantilv  must  have  heeii  I...;  ni 
ptdisliir.;;.  An  ir-.m  li::;;.  A'''  iiii.'j(>  in  diameter  \\  ilhin, 
4  liicli<-v  bi'iiiil.  ami  1'  ha  Ii  !.in  k,  \utli  ihiee  stuni" 
handles  tu  i:.  pi-r^  niu:;.!  tlie  nun  .r.  and  a  llat  Ci-verot' 
lin  I-,  nuuie  In  ti>rres|i(inil  uilli  ilii-i  nl>^,  that  the  mirror 
nia>  Ijij  I  riM-fVi-d  tnnii  damp;  and,  by  an  Ca^  OOOtri- 
vaJice,  It  11  tiilM  n  'iff  and  tixed  on  at  pleusilre. 

At  the  upper  t  nd  the  tube  is  open,  and  directed  to  the 
part  of  the  heavens  intended  for  ohM-rvation,  to  which  the 
nl'ierver's  buck  is  turned,  and  he,  standini;  on  the  foot- 
board visible  in  the  plate,  looks  down  the  lukte,  and  pei^ 
Tboremata  S^rilalia,  by  Joan.  Bapl.  Aleotti ;  trans-  ccivea  the  object  by  rays  reflected  from  the  great  mirror, 
lated  firom  Italian  into  Latin ;  Amueidam,  l6S0,  in  41a.  through  the  eye-gluss  at  the  opening  df  tbe  tube. '  Near 
The  other,  called  the  younger,  nnderthe  Emperor  Hcfm>  thcplaco  of  the  eye-gla-a  it  tbe  end  of;i  tin  pipe,  into 
clius,  iefi  a  Treatiie  on  Mechanics  an<l  Mcnaantloii,|mb>  which  a  motitb«^iecc  nay  be  placed ;  so  that,  during  an 
lished  ih  Latin,  at  Ventoe,  1572,  in  4tu,  entitled  Haraiia  obMrMimi,  mtpmom  may  direct  his  voice  into  this  pipe. 
Mechanic!,  liber  do  Machinis  BelUcia,  nec  non  liber  de    while  his  eye  is  at  the  glass.    Thi»  pipe  is  1]  inrh  in  <lia- 


Geodssia.  A  Francisco  Barocia,  patHtio  Vcncto  latinio 
tate  doiiati,  raultit  Bcndia  axpai|ali»  ct  figorii^  ac  idio- 

liis  illustrati. 

UKRSCHEL.   See  Uranus. 

Mr-Rst  iiEL's  TeUicape,  a  curious  one  made  by  that 
astronomer,  bein;  a  rethrtiiig  one,  and  the  l;ir::cst  imt 
constructed,  40  fitt  in  leni;lli.  'I'he  figure  of  il  is  exhi- 
bited in  plate  XV,  and  lliedcicriptinn  a*  follows,  abridged 
from  the  Philoa.  Trans,  vol.  85,  or  from  my  Abridg.  vol. 
ir^pa.  493. 

The  lelescopo  is  placed  in  a  ntiMtion  due  north  and 
ioatb,  and  the  pUte  delineataa  the  whole  apparatua  aa 
aeen  by  a  penon  placed  at  s  coovanient  distance  fnm  it 
towardii  the  soatb>we«t.  Fram  thk  view  the  •lrMct«f«  b 

•ufficiendy  understood  ;  and irith  Tery  little  atteelkn,  A* 
mode  of  pointing  this  imibense  body  to  any  part  of  the 

heavens,  will  be  clearly  seen.  We  shall  treat  of  the  chief 
parts  in  their  order;  and  first,  of  the  tube  itself. 

The  tube  is  made  of  rolled  or  jhu  t  iron,  joim  d  to';e- 
ther  without  rivets,  by  u  seaming  similar  to  tliat  «liich  is 
USied  for  iron  funiu  h  lur  stoves  ;  the  thickness  of  the  sheets 
is  somewhat  less  llniii  a  Sii'.h  [  art  of  an  inch,  or  it  may 
be  found  more  accurately  Ly  tii^^mg  a  bijuare  foot  of  it  at 
the  weight  of  14  pounds.  Great  care  was  taken  in  so 
joiaiiv  tefeOertht  piMciyef  wMdi  tba  tube  b  conpOM^s 


meter;  run*  down  to  the  bottom  of  the  tube,  t«here  ii  coes 
into  a  turning  ji-int,  iIh  tkc  into  a  draining  luhe,  ond  out 
of  this  into  another  tuniing  joint,  from  vilndi  it  |)riii-i'eds 
by  n  set  of  sliding  tubes  towards  thelroni  t-ftlie  i..undalion 
timber.  The  use  of  this  tube  is  to  convey  the  voice  of 
the  observer  to  his  assistants;  for  at  iln  hi^i  plare  it  di- 
vides itself  inli^two  branches,  cuie^oiny;  into  the  obscrra- 
tory,  the  other  into  the  workman's  room,  asrending  into 
both  place*  through  the  llucr,  and  beinc;  terminated  in  (be 
usual  shape  of  speaking-trumpets  Though  the  voice 
passes  in  ibis  manner  through  a  tube  with  many  inflec* 
tions,  aiid  not  less  than  115  feet,  it  requites  very  Utlia 
exertioa  to  he  well  understood. 

Todiivetio  immansea  body  to  any  pnrtof  tb«  hcafen 
at  pkasuR,  nnch  ingenuity,  and  many  mechaaical 
trivances  are' "evidently  nececsary.  The  wbola  apparatus 
rests  upon  rollers,  and  care  was  previously  taken  of  the  ■ 
foundation  in  the  ground.  This  consists  of  concentrical 
ciicular  brick  vialls,  the  outermost  4'-'  t'.  i  t,  I'u'  innermost 
CI  fiet  in  diamitcr;  2  feet  0  inches  dttp  underground  ; 
2  lei  t  3  intlies  broad  at  bottom,  and  I  ii>ot  2  inche*  at 
the  top,  capped  with  puvint-s tones,  about  3  inclies  thick, 
and  12^  inches  biu.i  i  In  iIjv  ci  nire  is  a  large  post  of 
oak,  framed  together  with  braces  underground, and  wailed, 
fat  with  btidHMfif  to  make  it  steady. 
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crntre,  the  whole  iVamt  is  morci  horixyntaJly,  bj  mc,in» 
of  20 rolk'ni,  12  upnnihi'  outer, and  8  upon  ihf  inner  wall. 

The  verticat  rnniiou  is  given  to  the  lolcscopc  by  imiins 
cf  ropps  ami  pullrys  us  ncin  in  (hi-  pluie,  pasMiig  omt  the 
miiin-Uam.tiippotied  by  the  ladders.  Tbeic  ladder*  arc 
ill  lt'n<>ih  4>;  ft(  t  2  incbn ;  and  then  w  a  laaveable  gat 
Ury  witb  '2A  roUvn  to  i-a«e  itt  moiioii.  The  imall  itui^ 
t,  «inble  in  the  plutc,  it  intended  for  prnom  who  wnh 


toMoend  into  the  §fAkt^,  witbout  bcii^  oblifad  t»  M  up 
the  liddcf.  Tb«  me  with  which  the  horimiitil  aoa  w- 
tical  aiatiou  may  be,  conHonakalrd  lo  the  tube,  will  be 
best  conceived  from  ^  mnatfc  of  Ur.  Hctiehcl'ti,  that,  in 
the  ytur  17R9,  he  leraral  timn  observed  SiKurn  two  or 
thnt:  buun  Ix-lort-  and  after  its  meridional  patSAfr,  witJi 
one  siiiglv  person  to  (-ciiiiinur,  nt  his  diiccUoMf  the  ne> 
ceiiinry  horiiontui  iinil  Mitical  ni"iioiii. 

Upon  the  plutforni  an'  nvilili  l«o  rooms,  tlic  one  railed 
the  ObsiTv.itorv,  8  Icet  5  inclics  bv  .'i  Ik  t  .'i  inclics,  the 
other  called  thi'  \Vorkn)t»-room,  6  lu  i  d  im  li,  Ly  -V  Ki  t 
5  inches.  To  persons  in  (h<>e  room<-,  as  Iih^  l<ri  n  kUivc 
remarked,  tlie  observer  cnn  j;ivi- Ins  dircclions  by  means 
of  the  spt-iikin!;-pipi'^ :  and  in  the  rooms  may  be  placed 
ihlagi  OMUmunly  UM-<I  111  un  observatory. 
,  From  a  view  oi  the  plate  and  the  description  thus  given  , 
ef  it,  the  reader  will  wru  •  cWBpelcnt  idea  of  an  instru- 
mentt  which,  with  proper  eye^lasMs,  mapullet  above  €000 
lmM%Md  ii  the  kiiBnt  thai  ha*  ever  beeo  aHMlc.  Attr^ 
iMMMiBliidUimitp«mo(tha  worldmay  bediacwmied 
from  conttmiiiic  their  ebtaiVbtniii,  when  it  ahovld  leem 
that  their  discoveries  must  be  anticipated  by  our  observer; 
but  though  In-  has  so  much  the  advantage,  much  is  left  to 
their  l;i!ji  iiir  and  industry.  It  did  not  require  a  leUbCi 'pe 
oi  this  magnitude  to  observe  the  object  winch  was  first  dis- 
covered to  bo  n  planet  by  our  astronomer,  for  it  had  been 
seen  and  taken  fur  a  fi.xed  star  by  many  persons  in  the  two 
last  centuries.  And  ihr  liouble  rin^  i  f  .S  riirn,  which  lots 
Indeed  been  so  benulifuliy  observed  ihroii^'h  Herschcl's 
m;i^nifier,  had  been  already  described  by  CiTs^ini  in  his 
Meooirs.  Such  oi  our  readers  as  wish  fur  a  more  puiti- 
raecount  of  this  instrument  will  find  it  in  the  Trans- 
I  of  the  Royal  Society  for  179$«  second  part ;  in 
Ihert  are  IK  pUtes,  and  63  pagea of ietter-prcu, to 
give  an  anule  detail  of  even  circumstance  rclalinf  M 
MHBeili  woiRt  eaipenlci'*  work,  smith's  work,  tec :  .which 
haa  attended  tlw  lormation  and  enctionof  this  instmawnt. 
U  was  completed  oo  AiwiMt  the  Mtb,  1 789*  on  wUch 
.day  the  sixth  laldltleaf  Satym  waa  dlic^ral. 

HF.RSE,  in  ForfifealioB,  a  lattice  «r  partentiicei,  in 
the  form  of  a  harrow,  becet  with  iron  ipikc^  to  block  up 
a  gate-way,  &c. 

liKHSILLON,  or  little  Ilerse,  in  ForiifKation,  is  a 
niank  armed  with  iron  spikes,  for  the  same  use  as  the 
iiersc,  and  alio  to  impede  the  march  of  thenfimtry  orca* 
vnlry. 

HF.RW.ART  (.loH  N  (iEoKi  1  ■,  (!iancell(jr  ofB.ivaria 
at  the  beginning  of  the  17th  cejuury,  was  descended 
bom  a  Patrician  family  of  Augsbur);.  He  was  author  of 
aaveral curious  books.  I.TabulxArilhmeticie  Universates, 
he.  llooach.  Bavar.  in  large  folio,  \6lO.  This  is  per- 
haps a  work  of.  the  most  stupendous  owgniiude  and  In* 
hoar  in  numeral  calculations  that  ever  waspxecnled,  con- 
ntiiag  of  a  table  of  nntubers  closely  printed  on  999  Ungf 
folio  pa0>f  ier  readily  taking  out  die  producli  and  qna* 
»  of  all  Bomben  1^  impectloo  only;  bong  in  Act  aa 


immrnsr  fniiltiplication-table,  of  all  factors  or  numbers, 
b.itli  up  to  lU(Il)  rarh,  or  1  million  oi  (irudurt-.  M.iiiy 
e.Njnij'li!!  ul  multiplications  .and  divisions  are  prili,\ed,  ^ 
mill  MpplK.iIiuns  to  the calcirlaiiunsot  spherical  triangles.e 
And, but  for  the  more  compendious  invention  of  logariihmst. 
which  soon  afkcr  took  place,  Hcrwart's  tablt-s  wottM  doubt- ' 
less  still  haVc  been  in  constant  use  lor  similar  purposes.— 
2.  Hcrwarl  also  wrote  an  Apology  for  the  tropcrDr  Louis 
of  Bavatia,  a|aiiist  thefabeboudt  asserted  inr  Baovtus.^ 
9.  Chrooologw,  nova  ct  wm,  tSli  tud  iv96f  3  wmitit 
4to. — 4k  AnMher  very  smgnlar  book,  which  was  pidiliBhed 
fay  his  son,  John  Frederick  firrwart,  entitled,  AdminndiB 
ethics  Theologix  Mysteria  propolata,  dc  antiqulHims 
vrienim  Nationura  Supersiitione,  &c ;  |(i^4,4io. 

HI'.'^Sl';  (Wii.i.MM  Prince  qf),  r<  niirn  il  In,  name  im- 
nioital  ijy  I  ncourapement  of  learnitit;,  by  hij  sliiiiies, 
and  by  hi^  nl  M  rvauojiN,  l  .r  many  )'  :irs,  ol  the  celestial 
bodies.  I'or  itiis  purpose,  be  er<cted  an  observuloiy  at 
Cusst  I,  itiid  furnishetl  it  with  good  instruments,  well  adapt- 
ed lo  tliat  desi«n  ;  calliiis  also  to  his  assistance  two  emi- 
nent artists,  Christopher  Rothinannand  Juste  Byige.  His 
observations,  which  arc  of  a  very  curious  natuie,  w^ 
publbhed  at  Leyden,  in  ihe  year  lfii»,  by  Willebrord 
Soell ;  and  are  in  part  mentimied  by  Tychu  Urabi,  as 
well  in  his  epistles  as  m  the  2d  volume  of  liit  Pro{>yainss» 
BMta  t  a  signal  example  to  all  princely  and  heroic  minds, 
to  whdertake  the  promoting  iSn  aits  of  pcaiee^  ami  ad- 
vancing ihi>  triity  noble  and  celestial  sdcacei  Thispiinca. 
died  in  the  year  i  .}<j7. 

HETEROUaOMUS  Vecih,  or  7/Tfr,  in  Mechanics, 
a  lever  io  which  the  fulcrum,  or  point  of  susprosion  is  be- 
tween the  weight  and  the  power  ;  bein^  the  saom  as  what 
is  otherwise  called  a  lever  ul  the  first  kind. 

HETKROGENEOUS,  or  HtTt  iuioEM  ,l,  1  i,  r.^lly 
imports  things  of  different  natures,  or  Mimetbing  that  con- 
sists of  parts  nt' diOereni  or  dissimilar  itindsi  in  oppoiiliok 

to  Homogeneous.  ThuS, 

HitT£H(ioENtous&Mllet,a«a«DchaslHwethair  parts 

of  unet|ual  density. 

Hr.TERooRX  EOUS  Liglii,  that  which  consists  of  parts  or 

SS  of  different  refiangibilily,  relle.\ibility,  and  coloar. 
BS,  llic  common  light  of  the  sun,  or  clovdi^is  ha|«raga> 
aeovsv  being  a  mixture  of  ali  sorts  of  rays. 

HiTtBooaamowa  JWustm^  ans  mixM  n^mbers,-coal• 
iMng  of  inirgen  and  fiactiom. 

HBTKBOGBMgoo'a  Aw<Mlf«,  are  sucfcasaraof  digemt 
kinds,  natorcs,  and  qualitia ;  of  which  fenerally  all  bodies 
consist 

H  ET  K  n  oa  r.  N  CO  u  !i  HuaatkitM,  in  Mathematics,  are  those 
which  cannot  have  proportion,  or  be  compared  together 
as  (o  L;ri  al'  r  ami  li'-s.* ;  b<'ing  of  such  dill'( n  ut  kii.d  and 
considi  ration,  as  that  one  ol  them  lakea  any  number  of 
times,  iieviT  equals  or  e.\COeds  ibcOtlier,  As  linCS,  SttT- 
f  ici  s.  and  solids  in  geometry. 

11  r  I  L  HOC  E\  EOUS  Surdf,  are  such  as  have  different  nip 
dirul  sifjii,,  as  v^iinnd^t';  or  ^10  and  ^20. 

HETKROSL'll,  in  Geogiajdiy,  are  such  inhabitants  of 
Ihe  earth  as  have  their  sliadows  at  noon  pnijecled  always 
the  same  way  with  re^rd  to  thefflielvi.is,  or  aluay*  coa- 
irary  ways  with  respect  to  rach  other.  Thus,  all  the  iiw 
hahimnis  without  the  torrid  sone  are  Hcteroscii,  with  re- 
gard  to  ihemidvee,  since  wvy  <me  such  inhabitant  has  hb 
shadow  at  aooo  ahmya  the  same  way,  vis,  always  Borib  vf 
Urn  in  aortk  laiiNid^  and  always  soullt  «f  him  in  somh 


1atit(i(ic ;  or  tlMietwo  situatioAi  ai»  BstercKcii  to  each 
otVer,  having  sucb  shadowi  projected  contnry  ways  ut  ajl 
tines  of  the  year. 

HEVELIUS  (John'),  a  vi-ry  celebrated  astronomer,  tnd 

.a  lairi/  iiiiiwtcr  of  Uiintzick,  was  ljurn  in  tlmt  city  in 
lie  <>tudird  matbtffnatics  under  ?<  ;i  i  Crugcr,  in 
which  hcuiadr  a  u<in(lrrl  ul  prLii;ri  b-.  Hl-  ntlerward»  sprnt 
several  yi-uis  <in  nawN  i.'ii'jn^h  llolhiiirt,  Fng^Hnd, 
Germany, and  l'r;inri'.  imi  tll^  im|ir.n(.inrnt  i:i  thi'  ^cuincii^. 
.  On  his  return,  ht;  cun^ii  urli-d  cxccltrnt  lt-ifi>co|<c»  bitux-ll, 
and  tx-gan  diligcnily  to  ubiterve  the  heavens,  an  cuiploy- 
mcnt  he  closely  lulloueJ  during  the  course  of  a  lonj»  lite, 
which  was  tcrmiiiiited  only  in  l6S7,  at  7(*  years  of  age. 
Heveliui  was  author  uf  several  nmarkable  ditcomin  in 
the  heavens.    He  was  the  first  whoobmred  ibe  pbraume- 


H  B  V 


warddcecoey,  b«tiiotwilhoutMHiieiaw«Tdgnil|gebctwctii 
the  partiet.  -  ' 

In  l()73,  Hevclius  publiDtacd  the  first  part  of  his  M»- 
china  Coclesti;.,  as  a  specimen  of  thf  cxacim'^s  buth  of  his 
inslruments  and  obscrvatiuiu;  and  sent  !i('\crnt  copies  ns 
prcMMits  to  liis  friendsii)  Kn«)itnd,  but  uiuiiiiii^  Mr.  Ilmike. 
This,  it  is  supp<  M-  I,  in  casioned  that  .(gentleman  to  print, 
in  1074,  Aliimuilver«.ion'*  on  llu-  Ftr»l  Piirr  r>f  "lie  Machniu 
Cteleslis;  in  which  lie  iruucd  Hl  vi  Iuis  whIi  a  m  ry  mafjii!- 
Irrial  air,  and  threw  out  several  ■.iiiliamituinu  retiesions, 
which  were  jjreatly  riinnled.  This  was  ihi-  cause  of  a 
most  violent  dispute,  which  arose  afterwards  to  sucb  • 
hoiiht.  arid  became  »q  liotoiK,u>,  that  in  UiJ^  Dr.  Hal- 
le) wcAl,  ttt  tke  request  of  the  Royal  Society,  to  examine 
bulk  tbe  HliAiilMtitaaBd  the o1wervalioo> made  with  ihrat., 
Bon  called  the  libraiion  oC  tbe  mooiit  ead  nade  eemKl  Of  botb  tbtfe^MtUcy  ffi*e,»  favminble  acconiii,  in  «  lei^' 
atbcf  Mporunc  abttrvntiiHia  on  the  nlb«r  ptanett.  He  ler  to  Hcviliiei.aiwi  Booko  managed  the  controvcny  so 
alw  diacoy«Kd  aevenil  fixrd  tttan,  which  he  named  ibe  ill,  that  tie  wia  ajaiwenally' condemned,  though  the  fttiBi' 

fence  baa  aiii^  bwn  fSfrn  lo  tdacopio  si^' 


Fhrm«mcnt  of  Soblt«ki,  In  honour  of  John  the  3d,  king  of 
Poland.'  He  aliiu  framid  a  large  catalogue  of  the  stars, 
and  collected  muliitiides  of  the  unforraeJ  ones  into  new 

cornti  il.iti^.iis.  Ili^  viiti-  u.r*  also  well  I'killc-ci  in  aslro- 
iioiiiy,  aii>l  iii.ulc  t  lit  ilir  observatioio  lliat  wl  il-  puli- 
ll^lll■<i  liy  Ih  i  liu-L;unl.  Our  imlhor'5  prmti|)ai  pulilica- 
ttons  arc,  hi-'  Seli  iiiinfa]ilii;i,  or  an  i-xact  d«Cn['liiiii  <i|'ii.<- 
ITi'-ioii  ;  111  winch  in  liu-  rrv^ravnl  nil  her  phasp«>,  anil  n- 
niarkable  |Miris,  distui^uished  by  names,  and  ascertained 
their  rcspi'ciivf  bounds  by  the  help  of  telescopes;  contain- 
ing also  a  di-liiH-ati(m  of  the  several  fiaiblc  spots,  with  the 
various  motions,  changes,  and  appcannces,  discovrn  d  by 
the  telescope,  as  also  in  the  sutt  and  Other  planets,  l6i7. 
—In  \6m,  two  epistles;  one  to  tbe  celebrated  astrono- 
iMr  Siccioli,  conoenniy  the  Libration  of  tbe  Moon;  and 
the  other  to  Bulliald,  on  the  Eelipws  of  both  luminarioa. 

l6s6t  ft  Dnienaiion,  De  Natura  Saturni  faciei^  tte. 
—la  l€6i,  hif  Cometographia,  representing  the  whole 
nature  of  comets,  their  situation,  parallaxes,  distances, 
diverse  appearances,  and  surprising  motions,  with  a  historjf 
of  all  the  comets  from  th<  In vinmng  i>t  tin'  world  down  to 
the  present  time;  beinsf  cnrn. In-d  with  curunis  sculpture 
til  his  uwn  LNct  uliun  ;  tn  which  hf  aildi'd  a  treatise  on  the 
plaiM:lMeicury,5-een  111  ihc  ■■miat  Dantzick,  May  3,  I66I; 
with  the  history  of  a  n< •^^  >!;<r  a;)|iranng  in  the  neck  of 
Cetus,  and  another  in  tlie  beak  ot  Cygniis ;  besides  an  il- 
lustration 1)1  sonu  'Astronomical  discoveries  of  tbe  late  Mr. 
Horro.x,  in  his  treatise  on  Venus  seen  in  the  sun,  Novem'- 
ber  21',  l639:  with  a  discourse  of  some  curitnis  Pkrat^ 
lena  and  Parhelia  obsrrve^l  at  Dantxick.  He  sent  copies 
of  this  work  to  seveial  roenibers  of  tbe  Royal  Society  at 
London,  and  among  tbem  to  Mr.  Hookey  in  return  for 
which,  this  Mntleroan  sent  toHeveiiusa  dcacription  of  tbe 
Oioptfic  TdetCOflCtWitfa an  aecoantof  the  mnnner  of  gtitig 
Itj  and  ifBopnendiflg  It  to  him,  ea'mucb  prcierabht  to 


I  (tWvn  to  tekscopio  si|thts.  However, 
H rrrllus  cbold  rot  be  iKrevtiled  On  10  make  use  of  them  : 
whether  he  tlnni(iii(  hiciiM^tf  too  experientred  to  be  inform- 

( li  oy  a  >"nn_^  astronomer,  as  he- considt  rtii  Hntiki  ;  o^ 
svhc'llur,  liaMiip  mude  so  many  observaiiuii-*  v»ilh  plain 
^^s;lll<,  111'  wa^  uiiuiiliii^  In  alti'i  ln>  nn'tlnnl,  h  '-t  he  might 
Isnilg  tlieil  exactness  ititti  qne^ti'iii  ;  f-T  whetln  i  ,  ln-lOg  by 

long  practice  accustomed  to  ilu-  iibi_-  oI'iI  liti,  and  noi  \ho- 
roughly  appn-hending  the  use  ol  ibc  oiber,  nor  well  un- 
derstaiiding  the  dif^-rence,  is  unrertaiii.  Besidt's  Bailey's 
letter,  Mevelius  received  many  others  in  his  favour,  which 
he  took  the  opportunity  of  inserting  among  tbe  astmaomi* 
cat  observations  in  his  Annus  Climaclericus,  printed  in 
l6$5.  In  a  long  preface  to  this  work,  he  speaks  with  raora 
Confidence  and  greater  indignlation  than  he  had;  done  be«  - 
fera,  and  particularly  exclaimed  «piiiit  Hooked  da{gn»- 
tical  and  ntmpiteiial  manner  trfasauming  a  kind  of  iGctatoi^ 
tbipewrbiiB.  Hiitremed  ihe«DntCBt,andeiteit(dM»miich 
interest  ai  to ocAaioaaeireral other  learned  men  tuengage  in 
h.  The  book  ittelfbe&iglnit  to  the  Royal  Society,  at  their 
request  an  account  of  it  was  given  by  Dr.  U'allis ;  who, 
among  other  thin^,  took  notice,  that,  ''  llevelius'-  i.bber- 
vatii/r.H  h.id  bn-n  i:ii^rr  |ii  L-senlud,  vi:-;t(  it  ap|HarLd  tdjin 
thii  I.Miil,,  that  f;e  c<nilil  dlsliny,U(»li  by  |)lairi  viijhl!,  :c<  a 
imall  jnirt  nl  a  minute."  Almut  the  surof  tiiiir  Mr.  Mo- 
lyiu'ux  alio  wrote  11  let'er  lo  the  Spcirlv,  111  MnelHallonof 
llevelius,  BgaiiLvt  Unokc's  ttiiiinadvi  tiiuri!'.  I  n  all  which, 
Hooke  drew  up  a  letter  111  answer,  which  wn>  read  before 
tbe  society,  containing  many  ijualifying  and 
dating  expn-ssions,  but  still  at  least  expressing  the  t 
riority  of  telescopic  stilus  over  plain  ones,  excellent  a*  tbk 
observations  were  that  had  been  made  with  theses  . 

Hevelius  had  published  in  tVfS,  theeceand  part  of  hie 
Maehina  Ctelcstis;  but  the  sane  year,  wbJI^  he  wai  at 
•eat  in  the  conntiyt  he  had  the  misfoituBe  to  have  hie 

 iiftlib,  plain  Hghti.  This  gave  rise  'to  a  diepvte  house  at  Danitick  bwllt  <bw».  By  this  cdamity  it  is  tui 

hatwf^lhem,  m,  **  whether  distances  and  altitudes  could  he  suMained  sewral  thonsand  pounds  damage ;  havtnf  sot 
be  taken  with  plain  si;>ht!.  nny  m-an  r  than  to  a  minute.*  only  his  observatory  and  all  his  valuable  instruments  and 
Hooke  asserted  tlmt  ihey  could  not ;  hut  iliat,  with  an  in-  astronomical  apparatus  destroyed,  but  also  a  great  many 
Slrunicnt  of  a  span  raxiiu'4,  by  the  In  lp  of  11  tr-li'sci>pe,  they     Copic'5  ol^  lii^  .Maehina  Cti'h-vtis.  an  aCCtdcUt  whi^  .hu 


might  lt<  di  terrntned  to  the  evHrtnt  uf  a  ^crond.  He- 
velius, on  ihc  other  hand,  insesltd  that,  by  the  ailwinta^e 
of  a  good  eye  and  long  practice,  he  was  able  nuh  iii»  in- 
struments to  come  up  even  to  that  exactness ;  and,  appeal- 
ing to  experience  and  facts,  K-nt  by  wny  of  challenge  8 
distances,  each  between  two  different  stars,  to  be  examined 


inadi'  (his  second  part  %ery  M-arte. 

Ill  UHlO,  wrie  pnh!i>hed  a  description  ft  llu'  In'avens, 
Ciillrd.  l  irmanicntuni  Suhir-icianiim,  in  lio:iour  of  Jidin 
llie  .'id,  kinj;  of  I'olaiul,  U5  almvi  ir.entlof.cd  ;  ami  alio 'Pro 
dronius  Astrunomite,  et  Novaf  Tobutae  Sniaii-s.  mm  cum 
Catalogo  Fixarum;  in  which  are  contairvcd  the  mcessary. 


^  Hooka.  That  the  abirieited  lor  now  time  with  oat-  pteliminailm  ibr  lakiaf  an  exact  catalogue  of  the  stan. 
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Both  tbmc  worlu  were  postltumnui;  fur  llevoliua  ilieil  the 
.Mt|(<rf January  l6a7t«MClly  76yi-nrsul  Hge,MbcCMeob- 
■crvcd,  ud  uiiivcrMilly  •dminrd  Md  m|WCtcd}  tbuAlMit 
r^'iitcnce  of  whirh  ii|i|H-arb  in  m  collvctidn  o(.  I«ttm  fc*>' 

tvtt'tii  Uvm  .iti.i  iiiiiny  a|ll«r  JICIMHilS  tluC  Wftt  prioUd  St 

I)ai.:/><  A  111  Id^'J.  * 

IILURAI"!  (Vas),  a  mptctable  Duich  riKiihcmKi,- 
ciiin.  He  f(imribulrt)  some  iticccson  ihc  uaUiic  «l  <  ijua- 
lions,  in  ll'.i-  I (iiiiiiu'iit^ii IU5  [iubii^lKd  by  ScIujcIi'i,  on 
(Ik- gt'OiiH  li  y  ul  DiscuitiA;  uni),  b)  |iuifeuii>!:  tlic  giialyscs 
ot  tliat  nutliur,  n'riimmrnilc'd  hiiiiHt'll  to  iiolicc-  by  hiti  in- 
vention tur  reclifyiog  ihc  curve  ol  tlic  scinicublcul  para- 
bola. In  this,  liuweviT,  he  wus  anticipated  by  tlie  Fn- 
g|jsb  roalhcmnticiaii  Nt  il,  «li<i  had  sonic  yi-nn  before  dis- 
covered tiic  roctiiiciiti<<n  ul  that  curve.  But  it  is  very 
probtkblc  that  Van  ^eutaet  knew  ooUiiog  of  Neil's  diKo* 
very ;  and  bnidct,  the  two  mctfaodt  we  wtf  diflbreni  htm 
each  oilief . 

II£XACHORD,«  certain  ialeiral  or  mittkal  concord* 

usually  called  a  sixth. 

HF.XAF.DRON,  nr  HaxAiiEDaov,  mm  of  the  five  re- . 

gul.\r  or  I'lctimic  bcuiiei ;  Uring  indeed  the  Mine  «»  the 
tube  ;  ;iinl  Is  so  Called  Ironi  it*  having  6"  face*. — The 
iquiiri-  1)1  ilie  ■'iile  i^r  eiii;e  ol' ;i  hexiili^droii,  is  oni  -thiid  ol 
the  square  <il~  the  dianietor  ul  the  circumacribing  sphere  : 
and  honCL-  tb'.  .Ii.ii:  .  Kr  ul  a  »phetab  to  ths  iidc of  iH  jo- 
scribed  heNuluilioii,  as  \/ i  to  1, 

In  III  r:il,  II  A,  h,  aiiii  i:  in-  put  to  denote  respi  tlively 
the  linear  side,  the  surface,  and  il/e  stolidity  of  a  hexahe- 
dron or  cube,  alsor  the  radius  ol'  the  inscribed  sphere,  and 
ft  the  radius  of  the  circurotcriUd  one  ;  then  uc  have  these 
(eneral  eqnatioitt  or  relations :  • 
-    i.  A  a  Sr      =  }k/3  =  ^ia   =  ^c. 


gpid  for  making  A-cmwA,  stup^^cted  that  tie  had 
c^ted,  by  the  workman  using  a  greater  alloy  of  silver 
than  was  neieaHry  in  maliin]'  it ;  and  be  aplied  to  Archi- 
medes to 'discover  the  fraud,  w  ithout  defacing  the  crown. 

This  celebrated  muthrmatician  was  led  cba.ice  to  a 
melliml  of  deli  cliii^  liic  iin|H>sturr,  and  oi  di  lerniining 
[/i^risi  iv  iS<  (j  laiinti.s  ul  gold  and  kilver  composing  the 
LfMwn  :  I'.ir  l:c  iil  served,  when  balhing  in  a  tub  of  water, 
llml  tlie  u  iilei  l  ull  over  ns  bi-  body  ente  red  it,  and  he  prt- 
Mntiy  coiicluiled  tbnt  tlie  quaiitiu  so  running  over  was 
equal  to  the  bulk  of  hi>  body  tliac  was  immersed.  Me 
wtti  so  pleased  with  the  diaCoverj,  (hat  it  is  said  he  ran 
about  naked,  crying  out,  f-'tr,*.!,  ii'p^xa,  /  have  found  a; 
and  some  aflirm  that  he  offerrd  a  hecatomb  to  Jupiter  for 
having  inspired  hiin  wilh  the  thought. 

On  this  principle  he  procured  a  ball  or  naas  of  npld, 
and  nnother  of  silver,  exactly  of  tie  same  weight  whn  the 
crawo;  comidaiini,  that,  if  the  crown  were  of  pure  gold, 
it  arould  be  of  cqnal  balk,  and  cx]h-I  an  equal  quantity  of 
water  as  the  golden  ball;  and  if  it  were  of  siUcr,  then  it 
would  be  of  equal  bulk  and  expel  an  equal  quantity  of 
water  with  the  ball  uf  iilver;  but  of  intermediate  i|uantilv, 
if  it  consisted  ul  u  mixture  of  the  two,  gold  and  siUir. 
This,  upon  trial,  he  found  to  be  the  case;  and  In  nee,  by 
a  comparison  of  the  quantities  of  water  displaced  by  the 
three  masse<i,  be  detcrniiMdtteeMCtpOHion»«f  gpM  Mid 
silver  in  the  crown. 

Now  suppose,  for  example,  that  each  of  the  three  masses 
weighted  100  ounces;  and  that  on  imm<*r«in<;  thrm  seve* 
rally  in  water,  there  were  displaced  5  ounces  of  water  h)f 
the  Milden  ball,  9  ounces  by  the  silver,  and  6  ounces 
by  thfl  compound,  or  crown ;  that  is,  their  respective  or 
cowynaliva  balka  ««  aa5,  9,  vcA6,  the  inn  of  which 
iaiOb 

Hien  tbe  iMthod  of  opmtioD  i*  thi*: 
From  9  6 
Take>  6  5 
rem.    3         1,  whose  sum  is  4. 

Therefore  4  :  100  :  :  :i  ;  73  uz.  of  cold, 

and  4  :  1(X)  :  :  I  ;  'Hut,  ot  silver.  . 
i  i-at  IS,  the  crown  amaialed  of  75  ounces  of  gnU,  tod  tf 
ounces  of  silver. 

See  CulL-s  H)(ir<i5.  Li-Ct.  p.  H 1  ;  ur  Martin's  Philos. 
Bnlan.  vol.  I,  p.  Mj.  &c.  .See  also  Sf  i  tiric  Gravity. 
\l\(i\l-Halcr,  that  state  of  the  lidrs  ubiii  they  have 
hexagon  upon  a  g^ven  line, describe  as  equilateral  iriaaale  flowed  to  their  (greatest  beishi,  or  have  cesMil  to  flow' or 
Upon  it,  ltae>  vertex  of  wMch  will  be  the  centre  of  Ue  rise.  Al  hi^h-wnler  llie  mouon  comnr.only  censes  for  a 
circumscribing  circle.  quarter  or  half  an  hour,  before  it  begins  to  eiib;;^Hin.  The 

The  side  of  a  hexagon  being  >,  its  at«n  wHl  ba  B  tunae  of  lli||h-wah.-r  of  every  day  of  tlie  iiioon's  age,  is 
!^6jM07ti|i«*  as  I**  K  tang.      si^S.  inually  Computed  from  that  which  is  ubaerved  on  the  day 

Bna«0lt,in  Forlifica3aa,lBaBii-lined  figDiedefrnded  of  the  full  of  chmgr}  via,  by  takiia4^ihs  of  the  moon's 
by  aix  bastions.  age  on  any  day  of  the  montl^  and  adding  it  to  the  lime  of 

HEXASTYLE,in  the  Ancient  Aichileemrein  building  hi^^water  on  the  day  of  the  fall  or  wapti  then  k  the 
vrith  6  columns  in  front.  '  sum  nearly  eq  ual  to  the  tinw  of  hl^tanter  on  the  day  of 

HlERO's  CVmon,  in  Hydroitatics.  The  hlitoiy  of  this  the  month  proposed.  And  as  to  the  dmes  of  high-water, 
crown,  and  of  the  iraportani  iiydr;>^iaiical  proposition  o»  the  day  of  the  full  and  change  of  the  nioon,  at  many 
which  it  gave  occasion  to,  it  as  lullows:  Uiero,  king  of  d*d«r«nt  places;  they  have  been  observed  as  ibey  are  se* 
SyiMOK^  hanif  fusiihod  a  workmna  trith  a  quantity  «f  inm  in  Ike  ibUowiag  tablo. 


9.Bae34r' 


8a» 


,  9.  C  SSI  Br*      =|rV3  = 


4.  urn  =  4a  ^3  =  Wl^  =         »  V^* 

5.  r  SB  I        =iA       =  iv^4»  =  ii/c. 
HEXAGON,  in  Geometry,  a  figure  of  six  sides,  and 

C<;nve(i..enlly  ol  «s  many  nipples.  When  these  are  e<iual, 
ills  a  ie;;ular  bexii^im. — '1  be  angles  of  a  hexagon  are  each 
equal  to  r.*U°,  m.  i  i  -.  nli  ".  each  equal  to  tin  radius 
of  lis  <; ircuinscriliHii»  eircli'.  1  U  .-ice  a  regular  hexagon  is 
inscnbid  In  a  ein  ic,  by  applying  the  radius  6  limes  suc- 
ci  ssncly  to  the  periphery,  and  joining  with  right  iiiu*  the 
siM  lal  divisions.    And  hence  also,  to  describe  a  regular 
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HIPb,  in  Architucturc,  are  lliuic  pifccb  ot'  timber 
pUoed  At  tlw  conwia  of  k  roofl  Tbeae  mra  much  lonfcr 
iku  die  nften,  becmue  ol  their  eUiaea  peaiiioii. 

Ht*  mcaiu  etaa  tke  en^  temd  ay  ifro  peiie  of  the 
roof,  when  it  liiet  oatwwda.  ^ 

Hir-Roqff  eeHed  alao  Italiui  Roof,  la  one  in  which 
tMo  parts  of  tlM  nefmett  in  an  an^lc,  rtaing  ootweids: 
tho  samcaiicK'  bt-ing  Caller!  a  valley  wrbcn  i(  sinks  inwards. 

IIII'I'AKCUUS,  a  celebrated  ancient  astromorner,  was 
liiii  n  lit  Mccin  Bithynia, and  floiiri^hL-d  belwtcii  Ok-  1>4iIi 
aiul  till'  1 6.1(1  olympiads  ;  that  is,  In  lui-eii  lOo  innl  IJj 
years  bctorc  CLrist ;  f<ir  in  this  interval  ol  time  it  is  that 
Ill's  (iljM'rviiiion<.  aro  dated,  rle  is  MCCoutited  the  first, 
who  from  vs^uc  :iml  ic:itti-ri  >l  iibsrtvii;ini)»  reduced  astro* 
tioiny'  into  u  science,  and  prosccuti-d  the  stuily  of  it 
*  .aytitPinatically.  Pliny  uften  mentions  him,  and  always 
with  gtca-t  cummcndaiion.  lie  wts  (be  tiivt,  lie  tell*  us 
wVo  attempted  to  count  the  pumlier  ot  the  fixed  item 
>  end  ir»  catalogtip  is  praemd  in  Ktolcmy's  Atnu^ieit, 
wlwK  Uipy  are  all  noted  according  to  their  lungitudea  and 
mparent  magpiitudes.  The  tame  author  placctlilni  among 
those  nun  of  a  mldiai*  ipaiua,  «bo|  oy  foicieiling  the 
'  edip^,  taught  maaUnd,  that  the;r  oogbt  net  to  he 
alarmed  at  thcM*  phenomena.  ThaleawM  thefintamong 
the  Grci'ks,  uho  could  discover  whes'tlieie  waa  to  bo  .m 
ccli|ne.  Sul|iitiiis  (lallus  among  the  Romant  began  to 
tucc<i  d  in  ibis  kind  of  prediction  ;  and  be  gave  an  e»aay 
of  hi*  'k  l!  vtry  upptirtuiiely,  the  day  before  a  battle  was 
fcHi-li(.  Aflt  r  these,  Ilifiparcliu-s  improved  ibt  sLieiiceof 
eclip^"-'-  very  timMdcrubly  :  makitu*  e|ilirinerides,  or  cata- 
logue? i)f  >  (  lipsi'v,  lor  600  yojir-.  I'liny  mlinin-?.  hiiu  lor 
■niukiiigu  r(  vi<  w  of  all  the  liars,  aC(juaiiiting  u-,  with  their 
vitpaciuns  and  iiiagMitiule&;  for  by  tbe*c  mcaiii,  obbervi  s 
be,  poattrity  will  be  able  to  diacoveri  luX' ooly  whether 


they  are  born  and  die,  but  alio  whether  thcy  chanp  thcir 


placet,  aad  whether  they  iocieaae  or  deereaae. 
ti<nM  also  a  new  star  which  was  produced  in  his  dayt|  and 
that  bf  its  motkm,  whea  it  first  appeared,  be  hena  to 
donbl  wiNlherthiadidDOt  irequcutly  happen,  and  nrhether 
those  atats,  whidi.we  Cnll  fixed,  do  not  likewise  move. 
Hipparcbus  it  alto  memomble  for  being  the  first  who 
discovered  the  ptecession  of  the  equinoxes,  or  a  very  slow 
apparent  motion  of  the  fixed  stars  from  ea*t  to  wett,  by 
\\  liicli  in  a  great  number  of  _vi  lii^  lliey  «  ill  appear  to  have 
perlornud  a.  toni[>le!c  n  vojiiili.n.  I  le  endi  avoim-d  also 
to  reduce  to  rule  llie  miiiiy  iIimovitr^  he  iniide.  and  in- 
vented new  ln•i^rllnullt^,  liy  whicli  be  iiiaiked  their  mag- 
nltudes  ami  plitees  in  itie  licavens  :  so  that  by  means  of 
them  it  luight  be  eacHily  observed,  not  only  whether  they 
appear  and  disappear,  but  alto  whether  they  pass  each' 
other,  or  move,  and  whether  they  increase  or  decrease. 

'i'lte  first  obnervatioiu  made  by  Hipparcbus,  were  in  the 
.itle  of  Rhodes;  whetice  he  got  the  name  Kbodius;  but 
afti^wurds  heettlti*aied  ibis  science  in  Bitbyuia  and  Alex- 
andria only.  One  of  his  wurlu  is  still  extant,  via,  hia 
Cdmnicnury  on  Aratus'a  Fhenomeoa.  He  composed  ae> 
other  works ;  and  on  the  whole  it  h  npn  oil,  that 
aatronomvis  greatly  indebted  to  him,  for  laying  thatm> 
tional  ^nd  solid  foundation,  on  which  all  tucoeedSogaetlO* 
nomers  have  built  their  supci  structure. 

HIPPOCRATK.S,  ■  •  Cl.ius,  ii  resi  ift.ililr  Gntk  rco- 
mctrician,  but  origin  lit)  il  ;<i^Tiifc  a  ineic.'iaii'.,  who,  from 
hisbontst  and  UIlsu^p^•c■ling  simpllcily  ot  nulLiie,  Ik  itig 
preiillv  ini]Hiv(d  on,  and  bull  ruined  by  the  ktifivu)  oi  the 
fariiup.  ol  ili<  n  vi  niio  at  Ity/aiuiiini  (now  Constantino- 
ple), suspended  bis  commerce,  and  repaired  to  Albcns 
to  letrievc  his  affain,  where  be  first  became  acquainu*d 
with  geoflwtry.  Curioaity,  or  amuacmept,  hanag,uBe  day 
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Itiiii  to  mil  OM  of  .the  Khool*  of  pltiluuiphy,  he  to 
miwk  tclitlHil  th«.kc(nras  on  g/eooKtry,  which  lie  there 
liMrd,  tbat'he  loolved  to  d««ate  himiclf  lo  the  ttiii(|r  of 
tkat  tcicBCp.  H«  won  bocnne  n  <dMliMuiilied  gEomelri- 
cioD.  Th«  quftdraturo  nf  liw  Uum,  wiHch  Iw  diMrovenHlt 
embolJeucd  him  to  aUempl  ako  mu  ot  the  ciiclc.  H* 
also  r<>iii|>nM  il  LIcmcut)  of  CeomMiyt  which  bkvo  ijpt 
howcvir  rtiithed  our  tiim-s. 

H  incus,  in  Asiruiiomy,  a  fixed  Star  of  the  fiisl 
niluiU',  the  suinc  with  Capvlln.  , 

illllC'US  is  uisci  U'-ml  bv  sijinc  »ri!r(i>  Id;-  a  r  unci,  i-n- 
Compus>eil  «•>  it  were  vulb  a  inane,  v<  nnnul^  imij^h  and 
hoiry- 

IIIH!"  (PiiiLir  nr.  i..\),aii  iiniiienl  I'ancli  luulliema- 
dciun  ^lail  u^iroiKiincr,  was  born  ul  I'ariit  in  l<i40.  His 
father,  »|jo  uu»  )iaintiur  t:)  tlu-  knig,  intcndino  hun  for  the 
Munc  occuputinn,  taught  him  drawing;  and  such  MMChoi 
of  matlivnifttin  M  relate  toil :  but  died  tvhen  the  ton  was 
only  17  ycuiof  oge.  Time  yemofier  tliis,  lie  travelled 
into  Italr  (at  improvenwnt  in  that  aVt,  where  he  spent  4 
ywm.  He  applied  fajmsetf  abD  to  maiheinaiibi,  "which 
nt  iaat  eogroMod  all  hit  aiiiiilion.  On  hie  leiurn  lo  Paris, 
he  continued  hit  matbematinl  studies  with  gieat  c«gM>« 
ticM,  snd  afterwards  published  %omt'  works,  which  gained 
bim  so  much  reputation,  that  in  l6'78  he  was  oained  a 
member  of  the  AcuiJcmv  nt  Si  li  ners. 

Colbert  the  minister  li.;  .  ini;  t  i  iued  u  disitin  for  a  bel- 
ter chart  or  map  of  Trim  tli.i:i  any  wlncii  bad  thi?n  been 
conceived,  Labire  was  appointed,  with  Picard,  tn  mukc 
the  necessary  obtervutioiis  for  that  purpose.  This  occu- 
pied liiin  Kline  years  in  several  of  the  provinces  ;  and  was 
the  main  objec;  of  his  peregrinations.  But  he  was  not, 
however,  unmindful  of  other  branches  of  knowledge,  fur 
he  philosophized  oaeeasj  thing  tiiat  occurred,  and  parti- 
cularly on  the  phoMmena  of  the  variations  of  the  iua(- 
aatie  needle,  and  (rfraciions,  ai  alto  on  lh«  height  of 
nranntaiai,  as  dale  mined  by  the  barometer. 

In  iSsit  LaWre  was  employed  iu  continuing  the  mcri- 
dianliM^  wUdi  Piowd  had  begun  in  l6t^  lie  con- 
Amed  it  fiom  Fub  northward,  while  CHiiai  carried  it 
ea  to-  the  south ;  but  Colbert  dyimr  the  sanw  year,  l|ia 
work  was  relinquished  before  it  was  finished.  Lahtre  was ' 
next  einptoyed,  with  other  members  of  the  .Academy,  in 
takinu  tlin  necessary  levels  for  the  grand  nqurduct»  which 
Lduis  the  I4;h  uiu  about  to  make. 

The  grrnl  luinibi  r  of  works  published  by  our  author, 
topethet  with  hi*  continual  ei  i]  I u ,  mu  i.  n,  as  profwsor  of 
the  Royal  Colleae  und  of  the  Acnu  niy  of  Architectun>, 
gi«a  ttssome  ideii  of  the  great  labour?  he  underwent,  llis 
days  were  al«ii>iS  spenf  in  study  :  his  niglits  very  often  m 
nstrononucal  observations;  seldom  seeking  :iir,  other  re- 
lief from  his  labours,  than  a  change  of  one  lor  another. 
In  his  manner,  he  had  the  exterior  politeness,  circun- 
ayoctian,  and  pradcace  of  Italy ;  on  which  8«co«n»  he 
mmni  loo  leaervad  in  the  qrw  of  hi*  eotmtiymea; 
thoogh  ha  wia  alwan  aleenied  as  »  vaij  honait  diiin> 
tBKsledaiaa.  HpAedin  1718,  at79  yeanofaflB. 

Of  the  nuineroos  works  which  he  published,  At  ptlH* 
cipolare,  I.  Trait^ de Mechaniquc ;  l665.— t.  Kbuedle 
MethoJc  en  Geometric  pour  les  Scctinns  des  Suprificiof 
ConJques  et  Cylindnciucs ;  1673,  4tu.- -3.  De  C><  luide; 
1677,  l2mo.— -4.  Nouveanx  Elemens  ilcs  S.  rli  jrus  Co- 
niqiips  :  les  l.ieux  Geomctriqurs ;  laCoiistniLHoii,  uu  Ei^ 
fection  dcs  Liiualions ;  167H,  ICmo. —  '>■  Iji  (Siioiniimque, 
4ici  t662,  12010^.  Traits  du  Nivcikmcnt  lie  M«Pi- 

yoi.1.  . 
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card,  avec  det  addiliotM  ;  l684. — 7-  Secciones  Coniccin 
iiovem  libros  distributae;  i6"83,  folio.  1  iiis  was  consi- 
dered as  an  original  work,  and  gained  the  author  great 
reputation  all  over  Europe.— 8«  TrailA  dn  MonTeroent  dca 
^ttx,  dte;  l6a&— 9.  IUuIb  Astronomicae;  l6fl7«nd 
170s,  4tnu--ia  Eeole  des  Arpenteun :  I689.— II.  Ve- 
tar u in  Malheroaticprum  Opera,  Gner^  et  Ijitiiid,  plera- 
que  nunc  priroiim  cdila:  16.03,  folio.  'His  edition  hud 
been  begun  by  Thevenol ;  ulii>  (K  ii  _•,  tliri  ^ue  of  liniihin;; 
it  was  committed  to  Lahire.  li  slums  tb  it  unr  author's 
strong  application  to  nintli' nnitical  aii<l  Hstronoinical 
studies  had  not  hindered  him  Irom  ;ic  i|uiriiii;  ;i  vi-ry  com- 
I^M  telit  kno«  ledi;e  of  the  '  ire^  k  f  jIv^LK-.  lii  sidcn  these, 
and  other  smaller  works,  a  vast  nuinb<  r  bis  fiicces  are 
diffused  in  Journals,  and  particularly  in  tho  .Mnnoirt  of 
the  Academy  of  Sciences,  viz,  from  I666  til!  the  ymir 
17 1 8. 

HOBBES  (Thomas),  a  famous  writer  and  philosopher, 
was  bora  at  Malnnjbury  in  Wilbhirc,  in  1 5SB,  being  the 
son  of  a  clei^naa  of  that  place.  He  completed  his  studies 
at  Oxibrd,  and  atas  aAerwards  governor  to  the  eldest  son 
of  William  Cawmlish  earl  of  Devonshire,  with  wbon  he 
travelled  through  France  and  Italy,  appfying  himself 
eloicly  to  the  study  of  polite  literature.  In  lb'26  h»  pa- 
tron the  earl  of  Devonshire  died  ;  and  in  I(iS8  his  son 
aI»o  ;  ihi  iiM  1,  n  Mr.  llobbes  publishi.o  his  Imilslution 
of  Thucyclide>  ill  i.u^iiih.  He  soon  after  went  abrtiad  a 
second  tune  as  nov<  rnnr  to  the  son  of  Sir  (rerva.sc  Cliltoii ; 
but  shortlv  alter  rcturn.  il,  to  resume  his  cuncem  for  the 
hopes  of  the  Devonshire  :;iinil . ,  lo  whom  be  had  soearly 
attached  hiniselt ;  the  count<-ss-dowttger  having  desired  to 
put  the  young  earl  under  his  care,  then  about  1.')  \ears 
ol  age.  'iliis  charge  was  very  agreeable  to  ^r.  Hobbva'i 
inclinations,  and  he  discharged  the  trust  with  great  dili> 
gence  und  lidelity.    In  1(1. 1  the  accompanied  hi<  young 

pupil  to  PaiiS,  when  be  eni|)kiyed  hit  OWn  vaCOAt  hot|^ 

in  the  study  of  natural  philosophy,  frequently  convening 
with  Father  Manennc^  a  man  of  great  and  deserved  re- 
nown, and  «iho  eorrapondcd  with  almost  all  the  learned 
in  Eurape.  FnMn  Phm  be  attended  his  pupil  into  Italy, 
when  he  becaaie' acquainted  with  the  celeiumiadOaliko, 
who  freely  comnranicatcd  hit  aolions  to  him }  nnd  fro  in 
hence  he  returned  with  bit  ward  lo  England.  Butalbl^ 
wards,  foreseeing  the  civil  wars,  he  went  to  »eck  a  retreat 
at  Paris;  where  In-  so<in  became  .tciiuaintrd  with  DeN- 
cartes,  with  whom  lie  atterwards  held  11  corresponilenco 
on  several  mathematical  subjects,  us  mi  i  i  <iis  Irc  rn  the 
letters  of  Mr.  Hnbbes  published  in  the  wolKi  ut  iJescat tes. 

Hut  when  this  phiioMHiber  printed  allerward'.  his  .Midi- 
tations,  wherein  he  attempted  to  establish  points  of  the 
highest  consequence  from  innate  ide.aii,  .Mr.  Hobbcatcok 
the  liberty  of  disMinting  from  him,  as  did  alio  the  French 
king's  mathematical  professor,  the  illustriottt  Peter  Ga»> 
sendi,  with  whom  Mr.  Hobbea  contragcd  a  eeiy  cioee 
friendship,  which  wa»  not  imetrapted  tni  the  death  of  lha 
ibnaer. 

In  1649,  Mr.  Hobbea  printad'  hii  femous  book  De 
(Sw^  vVu^  raised  him  many  advwaarias,  who  cbaigied 
him  with  instilling  principles  of  a  dangrroos  tcadenqr* 

Among  many  illustrious  person*  who,  from  the  troubba 
in  England,  retired  to  France  for  safety,  was  Sir  Charles 

Cavendish,  brother  to  the  duke  of  Newcastle:  and  this 
gentleman,  being  well  skilled  in  the  mathematics,  proved 
a  constant  friend  and  patron  to  our  iiuthor ;  who,  by  em- 
borkii^  in  1(>44  io  a  coalroveny  about  squaring  the  cirde, 
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iMt  Iw  it,  tbuin  1647  h*  wu  iccoo- 
nwndcd  to  initract  ChaiM  prim  of  Wakt,  ilnnrknii 
King  Charles  the  2d,  fat  natkenttickl  learning.  During* 
tbiklie  cii)pl<>>cU  bia  VMMit  tipie  in  compoiing  his  Le> 
vtaihaii,  wbich  wnpnbliihed  in  England  in  l6'jl.  Arte* 
the  publication  of  this  work,  he  rrtuntcd  to  England,  and 
passitl  iIr'  u-iiiainder  of  his  long  life  in  a  very  n  timl  nnt\ 
iludious  maniH-r,  in  the  house  of  the  eat  I  ct  Ucvoiiihirc, 
mostly  ul  lii-  bi'Ht  ill  Perbv >.[iiio,  Init  ;if i.iiii:)i;iiiv:iig  tlu- 
rarl  alwuji  In  Loiniiiii,  fearing  to  be  IcU  cut  ol  liii  immr- 
diate  priilectini\,  l<-st  hv  sliuuld  be  m  izi  J  by  ofTiccrs  Iruin 
the  parliament  or  govfrnnicnt,  on  account  ol  the  timiom 
of  lii<i  opinions  lu  politics  and  religion.  He  rpceivrd  gnut 
murkN  o(  re>|X-ct  Irom  Kinn  Chailes  the  'Jd  at  the  ri-stora- 
tioB  in  l6(io,  with  u  pcnkion  of  KX)/.  a  year,  l-'rii  n  that 
time,  till  his  dealb,  he  applied  himself  to  his  itutliet,  and 
ia  nppoiii^  tiie attacks  of  bis  advervKritD,  who  were  verjr 
Boaennn :  in  matbematintl  tubjecia,  dtsputn  fuae  to  a 
grant  beight  between  hitn  and  Dr.  W^Uii,  on  account  of 
bia  pfctoided  QuadmtuK  of  the  Ciitle,  CulMtHie  of  tlw 
Sptati^  and  Dnplicntion  nl  tbe  Cube,  wbicb  ha  obatinatnty 
drnnded  witkoiit  «ver  ackoowlcdgpng  bi»  error. 

Hia  long  fife  wa»  that  of  a  perfectly  honest  man ;  a 
lover  of  his  country,  ngofMl  friend,  charitable  and  obliging. 
He  accustomed  him>.elt  niurh  more  to  thinking  than  read- 
ing; and  was  uinil  ui  ,1  v.i  II--,  Iccli  d,  ratiier  than  a  large 
library,  lie  hail  u  i.ulii-il  ti>  the  ckrgy,  having  been  per- 
secuted by  them  on  arciunit  of  ihe  freedom  of  hit  doc- 
trine, and  haWng  u  very  indiflcrf  nl  opinion  of  their  know- 
Jcdne  and  their  principles.  In  iiis  last  hicknes-.  he  was  very 
anxious  to  know  whether  his  disease  was  curable  ;  and 
when  intimations  were  given,  that  he  might  have  ease,  but 
no  remedy,  be  Mid,  *  I  diaJI  be  glad  to  find  a  bol«  to  creep 
out  of  the  world  at*  He  died  the  4tb  of  Dec.  iSfSt  «t 
91  years  of  age. 
^His  chief  publications  were, 

1.  An  Endffb  jramlatioo  of  Thucydidea'a  Hialoiy  of . 
the  Grecian  Wkr^t.  DeUinblUbvaPced,  and  Uerooin 
of  bis  own  Life,  both  in  Latlavcna.— 9.  Blainanto  of  Pbi- 
loaopby.— 4.  Aaawar  to  Sir  Willian  Davenant't  Epistle, 
or  eiAft  to  Goodibert. — 5.  Human  Nature,  or  the  Fun- 
damental Eleinents  of  Policy. — 6.  Eleraenu  of  l^w. — 
7.  Lexiathan;  or  the  M.tHii,  Funii,  andPnwer  of  u  Com- 
monwealth.—  8.  A  Cotnpenoium  of  .Aristdlle's  Rhetoric. 
— 9-  A  Letter  on  Liberty  and  Necessity. —  1 1 1,  T  1  Ques- 
tions, concerninsi  Necessity  and  Chance,  stated. — 11.  Six 
l/^Ssons  to  the  Professors  of  Mathematics,  of  the  Institu- 
tion of  Sir  Henry  baville.— 12.  The  Marks  of  Absurd 
Geoinctry,  &c. — 13.  Dialogues  of  Natural  Philosophy. — 
Besides  many  other  pieces  on  polity,  tbcology,  mathema- 
tics, and  othermisccllancou»subJecls,tOtfaa«liaberof4l. 
HOBITS.  in  Gunnery.  See  Howitc. 
HODGSON  (Jahl^i),  f,  a.  a.  wa«  a  respectable  ma- 
'  tbematldian  in  tbc  early  part  of  the  Ittb  centnry,-aad 
aome  time  maale^  of  tbe  Royal  Madw^dcal  School  in 
CbHat'a  Heipital,  London.  Berideaamaltitade  of  papers 
in  the  Philoh  TnuH.  fiim  vol.  24  (anno  1704),  to  vol.  49 
inclmive,  ha  wu  nlao  author  of  several  matbcmatical 
worhi:  aa,  1.  Treatise  on  Navigation,  in  4to,  i7o6; 
S.  System  of  Mathematics,  in  2  voK.  4to,  17;;3;  3.  1  lie 
Theory  of  Jupiter's  Satellite?*,  +I0,  17oO  ;  4.  The  Docirinc 
of  Flu.vioni,  +10,  17:,H  :  .5.  The  \'aliiaiiyn  of  Annuities 
upon  Lives,  4t'j ;  (>.  An  Intioductjiiii  to  Chronology. 
And  perhaps  some  others. —  Mr.  ll<i  lg><in  «as  b<jrn  1()72; 
elected  r.  a.  s.  1703 ;  and  died  June  25,  17i5. 


HOGSHEAD,  a  tMwne,  «r  WHtl,*  of  wind  or  oil : 
cootaitiinglha4th^aft«ratiHi,  ih*Mfofapipe,or63 


HOLDER  (Willi  A  It),  a  learned  and  philoanphtcal 

Knglishinan,  was  born  in  Nottinghamshire,  educated  at 
Cambiidge,  and  in  l(>42  beeame  tector  of  Olrchingdon' 
III  ()^fflr^^^lll^  .  In  iMiO  i.e  pr(.ce<ded  li.  D,,  and  became 
iillerward-  cani.n  ol  Kly,  lellow  ul  ihe  ll'^yal  Society, 
canon  1.!  St.  Paul's,  sub-deiili  of  the  royul  ch^ipt  1,  and  suh- 
alnionir  in  ihe  king,  lie  was  a  general  scholar,  ii  very 
BCfiiniplisheJ  jKison,  and  a  gieat  virtui .  —  1  >i .  lii  Idir 
grx'ally  di',ltnguished  himwlf,  by  gi»inps|«  t  rli  to  a  young 
g<'iitleinan  v(  the  name  of  Pophani,  who  was  born  deal. 
This  uas«'tl'ected  athisown  bouseat  Blechingdon in  lti59; 
but  the  young  man  lo^ing  what  he  bad  been  taught  by 
Holder  lU'er  he  was  culled  home  to  his  friends,  he  wa5 
sent  to  Dr.  Watlis,  who  brought  him  to  his  speech  again. 
Holder  published  a  book,  enbtled  Tbe  Elements  of 
Speech ;  an  essay  or  iiiqairy  into  tbe  natwral  Pkoduction 
ofLeUm:  wiiban8ppendfat,.c«(KerningpcfMmthatai« 
deaf  and  dnmb,  IW9,  Svo.  In  the  nppendis  he  icbtea, 
how  soon,  ani!  by  what  methods,  he  brought  young  POp* 
ham  to  speak.  In  the  Philns.  Trans,  for  July  1670,  waa 
inserud  a  letter  fr.im  Ur.  Wallis,  in  which  he  claims  to 
hinisell  the  hiMiour  ol  liriii);in^  thai  gentleman  to  speak. 
By  way  ol  answer  to  wturh,  in  l(i78,  Ur.  HoUti  r  pub- 
lished, ill  4to,  A  Suppleniet;!  li>  the  Philip.  'I'rarw.  of 
July  16"70,  with  some  relletiions  on  Dr.  W  allis's  letter 
there  inserted.  Upon  winch  the  latter  soon  alter  pub- 
lislud  A  l)i  fence  <if  the  Royal  Society,  and  the  Philoa. 
Trans,  particularly  those  of  July  1670,  in  answer  to  the 
cavils  of  Dr.  William  Holder,  1678,  4to. 

Dr.  Holder's  accomplishments  were  very  general.  Ho 
was  skilled  in  the  theory  and  practice  of  music,  and  wrote 
A  Treatise  of  the  Natural  Grounds  and  Principles  of 
Harmony,  8*0.   He  wrote  also  A  Treatise  con- 

,  ceiiMqg  Time,  with  appUeaiiont  of  the  Natiual  Day, 
Lnnar  Month,  and  Solar  Tear,  he,  I694,  ftvo.  Ho 
died  at  Amen  Corner  in  Lbodon,  Jan.  WSHt  *** 
buried  in  St.  Paul's. 

HOLLOW,  in  .Architecture,  a  concave  moulding,"about 
a  qnaiier  of  a  circle,  by  some  called  a  casement,  by  others 
an  aliacu*.. 

HoLi-ow-Toutr,  in  rorurKalioii,  is  a  rounding  made 
of  the  remainder  of  two  brisures,  to  join  the  curtin  to  the 
criltim,  where  the  small  shot  arc  plnycd,  that  they  may 
not  be  so  much  exposi'd  to  the  view  ot  the  enemy. 

HOLY  7''Ai(r«</ay,  otherwise  called  Asccnsion«d«y,  being 
the  3.9th  day  after  Bnttpr  Sunday,  and  kept  ift  COMMe^ 
moraiion  of  Christ'a  aacenaioB  intd  beavco. 

Holt  Rood,  or  Bo^  0«ar,  a  fealival  kept  on  the  14th 
of  September,  in  memory  of  the  exaltation  of  the  holy 
cross. 

Holt  IMt,  iaihe  laa(  week  of  Lent,  called  alio  Pas- 
aion  weeki 

HOLYVrOOD  (JoMv),  «r  Hamvax,  or  SaenAMco, 
an  eminent  malhenatician  of  the  Ittb  cental^,  irbeeo 

birthplace  is  variously  ascribed.  According  to  Lcland, 
Hale,  and  Pitts,  he  was  born  at  Halifax  in  Yorkshire:  ac- 

Ciirdiiii;  to  Stanihurst,  at  Holywood  near  Dublin;  and 
accorilini;  to  Dempster  and  Mackenzie,  in  Nitlisdate  in 
Scotlanii  ;  lh(JUf;h  it  is  p'jssib^e  llure  might  have  been 
niori-  tlmn  one  df  the  niiitie,  Miiekonzie,  however,  informs 
U.S,  1)1.11  liiiv.nt- i1:ii-IumI  li viuil  fs,  j.t  entered  into  orders, 
and  became  a  canon'  regular  of  tbc  order  of  St.  Augustia 
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in  ihc  fnmous  monastery  of  Holj-wood  in  NiiliMluIo.  The 
Kii<;li»k  biii|{raphiTS,  on  iho  cuiitrnry,  infuriii  us  dial  ho 
was  ciluciiiril  ni  O.xl'iril  They  all  auri'c  htiwrvcr  in  us- 
ncrtiiif;,  tlj.il  he  spint  mosl  ol  his  lilo  ut  Pan*;  «luri-, 
obMTvci  M«ckoii/i<',  he  wut  uJmitlttI  n  nu  inlx  r  i  t  \ht; 
univci'sily,  Juno  5,  12'21,  under  the  synilics  ol  ilu'  Scotch 
nation;  .inci  •>o<in  alter  was  t-lected  proft-ssor  of  imilhcniii- 
tic«,  which  tie  uugbt  wtth  apptiiUM.-  lor  muny  yi-nn.  Ac- 
cording to  tbc  same  author,  h('<lied  in  1256,  at  appear* 
from  the  itntcripiioo  on  bi»  nonumctit  in  the  cloision  of 
the  ctmveni  of  8t.  MaiwilM  M  Farit. 

Ilolywood  was  ctmtemponiiy  with  Ro»er  Bacon,  but 
probably  older  by  about  iO  yean.  Hu  wit>ic,  1.  De 
^hasra  Mundi;  «  work  often  rqwintcti,  aad  iUuitnted 
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given  by  Vieta  to  the  absniut^  kiirm n  nurr>li  i  ftt  i'-rm  in 
a  compoumi  or  affected  aquation.  Thi*  he  place*  on  ilic 
n<;lit-hnii(l  tide  ofthecquitioi/aMl  til  ih«  other  temu 

on  tbi-  Icft- 

IIOMOLOGOUS,  ill  GLomiiry,  is  applied  tn  the  cor- 
rc'sjiiiii  lij  v  >nles  r>f  similar  ligurcs,  or  lhos<^  thnt  art-  ^p- 
P<j![;l  !u  .[Uiil  <!!■  corrcipondinn  angles,  ami  are  &<i  Piilled 
because  thiy  arc  proporiioiial  to  cacli  Other.  Fof  ail 
similar  figures  bavc  their  like  »ides  hooHlhipMifi  or  prii- 
portional  to  oite  another,  aUu  th<  ir  areas  or  aoiihcti  ara 
hoaaolafom,  or  proportiuiAl  to  the  tqiiarea  of  tbalike 
aides,  and  their  aolid  contents  honmlofoiM^  or  proportional 
to  the  cubes  of  the  same.  '  • 

HOOF,  or  Ui^iih,  in  Geometry,  is  a  port  cut  off  » 


I  comiiNiitalon.— 9.  De  Anni  Ratiane,  ten  do  cylinder,  or  cona,  ite,  by  a  planc'pasung'both  tbrotigh 
Ecdeihwtico- — 3.  Ue  Algorianuh  prfaitwl  with  the  beie end  pert  of  tlie  curve  auriacOi  It  hns  obtalnt  d 


CoBini.PMri(nrvini  Hisp  :  I'aits,  TheAlfariai 
wai  proliably  the  trentiae,  in  technical  *enei»  vhicb  he 

composed  on  the  Arabian  aiilhmc-t'C. 
•HOMOCF-N  TIIIC,  the  «air,i-  Coiif.Milric. 

HOMOn KOMI'S  r<-o<M,  or  Uier,  in  Mochunics,  is 
a  liv  r  in  which  the  weight  and  puwtr  .ir^  l"Ah  oil  tlifi 
MBle  side  ol  the  iulcruiii,  a>  in  tin-  U'W'i  :it  ::.<  Jil  and  ;id 
kind;  being  c.i  Inl  because  here  iht  \si  m1i1  mid  power 
move  both  lu  the  bame  dirrction,  whcriaj  in  tin.'  Heti'io 
dromus  ihcy  move  in  opposite  directions. 

HOMOGI'N'KAL,  or  HoMOOENeoca,  consisting  of 
nmilar  parts,  or  of  the  Mmekiod  and  nature,  in  contra- 
diitinctiou  frooi  Uetenweneoiu,  where  the  parts  are  of 
djfercnt  IttwbiX-Natural  bodies  are  uaoally  composed  of 
hoHMgcnooMspoftitasa diamond, ameul,  Aec.  Butorti- 
fidal  todpei^  on  the  contrary,  arc  assemblagrs  of  hi 
(eneoue  parts,  or  patts  of  diiercnt  kinds ;  «a  s 
of  stone,  wood,  ice. 

HoMOGEHEAL  Lighl,  is  that  whose  rays 
and  the  taroc  colour,  refrangibility,  &c. 

HoMooExui,  thmkmt  uethoM  of^the  Miine  Und 

and  nuture. 

HuMonr.NEAI.  SurJ,;,  arc  such        Im.t'  on*  COnBOA 

raditiil  sign;  at  \/'27  and  </30,  or  y'a  and  v^^.  or^J/c 
and  i/d. 

HOMOt.KNEOL'S  E^riaitar>s,  in  tlie  dortrine  of 
Fluxions,  particularly  tri  at- li  by  John  Bernoulli,  for  in- 
tegrating such  forrog  of  two  fluxions  of  liic  lir»t  order,  in 
arklch  theSUJB  of  the  dimensions  of  x  and  y,  which  afl'uct 
i  4nd^,  riie  to  the  »arae  degree  in  all  the  terms,  then  the 
indetermi nates  may  be  separated  by  a  simple  substitution, 
at  of  ja  for  X :  such  for  example  as  the  fluxional  equations 


itt  nane  fimn  its  rtaerohlance  to  the  hoof  (ungula)  of  a 
horte.    For  the  contents  and  surfaces  of  such  hoolib  SCO 

my  Mensuration,  pa.  l6l — 183,  4th  edit. 

With  ris|M  rt  til  !;'..■  surf.u-i-s  .if  cmi-c  ungulas  formed 
by  plum  s  jxrpeiidicular  tuthr  LaM  ,  1  iUher  Uuido  Grandi 
(irst  remarked,  that  if  a  polypi  l  i  inscribed  in  the  ban- 
of  a  cone,  and  if  on  each  ■>i<le  ot  thi>  polygon  a  pliine  be 
rai.s<  il  perpendicular  to  thu  base,  tiie  portion  of  tlie  co- 
nicttl  Mirlncc  cut  ott  towards  the  axis,  is  ecjual  to  a  rccti- 
liiii-'ul  space.  The  portions  »lso  of  the  cone  cut  olTby  tko 
above  planet,  towards  the  b«se,  arc  in  the  ^mc  ratio  aa 
the  segments  of  the  base  on  which  they  stand.  Indeed, 
whatever  figure  be  inscribed  in  the  bote,  if  we  cooccive  a 
right  prismatic  surface  railed  from  the 'perimoier  of  the' 
figure,  it  will,  cut  off  from  the  coo  teal  surface  a  portion,  • 
which  will  be  to  it  in  iheaame  nlio,  vie,  that  oflhe  radius 
_  of  the  base  to  the  slant  bd||bt  of  the  cone. 
*  '  HOOKE  (Robiet),  a  «er]reelebT«t«l  maih'cmaririan 
•U  of  eve  and  pltilosopbcr,  was  bom,  I6'35,  at  Freshwater  in  the 
Ide  of  Wight,  where  his  father  was  minister.  He  was 
intnided  for  the  church  ;  but  bring  of  a  weakly  constiiu- 
tiOBj.aBd  very  lubject  to  the  heaJ-tK-h,  all  thongliti 
that  nature  were  laid  asiite.  Thusi  i;  i..  Mniielt',  the  boy 
followed  the  bent  of  his  Renins,  whn  li  »a»  turned  lo  me- 
chanics; and  employed  his  time  in  oiaking  little  lo\s, 
which  he  executed  with  woiulitlul  ariuml  deMerily.  lie 
bad  also  a  ^ood  turn  for  drawing;  for  which  reason,  after 
his  father's  dealJi,  which  bapprned  in  1()48,  be  was  placed 
with  Sir  Peter  I.<  ly  ;  but  the  smell  of  the  oil-colours  in* 
creasing  his  faead-ach,  lic  quitted  pitinling  in  a  very  short 
time.  He  was  afterwards  kindly  taken  by  Dr.  Uu»by  into 
his  house,  and  supported  there,  while  be  alteiidad  West* 
minster-school;  where  he  not  only  acquired  acoraprtcsit 


v'iry-jw)'   share  of  Greek  and  Latin*  together  .with  an  insight  into 
Then  substituting,  in  the  former  ot  these,  jrs  for  x,  and  too    Hebrew  and  some  other  Ctaiantal  languagej,  butebo  made** 

himclf  maater  of  a  gwd  pan  of ^uclid's  Elements ;  and, 


fluxion  of  this  for  *,  by  reduction  the  cquatinn  hecomes 
-  =  r— where  the  indetermiikatcsarcicparaicd,  and 

the  Ineota  nay  he  ibnad. 

la  ttka  manner  tbe  application  is  made  to  loch  hoOM- 
aenaouB  equations  as  the  fallowing: 
<«r  +  hv)i  -I-  (ci  H-  di)i  =»  0, 

+  Jxy      cy*)x  -t-  (ir*  •♦•  exy  -t-  /y')/-=  0, 

&c.  &c. 
IIOMOGENEUM  Adfectionii,  a  name  given  by  Viota 
to  the  secood  term  of  alsonuMUnd  or  afVectcd  equation, 
hdng  that  whMi  makca  it  adbcltd. 


as  Wood  asserts,  innenled  30  diflifrent  ways  oi  t1>-ins. 

AboVttbo  year  l653  he  went  to  Chiist-church,  Ox- 
Awd;  and  in  16.55  was  introducerl  lo  the  Philos-iphical 

Society  there;  where,  discoveriii;"  l  it  in' <  iianic  genius,  he 
was  first  employed  to  assibl  Dr.  Wiilis  in  his  chemical 
operations,  ami  w:^^  alterwariis  rrcomincnded  to  Mr. 
Robert  Bo\!e,  whom  he  served  several  years  in  the  same 
Capacity.  I  le  was  also  instructed  in  astronomy  alK)ut  this 
time  by  Dr.  Seth  Ward,  Savilion  profwor  of  that  •tcience; 
and  hcncelorward  distinguished  hlinsujl'  by  niaav  noble  in- 
ventions and  iinproTcmcnCs  of  the  mechanical  kind.  He 
also  invented  leveral  astronomical  instruments^  for  makinv 
UoKsantsvii  OmiMrarttiifi^  la  AlaeUa,  a  name  obiervBlioas  both  at  atm  aad  land,  and  w«»  particularlv 
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serviceable  to  Mr.  Bo^lc^in  «oinpl«tii4  Um  inveatiao  of  poUiih  the  IVM—irtiaai.    Soon  aAcr  fkit,  kr 
'the  air-puinp.  Jo       I& wu •ppoinied CuMor  oT fix-  nan  fcsemd  tlim  'fnnMflyi  andnlMni^  ht  nti  Ut 
pcrimeiNi  to  the  Royal  Socirty  i  md  when  that  body  «aa  ^Cuthni^  Leetum^'oiAen  mue  cjcpCrimentt,  and  dtowcd 


ciuUiabcd  by  royal  charter,  be  wai  in  Um  liit  of  tbooe 
who  were  first  itamed  by  the  council  hi  May  SO,  166$; 
and  wai  admitted  accordingly  June  3,  uitli  a  peculiar  ex- 

t  mption  from  nH  pas  iiu  :,is.  Si  pi.  "2S  'it  ihi'  same  yt'ar, 
he  lianu'iJ  U\  Luid  Ciaicniluii,  cliHiiciili)r  ( t  Oxforii. 
loi  the  <J«jj;ric  "t  m.a.;  and  Oci.  HI  it  un^  Knlficil  U;:n 
llic  rrpo^iitory  ol  thu  lluynl  Socii'iy  shiiulJ  be  coiniiiii leil 
(u  hib  tarL';  (lie  vvlnie  gallcay  in  (irfshain-culltgc  l)<iui» 
appropriuli'ii  to  that  um.'.  In  May  I<>(i4,  lie  began  to  read 
th*  .i»troni>niy  lecture  at  Grrshaiii-ci>lli  p<',  for  the  pro- 
fessor Dr.  Pope,  then  in  Italy:  and  the  Mune  year  be  was 
Bade  protoMir  ol'  lnechanic^  ti>  the  Royal  Society  by  Sir 
Jolm  CntUr,  with  a  salary  of  per  annum,  which  that 
gentleman,  the  founder,  settled  upon  him  fur  life.  Jan.  1 1, 
1 665,  thai  locicty  gfauted  a  talaty  alao  90t.  ayear«  for 
bii  office  of  cantor  of  experimcan  for  life;  and  tbemoBth 
of  March  Uie  aaoM  year  be  was  elected  proibsor  of 'feo- 
netry  in  Giahan-oollege. 

In  1665  b«  publtsiied  in  folio,  his  Micrographia,  or 
tome  Philosophical  Di-scriptions  of  Minute  nodie.<i,  made 
by  M:ii;iiif) ing  GliiwM.-*,  with  Observation*  and  Imiuirics 
on  llirm.  And  the  snim-  year,  during  thi'  rict-^*  of  the 
Koyal  Soru  ty  on  account  ol  the  pla^>i\ ,  In'  atli'ndi  cl  Dr. 
Willtins  umi  uliicr  ingenious  gciillemeii  iiitu  .Surn  \,  h  Iu  ic 
they  niuiie  M-veriil  experinieiil».  In  IdOO  In-  iirMducid  to 
the  Koyal  Society  a  model  for  rehuililmo  the  city  ol  Lon- 
•don,  then  destroyed  by  the  jircal  lire,  with  which  the  so- 
Xifty  was  well  pleaded;  and  the  lord  mayor  and  aldermen 
prrterred  it  to  that  of  the  ci^  iurreyor,  though  it  hnp- 
pc-ned  not  to  be  carried  into  execution.  The  rebuilding 
of  the  city,  accordihg  to  the  act  of  parliament,  jrcquiring 
able  person*  to  set  out  the  ground  for  the  proprietors,  Mr. 
Hookc  was  appointed  one  of  the  nirvmon:  an  employ- 
nwnt  ia  whkli  he  acquired  Aoit  part  of  bit  estate,  m  op* 
peaied  fram  •  Uige  iron  chat  of  BOBey  found  ibiet  hn 
deal)),  locked  d««rji  witli  a  key  in  it,  an<l  a  date  of  the 
flme,  which  ihowed  it  to  have  been  iK>  shut  up  above  30 
years.  From  16'6"S  he  was  engaged  for  many  years  in  a 
warm  contest  »ith  llevelius,  concernini;  ilie  il  lKTcrfce  in 
accuracy  between  observing  with  abiririion  ical  instrumentt 
"with  plain  and  t^■l(■scl.>pic  eights;  ni  wlinb  diipulc  many 
learned  men  uru  riv  iuls  riii;ai;i  d,  ami  in  \v!iich  Hnokc  ma- 

,  naged  so  ill,  as  to  be  uauersally  condcnilird,  though  it 
has  since  been  agreed  that  he  had  the  Utter  »idc  of  the 

■  qui-stion.  In*  l671  be  attacked  Newton's  New  Theory  of 
Light  and  Colours ;  where,  though  he  was  obliged  tn 
submit  in  respect  to  the  ar{;ument,  it  is  said  be  came  off 
.with-more  crei^t.  The  Royal  Society  having  commenced 
their  meeting*  at  Gresham^ctJIeige,  November  1674,  the 
jcammjttce  in  December  allowed  bia  40f.  to  erect  a  tutifit 
over  part  of  bb  lodgingi,  fur  trying  hii  inatnuBeoM,  uid 
making  utronomlcid  obcenratiom:  and  the  year  follow* 
ing  he  pubUlhed  A  Dei^ription  cf  Telescniies,  mid  some 
mSvr  imtmmente  made  by  R.  H.  with  a  Pi>st3cripi,  com- 

gainingof  some  injuttice  dune  him  by  their  •.rcretary  Mr. 
Idenburg,  who  published  the  Philosophical  I  raiivactions, 
in  regard  to  I114  inviiuioti  ■jf  pi-iiduluni  uati.lie'-.  This 
charge  i-iigai;id  Ijiin  in  _  dispute  »uh  that  •^rntlcnian, 
which  end«<l  in  a  dtfclnnttinn  of  the  Royal  Society  in  their 
MtrctaiyS  favour.  Mr.  Oldcnburs  dying  in  1677,  Mr. 
Huoke  wa*  appointed  to  sijppiN  his  place,  and  l)e);aii  to 
u|ie  minute*  at  ibe  au.-ctiog  in  October,  but  did  not 


Royal  Soricty.yet  he  leldoB 
a  5e  cntctcd  ia  their  reeistere ; 


new  inwntion*.  before  the 

left  any  account  of  them  to  I 

designing,  as  he  said,  to  publish  them  himself,  wliicd  how- 
ever  111  never  perlonned.  In  I6.S6',  w  hen  Ne«  Ion's  work 
the  I'riiK  ipia  was  published,  llinilte  laid  claim  to  his  dis- 
coMiy  corueriiiiiu  llie  force  ami  uillnn  of  gravity,  which 
was  wariiily  rebenti  d  bv  lliat  great  phdosopbir.  ilooke, 
though  a  K"'  ''  inventor  and  discoverer  himself,  was  yet 
so  envious  and  urobiliou»i  that  be  would  lain  have  bevo 
thought  the  only  nian  who  cuuld  ilTvent  and  di«cnver  any 
thing.  This  made  biro  often  lay  claim  to  the  invcntiona 
anddiiooveriesof  otRer  persona;  on  which  occasiooa, how* 
ever,  as  well  as  in  the  present  case,  the  thing  was  gene* 
rally  carried  against  him. 

In  the  begiuniiB  of  the  year  l6SJt  hit  brother^  daugh- 
ttt,  Mn.  Once  Hookc,  who  had  lived  with  him  eevnal 
yean,  (fied :  and  he  WW  «o  aActed  with  girtef  at  her  dealhi 
that  h*  Bern  KCarend  it,  but  waa  obicrved  finm  that 
tiiae  to  beeobe  Irw  active,  more  melancholy,  and  mora 
cynical  than  wer.  At  the  same  time,  n  chancery  suit,  in 
\i  111!  Ii  l]i  .IS  ci.'iici  rned  with  ."Mr  John  Cullei ,  lUi  account 
ol  hii  salary  lor  re  ading  Ihe  Ciillcrian  Lt  tiiu'i'",  ri))u!e  lum 
iiiii.iM,  mid  ineriased  hi^  cisorder.  In  Ui.M!,  he  was  em- 
pluyed  in  lorniiii<;  the  jiliiii  of  the  hospilal  near  Ho.xton, 
louimeJ  by  Robiil  alderman  of  London,  who  ap- 

pointed Archbishop  'I  lilotson  one  of  his  e.veCutors;  and  in 
Dfcemb<T  the  same  year,  Hooke  was  created  m.d.  by  a 
warrant  from  that  prelate.  In  July  16^6,  the  cbancery 
»uit  with  3ir  John  Cutler  was  detenniiwd  in  hie  fovoortto 
his  ine.xpressibic  Mtisfaciion.  Hi*  joy  on  that  occasion 
was  found  in  hi*  diary  thus  expressed;  t>oM!iiiLci8SA  ; 
that  ia,  Xto^  OfUmot  maxma,  art  Aoner,  Iom,  ghrim,  i» 
wBcuhiOTfawiat,  Amai,  "Iimbomaii  ihisdayof  Jaly 
1085,  and  God  htib  givea  me  •  new  birth :  aMylaem 
forget  hi*  nmiee  to  met  while  h»  giwt  me  breath  may  I 
praise  hiia !"  In  the  nme  year  all  «idier  was 
gmnied  to  hini  for  repeating  most  of  his  rxperifnenti  at  the 
expense  of  thi-  noval  Sivciely,  on  a  pronii'.c  of  bis  finish* 
ing  the  account-,  oliservation.s,  and  deductions  Irom  them, 
and  of  jierlectiiifj  the  docnptioii  of  ail  the  inslrurnents 
contriveil  [>y  Iniii:  hut  his  inciva»int>  illness,  Mild  g<ner«l 
decay,  renileied  him  oiiahle  to  perform  it.  He  c-  iitinued 
soiiii'  vear-,  in  this  wasting  coodition  ;  and  tlius  laiifjuish-  • 
in»  nil  lie  was  quite  emaciated,  he  died  Match  ."},  1702, 111 
hls()7lh  y»-ar,  at  his  lodgings  in  Greshani-collegc,  and  was 
buried  in  Hi.  Helen's  church,  Bi8ho|>»gate-5treet ;  his  corps 
being  attended  by  ail  the  members  of  the  Royal  Society 
then  in  I/todon.' 

With  regard  to  Mr.  Hooke'e  character,  it  i*  not  in  all  n> 
qwcia  oae  of  the  lOMt  amiable.  In  bis  penon  he  mad* 
mtber  a  despicabU  Ijpin^'  being  bat  of  a  short  stature, 
wry  crooked,  pale^  ieaai,  and  of  a  mimgre  aspect,  with 
daih^rowahair,  «««y  laiig,and  han;:ing  over  his  face,  lank 
and  uncut  Suitable  to  his  pervm,  his  temper  was  pe- 
nurious, melancholy,  and  mistrustful :  and,  though  poa> 
sessed  of  great  philosophical  knowledge,  and  strong  inven* 
lion,  i.e  had  «<i  ninth  anibilicin,  that  lie  would  be  thought 
the  only  man  who  cuuUI  invent  nr  <livci)\er;  and  hence  ho 
often  laid  claim  to  the  inventn-ns  and  discoveries  ol  others, 
while  he  boasted  of  many  ol  Ins  nan  which  he  neser  com- 
municated. In  the  religious  part  of  his  character,  he  was 
*o  eacmpiary,  that  he  always  exprosed  a  groat  vsnvraiion 
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for  (be  Deity  ;  a«d  leMomnoaind any ranarkable benefit 
in  lite,  or  made  aay  oomidknbte  diaeovery  in  nature,  or 
jmaaled  any  u»cful  contrivance,  or  ditcovercd  any  diScnlt 
fwblem,  without  noting  some  professions  of  acknowledg* 
wK  to  God*i'as  nanjr  pboaa  in  hia  imry  piaiaij  Aoir. 
Hia'cbicf  paUieatiaw  Me, 

t.  Leetiouca  Cutleriawe,«r  thtfCutkrin  Lactam.— e. 
M {erographia.  or  DcaciiptioiM  of  l^iaute  Bodica  auMie  by 
Manifying  Gla^.— 3.  A  Dcscription«f  Ualtoaoofei^ 
A.  A  Ue»cri|>iiun  of  some  MecTianical  Impromnonts  of 
Lainp^i  and  \V;iti'i-(niivi. — 5.  Pli^lu^opliicai  Collection*. 
-—6.  I'aylliimujus  \Vark^,  collictcd  I'roin  l.ii  papcn  by 
jlicbarii  WiiUcr,  sictriury  to  liie  Unyal  boculy.  Bcsidi^ 

number  itl  papers  iij  ihf  I'bilo^.  'l  inns.  volunii'S  1,  2,  3, 
[S,  6,  9.  I6,  17,  2'.'. 

HORARY,  something  relating  to  Hours.  As, 

Horary  Circles,  hour  lines,  marking  the  bonn,  or 
drawn  at  thi-  distance  of  hours  I'ruin  one  anuiher. 

HuKAHY  Motion,  i»  the  motion  or  space  moved  in  an 
hour.  Thus,  the  horary  motion  of  the  earth  on  her  axis, 
is  15° ;  for,  conapWting  bcr  revolution  of  36o'',  in  24  hours, 
therefore  the  motion  in  one  hour  will  be  the  3%tk  part  of 
960°,  which  ia  15  degrees. 

HORIZON,  a  great  circle  of  (he  apteve,  difiding  t&a 
'  worid  into  two  pans,  or  heroiaplicres ;  iIm  on*  upper,  an^ 
vUbla;  the  other  lowar,  nud  hid.  The  horiaon  la  aithar 
rational  or  s«ii«bl«. 

HoKIzoN,  Rtilioruil,  True,  or  Astronomical,  called  also 
simply  anil  abwlud  ly  tlio  horizon,  i«  a  gfiii  circle  having 
its  planr  pa^>in[;  iliruujili  the  centre  of  tlir  earth,  and  its 
poles  lire  the  zenith  iiiid  nadir.  Hrnrr  hII  the  points  of 
the  lioiizoii,  <|Uite  iin.uiid,  arc  iil  u  r|ijBdr<inl  distance  I'liim 
the  zenith  aud  nadir.  'Also  the  meridian  and  vertical 
circles  cot  the  horiaon  at  right  angles,  and  iaio  two  equal 
parti. 

lioRizoir,.^;>par»M,  Senn^lr.'or  Visible,  is  a  lesser  circle 
of  the  tphcTe,  p.ir.iUel  to  the  ratioiinl  horizon,  dividing  the 


higher  aa  at  a,  the  taag^la  and  yn  will  nach  fafthcr* 
and  the  aliible  horiaon  non  w9I  he  f 


visible  part  ol 


jhrre  from  the  invi«ibl<^  and  whose 


piaae  touches  the  spherical  surface  of  the  earth.  The 
aamible  horison  it  divided  Into  casUTn  and  western ;  the 
raalem  or  onive  being  that  in  whiA  the  henwnljr  bodica 
fiiv:  and  the  wettefo,  or.  ocddualt  being  that  in  which 
thwart. 

HmiimK,  in  Geography,  is  a  circle  dividing  the  vliible 

part  of  tht<  artb  and  heavens  from  that  which  is  invisible. 
This  is  ptculiiirly  called  sensible  or  apparent  horizon,  to 
distinguish  it  from  I  lie  rational  orlrtie,  nvIih  li  pa^M  s  tlirouch 
the  centre  of  the  earth;  as  alremly  obsirvud.  I  liese  two 
lion^ons,  though  distant  from  one  another  by  the  gemidi- 
ameter  of  the  earth,  will  appear  lo'coincide  when  continued 
to  the  sphere  of  the  lixed  start  ;  became  the eafthconi|iai«d 
with  this  Sphere  is  but  a  point. 

By  sensible  horizon  is  bIm>  often  meant  a  circle  \«hich 
ditcrntinea  the  aegnwat  of  the  surface  of  the  earth,  over 
which  the'  eye  can  leach ;  called  also  the  pbyakal  hotiaiHb 
And  in  thu  seoae  we  aay,  a  spcioos  l|orisan,  u  Mrmw  or 
acaniy  horizon,  ttc;  depending  chicdy  on  tlie  bei^t  the 
«!ya  iselevaied  above  the  earth. 

FVt  it  ia  evident  Uwt  the  hj^ier  the  eye  is  placed,  the 
ftttber  ia  the  viaible  hnnnNtenteadcd.  Thus,  if  the  eye 
be  at  A,  at  the  bright  ad  above  the  earth ;  draw  the  two 
tangents  aA,  Ar;  and  let  one  of  cheM^  lines  aA,  be  moved 
round  the  point  a,  and  in  its  roolution  always  touch  the 
turlare  -  it'  ifie  earth  ;  then  the  other  point  A  will  ili  seribc 
the  tisibU  horiaon  A  o  r,  itc.    But  if  the  eye  be  plac^-d 


Tin  VJ^l^Jll•  Kuii/'in  Is  liio-t  ;i«  urulely  obiervtd  al  sea, 
and  IS  MJirieiiines  called  tlie  honzon  ol  Hie  sea.  In  oLisi-rr- 
in-;  this  liorizon,  the  visual  rays  AAand  Ar  will.iiii  accuunt 
of  the  cuTNe  surface  of  the  sea,  always  point  a  little  below 
the  true  sotiMble  horizon  ss  or  EF,  and  coiiscqncally  1 
the  rational  horizon  rr,  which  is  parallel  io  it. 

To  find  the  depresuon  of  the  boriion  of  the  SC 
the  tme  boriasn,  which  variei  with  die  hebbt  of  the 
and  in  »  arapll  degree  with  the  vurialion  or  the  refiractivn 
poawr  of  the  «ti*o«phefe,iae  OirRBssi ox. 

Aa  In  the  rightJined  diatnnae,  or  tangent  a  A,  it  may  b« 
fouftdtliuat  as  radius  :  sin.  ^  c  :  :  ca  :  aA,  or  thus; 
'  as  radios  :  tan.  ^  e  ::  cA  :  aA  ;  either  of  which  will  be 
nearly  the  Vame  as  the  arc  or  curved  ci-'  irvie  n'l.  Or, 
without  finding  the  angle  c,  thus;  ^lic  s^uatv  ui  \h  is 
e<juFil  to  the  difference  of  the  squares  of  ca  and  cA,  i.e. 
aA=    :        —  ^h'  =  (CA  -t-  cA)  X  (CA  —  cA)  =  (CA  •+■  cA) 

X  A  n,  uiid  lience  aA  =  ^^(ca  -f  cA  X  «D),t»liichb  alan 

equal  to  tlie  curve  dA  nearly. 

1  he  distance  on  a  perfect  i;!obe,  if  the  visual  rays  came 
to  the  eye  in  a  straight  line,  would  be  as  above  Stated: 
but  by  means  of  th<>  refraction  of  the  almmphere,  dialant 
objects  on  the  horiaon  appc«r  hieber  than  they  really  tun^ 
or  appear  lesa  dcptcaaed  below' the  trite  horizon  •>»,  and 
may  be  seen  at  a  j;reater  distance,  especially  on  ii»e  sen. 
M.  Lcftrndre,  in  bis  Memoir  on  Measnrcments  of  the 
Earth,  in  the  Mem.  Acad.  8ci.^  the  year  1717,  mg* 
that,  ham  aaveml  experimcMi,  he  ia  induced  to  allow  for 
nftactioa  a  I4th  part  of  the  diiiaaee  of  iha  place  ob« 
served,  expressed  in  degrees  and  minutes  of  a  gvat  circle. 
Thus,  if  the  distance  be  l+OOO  tuises,  the  refraction  will 
be  1000  toise.s,  equal  to  the  47lh  part  of  a  degree,  or 
l'  3".  But  the  Enijlibli,  imd  otlii  r  later  nieusunnienls, 
make  the  allowance  a  12tli  part;  which  tbcrd'orc  on  tbe 
^:lUic  distance  Hill  be  iiOT  iciies, «r  the 49&  paitof  • 

degree, equal  to  l'  l.l". 

HoRi7oy  o/"</i?  0,i  'r,  r!ii  111  lad  wixHleii  circle. 

HORIZONTAL,  sumrlhing  tliat  rt  lalc*  to  the  horizon, 
or  that  is  taken  in  the  horizon,  or  on  a  leVel  with  or  pa- 
rallel to  it.  Thus,  we  say,  a  hoAEontal  plane,  bori^eonial 
Knew  horiaontal  diMance,  ttc. 

HonuoRTAt,  Dial,  is  otw  drawn  on  a  plane  parallel  to 
the  boriion;  having  its  (gnomon  or  style  elevated  accordiiig 
to  tbe  altitude  of  tbe  ptde  of  the  place  it  a  designed  for. 

HonuowTAi.  XNaMnw,  ia  that  citimtited  in  the  diine- 
lion  of  the  horiaon. 

HomniwTAi.  Uir,  in  Perspective,  is  a  right  line  drawn 
through  the  principal  point,  parallel  to  the  horizon;  or  it 
is  the  intersection  of  the  horizontal  and  perspective 
planes. 

HonizOMTAi.  Lint,  or  base  of  a  hill,  in  Surveying,  a 


0 
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lorizoiitui  plane  of  the  hitl,  or  ibat  on 
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the  conveniency  of  ji Hint;  a  roller  on  «.liich  »ct5  it  in 
motion  by  racari>  n  jiih  cr  ^  j  tap*  wouqd  about  the  roll,  r. 
^'arious  nthcr  coiitnvanres  lofonn  artificial  horizonii  tui»c 
invented  by  different  persons,  as  gla*«  pbncs  tluating 
nil  iiKTCury,  &c.  S,^  HaDley's  QvADRANT,  and  seve- 
ral invinti<iii>  of  thU  sort  by  Elton,  HalUy,  I  >  jhj  lS:c,  in 
tbc  I'bilo*. Trans,  vol. 37. pa.  273,  vol.  38,  pa.  10/, vol.40, 
pa.  413.417,  &c. 

liORN-WoKK,  in  Fortification,  a  kind  of  ottl-wiirk, 
advancing  towurUs  the  field,  to  cover tndlarfiniil ftcuitain, 
bantiun,  or  oiber  plac4^  tuapectcd  to  be  weaker  than  the 
mt ;  as  ako  to  poiacwiiheigbt ;  carrying  in  the  fore-part, 
9rhca<l,tw%demi>liaattom,ffieinUiflghww:  thcnhonu, 
grtatert  koH^ntal  »ngr,  in  the  parabolic  theory,  or  in  •  cpMilnflnts,  or  ihonlderingi,  Imng  joined  by  *  eurtin, 
vacuum,  is  that  made  with  the  piece  elevated  to  45  da*   fhut  upon  tbo  tide  by  two  wingi,  parallel  to  each  othi  r. 


line  drawa  on  tl 
ahich  it  stands. 

lloRizoN'TA  I.  Uiion.    Sec  ifp^oremf  Mack  ITU  DE. 

lli>Hi70NrAi  I'lirntlaz.    See  Parallax. 

HoKixoNTAL  Plane,  is  that  which  is  parallel  to  the 
hori2<tii  of  the  place,  or  not  inclined  to  it. 

.Horizontal  Pluixf.  'm  Perspective.    Sec  Plank. 

HoBi«oKT.\i.  Projection.  Set:  Projection,  and  Map. 

Horizontal  Kangf,  of  a  piece  ol  ordnance,  is  the  dis- 
tance it  (hrowt  it«  ithot  on  a  horizontal  plane,  whatever  be 
the  angle  r>f  elovation  or  direction  of  the  piece;  When 
the  piece  it  pointed  parallel  to  tho  horina,  the  range  it 
then  called  the  point-blank  or  poiat^biie  ranje.— The 


grees,  and  is  equill  to  double  the  height  froiti  which  n 

hi  A', y  body  mu»l  fn  ely  fall,  to  «ri]ui:<  ;lu'  velocity  with 
»hii.ti  the  shut  is  diiCharged.  Thus,  a  shot  being  di$- 
chaipi'd  with  the  velocity  of  »  feet  pi-r  second;  because 
pravity  geiierate*  the  v<  lority  2tf  or  32^  feet  in  the  first 
seciiiid  ol  lime,  hy  fsllini;  Ifi-r'j  org  feet,  and  bccau-^i  tin 
spaces  de«<.-cndcd  aie  as  the  squares  of  the  velodliet,  iherc- 

fore  as      :  V*  ;  :  g  :  —  the  space  a  bod^  mutt  dcMcnd  to 

acqui  re  the  velod^  *  of  the  thot,  or  the  epmca  dot  to  the 

velocity  r  ;  consefiuentlv  the  double  of  thi*.  or  —  =  -  : 

is  the  greatest  horizontal  ran»  with  the  velodty  v,  or  at 
m  elation  of  45  degrees ;  wakit  Is  BCifly  half  du  tqaira 

of  a  quarter  of  the  velocity. 

In  other  elevations,  the  horizontal  range  is  as  the  tine 
of  doubk-  the  angle  of  elevation ;  so  that,  any  Other  eleva- 
tion being  e,  it  will  be,  as  radius  1 :  sin.  8e : :  —  ;  ^  x 

ein.     the  raqgo  a^OoakMBlaB  «,  irilk  Aewocity  v. 

Bnt  In  n  ntisti«c  ■odinai,  like  iha  atmosphere,  the 
■ctml  ranges  lUt  short  of  thee*  cxpreiied  by  the  above 

theorems,  in  so  much  that  with  the  great  velocitiet,  the 
actual  or  real  ranges  may  be  lest  than  the  lOth  or  90th 

purl  of  the  potemial  ranpes;  so  that  tome  balls,  which 
uclually  riiige  lui  a  luile  or  t\»o,  would  in  \bcuc>  range 
!W or  30  miles,  And  hence  it  ms  that  ihe  ek- 
vationof  the  piece,  to  shoot  farlln  st  in  tkit  resi^liiif;  mi  diu'ii, 
IS  always  below  4a'"',  and  gradually  the  iiioa-  l>eliiw  it,  as 
Ihc  velocity  is  greater;  so  llmt  the  greater  velocities  with 
which  balls  are  discharged  troin  cannon  with  gun-powder, 
r('(|uire  an  elevation  of  the  gun  equal  to  but  about  30°,  or 
liule  more.  Anc^  the  less  the  tile  of  the  balls  is  too,  the 
1«M  must  this  angle  o(  olcmtioa  be,  lo  throw  them  the  |^ 
theet  with  a  given  velocity.  See  Pmii|miiU(  and  G«m> 
xmar. 

Horizontal  Rtfraetim.  See  RiraacTiov. 

HjaiaoaTai.  ijpfcnhwi,  one  to  find  a  horlaon  at  sea, 
dtc,  when  the  ataMN^fecn  la  ban  Bear  the  boriion,  by 
wUdk  the  right  Af  it  i»  pnwnted.  Aepeculum  of  this 
lihid  WH  invntled  bf  a  Mr.  Senon,  on  the  prinripie  of  a 
top  Ifiiinning,  which  always  keeps  its  uprijtht  position,  not- 
wiihttanding  the  motioif  of  the  substance  it  spins  upon. 
This  curious  itisl'rument,  as  it  has  since  been  itnproved  by 
Mr.  Sme.itoi),  consists  of  a  well  polisheiJ  tncial  speculum. 
Ml  .lij.mt  ;  iiches  and  a  half  in  diameter,  inchised  within 
n  circular  run  cj)  brass  ;  sofiltod  that  the  centre  ot"  gravity 
of  the  w'tu  ilf  sh  .iil  jail  m  ar  the  point  <mi  w  hrc  li  it  spins, 
litis  is  the  end  of  a  steel  axis  running  through  the  cuitre 
«f  dw  spSevlnoi,  above  which  Hjaiihei  in  aiqiiv^  for 


are  terminated  at  the  girge  of  the  work,  and  »o  present 
themselves  to  the  eneray. 

IIOUOGKAPHY,  the  art  of  making  or  constructing 
dials;  called  also  Dialling,  HorulogjKigtt^diy,Gnononica, 
Sciatherica,  Photosciatherica,  dec. 

lIOROl.OCillM ,  u  coi  iinon  rukroe,  among  ancient 
w  riters,  r<rr  any  instrumeiit  or  machine  for  measuring  the 
hou  lis .  See  Clock,  WaTCH,  Sc«*DlAl»CBaO»OMKTSR, 
CLEPsvnu,*,  \c. 

HOROLOGY,  that  branch  of  mechanical  science  which 
enables  us  u>  measure  the  portiooaof  tine.  We  jud^  of 
the  l8|Ne  of  time  by  the  succession  ofwnible  cwntaj  and 
tbc  most  convenient  and  accurate  ■tasmat  of  its  qoaa- 
liiy  arc  derived  from  motions ;  either  aoifem,  or  eJse  r» 
pealed  at  ooual  inieivab.  Of  th«  fbfmer  kind,  the  raaiiao 
of  the  earth  on  its  a^is  u  the  Moat  exact,  and-  the  iittta* 
tion  of  its  surface  with  regard  to  the  fixed  stars,  or  lets 
simply,  with  regard  to  the  sunt  constitutes  the  means  for 
determitiiiig  the  parts  of  time  as  they  follow  each  other. 
Of  the  latter  kind,  tlie  rotation  ol'  niachiner)',  consisting 
of  wheel-word  r.^nrri  bv  a  weight  or  spring,  iiViH  f  iMuated 
by  a  pendulum  or  balance,  allords  iiislrumenis  lA  which 
tlic  Utility  i>  well  known.  The  term  Imrolopy  is  at  pre- 
sent more  particularly  confined  lo  the  principles  on  which 
Ihe  art  of  making  clocks  and  watches  is  established.  A 
considerable  portion  of  this  extended  subject  of  reecarch  it 
gi  vcn  under  the  nrtide  Clocic.  Sea  also  Seafmat^  Wtldk, 
&c. 

IIOROMETRIt'.  the  art  uf  mcawirilic  «r  dlvuBng  time 
by  hours,  and  keeping  the' account  of  tine. 

HOROPTER,  in  Opiks,  'a  a  right  lino  diawn  throu^ 
the  point  where  the  two  optic  axci  nc^  paiaUd  to  tha't 
which  join*  the  cenhvs  of  the  two  eyes^  or  the  two  pupili. 
As  the  line  a  i>  draws  thfomh  €  the  point  of  concourse  of 


the  optic  axes  of  the  ryes,  and  parallel  to  iii  joining  Ihe 
ccntreTof  tho  wsh^Thia  line  it  ceded  the  hoioptert  be> 
caate  U  is  fonnd  ca  be  the  Unit  of  dictinct  virion.  It  hat 
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ie>cn\  propfrtip;  in  Optics,  which  are  dCMtiWd  tt liip 
in  AtiMiilonius,  Opt.  lib.  8,  diss.  10. 

IIUUUSCOPE  wasAOMth^nnaiical  instrument,  in  oian- 
nt-r     i(  |)lillli^pl1l^lc;  but  now  di»ufed.    It  w»»  invvnln} 

J.  I  ailuiuuis,  utiu  wrote  ■  special  trMtinupan  it. 
•  UOHKUK  ^ a  fanuwi,  an  ima^nary  principle  among 
the  more  ancient  pliilotophen,  to  which  they  ascribed  the 
tNailofwil<rinpitnpa,aMoUiCT>irailarpfaenomaB^wU 
•re  MMT  known  to'be  ueculonid  by  the  weight  of  tha  air. 

HORROX  (J<liuit*a),  «n  eninent  Engliah  asirono- 
iwr,  was  bopi  at  Tuxteilvin  Lancotiiife,  about  the  >car 
1619.  F'rum  a  grammar  school  In  the  country,  he  was 
M-nt  to  Cambridge,  where  he  spent  some  time  in  acadetni- 
ral  studies.    About  fa  l.i     n  l  i  ;i;i|ilv  himself  to  the 

»tudy>uf  a>tronoiu)' :  but  living  ai  itmi  unit'  with  his  fu- 
ther  Mt  ToMi  1)1,  111  \iTy  moderate  circumstancts,  and 
beiii^  dcbiituic  <it  books  and  other  9s>is(ances  for  such 
stuilic">,  Ik'  coald  nut  make  any  considerable  progress  in 
it.  About  the  year  1636',  be  formed  bd  RCijuaintnncc 
with  .Mr.  W'i'liaiii  Crablrc**,  of  Broughton  ne  ar  Manches- 
ter, who  was  en^a^ed  in  the  same  ittudies,  with  whom  a 
matwil  corrapondence  was  carried  on  till  his  death; 
■ometimca  comuinnicatiiig  their  improTetoenu  to  Mr. 
Samtiel  Foater,  proCemr  of  geometry  at.Omham  College 
in  London.  Hi|ving  now  obtained  a  companion  in  his 
ftlidiea»  Mr.  Horrox  assumed  new  v^ur,  procured  other 
iaatrtnnenia  and.  books,  nnd  w«a  pitiwing  liis  widia*  mi 
ohaenntMM  with  great  awidotty,  when  ha  ma  wddady 
eutoffby  deatbttheSdorJaunary  l640j  in  IbatSd  year 
of  his  age. 

^Vhat  we  have  of  bis  writings  is  sufTicient  to  show  how 
gnat  a  loss  the  world  had  by  liis  dtalb.  Tie  had  just 
finishrd  liib  \'erius  in  Sole  viva.  1 1>.!9,  a  liltli'  bet'ore,  as  ap- 
pears by  5.uiue  III"  the  It  tterrs  to  hii  iricnd  Mr.  Crabtree,  by 
which  aliii  it  appears  that  he  made  Ins  oliscrvatioDs  on 
that  phenomenon  at  H00I  near  Liverpool.  'Iliis  tract,  of 
Venus  seen  in  the  Sun,  was  published  at  Dantiick  in  lti6M, 
by  Hevelius,  togclber  with  his  own  Mercurius  in  Sole 
visus  .May  3,  ]66'l.  liis  other  pusthunious  works,  or 
rather  his  imperfect  papers,  were  published  by  Dr.Wallii,  . 
in  1673, 4to,  with  some  account  of  his  life;  in  which  WO 
find  he  first  asserts  and  promotes  the  Keplerian  astronomy 
against  the  hypothesis  of  Lansberg;  which  he  proves  to  be 
inooniialent  with  itself,  and  nether  agiaeing. with  uhserva- 
tiont  nor  tiioory.  He  likewise  miMa  .very  justly  coo- 
eeniiii  the  eekitial  bodice  and  their  aaiiom,  vindicatea 
lyeho  Bnih<  from  tnmt  <il^eetloM  nade  to  hit  h^tfafr 
M,  and  gives  a  new^eory  of  the. moon:  to  which  are 
added  the  Lunar  Numbers  of  Mr.  Flamsteed.  There  are 
also  cxlrart^  tViii  several  letters  between  him  and  Mr. 
Crabtree,  upon  \<iriuu«  astronomical  subjects  ;  with  a  ca- 
talogue of  astronomical  observations. 

There  arc  two  things  particularly  which  will  perpetuate 
the  riH  [r.ury  of  this  very  u \ Itlu iiJ  1  niit  y  y  iu:'.^^  num.  The 
one  n,  that  he  was  the  fir^l  thai  evi  r  prt  dittnl  or  saw  the 
planet  Venus  in  the  sun  ;  for  \vr  do  not  find  that  any  per- 
sona, besidi-s  himself  ahd  Mr.  Crablrec,  ever  beheld  such 
n  phenomenon.  Thoo^  he'  was  not  appriwd  of  the  great 
use  that  was  to  be  auu^  of  tbia  phcnomcnoUi  in  discovc^ 
ing  the  parallax  and  distahee  01  the  tun  and  planets,  yet 
he'madefrdm  it  many  useful  observations,  correctiona,  • 
and  iBprdveivents  in  the  theory  of  the  motioai  of  Vcnns. 
^Seoendljr,  hie  New  Theory  of  Lunar  Motion*,  «hi«h 
Newtoi^  hinndf  made  the  gronnAiWodt  of  nU  hia  aatn>> 
nomy,  relative  tothe  moon,  who  alw»ya.ipoke  of  our  Mf 
Ihofaa  a  genius  of  the  lint  tank.  • 
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HORSF.-SHOt,  in  Fortification,  is  a  "w  ork  soraciiroes  of 
B  round,  tiometinies  of  an  oval  tigure,  inclosed  with  %  pa- 
rapet, raised  in  the  ditch  of  a  ma»»hy  plaoa^  of  in  iov 
grounds;  somi'tiincs  also  to  cover  a gj^c;  ortoierwaaa 
lodgnent  for  m.i  « is,  to  pf(i*enl  sttrpriaei, or  to nlieve 
an  over-tedious  defence. 

HORSLl^Y,  (SiiMucL,  LL.D.  and  r.  r. a.},  a  veiy 
able  mathematician  and  a  learned  pxehtle,  was  born  in 
October  173S,  «nd  died  October  4,  1906;  consequently 
ahoiit74yMra«f  UB^-B«t«eeived  thtcUmeMaof  hn  ' 
odocntiiML  at  ^catmiiater^ihool,  whratc  ho  was  rtnwiad  * 
to  the.uniTeitity  of  Cambridge.   There  be  chiefly,  aj^ 
plied  to  the  study  of  mathematics ;  and  not  content  with 
carefully  consulting  the  writings  of  the  arutot  of  the 
modernt,  he  recurred  to  the  profoumli  st  of  the  aixieiits 
in  that  line,  and  made  liiiiiM-lt  nia~ti.r  ol  iluu  most  intri- 
cate rcaioniiigs.     Having  taken  bis  tJ^^iee  as  itiastir  of 
arts,  he  acci-ptcd  an  luvilalion  to  accompany  ihe  luu  Rail 
of  Aylcsford,  as  private  tulor,  to  (Oxford.     Hete,  in  l/fiS, 
Dr.  Horslcy  printed  his  edition  of  ilu-  Geometrical  Incli- 
nations of  Ayullofiiuii,  and  beie  he  bnt  conceived  the  de>  ■ 
sign  of  publishing  a  complete  edition  of  the  works  of  Sir 
Isaac  Newton,  for  which  he  began  to  prepare  the  mate* 
rials.   And  from  that  time,  it  has  been  more  th«  lashion  ' 
to  cultivate  the  mathematical  sciences  ^  that  universiqr*. 
On  tearing  this  place.  Or.  Hor^ley  came  to  London,  when 
he .  waa  elecird  r.  k.  a.  and  enriched  tba  Pbiloa.  Tiaai.  ' 
with  aany  valnable  essays,  ftnm  vol*  57i  to  vol.  S6.  He 
«aa  also  Aoacn  one  of  the  seCRtaiice  in  1773,  on  the  n- 
^natiott  of  Dr.  Werton ;  an  olRee  he  continued  to  serve, 
with  the  greatest  credit  to  himself  and  benefit  to  science, 
till  hf  thought  it  priiper  to  resign  along  with  the  late  pre- 
sidcti"  Si r  J(  III)  lVin-;[c,  in  1778.     Soon  atti  f  settling  in 
the  rTirt!i.|>iilij,  Dr.  Horsley  vviis  noticed  by  Uisliop Louth, 
uiiH  Mas  app<iintt'd  his  Jorilship"s  i]i  ii.'.-.:!!"  cliJCiiUM,  .is 
>is  was  piesrnlid  by  that  prelate  successively  to  seve- 
rul  ihlii  rent  livings.     In  i776,  <Dr.  Horsley  published 
proposals  for  a  complete  edition  of  the  vvorkis  of  the 
immortal  Newton,  with  notes,  which  appeared  in  1779, 
in^  vols.  4lo,  with  an  tHegant  Latin  dedication  to  4he 
Uag.   In  177s  he  preached  nod  publisbefl  a  sermon 
i^inst  the  principle?  of  mHtertalism,  agitated  between  the  * 
doctors  Price  and  Priestley  &c  :  and  on  tb^  publication,^ 
in'1783,  of  Or.  Priestley's  History  of  the  Cormptioos  of  , 
Chriatianity,  Dr.Borsley^gain  atia^ad  die  peeiuon^and 
principles  of  that  wriln  and  his  adherents,  with  great  a^ 
plauto  and  sneccse,  and  there  ensued  an  exchange  of  leve-  ' 
ral  pamphleir,  ttc.  on  both  sides;  which  chiefly  laid  the 
foundation  of  Dr.  Tlorsley's  elevation  to  the  episcopal  dig- 
nity in  17.S8,  a-.si.irii  probably,  by  ihi'  very  celebrated-  » 
speeches  he  made  ui  tJiedurM.-  of  the  violent  dt  bates,  that 
timk  plac«  in  the  Royal  Society  2  or  3  years  belort,  on 
the  occasion  of  the  removal  of  Dr.  Hutton  from  the  office 
of  foreign  secretary,  when  Dr.  Horsley,  and  sev<-n(l  other 
members,  forsook,  as  expres-wd  in  his  own  forcible  lan- 
guage, "  that  temple  ttlicre  Philosophy  mif  n  ilmiciI,  and 
where  Newton  presided  as  her  officiatiog  minister."  In 
1794,  Dr.  Horsley  was  translated  from  St.  David's  to  tha 
see  of  Rochester,  with  the  deanery  of  Westminster ;  and  in. 
1802,  to  the  lucrative  see  of  St.  Aaaph*   In  1801  he  pub- 
lished the  int,  «nd  in.ia«Mh«.iast,  ef  9  octB*o  volomoa 
of  practiCTl  aartiepa A-^y «»*»  of  Ondente ;  consisW 
tn( of  rmiril'i  llIl#Hliilwil  DtUk  liia.  note* s  the  pro> 
pmiea  «nd  prqiN#*  af  ^  *ph«*,  and  aphciieal  trigp- 
uometry  ;  Archimodaion  the  mensurtition  of  tha  drdej 
atnctonthenamreanduseof  logariihiui,  &6.  BeMB% 
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into  honn  \1  very  ancient ;  MWthoirn  ^rKiroh«r, dedip- 
;£g>pV  loin.  2,  par.  2, clatt  7i  cap.  8>  Th* pract  aadciit 
liour  t«  that  ot  the  12th  put  «  the  dfty.  Herodlitus, 
lib.  2,  uust^rvi^,  that  the  Creckilainitfrain  the  ^^'piiam, 
ariu'r;;;  iithii'  (limgs,  thu  method  of  dividini;  ttiv  da;  iiilu 
I  j  And  tl>i-  astronomers  of  Calhaya,  \c,  still  re-. 

Uiiu  I  III-'  il  I'.  I'-iori. 

rii'j  .iiMsUJU  111  lilt'  li.iy  iiitu  2i  liour>,  was  ixit  ktiowii 
til  thu  Itunians  before  tin-  I'miic  wnr.  Till  that  tiiin'  tlu y 
oiih  rri;ii!!it«  d  ihrir  day*  liy  tlip  l  ining  iitui  ^^I'iiii;  dl"  thtj 
sun.  'Ihi-v  lllu^i^^^  !in-  li  liiiurMif  diiy  III  idur;  viz, 
I'rimi',  comini need  at  b  n  cluck,  'l  ijiid  at  9,  bixlli 

al  I '2,  iitnl  None  at  3.  '1 1  icy  alvi  divided  the  niglil  into 
four  watches,  eacb  cuntsining  3  houn.   Vturioua  kind*  of 


tlieiw,  numeroin  -nd  important  wrrf  the  writing BOd 
bonr*  of  Dr.  lloI^loy  in  iiu  oVicy.  pulitici,  &c,  too  nuine- 
rou>>  to  be  here  cnler«'il  into  in  deiail. 

Doctor  llorsky.wenl  diuvn  ty  Bnglitlnlm-toiie  in  the 
Utter  tnd  of  S-ptcmbcr  1800",  where  he  .m  m  .  be.  ii  tuo 
week*,  before  he  wa*  »ci7id  with  a  c, imp. aim  m  tlie 
bowels,  tlien  frequent  in  the  place,  uhu  h  suun  tuni'  <i  ti:>  a 
mortification;  and  tcrauinated  his  valuable  cxi!.lence  <in 
tlic  4th  day  «if  hi«  illnes?.  Though  Doctor  HorsUy  hail 
mchcd  the  74lh  year  ol  hi«  uge,  the  power*  bo:b  ot  his 
body  and  mind  were  so  vigonuis,  a;,  to  promise  »iill  a  cim- 
iNemUo  loBgih  of*>««ni  iixlecil  he  was  alwa,;r»  o£  a  v<-ry 
nmirltaUyacri**  mihI  «Kr«tie  -catt  «f  mind,  wnd  fnm 

eonpact  conautiidon  of  body.   Pwhaps  no  iiian  of  the  ^      l    _»         *  ..^  ^ 

Me,m>iscw<?dmoi«ofwhBtHlenwdiw:ond»ieleaiiiing;or  houn ara iised  chnmhigpn* aitronoinen.  dialiil%&e 
was  more  piofoundly  venwd  i»  claiiical  ehfoiiol<i«y.  M  Sonetimes  tooj 


a  K-tifttor,  he  ranlcad  in  tba  first  daw;  there  wtf  few 

important  ili-cu^'-ions.in  ilie  house  ol"  lords,  in  wiiich  ha 
rtul  not  parln  i;>atc ;  especially  when  the  topic*  related  to 
tlie  lurrarr lin  al  rstalili>liiiien' cnuntry,  or  to  the 
rreiicli  revolniKin,  or  l<>  llie  .Vlncaii  tla>e  trajk",  of  which 
he  was  a  sy»ti  instic  oppox  r.  .1-.  an  cinitur,  his  voice  was 
deep,  (ull-toncd,  anii  romniamli ng ;  emincinlion  was 
distinct  and  clear;  and  his  <lili\eiy  in  oilier  res|iecl^, 
highly  advantageou* ;  abating  only  tor  a  ivniaikabi-  nns- 
tme  of  .certain  guttural  sounds,  such  .is  arc  alinn^t  p>ru- 
lilir  to  tho  inhabitant*  of  the  county  ol  NorthumU  riand  ; 
tmwAmr^t  he  uned  to  aay,  by  the  circumstance  ofa  nurse 
ftwit  that  part  of  Et^land  being  long  employed  in  his  fa- 
Ifan^  fhmily. 

HCKPITAL,  or  HoviTAi.-(WitllAii-FnA»CM  Ak- 
.  "rnowY,  manjuii  qO>  *  oaMmted  Freijch  iiiatbcMiaitkian, 
was  born  of  an  ancient  fiunily  ia  Ififil.   Ha  was  a  matho- 


Hours  are  divided.iifto  equal  and  otieqaal. 
Eaual  HouEs,  are  the  3<lih  nurtt  oTallay  and  night 
preciM-ly ;  that  is,  tiw  tima  in  wnich  iho  15  dcgieca  of  the 
equator  pass  the  mrridfain.  Thcae  are  alio  called  eiHiiAoc>- 
lial  hours,  because  moisu^  on  the  equinoctial}  and  aitrv* 
noiniral,  because  used  by  astronomers. 

Aui  fiw  iiJctl  lloL  RS,  are  equal  hours,  reckoned  from 

n...n  I          n,  in  a  continued  wrie*  of    ; - 

U  ii'u!ui,;..:\  Hours,  arc  equivl  hourji,  n  cj- aneiJ  from  sun- 
ri-e  III  il  continued  si-ries  of  21. 

European  Hoi  ns,  used  in  cimI  computation,  are  equal 
hour>,  recl.DOcil  irotn  inidhiglit;  1'2  fri^n thaooa tlll^OOl^ 
and  r.^  more  Iroin  noon  till  midnight. 

Ancient  or  Jr^ith  lliiviis,  are  twelfth  parts  of  the  artifi- 
cial day,  or  of  die  iii;2bt.  Hence,  as  it  is  only  at  the  time 
of  the  equiiii>.\es,  that  the  artificial  day  is  equal  to  the 
night,  it  is  then  only  that  the  liours  of  the  day  are  equal 


day*  FfOni  the  venal  to  the  aatupnal  equinox,  the 
hean  of  tha  4v  •Meed  thoie  of  iha  nigkti  bui  dating 
the  iitlmal  hc««cen  iho  aolumnal  and  vernal  eqainoacei, 
the  honn  of  iha  night  are  longer  than  those  of  the  day. 

It  [s  ilii  iiiolu  manifot,  that  when  it  is  said  the  ihird  hour 
was  alMjiit  nine  in  the  nu-iiiinj;,  and  the  ninth  about  three 
in  the  afternoon,  tins  is  nut  tn  bi'  iiii(i<  r^ti  inl  as  rijjorously 
e.vact.  The  lliird  tyoiii  >v.is  liie  i  iiiblli-  time  bttween  sun- 
riiing  ami  ii' ne  ;  v«liich,  it  tlie  -iiii  rn-i'  at  ftVf,  was  an 
liour  t\ftrr  cn^iit ;  if.it  ^tTcn  «us  h.li'mt  /lOiu  ii/in  nine,  Src. 

Tlie  follott.ii^  table  e\liib:t-.  ibe  time  of  the  5Un-ii«ing 
and  Mfini:,  and  tliP  ien^'lh  ol  tlicJe»!!.Si  hour,  both  of  day 
and  ni|4i.t ;  an  calculated  for  about  the  middle  of  eiwy 
Jewish  mouth,  and  for  the  latitude  of  Jcrusakin. 


mauciaa  almost  from  hit  infancy:  Ibr  being  one  da^  at  to  those  of  the  sigbl;,  or  to  the  24th  pan  of  lac  natural 

the  duke  of  Rohan's,  where  some  able  matbematictana  ""^  *^  '  -   '  '  

were  speakim:  of  a  problem  of  Paioal's,  which  appeared  to 
til,  III  V  rv  il  li  r.il',  he  ventured  to  s.iy,  that  he  believed 
he  couid  rcs'iKe  it.  They  were  suipn^oil  at  such  prc- 
siiroptiun  in  a  boy  of  15  :  however,  in  a  tew  (iny.^  he  sent 
them  the  solution.  M.  I'Hospilal  entered  early  iiilo  tb<- 
nrniy,  and  a  captain  o(  Imr'.c  ;  but  bein^  viTy  short- 
'■ighted,  and  on  that  acc  junt  exposed  to  p<  rpelnal  incon- 
yWniencesancf  errors,  heat  leiislh  quitted  the  army,  and 
applied  bimMlf  entirely  to  his  favourite  amusement.— lie 
eonthietad  a  IHendahip  w^b  Malbranche,  and  took  his 
opinioB  npm  all  occasions.— In  i6S9  ba  **•  received  an 
bononry  nwrnber  of  die  Academy  of  Sciences  at  Pari*.— 
He  waa  the  ticat  pman  in  France  who  aunle  upon  New- 
t«n1s  analysis,  and  on  this  account  waa  regiarded  almost  as 
n  prodigy.  Ili«  work  was  entitled  FAnalyM  dcs  Inliiu- 
mcns  Peiits,  I0()<i".  lie  engaged  afterwards  in  anoArr 
mathematical  work,  in  which  he  included  Le#Scctions 
Conifl'ies,  les  l.ieux  (ieometriques,  la  Cohstruction  des 
K<]iiationv,  tt  line  Theorie  des  Courbes  jMichaniipies : 
but,  a  little  beforx'  he  had  finished  it  he  was  sewed  with  a 
fever,  which  Carried  liira  off,  the  2d  of  February  17i'+,  at 
43  years  of  age.  The  work  was  published  after  hit  death, 
vi*,'in  1707.  Six  of  his  pieces  arc  inserted  in  diflineBt  vo- 
lumes of  the  Meinuir~  id  the  .\cademy. 

HOUR,  in  Chronology,  an  aliquot  part  of  a  natural 
day,  usually  the  84th,  but  sometimes  a  I'Jih  part.  With 
us,  it  is  the  t«th  part  of  the  earth's  diurnal  rotation,  or 
Uie  time  from  noon  to  noon,  and  therefore  ii  answiirs  to  IS 
'  daaiecs  of  fbe  whole  circle  of  longitude  or  of  360^.  The 
bonriadi^ded  by  60ths^  tpit  into  60  minutes,  then 
»WwMndibte  TfaedMiiMiaf  thed|y 
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luditin  Uoi.-(in,  arc  ot|ual  l.ours,  rc'«.ki>nr<l  from  »U!)wt, 

Vneqv'ii  'l\  mpttiiiiy  linx.  iii,  arc  ilth  purls  uf  tlit  ur- 
lificiul  i!aj  ui)l  nv;iit.  ■I'hc  irtilH|uitv  o\  ihf  *(i|ier* rcn- 
dera  ibi-sie  in6ns  ur  viiKtjudI  at  tiiricrcnc  liiucs;  i>o,tliat 
they  only  agne  ike  e^l  Jionrt  at  the  tiniM  of  Ac 
«qaint>xcs. 

HoUH-Circ/n^  <^r  Horaky  C<Wf»,  Un-  gri-iit  circle*, 
nMeting  in  tho  pfAt*  ot'  ibc  •A^'>^'\i  ur  tvorNi,  mid  rriMing 
.th«  equinoctial  or  c^dator  at  ri,!>tit  angles;  tiic  utme  as 
merirfiam.  They  an  aniipoitii  to  be  iln^wu  ibiwugh  mtty 
ItA  dcgrar  ol  the  cqniilbctial  and  cqi(aior>  each  answet- 
iny  to  an  hour,  and  dividing  thrm  into  '24  («}nal  parts} 
and  OA  .both  glnfa«-s  they  ara  supplied  by  iha  meridian 
faoor-fcircle  and  index. 

HovR-C«u,  .1  popular  Icind  of  chrononHter  or  clepsf* 
dra.  »'rvin<;  lo  lui-asufc  tiim*  by  the  detcciii  ur  running  of 
Miiii,  wiHi  r,  itc,  out  of  one  glass  vi'ssci  into  Hn;ithi'r.  The 
btst,  It  1^  i:  L  Hie  >ucfi  as,  inatoHd  "I  s  iiul,  i'.<i\i'  ri;!;- 
shcllb,  «rl.  ,lri   i  111  tlir  oM-u.  ih<ii  bevtvii  liiii'  ■i'^r.  Mii(<i. 

Hul'H  y  1  I'',  '  n  n  il.al,  .<rr  lisws  which  iirin'  h  'lii  ilie 
inienM-ctiorn  ut  iliu  pliiiK'  i>l  lh<'  diul,  with  ihv  Sfvcrul 
pluncs  of  lilt-  hour-circlm  of  tlic  ^|•heres  and  tbeiefim 
must  be  all  right  linrs  on  a  pluiu-  diul. 

llou  R-iifo/f,  a  divided  line  on  ciijic  of  Collins qua- 
drant, beiDg  only  two  lin(>s  of  tangenlii  of  43  dogrf('»  each, 
act  tngethrr  in  the  middle.  Its  uac,  together  with  the 
lines  of  latitude  is  lo  draw  iheJioar-lints  ot "dials  that  liave 
centres^  by  owaM  of  an  cqniiaienl  tiianglc^  dmrn  on  the 
dial-planes- 

UOWtTZ.  or  HowiTixK,  in  artfflery,  s  kind  of  nuir- 
tar, or  aomthim between  a  cannon  and  mortar,  partaliing 
flf  dia  natttfeof  both,  being  rithcr  a  very  short  gun  ot  • 
toog  mortar.  It  is  of  German  invention,  and  is  mounted 
on  a  cairisge  like  a  travelling  gun-carriave,  with  its  trun- 

ninns  |>'aL'<(l  nearly  in  Ihc  middh'.  The  howilz  is  one  of 
the  nu'ht  usiliil  kinds  uf  ordimiice,  us  it  can  bf  employed 
occuMniKilly  tithcr  as  a  cnnnnn  or  niort.ir,  liisrharging 
either  shelU  ur  grape-shot,  as  wcU  ai  balls,  and  so  doing 
great  t'Nocutian.  Tbey  uc  also  voy  casily  travel  lad  about 
from  place  to  place. 

HUDDB  (John),  a  burgomasler  of  Amsterdam,  and 
a  respectable  malheinalician,  who  died  at  u  great  ngu  in 
I704I  Having  Ix-en  a*  gi'cat  in  politics  as  in  maihema- 
.tioi,  lie  Si'rved  hi*  country  in  distinguished  situations,  and 
cnntfibuted,  by  his  discoveries,  lo  the  advanceiiient  of  the 
Kiciices.   He  applied  himn^lf  particularly  lo  the  analysis 


Iwiin  and  Ijiglisb,  in  Svij  uml  12ino. — 2.  Dc  C1I0I115  rr- 
lc--t.  L-t  ti  rtest.  I  lui  t.  ,  -i.riiil  timrs  |jrinted  in  Lalin 
and  Kiinhi,h,  in  Hvd.  I  lie  gr>-C  eJuii:n  \>a!>  prinii  d  at 
Lwiuli  n  I5y3,  111  Hvo.  It  was  ullerwiirds  iinpioveil  by 
aimolalions,  and  illustrated  wilh  tiguret,  by  Job.  Isaac 
Pxniiflius,  pr<ifi-5Mjr  of  philosophy  at  Hardern  icke,  in  Gel* 
ilerlnnil,  ptiiilid  at  Amsterdam,  l6'l7i  1(>24,  Acc,  ai  Lutt- 
don,  lo.'.>),  and  at  ONon,  1663,  io  Sw  uutf  ISaio.  See 
Wood,.«4jl.  I,  pa.  4.s<>. 

■  Hqva  a  man  of  kiit  o,  and  hud  acquired  a  practi- 
cal knotiMgB  of  maritime  aflbin^  by  voyugoi  at  ara. 
Among  odifrcwioas  paniculan,  he  ^«ca  a  good  account 
ofj^-nttempli  that  had  heca  made  at  varions  times  to 
mnatii*  the  earth :  in  the  epistle  to  Sir  WalMr  Raleigh, 
he  enumerates  the  many  discoveries  made  by  Mr  mati> 
neh  in  different  paits  of  the  world.  His  book  was  re- 
ceived »  ith  until  appUuse,  and  has  been  indeed  a  pattern 
forsnch  us  iiterwiirds  treated  on  the  same  subject.  Among 
other  pr'.diU  nis,  he  solves  liy  the  globe,  the  problem  of 
dneniiiniiii;  the  latiiude,  from  two  obMivntiorw  of  the 
mi:,  b  .liiitude,  wlien  the  time  ^ntwien  the  two  observu' 
iiuns  i>  ^l\en  ;  and  in  the  last  part  of  his  tiook,  he  per- 
tiifin>  ti:e  Usual  (juesiious  in  ii;r. igai inn,  premising  a  very 
sensible  discourve  on  the  iliumb-lmcs,  opposing  the  opi- 
nion of  (icrama  Frisius,  \shu  bad  asserted,  that  they  meet 
ill  the  poles.  At  tbe  conclusion,  be  highly  praises  a  trea^ 
tise  of  Mr.  Thomas  Hariot,  hoping  it  would  soon  be  pub*, 
lished,  in  which  that  author  had  treated  this  subject  oa 
geometrical  principles,  with  great  sagacity  and  judgment. 
But  unforiunatcly  that  maniNCiiiit  has  not  bean  found 
among  ibe  papers  of  that  author,  lately  discoscred  by  Dr. 
Zach.        .  . 

tt  was  in  this  book  that  Hues  proposed  a  curious  nau- 
tical problem,  which  has  nado  a cousidcnblc  sensaiiun  in 
the  mathematical  wnrld.  It  was  tn  these  words,  as  tran«- 
liitt  J  into  liriglish  :  "  The  dilTcrence  of  longitude  .iiid  tin 
distance  being  given,  how  lo  lind  the  rumhe,  and  the  ciil- 
fercnce  of  latitude."  A4ti  r  which  In  aJ  is  these  « urdv  : 
"  There  is  not  anything  in  all  this  an  more  liiiiiuult  and 
liiiiii  10  be  lound,  than  the  rumbe  out  fil  the  distance  .imi 
dillruiice  of  loiigunde  "iven.  Neiiiier  call  It  be  dous 
upon  the  globe  wiiiiont  lonr;  and  ttdiolit  practicc,and 
many  repetitions  and  im  iisurulions. " 

The  next  person  who  a)ip«-ars  to  base  mentioned  this 
problem,  was  Willebrurd  &nell,  professor  of  maihcmattcs 
at  Lcydeli,  in  his  'fiphys  Batavus,  printed  in  UiH,  being 
the  S4th  or  last  proixwition  of  the  hrst  book  of  ihyt  work. 


of  equations.  One  of  his  two  letters,  insottcdinScfaooten's  Snell  solved  this  problem  in  an  indirect  way ;  and  it  seem* 
Commentary  on  the  Geometry  of  Desnrtet,  eoulBiH  a.  probable  that  his  solution  wit  the  first  that  ever  wasgjivco 
icry  ingenious  method  for  discovering  whether  aa  equa-  of  h. 

4iuii  of  aiydiawiiaioB  has  equal  rooia,  and  fcrdetemlniiai     The  problem  mna  afiarwards  piopoacd  to  the  karnad 
*■  '         letters  we  find  Hudde^a  madioib  world,  by  tbe  celebrated  Dr.  Halny,  in  the  year  1(196,  in 

the  Philos.  IVans.  vol.  19,  No.  319 ;  whetice  it  was  repeat- 
ed in  the  9d  vol.  of  the  Miscellanea  (Turiosa  in  fros.as 

he  had  probably  not  seen  il  in  cither  of  the  forrgoiug  au- 


thota  rooto.  tn  the 

of  drawing  tangents  to  curves,  and  of  insettigptiBg  tke 

maxima  and  minima  in  mathematics. 

HUKS  (Ror.i  i^T),  M  Lib  born  at  Little  Hereford,  in  He^ 
trfordshire,  ubnu;  15'i  ^  and  ^tuHird  at  Oxford,  He  be- 
came emini'iu  liir  Ki":  km:'.'.  U'iIltu  in  ci't'i:T";ifi!iv,  navij^ation, 
and  mathematics ;  wliicii  :LCi|i..i:cd  bun  paniculuily  the 
b*Mr  of  that  noble  Msrn  nus,  lirnry  carl  of  Northumber- 
land, being  ohe  of  the  earls  so  called  three  magi  ;  from 
Whom  he  enjoyed  a  liberal  (H-nsion,  for  the  encouragement 
and  promoUou  of  bis  studies.  He  died  itt  16'3'2,  at  79 
years  of  age,  and  was  buried  at  Christ's  Church,  Ox- 
on. — His  pubUcatioos  were  chiefly  two;  1,  Breviap 
liom  totius  OrWi;  priued  leTCnl  iIiims  at  Londom^  iii  diiuct 
•  V01..I. 


thors.    Dr.  Ilalley  proposes  it  iii  the  following  words: 
"A  '.hip  s.iils  from  a  pm      1  it.n.hii',  .irnl.        i.'.l!  :nii  i 
certain  :iui::1.ht  of  leugues,  ha*  altered  her  lotigiiudc  hy  a 
given  angle;  it  is  required  to  Cud  the  course  siicred." 
And  he  then  adds,  "  The  solution  bereot  would  be  very 
acceptable,  if  not  to  the  public,  at  K  '-•■i  t'  ilic  authur  of 
this  tract,  being  likely  to  open  soipe  further  light  into  the 
mysteries  of  gcometlj'." 
Since  tJut  time,  this  problem  has  been  solved  in  aa  iu- 
It,  bf  wemti  wliieiy  en  MvigptioB,  tpA 
♦  P 
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athm:—- As  by  M.  Boogurr,  in  bit  Nouvnu  Tnite  dc 
Ndvigation ;  by  Mr.  Robcri>ni.  in  the  9d  «oL  of  hi>  Elc- 
iBcntt  of  NitvigHtioa ;  by  Ht.  F.nicrson,  in  liin  Theor)- of 
Natiguina;  by  Mr.  brail  Lyon'^,  in  ilu-  Nuuncul  Alma- 
nack, 177S;  inKi*by  M.  Ik'zout,  tii  hi*  Traitt  N»«ig»> 
tivn  {  and  liualyi  Ban»  Mawm,  with  the  asu»tahce  of 
Mr.  Atwood,  has  given  a  direct  MtatlM  of  lhi>  prahlcn, 
being  the  flWk  direct  aoIiKion  ihat  ha»  been  gmn  uf  It. 
All  which  luluiimu  mtijir  be  »<  >  li  in  ihp  4th  v^- «f  Bamn 
Maw-m'«  work,  entitlfd  Scriptoris  l.u;;aritbmici. 

HUMinny,  or  nui^tun-,  (!.<•  |)i>nrr  or  quality  of  wel- 
ling; or  nn)i»tciiiri^  oilu-r  b'jiln*,  and  HilluTing  lo  ihein. 
FioiiU  are  moi'it  to  mimk'  bo(li<  ^,  .11. 1  n  t  I  1  othen.  Thua^ 
«|uicksllvcr  is  n'lt  iiioi  t  in  ri  !>|K  Cl  lu  uui  h.iniS  or  clothe*, 
and  oilier  5Ub^'allC'~,  whii-li  it  will  tu.l  inlln n-  la;  but  It 
m«y  called  humid  in  n  lirrncf  to  ;;')lil.  Iin.  ur  Irinl,  lo 
thi-  suilaci-:,  of  which  it  will  |>rtM-titly  iiilh'  lu.  ainl  inidi  r 
Ibem  *ofi  and  niui&l.  Em'H  water  itsvli,  w  hich  «i  is  iiimosi 
every  thing,  and  is  the  great  standard  of  moisture  and  hu- 
midity, is  not  capable  uf  wi-iting  all  things;  fur  it  stands 
or  rtin*  off  in  globular  drops  from  any  thing  greased  or 
oticd,  or  the  iravci  of  cabba;^,-  and  many  other  plaiita; 
and  it  will  n6i  wet  the  lehihen  of  duclui  gi«ie«  awam» 
and  other.water-fowl.  ^ 

HUNDRED,  the  aumber  of'  tea  timm  ten.  or  th* 
•qiian  of  10.  The  place  of  hnndiedt  makes  the  third  in 
ofder  in  AraWc  ot  modem  numeration,  being  denoted 
thus,  100.  In  the  Roman  notation  it  is  denoted  by  tfa« 
letter  c,  bcinj;  the  iniliiil  of  its  nnino.  Centum. 

HuNDntn  WWi,''i/,  or  iln-  great  hundred.  contniii<  111 
pounds  weight.  It  14  buljiliviiled  into  +  quartets,  and  ruch 
quarter  into  lb^. 

IIURrr.RS,  in  Fortilirriiion,  ilenote  pieces  of  limbrr, 
about  6  inches  sr|u:ire,  plucid  at  iIil-  lower  end  of  Ilie 
platform,  next  to  the  paru|H:(,  to  prevent  the  wheels  of 
the  gun-cnrriages  from  dnina^ing  the  parapet. 

liUYCF.NS  (('irutSTiAX),  a  very  eminent  astronomer 
and  mathematician,  was  born  at  the  Hague  in  li'illaml,  in 
16-29,  being  the  son  of  Contiantine  Hay]{cns,  lord  of  /uy  li- 
chcm,  who  had  served  thfqt  SUCCeiaive  princes  of  Orange 
in  the  i|uality  of  taereMiy.  He  ipent  hi»  whole  life  in 
cultiralHig  thenmthcmticat  and  not  in  the  apecnlative  way 
only,  hot  dm  in  making  (hem  iubicrvienl  to  the  uan  of 
nUe.  From  his  iitfancy  he  discovned  an  extiaordinary 
fotulne^s  for  ibe  matheniaiics ;  in  a  short  time  made  a 
gre  it  progress  in  them  ;  ami  pc-rfected  himtdf  in  those  sICH 
dies  uimIit  professor  SchfM)leii,  nt  luyden  In  16'49  he 
wi  nt  to  Hol»tcin  and  Denmark,  in  the  retinue  of  He  nry 
count  of  Nii--<au  i  and  «  »v  e.Mreiiiely  de"irou>  <  f  t  j 

Sweden,  to  Mill  Devarlt  s,  « lio  waii  then  in  tli;il  nmnn  v 
with  thi'  f|U('>  11  Ctiri5li[i;i,  bii!  the  count's  short  itay  m 
Denmark  would  not  permit  hiin. — In  iGal  lie  i;avo  llie 
world  a  (specimen  of  hn  211110^  t  ^r  niailu  niiiiit  •,  iu  :i  ttc.i- 
lise  enlille<l,  Thcorcmata  dc  Quudraturii  IKperboia;,  F.l- 
lipsiv,  et  Circuli,  ex  data  Pnrtionum  Gravilutis  Centro; 
in  which  he  cU-irly  sboweil  what  might  Ih-  expected  from 
him  uftcrwurd«. — In  lb'55  he  Imvelk'd  into  France,  and 
took  the  degree  of  Lt.i>-  at  Angers. — In  I6i8  be  pab> 
liabed  his  HorologitimPKillaiorium,  «ive  de  Motu  Pet>- 
dnlorvm,  &c,  at  the  Hague.  He  had  exhibited  in  a  ibr- 
iner  worit,  entitled  Brevis  Imtitutio  do  Usn  Honilo^ernm 
ad  nvenicndaa  Laiigjttidinct,  a  model  «f  a  iMw*invenccd 
pcndalttm  (  hot  as  some  persons,  envioos  oThia  rtpntation, 
wera  labouring  to  depritnajiim  of  the  honour  of  the  invon- 
tioB,  be  wrote  this  book  to  explain  the  constmcUon  of  it ; 
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and  to  show  tliatit  was  very  different  frotii  the  pendulon 
uf  lutronumefsinfented  by  Galilep.—In  1659  he  pobihlMd 
his  hi  steniR  Saturninum,  &c ;  in  which  he  first  of  any  ona 
expl&iiicd  the  ring  of  S»tntn,iind  discovert;^  *'*^  one  of 
tl}v  «a(elliies  belonging  to  t^  planet,  which  had  hitherto 
escaped  the  eyes  of  aatPpnomcnt  new  diaeoveries,  made 
with  glaaaes  M  hip  owo  forming,  whiefc  aaiiwd  htm  a  higft 
nnk  among  the  nttronomen  of  his  time. 

Jn  \6(iO,  he  took  a  second  journey  into  France,  an^ 
the  year  after  pu».M.'d  o\er  into  F.ngland,  where  he  commu- 
nicated hib  art  (if  polibhini;  ^lasH'*  t'lr  li  U  scupi  i,  nnil  was 
made  Fi'linw  r  1  ilie  Koynl  Society.  .About  ihis  tiiiic  llje 
air  pump  was  iimntcd,  which  ifccivid  con»idernble  im- 
>iovftiiciit»  from  him.  This  )rar  also  he  discovered  the 
Hws  ot  till- collision  of  (  hislic  bmho  ;  ns  did  also  about 
thi'^  time  Walli-  and  \Vr<  11,  wiili  whom  he  hnd  a  dispute 
:ili'<;il  llir  LniKiur  of  this  discovery.  On  his  utiirn  to 
France,  in  Ib'OiJ,  the  miniMer  Colbert,  being  informed  bf 
his  great  merit,  settled  a  considernhle  im-hmoii  on  him,  to 
engage  him  to  lix  at  Pariv;  to  whi(h  .Mr.  iluygvns  con- 
sent*^, and  ttaid  there  from  the  yeur  l6(i(j  to  liiSI,  where 
he  was  admitted  a  member  of  the  Academy  of  Sdeacca. 
All  this  lime  he  spent  in  Mathematical  puisuiis,  wrote  se- 
veral books,  uhich  wen  piitdished  from  time  (ft  ihne,  md 
mvenled  and  perlHted  wvrral  useful  instruments  ami  n»> 
chlnca:  pariicuhuriy  be  bad- a  dispute,  abort  the  year 
l6o'8,  with  Mr.  James  Gregory,  concerning  the  quadra- 
ture of  the  circle  and  hyperbola  of  the  latter,  then  just 
pnblished,  in  which  lluvt;ens  it  seems  had  the  better  side 
ot  thi-  i;i|i-Mic>|-.  Hut  (iiiitimiiil  api.tication  gradually  im- 
paired l;is  bi-allli  ;  and  llioiiuli  b>'  had  visiii  d  In*  native 
ciiiiiuiy  Iwici  ,  ^  iz.  111  ]0'O  mid  I('T.'>,  fur  the  recovery  of 
it,  111-  uas  iKiw  obli|i;i-d  lo  betake  liiniM-lf  to  it  attoi;i  thcr. 
Accordinglv  lu-  hit  Paris  in  I68I,  and  ri-lired  to  jus  own 
country,  wlierc  he  s|ient  the  remainder  of  his  life  in  the 
same  pursuits  and  employments.  He  died  at  the  Hague, 
Juivc  8,  itioi,  in  the  bftli  year  of  his  age,  while  his  Cos- 
mothcoros,  or  treatise  concerning  a  plurality  of  worlds, 
was  printing ;  so  that  this  work  did  not  appear  till  1698. 

Mr.  iluygens  loved  a  quiet  and  studiow  manner  of  life^ 
and  .frequently  retired  into  the  country  to  avoid  ialemip> 
tioo,  but  did  not  contract  that  notmciwis  which  it  so 
commonly  the  elicct  of  aoNtudo  and  Rtifnucjit  H«  sras 
one  of  tm  puiest  and  most  ingniout  mathematidam  of 
hii  agl^,  and  indeed  of  any  other ;  and  made  many  valuable 
discoveries.  He  was  the  first  who  discovered  Saturn's 
rini:,  and  a  third  sati-lliie  of  that  planet,  as  innitioned 
ahiive.  Ho  iincniid  ibe  means  of  n-iiderini!  clocks  e^8Ct. 
b_\  •'I'ldMii!;  till'  |'<  uilolun),  and  of  n  nderiiii;  all  jr>  \  .bra- 
li  ii--  i-i|ual,  by  tlic  cycloid.  He  brought  tcKsci  pcs  to 
!•  clMii,  and  made  many  utiu  r  useful  ili-roverit  s. 
lie  aas  the  author  of  many  cscellenl  works,  'l  iu  ptin- 
cipal  of  jIk-sc  arc  now  contained  in  two  colh  cliini'.  cd 
volumes  each,  printed  in  41",  iindrr  tlie  care  of  piofessor 
(iravesnndc.  Tlic  first  wasai  Lryd  ti,  iu  1682,  under  iho 
liiK-  <  rO[.i  ia  ^'aria;  and  the  second  at  Amsterdam,  in 
IJ'.^s,  (  iitiilid  Opera  Reliqua. 

HYADKS,  a  cluster  of  6  stats  in  the  face  of  the  con> 
stellaiion  'I'uurus,  or  the  Dull. 

Hlf  ALdlDiiS,  the  vitreous  humour  of  the  eye,  con- 
tainml  between  the  tttmcn-ietina  and  the  «vnu  ■ 
HYBEEVAL  Oecidlatf.  See  Occiovnt. 
nrntRitAt  Oritnl.   See  OmtWT. 
HYDATOIDKS,  the  watery  humour  of  the  eye,  con- 
tained iwtwien  the  curuca  and  the  uvea.     .  *  , 
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I^YDRA,  a  toutlivrn  corah-llativn,  consisting  of  a 
number  of  stars,  inia^iincd  to  ri-prwcnl-  a  woti-i-vrpont. 
.TIiL'  stars  in  tbc  curistcllnlion  liydnt,  in  I'toU-iuy's  cnla- 
Ktlfur,  ati-37;  iii.'rjcho'*,  19;  in  Hcvrlms'a,  3 1 ;  uwl  in 
the  lifitMnnic  catalogue,  (>0.  , 

HYUKAklLICS,  ihf  science  of  the  motion  uf  water 
unii  other  HuiHs,  Mi)h  its  :ipplicution  in  actilicint  stater- 
works  of  ail  kinds. — A»  to  what  respects  merely  the  equi- 
librium of  lluids,  or  (heirf;ni\itati<iu  or  action  at  rest,  be- 
ioni;s  to  l^ydrosiatics.  Un  remuvinif;  or  dratruyiiia  that 
equilibrium,,  motion  ensues;  and  here  hydraulics  onm- 
■nt-nce.  Il\draiilics  then-lore  suppose  hydrtutalic>;  and 
many  writers,  from  the  near  relation  Uctween  them,  like 
mecfiiijiict  and  ulatics,  join  the  two  topelhcr,  and  treat  of 
them  conjointly  an  one  science. — The  hi\v»  of  hydraulics 
arc  given  under  the  word  Fluid.  And  the  art  uf  raising 
water,  with  the  several  machiiH'S  employed  for  that  pur- 
po>e,  are  desciibcd  under  their  several  pamcs,  Kuuntain, 
tlydrocanisteriuni  i'uinp,  Siphon,  Syringe,  &c. 

The  principal  writers  who  have  cultivated  and  improved 
hydraulics  and  hydrostatics,  arc  Archimedes,  in  bis  Libris 
dc  Invidentibus  lluinido  ;  Hero  of  Alexandria,  In  his  Liber 
Spiritualium  ;  Murinus  Ghela]du»,  in  his  Archimedes 
promotus ;  Mr.  Oughtred;  Jo.  Civa,  in  his  Geoineiria 
.^Iotus;  Jo.  Bap.  Bulianus,  De  Motu  Nalurali  Graviuiu, 
bulidorum  et  IJquidorum  ;  Mariutte,  in  his  treatise  ol  ibc 
Motion  of  Water  and  other  Fluids;  Boyle,  in  his  Hydro- 
statical  Paradoxes;  Finn.  Tcrtius  de 'Lini<^,  in  his  Ma- 
giitcrium  Naturir  ct  Artis  ;  Lainy,  in  bisTraile  de  I'tqui- 
libre  des  Liqueuis ;  Iluhuult ;  Dr.  Wallis,  in  his  Mecha- 
nics; Decliales;  Newton,  in  his  Principia  ;  Guplielmini. 
in  bis  Meiisura  Aquaruin  Fluentium  ;  Herman:  Wulfius; 
Gxavesandc  ;  Musschenbrock ;  Ix-opolil ;  Schuttus,  in  hi* 
Mechanica  Hydniulicn-Pneumatica;  Geo.  Andr.  Bocklcr, 
in  his  Architectura  Curiosa  Gerinanicii ;  August.  Kara- 
milleis;  Lucas  Antonius  Fortius;  Siuriiiy,  in  his  treatise 
on  the  CotisCTUClion  of  Mills;  Swiizer's  Hydrostatics; 
V'arif;non,  in  the  Mem.  Acad.  Sci.;  Jurin;  Bel i dor  ; 
nenioulli;  Desaguliers;  Clan- ;  Eniersun ;  Ferguson; 
Ximeiies  ;  Bosau  ;  D'Alembert ;  Buat ;  &c,  &c. — See 
also  Pi.' MPS,  Steam  Engine!,  Uc 

HYDRAULICO-PsEUMATiCAi,,  a  term  applied  by 
some  authors  to  such  engines  as  raise  water  by  means  uf 
the  weight  or  spring  of  the  air, 

HYDRAULIC  R.vsi,  the  name  of  a  machine  by  Mont- 
golfier,  for  raising  water. 

'■  he  ingenious  idea  of  raising  water  by  the  momentum 
•f  wnter  itself,  was  first  suggested  by  ^Ir.  Whii>  hurst  in 
the  Philo-.opijical  Transactions  for  I77:>.  The  same 
principle,  in  an  improved  form,  Ims  lately  Ixtn  revived  in 
France,  and  has  excited  considerable  uttentinii  both  <in 
tbc  continent  and  in  this  country.  Whatever  creilit  there- 
fore is  due  to  the  inventor  of  the  Hydraulic  Kara,  pj-o- 
perly  belongs  to  our  couotryinan  Mr.  Whilehuist,  and 
Monigolfier  can  lay  claim  to  nothing  more  than  the  merit 
of  an  improver. 

Mr.  Whitehursl't  machine,  which  is  represented  in  fig.  1. 
pi.  lb',  was  actually  erected  at  Oulton  in  Cheshire,  and 
completely  answered  the  expectation  uf  its  inventor,  am 
is  the  original  reservoir,  whose  surluc«-  is  on  a  level  with 
B,  the  bottom  of  the  reservoir  BN.  The  main  pipe  ab, 
is  1^  inches  diameter,  and  neiuly  two  hundred  yards  long, 
and  the  branch  pipe  sr  is  of  such  a  size  thai  the  cork  F 
is  aboai  l6  feet  below  the  surface  M  of  the  reservoir.  D 
If  a  valve  box,  with  it»  vaiveo,  auii  c  i>  ao  «ir  vcstel, 
•   -.  >       \  •  ■«    .... » 


into  which  are  inserted  the  exti«roities  bi,  n,  of  the  main 
pipe,  bent  downwards  to  prevent  the  air  from  being  driven 
out  when  the  water  is  forced  into  it. 

Now,  since  the  ditiereiice  of  level  betwcim  the  cock  r  ' 
and  ibe  top  ut'  the  KS<-rvoir  am  is  iC  feet,  on  opening  the* 
cockr  -the  water  will  rush  oul«uith  a  velocity  of  nearly 
30  feet  per  s4'Cond.    A  column  of  water  therefore  '200 
yards  lung,  is  thus  put  in  rw^tion,  and  though  the  aperiwie 
ol  (he  cock  r  be  suiuU,      must  have  u  very  conjiderablu, 
momentum.    Let  the  cock  r  be  now  suddenly  >topp«d, 
the  water  must  evidently  rush  throu;,li  ilie  valve  a  into 
the  air  vr^el  c,  and  condense  the  incliu!<'d  air.  This 
cundensalioM  must  take  pLiceevery  lime  the  cock  is  opened 
and  shut,  uiiii  the  included  air  being  higiily  compressed, 
will  press  upon  llie  water  in  the  air  vessel,  and  raise  it  into 
the  reservoir  a  v. 

From  this  brief  description  of  W'bitehurst's  machine, 
the  reader  will  easily  peiceive  its  resembhiuce  to  Mont- 
goltier's  hydraulic  ram,  a  section  of  which  i»  represented 
by  fig.  2.  a  i>  the  reservoir,  us  the  height  of  the  fall,  an4 
ftT  the  horizontal  tube  which  conducts  the  water  to  the 
engine  ahiitc.  k  and  a  are  two  valves,  and  IG  a  pipe 
reachinit  within  a  very  little  of  the  bottom  CB.  Now  let 
water  descend  from  the  reservoir,  it  will  rush  out  at  the 
aperture  rn  a  till  its  velocity  becomes  so  great  as  to  force 
up  the  valve  E.  The  water  being  thussuddi-nly  checked, 
and  unable  to  find  a  passage  at  mn,  will  move  forward* 
with  great  violence  and  force  towards  h,  and  raise  the 
valve  D.  A  portion  of  water  being  udmiited  into  the 
vensel  ABC,  the  impulse  of  the  column  of  tluid  is  expended, 
the  valves  D  and  k  All,  and  the  water  rushes  out  at  m  n  a» 
before,  when  its  motion  is  again  slopiK-d,  mid  the  s:<nie 
opemlion  repeated  which  has  now  U  cii  described.  F.vriy 
lime  therefore  that  ihe  valve  r.  closes,  a  portion  ot  waler 
will  force  its  way  into  the  vessel  a  bc,  and  condense  the  air 
which  it  contains;  fur  the  included  an  hK«  noconiuiuru- 
cation  with  the  atmuspheie  after  the  unt-  r  is  higher  tfada 
(he  bottom  of  thepi|>e  ig.  This  condensed  air  will  con- 
sequently exert  great  force  on  the  surface  o  p  of  the  water', 
and  raise  ii  in  the  tube  ro,  to  a  height  ptopurlioned  to 
the  elasticity  of  the  iniprisuned  air.  'ihe  external  ap- 
pearance of  the  engine,  copied  fiotu  one  in  ihe  posM.^Mon 
of  Professor  I>eslie,  is  exhibited  in  fig.  3;  where  a  BC  it 
the  air  vessel,  v  the  valve  box,  C  the  exlremiiy  of  the 
valve, and  ii  n  screws  for  fixing  the  horizontal  tube-  to  tb« 
machine.  A  pieCe  of  brass,  a,  with  a  small  aperture,  is 
screwed  on  the  top,  whcis  the  engine  is  employed,  to  form 
a  jet  of  water. 

From  this  description,  it  will  easily  he  perceived  that 
the  only  difiitrence  between  the  t-iiginrs  uf  Muntgolljeraiid 
W'bitehurM  is,  that  the  one  requires  a  person  to  turn  tbc 
cock,  while  the  other  has  the  advantage  of  acting  sponta* 
ncously.  Muntgoltier  asfcuics  ut  (Journal  des  Mine»,  vol. 
13,  No.  73)  tbat  the  honour  uf  this  invention  dors  not 
belong  to  England,  but  that  he  is  the  sole  inventor,  an'd' 
did  not  reci-ive  a  hint  I'rura  any  person  whatever.  We 
leave  it  to  the  reader  to  determine  to  wdiit  degree  of  credit 
these  assertions  are  entitled.* 

It  would  appear,  from  some  experiments  of  Montgol- 
fier,  that  the  effect  of  the  water-ram  is  equal  to  between 
i  and  i  of  the  power  expended  ;  which  renders  it  supe- 
rior to  mn^  hyc^aulic  engine*.  Appendix  to  Brewster's 
Ferguson's  Lectures,  pa.  419' 

The  principles  on  which  the  ram  of  >fontgolCcr  it  con- 
stntctod,  ar«  susceptible  of  a  very  extensive  application  : 
•  4P2 
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on  th^  Motion  and  Resisunct  of  Fluids,  by  Mr.  Yince, 
ill  llu-  I'liilos.  TranMCt.  tor  17,')5;  bi\iI  ilio«:  by  li-.t  laic 
Dr.  MatHicw  Young  in  tlit  Iribh  Iriins. — S><.e  llynnAU-. 

HYDROGEN,  llie  bast*  of  what  ha*  been  gcmmlly 
railed  inflummbte      and  h  one  of  Ibe  otfinpoonB  « 

waii'fv 

HVDROGl  N  '  /  ,  at^  nM  blu  riaatie  aerifom  Aoid 
uncondi-tiMblc  b>  uiiv  litiiiwn  cold,  and  ia  ihe  only  form 


ll)H«,  it  would  he  oa'-y  tf>  raise  ofhrr  water  b(»si<i<  «  ihat 
vvi  irh  run'i  Ihrur.'li  tlic  raui  ;  u»        fNarii|:4o,  Hilli  a 
faij  of  waltr  wc  might  bjf  a  slight  mudiucatioit  ot  llti* 
.idbcIhbc  nitt  tntcr  rran  the  botimn  of  welli^  «r  o«»n  of 

■  Utiter  gjachim-*  analogbus  to  Montgolfier's  engine  have 
bev'n.  invented  by  Afmrs.Sarjeant  hh'I  nuultna;  <uid  the 
CeWbratrd  hydraulic  engine  ilt  Chemiiiii!  in  llitn)>ary  is 
•rlo«ely  alUed  to  the  ram  in  principle.    M.  MoniguUier 

tuogestt  Ae  vdlity  of  his  invention  in  the  draining  of   in  which  pure  hylrxgcn  has  ever 'br«n  eshibilfid.'  The 
mines ;  and  in  that.CMe^  the  hydraulic  ram  ud  the  Hun-  spcoific  gravity  of  ibi»  (taa  varioa  comidora'hly,  according  ' 
gifiait  mnHuiw  would  bccone  very  nearly  if  not  alioga*  to  tho  manner  in  which  it  has  been  prDeorBd>  In  gbncraJ, 
Iher  identical  as  m  prindplct  vhm  fun^  it  it  fram  6  to  1 0  or  even  lo  tt  tiaMt  ligbior 

HYDRODYNAMICS,  that  branch  of  m«di«nkal  ' 
science  which  rulaie*  to  ihi-  motion  n(  non-c-liiktic  lluid!i, 
and  ibc  furccs  wuh  which  ihoy  act  upon  boiius  oppokcil 
to  them. 

There  i<!  no  part  of  ni<  rlianic:s  thv  Inu-  thfory  of  uhicb 
«i  .111  f?<i  hide  acquainliti  « ilh  as  (fiat  svhirh  rcspfcls  the 
fnotiiiii  cjI'  lluidi.  Nor  ia  it  hir.iiif;e  that  ibc  knowrleilge 
1  we  do  po>M>s  oi  >cii  lire  slmulil  bi'  so  dubious  and 
confined,  when  wc  consirliT  tho  nuany  povrerful  ob>tacU's 
which  cuntiMuully  present  themselves  in  the  cultivation  of 
it     I  he  mass,  the  figure,  nnd  the  number  of  particles  of 

■  fluid  ;n  motion,  are  particulan  with  which  wi-  arc  too 
iUpcrficially  acquainted  lo  determine  the  laws  of  its  mo- 
tio««  with  inytatisfactory  degn-«  of  accuracy  ;  and  c\  n 

ff  we  were  in  poasessiow  of  the  data  by  which  those  laws 
mi^l  bo  dtHnaiiied,  it  it  doubtful  whether  we  should  be 
nuch  iMther  ndvaaced,  aa  it  might  be  extfemdy  difficuk 
to  deduce  any  eonvenient  and  pvact^  remll*  tnm  the 

intricate  and  complex  expressions  which  mig|bt  ho  oh- 

taiiied  from  the.  investigation.   The  greatest  owthcmati- 

cians  have  been  forced  to  yield  to  the  numerous  diflSculttes 
of  these  reseKrrliis,  and  to  confess  that  the  methods  so 
succciifully  followed  in  the  mechanics  of  solid  bodie?,  do 
not  iirTiird  any  conclusions  with  respect  to  fluids,  but  such 
ijs  an-  til  J  ;|;rficnil  and  uncrrtain  for  the  greater  part  of 
pariicular  cases.  W'liatcvc-r  we  have  of  this  science  is 
kImiuv!  exclusively  due  to  llie  lalmursof  modern  unalybts 
and  geometers;  for  the  only  work  which  has  rtaclied  us 
from  the  ancients  is  that  of  Archimede-i,  in  iwo  books, 
entitled  De  Insidcntibos  bumido,  in  which  the  only  en- 

auiries  respect  the  sinhing  and  flnaling  of  bodito  in  fluids, 
kdr  relative  gravities,  levities,  situatioM  and  positioDS, 
when  in  equilibrio.  It  is  indeed  true  that  wme  hints,  as 
wbU  aa  rnlB,  oo  the  motion  of  fluids,  ai«  cooiaiiwd  in  a 


than  eomwen  air,  ao  that  8  times  may  be  Considered  a^  a 
general  average.  -It  is  one  of  the  must  inflaroniabU  sub- 
stances we  ore  aei|uaintcd  with  ;  that  is  to  say,  it  com- 
bines »ilh  more  oxygen  than  iii.y  nlher  body,  and  occa- 
sions ntore  heat  by  its  combu>tion  -,  il  being  a  well  esta- 
blish! d  fact,  that  hydr<ig<  n  and  oxy:;i  ii  gases,  whCBmUKdy 
produce  the  most  ialciiM-  tieal  yet  known. 

One  of  the  most  Mill.iii^  prii|i' rlu'»  ol  tliis  gas,  is  that 
of  reducing  metallic  nxydsto  the  nguline  <ir  ni-.irly  regu- 
lin  '  state.    This  is  etTrcled  by  the  union  of  Uie  hydrogen 
with  the  oxygen  of  the  metallic  ON\d,  in  conMcjuencc  of 
which  the  hydrogen  loses  its  gaseous  t'orm,  and  with  the 
oxygen  produces  waler.    'Ihe  metallic  reduction  bj 
til      n  gai  appears  10  have  been  first  noticed  by  Ur.l 
ley,  but  the  conseqtjent  production  of  water  io  thea 
was  suggested  by  (he  most  important  tcsearche*  of  M r* 
Cavendish,  on  the  onion  of  hydrogen  and  oxygen. 

From  the  peat  levity  of  hydrogen  gas,  it  has  genanliy 
becQ  natd  tut  tiKaf  aiHalfaMmat  iMMod  thia  *MWMa  fho 
only  me  to  which  it  hat  at  prcienl  hern  applm.  Th* 
folllowiag  la  the  best  way  of  procuring  it :  Put  a  Kftnfilf 
of  litings  of  sine  into  a  vessel  which  has  a  glass  tube  pte> 
fixed  ;  then  pour  upon  them  sulphuric  aci<i,  diluted  with 
6  or  8  times  its  quantity  of  water,  and  an  elfervcsccmce 
will  immediately  take  pinrei  tlie  water  will  be  dccoill« 
ptxed,  and  the  oxygen  of  it  will  become  united  to  the 
inelal,  and  (he  hydrogen  gas  will  be  disengaged,  and  may 
be  conveyed  into  tlu*  body  of  the  balloon.  This  gas  can 
be  procured  pure  only  from  water,  which  in  all  ca»es  must 
undergo  a  decompositidn.  For  the  usual  propertiea  of 
this  gas,  the  reader  may  oonault- with  much  intcieit 
Aikins's  Chemical  Diet. 

llVDROGRAPHlCALCKom  or  Map*,  more  usually 
called  sea-chatla»  arc  projections  of  some  part  of  the  seOf 
tieatiwattfibuted  to  Sestut  Julius  Fmntinoi^  inpeclor  of  or  coast,  for  the  uae  of  navigation.   In  these  arc  hud  down 


pviHie  Ibttnlatm  at  Roaae^  nodor  the  empoon  Nerva, 
CocMitt,  and  Tnjan,  entitled,  De  Aqwe  daetibui  tnWi 

Ronue  coromentarius;  but  they  are  not  of  anHcieiit  im» 
portance'iH  deserve  much  attention  by  a  itodcot  in  thii 

science.    Benedict  Ca^elli  was  the  firil  who  Opened  the 

way  to  a  true  ineajurc  of  the  tlux  of  waters,  io  bis  Trea- 
tise Delia  Mesura  dell'  Aquu;  Current',  .vli.<')  measure 
he  found  to  depend  onlhe,«rea  of  the  'eitiun  and  the  ve- 
locity r>f  the  wilier  con)oiritlv.  The  ino-t  valuable  and 
important  di^coverie?;  and  tLiTireinv  in  lhi>  ili  paltment  of 
science,  are  pivi  n  in  Sir  1-'m:c  Ne«ti>n'>  I,'rincipi:i,  lib. 'J, 
pr.  36",  with  the  commant :  Dan.  Heniouili's  Hydiody- 
nafnique  ;  D'Alemberl's  I'raite  dcs  Fluides ;  D.  Georj;e 
Juan's  F.xamen  maritimo  'I  heorico  PrSnicy ;  .M.  Bos- 
sut's  Hydrodynamique;  Bunt's  Priiiripes  <i' Hydrauliquc, 
and  Mr.  Cylclwcin's  Uandbucb  der  Mecbanick  gmd  dcr 
HydrBHiiqtia.  Ti>  whi^  may  bo  added  aa ' 


all  the  fhumbt  or  points  of  the  eompasi,  tho  mcridiaaa» 
poialMis  ftc,  with  tho  coaali,  capes,  islands,  rocks,  ihonls, 
riwUdsN^  ktit  in  their  proper  puces,  and  proportioM. 

For  the  cominic^  aad  me  of  the  aattti  kinda  of  h^ 
drggraphicai  mapa,  ace  CBamT,  and  SAtLiaa. 

HYDROLOGY,  is  that  part  of  natwal  hittoiy  which 
examines  and  exphfata  tbooature  and  propeniea  of  water 

ill  gi  tii  ral. 

1 1 V UHOMF.TtR,  an  instrument  for  measuring  the 
properties  and  effects  of  wau  r,  as  its  deniity ,  uravily,  force, 
velocity,  AlC.  That  witli  which  tlie  >[>icitic  gravity  of 
water  i*  determined,  is  often  culled  an  aerometer,  or 
water-poise. 

The  general  principle  on  which  the  construction  and 
use  of  the  hydrunieter  depends,  has  been  illustrated  under 
the  article  4p«tl^  Gbavitt  ;  where  it  is.sbown  that  » 
bodyipccificalfy  lighter  than  Kfenl  Inidi^  will  amu  i» 


« 
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Cndoatttieirtoecilicgr^viiii^;  becasaeittrillBiikdMpat 
in  the  flni«it-«rlio«e  spicific  gravity  i>  tiM  Irnt.  la  fic-'S, 
pL  14,  if  AB  repmeitt  tmall  even  ||Imi  toU^  twrmcti- 
rally  M-uled,  hnvina  ascalp  of  equal  diviuomntirked  upon 
il,  with  n  hullow  bull  ot  iilioiit  an  inch  in  diameter  at  bot- 
tom, and  u  5mi,i1Vt  ball  c  under  it,  corambnicatitig  with 
the  liT^t  ;  mill  into  tin-  lillli-  bdll  l)c  [iiit  lucrciiiy  m  vinall 
i.hot,  bifurr  iIjc  iuIh-  is  vuled,  !>  >  tlml  It  nuiyvnikm  wuti  r 
below  the  ball,  and  float  or  stand  ujin^lit,  t(ic  In  isiini?.  (in 
tlie  sii'in  sbowinij  hnw  Tir  it  sink"'. —  Il  tlii-.  in>truriniit  be 
dipped  in  Cun^iuon  uaii  r,  :in<l  vink  tu  i),  it  will  sink  inily 
to  iome  lower  point  in  salt  watiT ;  but  in  port  Hinr  n 
will  sink  to  soinv  hit;lu'r  point  F,  and  in  bi-iti>l)  ^R-iliiip> 
to  a.  It  i^  evident  that  ah  hydrometer  of  this  kind  will 
only  >liow  that  one  liquid  is  specifically  heavier  thun  an- 
other; but  the  true  spccitic  weifE,hl  of  any  liquid  cannot 

determined  without  a  calcalation  for  this  particular  in- 
slmincnt,  tbe  tal^  of  wbicb  should  be  truly  cyUiMlricaU 
Beildesi  theee  imiruiMiiti  will  not  leree  for  fltildi  wImms 
demitk*  an-  inach  diflfermt. 

Mr.  CInlie  ootntrueted  s  new  hydrometer,  shtwinc 
whether  any  ipirils  be  proof,  or  ibove  or  below  proof,  aud 
in  what  'degree.  Thi«  instrument  was  made  of  a  ball  of 
copper  (lieca'isc  ivorv  imbibes  spirituous  liquors,  and 
glsis  is  apt  to  break),  to  wliirh  i»  soldered  a  br8«s  tvire 
about  ft  quart!  r  ol  an  iiirh  tlnrk  ;  upon  thii  wire  is  marked 
tlie  point  to  wLicb  it  exactly  siiik^  in  prool  spirit?  ;  ns  aKo 
two  other  ni:ii  r tin'  i;l>i'.;-  iiml  r.y.r  In  low  the  former, 
exactly  answiDn^  -n  :iiK--tiT.th  above  ami  one-tenth  U-low 
proof.  Then  afi  :il a  number  uf  small  Weii^his  made 
to  add  to  it,  so  ;n  to  answer  to  the  other  degrees  of 
itrength'imides  those  above,  and  for  determining  lhc»pe« 
dfic  grarities  of  ditfercnt  fluids.  Philos.  Trans.  Abr.  vol. 
m,  pa.  392. 

Dr.  Desajjuliers  contrived  an  hydrometer  for  'determin- 
iagtbe  •pccific  gravities  of  diflimnt  waters,  to  such  ade- 
greenf  inccty,tlMi  it  wotild  show  when  one  kind  of  water 
was  but  tbe  MjOOOtii  pert  heavier  thaa  another.  It  eoil> 
lists  of  a  holliMr  ijlaas  ball  of  about  9  iaebas  Ib  diMneler« 
chttged  with  sbot  to  a  proper  dcme,  and  bawing  fixed  in 
it  a  I0112  and  very  slender  wire,  of  only  the  40th  part  cf  aa 
inch  iirdianieler,  and 'divided  into  tenths  of  inches,  eacb 
tenth  ans^ve^irl;7  to  the  4o,000th  part,  as  above.  Snhis 

lixper.  I'hiloi,  \ol.  0.  pa. 

Mr.  Qiiin  ami  otiu  r  pcrsims  have  also  constructed  hy- 
drometers, with  other  and  variout  contcivances,  and  with 
<lit)e[<  nt  degrees  of  aecumcy;  but  all  ncariy  on  tbe  same 
general  principle*. 

But  there  is  one  circumslHiicc  »  iju  li  rvcs  panicular 
attention  in  the  construction  and  graduation  of  hydrome- 
ter*, for  determining  the  precise  strength  of  ditfcrent 
brandies,  and  other  spirituous  liquors.  Mr.  Reaumur 
discovered,  iiv  making  his  spirit-thermometers,  tbatwberi 
ratified  sfMt  and  water,  or  phlegm,  thcother  constituent 
pi^Of  brii^f  are  mUed  together,  there  appears  to  be  a 
mntMl  penetnifciii  of  the  two  liquois*  and  sot  ncieiy 
juxt)ipQd(bM.of  parts";  so  that  m  part  of  tbtona  Ihiid  seem* 
lo  be  received  into  the  inletttioasoftbe Other |  by  wUdi 
it  happens,  that  if  a  pint  of  RctiSed  Spirit  be  added  to  a 
pint  of  water,  the  rai.tture  will  be  sensibly  less  than  a 
quart.  The' variations  hence  produced  in  the  bulk  of  the 
mixed  tluid  lorulei-  the  hydrometer,  when  graduati  d  in  the 
usual  «'ay  by  equal  diNi->ions,  an  errone<iU5  measure  ot  its 
strinf!,tli ;  because  the  specific  gravity  ol  ilic  liiiii;>i  und  is 
fouitd  no|  to  correspond  to  the  meai^ gravity  of  the  two 
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infmliMts.  11.  M«nt%llj  eomtracteri  s  scale  for  this 
instrttinent,  in  the  manner  before  simgeslcd  by  Dr.  Lewis, 
on  acttial  observation  of  the  sinkiKg  ur  rising  of  the  hydro- 
meter'in  varioiii  roixiares  of  «lcr>hol  and  water,  made  in 
certain  known  proportions.  Hist,  de  I'Arad.  Itoy.  des 
Sci.  1768;  also  Neum.inn's  Chiiii.  by  Li»is,  pa.  450, 
note  r.  "  . 

.M.  I)e  Imc  has  lately  pul'li^he  l  a  m  Ik  iiie  lor  ibc  ron- 
stniilion  III  a  ciJiiiparaljle  livil ronn  ti  r,  -u  lli,it  a  «oik- 
man.  atu  r  li;innt;  foiiiUucieil  <im'  upon  his  piuii  iolis, 
iniiy  make  all  olliers  sunilur  to  each  <j|lier,  uiiiJ  capable  of 
iiulic.iliiij;  ih''  same  ik\;ri*e  on  thc«sealc,  when  iinineried 
in  the  s.imi;  liipior  ot  ilie  same  tem(K-rsiture.  'I  bis  instrO^ 
meat  is  propoH-d  to  be  constructed  ol  u  ball  of  Dint  glasi», 
communicating  with  a  small  hollow  cylirkdi'r,  containing 
sucb  a  quantity  of  quicksilver  for  a  ballait,  that  the  instrti- 
ment  may  sink  nearly  tu  its  top,  in  the  most  spirituous 
liquor,  when  healed  as  much  as  psiaiMe}  to  which  isako 
atiairfN**  ibiwailveMd  Msbe^  iar  aaei)h^  dtc  The whdia 
•  deMprion  any  be  teen  nit  idifi!  ia  tha  Pliilos.  Trans. 
voL  6IB,  pa.dOO.  M.'Le  Ren  also  puUisbed  a  proposal  ibr 
eoMtnicting  comparable  hydrometeta.  See  Hkt*  da 
I'Acad.  derScien.  for  1770,  Mem.  7.  ' 

Mr.  Nicholson  haa  made  an  improvement,  by  which 
the  hydrometer  is  adapted  to  the  general  purprw  of  lind- 
ing  the  specific  gravity,  both  of  solids  and  thuds  (tii^.  4, 
pi.  l6).  A  is  a  hollow  ball  of  copper,  a  a  dish  Hth.\cd 
to  the  ball  by  a  short  slender  stem,  d  ;  c  is  anotlier  dii<li 
nihxrd  to  the  opposite  side  of  the  ball  b)  a  kind  of  stirrup. 
Ill  the  instrumint  aclunlly  made,  the  stem  D  is  of  hardened 
steel,  -^oi  an  inch  in  diameter,  and  the  dish  c  is  so  heavy 
as  in  all  cav-i  to  keep  tbCstem  vertical  when  the  instru- 
ment is  made  to  float  in  any  liquid.  The  parts  are  so  ad- 
justed that  the  addition  of  1000  grains  in  tba  upiicr  dbh 
B  will  just  sink  it  in  distilled  water  (at  tbe  leap«mtmc  of 
6'0°  of  Fahrenheit's  thermometer),  so  fu  that  ibis  snrflWb 
shall  inlenect  tba  middle  of  the  stem  ». 

Let  it  now  bo  rcquind  to  find  Aoapccific  gravity  of  any 
luid.  Immeiso  flw  insmment  in  it,  and  by  plaeiiig 
we^hts  in  tha  diih  ■  cauao  it  to  floaty  so  that  the  middio 
'of  its  stem  D  shall  be  cut  by  the  surface  of  the  fluid. 
Then,  as  the  known  weight  of  the  instrument,  added  to 
1000  grains,  is  lo  the  same  known  v*i  if;ht  adiled  to  the 
weights  usi  d  in  producing  the  last  ecjuiii  Liriuni,  so  is  the 
w.  irlit  ,  t  a  i|iLi;.tity  of  distilled  «ater  displaced  by  the 
tloutui!:  instruim  nt,  to  the  weight  i  t  an  equal  bulk  of  the 
fluid  under  eNninination. 

Asain,  let  it  be  reiniireil  tii  iind  the  spenlic  gravity  of 
a  solid  body,  whose  «iji;ht  is  lrs.5  than  1000  grains. 
Place  (he  instrument  m  distilled  water,  and  put  tbe  body 
in  tbe  dish  a.  Make  the  adjustment  <d'  sinking  the  instru- 
ment to  the  middle  of  the  stem,  by  adding  weights  in  tbu 
same  dish.  Subtract  those  weights  from  1000  graioa, 
and  tbe  remainder  will  be  the  weight  of  the  body.  Place 
now  the  body  in  the  lower  dish  C,  and  add  more  weight  ia 
tke  upper  dish  a,  till  tha  adjustment  is  tf/an  obtained. 
Tba  weight  last  added  will  be  the  lorn  tba  solid  suilaiM 
bjrlnmersiao,  and  is  the  weight  of  atiaqiihl  bulfcef  tMler. 
C^oteqnently  the  sp^cilic  gravity  of  tba  Mlid  iktotbat 
of  water,  as  the  weight  of  the  body  to  the  loss  oecHioned 
by  the  immersion.  Mr.  Nicholson  observes,  *•  Tills  in- 
strument was  found  to  In*'  -iillli  luilly  ac  curate  to  give. 
wcij;hu  true  to  less  than  ul  a  giLiu.."  Nicholson's 
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of  «ufcT  and  olliiT  fluid  bKilits,  their  gravisy,  force,  vch  - 
ciiy,  quuiiiKy,  ftt;  inclwtiqg  both  bydraiuukt  ud  by> 
draiiUc«. 

■  HYDI'OSC'OPK,  «n  instrumcni  anri»-titl)  usvd  tortlio 
ln^l^url'  of  time.  It  ua*  u  kind  of  clrpsydra  or  watcr- 
clocl>,  cudsi^tiiij;  uf  II  C} iliidi LCut  lubr,  Clinicill  at  b<ilt(Uii  : 

ibc  cyUiuliT  wu»  graOititti-U  with  divuioDi,  tn  mIucIi  O.u 
4op  of  Uw  water  becoming  sucCewively  roniimmut,  at  it 
tncUi<d  out  of  ibe  vrrtcx  at  tbo  eon*,  pointed  out  tb«  bour. 

HYDRUSTATICAL  AMbacr,  a  btlonce  comrivtd  for 
tbe  exact  and  owy  finding  ibe  «pcci(ic  pnritin  nf  bodies, 
botb  lolid  and  fluid,  and  thereby  of  eAimaling  the  degree 
of  purity  of  biiilit's  iif  nil  kinds,  with  the  quality  ai>d  riph- 
ncM  of  mpluls,  oi'o,  inim  riiln,  &c,  and  tlip  propnrtiim^  in 
any  niixtun-,  ndiihiruliu:!.  or  the  like.  'I  his  is  iH'Tted 
by  neis>liin^  ihf  body  botb  in  tvatcr,  or  oilu  r  lliud,  jnd 
out  ot  It  ;  i:nil  Im-  Ihl^  |iut|:om',  fur  ot  ibc  scr.b-'i  ii 
U5Uiil]\  H  i.o'ik  at  KK-  buHoir.,  i,T  >u>.|H-*ii(sin^.  thf  boil'.  Ijv 
Minir  vi  iy  liiu'  iImi-iuI.  Aiul  tbi-  u»c  •■\  Idc  iiivlriiUK  lit  is 
fouml.'d  1111  ihi>  lin  :irt  ni  oi  .A 1 1  liiiin'iirx,  tiial  any  body 

\Mii;lK(i   III  WUtlT.    lo54S  U4  HUH  11  nf  l!s  Wi  jght  111  IS  cqllitl 

to  llic  wei^iit  of  the  SHinc  bulk  of  the  water.  Thus  then 
IS  known  ilu-  proportion  of  the  specific  gravities  uf  the  so- 
lid and  tluid,  or  the  proportion  of  their  weights  under  the 
tame  bulk,  viz,  the  proportion  of  tbe  weight  oPthe  body 
weuffaed  out  of  water,  to  tbe  dideieace  betweca  tbe  wme 
anifiia  tvi^t  in  water.  Hanee  alw,  by  doing  tba  lame 
tbing  for  Mverml  diSennt  aoUdi,  with  tba  Mn*  fluid,  or 
diflwent  fluida  with  the  imeiBolidt  all  their  ipadfic  gia- 
vitiee  become  known. 

Th»  iiHtniineat  re- 
quires but  little  de«cri(>- 
tion.  AB  ii  a  nice  ba- 
lance beam,  with  it^ 
scales  c  and  n,  turiiiiif; 
with  tin-  Mii;i!l  fiait  of  a 
gram,  lln'  urn'  ol  llii-ni, 
U,  hnvini;  II  )i<iiik  m  ilic ' 
bottom,  to  n  C'  ivp  the 
loop  of  H  bopM-  hair  &C, 
K,  by  wliich  fbc  body  r 
is  suspended,  on  i»  a 
jar  of  water,  in  wliich 

^be  body  is  immersed  wlien  weighing.  The  pieces  in  the 
icalc  C  flcnotethe  weight  of  tbe  body  outof  urater ;  tbai^ 
upon  tmincrging  it,  put  weigbu  In  the  Kria  B  t»  rcMom 
the  balanco  agaio,  and  their  quolieot  will  thow  the  tpadfie 
gravity  of  ibe  body. 

There  have  been  rariutu  kinds  of  the  hydrostaiirnl  bih 
,  lancOj  and  improvements  made  on  it,  by  different  persoRS. 
Thus,  Df.  Oe^ui^iilii  rs  set  llitee  >cre\«»  in  liie  foot  of  the 
stand,  to  mine  any  Miie  hii;l)er  or  loftsr,  till  the  stem  be 
quite  ii|nit:liT,  uliieli  15  kimwn  liy  apUimmei  liangingovcr 
a  fi.xcd  point  in  tin  ;K  ili  >.t;il.     1  K.^p.  I'blliA.  vol. '.i, 

pa.  igO.  .\n  I  iMi  i.iirlry  ullii  i  eoii^lructions  of  thin  in- 
strument, iieti;:iH'il  t'lr  ;;rtiilei'  ucrur.icy  (bun  (be  common 
iort,  see  Martin's  Phil.  Britan.  or  (iravesaflde**  Pbytion 
Llem.  Math.  toin.  J,  lib.  3,  cap.  3,  iVc. 

The  specitic  uravitics  of  iniall  wci^lils  may  be  deter- 
mined by  suspending  tbeni  in  loops  ot  horw  bair,  or  line 
silkeu  threads^  to  the  hook  at  the  bottoin  of  the  scale. 
Thus,  if  aguineaiiiapeaded  ib  air  srcigb  129  grains,  and 
on  being  immened  in  teatcr  lequire  7^  |;taio»  to  be  put  in 
lac  scale  over  it,  to  mlota  the  equiljonumr  we  ihw  find 
that  a  quautity  of  tMtar  of  efual  iiulk  with  the  gniiwat 


weif:hs  74  (Jrai"*!  7'2;  llierifo.'e  dividing  the  129  by  ' 
the  7"!,  llie  quotient  I7'HS  t-Iious  tlmt  the  ^inea  is  so 
many  liln^^  hravier  than  its  bulk  of  water.  Whence,  if 
any  I'i:  t  «'  of  told  be  triod,  by  \vei;;liinj;  it  first  in  air,  tiirn 
in  UHier,  and  li,  upon  dividing  the  weight  in  air  by  the 
los^  III  uHter,  t\H-  qiMlient  he  l7'i>S,  the  gold  is  good ;  if 
the  qui't:  111  be  I  S  or  more,  the  gold  is  mcwvfincj  but  if 
it  be  b  -I.  lluiii  \7  iiH,  the  gold  is  too  rottch  Bllo,y»d  with 
otbvr  m«  t  tl.  If  -.liver  bit  bird  in  the  saine  manner,  and 
fiMWd  to  be  1 1  timet  iKavier  than  water,  it  it  wry  Snet 
if  it  be  lOi  timi-»  bvavier,  it  is  stnmlani )  bnt  if  less,  it  i» 
mixed  with  some  lighter  metal,  such  as  tin. 

When,  tbe  body,  whose  ^cifie  gravity  is  sought,  is 
lighter  tbon  water,  so  that  it  wilt  not  quite  »ink ;  annex 

to  it  a  piece 'if  ;iti<itb<-r  bo<ly  jji  avier  than  \vnter,  wj  llial 
tlie  mass  CoiiipiMinileil  of  the  two  iniiy  bi;;K  lij^elLi  i. 
\\i  -.'jh  tne  «'(  user  boiiy,  and  the  ronipoitnii  mass,  s.  p,i- 
lui.  Iv,  iiiitli  111  water  and  ou!  of  it,  thereby  finding  how 
mm  ii  1 .1'  h  i  >i>)s  ill  uuier  ;  nnd  iiubtnict  tbolen Of  tbeie 
two  i  '^>e>  lioni  till'  on  liter;  then  say, 
A'  tl."  reiiiiiinder 

is  to  the  wei;;ht  of  ike  lij^bter  biHly  in  air, 
»o  is  tbe  spKific  };ra\i!v  cd  w.-ter 
to  the  specilic  gravity  uf  the  lighter  body. 
HYDKOiiTAnCAL  BtUmcs.  a  machine'for  showing 
the  upward  pressure  of  fluids  and  tUt  liydro- 
siatital  paradox.    It  consists  of  two  thick 
boards,  a,  o,  each  about  16'  or  1$  incba 
diameter,  mora  or  lca»,  coverrd  or  connect- 
ed firmly  witit  katbw  niund  the  edges,  to 
open  and  ihutlike  a  rtinnfon  brilows,  but 
wilhoill  valves  ;  onl\  a  |  i[  e,  b,  about  3 
feet  high  is  fixed  into  11. e  t>ellijw»  at  <•. 
If  «a!er  be  p.  ured  into  the  pipe  at  i  .  t 
will  njn  into  the  liellous,  giaiiu  dly 
raliii.;  the  boardv,  by  raising  the  upper  cm-. 
And  11'  si'\eiijl  ur-ii.dit?,  (l^  lliiee  liUiidred; 
wei^ii'-*.  i'e  hill!  ii[i"ii  tin  i^iji'T  hum  (I,  1 
pourint;  the  water  in  at  the  pi[>e  till  it  be  lull,  it  will  sus- 
tain iLein  all,  thoii;.;h  the  water  in  the  pi|K>  should  not 
wei:;li  a  quarter  of  a  pound ;  for  the  pipe  or  tube  may  be 
a>  s  nail  as  we  please,  provided  it  b(>  but  long  enoflgh,  the 
whole  elli'ct  depending  upon  the  height,  nnd  notat  all  on 
the  width  of  the  pipe :  for  the  proportion  isa)waystbil. 
At  ibe<atea  of  ibe  orifice  of  the  pipe 
it  to  tho  afe*  of  the  beliowi>bmrd, 
so  it  the  weight  of  water  bt  tlw  pipe 
to  tbe  weight  it  will  tuttaln  im  rite  board. 
Hence  if  a  man  stand  upon  the  upper  board,  and  blow 
into  the  pipe  n,  he  will  raise  himself  on  the  bcord;  and 
the  smaller  the  pipe,  the  easier  he  will  bo  :i)jle  to  raise 
biinM-lf;  then  by  putting  bis  finger  upon  tbe  lop  of  the 
pipe,  he  r.iii  support  himself  an  long lUI  bc  pUatet,  pro> 
vidcd  tlie  belluws  he  air-ti'.;ht. 

Mr.  Ferguson  h;ij  di scribed  another  niarliii.e,  wliich 
may  b<' subslituled  iiisleail  of  thin  common  h\ilrij-triliral 
bellows.  It  IS  however  en  the  same  priiiiiph-  o\  the  hy- 
droiilaticiil  paradox  ;  and  iruiy  be  HXn  in  the  Suppkraent- 
to  his  I.4Cini<^'i,  pa.  19- 

HYDKO.STATICAL  Varndvsi'  it  a  principle  in  hydro- 
statics, so  called  because  it  his  a  paraouxtcal  appeannce 
at  first  view ;  it  it  this ;  that  any  quantity  of  water,  or 
other  fluid,  bow  small  soeTcr,  may  be  inadw  to  baluce 
and  supnort  any  quantity,  or  noy  wcdgh*,  how  g^t  so- 
This  is  partly  illuKntad  in  thaMitnrtiek,  oa  tha 
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liyrlro»t«tica]  bellowi,  where  it  appctre  that  miy  ntij^lic 
whatever  ipay  be  blown  up  and  »up[KirtLd  by  thu  brfath 
from  a  penuin's  mouth.  Atid^thc  principle  may  be  ex- 
plained M  fulluwt:  it  ii  well  known  tlut  water  in  •  pip« 
or  cuwl,'  open  at  both  endi^  ll"!^  Hsw  to  tlM  IWM 
JMglbtatbdUl  cnd<i,  whether  ilioncads  beirideoraurav, 
ci|u«l  or  nnequah  '1  hut,  the 
inuAl  pipe '.OH  bcuig  cIom 
joiaeci  lo  anothtr  iipai  vcwcl 
Ai,of  uq^HMfWMttwr;  by 
pott^ai  .wum  Mo  one.  of 
tboe.  It  will  rii»  vp  b»  die 
other,  ind  ttnid  at  ii«  wllie 
lieigfai,  or  horisMital  line  or 
in  bMh  of  thi-m,  and  that 
whiihcr  they  bi;  'ipriubt,  or 
inclint'd  in  any  poMlnin.  So 
tliiit  nil  (lie  Miiiir  iliut  is  in 

tin:  larp'  M'-M  I  Iroiii  A  tO  I, 
is  supiHii  lcd  I'V  lli^t  vshich  i» 
in  tlx- sin.ill  vissvl  Iroiii  n  lo 
I  only.  And  as  there  i«  no 
limit  to  thU  latter  one,  but 
that  it  may  be  made  a«  fine  even  as  a  hair,  it  hence  evi- 
dently appears  that  any  quantity  of  watitr  nay  he  tkiw 
Mipporled  by  any  other  theaouillcst  quanlity. 

Since  thon  the  prenura  of  luidi  ii  directly  at  their  per- 
pendieuUr  b«i|i)Ka,  without  any  a^urd  to  tlwir  qnantitin, 
It  appfan  that  whatever  the  f guis  or  niia  of  tha  mmk 
nay  be,  if  they  are  but  of  equalMghlit  and  the  anas  af 
thnr  faottonit  equal,  the  prewum  of  .equal  heights  .of 
water  are  equal  u|fon  the  bottoms  of  tbew  veawU;  vita 
'thou^  the  one  fhoulil  contain  a  thousand  or  ten  thouMiid 
times  as  inii<  li  .is  iIh-  uilur. 

Mr.  Ferguson  coniitms  and  illuttralcs  this  paradox  by 
the  following  axparinaat. 


Let  t«r>  ve<.^cli  bf  [iropared  of  equal  heiElits,  bui  mtv 
iinequ;il  r<intrMl<,  ■■uch  as  a  H  and  CD;,  each  vesii-l  being 
open  nl  hoih  cikU,  and  their  bottoms  E  and  r  of  i'(|u:il 
widtlis.  Ixt  a  bras'*  buitura  o  and  Hbceiiacily  (iited  to 
each  yi'smI,  not  to  go  into  it,  but  for  it  to  stand  upon; 
and  let  a  pleci'  of  wet  leather  be  put  between  cAch  vencl 
and  its  brass  bottom,  to  render  it  as  close  and  iit>ht  us 
ponible.  Join  each  bottom  to  its  vessel  by  a  binge  d,  so 
that  it  may  open  like  the  lid  of  a  box  ;aiKi  lei  each  bottom 
be  kept  tip  to  its  veisel  by  equal  wd)^  w,  hnng*  to  lines, 
■rhich  (B  ovBE  the  paflqn     whdn  hlocka  nse  fijcod  to 


the  siiirs  of  the  \e5sel  at  /,  and  the  lines  tied  tn  hooks  at 
(/,  (i.xcd  in  the  brass  bottoms  opposite  lo  the  hinges  D.  In 
-thiii  ydjuMinent  of  parts,  bold  one  vessel  upright  in  the 
hands  ovti  a  luison  tin  a  tabh^Md.  causa  Walcrto  be 
poured  jlouly  into  it.  till  the  prcHvnof  the  water  bvuH 
down  iu  bottom  qt  die  tide  d,  and  laiaes  the  wrifibt  t ; 
and  tlirn  pnrt  of  the  water  will  run  out  at.d^  Maik  tha 
height  at  uhicli  tb«  surfau;  u  of  ihe.watcr  itoodia  IIm* 
vcMir  when  the  bott^B  began  lo  give  way  at  di  tSUt 
which,'hoMiflg  up  the  other  vctael  in  the  same  manner, 
Cause  wsler  t»be  poured  into  it ;  and  '.i  util  be  uen  that 
when  the  water  riaet  ip  thb  vetitl  just  as  hi<;u  at.  it  did  in 
the  former,  tit'hotlani  wiU  also  give  way  at  d,  and  it  will 
also  lov'  part  of  the  water. 

Tlio  r(.i-i:ui  i  iliii  ~iir[i;  iMiii;  lilienunn'Miiii  is,  iIjU!  since 
an  paili  lil  a  ll  ii'l  at  i  ijual  di  pllis  beloiv  the  surtaee,  nte 
ei|ually  pti-»M  i|  in  all  manner  ol  liiri  t  tiiins,  the  water  iin- 
inediati  ly  l  i  lo\»  the  fixed  part  ii/'«ill  be  preued  as  much 
upwatd  against  its  lower  burlace  within  the  veiMsl,  by  the 
action  of  the  t  'Kuuti  a;',  .  s  ](  would  be  by  a  cttlumn  of 
thotaine  hi'i^hi,  i^ii.l  •  >t  .III',  I'.Minfi.  r  »ha}cveri  and  there- 
fore, since  action  and  iiactioii  are  equal  and  COnttaiy  to 
eath  other,  the  water  iniinediiilcly  below  thetUlfiKe  V* 
will  be  pretsed  as  much  downward  by  it,  as  if  it'weie  iro- 
nediately  touched  and  pressed  by  a,  column  of  the  height 
Af,  and  of  the  diainrtar  )fjpffd1hrrrfnni  the  water  in 
tbr  cavity  anff  «iU  ha^nipaiFas  nadt  downward  upon 
its  botlom  o»  as  the  botlonil^  other  vcHel  js  pispfjl 
by  all  thewfterSdwve  it  fecturet,  pa.  105. 

HYDROSTATICS,  is  that  science  which  treats  of  the 
tiSture, gravity,  pressure,  and  equilibrium  of  lluitU  ;  and  of 
the  weighing  of  solids  in  them.  That  part  id  the  science 
of  fluids  which  considers  their  motions,  bt^'iiigiiicluilid  ii  rider 
the  article  Hydrodyiininics.  Iluhusl.uits  .nul  hjJr.nly- 
iiainics  tDgether  constitute  a  branch  of  (ihiioMipliy  that  is 
justly  cohsidired  as  one-  uf  the  most  curious.  Ingenious, 
aiul  II SI  till  of  any  ;  aironhiii;  lhlorelll^  and  phenomena 
iKit  only  of  the  lirsi  uml  :ni;i.iitaiici. .  but  also  surpris- 
ini;ly  aiiiusiiiL:  and  pleauttit ;  ns  appears  in  th<?  numberlcN 
\vriiiii!;s  on  the  subject;  the  principal  points  of  which  may 
be  found  under  the  several  particular  articles  of  this  work, 
as  I'REHSuar.,  Ga*  vir  v,  &."c. 

The  chief  writers  who  have  cultivated  and  improved  thi^ 
science  are,  Archimedes,  in  his  Libris  de  Insidcniibas 
Uumido;  Hero  of<Akxandna,  in  hit  Liber  Spiritualium } 
MarinutGbeMldiHkiii  bis  Archimedesjiroroutut ;  Ought- 
red;  Jo.  Crva,  iu*hi»'  Geonetria  Motus}  Jo.  Bw.  Bar. 
lianot  Dc  Mora  ^atnnlli  Gmviarn,  Sotidomm  ct  Ltquido- 
rum;  Marioke.  in  his  tn  atis.'  cf  ilir  Muti' m  uf  \\  iiti  i-  and 
other  Fluids ;  Bi>\  I  em  his  i  I\ '.ii'trStuticai  Parailo.M  s  ;  15o\le 
in  TerliUs  de  l-im-,  i  i  liis  ^Ia^lstlTlUln  Nulurx  et  Artis; 
I^itny.  in  his  Trui;L  .!<■  i  l.ijiiihliri-  di  s  Liqiirurs  ;  Kohaull ; 
Mr.  Walhs,  in  Ins  .Mecliniucs;  Dechalrs;  .N'evvton,  in  his  ' 
rr;iu:i|-i.i  ;  (iulitiniini,  in  bis  Mensura  Aijuaruin  Kluen- 
liuin  ;  Herman;  \\  olfiiis;  C«rave»andc  ;  .^lll^ch^-nbrI>ek  ; 
I.'opold  ;  Scliotlus,  m  his  .Mechanics  H^dratilico-Pneii- 
iii.nica;  Gto.  Aii.ii.  liocklir,  in  his  Architect  inn  Curiosa* 
(iermanica ;  .Augiiii  iinnimilU  is ;  Lucas  Antoiuus  i'ortiut ; 
'Sttit^i-r;  Varignon,  in  the  Mem.  Acad.  Sci. ;  Jurinj 
lleliitor ;  Bernoulli ;  Desnguliers  ;  Clare  ;  F.menoii:  fjpp>  ^ 
guson  ;  Ximenet;  Rossu;  D'Alvmbert;  Uuat;  Tinelii  ' 
Qliothu  Gregory,  in  ||j«  Mechanics,  tec,  &c.  ^ 
WBSDS,  or  Water.  Sttpeni,  one  oQthe  new  spothsfn 
oonstellatiooi^  ioclodii^cwy. ten  stars.    ,  -^^jj^-^yw 
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llVEMi\L  ^/iUrc,  tbc  iaaiu  Winter  Solslice.  See 
Soi.sricK. 

IIVGKOMtn'ER,  or  llvoRo»coi>i:,or  NuiioMtrtii. 
an  instruniciil  fur  measuring  thi-dcgrectuf  moittua'  in  ttie 
Sir.-  There  are  vuriout  kiiidtufthii  inatnimeni ;  fur  what- 
ever body  oiilicr  swells  by  raoiilure,  or  sbrinki  by  ihy- 
nets,  is  capable  of  bring  furnied  inu>  an  liygruinrtcr.  Such 
are  wu<>d>  uf  mint  kinds,  parlicukrly  deat,  a»li,  |K>plar, 
&c.  buch  mIw  m  catgut,  tb«  beajd  of  a  wild  oat,  and  • 
twisted  cord,  ftc.  The  best  and  mMt  unni  «untrivi«E« 
for  thia  puipaae  ai«  a*  feUov^. 


I^Stmlcb  aeoinraoncord.ora  fiddle-vtring,  abd  along 
•  mil,  pauing  it  ovrr  a  pullry  h;  fixing  it  at  one  end  a, 
did  In  the  other  end  hai^^ing  a  weight  E,  carrying  a  Myle 
or  indm  p.  A^intt  the  tame  wall  fit  a  platu  of  metal 
irit  graduatvd,  or  divided  into  an;  number  of  equal  partt; 
and  the  fcygmnder  ift%  It  ecmipMe.  For  it  is  matier  «r 
coortNit  ahamctiM»>t1iatinoHtHl*ani»ibly  sborMMOOids 
and  atriagi;  and  that,  A^the  nioiitan  anponMai  they 
return  to  their  former  Iminh  again.  The  like  nay  be 
of  a  iiddlc-sttirig  :  atui  lutice  it  happens,  that  Mlch  ttriofl 
ate  apt  lo  buak  in  ciump  wratlier,  if  they  be  not  slarltened 
by  tin'  scrcsvs  of  tlic  vinlin.  Hencc  it  fellow  s,  that  the 
weight  E  will  u,>icrtid  when  the  air  !»  more  moist,  and  de- 
scend again  when  It  (ji'com^s  drier.  Dy  which  mcarn  tlie 
index  t  will  bi»  cnrrioil  up  and  down,  and,  by  pointing  to 
the  ■.cvcral  divi<;iun5  uu  ibo  icalo^  wIll  ihow  the  def^eci 
of  moisture  or  dryness. 

^  Or  thin,  fdir  a  mofeaeMible  and  aocwalc  kjrgnHne* 


9> 


ter:  strain  a  whipeord,  or  catgut,  over  several  pullcyt  n* 
e,  n,  K,  r  ;  and  proceed  as  bcfora  be  the  f««t  of  Ut«  con- 
•traction.  It  matters  not  whether  the  leferai  puts  of  tho. 
coni  be  paraiicl  to  the  hariaoo,  as  espKMed  in  tb«  a»- 
'  JignvFv^  or  p-rpendicnhr  to  the  samr,  or  in  any 
If  pQtilion  ;  the  advantage  of  this,  over  the  formp* 
bed,  hein;;  meroly  the  lutving  a'gn-atcr  length  of  curd 
in  the  same  cnmpius;  fur  the  longer  the  cord,  the  gnn^n 
Is  the  conirsiction  and  dilatation,  and  consequently  of  the 
i<  J :  uf  van.itiuii  of  the  iiiJcx  overtho  scalo>  Aw  any 
givLU  change  of  twoisture  in  the  air. 
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.*<.  Or  thus:  Fasten  a  luixicd  cord, 
<ir  ratpui,  au,  by  oiic  end  .il  .a,  s'j*- 
luimn'_;  :i  wii^ht  at  r,  rariMni.  iui  iii- 
c  rcnind  a  (iiiu.'.r  st^lt-  r.it  ili'- 
icnlml  nn  u  huri/onlal  b'  anl  m  liibie. 
I'ur  a  C(iril  of  c,i!nu:  trti5ti  ii^ctf  as  it 
iiKii>Uii!i,  and  uncwiitts  a^ain  as  it  dries. 
Hence,  on  an  tiicrease  or  decrease  of 
the  humidity  of  (he  nif,  the  index  will 
show  the  quantity  of  twisting  or 
twisting,  and  cuubi  quently  the  increase 
or  decease  of  moisture  or  dryn*-.ss> 

4.  Those  Dutch  toya,  (;alWd  areaiiMer  hotises,  Where  a 
small  imag^  of  a  man,  and  another  of  a  woman,  ara  fixed 
upon  the  ends  of  an  iRde.\,  arc  constructed  on  thiMriOr 
ciple.  For  tJiO  indui,  bt^ing  sustained'  by  a  cofo,  or 
twiued, catgut, turns  backwards  and  foi'>v;ir(l>,  scndnf  out 
thi- man  in  wet  lyeathcr,  and  the  woraaa  dry. 

5.  Or  tliuv:  ras!i-ii  niir  .  nj  ..  t  a 
Cord,  or  Ciit^ul,  .Ml,  1.)  a  hook  ul  a; 
and  to  ihi  oihiT  rmi  a  bu.l  d  ol  about 
one  pi-iiii(l  »('ii;|it;  upon  which  draw 
tuo  ( oiit.'iii.MC  circles,  and  divide 
lluin  into  iit\y  ininiber  of  equal  parts, 
for  n  scuk- ;  ihoii  tit  a  style  or  index 
EC  into  a  proper  support  at  e,  so  as  the 
extremity  c  may  almost  touch  the  di- 
visions of  the  ball. — Here  the  cord 
twisting  or  untwisting,  as  in  the  former 
case, .  will  indicate  -  the  diaa|o  of 
moisture,  b^  the  successive  applicotlMi 
of  the  divisioas  of  tlie  circular  scal%  « 
the  ball  tnms  round,  to  tho  index  e. 

6.  Or  aa  byfrometer  may  be  (Mde 
of  the  thm  boardsofasb  or  fir,  by  tbeir 
swelling  or  contracting.  But  this,  and 
all  the  other  kinds  of  this  instrumeni, 
obin  c  (icscribi'd,  b^  conic  in  tiiiio  x-ii- 
sibly  Ic.'.s  and  l<  s>  accurulc  ,  till  at  last 
they  lofc  ihi  irffic  ri  cni- rely,  and  sufR-r 
no  alfinitmn  irum  the  weather;  in 
consrquriicr  of  >«hich,  several  Others  of  another  kM  liMO 
been  invented,  much  more  durable,  serving  for  aMuqryaais 
with  tolerable  accuracy.   Theyan  aalmiow:- 

7.  Take  the  mano- 
scope,  described  under 
that  articles  ^ixi  iuteaid 
of  theexhamled  hall  a, 
subititHle  a  ipoms,  or 
other  body,  tfaot  esiily 
imhihcs  moisture.  To 
pKpara  the  sponge,  it 
■nay  ho  proper  first  to 
wash  it 'in  water  very 
clean;  and,  when  dry  ao;iiii,  In  waUr  or  vincg;u  in  which 
there  has  been  ditsolvcd  sul  aniiuuiiiui,  or  siall  of  tar- 
tar;  ai'icT  uhii  h  let  it  dry  again. — Now,  if  the  air  be- 
come iiioist,  the  .'ponuewill  imbibe  it  and  grow  h«>jivtpr, 
consequently  w\\\  preponderate,  uiid  turn  the  index  to- 
wards c  ;  I  v.  ihe  ci'iiiiury,  wlicn  the  air  becomes  drier,  tbe 
'pongi  is  ir^btrr.  Hcii  the  index  ituH  toenurds a ;  andlhns 
siiowiiig  tile  Slate  of  the  air, 

fi.  In  the  last-mentioned  IqrglMMMvMt.  Could,  in  the 
Philos.  Tram,  inttoad  of  a  spafltfi  raeomiaends  oil  of 
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Tibial,  which  pwn  wuibly  lighter  or  heavier  from  tka 
4lgl«waf  Bwiiture  in  the  air ;  sm  that  being  tataralediw 
m.  aoiiMit  wnther,  it  afwMraaii  letaiM  or  Iowa  itt  m> 

Siind  vMight,  M  tlm  air  prom  mum  or  iaaa  4ry.  The 
MmtiM  ia  thi»  Unor  it  Mfml,  that  iit  themce  «f  57 
daya  it  ha  been  known  io  dwnge  in  fram  3 

dnchoMlQd;  ajid  has  shiftetl  a  tongue  or  index  of  a  bA" 
laaee  30  degrees.  So  thar  in  this  ivay  a  pair  of  scales  may 
•Sbrd  a  very  nic«'  hygri>ri;cter.  The  saiiif  author  suggests, 
that  oil  ot  iiulpliiir  or  caiiipanam,  or  oil  uf  tartar  per  deli- 
<)ujuni,  or  the  liquor  of  Jhm4  UtK*  qight  kt  mtd  iMtMd 
of  till'  oil  of  viiriul. 

9-  Thi'^  l.ii lar.tf  may  be  toiilnM'ri  in  two  «.'iys;  by 
either  having  the  pin  in  the  middle  of  the  beam,  v.n\,  j. 
alendvr  looguc  a  foot  and  a  half  long,  pointing  lo  tLc  di- 
visioDS  on  an  arched  plate,  as  reprvsented  in  the  la*t 
figure.  Or  the  scale  with  the  liquor  may  be  hiiiig  to  the 
point  of  the  boua  near  4«  pin,  end  the  oAcr  estrtnitjr 
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mtile  fco  lung,  as  to  describe  a  largo  arcli  on  a  biiard  | 

for  the  pLirposc  ;  as  in  the  figur*"  hi  rc  arin<.'xeti. 

10.  Mr.  Ardcroll  hib   propasi  il  some  improvement  in 

the  sponge  hygrometer.    He  directs  the  sponge  a  to  be  so 


hmftenpcriiGiaaM  possiblr,  and  in 
iofttlk  upon  the  bean  of  a  bulanccB, 


iMig  hjr  a  faethnnde 

■ad  cxncUj  bohncid  on  the  other  side  by  an>>thL  r  thread 
-of^k  it  V,  Strang  with  the  smallest  load  shut,  at  equal 
distances,  so  adjusted  a',  to  (.uuse  ah  index  r.  to  point  at 

the  middle  of  a  ^rbiduutcd  arch  KGH,  when  ihrj  air  is  in 
a  middle  itatc  brtwecn  the  grratist  inmbture  and  thv 
greatest  dr>nc^>.  l."nder  tliii  sjlk  so  slrunpMith  shut,  is 
placed  a  .sm;ill  ubic  ur  shelf  x,  for  that  part  of  the  silk  or 
shot  to  rest  upon  which  ij  not  suspended.  When  the 
moisture  imbibed  by  the  sponge  increasesits  weight,  it  will 
raise  the  index,  with  part  of  the  shot,  from  the  taUe^aad 
yice  versa  when  the  air  is  dry.  Phil.  Traoe.  vol.M,  pa.  96. 

11.  From  a  series  of  hygroscoptcal  nhiinifiiihiae.  made 
with  an  apparatus  of  deal  wood,  dcacrihed  i»  the  Fhiioa. 
Trans.  No.  480,  Mr.  Conian  coadnilc^  lM,-IkM  the 
.wood  contracl*  matt  ia  lommer,  mi  mnlli  mort  in  win- 
In,  but  is  BMNt  liable  to  change  io  the  spring  and  fall.  2d, 
llntlhis  mtioD  happeoa  chiefly  in  the  day  time,  there 
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being  scarcely  nn^  fariation  iii  the  alillit.  Sd,  That  there 
il  a  motioo  even  in  dry  wvatber,  tlw  wood  swelling  in  the 
■omii^  and  •hiinkiiw  in  the  afternoon.  4th,  That  the 
wood,  hf  aiglicai  fNllas  by  day,  usually  caatraeiawhn 
lha  iifaMl  j«  ia  dw  aanh,  aonh-citi,  aad  eait,  keA  ia 
naww  and  imnar.  <di,That  by  coartaat  ehurfalinii 
of  dw  notion  and  rest  of  (be  wood,  with  the  Mp«f*thMi- 
HMMMter,  the  direction  of  the  wiitd  may  be  told  ncirly 
without  a  woathor-cock.  He  adds  ali^o,  thai  even  the  time 
of  the  year  mny  be  known  by  it;  for  m  spring  it  mores 
iiinrt  and  (jiiK  kcT  than  in  winter;  in  summer  it  is  more 
contracted  than  iusptiug;  atid  has  less  motion  in  autumn 
than  in  SLiinmer- 

S«c  an  account  of  a  method  of  constructing  thete  and 
other  hygrometers,  in  various  places  of  the  Philos.  Trans, 
as  vol.  It,  pa.  (>47  and  715;  vol.  15,  pa.  1032;  vol.  43, 
pa.  6;  vol.  44,  pa. 95,  1 69.  and  184;  vol.  54,  pa.259; 
•■oU  6l,pa.  is^i  voL  63>pa. 404,  dec.  In  aay Abridg.  also 
the  Gcoeial  laden  at  the  end  poiato  oat  the  flaeai  of  IV 
lisrence. 

IS.  Dr.  Hooke's  hygrometer  was  made  of  the  beard  of  a 
wild  oat,  aet  lAji  small  box,  withadialplataaadaniiMiaK. 
Sea  hit  if  ierographia,  pa.  1 50. 

13>  TIm  doelors  liaies  and  Desagulien  both  contrived 
aaothar  form  of  sponge  hygrometer,  on  this  principle. 
Tbqrmarf  .  r  i  i)ri«eaMait&»  haviagafaaU  paitof  alt 


length  cylindrical,  and  the  remainder  tapering  coaicaily 
with  a  spiral  thread  cut  in  it,  after  the  aaaner  of  theAneo 
of  a  watch.  The  sponge  is  saipeoded  by  a  fine  ailk  thread 
to  the  cyliadrioal  part  of  the  axis,  opon  whkh  it 
Thia  it  b«lneed  ^  a  Haall  vei^t  w,  supeaded  alw  by 
a  thread,  which  winds  upon  the  spiral  fuace.  Here,  when 
the  sponge  grows  heavier,  in  raMst  weather,  it  descends 
and  turns  the  axis,  and  so  draws  up  the  weight,  xhu  li 
coming  to  a  thicker  part  of  the  axis  it  becomes  a  balance 
to  the  sponge,  and  its  motion  is  shown  b^  an  attached  scale. 
Atvd  vice  versa  when  the  air  becomes  drier. — Sail  of  tartar, 
or  any  other  salt,  ur  pot-a-shcs,  n-.-iv  be  jiut  into  the  scale 
of  a  balance,  and  useti  instead  ot  the  sponge.  Desag. 
Exper.  Philos.  vol.  2,  pa  3i)0. 

14.  Mr.  Ferguson  made  an  hygrometer  of  a  thiu  deal 
pannel;  and  to  enlarge  the  scale,  and  so  render  its  varir 
ations  more  sensible,  he  employed  a  wheel  and  axte, 
making  oite  cord  pass  over  the  axle,  which  turned  a 
wheel  ten  times  as  large,  over  which  passed  a  line  with  a 
wei|^  at  the  end  of  it,  whose  motion  was  therefore  ten 
tineaaa  mask  as  that  of  the  dial  paaaei.  Th«  board 
ihanid  ha  dMHMd  ia  S  or4i«ani  Sea  Philai.  Tnna. 
TCLS4,«rt.4r. 

15.  Mr.  Smeaton  gave  aho  aa  iqpnioiiB  aad  dtboiats 
construction  of  an  hygronatcr }  mhsA  a»f  be  leea  in  |ha 
Philos.  Trans,  vol .  6 1 ,  art.  S4. 

16.  Mr.  DelucS  cuntrivancp  tor  au  hygrometer  isveij 
isgeoioui,  and  on  Ibii  prutciplc.   Finding  Uut  even  ivoiy 
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tweiliwtlh  moiiture.  and  roniractt  with  dryness,  he  made 
ft  MBftU  anil  very  Ibin  hollow  cjlindvr  of  ivury,  open  only 
at  the  upper  end,  iniu  which  i»  tiltvd  the  under  or  opca 
cad  of  ft  very  line  lung  glau  lube,  like  that  uf  a  theimo- 
natcr.  luio  ihvseu  iniraduccd  aometiukkMlvfrf  filiing 
Ihe  ivory  cyliit4cr,  md  ■  anal)  part  uf  c)i«  length  up  the 
gtaM  tube,  'f  he  com«|ncaef  it  thi«:  when  meitture  gwella 
'  the  Ivory  cylinder,  il*  bora  or  capaciiy  grows  larger,  and 
eonfC<]aenily  the  marcuiy  uuka  ia  the  fin*  gta««luboi 
and  vice  \rrs»,  when  the  air  it  drier,  the  ivory  contrarM, 
anil  (  l  ^  -li..'  im  rcury  higher  up  the  f;lak»  tube.  Il  is 
evident  ihal  .  ii  unlniniont  thu^  coti^trur ted  is  in  liicl  al»o 
a  thermunii'ict,  .iicl  niu-t  m  il;,  li/  ,ifri_;.'(l  ilu- 
vicissitudci  ol"  h'.'Ht  and  rold,  .i^      il  u-   i",  nt  dry- 

ness ;uid  ir,<ji-ljri';  or  tbul  il  rim-t  iii:  I  iis  .1  li.frmomclrr 
ns  wull  ns  an  hygrometer,  'ilu  iiii;<*iuuy.  conlnviinct-*  in 
l!n-  Mructure  aivd  mounling  of  tfiis  in'trunu'nt  may  be 
Men  in  the  Phiiot.  Traaa.  vol.  03,  art.  38  ;  whi  rr  it  may 
•ftilD  be  *een  how  the  above  imperfectioa  b  correctiii  by 
•ooe  liaplo  aod  ingHiioui  expedients,  cropinyed  in  the 
origblal  COMlraCtioa  md  lubM-quenl  use  of  the  insUu- 
■Kiit;  la  eiMiiiyMiira  of  «bicb»  the  varifttionk  iu  the  icrn- 
pcfftturaof  ikealr,  tbough  they  pradaoc  ibeir  full  cfl'rct* 
OB  the  iKwiniit,  umnmemt  do  not  roterfcre  wth 
or  ambftmii  Ita  iadtcaikHit  «§  an  hygraiaewr. 

17.  In  the  Philos.  Trans,  for  1791,  Mr.  Ddttc  bw 
friven  ft  second  paper  on  hygrometry.  Thil  bos  been 
c  liiifly  ort.i^ionod  by  a  mcnxiir  of  M .  do  Saussure on  the 
mmi-  subnet,  <ninkd  Es^ais  siir  rHygromctrir,  in  4to, 
17s J-  1-1  1M>  work  M.ile  S.  describes  ;i  I,'  '.v  li\ nriiiucli  r 
of  Ins  (Miislruclion,  on  llit-  loiioHing  jiiiiicipip, — Il  is  u 
kimwn  I'uct  ilmt  a  liftir  will  stretch  when  it  is  moistened, 
^nd  contract  when  dried:  and  M,  dc  Saussure  found,  hy 
repeated  experiments,  that  ilic  diffcivncc  bctwmi  the 
greatest  exttnuon  tiul  crmiruciion,  when  the  hair  a  pro- 
perly prepftied,  and  has  a  w  uigb  l  of  about  3  grains  suspend- 
ed by  it,  )s  m  arly  unt  -40ih  of  itt  whole  length,  or  one  itich 
m¥>>  This  circuin'ttnnce  ^uggeiledtbeideaofftnewbygro- 
SMler.  To  rtoder  theae  small  m nations  of  the  lenf^ih  of  tbe 
bwrparooptibleiftaapparatiu  was  contrived,  in  which  «ao 
of  tbe  extfvmitiea  of  the  hair  it  fixed,  and  lb«  oihcr.  heap- 
ing the  counterpobeabovaaentioned.tnfrooBdt.lhe  cfah 
ciimfeicsce  of  a  cylinder,  which  tnrm  upon  an  axis  la 
which  ft  band  is  adapted,  marltii^  upon  ft  dial  in  Iftrgi 
divisions  the  almost  insensible  motion  of  this  axiii.  Abotit 
13  inches  high  is  recommended  as  the  most  convenient  and 
u»f  I'dl :  and  to  render  them  portable, a  con tri van n  Is  added, 
by  winch  the  hand  and  the  counterpoise  can  be  uccasion- 
fixed, 

Bui,  fur  iill  tiie  reasnnings  of  these  inEdiinus  philoso- 
phers on  till!-  l^.IcTl•stl^gsubj^ct, ami  ciiinpU  [1-  mfurmntidii, 
MM  the  Philos. Trans,  an.  1791.  pal.  "i^''  385;  »•"'  l*e- 
lac^aMeteorologie,  vol.  1,  an.  17iiC ;  as  also  tbe  Monthly 
Iteview,  vol.  61,  pa.  2S4»  vol.  7ii  pa.  SIS,  vol.  76,  pa. 
St6,  vol.  78,  pa-  236,ftnd  voi.<itofthaaavaarieefardw 

Jief.l79»ipa.»M- 

HYGROMETRY,  tba  acienoe  of  the  measurement  «f 
MMMtara  «f  tta  ataaflenhcia.  The  chief  wrilinti  o« 
tUi  aeieaca  an  Choea  of  II.]MhwaadM.da8aaiMu^ 
jbr  wbieb  ice  the  lait  aiticfe 

HTGROSOOPE,  b  comMaly  mad  in  the  lana  lean 
with  Hygrometer.   Wolfios,  however,  fcpNtpg  ifae 
mology  of  the  word,  makes  soioe  diflblMce.  Acoofdihg 
I'l  liiiii,  the  hygroscope  only  shows  that  there  are  altera- 
itoos  of  the  air  ia  mpect  of  htimidity  and  dryness,  bat 


tbe  hygrometer  measure*  them.  A  hygroacope  therrfoiv 
is  only  an  indefinite  or  less  accurate  hygrometer.  * 
HVPATIA,  a  very  learneih  and  beaotifal  lady,  van 
bom  at  Alexandria,  about  tbe  f^nd  of  the  4tb  COMnty,  a*  ' 
the  Bouriilicd  abuat  the  year  of  Chritt  dStt.  Skt  was  the 
«lau||bler  of  Tbeoa^  a  cnebrttled  philotopber  and  maihe- 
nMlicien,and  fweiident  of  the  ftnoM  Alcxandiian  sriiool. 
Her  falber,  cneouragnl  her  extraordinary  fiviuu^,  had 
her  not  only  educated  in  all  ihe  ordinary  accomplish- 
menla  of  ber  sex,  but  instructed  in  tbe  must  aUtriis<< 
sciences.  She  nmde  such  gnal  prngress  in  pliili>-i  [  hv, 
peomrtry,  ii*tr'iinini\ ,  unl  tlu-  iitHllieinatits  m  fjriifral, 
lb.it  shi'  liir  thi-  ni;'s:  li.'.on  il  ('n^i.f.  ,  ■  |,i-r  tinir. 

SlK'  puijlislicd  cumnii-iUurU'S  oa  Apolidnnm's  C'onici.,  <iii 
Diiiphanlus's  AritliMntic,  iind  other  works.  At  leiiglh 
she  was  thought  wurthy  li>  (.ucceed  her  father  in  that  dis- 
iiri;'uislii  d  and  important  employment,  the  government  of 
Ibe  school  of  Alexandria;  and  to  deliver  instructions  out 
of  that  cbair  where  Aniinonius,  Hierocle*,Bnd  many  other 
great  men,  hud  lau^ht  befiye ;  and  this  at  a  time  when 
men  nf  great  learning  abounded  both  at  Alexandria  ead 
in  many  other  part*  of  the  Roman  empire.  Her  fuac 
being  so  exlcnttve,  and  her  worth  so  anivcnftUy  aeknow- 
ledied,  it  wa*  no  wonder  that  the  had  a  crowded  audi- 
toiy.  **  ^  explained  to  ber  heaim  (mya  Socrates,  an 
Cecletinsiicnl  hlnlofiea  of  the  5lh  century,  bom  at  Con- 
ttantitiuple)  the  Mivtral  ariences  that  go  under  the  general 
name  of  philosophy  ;  for  which  reason  there  was  a  con- 
fluence to  her,  (mm  all  parts,  01  those  who  made  philoso- 
phy their  .iehj^ht  and  sludy." 

The  pupils  ol  tills  liAclv  and  surprising  female,  were 
ni>'.  li  -s  eminent  than  tiles  \kii<  lutiR-rous.  One  of  them 
till  celebrated  Syncsiiis,  wiio  «a.i  afterward*  bishop  of 
rti  li  iiiiiis.  Tins  ancient  Christian  IMiitonist  always  ex- 
presses the  strongest,  at  well  as  the  most  grateful  testimony 
of  the  virtue  of  his  tutoress  ;  never  mentioning  her  wilb* 
out  the  most  profound  respect,  and  sometimes  in  terms  of 
aflipction  but  little  short  of  adoration.  But  it  was  nut 
Syneaiua  only,  and  the  disciples  of  tbe  Alexandrian  acbool, 
wlw  adarirrd  HypMia  for  her  virtue  and  learning :  never 
wee  wowen  mm  caressed  by  the  puhUc,  and  yet  never 
had  weeaea  a  mate  unspotted  ehaiactft.  She  wee  hdd  aa 
an  oracle  for  her  wkdooi,  for  which  she  was  comulied  by 
the  magistrates  in  all  importaot  cases;  a  circnmsianrc 
which  often  drew  her  among  the  greatest  concourse  of  mm, 
without  the  least  censure  of  her  manners.  In  short,  when 
Nicrphorus  intended  to  pass  the  highest  conii  Jiiu  nt  on 
the  princess  Eudocia,  he  ihouclil  he  could  not  do  11  better 
than  by  calling  her  .Tiintlii  r  ilypatia. 

SVhile  H>|)ati.T  thus  n-igned  the  brightest  ornament  of 
AlcxaiidriK,  Oreites  whs  governor  of  that  place  for  the 
enip«ror  Theodosius,  and  Cyril  was  bisho|)  or  patriarch. 
<Oresles,  having  had  a  liberal  education,  could  not  but  ad- 
mire Hypnliai  and  as  a  wise  governor  often  consulted 
ber.  lais,  lofcther  with  an  aversion  which  Cyril  had 
against  Oi«stes,  proved  fatal  to' the  lady.  About  MO 
monks  assembling,  attacked  tlic  govcnor  UBe  day,  aod 
muid  have  jtilled  him,  bad  be  not  been  -meoed  ifca 
tonnamaa;  and  the  respect  which  OieelahBdferHypatia 
aanrimiitrtobeimdiMedanwaglheCbristii^n  -uhitud^ 
Aey  anned  her  from  her  their,  tore  her  m  piece»,  and 
burnt  her  limbe.  This  horrible  catastrophe  was  peipe* 
trated  during  the  lent  of  the  year  41^. 

Cyril  is  strongly  suspected  of  having  fomented  this  tra- 
gedy. Ceve  iadeed  eodeavoors  to  remove  the  impulation 


ih^Almwinui  mob  in  atncnli 
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allowed  neither  to  nave  (teen  the  perpetnMoft  nor  nen  the 

cn:iiriM  r  nf  it,  yet  it  i*  mach  to  be  suspected  that  he  dicl 
mit  (li^couiHcnance  it  in  th*'  manner  lie  ought  to  have 
doiH' :  a  Mispicioji  whicli  ruu>t  nw<ls  Ik^  eii'ntly  rnnlirmt'd 
by  nll<ctitig,  lliiit  hf  wa*  sn  (.ir  frum  ciiiiunns;  the  vio- 
Irncf  committed  by  llir  iiKinks  upon  Uii-<itis,  that  liu  atter- 
wa(dt  r<'c«'jvcd  ihc  dead  boily  ot'  Ammonius,  one  of  the 
in<i9t  conspicuous  in  that  brutality,  who  had  grievously 
wounded  the  governor,  and  who  was  juiitly  punished  with 
ilrMh.  Upon  this  riotous  ruffian, Cyril  madi>  a  panrgyric 
in  the  churcli  vihvn-  he  was  laid,  in  which  bo  extolled  his 
COUrji;^-  and  constancy,  as  Olie  that  bad  COfllenided  for  the 
truth  i  atwl  chaitging  hi*  name  to  Thaumasios,  or  thr  Ad- 
nirabipfiirdercdhimtotcconsideredasaniariyr.  "  How 
€«er(eoatiaac*Socralc»},the  wiant  partof  Chri»tiaiitdid 
not  npprow  ihn  anl  which  Cyril  showed  on  xhh  mm'* 
b^ft  bring  aaavineed  that  Afunooitta  bad  juatly  anflend 
for  hit  deipMito  Mtempt." 

HYPERBOLA,  one-of  the  conic  tectioM,  being  that 
which  is  made  by  a  plane  cutting  a  cone,  so  that,  rniertug 
one  side  of  ibc  cuia-,  and  nut  l<(<ing  parallel  lu  the  oppo- 
site »ide,  it  may  cut  tin;  circular  ba»c  when  the  opposite 
side  is  cvfr  *o  far  product  d  below  the  vLTti  .x,  or  shall  cut 
the  opposite  side  ot'  the  cone  produced  nli'ne  lLn'  vertex, 
or  shall  make  a  greater  an^le  with  the  base  than  thi'  oppo- 
site sidcol"  the  cone  inakcM  all  thcsp  three  circumstances 
ninounting  to  the  !>ame  thing,  but  in  other  words. 

l.  Thus,  the  figure  OAt  is  an  hyperl)ola,  made  by  a 
plane  entcriuK  tlie  aid*  ▼<}  of  a  cooe  p  vq  at  a,  and  either 
onlfio^  the  bai»e  pbq  when  the  plane  is  not  parallel  to  vr, 
and  this  is  ever  so  far  produced  ;  or 
•ban  the«mlp  is  grenter  than 
ihpnagib  vvQS  or  vben  tlw  plana 
evil  tie  oppoiiie  side  is  B  nboiw  tha 
vertex.  ^  . 

9.  By  the  Imerboln  it  aeM> 
times  meant  the  whole  plane  of  the 
section,  and  sometimes  only  the 
curve  line  of  the  section. 

3.  Hence,  the  cuiting  plane  meets 
the  oppieite  cone  in  u,  and  there 
forms  another  hyperbola  die,  equal 
10  the  former  one,  and  having  the 
same  transver\p  axis  ab  ;  and  the  same  vertices  A 
Also  the  two  arc  called  Opposite  Hyperbolas. 
-  4w  The  centre  c  is  the  middle  of  thr  trausvenie  axis. 

5.  Tbetcnu-coajiAple  axis  is  cl,  a  mean  proportional 
between  ci  nnd  cSt  lae  distances  to  the  sides  of  the  oppo- 
site eoM,  when  Cl  itdmni  mrallel  to  the  diameter  pq  of 
tba  bHO «f  ^  COM.  Or  tm  whole  conjugate  axis  is  m 
ineaa  propocliaHl  bctwnm  *r  nnd  aa,  which  are  dnwa 
'  pualM  to  the  bate  «f  An  com. 


Mdnlans  it  on     6.  If  ii«Mad  no  bn  twooppoilw  bfpeibolas,  having 
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the  sane  tr«u«««w  and  cafyt^gita  aws  an  nnd  ah,  per- 
pandicnfauljr  Uioctiag  each  fMbert  and  if  iat  and  /iy 
be  two  other  oppoaite  hyperbola*.  havit>||!  the  same  axes 
with  the  two  fumier,  but  in  the  contrary  order,  viz,  linv- 
ing  ab  for  their  first  or  ifansverw-  axis,  and  ah  for  ih(ir 
seconil  or  coiii'i^nrc  a.\  -;  -luri  any  t^vo  adj.icent  curves 
arc  called  Ciinju^rule  ll\ p.  rlxdii*,  and  the  whole  fifinii; 
formed  by  all  (he  (our  curves,  the  tij;ure  of  the  Cniuu^iiU' 
Hyperkdas.  And  it  ihe  frctangle  hiki.  bo  mscnbid 
within  the  fin,  1  coiijugati-  livperbolas,  touching  tlie  ver- 
tices A,  ]i,  «,  and  tiavinj}  their  sidec  purutlel  and  equal 
to  the  tn.)  a.Ms;  and  if  then  the  two  diagonals  HCK,  ICL, 
of  tfie  parallelogram  be  drawn,  these  diagonals  are  the 
aaymptnies  of  the  curves,  being  liaci  that  coadnunlty  v^, 
ptuach  nearer  and  nearer  to  the  ctirrn,  without  meeting 
then,  except  at  an  infinite  dislaacc^  where  eaeh  asymp* 
tole  and  tbe  two  adjacent  aides  of  the  two  conjugate  by^ 
parboias  may  be  suppoaod  all  to  nnet)  dm  atyoBptoic 
a  ccawKPn  tangent  to  ibam  bolb,  m,  n»  tbnc 


J,  Uenoa  the  fonr  hyperbolas,  aeetiog  and  running  into 
each  other  at  the  infinite  dtsunce,  may  be  considered  as 
the  four  parts  of  one  eniirr  c  urves  bviiQg  Aemmonma, 

tangents,  and  ollu  r  properties.  ' 

8.  A  diameter  in  general,  is  any  line,  as  Jninn 
through  the  centre  c,  and  meeting,  or  tcrniinuud  by  tiie 
opposite  legs  of  the  .■'|:i;.)sj|.  h_v  I;,  il.i',,  An.l  il  lutrullel 
to  this  diameter  there  Ije  drawn  two  langeiUs,  at  m  and  n, 
to  the  oppoMle  les;s  of  the  other  two  opposite  hyperbola.^, 
the  line  men  joining  the  points  of  contact,  is  the  conjugate 
diameter  to  mn,  and  the  two  mutually  conjupites  to  each 
other.  Or,  if  to  the  points  Kor  ■  there  br  drawn  a  tan- 
gent, and  through  the  centre  C  the  lioe  mn  parallel  lo  it, 
that  line  will  be  the  cunjugatato  M.  The  paints  when 
each  of  these  mccu  tbe  carves,  ns  ai,  n,  nie  ibo  wr- 
tices  nf  the  diameters ;  and  the  tangient*  to  the  carves  «t 
the  two  vertices  of  any  diameter,  are  parallot  to  eneb 
othor,  and  ako  to  theoihar  or  CM^Bgale  diaaeier. 


9.  Moreover,  if  those  tnngonts  to  tbe  four  hyperbola8» 
at  tlw  vertices  of  two  conjugate  diameters,*bo>  pndoceil 
till  tbey  meet,  they  will  form  a  paralleiograai  ova* ;  nnd 
tbn  diagonab  ogaad  rm  «f  dm  pamilaiogfnm  will  he  tbe 
aqunptotct.of  tbe  cnrvca;  wblch  tbetcAMe  paaa  tbrongb 
(he  opposite  angles  of  all  tbe  paraiklaipnnn  ao  inseiilMd 
between  the  curves.  Alto  it  is  a  peoper^ef  lhaiB.pdndi> 
klogrami,  that  they  are  all  equal  to  encb  oAer,  nnd  lbei». 
fore  equal  to  ihc  rectanpU'  r  f  the  two  axes;  as  will  be 
further  noticed  below.  1  urtJicr,  if  these  diagonals  or 
asymptott-s  make  a  rji;lit  angle  between  tlieni,  oi  it' t.'..-  in- 
scribed  pajiillelugtaiu  b^;  a  square,  or  if  tbe  two  ajLCs  be 
equal  to  each  other,  ibt  n  ihe  hyperbolll  itOdlodari^U 

angled  or  an  equilateral  one. 
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lOi  An  wdinate  to  nj  diameter,  it  a  line  drawn  pa- 
,ialkl  10  in  coDjuplCf  «r  to  the  Ungent  at  iu  ^-ertex,  aitd 
NtniiMted     th*  diaHOtrr  praduced  and  tha  cam.  So 
Ma  andi«  aisafdiMtiato  tba  ama  as;  aho  a»  and  »• 

«re  ordiM*  la  lilt  SanMM  MM  (latt  b«t  one). 
Hence  the  ordimta  to  the  axil  are  pcrpcndieBlar  to  it; 

iwt  urdioales  to  the  other  diBmcten  are  oblique  lof 

1 1 .  At)  absciss  is  a  part  of  any  dianeter,  cant  ' 
tween  ita  vrrtrx  uiio  an  jriJinate  to  it;  aad  every  ordinMa 
tiu  two  absences:  as  at  and  bt,  or  MT  and  nv. 

12.  The  paratnrtcr  of  any  diami.  [i-r,  is  ii  ihiril  propor- 
tional to  the  diatmtcr  and  its  CDTij  i^aic.  —  Tin-  parameter 
of  the  axii  is  also  equal  tu  tin-  line  ao  or  (fir;.  1),  if 
to  be  drawn  to  make  thi-  angle  Afo  =  the  angle  bav,  or 
iiie  line  Jig  to  make  the  angle  Bifif™  the  anj;)i-  ah  v. 

13.  The  focus  it  the  point  in  ike  axi*  where  the  ordi- 
nate it  equal  to  half  the  parameter  of  the  axis ;  as  s  and  t 
(fig.  S)  if  MS  and  tu  behalf  the  parameter,  or  the  Sd  pro- 
portional to  CA  and  oa.  Hnce  there  are  two  foci,  oae 

-  oa  each  aide  th«  vatMi,  or  ona  for  each  of  the  opposite 
hyperbolas.  •  Thaw  two  poinli  in  tha  axtt  are  called  foci, 
or  hur?iin?  points,  became  It  It  found  by  opticians  that 
rays  ut  light  issuing  froafi  one  of  Aenii  aodlUling  u 
the  curve  of  the  hyperbola,  are  Nflaeled  iat 
TOge  towards  the  other  point  or  (oett. 

To  drscTilr  an  Hyperhoia,  w  eoriotM vay*. 

14.  (Ist  Way  by  pointi.) — In  the  transverse  axis  ap 
produced,  lake  the  foci  r  and/,  by  maku.g  cr  anii 
(i/sM  or  BO,  aasume  any  point  i:  Then  with  the 


,  upon 


ladli  Ai,  at,  and  centre*  r,/,  describe  arcs  intersecting  in 
X,  which  will  give  two  points  in  each  of  the  opposite 
curves  P.AE,  BDE.  In  like  manner,  aanming  other  points 
I,  as  many  othi  r  points  will  Itefnund  in  tin-  curvr.  Then, 
with  a  steady  hand,  draw  the  curve  line  through  all  the 
points  of  intersection  e.— in  the  same  manner  arc  to  be 
conitructed  the  other  pair  01  opposite  hyperbola*,  using 
tbe  axis  at  instead  uf  a  h, 

15.  (Sd  ^ajr  by  poim,  for  a  Bi^ht-a^Ud  Hmerbola 
M^)— Ob  ih«  Mil  pfodnead  if  aaeaMMy*  tOa  nqr 


point  I,  through  which  draw  a  perpendicular  line,  upon 
Which  setoff  iM  and  in,  equal  to  the  disuncc  to  or  ib, 
from  I  to  the  csticnities  of  tbe  otheraxis  j  and  u  aad  h 
irill  ba  poiala  in  (he  coive. 


.  16.  (3d  H'ay  hy  poitU$,  to  dacritx  the  curve  throtigh  a 
gim  piint.)—CG  and  cii  being  the  asymptotes,  and  v  the 

e'vcn  point  of  the  curve;  through  tbe  point  t  draw  any 
le  ovB  between  the  asTmptotes,  npoa  which  take 
«i  s  rn,  M  shall  1  be  another  point  of  tha  curva.  And 
in  this  manner  may  any  number  cf  points  bo  Crandtdnw* 
ii|g  as  Many  lines  through  the  «vea  point  r. 
17-  (*thir«y  {y  <<cofl(iBiMdlfMiMi.)«-lfoBaciidcfa 


long  ruler /mo  be  fbitenod  at  the  point/,  by  a  pin  on  a 
plane,  so  as  to  turn  fretly  about  that  point  as  n  centre.  Tlieo 
take  a  thread  fmu,  shorter  than  the  ruler,  and  tix  one  end 
of  it  in  F,  and  the  other  to  the  end  oof  the  ruler.  Then  if 
the  ruler /Mt)  be  turned  about  the  fixed  point  /,  at  the 
same  time  kei  pusg  the  thread  ojnp  always  tight,  luid  its 
part  MO  rlijsi'  tn  llie  side  of  the  ruler,  by  means  of  the  pin 
m;  thr  ci:r\.  iirir  ax  dwcrihcd  by  the  million  of  the  pin 
M  is  one  part  of  an  hyperbola.  And  if  the  ruler  be  turned, 
and  move  on  the  other  side  of  ihc  fixed  point  r,  the  ntlur 
part  Az  of  the  same  hyperbola  may  bedeitcribrd  after  the 
same  manner. — But  if  the  end  of  the  roler  be  fixed  in 
■nd  thai  of  the  thread  in  /,  the  opposite  hyperbola  xos 
nay  be  described. 

IS.  (5th  ir«y,  tg  a  emUtmed  Mt>timi~-Ltt  c  and  f  be 
Ihetm  feci,  aad  s  and  m  the  two  vcrlioca  of  ti>e  bype> 
bob.  (Saa  (be  hit  fig.  above.)  Tako  three  rukta  en^ 
DO,  OF,  BO  diatess  or  an  n,  and oe  set;  the  rulen 
CD  and  OF  being  of  an  indefinite  length  beyond  c  and  o, 
and  having  slits  in  them  for  a  pin  to  move'  in  ;  and  the 
rulers  having  holes  in  them  at  t  and  r,  to  fasten  them  to 
tbe  focr  c  and  r  by  means  of  pins,  and  at  the  points  oand 
o  they  are  to  be  joined  by  the  ruler  do.  Then,  if  a  pin 
be  put  in  the  slits,  \]t,  the  common  inlersectton  of  the 
rulers  cd  and  gf,  and  moved  al(ing,  caus  nj  ;1  r  ?  mlcrs 
OF,  CD,  to  turn  about  the  foci  c  and  r,  that  pin  will  de- 
scribe the  portion  t.e  of  an  hyperbola.— The  foregoing  an 
a  few  among  various  ways  given  by  several  authors. 

qftMe  Hyperbobu 


iP-  ('»t)  The  squares  of  the  ordinates,  of  any  diameter, 
arc  to  each  other,  as  the  rectangles  of  their  abscines;  i.e. 
db'  :  OH*  : :  AO .  bd  ;  ao  .  ut;. 

90.  As  the  square  of  any  diameter,  k  to  tbaaqnaraof 
ItoeonJmite;  so  ii  tbe  ttetrn^  off  two  ataclmaj  to  tbe 
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of  their  onlimt*.  Thatin  Ak^iai^::  aa.sa! 

Otf  becMiw  tlM  leeia^)*  ad  .  bd  is  =  the  dUfcrnw* 
,  VKheiqaiKi  CD*  —  ca*,  the  Mme  property  is, 

A»  A»':  06':  :  cu' —  CB*  :  DE*,      •  * 

Or  AB  :  —  -.  :  cn*  —  CB*r'DE', 

All 

That  19  AB  :  f  : :  CD*  —  CB*: dk%  wbeic*  ii  tbepi« 
naeler  of  the  dianctar  AS,  «r  the  3d  ptopofttOMl  Ioab  ' 

ami  «*,  or  --. 

And  hrnce  i»  deduced  the  common  equation  of  Uie  hy- 
perbola,  by  which  its  {reneral  natoro  isexpRMOdi  ThlHt 
fwuiog  d  ss  the  ■emiiiiaBKter  CA  or  cb^ 
e  at  hi  wmicoBjugiile  ca  or  et, 

p  «  its  parameter  or  — , 

.  jt  B  the  abfciM  BD  from  the  mtMC, 
jr  S  the  ordinate  oe,  und 
I         *  SI  the  ah»cis»  c  d  from  the  centra: 
Then  it  tf* :  c* : :  {2d     x)x  y\ 

or        :     : :  {d       v)x  :  y*, 
or   tP  I 

«r   d  ip         —     '  : jp*;  le that 

r^—p — jT— .c-s— J— .p;  aay 

ofwJiicli  cquatiiiii»  or  proportiuns  express  the  nature  of 
the  curve.  And  hence  arises  lUo  name  hyperbola,  signi- 
fying to  excL-c'l,  because  the  ratio  of  d}  to  c',  or  «if  d  to  p, 
exceeds  that  of  2dx  to  y' ;  that  ratio  beiitg  equal  in  the 
parabola,  and  detective  in  the  eUipie» final  which dKHB- 
■Canccs  these  also  take  their  names. 

21.  Tlie  ili»^taiice  between  the  centre  and  the  focu$,  ii 
equal  to  the  diaiance  between  the  extramitka  «f  tlw  trana- 
v«ne  and  conJufMe  i«a.  thatia*  or  «aA«or  Al^whera 
titthefbcitt.  * 
XL  The  oonjugMB  raaii^ai*  h  a  (Man  proportioBal  b^ 
ithadiitaiicca«r  thafbeotfraai  both  tmliccaor  the 
Hiat'iirCalaaaManbetweaa  Avaod  Br,or 
AP:ca::  c«:  BP,  orAF.Br  aaoA  * 

S3.  The  dilTcrence«f  two  lines  drawn  from  the  foci,  to 
meet  in  iiny  pi  li  nt  of  the  curve,  is  equal  to  the  tratisvenc 
axis.  Tliul  i5,/E  —  FB  =  AB,  where  r  and  /  are  the  two 
«bci. 

24.  All  the  parallilograms  inscnlx:-il  iKtwecn  lln-  '<iur 
c:iTijuj;;i:i'  hyperboUis  are  equal  to  one  another,  arnl  it-.fn:- 
fore  each  equal  to  the  rcctnngle  of  the  two  axes.  That  is, 
4he  parulleUwrum  opgtt  =  AK.fib  (fig.  to  art.f)). 

25.  The  difference  of  the  »<]uam>  of  every  pair  of  coih 
jttgate  diameters,  is  equal  to  the  same  constant  quantity, 
vlt,  the  diflerence  of  the  squana  of  the  two  axes.  That  M* 
US*  —  «mF  B  AB*  -  eC,  (fig.  to  art.  6}  when  and 
an  are  eny  two  conjugMie  diaawlcn. 

56.  The  recungles  of  the  paitaef  twn  panlkl  lines, 
tanainated  by  the  caravan  leeaeholhrr,  aalhe  ndangka 
ef  fba  parti  of  aaj  edwr  two  pamlM  liatt,  aaqr  whera 
catling  the  fimuer.  OrdMMcm!|iheoftheiiaitt«f  two 
intinecting  line*,  are  at  the  Mjnaret  of  their  parallel  die* 
meters,  or  squares  of  their  parallel  tangents. 

57.  Al!  the  rcctanEles  are  ei|ual  which  are  made  of  the 
segniuMj  of  iin\  [_i.ii-iilli.-l  t;i;i  by  lln-  curve.and  limited 
by  tliK  asy  mptotes,  and  each  equal  to  the  square  of  tbeir 
pMnUel dlMiMcr.  -Ilntiii  bb*bk or m.cx  mje^w 
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28.  All  the  parallelof^ams  are  equal,  wkicb  areibrnicd 
between  the  asymptotes  and  curve,  lqr<1ineB  parallel  to  the 
aipBptotet.  That  is,  the  paral.  coek  =  criq^Hence 
{•obtained  another  method  of  expressing  tbenaturaef  the 
curve  by  an  cquatiaB,  iatrolving  the  aheciH  tahen  on  one 
asynplole,  and  ordinate  parallel  to  the  other  asymptote.' 
Thns,  it «  s  cc, jp  s  BS| « s  C9,  and  6  =:  BQ  the  ordi- 
nate at  the  vertex  b  of  the  curve;  then,  by  the  property 
in  this  article,  at  s»,  or  «:  r::jr:(;  that  is,  the  red* 
angle  of  the  abscks  ana  ordinate  h  every  where  of  the  same 
nagniiude,  or  any  ordinate  is  reciprociilly  as  its  absciss. 
•  99'  If  the  nb^cisHes  rq,  ck,  cl,  Ovi.,  lukcn  on  the  one 
aiymptofi  .  ill-  Ml  p(  ijnirtr)r:i!  )lrogres^l<Hl  uicio;isillg  ;  then 
shall  the  ordmates  yu,  Kt,  l.m,  ficc,  parallel  lo  i be  other 
asymptote,  lie  a  like  t^eometrjcal  progression  in  the  same 
ratio,  but  dccn>asii^;  and  ail  tlie  rectangles  are  equal, 
under  every  absciss  end  hs  flldiante,  ««.  QS  SICS  . 
KE  =  CL.  LM,  &C. 

SO.  The  abscisses  CQ,  at,  CL,  &c,  being  taken  ia  feo> 
metrical  progression ;  tbcspaces  or  asymptotic  areas  B4SI«  , 
EKLM,  See,  will  be  all  equal;  or,  the  spaces  bqk  B,  BQUly 
&c,  will  be  in  arithmetical  progression ;  and  therefore  these 
spaces  are  the  hyperbolic  iogaritbms  of  those  abadtiet. 

Tbcet,  and  many  other  cmimiprapcriicaef  the  Ivper* ' 
Ma,  may  be  seen  deaaeiBtrated  bi  my  IVratiie  en  OoBie 
Becilonai  and  levml  others.  See  idso  Con  ig  Ssenone. 

Jmt  HTVBnBOi.A,  one  whose  asymplolta  mahe  an 
acnte  angle. 

Ambtgenttl  Htbkbbola,  is  that  which  has  one  of  its  in- 
finite le^  falling  within  an  angle  formed  by  the  asymptotes, 
and  the  other  billing  without  that  angle.  This  is  one  ctf 
Neu;i  ii'k  triple  hyperbolas  uf  the '.!d  order.  ScehiafinS- 
mrratio  Lin.  tert.  Oril,    See  also  A^ibigenal. 

Common,  or  Conic  i!  y  i  r  khih, \,  l^  that  which 
friim  the  secliou  ol  .1  tiirii-  t  \  a  pliiiic;  Called  also  the 
Apanor.irtii  liyj-'L-i  bulii,  in<iri<:;  llmt  vt'liich  WOS  tIMtcdelihjr 
the  first  and  chief  author  Apullonius. 

CtmfU(fate  Htperbolas,  are  those  formed  or  lying  to- 
gether, and  having  the  «ianie  axes,  but  in  a  contrary  order. 
Til,  the  transverse  of  each  equal  thecoi\iugaieof  theother; 
as  the  two  Conjugate  Hyperbolas  MS  and  BBB  in  the  last 
figure  bnt  one. 

Bfttkur^  or  Reetufgiilar  HTftfttOftAt  is  that  whoan 
two  BMa  are  aqjunl  to  each  edicr,  or  wheee  aaynptotaa 
mdie  •  li^t  eq|le,p-4Iencr,  the  property  or  eqnatnm  ef 
the  eqidlateral  hyperbola,  isy*  =  ox  s\  wh^e  a  is  the 
axis,  X  the  absciss,  and  y  its  ordinate ;  which  is  similar  to 
the  etiuation  of  the  circle,  vis,ji*  ss  a*  —  J*,  diffitriog  only 
Ml  ilie»ignofthaiceoiidMni»nBdwheRniilkadiamaler 
of  the  circle. 

/njini/e  Hyperbolas,  or  Hyperbolas  rf  the  higher 
kmdit  era  expressed  or  dc&osd  by  general  equations  similar 


DigitizAi  by  Google 


HYP 


[  *0  ] 


HYP 


Generally.  If  i*/  =2  a™  ?  be  M  '<«)US(ioii  «xpN&HE 
«n  byperbola  of  any  order ;  xbtm  ita  aiynplotiB  am  wQI 


=  A) 


Hud  ordiiiiile  Cu  I  ho 


ly-,  v«liorf  I  aiiil  _y  an-  llic  ab5Cl^8 
axii  or  tliniiHicr  oi  tbc  curves  or 


where jrite abscise  X  i»  uiki^n  «■  < 


10  tbar  o(  the  eonic  or  conaton  hyperbola,  but  baviifie* 
ntiml  exponmii,  iiwlead  of  iho  foiticahr  nanenl  omii 

bot  ao  aa  that  die  ram  of  ^hoieoB  omiide  of  t)i«eqwikia»  .  1.  ^.  .  u 
is  equal  to  the  itim  of  ihoia  on  tbe  otbcr  tide.  Sncb  •hWi  t|«c< therefore  ia«limya4mdnUe,jii 

all  the  orders  of  liyperbolas,  except  the  first  or  common  hy- 
perbola only,  in  which  m  and  n  being  each  1,  the  deno- 
minator n  —  m  becomes  0  or  nothing. 

ilrpr.HBOLic  Conoid,  a  aolid  formed  by  the  revolution 
of  an  hyperbola  about  in  am,  oidwrwiio  called  a«  hyft^ 
boloid. 

IbjbNl  dlefiUM  CfaiiM  %wrfaMA 

Let  AC  be  the  semilransvrrsc  of  the  generating  hyper- 
bola, and  AH  tbc  beif;bt  of  the  solid  ;  then  as  Sac  au 
is  to  3ac  ■*■  A II,  so  is  the  cone  of  the  MUM  bin  iSd  olti^ 
tude,  to  the  content  of  the  conoid. 


ptota,  and  the  ordinate*  saraliel  to  the  oihor. 

M  the  hypwrbola  of  ibe  Ant  Icind,  or  order,  via  the 
code  hyperbola*  hat  two  luynptoics ;  that  of  theCd-kiad 
or  onler  ha*  three ;  that  of  tbe  Sd  hind,  four;  and  lO  on. 
Obiiue  1 1 V  pekboila;  i*  that  whote  a»ymptot*a (am  an 

obtuse  angle. 

Oppotile  art  those,  W,  4«C^  liavillg llw 

same  transvcrM:  und  conjugate  axe*. 

ftrctai^uUir  Hrnaaoiiap  the  mom  aa  cqullalafal  hy^ 

perbola. 

HvPERBOLic  Arc,  is  the  arc  of  an  l^perboln. 

Put  a  =  t\\  the  seniitran'ivtr'ieaxc, 
c  =  Cu  the  semiconju^ate, ^  =  an  or- 
dinate m  to  the  ax«  drawn  from  the 
cod  «of  Iheaie  AQ,  bfjaaing  at  the 

mttuc  a:  than  putllDg q  a 

A  =  the  hyp.  log.of¥:!lSi^i=i^ 
K  2*302585093  x  common  loa.  of 

r —  '  ■  -       ;  • 

4 


C  — 


,  &CC  ;  then  is  the  length  of  the  arc.AQ 


expnatcd  bye 


(a 


n  ^  -♦-  —^i 

1*  i.*.t, 

Wt't  t    I;.'  +  l9f^  z 


I  ( 18  tbe  whole  tMmsvnae  axe  tea, «  m  Sgs  tiw  eon* 
Ju|ate, «  a  Ar  the  ebacias,  and  jr  a     tbe  ordiuele. 
Tbme  and  other  nice  may  be  leen  drenomttated  In  my 

Men«unition,  pa.  3 10  and  313,  4th  edit. 

Hyperbolic  Area,  that  included  by  the  hyperbolic 
curve  and  other  lines. 

Putting  a  =  c  A  the  semitran»«vrw,  c  &  ca  the  aemicon- 
jugate, y  =  pq  the  ordinate,  and  •  a  cf it*  dktaiice  InMB 
ihe  centre ;  then  is  the 

iiy  ~  ine  K  hyp.  log.  of-^^"*"  "t 


am  AVQ 

•^r  CA«  a  {oc  x  hyp.  tog.  of 
«*»AF«aai8rx»-^--_;'--^^' 


where  s  a  av,  aad  >  a  -— 


AFQ  a  ^  X  W^uc  +  ^(te  +  |«a)]  Marij. 

L  I  CT  nr.vl  (  I  be  lite  t\vo  aiymptiites,  and  the  ordi- 
nate DA,  ar  parallel  to  the  other  a»yroptote  ct;  then  the 
•sysplotie apace  adbf  ori^t*  car  it  ^ 

ac»  X  i»A  a  hyp.laf.of 

a  CO  a  ^A  X  byp.  log.  or 

?>F         pf'         nit'          nf*  , 
— .  —  — 7  -1-   ;  — .  i-c;  ajid 

CD         Ji^  J«  D  ^ca 

rrics  was  first  given  by  Mercator  in  his  Logaritb- 


=  cn  X  nA 
thi^  1 

BIO  11 


See  my  McmuratioD,  pa-  Hit      ^th  edit* 


To  find  the  Ckave  Surface  <if  an  Hyperboloid. 
Let  AC  be  the  aemitransvcrse,  and  ab  perpendicular  to 
it,  and  equal  iu  tlie  srmiconjugate  of  ADt  the  generating 
hyperbola,  orscrlion  through  the  axis  of  the  solid.  Join 
CB  ;  make  t  i'  =  ca,  ami  on  »  a  let  lull  tin-  perpendicular 
ro  ;  then  «ilh  the  senniraiisversf  Co,  and  !>emiconjugato 
Oil  =  AB,  closcnbe  ilie  h\pL'rbola  oik  ;  then  as  the  di- 
ameter uf  a  circle  is  to  Us  circumference,  so  is  the  hy- 
perbolic frustum  11.AMK  to  the  curve  surface  of  the  co- 
noid generated  by  dae-  Sec  my  Meiuur.  pa.  388,  &r, 
4th  edit. 

Ht  panBOLR  QfUMdnid,  a  solid  formed  by  the  revolu- 
tion of  an  hyperbola  about  its  conjugate  axii,  or  Ihw 
Ibrough  the  eentie  pcrpeodicuiar  to  tlia  tiemverse  axis. 
Tbitiolid  if  treated  efintbe  Pbil.Tran*.  by  MrChrisiopher 
Wren,  who  shows  some  of  its  properties,  and  applies  it  to 
tlie  f;rinding  uf  byperbwIiCMl  glaues  ;  affirming  that  they 
must  Ik  formed  tbik way, ornot at alL  ScePn}h>a.Ttoaw. 
vol.4,  pi.  y6i..  • 

Hyperbolic  Leg,  of  a  curve,  is  that  having  an  nsym- 
ploie,  or  tiingont  at  an  infinite  distance.  Newton  reduces 
lill  cnrses,  bntli  llu-  lirst  and  liinln  r  kiiuls,  into  hyper- 
bolic an(i  paruliolic  leiis,  i.e.  such  us huve asymptotes, and 

such  as  linve  not,  or  isurh  as  iiavo  taqg^irta  al  an  liiinito 

distance,  and  such  as  have  not. 

Hyperbolic  Line,  is  u^ed  by  some  authors  for  nitatif 
more  commonly  called  the  hyperbola  itself,  bring  the  ctirve 
line  of  that  figure  ',  in  which  amie  tbcittT&eatenniiiBled 
by  it  is  called  tbe  hyperbola. 

Hypkbbolic  Le^aniAw,  a  logarithm  so  called  aa 
being  similar  to  tbe  aMmplolie  apoces  of  tbebypoMa. 
The  hyperbolic  logarithm  of  a  iHie>her,i«  to  the  eomnen 
logarithm,  as  '.'■30<Mi0l9«994OU7  10  1,  or  ai  1  to 
•43429448 1 903251S.  The  int  iaveiited  logahOm^ 
Napier,  are  of  Ibe  fcypeiboyc  Itindf  and  to  aieXcphi^ 
See  Logarithm. 

HvrtUBoLic  Mirror,  is  oiir  ground  into  lli.it  shape. 

11  Yl'ERBo  t.i  r  S/Mce,  the  sume  us  Hyperbolic  Area. 

]l\ i'\  ^[]l\  ll  ^^'V^l  ActUum,  n  >,(Aui  liimle  bv  ific  rr- 
volution  ol  iiic  iiitinite  area  or  space  containi-ii  Ijt'wita 
itie  curve  of  tlie  hyperbola,  and  tt-  r-'yiE.junK  .  Tlis  ^■v^- 
duces  a  solid,  which  though  inliuitcly  Jot>g  and  gene- 
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rated  by  an  infinite  area,  i*  nevcrthcleu  equal  to  a  finite 

•olid  body ;  as  is  denoniiuati'd  by  Torricelli,  who  guvc  it 
this  nuine. 

HVPllUHOLIFORM  Figures,  arc  such  curves  as  ap- 
proach, ill  tlu'ir  pio(KTtic»,  to  the  iiatUrc  of  the  hyperbola; 
calli'<l  al<i<>  h)  perbiiloidi-s. 

HVPliUBOLOin.*!,  are  hyperbolas  of  the  higher  kind, 

whose  nature  is  exprei^ed  by  this  equation,  «y"    "  = 
•♦•  x)'.    See  livfr.HBoi.A.    It  also  means  the  hy- 
p<'[b<>l:r  cimoid.    See  that  article- 

HVIMIIIIJOIIKANS,  the  m-iM  northern  nations,  or 
regions,  as  duellin<;  beyond  or  about  the  wind  Bon-as  :  as 
the  SibcriHii',  Sami<ipd»,iVtc. 

JIYIM.IirilVRON,  in  Architecture,  a  uttt  of  (able, 
usually  piuti  il  ovi  r  talcs  or  doors  of  the  Doric  ordcr,above 
Ihe  chuiiibranl'  ,  in  l<iin)  of  a  frize. 

HYPETIIIir,  111  Ancient  Architectuns  two  rows  of 
pillars  suir>iun.tiii^,  anil  ten  at  each  face  of  a  tctnple,  Acc, 
•with  ^1  jH-ristyU- « illiin  of  «ix  columns. 

1 1 Y  I'OCi  1 .1'  M ,  I II  the  Ancient  .•\rchitccture,a  name  com- 
mon to  alt  the  parts  of  a  building  that  arc  under  ground  ; 
as  the  cellar',  liullt'iii's,  &c. 

HYPOMDCHLlON,  the  fulcrum  or  prop  of  a  lever; 
or  the  point  winch  sustains  its  pressure,  when  employed 
cither  in  raising  or  lowciiii);  bodies.  The  hypomochliuti  is 
frequently  a  roller  set  undii  the  lever;  or  under  stones  or 
pieces  of  tiniU  r.  &  c,  that  they  may  be  the  more  easily  lifted 
up,  or  renio>ed. 

IIYI'O  IKNL'SK,  or  Hv  POTII  em  in  a  right-angled 
triangle,  is  the  >ide  which  subtends,  or  if  opjMisile  to  the 
right  anjile,  heing  always  the  longest  of  the  thre<'  sides;  as 
the  side  AC,  opposii.-  to  the  right  angle  a. 

It  is  a  ci  h  lfiiiled  iheo- 
rem  in  plane  peometry,  ^<'v^ 
being  tli>  47th  prop,  of  tbe      /^J^'jf^X  ' 
1st  book  of  Luclid,  that 

in  every  ritht-angled  tii-  v''n/C/n^''V^A> 
angle  abc,  the  square         \'>^^  Y'n/' 
formed    on    the    hypo-  Cii  l''^ 

tenuse  ac,    is   equal  to   ^ 

both   ihe    two  squares   

formed  upon  the  other 
two  sides  All  and  nc ;  or 

that  AC'  =  AB*  -(-  Bc'.   

ITiis  is  particularly  called  —  — — — 

the  Pythagorean  theorem,  from  its  reputed  inventor,  Py- 
thagoras, who  It  is  said  sacrificed  a  whole  hecatomb  to 
the  muses,  in  gratitude  for  the  discovery.  Hut  the  same 
thing  is  true  of  circles  or  any  other  similar  ligures,  v!z,  that 
any  figua-  dt^scnbid  on  the  hypnunuse,  is  equal  to  the 
sum  of  the  two  similar  figures  described  on  both  tbe  other 
two  sides. 

*  lIYPOTHr.NUSE.  SccHtpotenusf.. 

HYPOTHESIS,  III  Geometry,  or  Mathematics,  means 
much  the  same  thing  with  supposition,  Uing  an  assump- 
tion of  something  as  a  condition,  upon  which  to  rai.se  a  de- 
monstration, or  from  which  to  draw  an  inference. 

Hypotheses,  or  postulatums,  are  considead  by  Dr. 
narrow  as  propositions  atatuning  or  afTirmiDg  some  evi- 


dently possible  mode,  action,  or  motion  of  a  thing,  and 
that  there  is  the  same  afTir.ity  between  hypolhe-tes and  pr«v 
bicms,  as  betwM'n  axioms  and  theon  ms:  a  problem  shoiv- 
iiig  ihe  ni.-iijnci',  and  deiii'>n»irulin^  the  pij«i<ibili(y  of  some 
structure,  and  an  hypitthesis  assuming  some  construction 
which  is  manlf<->tl>  possible. 

In  disputation,  false  hypotheses  ar»'  often  employed  in 
order  to  draw-  the  antagonists  into  ubsurdities;  and  even 
in  geometry,  truths  are  often  to  be  deduced  from  such 
false  bypothc*es. 

Every  conditional,  or  hypothetical  pioposition,  maybe 
distinguished  into  hypothesis  nnd  llicsis :  the  first  assert» 
lfae<on;litions  under  which  any  thing  is  affirmed  or  denied  ; 
and  the  latter  is  the  thing  itself  nlfirmrd  or  denied.  I'hus, 
in  the  proposition,  a  triangle  is  half  of  u  parallelogram,  if 
the  bases  and  altitudes  of  tbe  two  be  e<|ual;  the  latter 
part,  namely,  "  if  the  bases,"  Ite,  is  the  hypothesis;  and 
the  fonncr  part,  "  a  triangle  b  half  a  p.'kraUelogrom,"  the 
thesis. 

la  strict  logic,  we  are  never  to  pass  from  the  hypolhesi< 
to  the  thesis:  that  is,  the  pniiciffle  supposed. must  be 
proved  to  be  true,  before  we  require  the  consequence  to  be 
made. 

ilvpoTiirsis,  in  Philosophy,  denotes  a  kind  of  system 
laid  down  from  our  own  imagination,  by  which  to  ac- 
count for  some  phenomenon  or  appearance  of  nature. 
Thus,  there  are  hypotheses  to  account  for  (he  tides,  for 
gravity,  for  magnetism,  for  the  deluge,  &c.  The  real  and 
scientific  causes  of  natural  thingi  generally  lie  very  deep 
in  obscurity :  observation  and  experiment,  the  proper 
means  of  arriving  at  them,  are  in  most  cases  extremely 
slow ;  and  the  human  mind  in  consequence  gets  very  im- 
patient :  hence  wc  are  often  induced  to  feign  or  invent 
something  that  may  teem  like  the  cause, nnd  which  is  cal- 
culated to  aruwcr  (he  several  phenomena,  so  (hat  it  may 
possibly  be  the  true  cause.  Philosophers  are  divided  as  to 
the  use  of  such  fictions  or  hypotheses,  which  are  much 
less  current  now  than  they  were  formerly.  The  latest  and 
best  writers  are  for  excluding  hypotheses,  and  standing 
entirely  on  ol>»ervation  and  experiment.  Whatever  is 
not  deduced  from  phenomena,  says  Newton,  is  an  hypo- 
thesis; and  hypotheses,  whether  metaphysical,  or  physi- 
cal, or  mechanical,  or  of  occult  qualities,  have  no  place 
in  experimental  philosophy.  Pbii  Nat.  Piio.  Math,  in 
Calcc. 

Htpothf.sis  is  more  particularly  applied,  in  astro- 
nomy, to  the  several  systems  of  the  heavens ;  or  the  divcn 
manners  in  which  different  astronomers  have  supposed  tbe 
heavenly  bodies  -lo  be  ranged,  or  moved.  The  principal 
hypotheses  are  the  Ptolemaic,  the  Tychonic,  and  theCo- 
pemican.  This  last  is  now  so  ger^^lly  received,  and  so 
well  established  and  warranted  by  observation,  tlutt  it  it 
thought  derogatory  tn  it  to  call  it  an  hypottiesis. 

HYPOTRACHELION,  in  Architecture,  is  used  for* 
little  frite  in  the  Tuscan  and  Doric  capital,  between  tbe 
astragal  and  annulets ;  called  also  the  coli-rin  and  goi^ 
gerin.  The  word  is  applied  by  some  authors  in  a  more 
general  sense,  to  the  neck  of  any  column,  or  that  part  of  ita 
capital  below  the  aalragiU. 
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JACK,  in  Mechanics,  is  an  imiratncnt  in  commoa  nte 
fot  nising  heavy  limber,  or  wy  ^ra>t  ^H^^  of  '"Kf 


I;  beiog  a  Cfriain  powerful  combilMMioB  of  tCcUk  MM 
nmoot;  the  whole  inclotsd  in  •  ilrang  noodcn  nockor 
miBc  Wt  ami  noved  to  »  wi«ch  or  iuiMh  hf;  th«  «at> 
tide  appckriog  m  u)  ifis  tfjpiK  u- 

nexed. 

Ill  ft^.  G,  pi.  14,  the  wheel  or 
rack'worti.  it  shown,  being  the  view 
of  the  inside  when  the  stark  is  rr- 
moved.  Though  il  is  not  drawn  lU 
thejutt  proporlioni  hikI  dimensions, 
for  the  rack  At  rami  be  »uppb(eti 
at  least  (our  times  as  long  iu  propor- 
tion to  the  wheel  «i,  Hb  tiie  figuTv  n'- 
presents  it;  and  the  toetli,  »hicti 
will  he  then  four  tintes  more  in  uura- 
ber  to  have  about  5  in  the  inch. 
Now  if  Uw  huidla  b  p  be  7  inches 
longitbeciicmniiineiice  of  this  radius 
vtli  he  44  htdhMt  which  i*  the  di- 
•mw  or  epeca  the  ffbwer  moves 
difw^  k-ene  mdutiao  of  the 
fcenile:  but  ee  tlM  jmnon  of  the  handk  bee  hot  4  leave*, 
and  the  wheel  4  nippoie  90  teeth,  or  5  times  the  number, 
therefore  to  make  one  revolution  of  the  wheel  «,  it  re> 

quiri'i  S  turns  of  tho  handle,  in  which  rase  it  ptissts 
through  3  times  -l-l  or  'iCO  inches;  but  the  wheel  hiiving 
a  pinion  R  »f  3  leaves.,  thrs.-  will  raise  thi^  rock  3  teeth, or 
ODv  inch,  in  the  same  space,  ilcticc  thru,  (he  handle  or 
pi)wcr  moving  time*  as  fast  as  the  ueiglil,  will  t.ioc- 
or  balance  a  weight  of  2:20  times  its  own  puwi-r.  And  it° 
thb  be  the  han<l  of  a  man,  who  can  sustain  100  pounds 
weight,  he  will,  by  help  of  this  jack,  be  able  to  raise,  or 
lustain  a  weight  or  force  of  220001b,  or  about  10  tons 
weight.  This  machine  is  somi  tiimt  open  behind  from  the 
bottom  almost  up  to  the  wheel  «,  to  let  the  lower  dew, 
which  in  tbet  case  it' turned  up  as  at  b,  raise  any  weight. 
When  the  weight  it  drawn  or  pushed  suflicicntly  high,  il 
il  kept  from  fMog  beck  fay  hanging  the  end  of  the  b«»k  t, 
fixed  to  a  Maple«  over  the  corvcd  part  of  the  haadle  at  JL 
Jack  is  ahe  the  name  of  a  weu>kaoin»  engUie  in  llw 
kitchen,  usied  (or  ttirning  a  spit.  Here  the  weighin  the 
power  applied,  octin^y  a  set  of  pulleys;  the  friction  of 
the  parts,  and  the  weight  with  which  the  spit  is  charged, 
make  the  force  t<->  be  overcome;  and  a  steady  unifurni  mo- 
tion is  maintainf  d  hy  ine^iris  of  the  fly.  Sti-  the  fig.  of  thii 
machine,  )il.  H,  tiff.  7. 

Smoit  }ack,  is  an  eugioe  used  for  the  Muno  purpose 
with  the  common  jack,  and  is  so  called  fmn)  m  teinj; 
moved  by  lucaus  of  the  smoke,  or  rarefied  air,  ascending 
the  chirooey,  and  striking  against  the  sails  of  the  horizontal 
whcd  AB  (plate  14,  fig.  8),  which  being  inclined  to  the 
horiaon,  is  moved  about  the  axis  of  the  wheel,  together 
with  the  pinion  c,  which  carries  the  witecis  o  and  B}  and 
B  carries  the  chain  r,  which  tnnil  the  ipit.  The  whcd 
AB  should  be  pUocd  io  the  nacrowpartof  ^chiamcj, 
 I  iwiAnf » end  whete  alio 


the  gicateat  part  of  it  must  strike  on  the  sails.  The 
force  of  this  machine  depends  iraon  the  draught  of  the 
chimney,  and  the  strength  of  die  aes. 

)ACK-4nh,  is  en  arc^  of  otM  brick  thiduicai. 
,  iAOt-Bmi,  a  part  eoflwlinei  annexed  to  ike  Ibrdng 
pamp. 

JACOBftStaf,  a  mathemattcal  instrument  for  talking 
kdgkttaad  distanccT;  the  Huae  witk'tke  CiuMtairi  which 


whan  tfce  motioa  of  ike  imok«il  i 


JAMBS,  or  .Ta  VMS,  in  Archileclure,  arc  liie  upright 
sides  of  chimneys,  from  the  hearth  to  the  mantlc-inae. 
Also  door  posts  oe  Ike  upright  peeia  at  thft  cod*  of  the 
window  frames. 

5/.  James's -Dffjr,  a  festival  in  the  calendar,  observed 
on  the  'iBlb  of  July,  in  honour  of  St.  James  the  apostle. 

JANUARY,  the  first  month  of  the  yenr,  according  to 
the  computation  now  used  in  the  West,  andconiainingSl 
days;  to  called  by  the  Boaians  from  iaaua,  one  id'  tkcir 
divinitiis,  to  whom  they  gitve  two  faces  ;  bi'caiiae  on  the 
one  tide,  the  first  day  of  this  month  l<Joked  towards  the 
new  ^ear,  and  ou.  the  other  towards  the  old  one.  Ike 
name  may  alio  be  derif  id  ftum  Jnit«ai  a  gilr;  thir  amatb, 
being  the  first  of  tka  year,  mew  be  cnimdrred  as  the  ftia 
or  entrance  of  it.  ianuaiy  and  Febraaiy  were  tntioduead 
into  the  year,  by  Noma  Pompilius ;  llemulua't  year  be- 
ginning with  the  month  of  March. 

JAUMS.  SecJ.^MBS. 

ICE,  a  hritile  triuisparent  body,  formed  of  snrac  fluid, 
frozen  or  fixed  liy  ridd,  The  speeilic  ^noitv  of  ice 
to  water.  Is  »<inous.  sireordinr'  to  the  iinture  and  circum- 
stancfk  <if  ihe  \»  .n  r.  I  -i::  fif  cold,  ii-r.  Dr.  Irving 
(Phipps's  \'<iy;Li;e  (uw.iiiiH  Ilic  N.)ith  I'nle)  fuUlid  the 
densest  iri'  he  ci'uld  meet  with  iilnmt  a  i  1th  part  lighter 
thai)  Mater.  M.  ric  Mairan  found  it,  at  dilTerent  trials, 
I-14th,  I8ih,  or  IQth  lighter  ihun  water;  and  when  the 
water  was  previously  purged  of  air,  only  a  22d  part. 

The  rarefaction  of  ice  has  been  supposed  owing  to  the 
air-bubbivs  produced  in  ice  while  freezing;  these,  being 
considerably  large  in  pruporliou  to  the  water  frown,  ren- 
der the  ice  so  mock  specifically  lUiter.  It  it  well  known 
that  a  eonitdetaUe  ^uanti^  of  «r  is  lodged  in  the  inter* 
tllecirftf  watert  tkowrk  it  kai  there  tittle  or  ooclatiic  pro- 
petty,  on  account  afdie  ditunion  of  its  paiticks ;  but  on 
these  particles  coming  cIomv  togetkcr,  and  uniting  as  the 
water  freezes,  light,  expaniiivc,  and  elastic  air-bubblet  art 

thus  {;eiieruted,  and  increaM  in  Indk  ns  the  cold  growt 
Stronger,  ami  by  their  elasiic  force  bu.'sis  to  piece*  any 
vrssel  in  which  the  water  is  cll^<ely  contained.  lUit  snow- 
water, or  any  wutcr  lon^  Imilcd  over  the  fire,  uffurds  an 
lee  more  solid,  .ind  ^vilh  lewcr  bubbles.  Pure  water  long 
kept  in  vacuo  an<l  iri  ^rn  lificrwards  there,  freeiet  much 
sooner,  on  bein;:  exposed  to  the  same  degree  of  cold,  than 
water  onpurged  of  its  air  and  Mt  in  the  open  atmntpbcre. 
And  the  ice  made  of  water  thflS dimted  of  itt  air,  is  m«^ 
harder,  more  solid  and  transparent,  and  heavier  than  com* 
mon  ice. 

Bat  H.  de  Mairan,  in  a  dhnertatioii  on  icoi  attribviet 
tke  incieaie  «f  Ae  bdk  of  the  waier  uider  thit  fern. 
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•  ICO  r 

cliic-fly  (ij  i  JIfr?Tont  nrraiij-iiiicnl  of  its  parts:  thi-  icy 
tkiiion  watt  r  tinn^  C()m|)<>5!  <l  ot  lilamfn^"- winch  arr  found 
to  bejoiiu'd  fimblauliy  apiij  ri-gularU  at  an  iiiiglc  oHjO°,  hihI 
whicli,  by  ihis  tli^pusUKtii,  occupy  a  grcau-r  volume  than 
if  thi'y  wfK-  p«rallfir  Braidcs,  uftiT  in-  is  formed,  he 
foaild  it  cwiuuue  tu  expand  by  cold ;  a  piece  of  let-,  which 
«W«t  Am  ODiy  a  14(h  ptart  apfcilically  lighter  than  Mater, 
oo  being  cspoMd  Mine  day*  to  Ibe  fratt.  btwaoc  m  lith 
(wrt  iiKhiw  i  Md  thiir  k»  ■eeovMs  tat  dw  bunting  «l  ioi 
in  poods. 

It  appears  from  an  expaziDient  <ilOr.  Boolwi,  in  i€6S, 
dmt  ice  tefrwtt  ihs  ligbt  lev  ibna  «Mtr;  vboin  heio- 
in^.tbnt  tha  lighiMW  of  iet^  wMcb  ciuh  it  to  twia  in 
water,  u  not^rodttoed  n«e^  bj  AtniidI  bttbUtl  wUdt 
are  visible  in  it,  bat  that  it  ariiea  fmtB  the  anifcnn  eon* 
(tilui.oM  ur  genvral  tcxiure  of  the  whole  mist:  a  fact 
which  was  afterwards  confirmed  by  M.  Lahiic  S>e« 
Hookc's  E«p«r.byDBrbafli,pk«(;,  Ac«l.FMr.i(i^,ll«Di. 

pa.  25. 

Sir  Robert  Barker  thus  dcicribfs  the  proces*  of  makjriE; 
ice  in  the  I'^ist  liidte*.  in  it  country  where  he  never  ba^v 
any  natui.il  icr.  On  .i  l-irgi:  [ilain  is  dug  three  or  Imir 
pits,  each  about  30  feet  iquarc,  and  2  fcrt  deep  ;  the  bot- 
torus  of  which  are  covered,  about  8  or  1?  inches  thick,  with 
sugar-caoe,  or  the  stems  of  tbe  laige  Indian  corn,  dried. 
On  tbb  bed  arc  placed  in  rows  a  aumlyr  of  nMll  shal- 
low vvfjitf^  canhen  parts,  fonntd  of  a  very  porous  ea^h, 
a  qwlar  of  id  tech  thick,  and  aiwutan  inch  and  a  quarter 
tiaept  wUcb,  at  tha  daaii of  dw cMtw^  ibw  fill  with 
■oft  wamr  ikat  kaa  ban  boilad.  b  tba  HMtiimg  bafen 
auBiiaa  the  Ira  maifi  aWriiit  at  tfaa  pil^and  coMact  what 
has  been  froan  In  btakat^  whidi  th^  convey  to  tha  place 
of  preservation.  This  is  ustully  prepared  in  some  high 
and  dry  situation,  by  sinking  a  pit  14  or  IS  feet  deep, 
which  ihvy  liiii'  tirst  with  'itiri'.\,  find  tlirn  with  a  coarse 
kind  of  blaniictiiig.  The  ice  is  deposited  in  this  pit,  and 
beatt-n  (Jd^vii  with  rareiiicrv,  till  at  length  iu  own  accu- 
inul  iti  ii  rold  again  frci-zps  it,  and  it  forms  one  solid  mass. 
The  rnuuthut  t:i<'  v>i:\[  secured  from  tht;  exterior  air 

with  straw  and  blanUts,  and  a  thatched  ro^nf  is  tlirown 
over  the  whole.    IMiilus.  Trans,  vol.  65,  pn . 'J  O . 

For  the  force  of  ice  and  other  very  intetesung  particu- 
lan  lelatiBg  to  it,  aae  Hhaadklca  tMMMiWf  Cot.n,  and 

CoUGSLATinif. 

lCHNOGR.\PHY,  in  Architecture,  is  a  transvertt;  or 
horiaoalal  section  of  a  building,  exhibiting  the  plot  of  tbe 
whole  adiiee,  and  of  the  Mveral  rooms  and  apartments  in 
myatotjri  icfithif  with  tha  thirlriifM  of  tlie  walla  aad 
pwrtittom ;  tha  dinduim  af  li»  ioaa,  xrindcNn,  wfd 
chimneys ;  the  pNtjcctttfMaf  dto «olWMa  Wti  pian^ with 
every  thing  vidbta  is  ladt  a  section. 

IcH  MooaAPBT,  in  Fortification,  ii  the  plan  or  repre- 
sentation of  thA  length  and  breadth  of  a  fortressi  Uie  dis- 
tinct parts  uf  which  are  aMuhadeat(OitlMim  the  f^Duad 
itself,  or  upon  piiper. 

IciiMjiiRAniv,  in  Perspective,  .the  view  of  any  thing 
cut  off  by  u  pLiiie  parallel  to  the  horizon,  just  by  the  base 
or  bottnin  (It'  it  ;  bfing  the  vami^  with  svhat  is  otherwise 
called  the  plan,  geometrical  plan,  or  ground-plot,  of  any 
tiling,  and  is  opposed  to  Orthography  or  Elevation. 

ICOSAEDRON,  or  Icosauzdrow,  one  of  tlie  five 
regular  bodies  or  solids,  terminated  by  tweo^  aqnilatatal 
and  eqval  triai^les.  It  may  be  co&sideiad  as  oonwling 
of  SOcqfoal  and  rinilar  triangular  pytaMidi^  wbaievei^ 
licasnMcifatiha  MOttaaf  >  ifhaia  caaadited  to  dicnia- 

Vok  I. 
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scribe  It,  and  tl^ereiurc  h.iving  :ill  their  heights  oiid  buvs 
equal :  hence  the  solidity  of  one  of  iboM  pyramids  jpu I- 

'■pii^^Jy      (he  number  of  ihmii,  gl^  4ba  ^afid  coa- 

lent^ijnlie  icosardruu. 

Jhform  or  make  tke  IcoiMdron. — Describe  npon &card 
paper,  or  some  other  such  like  substance,  SO  cquiliiteral  ~ 
triangles,  as  in  the  flginre  at  the  article  Btg^r  RopT. 
ClU  it  out  by  the  cxireme  edges,  end  cut  all  die  other 
Uuea'  ^  through,  then  fold  tbe  iidct  up  by  theae  edge*, 
at>d  the  solid  will  be  formed.  • 

The  linear  edge  or  side  of  the  icosaedron  biiitg  a,  tlien 
wfll  tbe  surface  be  5  a*v^3  —    W'lC  '        and  the  lo* 

lidity  =iAV~^-  21816«)50a'. 

More  general  eijuations,  and  IfUtlons,  may  be  seen  in 
my  Mensuration,  pa.  190,  4th  edit. 

IDES,  in  the  Roman  Calendar,  a  name  given  to  a  sines 
of  8  days  in  each  month;  wliieli,  in  tin:  lull  months, 
March,  May,  July,  aiid  October,  cuimtienced  ou  the  lAlh 
day;  und  in  the  other  month',  on  the  i3ih  day;  from 
thence  reckoned  backward,  mi  on  in  those  lour  months  tu 
;eM:n;i;itt;  11:1  the  Slh  iJuy,  and  Hi  ilie  lest  on  the  tilb.  ' 
l  uese  came  between  theculends  und  the  noncs.  ^ndthU 

w.ay  of  counting  IS  still  used  in  the  Roman  Cbsncaiy,  and 
also  in  the  Calendar  of  the  Ercviary.  •  • 

JET  d'eau,  a  French  word,  signi^ng  a  fountain  that 
throws  up  water  to  tome  hci|^t  in  the  air,  4  jet  of  water 
it  thrown  up  by  the  weight  of  the  cohuMi  uf  water  above 
it»ajuuge,  or  orifice,  up  to  its  source  or  reservoir:  and 
therefore  it  wouU  tiae  to  the  same  height  precisely  as  tha 
head  or  reacfwir,  if  ceftain  cauaca  wan  lamoved  which 
prevent  It  from  lUng  quite  m  h^.  Fbr  fint,  the  velo- 
chy  of  the  lower  pertieletofthcjet  being  greater  than  that 
of  the  upiH  r,  tbe  lower  water  strikes  that  which  is  next 
above  it ;  antl  as  fluids  press  every  way,  by  its  impulse  it 
widens,  and  consequently  shortens  the  column.  Secondly, 
the  water  at  the  top  of  liic  ei  iiue%  nut  immediately  liill 
off,  but  forms  a  kind  of  lull  or  head,  the  weight  of  which 
dc:lre^s^s  the  jet  ;  but  it'  the  jet  bo  u  little  inCimi  d,  or 
uol  quite  upright,  it  will  play  higher,  though  it  will  not 
in  such  case  he  qiiiio  so  beautilul.  Thirdly,  the  friction 
against  the  sides  of  the  pipe  and  hole  ol  llie  ajutage,  pre- 
vents the  jet  from  rising  quite  so  high,  and  a  small  ouc 
will  be  more  impeded  than  a  liirge  one.  And  tbe  fourth 
cause  is  the  resistance  of  the  air,  which  is  proportional  to 
the  square  of  the  velocity  of  the  water  nearly ;  and  there* 
fore  the  defect  in  tbe  height  it  nearly  in  the  same  propoi^ 
tioo.  which  is  also  the  same  as  the  proportion  of  tlie  hcighti 
of  tha  rttervoirt  above  the  lyuuge.  Henee,Mid  ftumex^ 
porienc^  it  if  found  thai  •  jet,  pcoperly  couetnicMdr  rites 
to  difltowt  hciilMa  ueoacdiiw  te  the  height  of  the  loer- 
voir,  at  ia  the  lo]lowii[||  tebH^  Of  the  heights  of  reservoirs 
and  tbe  heightt  of  corresponding  jei& ;  the  former  in 
feet,  and  tbe  latter  in  feet  and  tenths  of  afooL 


Heighis  of  Rtiervoin  and  thdr  Jett. 
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ihiit  was  sometirtif «  glolnilar,  or  in  ihc  form  of  (he  flaM 
1)1  aciuidk;  anil  "iin  writiy  nlttrwards  it  sprt-M<l  il^^■lf»o 
much  iw  lo  in^clvi.'  ilic«h<jli'  c<ini|i:iiiy  in  n  p  ilo  iiimiIi  h- 
sivt!  liclit,  find  llii-n  conliact  km  II  a<:iiin,  and  suiliirnly 
(li:ap|>i'ar.  Uui  in  !«■«!«  ihmi  a  mniuu-  it  wi  uUi  become 
visible  -.a  before;  or,  ronnijig  ulwig  from  one  )ilutv  to 
another,  with  a  itwill  progirwivc  morion,  uoiilil 
ilscif  at  ceriain  intervuU  over  more  than  2  or  3  acnt*  of 
Ihe  adjacent  moutiiaiiis.  Tlic  atiuokphire  hud  Iwta  thick 
and  haty,  and  (he  dew  on  thKhontft  bridlo  was  iwcom- 
monly  clammy  uitd  unctao«i.  'In  the  hum  mathrr  ha 
obiervcd  tboit:  luiaiiMiw--«ppMiiiiea»  wludi. skip  about 
the  niHta  md  ymb  ofthiiM  «i  and  vUck  tb«  t^iion 
C*U  eoipaiMM^  by  a  coriuption  of  dw  Spuudi  cuerpo- 
MiMo.   Shftw**  Travels,  pa.  a5s. 

Nevtqp  calls  it  a  vapour  khining  without  ht  at ;  a.id 
supposed  it  to  be  of  the  ume  nature  with  the  lij^ht  i-isuiug 
Iroiii  purrivrrnt  subiitimccs.  Willuughby  aod  Ray  were 
ofri[)iiiuoi  that  it  ]•.  cK-caslonrd  by  shining  iiix-cts:  but  all 
tijc  aii|i<  i>raiitc3  of  il  ()b»eru<i  b\  l^i  rliBiii,  lirccaria,  and 
olhcii,  iiurticicntly  iMini.^  lliat  it  iiiii-t  Ih'  an  igiiilvd  va- 
pour. InflamnialiK'  air  li;i>  i.ifii  louiid  to  be  ihn  nio»l 
common  uf  all  the  lactiduus  airs  in  na(ur>' ;  and  (hat  it  is 
(he  usual  product  of  (he  pulu'laclion  and  decompotiUon 
mrter  will  admit  a  ho)«  in  the  ajutage  irom  ^  to  f  of  an    of  vegetable  tubttauccs  in  water.    Signor  Volta  writes  to 

!_.L  J  .1  -  #-M — ! —  ^•.i—  •       fnatiiy,  thai  he  lires  inllamraable  air  by  the  dectric 

spark,  even  when  the  electricity  ia  very  modmltt;  aad 
he  tuppo&rt  (hat  (his experiment  explaim  tbeinflwamalioQ 
of  the  ignca  fatui,  provided  thry  consist  of  ioflamnMbln 
■ir,  issuing  from  maijiby  ground  fay  bdp  of  the  electricity 
«f  fop,  and  bjr  Mlii^  slai%  whkli  w«»  pn  buhly  au 
•leelncal  origin.  See  PricMle/s Ofaa. on  An,  x<a.  3',  pa. 
S83 ;  the  Philos.  Trans.  Abr.  vol.  7,  pa.  S74,  &c. 

IGNITION,  properly  signifirs  the  neilinjt  lire  to  any 
iubstancr;  but  the  fcnnf  is  rmiimonly  resiniiiied  to  that 
kind  ut  burnaig  Hiiicli  Ih  nut  accompiuiipd  with  flame, 
Mich  as  of  charcoal,  ciiult-t>,  nRtul".,  sloiuii,  and  other 
Solid  sub»ianci>,  Th<  1  tl(  rts  oi  i>;jii)ioii  arc  lirst  to  dis- 
>tf  u(c  what  is  l  alli  ..  phlMf::\ton  of  (he  igiiilid  body, 
alter  which  i(  is  rtdurid  lu  ashi-ii.  Vitrificadon  next  fol* 
lows  ;  and  lastly,  (lie  substance  is  totally  dissipated  in 
vapour.  All  iheac  efTt  <-(>,  however,  depend  on  the  presence 
nf  the  air;  for  in  vacuo  the  phlogiston  of  any  tubsiance 
cannot  be  dissipated.  Neither  can  a  body  which  is  to> ' 
de»ti(u(c  <^  phlogiston  be  ignited  in  socb  a  manner 
as  ibuse  which  coniain  ii ;  for  as  long  as  the  phbf  iflmi 
remains,  the  heat  is  ki  pt  up  in  the  body  ky  the  action  of 
ikerxiemal  air  upon  il:  but  v«hen  the |dilogiittiB  bni> 
tircly  evaporatid,  the  air  always  de«(ro)-s,  instead  of  anf* 
tnrndng  (he  fat-Hi  Philotopbers  have  therefore  been 
;;ifally  embarrassed  in  explaining  the  phenomena  of  igni- 
lion.    See  Pill  of.  1  TUN . 

ILLU.MINA'I  ION,  ihi  act  or  efleci  of  a  luminous 
body,  or  a  body  thai  ( 1  i  -s  iii^hi ;  MMmtimctalao  thetiate 

of  Hiiotber  body  ihiii  it, 

Crn/eq/ IlLumNATIox.     .See  ClUCLE. 
ILLL'MINATIVK  Lunar  Monih,  the  »pace  of  lime  that 
the  moon  is  visible,  belween  one  conjunction  and  aiiothir. 

IMAGE,  in  Optics  i»  (he  sp<rtre  or  appearance  of  an 
objru,  made  either  by  redection  or  leliiiction.  In  all 
plane  mirrors,  ilie  image  is  of  the  same  magnitude  as  the 
object;  and  it  appears  as  far  behind  the  mirror  at  (he«b* 

tct  ia  before  it.   In  coovut  mirivn»  the  image  pppeait 
n  tkah  th»o^|(cti  and  Mttha^ dfaMut  finim  the  ceotrc 
of  tbaconvigiiqrt  thnaftva  Ihapototflf  Nflecdok  Jl>. 


Ily  viiiioii^  i  \:  ciiiiu  iits  Uiat  have  been  made  by  Ma- 
rioiir,  I)i  sapiilii  rs,  and  other*,  it  has  been  found,  thai  if 
the  rxservoir      j  fi-.  t  high,  a  condnct-pipe  1^  inch  dia- 


iMh ;  and  so  on  at  is  lh«  ibllowiag  table: 

Hnjtht 
Bnnwir. 
S  fwt 
10  • 
14  - 
30  - 
'     Si  - 
SO  - 
•40  - 
•    SO  - 

eo  - 

80  - 

100  - 

But  the  sin  of  the  pipe  is  more  or  leas,  with  (he  distance. 

.  If  h  htf  Rqnired  to  keep  any  number  of  jets  of  given  di- 
mct>sions  playing,  by  one  common  conduct-pipe,  the  dia> 
nieti-r  of  an  ajutage  must  be  found  (hnt  shall  becqnallo 
all  the  small  one*  that  aregivtoi  and  from  this  it*  proper 
eraduct'pipc.  Tfa  us,  if  ihcre  he  -4  ajutages,  each  ^  of  an 
inch  diameter;  then  the  eaiHmofl  is  which  mul^ 
plied  by  4«  the  nvasbcr  of  fbMi*.inakes  f{,  the  squaie 
root  of  which  b  i  or  Ii,  tkediBmeiar  of-ann^n^  equal 
to  all  the  other  nnr ;  to  which  In  the  table  answers  a 
pipe  of  8  inches  diameter.  In  general,  the  diaini  ter  "f 
the  conduct-pipe  should  be  about  6'  limes  that  of  tin-  aju- 
tage.— Sec Murioiii-'s  Mouvement  dei  Ettux;  1  if-ai^clK  rs's 
Ex|x>r.  Philus.  vol.  pa.  1'^,  ;  Clare  s  .Mdion  of 
Fluids,  pji,  109; 

JE'lTE,  (he  bordi  r  mailt-  round  l!ie  s(il(s  under  a  piiT, 
in  certain  old  bridges,  being  the  same  willi  starling,  con- 
sisdng  of  a  strung  froreing  of  timber  hilcd  wi(h  uoiies, 
chalk,  tee ;  to  preserve  the  foundations  of^  pieit  frosa 

IGNIS  I  ,irri.  s,  a  romm*<n  meteor,  chiefly  teen  in 
dark  nigh(»  abuut  nieadou^,  mui^be>,  nnfl  other  moist 
place),  as  alto  in  bur\ii'.g-s;rnunds,  and  near  dung-hills. 
Il  is  known  among  the  people  by  the.  iqtpetlatiane.  Will 
nnth  a  Wiu>,  and  Jack  with  a  Lantern.  Dr.Skawdcaeribe* 
•  icmatkaUc  ipili  ItMVh  wUck  ha  ww  ia  tkn  Uo^  Umd, 
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Mulynrux  givw  thp  f()]lov»in^  rulo  ft>r  finrlin?  the  diame- 
UT  cil'mi  iinu^e,  projected  in  ilic  di-^liiict  Ijumj  of  a  convex 
mirror:  \it,  As  the  lii^tanro  nI  the  object  from  thf  mirror 
i»  to  tbf  (li^tunci-  rif  the  image  frniit  the  glui»  ta  it 
dnimetcr  of  the  object  tu  tjic  diitin' n  r  <>t  iMt  iMhge!,  9k 

LE!9»,  MlltKOR,  RBFLKOTtUN,  atlll  iUrUACTIOX. 

IMAGINARY  0MW(dM»,  w  ImpoHiUe  Qoaiitjlips,  ia 
Algebra,  *K  the  even  rwls  of  ntrj^tivc  quantilics ;  which 
exprPHtont  sfk  imtipmi^,  or  irapoiiiblo,  or  uppoaed  to 
KU  quantities ;  u  ^/  —  m,  or  —  he.  For,  as  cvery 
cven  pmer  of  nny  quantity  wbntcver,  whether  posiiivpor 
ncgmirc,  i>  necessarily  posiliw.  or  bav'mg  the  wgn  ,  be- 
catow  l>y  ,  or  —  by  —  givcc(|ually  +  ;  hence  it  fol- 
lows thnt  every  even  pi>wer,  in  (lie  s(|unre  for  instance, 
which  is  nejative,  or  having  the  sisjn  — ,  has  no  possible 
ri"i(;  mill  i'  >  rci:ire  llv  e\rn  rnoti i ,i\iiuli  pu\V( r« or^uan- 
tities  sire  s.iisl  to  lie  iiupu'vMlile  or  iiii.r.-iiury.  'I'he  mixt 
cxpre5^ionJa^isin!;  from  imaginary  ijn  i  1 1'  ■  ■  iiied  to  real 
oni-s;  i<re  also  imaf'inary  ;  mn         —  na,  ur  6  -t-  ^/  —  uu. 

The  rill  it  sot  nesulnr  (jiiao  titles  «  ei  e,  porliaps,  firsl  Irealfd 
of  in  Cardan's  Aim  bra.  A»  to  the  uneven  roots  ol  such 
quantities,  be  shovvs  that  they  are  negative,  and  at  the 
•ftme  time  assigns  them  :  but  i In-  even  routa  of  them  he 
*  nJrct»,obter*ing  that  they  nrc  u  ihing  astocomnon  us.>, 
beini;  nctthiar  ooe  thing  or  other  j  that  is,  th«y  U«  merely 
imaginaiy  or  impcaiUe.  And  tinoa  hit  time,  it  ht* gra^ 
dually  become  •  port  «f  olgebis  to  tmt  of  Ae  roott  of 
nmative  qiiantitiM.  Albert  Girard,  in  ha  lAieaiionNoa- 
mUo  en  fAlgelfre,  po.  42,  gives  names  to  tiM  three  Itinds 
of  moH  of  eqaatioiM,  calling  them,  greater  than  nothing, 
less  than  nothing,  and  cnvelop&e,  as  v^  —  :  but  this  was 
loon  after  called  iinaeinary  or  imposiiihlc,  !W  appears  by 
WallisN  Al:;elira,  p;i-  '^6 .  ^cc  ;  wlierc  he  otjM-rvr*  llmt  tlie 
S(Hiare  runt  n)  a  iiei;iitive  ruiaiitnv  ,  is  a  me.in  proportirinnl 
between  |i  i-i'.:'.  c  and  a  ru';}ative  (juanllty  ;  hs  — tfc  is 
liie  mean  proportional  b  tween  6  ami  —  c,  or  between 
—  6  and  -t-  c;  and  this  he  exemplifia  by  geometrical  eoiH 
structiont.  Sec  also  pa.  313. 

The  arithmetic  of  the$r  imauinary  quantities  has  not  yet 
bc«n  generally  agreed  on ;  viz,  as  tu  the  operations  of  mul- 
tiplication, divition,  and  involution ;  some  authors  givin;; 
the  results  with  and  otiieri  on  the  contrary  witli  the 
negntive  sign  — .  ThlU,  Enter,  in  his  Algebra,  pa.  106' 
kct  maltet  tlw  sqaare  ofv'— Stobe  —  3,  ofv^  —  l  to 
bo  —  1,  IkC{  md  yet  ho  makca  the  product  of  two  impoa* 
aiblea,  vhmjtiuf  ore  nnoqaalt  to  be  ponible  and  real ;  as 
^-S  K  v^-SaHv^6;and 1  x  ^-4«iy4or 
2.  Bat  how  can  th«  cqnality  or  ineauality  of  tib*  moifln 
cause  any  difTcrcncc  in  the  signs  or  the  prodtwla?  If 
^  —  'Z  ^  — 3  be  =  ^  +6,  how  can  >/  —  3  x  3, 
whirli  is  the  square  of  ^  —  3,  be  —  3  ?   Again,  he  makes 

—  .Tx  y/-(-5  =  y^—  15.  Also  in  division,  he  makes 
J/—  *-!-v'-  ltobea»v^+. 4or2;and  v'-*-3-s-v'-3 
ay-  1;  abo  Oat  1  or  ^-^-X^^^lm^tl  a 

—  1 ;  consequently,  multiplying  the  quotient  root^v/  ~ ' 
by  the  divisor  —  1 ,  must  give  the  dividend  ^  1 ;  and 
yet,  by  squaring,  be  makes  the  square  of  ^—  l»  OT  tho 
product  V'  —  1  X  v^—  1,  equal  to  —  1. 

But  Emerson  makes  the  product  of  imaginaries  to  be 
imapinary  ;  and  for  this  reason,  that  *'  otherwise  a  real 
jiroriuri  would  br raised  from  impossible  factors,  which  it 
abtuid.  Ihus,  ax  ^  —  b  ss  ^  —  ab,  and  o 
»  *-  6  »  —  ol^  icCi  Alio  \/  —  a  »  ,/  —  a 
s  —  «,  and X  -f-o,  ftc."  Ami  thua 


most  of  the  writers  on  thi-  part  of  algebra  arc  prclly 
cqtitilly  divided,  some  making  ite"  product  of  impossibles 
real,  and  ..llu  i-s  im;.,;iiiaTy.— Ir»  the  Phil,  Tfiins.  lor  1778, 
pa.,91B  vS:c,  Mr.  Piny  lair  lins  given  Hit  ingeniuos  dhtcr* 
the  Arithmetic  of  impoinble QuRniities.  Bnt 
tbtfWatea  chiefly  to  their  applicatiunn  and  uses,  »n  f  not 
to  the Bl|p>ritbm  of  thcm,or  mini  lorthrir  products,  quo- 
tients, squares,  &c>   Ytm  snmo  operttion*  however  iien- 
peilfiMrmcd,  we  leara  that  ho  maiief  the  product  of  y/  ~  i 
yS^~  i,  or  the  squaro  of  ^/'—  I,  W'  le-       and  vet 
in  ahotber  place  he  makes  the  j  umI  .c»  of  ^  —  i  and 
^(l--t')to  be  1  -e  i'l.     llM-     .11,,  I  irmeludes, 

**  tliat  imaginary' t  xpreisir^.H  air  lu  M  i dl  ;i>e  in  iiivotiu'H- 
tions  but  when  \.\\v  Miii|<i.t  is  a  prii[i.'(y  coiiiiiiiiii  to  llie 
measures  bo!!,  nl  uiImin  and  ol  atlgtes  ;  li.aj  they  never  liad 
to  nny  cor.se.jueiiri-  which  might  not  be  drawn  from  the 
affinity  between  those  rta'asun-s  ;  and  that  they  are  indeed 
no  more  than  w  particular  method  of  tracing  that  HOii>uy. 
llie  deductions  into  which  they  enter  are  thus  reduced 
to  an  argument  from  analogy,  but  the  force  of  them  is 
not  diminished  on  that  account.-  The  laws  to  which  this 
anrtlogy  is  subject;  the  cases  in  which  it  is  perfect,  in, 
which  it  tuSen  certain  alteration!,  and  in  which  it  is ' 
u  buUy  intcimptcd,  iie  capoirio' of  being  nwcilely  ast^er- 
lainad.  Supported  oklb  vm  •  Aoadatwo,  tho  arith- 
metic of  impmibla4|wiSiltes  will  always  remain  an  us4v 
ful  Imtrament  in  the  ditoovcry  of  truth,  and  may  be  of 
service  when  a  more  rigid  analysis  can  hardly  ke  applied. 
For  this  reason,  many  rcsearcln  s  concerning  if,  which  in 
thmii»<  lves  mii;ht  be  di-,  incil  absurd,  ar  rwvertheless  not 
destitute  of  Ulili'\.  M.  n<  rii  inlli  ii  ii  lound,  for  exam- 
ple, that  if  r  be  the  radius  ot  a  circie,  the  circumference 

ii  =  *  '"^  "^.iXt.  Considered  as  a  quadratnre  of  Ohe 

v  —  I  * 

circle,  this  iniasii.aiy  ll. ,.111,111  is  \slioll\  nisi^mlicaiit,  ami 
wotjld  deservedly  pii>»  for  au  abuse  u(  calculali<iiii  at  the 


time  we  learn  from  It,  that  if  ia  any  cqualion  the 

qtinntity  — ^ — -—  should  orcur,  if  may  lie  made  to  dis- 
appear, by  the  sulxtiiulion  of  a  circular  arch,  and  a  pro- 
|KTty,  Common  to  both  the  circle  and  hyperbola,  may  be 
obinmed.  The  same  is  to  bo  observed  of  the  rules  which 
have  been  invented  for  the  transformation  and  reduction 
of  inipuMiiblo  quantities  *  \  they  farilitate  the  operations  of 
.this  imagitiary  arithmetic,  and  thereby  lead  to  the  Icnow- 
ledgp  of  the  most  bcantiful  and  extentive  andogy  triiieis 
the  doctrine  of  qvantity  has  yet  exhibited. 

*  Tho  nkt'cidally  lolbvMi  tot  wA  those  for  ndudi^ 
dieimpemihlenottona^Bqttttionto  the  form  a  -•■  b^/— l. 

iMAOivMT'lhwIt,  of  an  equation,  arc  those  roots  or 
values  of  tlie  bnlltiown  quantity  in  ^equation,  which  con- 
Iain  some  imaginary  quantity.  So  liie  r,  ot» -  I  tfir  ,  qua- 
tlon  XX        aa  =  l),    are  the  tvvo  iii..i,j,iii:'.ry  qiiaiilitre» 

^  —  aa  and  —  y/—  no,  or  -♦-       —  I  and  —  1}  ' 

also  the  two  roots  of  the  equ«tioi>  xi  -t-  (»jr  -»-  ao  =  0, 
are  the  imaginary  quantities  ±  }a  —  3;  und  the 

three  roots  of  the  equation  .r*  —  1  =  0,  or  .c*'  =s  1,  arc  1^ 

~ .  and  the  fffst  real,  and  the 

two  lattiT  imaginary.  Somcliroes  the  r  il  r  "  t  of  an 
equation  may  be  expresMxl  by  imaginary  quniitiiies;  as  in 
tlia  Imducible  case  of  cubic  rqualirins,  when  the  root  is 
expiessed  by  Cardan's  rule;  and  that  huppen.4  whenever 
the  equation  hatao  imaginary  roots  at  all :  but  nhen  it 
hai.t»o  ImagiMiy  foot^-theii  the  only  real  root  ia  cs^ 


IMA 


I  KP 

4:  -Jc  4c 


0, 


prrssrd  hy  that  rule  in  an  imaginary  form.  See  my  pap^r 
oil  Cubic  E<)iiiition>,  in  ray  Tracts,  vol.  2,  pa.  78.  Phiios. 
Trans,  for  1780,  pa.  406  6cc. 

Alb<  r!  Gnnriffimt  (rented  expressly  on  the  irapi>Mibic 
or  inu'.-ii!  V  :t>oH  nf  <'qiiatUins,  and  stariil  that  every 
equaliuii  tiH-.  as  nmny  nx>ts,  nthcr  real  or  imHgiUHry,  as  the 
index  of  the  inghi'st  power  di  note*.  Tliub,  till' routs  of  ilic 
biquadratic  equation  x'  =  -Ix  —  3,  are  four,  which  he 
•bows  to  be  two  real  and  two  imaginary,  vie,  1,  1,  —  i  -k 
^—2,  uid  —  I  —  ~  '  ;  and  he  reuden  the  relation 
gmnl>  Wtwecn  all  the  ruuis  and  the  coefficient*  ot  the 
temi  of  ihc  equation.  liit  Inveation  Nouvdle  en 
I'Alxebro,  anno  1699,  tlww.  9,M.40ftc. 

JUL  Oalembcrt  dammninyM,  tbu  <ncn  inacinuy 
root  of  My  cqiiativi  cm  ahnjt  bo  ndiWM  to  Ibo  fono 
«-^Af  —  >t  t  and/ ofo  ml  qomiliet.  Ami 

taico  it  wot  alio  ahowiv  liMt  if 
one  root  ofan cqnaliaa  Im  -  -  «  "f-//—  I, 
another  root  of  it  wtn  alwayt  be  -  -  e  —  —  i : 
and  hence  it  ap]Kar^  tiiit  the  nuinbrr  :if  lh<  inmiinnrv 
roots  in  any  fi|uaiion  it  always  even,  il  any  ;  1.  c.  utbrr 
none,  orelw  two,  or  1  ur,  or  HX*  &€•  McfUlill  of  (JtO 
Academy  of  Ikrhu,  17  Uj. 

To  libvj  vii  how  many  impoF-siblc  r^>ot^  arc  c mUincd 
in  any  |n  ipiKnl  cijuation,  New  ton  gave  this  rule,  in  iiis 

Alj;(  Lira,  v  12,  Constitute  a  serirn  of  fractions,  whosr  deiiu-        IMMENSE,  that  whose  amplitude  or  extension  I 
mirmtoi!)  are  the  »erics  of  natural  nuroben  1,  8,  3|4t  5,    be  equalled  by  any  measure  whatever,  or  howoAeni 
&c,  continued  to  the  namberabowhig  the  indexoroxpo*  repeated, 
oenc  of  the  highest  term  of  tbe  cqoaiioM^  aod  their  ntinie-      1^1  MKliSlON,  the  act  of  plunging  into  watCfy  or  soma 
lators  the  same  series  of  numben  in  the  eontfary  order :    other  fluid.  * 
and  divide  each  of  tbew  fractimi  by  that  next  before  it,      ImisRaioK,  in  Astronomy,  ia  athea  (R  Iti^  or  planet 
and  place  the  retultingqaotienia  over  the  imnediete  terms  cones  so  mar  the  son,  that  it  canoot  bo  amt  hSag  as 
of  liie  equotioB  t  then  imdcr  each  of  ibe  intnacdiato  it«e«e  envdeped,  and  bid  in  the  rays  of  that  Itunimy. 

IumtelMT  ako  dcnotcB  tke  beginniog  of  mt  cdipM, 
or  of  an  occnhation,  who»  tho  body«  or  aoy  part  of  it  juit 
begins  to  disappear,  eitbor  bdiind  the  edge  of  anooier 
body,  or  in  its  shadow.  As,  In  art  i-clip*e  <ir  ihc  moon, 
when  the  begins  to  be  darkened  by  entering  in  to  the  ihidow 
of  the  earlli :  or  the  U^ginning  o(  uii  eclipse  of  the  sun, 
when  the  moon's  diic  just  begins  to  cover  him  :  or  the 
beginning  of  the  eclipses  of  any  of  the  Mtcllites,  as  those 
ol  Jiipii'  T,  by  enteniift  int<i  Ins  shadow  :  or,  lastly,  the 
beginning;  of  an  occult:i!i(iii  «i  any  star  or  planet,  by 
passing  behind  the  body  of  the  moon  or  another  planet. 
In  all  these  cases,  the  darkened  body  is  said  to  immerge, 
or  to  be  iniBergvd,  ur  begin  to  be  hid,  by  cntertnf  into 
the  shado.   In  like  naiincr,  when  the  darltcned  body 


which  has  four  imaginary  roots ;  there  bcii^  four  clianges 
in  the  signs  as  written.  The  author  reniurlis,  that  this 
l%le  ill  iumetimes  fail  of  discovering  all  the  iinpoMible 
rixits  oi  ui]  equation,  for  some  equations  may  bav.e  mora 
uf  such  roots  than  Can  bi^foOM  by  tUa  rale,  iboogh  thk 
seldom  happens. 

Mr.  Maciaurin  has  given  some  account  of  this  rule  of 
Newton's,  together  with  ot>e  of  his  own,  which  he  says 
will  never  fail ;  and  the  tame  has  also  hern  done  by  Mr. 
Campbetl;  but  none  of  them  obtain  nnivenaUy.  See 
Pbiloi.  Trans,  vol.  34,  pa.  104,  and  vol.S5>  m.fil& 
accurate  r«les  have  been  siaee  given  by  Or.  Waring. 

The  icataodiaagiiiBryraolaof  cquitiona  may  b»foaad 
Aom.tbcuKtbiod  of  loxioa,  applied  to  the  doctiiaa  of 
■oxima  lynd  minima,  that  is,  to  find  iMicb  a  value  of  x  in 
an  equation,  ex|)res»ing  the  nature  of  a  curve,  made  equal 
toy,  an  abscissa  ivhicb  corresponds  to  the  greatest  and 
least  ordinate.  But  when  tin  i  .pin;;.  n  li  above  ,3  dimen- 
sions, the  compuliilioi)  IS  very  laborious.  Sec  Stirling's 
treati&eon  the  linrsof  the  3d  order,  Schol.pr.8,  pa.  5y&c. 

IMBIBE,  is  commonly  used  in  the  same  sense  as  ab- 
sorb, vis,  where  a  dry  porotn  body  lahei  ap  anodwrdnt 

is  moist. 


I  equatioB ;  then  under  each  of  the  iuteiacdiato 
tertns,  ifiii  Moare  muMplieit  by  the  fiaction  over  it,  bo 
greater  than  the  product  of  ihr  trrms  on  each  side  of  it, 
place  the  sign  ;  but  if  not,  tlie  si^n  —  ;  and  under  the 
fint  and  last  term  place  the  sign  ■*■ .  Then  will  the  equa- 
tion commonly  have  as  many  imapnary  roots  as  there  arc 
chani;!'S  oftlie  underw  I I'.ten  M^  iii,  trom  +  to  — ,  and  from 
—  to  .  So  for  the  ifjiirttir.nj:'  —  4x*  -t-  .Ir  —  (J  =  0, 
thi  iurli  s  of  l'ractl'Jn^  i>  ^  | ;  then  the  second  divided 
by  the  hrst  gives  |  or  und  <i^e  third  divided  by  the  se- 
cond gives  I  alio  ;  heiu  r  Uk-^l-  quotients  plaocd  OVOrtfcc 
ittlermediatc  terms,  the  whoie  will  siaitd 

i       i  ■ 
thuSfJr'  —  4x'  -t-  if  -  6. 
«-». 


Now  because  the  scjuare  of  the  Sid  term  multiplied  by  its   begins  to  appear  again,  it  is  said  to  emerge,  or  come  out 
superscribed  fraction,  is  yj!*,  wUeh  is  greater  than  4**   of  darkness  again, 
the  product  of  the  two  a4|aoent  If       "  ' 
•t-  is  set  below  the  2d  tannj  nd  beetno  tba  awMn 

11,1b  Vj^,  place  or  poinlwbero  a  body  adi^-Im^ii  cither  diiect 
oblique :  if  the  body  atniek  aovca  »  the  direction  of 
•etb 


iheSd  term  maltiplied  by  ilaovenrtitleD  fnietioa, » 
whidi  n  less  thui  S4i*  theproduptof  the  terms  on  each 
liihof  it,'  iherrfoiOtiMiil^  —.k placed  under  that  term; 
,aliO  the  sign  if  oet  under  the  first  and  last  terms. 
Hence  the  two  changes  of  the  nnderwrilten  signs  ■*■ 
—  the  one  from  ■+  <o  — ,  and  the  other  from  —  to  -»-, 
show  thill  ei[U.il   'H  h.iN  two  impossible  root*. 

When  two  or  ino:>-  ti  rms  are  uatitiiiy  together,  under  the 
place  of  the  1st  of  the  deficient  terms  write  the  sign  — , 
under  the  ?d  the  sign  ,  under  the  3d  — ,  anil  so  on,  al- 
ways Varying  the  signs.  i  j  t  that  under  the  last  of  the 
deficient  terms  must  always  be  set  the  sign  .«-,  when  the 
Sitjocent  terms  on  both  sides  of  the  dcimnt  tom  huve 


greater  i 

therefore  the  apt      IM  PACT,  the  iimple  or  iiag)e  action  of  one  body  spaa 
fto  «QMn  of  annibcr  to  put  it  m  atotioik  F^nt  of  luipoc^  W  the 


coatimiy  signs. 


As  ia  tlie  cquaiioa 


ttMstfsiM^  the  tepuetttaaid  10 be  direct;  bulifikn,  it 
b  called  ail  oblique  impact. 

IMPENETRABILITY,  tjie  faculty  which  a  body  hai 
to  e.\clude  every  other  body  from  the  place  that  it  occu- 
pies: in  such  manner  that  two  bodies,  [iI.k  i  iI  in  toiitiict, 
cati  never  occupy  less  space  than  that  which  tbcy  tilled 
when  tlu  y  were  separate. 

Iinpeni  trabilily,  as  it  respects  solid  bodies,  does  not 
require  to  be  proved,  it  is  at  once  obvious;  but  fluids 
having  their  muleculae  moveable  in  all  din-ctiuos,  nod 
yielding  to  every  impression  exerted  on  them,  their  jiH 
pcneUabtUty  docs  jwt  inaiu(«st  itfdf  so  perceptibly  m  that 


oyiu..u^  L,v  Google 


IMP* 


of  (olid  bodin.  Takine  (he  nir  foran  exanplc  :  il  is  cvi- 
dcDt  that  so  long  ilns  fluid  is  not  enclocrd,  its  lacility 
of  motion  cuuscs  it  to  admit  an  easy  nnd  fire  pu!>»ui>c  to 
all  budin  that  are  urged  tliruugii  it ;  and  in  tliis  cnsc  it 
canuut  bu-  -uud  to  bi-  pcni-tratf*},  but  displaced  ;  lur,  it  the 
air  bo  included  within  the  sides  of  a  vp-^s*  1,  and  unotlji-r 
body  be  then  prcs<'ntfd  tu  lake  its  place,  nitliout  sutfering 
it  to  i-scapc,  it  will  rxerciiie  it»  iBtpeiietrability  in  tlie<iainc 
ittanner  as  i^ilid  bodin.  This  may  be  sufficiently  cvincei^ 
by  tlic  loUuwit^  very  easy  aod  tinple  experiment :  Let  a 
vcnel  be  mticaliy  detruded  into  •noilier  teasel  filled 
with  water  to  a  certaiQ  hdghtt  with  its  orifice  downwiida: 
the  surface  of  the  water  cormponding  with  the  orili^  of 
Uie  lint  vcml,  ii  depraicd  u  thia  vmel  itaelf  deaecnds : 
ud  thia  dcftiiHM  aity  ba.)iiidWBd  man  Mntible  by 
anuM  of  •Utile  phtt  or  dip 'ureoit,  placed  to  as  to  float 
OD  tbe  aurtito  of  the  mtHKZ  nefcnbeless,  this  water  is 
Mt  excluded  by  the  air  af^ch  occupies  the  immersed  ves- 
ael';  it  is  always  raised' within  it  by  a  certain  quantity 
which  increases  a»  the  vrssrl  is  imnicraed  to  a  eiealer 
depth,  siniilur  to  what  is  obsi  rvod  in  the  divitig-liell  ;  but 
it  is  evident  that  this  uscen^ion  of  the  iiuni  l^  'k  can'iiiril 
by  the  circumstance  that  the  air  is  a  coinj-ri-ssiblc  lluid, 
and  not  from  any  penctr.inun  i>:  ilic  waitr  into  iliu  bulk 
of  air  in  the  vessel ;  and  ibcn  fuit.'  its  volume  is  only  con- 
tracted into  a  smaller  space  by  a  superior  upward  pnaiue 
of  the  surrounding  water  in  virtue  of  its  weight. 

Wc  must  here  notice  is  dllBciilty  which  appears  to  re- 
suit  from  this,  that  when  certain  bodies  are  mingled  to- 
gether, the  volniBe  of  the  mixture  is  lepa  than  tbe  sum  of 
the  volumes  taken  separately.  This  happaoa,  for  ejiample, 
h  the  mixture  of  equal  pari*  «f  dcoliol  and  mtcr ;  the 
MM  alio  ohtaiin  nhra  copper  hf  tuAan  h  aiiqilcd  with 
the,  in  Older  to  tarn  the  compound  metal  called  bmu : 
itii  theo  observed  that  the  density  <>f  the  mixture  is  aug- 
Mtttled  by  about  its  tenth  part.  This  apparent  pcnetra- 
tioBisowin^  to  the  cirr ijinsMi;ci-,  Ihiil  ihi-  iimlcculje  of 
the  two  binlies,  in  coiisr,'i|u<  T.cf  of  lluir  respective  forma- 
tion, have  a  stronger  attr:irtion  than  in  the  two  ii.  tin-i 
taken  separately  ;  there  li>-nci-  results  in  the  figure  ni  iIm: 
pores  such  a  change  as  tl.mmi'.lies  [hu  spacr  rtiuul  in  thr 
sum  of  these  pores.  On  the  contrary,  in  ilir  all.jv  ol 
silver  with  copper,  a  kind  of  rarcfracticn  jin  duced, 
such  that  the  volutae  of  tbe  mixture  ia  somewhat  greater 
than  the  sum  of  the  capacities  the  two  bodies  prtvioos 
to  fusion. 

IMPENETRABLE,  that  cannot  be  penetrated. 
I.MPERFECr  AioM^er,  ia  that  whoae  aliqtmt  parts, 
taken  all  together,  do  Ml  mdie  a  ann  that  it  equal  lo  the 
Mmber  itself,  but  cillwriemeeA  it,  or  Ul  short  of  it; 
heiqg  on  ahwadut  mmhaf  b  the  feraird'ai»  and  a  de> 
itt  the  latter.  Thos,  IS  it  an  abundant 
tannber,  because  thesamof  all  its  aliquot  parts, 
li  9t  9t  4,  6,  is  which  exceeds  the  number  12.  AikI 
10  if  a  defective  imperfect  number,  because  its  aliquot 
parU,  I,     j.  all  together,  aipkaoilJy     whim  is 

less  than  tin-  n  mibcr  10  itself. 

IMl'hlUA!.  TiihU,  ii  an  instrument  made  of  brass,  with 
a  box  and  liecdlt,  ami  statT,  kc,  used  for  ra'jaiuring  of 
land. 

IMPEK\'IOUS.  n  it  to  be  pervaded  ur  t  iiit  red  either 
because  <<f  the  (.ioMi^i  s!)  uf  na  ports,  or  the  paitiCBlW 
ration  of  its  { 
ETUS^  bj 
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IxPKTtJs,  in  Gunhi  ry,  is  the  attitude  due  to  the  first 
force  of  prnjpciioji,  <ir  tlie  altitude  ihrouE;h  which  a  body 
by  falling  .ii  .iii.n-.  ;;i  ii  lolocity.     So  tlial,  if  tlir  velocity 
bf  V,  the  liiijx  tus  lit  altitude  will  be  a  =  liiCt. 
I.MI'OSSllJLi:  JCuand/j,.  or  ifooijthrftWltaa.^.. 
1m  AuiN  AHV  oiie»  i  which  see. 
Impossible  ili/tOfliiW ;  see  Binomial. 
I  .MP05T.  in  Architecture,  a  capital  or  plinth,  to  « 
pillar,  or  pilaster,  or  pier,  that  supports  an  arch,  itc. 

IMJt'Jl^PEIl /■>«ct»o«,  is  a  fraction  whose  numerator 
is  either  ef^  ^,  or  greater  than,  its  denominator.  As  ^ 
or  I  or  </«  itnimprMNHr  fraction  ia  reduced  to  a  *hok 
or  mi.xt  noMljiliji^/fliri^  the  numerator  hf  the  deno- 
minat^f^  tl^e  quotieot  is  the  integer,  and  the  fciuindeff 
Mt  onebHW  divisor  mnkes  tbe  fraciionalpart, ofdic ntltie 
original  improper  fraction.  Tbus^  =  1,  and 
and  y  s  3^.^^  So 'that,  when  the  numerator  is 
jutt equal  to  thedeiralBinatOr,  tKc  improjii  r  fr.iciiDn  is  ex- 
actly equal  to  Biuty'or  1 5"  but  whi  n  thi  ii  jiin  i.ititr  is  tlie 
greater,  the  fraction  is  greater  than  1 . 

IMPULSE,  the  single  or  m'liDciitnry  aclioy  or  force 
by  which  a  body  is  iiii|iell<Mj  ;  in  (  lA  iliadlstinCtiOBtO 
tinuid  forces;  like  thr  ijlmv  i  ;  ii  Jiair.mer. 

1MI'UI.SIVE,  a  t<  I  m  aiuiliMl  lo  »Lti'iii>  by  impulse. 


used  by  Dr.  Wal- 
l  ifMnciplct,  aa,  thou^ 
ii  ifeMtcapnhw  of  fndiwiiig 
See  bnpiiwtt  tiaS  Ivditcsibib.  Thm^ 


An. 


liNACCESSIBLt  Height  or  Distance,  is  that  which 
cannot  be  approached,  or  m«tanreJ  by  actiusl  measure 
mi-ni,  by  reason  of  some  impgdimeni  ;  a<  water,  &c.— See 

1  Incu  r-,  a:. J  UlSTANCBt. 

INCtPllVE.  otMot^  _ 
lis,  to  express  such  roorotMs*  jM 
of  no  roaginitude  ibeneel«el|  ate  j 
iHchatafe. 

a  point  hai  oo  magnitude^  bol  ii inceptive  of  a  line,  whkti 
it  produces  by  its  motion.  Abo  a  line,  though  it  hat  not 
breadth,  is  yet inccptiveof  breadth  ;  that  is,  it  ia  capable^ 
by  its  motion,  of  producing  a  surface,  which  has  bieaitha 

INCH,  a  common  English  measure^  haii|g  Iht  ^ih  pMt 
of  a  foot,  or  3  barley-corns  in  length. 

IM  IDENCE,  or  LiHf  of  1  n ^  i oj- vcK,  in  Mechanics, 
iin|)liih  tlie  direction  or  inclination  in  which  one  body 
^ti.Ki  s  i  ir  HLii.  on  another. — In  the  incur-nins  of  twomo- 
uii»  bod II  s,  Ibeir  incidence  is  said  to  be  direct  or  oblique, 
ail  the  directions  of  tlii  ir  motion  makea  strai^t tin^,  Of 
an  angle  at  the  point  of  impact. 

AHgk  Iff  Ikcidencb,  by 
angle  comprehended  b«> 
tveen  tbe  line  of  iacideaoe, 
and  a  perpendicular  to  the 
bodpr  acted  on  at  the  point... 
of  incidence.  Tboii  •■p» 
poee  AB  an  incident 
and  BF  aptrpeajlicalarto 
the  plane  cs  at  tb«  JlwideBt  point  a  ;  Aeb  >w"i>  th^ 
angle  of  incidence,  or  of  inclination. 

But,  according  to  Dr.  Barrow,  and  some  other  writers, 
the  angle  of  inciiiLiifi  is  the  complement  of  the  fcrnn  r, 
or  the  HiigIc  made  between  the  incident  line,  and  the  piano 
sr!<a  (ill,  or  a  tangantatlh*  pnntof  incidaMa:  aatha 

angle  a  bC.  % 

It  is  demonstrated  by  optical  \*ri!rn!,  Ist,  That  the 
angle  of  incidence  of  the  rays  "t  light,  is  always  equal  to 
Jihe  angle  of  reflection;  and  thai  they  lie  in  the  same  plane. 
And  tbe  same  is  proved  by  the  writers  on  mechanic*,  con- 
tbe  refk-ction  of  clastic  bo'l><^-  i'"*'  'bo 
Z.ABt  m  tha  ^MP,  ot  the  ^ABC  as  the  ^bhS^^ 


INC 


•INC 


3t>,  That  ibcniwtof  ihranglnof  iociilciiceand  refraciioa  pvQlieDdtd  bMimni  the  rcnptie  Midi  the  place  of  thepla- 


arc  to  each  otheT,  either  acconiteir,  orvt-ry  nearly,  in  a 

Hivtn  or  coiislanl  riitio. — .IJIy,  Tlmt  irom  iiir  into  glass, 
the  sine  of  the  angle  <4 Uu  idi-iicr  ii  to  the  situ' of  tlir  hiilIc 
of  rcfructioii,  as  3(io  !i>  i;)3,  or  u>  .irly  115  14  tt. !) ;  .iinl,on 
the  other  hanJ,  that  I'ut  oi  vlusii  into  air,  the  mi«-'  oI  the 
angle  1 1  iiiL'iiii  tici',  10  tlie  >iiii<  of  the  angle  of  refiaclioD, 
as  lyj  t<i  LiiHi,  iM  as  0  to  U  marly. 

IncI  lir  Nf  i;  nj  Eclijtic.    Se«  txLl  Fsu,  and  Im  MKRalON . 

^xu<2^Incid&ncl,  is  the  liiir  ra perpendicular  lu  iho 
iteBecting plane  at  the  |>oint  of  incidence  s. 
.  Ci<MMHqflNciDKNCB.i>eeCAniaTtrs,amlKBPLECTioN. 

Lme  of  Ihciuekcb,  in  Cuoptticaideiiom  a  right  line, 
as  AB, in  which  light  ispfopigiMed finim a  mdtantpoiat  a , 
10  0  point  B,  in  the  wr&ce  of  a  ■pecutum.  The  aame 
line  ie  olio  ffUled  an  incidear  ny, 

Imc^Ihciouci.  in  Dioptrica,  i»  a  right  line,  as  Al« 
in  wUcii  lij^t  i»  pfopagatrd  unrefncted.  in  the  aame  nit- 
dinm,  fiwm  the  radiant  point  to  the  surface  of  the  re- 
franiiij;  liinly,  cnE. 

Vomt  q/' Inciukvce,  is  the  point  b  on  the  surface  of 
t      tleciingor  fdSeacliiig  ipnliuiiit  on  which  the  incident 

ra\  U1II-. 

Scrup!r.\  0/  IsriDrNi  E.    See  Sciuii'i.t.-*. 

INC.'IDEN  1  Hay,  is  the  line  or  ri!>  ab,  falling  on  the 
SUrluce  of  any  l>i«ly,  at  a. 

INCLINATION,  in  Geomctr),  Mechmiict,  or  Physics, 
denotes  the  mutual  tendency  of  two  liiici,  pinnrs,  or  bo- 
dies, towards  each  other;  »o  that  their  directioiu  make 
■t  iho  point  of  concourse  some  certain  angle. 

IncLWATIOM  ^ikeJxk^tkeBmdL  is  the  ai^  it 

makes  with  tbeplBM  of  the  cdiptietOTHMi 
,  iheptaofliof  thaeqiutloraRdcd^ti& 
IncLiif  ATtOH  or  a 


tt  m  Mne,  is  the 
ang^,  as  cde,  which  the 

line  CD  makcD  with  another 
line  DE  drawn  in  the  platte 
throujih  the  incident  point 
0  and  tht  foul  of  a  perjM  n- 
dicular  e,  Ihhii  any  point 
of  the  line,  upon  the  plnn<v 

Incli  N  ATK>N  of  an  /nrtdoflJIqbiafh^aiiglflof  incUna- 
tion.  or  angle  of  incidence 
IwcLiHATiow  af  <*«  MmmMlIkuUe.  See  Duma 

Nadk.. 

IiicLiMATtoir  iif  Mtridiant,  in  Dialling,  is  the  Rn;;te 
that  the  hottr4inp  on  the  globe,  which  is  perpendicular  to 
t|w  dial-plane,  makus  w  ith  the  meridian. 

iMCUitATiila  ^lAe  Orto  ef  a  PIsnei,  is  tbe  angle  formed 
bv  the  pUtnce  of  lha  ecliptic  and  of  the  otfait  of  tbe  planet, 
"lie  qnaoti^  of  diii  iacliaatkn  for  theserenU  planali,  ii  .  cacacily 
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net  in  its  orbit.   The  greutest  hielinBtion,  or  declination, 

i'l  the  same  a*  the  inclination  of  tlu;  orbit ;  »  hich  tee  above. 

IsciliNATioN  0/  a  RefiectcU  itt^y.  is  the  nnjtlc  wh^cb  a 
r<i)  :i'iiT  i>  ili'Ctiiiti .muk' Willi  ill'- a.\i>  oi  inclination}  at 

the  allele  tr.i».  III  ihe  l;i-,l  tii;.  Iml  <  ne. 

Iv< MS  \  jii'V  ';'  'r.L'i  I'lrihe.i,  is  li.e  ,i;ijle  iiiude  by  two 
line'  (Ir.ivsn  in  th<ise  plain  s  perpcnaituiai  to  ;tM'ir  coinnioii 
iiiteiN.  L  111  11,  ami  inci  tiin^  in  any  point  of  th.it  insei-section. 

Ans^lc  of  I Nfi.iN ATiox,  is  the  Mime  as  what  is  other* 
wii.e  culled  the  anjjle  of  incidence. 

Ar^umcut  .tf  Inclin  atios.    8tw  ArOVMF.NT. 

I NC LI  N A  I  I ( ) N S  { obUm  of)^  is  onaof  the  last  woiks 
of  Apollutiius,  desciibcd  by  Pappin,  as  consisting  of  two 
books,  or  these,  iptonilioaa  ha««  been  allemplcd  by  10 
eaial  of  the  niod«iis,  with  wrious  suctess.  1st,  By  Obe- 
mMv,  in  two  hooka  entitled  Apollonius  Redivivut,  4M, 
VcoiGe,  iSor  (t  I6l$^a,  Al.  N.  Anderson,  Suiiplem. 
Apol.  Rcdie.  India.  Peris,  10 1:,  &  I6'I5,  4lo.— 3d, 
Horsley,  Apol.  Inclin.  lib.  2,  Oxon,  1770.  4Il.  — 4ih,  Reu- 
ben Burrow  published  an  Tn^lish  eiliiion  In  177,0,  +to. 

IN('LINI.I)  /'/..Trr,  iii  M  ■eliaiiics,  is  a  jdane  inelined  to 
the  hon/nii,  or  making  un  angle  with  It.    It  is  one  of  tbe 

simple  ineelianic  powcis,  «ad  tbc  dooble  incliurd  plana 

miikes  the  wed^e. 

1.  The  jimver  naiiied  Ijy  the  inclined  plane,  is  in  pro- 
porliou  Its  the  loiii:th  of  the  plane  is  lo  it*  height,  or  as 
radium  to  ih<  sine  of  its  incliitatinn  ;  that  is,  a  given  weight 
hanjiiiig  fret  Ij^,  will  balance  upon  tbe  planeaooiher  wei^tf 
tfaatihailbe  greater  in  that  proportion.  So,  whcBlha 
greater  weight  w  on  the  plane,  is  ba- 
iBBced  by  the  less  wdgbt  w  haogpog 
peipendiciilarly, thca  law :  v : :  m: 
AC : :  tin.  ^  A  :  redins.  -Or,  inotber 

the  r.  Imr*e  gnritar  <il»  bodj 
the  pliine,  or  Its  raroe  in  d^ 
scendino  down  the  plane,  is  to  its  nli-    '\  n 
solute  gravity  or  neipht,  in  the  sjtnic  proportion  nf  theheight 
oftheplaiM'  lolisli-e.jth.orol  liiesineofun  l.ii,ii;'in  to  radius. 

2.  lienre  llieii^l  iri'  the  relalne  griuiin-s  uf  the  same 
body  on  iluinent  inelined  planeji,  or  tlieir  I'orces  to  de- 
scend down  the  planes,  are  to  each  other,  as  the  sines  of 
the  angles  nf  i-iclinatiun,  to  nulius  1,  or  directly  as 
heights  of  the  plaiics.'iind  inversely  as  their  IcOgtbl. 

3.  Hence,  if  the  planes  have  the 
samehei^ht,Bnd  the  absolute  weights 
of  tbe  bodies  be  directly  proportional 
to  the  lengths  of  the  planes,  then  tbe 
feroettodesoend  willbeequal.  Coh* 
teqwDtly,  if  the  bodies  b«  then  eon- 
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Mercury 
Venus 
Earth 
Moon 
Man 
Jupiter 
Saturn 
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of  a  Plane,  in  DIallinc,  is  the  arch  of  a, 
vertical  circle,  perpendicular  both  to  the  ]dane  and  the 
borizon,  and  intercepted  between  them. 

lacuvATiOM  <ff  a  FUmttf  a  the  arch  or  ang^e  com^ 
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naetad  by  a  string  acting  paralM  to  flh'fUaaee,  tiwy  will 

each  other ;  as  in  the  annfixcd  fi^urp. 
Hie  idatrre  force  of  gravity  on  the  plane  being  in  a 
constant  ratio  to  the  absolute  weight  of  the  body,  viz,  as 
sine  of  inclination  to  radius ;  therefore  all  the  laws  rela- 
ting to  till  |M  rpendicular  free  descents  uf  bodies  Ly  gra- 
vity, hold  ecjuaiiy  tnte  for  the  descents  on  inclined  planes; 
such  as,  that'tbe  motion  is  a  unilomily  accelerated  one; 
that  the  velocities  are  directly  fes  the  limes,  and  the  spaces 
ns.  the  square  of  cither  of  tfn  ni  ;  iisiiij;  only  the  relative 
force  upon  the  plane  for  the  absolute  weight  of  the  body, 
or  instead  of  Si-'-J  feet,  the  velocity  generated  by  gravity  in 
the  £m  secoRd  of  time,  using  32Jj,  where  *  is  the  sine  of 
the  inclination  to  the  radius  i. 
i..Xbe  velocity  acquiied  by  «  body  io 
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down  an  inclinctl  plane  ac,  when  tb« 
budy  arhves  at  a,  is  tbc  same  as 
the  velocity  Bcquin-d  by  dncrnding 
fn-cly  down  iIk>  {VQi(K-iidicular  alii- 
tudi-  DC,  when  it  ariivf!!  nt  b.  Bui 
tlic"  times  arc  very  diOi  rent ;  for  the 
time  of  dfsciunding  down  the  inclined 
|>laue,  is  greatt-r  than  down  iLc  pt-r- 
pendicuUr,  in  the  siiine  prnporliott 
•s  the  Icnglli  of  the  plunn  ac,  >*  t»  llic  hri)>lit  i;n  :  and  su 
the  (inie  of  descending  (tmii  any  (xiint  c  to  a  liori/uniiil 
line  or  plane  a  bc:  ice,  dow  n  any  oblique  line,  or  inclined 
plane,  ii  directly  ptuporlKmul  to  the  Kngth  of  lh.it  plane, 
CA,  or  cu,  or  ci.,  or  cn,  ur  «,»,  &c. 

6.  lleiH-e,  if  there  be-  drawn  ah  porjieBdicular  to  ac, 
meetiiii;  Cu  pro<luced  in  II ;  then  the  lime  of  dcbcendiiig 
down  uuy  plane  (  a,  i^  cqu^il  to  the  lime  of  descendiiij^ 
down  the  perpendicular  Cii.  Sio  thi<.l,  if  upon  i  ll,  ju  » 
dioineter,  a  circle  be  dc^CribcH,  the  limes  of  descent  will 
be  exactly  equal,  down  every  chord  in  ihe  circle,  begin- 
ning; ut  and  leriniiutm;;  any  wift-re  in  the  rircumti"- 
rence,  as  ci,  CA,  CK,  CII,  &c,  or  be^iiiiiin^  any  where  in 
the  circunifi-rence,  iitu!  enilin^;  at  tlie  lowe»t  point  of  ihe 
circle,  ns  cu,  ill,  aii.  kii,  \-c. 

7-  When  budies  lU'ceiid  incl'ned  planer,  their  motion  is 
uniformly  reliirded;  uud  A\  the  foi  inri  law)  fur  descents, 
or  the  gem  ration  <if  inotion,  hold  equally  (rue  for  asccni!i, 
or  the  dL->liuctiiin  >if  (he  same. 

Inclin  f.l>  'iomerf,  arc  loners  inclinfd,  or  Iciininc  from 
the  perpendicular,  oa  those  of  Pi->a  or  Bologna  in  Italy. 
See  Tow  §•  lis. 

INCLINtRS,  are  inclined  di.ilv    Scf  Dial. 

INCOM.MKN-SL  It ABL!  , lines, or  NunilK?rs,oi Quan- 
tities ill  general,  are  such  as  have  no  common  ntcH^ure,  or 
no  line,  iiumbi-i,  or  quantity  of  the  same  kind,  that  will 
measure  'ir  divide  Ihem  both  without  a  reinaiiider.  Thus, 
the  numbers  1^  and  10  an-  incommensurable,  becau^i 
though  15  can  be  measured  by  3  and  5,  and  16  by  3,  4, 
and  8,  there  is  yet  no  single  number  that  will  divide  or 
measure  thciii  both.  —  Kuclld  demons! rates  (prop.  11^, 
lib.  10)  tiint  tlic  side  of  a  square  and  its  diagonal  arc  in-  ' 
commensurable  to  each  other.  And  Pappus,  prop.  17, 
lib.  4,  speaks  of  intoinmensunihle  angles. 

IxcoMMrs^l'liABLr.  1/1  Patier,  is  said  of  quantities 
whose  C<l  powers,  or  s<|Uures,  are  lni'omtnen<uruble.  As 
^'2  and  y/;J,  whove  ^quHres  are  2  an. I  3,  which  are  iiicom- 
mensurnble.  It  is  commonly  siipposeil  that  the  diameter 
and  circumferi  nceof  a  circle  aremcommciisurable  (oi  uch 
other;  .-it  least  thiir  conimensuriibility  has  never  been 
proved.  And  Dr.  Barrow  surmises  even  that  they  are  in- 
linitcly  incommeiisiiraMe,  or  that  all  possible  powers  of 
them  are  incommensurable. 

INCOMPOSriE  Sumbert,  are  the  same  with  those 
called  by  Euclid  prime  numbers,  bsing  such  as  are  not 
composed  by  the  multiplication  together  of  other  numbers. 
■  A»  3,  5,  7,  II,  &c. 

I  NCU.M  PRF.SS1BLE,  incapable  of  being  tqtteeied  into 
less  room. 

INCOMPRESSIBILITT,  incapacity  tob«  compressed 
int»>  li  ss  rwim. — During  a  luni*  period,  water  wa»  consi- 
dered as  a  fluid  perfectly  unclaslic,  that  is,  incompressible 
or  unyielding :  and  this  opinion  was  corroborated  by  an 
experiment  of  the  .Aca<temy  del  Cimento  in  Italy.  By 
that  experiment,  the  members  of  the  academy  endeavour- 
ed to  ascertain  whether  water  was  onpablc  of  being  com- 


pressed in  any  degree.  For  this  purpote,  they  filled  a 
holloW  metallic  plobe  with  that  fluid,  nnd  closed  the  ori- 
fice very  accurately.  'Ihis  ball  was  then  forcibly  pressed 
in  a  pru|Kr  iiiachinc;  but  no  contraction  could  be  ob- 
served, neither  imleed  was  the  apparatus  capable  of  show  - 
ing small  dcnnes  of  compreKsion :  hence  however  they 
concluded  that  water  was  not  capable  of  compression. 
This  opinion  pn  vailed  till  the  jear  17()l,  when  Air.  Can- 
ton  ^iKOWred  the  compressibiluy  ot  wat<  r,  and  of  other 
liqui'is.  He  took  a  f;luss  luhe,  having  a  hollow  bull  at  one  • 
villi,  out  ofien  at  top;  he  fllle^^  the  ball  and  part  of  the 
tubi'  aitb  water,  w  hich  br  had  di  prived  of  air  m  much  as 
).o5sibl<;'Jic  ihen  placed  the  ijln^s  thus  filled  under  the 
lecciver  otan  air-pump;  and  <iii  eslun. sting  the  receiver, 
wlfith  removed  the  pressure  of  the  ainiuspliere  from  over 
the  water  and  the  gia*i  veseel,  the  consMjueiicc  was,  thai 
the  water  ro»e  a  little  way  in  ihc  lube,  that  is,  it  expand- 
ed  itself.  He  then  placed  the  apparatus  under  the  re- 
ceiver of  a  condensing  engine,  and  on  forcing  the  air  into 
it,  which  incrcas4-d  the  pressure  on  the  water,  a  diminu- 
tion ot  bulk  visibly  took  jiUce,  the  water  descending  a 
little  in  ihc  tube.  "  In  ihis  manner,"  says  Mr.  Canton, 
"  1  have  found  by  repeated  Irials,  when  the  heat  of  tb« 
air  has  been  about  jO-,Bnd  the  mercury  at  a  mean  height 
in  (he  barometer,  iliat  the  water  will  e,\pand  and  ri«e  in 
the  lube,  by  removing  the  weight  of  ibc  atmosphere,  on« 
part  III  '21740,  and  will  be  as  much  compressed  under  the 
weight  of  an  additional  atmosphere.  Therefore  the  com- 
)ires>ion  of  water  by  twice  the  weight  of  the  alin<isphcn>,  is 
one  part  in  1()S70-  Water  ha*  also  the  remarkable  pro- 
IK'rry  of  being  more  compressible  in  winu-r  than  in  sum* 
iner,  which  is  contrary  to  what  I  bav6  observed  both  in 
spirits  of  wine  and  oil  of  .olives."  By  ihe  same  meads, 
and  in  the  same  circiim>tanres,  Mr.  Canton  ascertained 
compressibility  in  some  other  fluids,  the  results  of  which 
arc  m  below  ;  \iz, 

Comprcfton  iff  ^  \  Millionth  para. 

Spirit  of  wine  -        '  W         6$     _  .• 

Oil  of  olives  -  ^      '  ^ 

Uuin-water  -  -  46 

Sca-«aUr  -   '       -  io 

Mercury  -  3 

INTllfc-MLNT,  is  the  small  increase  of  a  variable 
quantity.  Newton,  in  his  Treatise  on  i'luxi4)ns,  calls 
these  by  the  name  .Moments,  and  observes  ihal  they  are 
proportional  to  the  velocity  or  late  of  increase  of  the 
riowinic  or  variable  quantilie.s,  in  an  indefinitelv  small 
time;  lic  denotes  them  by  subjoining  a  cipher  0,  to  the 
varying  quantity  whose  moment  ot  increment  it  is  ;  thus 
xO  is  the  moment  of  r.  In  ihc  doctrine  of  increments,  by 
Dr.  Brooke  Taylor  ami  Mr.  Emerson,  they  are  denoted 
by  points  below  Ihe  variable  quantities;  as  5  Soqie  have 
alst*  represented  them  by  accents  underneath  the  letter, 
as  jc ;  but  it  is  now  mure  usual  to  express  them  by  ac- 
cents over  the  same  letter  ;  as  /. 

INCREMENTS,  Mdhod  of,  •  branch  of  Analytics,  in 
which  a  calculus  is  founded  on  the  properties  of  the  suc- 
cessive values  of  variable  quantities,  and  their  difference*, 
on  increments,  fhc  inventor  of  this  method  was  ihe  . 
learned  Dr.  Taylor,  who,  in  the  year  1715,  published  a 
lix-alisc  upon  it ;  and  afterwards  gave  sonic  further  ac. 
count  and  explication  of  it  in  the  Philos.  Trans,  as  applied 
to  the  finding  the  soros  of  series.  Another  ingenious  and 
taisy  treatise  on  the  same,  was  published  by  Mr.  Emerson, 
in  the  year  1763-  The  method  is  nearly  allied  to  New* 
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ton's  Joctrinc  of  6iixioi>s,  and  ariios  out  (if  it.  AIm>  the 
difieRntwt  melbwl  Mr.  Stlrlinp,  winch  he  apiilics  lu 
die  MimilHlti<*tt  aiMl  inlcrpo^utKjn  ol  series,  is  of  the  MRie 
MKun  M  the  metbud  of  incrcrocnu,  but  not  *o  general 
uid  «xHoii*e. 

FJrom  tbeniertKMl  of  incrrmeots  Mr.  Emcnon  obKmc, 
the  piinci|M}  ^adBtUm  of  the  mctluKl  uf  fluxion 
may  b«  euily  dcrfwd.  F«r,     i«  ibe  im>th.ia  oi  incre- 


inciits,  the  incmoent  may  be  of  nay  magnitudf.  »o  in  tlu- 
method  of  fluxions,  it  mwt  be  *>W»«^J!£hM^'|  ' 
whence-  all  preceding  and  »iiec«»iive  vtSvt^JggfnnMe 
quantity  will  be  equal.  Irum  whkh  tqunlHy  flftTrtiks  wr 
performing  ibu  princijjal  opcnitK  ii»  oi  (iuxions  Stir  imme- 
diately deduced.    That  I  m.iy  giM-  the  reader,"  c  ini  "i 
hc,"an>orep«-rfe«t  idcu  of  the  luttire  of  this  metbuj    -■■[  - 
poMthe  absci-saof  a  curve  to  be  divided  into  any  t  ir  - 
ber  of  equal  parts,  cacli  [iurt  of  wbich  is  called  the  inm 
tnCBt  of  the  absciiW  ;  ami  iiiKigine  so  many  parallcki- 
gnim  to  be  erected  tbrn-on  ,  eithe  r  circumscribing  tbe 
CUrvilineal  figure,  or  !n>criln-il  m  it  ;  thi  n  tlu'  findini;  tin 
•lin  of  all  these  parallilrigTani>  bci<.i)j;s  to  the  mctliud  '>t 
ipcrements.    But  if  the  parts  of  tlu  ;ibM  issa  be  tj«ken  inli- 
aitf )y  tB««il,  Am  thetc  pandk-lourmins  deKi'Tier»t<  into  tlit^ 
CHirei  «nd  thm  it  becomes tbe  isatbod  of  iIu.mohs  t.>  find 
tik  raw  «f  dl*  or  the  U«^^^  cuiw.   So  that  the  me- 
thod of  incmacBli  Atd*  )m^<"  o^  <^y  number  of  finite 
quantities;  knd  tbe  itaethiMQtf  Jtixiona  the  lom  of  any 
jnfinite  number  of  infiiitte)y-i»aU  ones:  aiul  tbit  it 
tbe  essential  difference  betiMCb  tlicse  two  mclhodt."  Ag^in, 
«'  There     such  a  near  relation  between  the  method  of 
flu.Motis,  and  that  of  incrctnrnts.  thm  iiutny  t-l  tho  rules 
for  the  one.  witb  little  viiriution,  »t  rv«  al.v.  for  the  other. 
And  hire,  a.s  in  thi<  roclhod  of  flo.xions,  »ome  questioni 
may  be  solved,  aiid  lb<.-  intograis  found,  in  finite  terms; 
while  in  others  we  arc  forced  to  have  recourse  to  infinite 
ieriea  for  a  solution.    And  the  like  diffirulti^  occur 
in  the  method  of  incremcnlH,     usually  happen  in  l1uxion>. 
Forwbile  lomc  fluxionary  t^uanlitics  hine  ii<>  fluents,  l>ut 
what  are  expresseii  by  nerio;  so  also  somi-  increnuius 
have  no  integrals,  but  «hh.n  mtiiiice  aeries  aflbrd ;  whicli 
will'oAen, aa  ID  fluxion'^,  diverge  and  become  mekw." 
'  By  meaui  «f  tbe  atetbod  of  incrciiKnt*.  maiqr  corinas 
and  tHcfttl  pfoMeroa  are  Mwly  fCMlved,  whieh  icafcdy 
admit  of  n  nolution  in  iiny  other  way.   As,  auppoee  »ew- 
ral  scries  of  quantities  be  given,  whose  term*  aie  all  formed 
acconiiii!^  lu  >ome  cvrtuin  law.  ttbich  it  alto  g^ven (  the 
niethdd  I  [  increment^  will  determine  a  pneial  teiieti 
»hifli  coinprohi-nil-  ;iil  piiiricular  cases,  and  from  whIch 
all  or  tluit  kinrl  niiiy      f<iiiiui.  'I  he  ini-thod  of  increments 
is  also  of  ureal  men:  h  ■  '  l.  .my    im  of  ascrie-  proposed  ; 
having  the  law  given  tiy  wtitch  the  terms  ate  lormed ; 
which  will  either  be  expressed  in  tinitr  quantities,  or  by  an 
infinite  series.  •  Another  npplif  ation  of  liie  method  ol  in- 
.'crements,  is  to  find  the  suinmution  of  smi^.  which  it  will 
often  effect  in  finite  terms.    And  when  the  sum  of  a  serir-s 
■  cannot  be  had  in  finite  terras,  we  must  have  recourse  to  m- 
•iiif  lerict ;  for  the  integral  being  expressed  by  such  a 
■eri«>  the  sum  of  a  competent  number  of  itt  terms  will 
ffK lh«  sum  of  the  aeries  required.   This  is  equivalent  to 
tninfDmim  one  scries  into  another,  converging  quicker : 
a  very  few  terms  of  this  series  will  give  the 


flW  1  INC 

■  urai. — 2.  The  increase  of  any  quaniity  from  its  present 
value,  to  the  next  succeeding  value,  is  railed  an  incre- 
ment:  or,  if  it  deCrcHM-s,  u  (ii  ciennut. — .3.  Tiie  int f  -asc 
of  any  increment,  i>  ilie  w  cond  incioiiRnl  ;  and  llic  ui- 
crcaw-  of  till-  Jil  iiiL  1.  ivicut,  is  the  3d  increment ;  and  so  on. 
— t.  Succeeding  vaiues,  are  the  several  vhIhcs  of  the  inte- 
gral, succeeding  each  other  in  regular  onlt  r,  irom  the 
present  \-alue;  and  preceding  values,  ikSv  such  as  arise 
before  the  present  value.  All  these  arc  called  by  tbe  ge- 
neral term  Factors. — 5.  A  perfect  quantity  is  such  as 
COO  tains  any  number  of  successive  values  without  iuier" 
vlttion;  aad  a  defective  qtiantiry,  is  that  which  wants 
some  of  tha  •ttcecMive  uhica.  Thus  x  x  x  jr  is  a  pcrftpt 

*.*,*  f 

qnMtity ;  and  c  x    an  imncrlrct  or  defective  one. 

•45 

Xniruion.  Tills  Mecording  to  Mr.  Fmersori's  tnelhod,  is 
as  follows ;  1.  Suiiplc  irit(  i;ral  qiiantitu'5  are  ileuoted  by 
any  letters  whatever,  as  z.  y,  i,  u,  \c. — '2.  The  several 
values  of  a  simple  inleyrul,  are  di  noted  by  the  same  letter 
witli  small  figurts  Ululer  them:  so  if  x  be  au  integral, 
then  t,  t,  »,  «,  &c,  arc  the  present  values,  and  the  ist, 

2d,  3d,  &c,  successive  vtfues  of  it;  and  the  preceding 

values  .irc  denoted  by  tlgun  s  with  negative  signs,  ilius 
X,  a,  £,     iire  the  isi,  2d,      4th  preceding  values;  and 

the  figure  denatimuy  faloe,  It  Ike  characteristic. 

9.  The  incMCBli  M*  denoted  with  the  same  lelten, 
andpointtttiiderthiaiii:  thnt.  f  it  theiitei«meittofx,awl 
z  is  the  increawntflfit  iUte»isthe  iDCitBWBtof  »j  and 

X  of  X,  Ace. 


Mas  of  the  series  sought. 

Vlhm  a  «aaiiti9  i*  couidofed  increasing,  or  dc- 
cUiing,.ihy  ccrluniMp  or  dcgiew,  it  ia  aUad  an  Int^ 


4.  Tbe  2d,  3d,  and  other  incremenU,  are  denoted  with 

tv»o,  three,  or  more  points  :  so  x  is  the  8d  ii>crement  of », 
and  !  is  the  3d  increment  of  e,  and  so  on.  And  these  are 
deiwminated  increments  of  tucfa  an  ofdar^  accofdinglff 

tbe  number  of  points. 

'  5.  If  I  be  any  mcremrnl,  then  [x]  is  the  integral  of 
it;  also  '[x]  denotes  the  Integral  of  [x],  or  the  2d  in> 
icgral  of  X  ;  and  '[x]  is  tbe  Sd  ittcgnl  of  or  IB  !»■ 
ic^al  of  tbe  3d  order,  &c. 

6.  Quantities  written  thus, 
I  .  .  ,  T  menn  the  same  n?  x  r  i  t  t,  or  »ignify  that  the 

quantiltf& aro  cuniii)ui.'d  fiuin  tiic  titst  to  the  iRst,  withotit 
breek  or  interruption. 

Jlohid  tke  IncrcMcnl  qf  am/  iiUegral,  or  variable  qaaiuity. 

Jbife  1.  if  the  proposed  quantity  be  not  fractional,  anj 
ha  aperCect  integral,  consisting  of  tbeauoccative  vslues  of 
the  nriable  quantity,  which  inertaset  nnifomilyt  Mliltl* 
ply  the  pfopoeed  integral  by'  the  number  of  fiMton*  and 
change  IM  iMiest  factor  for  an  increment.   So  the  i 
ment  «f  •  —       6a  it  —  3r         for  the 
of  the  coortast  qnntity  a  is  0  or  nothingi  So  I 
The  increment  of  c  x  x  x  j,  is  4ejr  x  x  «, 
I  t  I  III 
The  increment  of  ox  x  x,  is  3^  jr  x  x. 

-j-i-i  ■ 
i  he  lucxement  of  x  . .  .  x,  is  (m  -t-  »  -i-  I)  .  *  x  , , ,  x. 

—  m        n  l^m4-l  • 

Rule  2.  In  fractional  quantities,  where  tbe  denominator 
is  pcrli.'Ct,  and  the  vari.ibic  quantity  increases  uniformly. 
Multiply  the  proposed  uue5r.1l  by  the  number  of  factors, 
Hiid  by  ttie  constant  increment  with  a  negative  si<>ti,  and 
take  the  next  suoeeeding  value  iut«  the  dcnouioator.  Thus, 

Ike  inenmMt  of 


t 


s 


INC 


INC 


Tito  IncrenMnl  of 


—  94* 


ffu/c  3.  Tbe  iiirrcin<iu  of  any  power,  a*  x*  is 
('•*■  *)"  —  "'•.  that  U,  the  ttiffi-RiDcc  betwce*  tb9  pment 
vaiuc  x"  and  the  next  MiCMcding  valuo  (r  ^r)*.  And 
Miienlly,  tli«  tneremcDt  of  any  qasntiiy  uhatcvrr,  is 
lonnd  by  mbtnicting  the  present  value,  or  tbc  gu  i  n  quati- 
tlty,  from  its  next  succeeding  valuCL  Also  by  fxpuiidiiig 
the  eonipijuiul  quantity  in  a  •criei,  and  subtracting  *» 
fViiTi  it,  ihi-  iiicremi  nt  will  be  rilhvr 

«•»— 1.«— 1  .  .  ... 


Th*  increnmt  of    or  x***, 


-J,-  dec. 


Tlic  incrrroent  of  a',  a  Iwing  constant,  ii 

=  a».  (o*  -  1). 

■  1.  ' 


."       .        » +  jf 
A  ■  -  a*  a  a     ■  -  «' 

The  inennait  of 


I  — 


Tbe  increment  of  n  is  n  —  xc  = 


X7t. 


(x  •*-«).  (s  f-  x)  —  »  zstt  -».  1_ 

And' to  on  for'an^  form  oT/intiSttil  iihatevrr,  siibtract- 
iq^dM  ^venqvantitjr  fnm  it»  naxtincecediiw  value.  So^ 

TheuMfammt  m  th«l«g.efc  ■ls^«'- la^* 


bytfce 


«f  loguitliiM,  »  7  -  ^ 

SrAo/.  Hence  miiy  be  dviluced  the  printiplrs  nnd  rules 
of  fluxions;  for  the  method  of  fluxions  is  only  a  particu- 
lar Case  of  the  meih'iii  ui  ir.creinrtits,  fluxions  beinf^  infi- 
nitely small  incremetiis  i  theiefuie,  if  in  any  form  of  incre- 
ments, the  increment  be  taken  infinitely  ^mull,  the  t'orro 
or  expression  will  be  cliangcil  into  a  fluxional  one.  Thus, 
vmf  *  ij  -f-       which  ii  the  increment  of  the  i«ct- 

ajiie  xs,  ifx  and  »  be  changed  for  '  and  i,  theexpiCHMn 
1  become  ax     xx     jiz  for  tbe  fluxion  of arwly 
t-  xCi  becaoM    la  infiflitelv  1«M  than  die  not 
'  8olikewn^ir««echa^tBdfer  ^ioAit 


&c,  which 


■.n  — 1 


ii.it<->i.a.— 9 


s  '  a. a 

s  (he  increment  of  x*,  it  becomes 

"—1    __n  -J.       n.n— l.n  — a 


&c,  or  hi""  X,  for  the  fliixion  of  the  power  i",  as  all  the 
terms  after  the  first  will  be  nothing,  bicause  i'  and  *^  &c 
arc  inlinitely  less  than  *.  And  thus  may  all  the  other 
tomis  of  fluxions  be  derived  from  the  corresponding  incie* 
ments.  And  in  like  manner,  the' find  ins  of  the  '«"^nJt> 
is  only  a  more  general  waj  «f  tulim  ibmli,  at  mapmn 
is  what  follom. 


To  find  tht  hlrgral  qf  any  ciren  Increment. 
_  fyile  I.  When  tlievarialle  quantity  increases  upiform- 
ly,  nnd  tlie  proposed  iiite;;ral  cunMsls  of  the  succesaive 
values  of  It  multiplied  togeiher,  or  i,  a  |«-rfect  increment 
not  fractional:  Multiply  the  given  increment  by  the  next 
preceding  value  of  the  variable  quantity,  then  divide  by 
ihu  new  number  of  factors,  and  by  tbiTon%tantinGnnni|U 
Example.  Thus,  thcintegml  ot'+fJfaix  iacBlX*. 

The  integral  oi 3ux  z  z  i%  ax  x  x,' 

2.  In  «  ftwnional  exprenkM*  svWa  tbe  variable 

CUity  increaaea  nolibrattyi  and  tbe  drnominator  is  per- 
cuntainiiigtbe  ncmaive  vaiaeaofihe  variable  quan- 
ti^:  Bxptiige  the  sRtlest  value  of  the  variable  IcCi  -., 
Oen  divide  bjf  the  new  nunber  offlictora,  and  by  the  cun- 
stant  increment  with  »  negative  ugn>  Sp, 

The  integral  of  ~~ 


X. 


•  •X  ax. 
s 

nr  e 
-»—  IS  — 


The  iDMoral  of 

a  ...  .J  T  . .  ..» 
-I        •    ->  i 

Ell!.  3  \'arjiius  uihii  |i;uticular  rules  arc  given,  but 
theic  and  [he  two  fon  i;.  ini;  are  all  b»st  included  in  tiit  l<.l- 
lowiag  general  tabk'  iht-  most  useful  forms  of  incu^ 
roent'!  and  integrals,  to  be  used  iu  tlie  same  way  as  the  si- 
milar ubte  cf  flnxlons  Jod  Huenli,  -to  which  these  eoE> 
mpood. 

if  ThUe  <^ lacremcnti  and  liiar  /(i,v-^t,';/j. 


f  when  coniunt 
not  constant 


X,  wx, 
X  only. 


or  X,  or  X  ttS. 
•  * 


f  constant 


fonwlaat 


*Sf  +  «? 


a' 

X  given 


(at 


2i  .  I  . 


integrals,  when  fuun.i  iVom  civ,  n  increments,  arc  cor- 
rected in  the  very  same  way  ixs  ilu.  rits,  when  fimiid  from 
Hiven  fluxions,  \\?.,  iiisifna  uf  each  si  u  nil  \ anaMe  quaiK 
iity  in  tbe  iutcgral,  snbstitutitig  ^uch  a  dotemiinate  valua 
of  them  as  they  are  known  to  have  in  some  pariicuiw 
caw;  and  then  subtracting  each  side  of  the  reMiiliM 
equation  from  the  corresponding  side  of  the  integral,  tjS 
remaining  equation  will  be  the  correct  state  of  the  inte- 
grals. 

For  an  example  of  the  use  of  the  nelliod  of  mcr* 
ments,  suppose  it  were  recoiled  to  iad  the  sum  (Mf  enw 
aumberof  tenuiof  tbetenial.t  ■»■  9.9  > 8.4&c 
Let  X  be  the  nuher  of  the  (crw^ 
aadstheiiMicf  than.  • 

4  5 


Tbn«  by  the  p» 


* 

I  • 


1N1>  [  ] 

or  the  mitt,  the  bu,  or  il>c  r 
■laillein  kfter  thatf will  bv  ji    ( lut 

wbeic  *  V  !•   Hcnci  the  inte^sl  n 

J  +  I  .  X  +  v?,  wliich  i>  llie  »um  uf  x 


I  N  O 


toriDJ  of  the  givt-n  teric*.  So  if  ilic  nunitx'r  of  icrins  i  be 
]0,  this  bt'c-uiiit'S^.  10.  II  .  I'i  =  -I-IO,  wbirli  ihe  •>tiii\ 
of  10  terms  of  itie  givrii  srriv4  1.3t-2.3-«-3.4  k\c. 
Or,  when  X  ac  100,  ilie  Miin  of  100  lermt  of  ihc  same 
■criniij.  lOO.IOI  .102s  100.101. 94  s34340U. 
Apiot  to  find  thetttui  s  of*  l«niit  ef  the  tetter 

H«K  the  Mh  tens  b        *  ' 


Pnt* 
i» 


ea-i. 
tCa  —  ll  then  if  fa 


Sii  M  if  and  ihc  mh  term 


=  — ud  the  »  4-  Itb  tem  wr  »  » 


the  i^iwmliiilqpal  of  which  htm^^  = 

But  this  wants  a  correction;  fur  when  n  =  0,  u<-.n 
<  —  —  I,  and  the  sum  x  =  0,  and  the  intugrui  U  cumcs 

s  or  O  s        =  .Ili. ;  that  "  —  ^  •»  *he  correction, 

which  hdng  nibtrMted,  the  conect  iMie  ef  the  tiitegmU 


4.ta<4>  1  .«a ' 


i*  tficum  L>{  n  terms  of  the  propo-ioii  scries.  Anil  wlicn 
n  (s  infinite,  the  latter  fraction  *»  notiiing,  and  the  »um  of 
the  indaiie  tcrie^  or  the  infiiuie  number  of  thr  tmns,  i* 

accuratclv  — . 
■'  i-j 

Wbeu  n      too,  the  juiii  i  f  too  terms  of  the  Krie*  bc- 

J   1  I  1 

it      *.ao».K»~"  Ta  iMJi*' 

For  new  ample  inbnHtion  and  applicntioa  en  thi* 
Kienoer  lee  Brntnon**  laciencotoiTayioi'*  Hethodut  In- 
cicflMBtoranit  end  SUrtin^ft  Summatio  *t  Interpaktio 
Seiicrnm. 

INCURVATION  qfikc  Rayi  qf  Ligki.  LtOHT,  and 
RariiArTioN. 

INDEFINITE,  hdrlermuiaif,  that  which  has  no  cer- 
tain bounds,  ur  lu  uhich  the  human  mind  cnnnot  aflix 
any.  I)«oirtei  in< >  the  word,  in  liis  Philosophy,  iiutcafl 
(if  I  iifiiu'.i',  lioth  in  numbers  and  i|iianlitii'.i.  In  s,i;;iiiiv  an 
inroncci\ablo  nainbvr,  or  numb^'i  so  f;reat,  that  an  unit 
rriniiot  b<'  udileil  to  il;  ami  a  <ju«ntl<y  so  fircat,  us  n<it  to 
be  capable  of  any  addition,  ^liu^,  he  »ays,  the  ktar>,  \isi- 
lilc  and  invisible,  arc  in  number  indefinite,  and  not,  as  the 
nncients  bold,  iufinitc ;  and  that  quantity  may  be  divided 
into  en  indefinite  number  of  parlii  not  an  infinite  num- 
ber.—Indefinite  '»  now  commonly  used  for  iiidrlcrminatr, 
nnroberor  quantity,  that  a,  a  number  or  quunliiy  In  gk- 
ncnl,  in  eontrwIialinctiiiMfrom  Kune  perticnbir  hnown  and 

INDETERMINED,off  hDiTBailli(ATi,mG«Hnc(iy, 
i«  nndentaod  of  e  quantity,  which  hat  no  ccrtein  or  de- 

HBtm  buunds. 

lnDBTRRiiDiATK  Amolgm,  (hat  perticnlar  branch  of 
analyil-'  which  tr<>ett  of  the  aohition  of  indetefmiialc 

problems. 

I N  nr.Tr  K  Ml  N  Ai  e  Prohltm,  is  that  which  admits  of  in- 
ii..iiiei4lil>'  ililTiTeni  fuUi'ipii^ond  tomctimca  perhaps  only 


of  u  gfbat  aaay  diAfnl  aawwre;  oibcrwiMs  called  en  . 
unlimited  proUcn.  In  probkottof  ihb  hind  the  avmbef 
of  lunknown  quantitiocaacemcd,  b  greater  then  the  aim* 
her  of  the  ctrnditioaa  or  Muetion  bgr  «ldch  tKey  eiv  i» 
he  lowidi  IMh  whkk  it  hnppcti>»  that  gnemlly  leue 
oiha  ceeditieiM  or  qonnibin  ere  aMumrd,  to  aupply  the 
defect,  which  be»§  taken  at  pkeaure,  p\e  the  same 
number  of  answen  as  varietks  in  those  assumptiuiis. 
if  it  were  requiivd  to  tiiul  two  stjuarc  lumilni  s  wliose 
feretice  shall  be  a  given  ([uaiility  d.     Wvn,  it  x-  aiici  y'  di- 
nnle  the  t«'0  Mjiiim  s,  iik  ii        j  '  ~  y'  =  d,  by  tin'  (nii»- 
tlou,  which  IS  utdy  one  t  oualioii,  lor  liiiilin^  (wo  <^uuntt- 
tica.  Now  bya»uaiingatbinlqmMity2,so  that  csx-*-^ 

the  sum  uf  tbe  two  lOoH;  then  by  as** and  o  s 

la  * 

— which  ari'  the  two  roots,  having  the  difference  of 

their  sqiiari'5  i  (jiuil  l«  the  given  quantity  d,  and  are  CA- 
])resjcd  by  means  ut  iin  ns'.uintd  quantity  i ;  so  that  thiie 
Mill  be  as  many  aitsucn  to  tke  <|Ue*lioii,  as  iherc  can  bo 
tiiken  vulues  of^the  widcieiinnnie  qumti^e,  thet  b,  inu«- 
merablc. 

Again,  If  it  were  required  tp  divide  snio  cvd  suck 
parts,  that  one  of  them  may  be  divisible  by  2,  and  tbe 
other  by  $.  Thett|  pitttliitt  one  of  the  perl*  lougbt  ae  tr« 
and  the  other  b  d^,  we  ihall  have  Sar  +  ^  s  S5 ;  one 
equation  ea  bclme  with  two  nnknown  qnntitica.  llv  n- 


dttctaont  *  as ' 


■  X  fron  which  we  mey  eandtide  jn 


the  fir»t  place,  that  riy  must  be  less  than  25;  and  conse> 
qecntlyjri>  lets  than  S.  By  division,  x  s  l1  —y 

fton  which  it  b  erident  thet  1  •>  jr,  or  rather  y  -  1 ,  raut 

be  divisible  by  2.  I.et  us  therefore  assume  a  third  quan* 
fi(y  1,  such  that  y  —  1  =  'Itf  and  we  get  jr  =  2r  h-  I ;  so 
that  X  =  15  —  2i  —  1  —1  =  11  -  3i  Nim  since  y 
cannot  be  j;niU<  r  liiaii  8,  «e  must  not  subMitiue  auy  num« 
bers  for  J  wliu  li  iM'-jld  m  .kr  j:  -t-  I  (:i-i;i;i  r  than  tJ.  Con- 
sequently :  must  be  less  than  i;  that  u  to  »uy,  t  caiuiot  be 
take:^  ;;i  eater  than  9 ;  Cwwhicb  K«ion^  are  obtained  tbe 
following  answer*: 

1  IfamO}  ihrajPB  1,  and  jr  s  il. 
.  S  If  ee  ti  tbcnjp  aS,and  xssS.' 
9  If  c  s»  9 ;  iben  y  as  5,  and  X  »  5. 

4  If  I  =  3;  tbrnj'  =  7,  nml  x  =  ■:. 
Hence,  and  from  the  eqnniiun  ii  ajjjii:irs,  tluit  liie  iivo 
pails  sought  ai<   I.  S'i  ■+■  3,  li  Ki       9,  Hi    10  -•-  15, 
IV.  4  —  '-'],  llie  several  sums  of  vsLtcli  are  nitierftly  the 
number  gi\cn  '.'5. 

Uiopbantus  nas  the  firikt  writer  on  indete  rminate  |ir(>- 
blems,  \  in  his  Arilhmi  lic  or  Algebra,  which  was  tiist 
published  III  liti  by  XitaiHier,and  ofternards  in  lOt^l  by 
hiichc  t.  ^\ith  a  large  commcniary,  an4many  additions  to 
iu  His  book  is  wholly  upon  (Ins  subject ;  whence  it  has 
hapiwncd,  that  tucb  kind  of  quesiinns  hiive  been  called 
•fay  the  name  of  Oiapbaaline  prublcius.  Fermai,  Drs- 
entet^  Flnmicb  in  Ftanc^  and  Wallv  and  oi'hcrs  in  £iig- 
luidf  pirticulnrly  cultivated  this  branch  of  algebra,  on 
whii^  they  held  a  corrrspondence,  proposiii<>  difficult 
qneatiatia  lo  cacb  other;  an  instance  of  which  are  thove 
two  cnrlous  ones,  proposed  by  M.  rerraat,  as  a  challenge 
to  .ill  till  iiMtljiniuiRniiis  (li  l".uii:|)e,  viz,  1st,  To  find  n 
cubL  luiiii^ii^r  uiiicli  addtd  to  till  Itv  uliqUdl  parts  shall 
make  a  square  number  ;  and  '26,  To  tiud  a  square  iium- 
ber  wUich  added  to  a  Mt»  aliquoi  pans  shall  luukc 


Itf  o 

«  niMc  Humlifr;  wMch  problrnn  wpr«  amwereJ  after 
fCTiral    wavv  bv   Ijf.  Walli?,  ii?  a«    »(-imc  otlicri 

of  a  tlifliTrnt  iiuttirc.  Sec  iho  li  lT(r>  llmt  piissrcl  lir- 
twci'ii  Ur.  \Valli»,  ihc  lord  lin  umImt.  Sir  Kinulm  Uigby, 
&C,  in  the  doCK>r'»  Works  ;  iii-,0  'iVdil,-.  r,f  FcrimK. 
which  ncre  collectoi  ami  (tubli'.lnil  by  bis  sen.  MtK.[ 
authors  on  alQcbni  have  nNd  irintrd  more  <ir  U*!5  on  thii 
|Mrt  of  it,  but  more  rtprcinlly  KorM-)  ,  Prf«t«t,  Uzanatn, 
Kirfcby,  tic.  But  altvrwftrcb,  mathetnaticiant  »ccmcd  in 
have  forgrtiien  turh  quostionn,  if  Aey  tlid  not  even  dispite 
them  M  HselcM,  when  I'tilcr  drew  their  ■tinilion  by  snn^- 
CXOdlcnt  compo«itiniu,  dcinoiMtratiag  wme  general  tbro- 
ttut,  which  had  only  been  kniMim  b; indiictmn.  If>  La- 
giwijigc  but  iiho  taken  up  the  rabjert,  hanng  reaolved  wiy 
diScull  prableim  in  •  fnina)  my,  ami  dipco«ei«4  nor* 
dfavct  nrtlioda  ihaa  iMitlaiHek  Th«  SdvaliiaMof  the' 
Frcadi  liai^lion  of  Eolei'^t  Atgtbra  coataint  an  de- 
mrniary  Ireatiw  on  this  branch  of  analysis,  and,  with  La- 
grange's ndditions,  AH  rxcpllont  theory  of  it;  treating  very 
generally  of  indeterminate  probieni?,  t.f  iho  first  and  second 
di-jree,  of  solutions  in  whole  niimlx  r^,  ol  ihc  method  of  in- 
detf>rtnirmte  cocflicifnts,  iVc.  Alsf.,  much  in  the  same  way 
woro«urb  indctcrnilii.Tte  pmbli'ms  treated  by  the  Indian 
slsebraisfs ;  as  ninv  be  en  by  the  account  of  thcir  al* 
i^-lira  given  in  my  'I  nicts,  vol.  2,  pa.  151.  &c. 

Finally,  Mr.  John  Le«lie  has  given,  in  the  Od  volume 
of  the  Edinbureh  Philos.TramtactioiM,  an  ingenious  paper 
on  the  resolution  r-f  indeterminate  problem*,  resolving 
them  by  li  new  and  general  principle.  "  The  doctrine  of 
{adel«nnhia«ey^natiow,"ian  Hr.Lnlie,  "  has  been  m1« 
ion  trraled  in'a  Jbm  eqanlfigritcaMtic  with  tkeolfaer 
paitf  of  algebra.  llieMlmioflscoaunanlygllfcnandevoid 
of  uniformity,  and  often  require  n  witty  ^ attumptions. 
The  object  of  this  pa)>eristoi«9olvctbecciinnUca(edexpres> 
iitons  which  ve  obt.-iin  in  the  solution  of  iailetrrniinatc 
problemn.  into  simple  equations,  and  to  do  so,  without 
framinj»  a  number  of  assumptioni,  tiv  Help  of  a  ^ingli:  prin- 
ciple, which,  thouj»h  extremely  ^impl^-,  adtiiin  of  a  v(  ry 
OXtcnsive  application." 

"  Let  A  X  B  be  any  compound  qnantity  equal  to  an- 
other, c  X  D,  and  let  m  be  any  rationul  number  assutni-d 
at  pleasure;  it  is  maniiint  that,  taking  equimultipU s, 
A  a  ais  aM  G  a  aiti.    If  liionlbn  «•  mppoM  lliat 


A  =  mo,  it  must  f  .ll"w  lhat  ma  =  c,  or  B  =  — .  Thru 

m 

two  equations  of  a  lower  dimension  are  obtained.  If  these 
be  capable  of  farther  decomposition,  we  may  assume  the 
■ultipicta  and  p,  and  form  four  equations  itill  more  sim- 
ple. By  the  repeated  application  of  this  principle,  a  higher 
aqtiatioa,  aifaitling  of  divisors,  will  be  leaoived  iaio  tb4Nc 
or  the  lint  onlcr,  the  number  of  which  will  boeae|i«aler 
Asn  that  of  llie  maltiplct  amiined. 

For  Mnipk»  la  tbn  piohlciii,  to  ftid  t«o  nikml  nam> 
ben,tlmlliM«iit!eof  IM  ■qnnna  of  «Ud  ifcall  be  a  j^ven 
namber.  Lei  dm  giwo  aumlwr  be  the  produet  of  a  and 
h;  then  by  the  hypothesis,  x*  —  y  =  at ,-  but  these  com- 
pound qiuntities  admit  of  an  easy  rraolution,  for  (r  y) 
.«  (*— jr)a!ax  k.  If  therefore  we  suppose  rxy=s  mo, 

we  shall  obtain  x  —  y  b  — ;  wlwre  m  is  nrbitrarv,  and 

if  rational,  x  and  y  mu«t  also  be  rational.    Hence  the  re- 


wire CHljtd 
ritbm  ;  beuig  ihiU  » 
lute  or  natural  number  I 
and  of  whal  tmture  it  is,  whether  nil  inti-ger  nr  . 
iho  unb  \   beuii;  lev<  by  1  ibitn  tbi-  number 
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INDrx,  i-  Aiii!metir,  is  the  same  with  whit  is  other- 

tbe  c  liaractenstic  or  the  exponent  of  a  lojta- 
irh  ^liow&of  howmany  places  (hcabso- 
If  nninc  to  the  lf>giin'l>m  ontists, 

a  ji.iction  ; 
of  iiiH>grr 

filUK  V  in  rbe  natural  number,  uiul  is  povitive  fur  inie'gcr 
or  svlM'ie  iiumbeis,  but  negative  sn  trartiuns,  ot  iu  the  dt- 
noniitiiitiir  111  a  liuction;  and  in  di  rimaU,  the  nepativc  in- 
dex is  I  more  thaa  tfa%pumbcr  i>f  ciphers  in  the  decimal, 
niter  ihc  point,  and 'bclnre  the  firnt  «igmlicanc  figure;  or, 
still  more  graerally,  the  index  shows  bow  far  the  fint 
6f!an  of  the  natoral  number  is  distant  from  the  placa  of 
anils,  cither  towards  th«  left  hand, as  in  whole  nunbei^  or 
Inwards  ibe  right,  as  in  deeinabi  fheeo  oppoiha  oesca 
bring  roariied  by  lihfl  corMpondeot  tigm  Hj^asd  — ,  of 
opposite  aflcctions.  the  sign  —  being  set  ofcr  'Ao  index, 
and  not  before  it,  because  it  is  this  index  only  which  is  un- 
derstood OS  negative,  and  not  the  decimal  part  of  the  lo- 
.snrithm.  Thus  i-i  ihi^  lM;;.iriilim  '>'423+Oy)7,  the  figures 
ot  whose  M.nturid  luiniber  arc  'i661,  the  J  is  the  index, and 
bein;;  positive,  it  shows  that  the  firiit  figure  of  the  number 
Miuil  be-  two  place?  removed  from  the  units  place,  or  that 
there  will  be  three  place^  i  f  iii!ri:rr?,  t!)c  number  of  these 
places  being  always  1  more  thiiii  the  index;  so  that  the  na- 
taral  number  wNl  be  '265  I.  I'm  the  same  index  be 
nrgativr,  thni  t-4aS4M7,  it  shows  that  the  natural  n«|i« 
ber  is  a  dreioid*  m4  Mat  the 
lint  RgnMeant  flgnre  of  it  Is  Nswbw 
in  the  «d  place  fmni  unite,  or  tSSt  • 
that  there  is  one  cipher  at  the  26S  l 
beginning  ofthc  decimal,  being  36- J I  - 
1  le!!5  tlian  (lie  neLZ^i'iie  i.i^-'ex;  2*651  - 
and  consequently  that  tiit  na-  -ggj]  . 
tural  number  of  the  logarithm  -^-jsa, 
in  (his  case  is  -02651.  Hence,  'OWOil  • 
bv  vp.rviriE  the  natural  nurn-  *00S$S1 
1h  f.wiih  respect  to  th*  decimal 

places  ill  it,  as  in  the  former  of  the  two  columns  here  aa- 
nexed,  the  index  of  their  logarithm  will  vary  as  in  theSd 
column, 

Mr,  Townley  introduced  a  peculiar  way  of  noting  these 
indiees,  when  they  become  negative,  or  express  decimal 
figures,  which  is  now  much  in  use,  especially  in  the  log. 
sines  and  tangents,  &c,  viz,  by  taking,  instead  of  the  tnia 

itiil  -r.  iK  firithmetical  complement  to  10;  so  that,  in  thia 

« ay,  the  ".iigarithm  2-.t234097  i»  written  8'4234097.  For 
the  addition  nii<i  subtraction  of  indices  see  I.or.AniTnM . 

lavF.xi^a  Cloie,  is  a  little  stile  fitted  on  to  the  north- 
pole,  and  turning  round  With  i^  pt^Uim  MM  the  AviiiOM 
of  the  hour-circle. 

In  D£x  of  II  Uiinntity,  in  Arithmetic  and  Al^jebra, other- 
wise called  the  e.\ponent,  is  the  number  that  shows  to 
what  power  it  is  understood  to  be  raised:  as  in  lO* ,ora', 
the  iiautc  3  is  the  index  or  exponent  of  the  power,  sLpilyo 
ang  that  the  root  or  quantity,  10  or  a,  is  raised  toflwM 
See  this  fully  treated  aoder  F-xpoxext. 
niDICT10N»or  AoRSM  Iwmctioh,  a  kind  of  epoch, 
or  manner  of  OOMtltillgtiin^aMMig  the  Romans ;  contaia- 
ing  a  cycle  or  larcllrtfaw  of  13  yeare.   The  popes  haae 


»'4234097 
1^423i097 
0*423409r 


:!ntion  of  these  two  equations  gives  the  valuMof  «  aadfc  '*^'»      ^  y"  ^  ^M^^^^  t*** 

the  numbers  sought,  in  terna-oCaiii  '•x^'*  »<>  of  3wnuy  anao  donW  SIf,  ewf.siiiee 

«•«  +  »      .  :      iii'a-»  Charlemagnr  made  ihcm  sovereign ;  belbie that  ime, tMy 

SB  "  dated  them  by  the  years  of  the  cmperorsti— Al  the  time  of 
*  48t  • 
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_  Ike  ctbndar,  ih«  y«w  1509  wM  reckoned  iIm  •poiidiiigi«idiaiaftlieoliefeitud»ikat«f  iIm<  ,  

lOtb  wr  of  th«  iadwdsiK  w  that  bvgioniiig  to Mekm  ,thed|iwlMMetiaMMlIiae  bodiaiaieu  theOitMRiof 
fran  Msca^  mad  dtvMity  dw  nowber  of  ywn  elapted  be-  tbdr  ndii;  thetdbie  the  aeetio*  or  ibe  ^liader  i«  every 
iween  thai  tinw  and  thi*,'  by  15,  the  lenainder,  with  tho  whaic  cqoal  to  the  «iin  of  the  Mctkn  of  thr  hrmtsphere 
addition  of  10,  re)<  rling  13  if  the  Wam  be  Hmet  will  be    and  cum-;  and,  as  ihr  numbpr  of  all  tboM;  iivctiuns,  which 

in  the  common  luight  of  llic  tiguri's,  is  thv  viiinr 
all  ti  l  M  c:h  I  I  ulriin  n;;-,  ul  i.'ii  cylinder,  ui 
I'j  lilt  iiua  lit  all  tliuiP  of  tdc  hcini-|iln.Ti'  and  coiu-  iukcn 
iKi't  thir;  lliat  is,  thv  cylindi  r  is  iquiil  to  l/olii  the  hfii.i- 
sfilit  i«  iiiiil  cuiie :  but  uti  the  cuiic  ittelf  is  e<]uai  tu  ulic^bird 
part  of  the  ryliiido  ;  therefore  the  bcatiiphcfe  k equal  to 
the  other  Iwo-thiids  of  it. 

Tlio  iiu  ihod  of  indivisibles  was  introduced  byCavalcflM^ 
in  |63j,  in  his  Giomctria  Indivisibiliuni.  The  tame  was 
also  pursued  by  'roriirclli  iti  his  Works,  printed  l644:and 
again  by  Cavalcriub  hiiiiKoll  in  another  ireatiic,  publiihMl 
in  1647. 

IMEQU ALITY  Omc.  See Omc  Wa%. 
INERTIA  qrJtfaiitr.  io  Phlloaophy,  b  d«iiirdbv  Nc«^ 
ton  to  be  a  power  implaatrti  ie  aU  nutcr,  by  wbitt  it  n- 
•ista  anv  change  MMeatooiOil  to  be  matle  in  itt  actual 

(tate;  that  ii,  by  wbicb  it  becumrs  difficult  to  alter  it^i 
state,  either  of  re»t  or  roolion.   Tlii*  power  tlu  n,  BRrei-i 

"iththc  vis  resislciidi,  oi  po'.ier  i!  r<-i-ii:':.  l''-  wlnrh 
nery  body  elideMMiurs,  us  iiiuil^as.t  i.,iii,  Ui  piiMvcrc  la 
it>  own  state,  "lietlicrol  ie>t  or  uiuliiriu  reclilmciir  ino- 
tuin  ;  >s  liicli  (n.wi  r  i^.  slill  |)rop(inioiuil  ii.  ilie  body,  or  to  the 
quantity  i  d  :  a.u  r  in  il,  the  sanu'  a-,  the  weij;hl,  or  gra- 
vity oi  the  boily ;  and  yet  it  is  quite  diffcreht  from,  and 
<  vcn  iiKlrpi'iidrnt  of  the  force  of  gmvity,  and  would  be 
and  act  jittt  tbo  snmr  if  the  body  were  devoid  nf  gravity. 
TThlM,  ft  body  by  this  force  resists  the  same  in  all  direc- 
tioDs,  upwurdk,  or  downwards,  or  obliquely  ;  wberces 
gravity  act*  only  downwards. 

Bu4>et  only  exert  tbia  power  in  cbaafce  broueht  in  their 
Mete  by  lome  «it  imptoiu,  «r  force  impmard  o«i  then. 
And  tM  exerciM  of  this  power  ia,  in  diflerent  re»pects, 
both  retiitbince  and  impetut ;  miataoce,  to  far  a«  the  body 
oppos<-^  a  force  inipn&sed  on  it  to  change  it»  state;  and 
Impetus,  at  the  same  body  endeavours  to  change  the  state 
of  the  roasting  obstacle.    I'hil.  Nat.  I'nnt.  .Maili  lib.  ). 

imrlia,  the  \m\.i:  great  author  elsewlieie  observes,  i*  a 
piiNsi\c  |i;iiKi[  Ie,  by  which  bodim  pcrsirt  in  their  niotioo 
ur  rv  -t,  aaii  receive  motion,  in  proportioo  to  the  force 
iinpre^Mntr  it,  and  loiat  at  nndioa  tbcy  are  reabled.  See 

REsl^T.^^<  E. 

I N  l^.R  I  l.E  VU.   See  Vis  Inertia. 
JNFINITK,  is  applied  (<>  quantities  which  are  eilber 
greater  ur  less  than  any  a.v.ignable  ones.    In  which  seaao 
it  diders  but  little  iioin  the  terms  Indelioite  and  indetef^ 
miiiHte.    Thus,  «d 

1h  I  tNlTB,  or  Jh/brite^  grtat  line,  denoict  only  an  inde>' 
iinile  or  indrlcrminate  line )  or  n  line  to  which  no  ccrtnin 
boundi  w  liaita  are  picwribrd. 

inrtwiTK  flaimrAiet.  Though  the  idea  of  magnitude 
infinitely  great,  or  such  os  exceeds  any  as»ignalile  quan- 
tity, doe*  iiiclude  a  negation  of  limits,  yet  such  magni- 
tudes are  not  all  equal  among  themselves  ;  but  hehidin  in- 
finite length,  and  loliiiire  area,  there  are  no  K  ss  than  three 
sevrrul  sorts  of  intiinle  y;>lidity  ;  -ill  nl  Hliicli  :ire  (|iniitlties 
tui  iffnerit ;  iind  those  <d  each  »|H  eii  s  .ire  in  him  ii  |irupor- 
ticits. —  liilinile  leliulli,  m  a  liin  lurniitely  lung,  iMiy  be 
considered,  either  as  beginning  ut  a  point,  and  so  liililillely 
extended  one  way  ;  or  cUv  both  ways  from  the  same  point. 
•>Ai  to  infiniis  surface  or  area,  any  right  line  infinitely 


the  year  of  the  indiction, 

line  .iiil.Lli  ni  vmII  be  cuiior 
the  given  s  I'.ir  ul  Cliri-,t;  dnide  t 
remainder  niter  tin'  ilivi~ion,  i^i  l  li'*  the  yrai  of  the  iiidic- 
tion:  if  there  be  no  remainder,  the  indiclion  i»  15.  In 
•itber  ct  itiese  ways,  the  indiction  for  the  year  179i  i»  13. 

INDn  iMISLLS,  are  those  indefinitely  small  elements, 
or  principles,  into  which  any  body  or  figure  may  ulti- 
■ately  be  divided.  — A  line  is  said  to  consist  of  points,  a 
••tfiMSaef  parallel  lines,  and  naolid  of  parallel  surfaces  : 
and  bceanse  each  of  tlMic  dements  ia  supposed  indiviiiible, 
if  inanytigOfenlioebodmwn  perpendicularly  through  all 
the  emientB,  the  number  of  ouints  in  that  line,  will  be  tbo 
aam«  as  the  number  of  the  ckmenls. 

WIhvk  r  it  appeals,  thntnpttulMaipBBt  or •  ^riia»«r 
•  cylinder,  is  rtaolvable  inM  ftl«nento,as  indivhibles, all 
equal  lo  each  other,  pamllcl,  and  like  or  similar  lo  the 
base;  for  which  reason,  one  of  these  elements  multiplied 
by  the  number  of  them,  that  is  the  kisi/  of  the  ti;:urr  mul- 
tiplied by  its  height,  gives  the  «t<  a  or  contnu.  .\nd  u 
triangle  is  reiHilvable  into  lines  parallel  lo  the  dase,  Imt 
decreasing  in  arithmetical  prugression;  so  also  do  the 
circles,  winch  constitute  the  parabolic  conoid,  as  well  as 
those  which  coni^titute  the  plane  of  a  circle,  or  the  siirlace 
of  a  Cone,  In  all  which  cases,  as  the  last  or  least  term  of 
the  arithmetic  pnttression  is  0,and  the  length  ol  the  ligurc 
the  same  thmgea  die  number  of  the  terms,  therefore  the 
litalest  lens,  or  base,  being  mabiplied  by  the  Ica^th  of  the 
figure,  half  the  product  it  the  aun  of  the  «hole»  or  the  con- 
tent of  the  figunk 

.  And  in  aniy  other  flgotu  or  aoHd,  tf'Ae  law  of  thede- 
CMMe  of  die  elen«al»  be  haowo,  and  thence  die  rvladon  of 
the  sura  to  the  greatest  terra,  which  k  the  base,  the  whole 
number  of  them  being  the  altitude  of  the  figure,  then  the 
said  sum  of  the  elements  is  always  the  content.  A  cy- 
linder mayaUo  be  resolved  into  cyliiidiical  c\ir\c  smrlaces, 
having  all  the  same  height,  aitd  continually  decreasing 
inwards,  as  the  drclet  of  the  basedccicea^  on  which  thqr 
insist.  ■ 

This  way  of  considering  mngnitudes,is  called  the  method 
of  ^indivisibles,  which  is  only  the  ancient  method  of  ex- 
haustions,  a  little  disguised  and  contracted.  And  it  is 
(bund  of  good  use,  both  in  computinf:  (he  contents  of 
figures  in  a  very  slu.rt  and  easy  way,  aa  above  instanced, 
and  in  shortening  other  demonstrations  in  mathematics; 
no  ioftance  of  which  may  here  be  given  in  that  celebrated 
po|w^tioa  of  Arcbimrcjes,  that  a  sphere  is  two-thirds  of 
ila  aRamacribed  cylinder.  Thus,  suppose  a  cylinder,  a 
'  '  r,  and  .  no  inverted  conoi  having  all  the  same 
» nd  altitude,  and  cut  1^  an  infinite  number  of  planra 
nil  paralkl  to  tbc  base,  nf  which  kroH*  is  one ;  it  is  evi- 
dent that  the  square  of  ihe  rndius  of  the  cylinder,  is 
eteiy  where  equal  to  the  squ.ire  ut 
ar,  the  radius  id  the  sphere;  ami 
also  tiiat  till-  »i|iiaie  (if  Kl,  or  ol  sr, 
IS  eijiiiil  V'  t;.r  Slim  uf  die  »(!'iari-s 
of  1  1  ;i  :■  1^,  ''f  id'  IK  .i-id  Ih,  lie- 
caii»e  I  K  —  is;  !li.i!  i^,  n.'  =  a '  -t- 
la',  in  every  pn^itn  ii ;  but  if.  is  the 
radius  of  tbe  cylinder,  ir  ihecorro- 
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extcndri)  both  wnyi  on  ■  phuM  in&nitely  extanM«MCT 
May,  divides  that  plane  into  two  equal  parts,  oiMOOMWh 
•ido  of  the  line.  Hut  if  froin  any  piiint  in  such  a  planr, 
two  right  !inci  bo  ii  rmilely  extended,  niakinj;  an  angle 
bftwct-ii  ihuin;  t!i<'  infi-.itc  area,  intcrcepttil  bi'lw  .  ii  ilusc 
infinite  riyliL  line*,  i=  to  the  whole  infinite  plunv,  iit.  ll<at 
angle  is  to  4  right  anyk-s.  And  if  two  infmiti.' and  parallel 
lilies  be  dra»ii  a;  a  gi^c^  distance  on  !>uch  an  inlimic 
pltiiie,  the  ar<  a  intercepted  L  jtwn  ii  them  will  be  likcwi>.i' 
infinite;  ,butyct  it  will  be  intinitcly  less  than  the  whole 
IMMi  nod  even  uilitiitcly  less  than  the  angular  or  sta- 
tural space,  iu«rci  pti-d  between  two  infinite  liitcn,  that 
•re  inclinolt  thuuiilt  at  ncv«r  so  tm»ll  an  ai^ ;  becauM 
in  tli«  000  ease,  ikc  given  finite  diatance  of  ilia  iwrmllel 
iinof  diminiihea  the  infinity  in  one  uf  the  dimeoaiomt 
wheimm  ia  a  wctor,  IImiv  k  inliaitr  in  both  dimemion. 
And  IbiM  there  are  two»pecie>of  imitiStj  ia  wiftcea,  the 
ooe  infinitely  grcelcr  than  the  other, 
'  In  like  im<ni'<T  there  are  species  of  infinitiain  tolids, 
acrunlii  f.  tmly  ciic,  or  t»o,  or  as  all  their  three  dimen- 
sions, are  i  ifimte;  «liicli,  lliiiugh  they  be  dll  infinitely 
greati  r  llui'i  n  fiicih'  ■-  lul,  yi  t  ure  lln  _v  ii;  ^i:i  ct->>iun  in- 
fil;it(lv  tjriMtfr  lliaii  eji.h  i.lliei . — S'liiu  iauhi  r  propiTtii •> 
of  intihili'  i|'i,inrMu  >  lire  us  fullow  :  tlx'  ratio  between  a  fi- 
nite atiii  iMliiiiu-  i)iiiuitity,  is  an  infinite  ratio. — ll  a  liiiile 
quantity  !  e  niulliplii  il  by  an  infiiiitily  >nifill  i;ih  ,  !?;<■  pro- 
duct will  Ia-  an  infinitely  smkU  one;  but  if  the  fiirmci  be 
divided  by  the  latter,  tbequolient  uill  hi-  intinilely  great. 
—On  the  contrury,  a  finite  quantity  being  multiplied  by 
an  infiniU'iy  great  one,  the  product  i>  infinitely  great ;  hut 
13»  former  divided  by  the  taller,  the  quotieut  will  be  in- 
finitely lititr.— The  product  or  qaoticui  of  an  infiniteipf 
gi^t  or  an  inliniiely  small  qtianiit^f,  by  a  finite  ^ne,  h 
respectively  iiitiiiitily  great,  or  infinitply  little.~Ali  lofi* 
nitcly  great  multiplied  by  an  infinitely  little,  is  a  finite 
quantity  ;  but  the  former  divided  by  the  latter,  ihe  quo- 
iK-iKijiiitiiiiti  ly  infinite. — The  mean  proportional bctWMl 
iiifiuitely  greiit,  and  infinitel   little,  is  finite 

Arithmetic  of  IvjiNiiri.      Set-    A  lUTIIMKTlC.  Also 

Wullii's  ireiiii!,e  on  ibis  subject;  and  another  by  Lnterson, 
at  the  bcginningof  bii>  Conic SectiuBi;all0Bttliiald'8trc» 
tisc  Arithiiielicrt  Infinilnruni. 

IjlHNiTt  Duimtils,  siicii  I''  <:<.>  nut  terminate,  but  go 
on  anthoot  end;  as  -3J3£(c  =  f,  or '1428A7  tkc 
SaeHannrEND. 

'  IwriVlTSLV  InfmiU  Radimt,  or  all  the  powenof  the 
fiactlom  wboae  numerator  ik  1 ;  which  are  all  together 
equal  to  miityt**  i*  demnnalMted  fay  Or.  Wood,  in  liook's 
Pbilos.  ColL  No  S,  pa.  45 ;  where  MHne  cutious  proper- 
tics  are  deduced  from  the  lame. 

■  iKriNi  ir.  Srrte*,  a  tcries  considered  a«  ittfiniu-ly  conti* 

nue<l  ii5  ti '  I'ne  number  of  its  terms.    See  SsniES. 

INUM  1 1:,SIMALS,  are  certain  infinitely  or  indefi- 
nitely srooU  parts;  b>  niso  the  method  of  cnmpn;  riL'  t>y 
(hem.— !n  the  method  of  iiifinitesiinji'.,  tlie  l  U  im  i.t  by 
which  any  quantity  increases  nr  ilrcn  aies,  is  supposed  to 
be  intinilely  sm.ill,  and  is  generally  c>pre»ed  by  tuo  or 
more  terms,  soineof  whu  li  are  infinilely  le>s  than  the  h  m, 
which  bciof  ne^lcclfd  as  of  no  importance,  the  remain- 
ing term*  form  what  is  called  the  Difference  of  the  pro- 
poicf  qiHHUity.  .  Tba  letiis  Utat  are  neglected  in  this 
manner,  aiiittniteiir  {e^i|^^  other  termtafdK  ele- 
aientiare  thf  itarj  ij^pr  which  arise  in  consequence  of  the 
IWCdaBHioa«  or  ninrdation,  of  the  generating  motion, 
dtifing  the  inliidtdy  nail  tina  in  wludi  tkn  ekncot  ia 


fencratedi  so  that  the  remainini;  ti  ini-  i  ,\pii  ->  the  1 1< - 
raent  that  would  have  bwn  proiluetu  .n  iimi  iauv,  ii  ilie 
general  I  ru  jn^-iiin  had  cdiuinued  uniform.  Thcirloie, 
those  ditii  rencci  are  accurately  in  the  same  ratio  to  eatli 
other,  as  the  i{encraiiiiu;  motions  or  fluxions.  And  hence, 
though  in  this  method,  intinilesimal  parts  of  the  elements 
are  m^li  f  ;.'<!,  the  conclutions  are  accurately  true  with- 
out even  an  infinitely  small  erior,  and  agree  precisely  with 
thoie  ihal  arc  iiv<luced  by  the  method  ol  fluxions. 

But  however  jafe  and  convenient  this  method  may  ha, 
■onto  will  always  scruple  to  admit  infinitely  kitle  quanti- 
ties, and  inlinitc  orders  and  infinitctiinals,  into  a  scirnce 
tlbai  boasts  of  the  most  evident  and  accurate  principles,  a* 
^bndl  as  of  the  moK  rigid  demooitrationa.  In  order  to  avoid 
taeh  suppusitHma,  Newton  camiden  tlta  ttmtiltaneont  in- 
crements of  tba  flowing  fiMii^ieau  finite,  and  then  inves- 
tigates the  ratio  which  is  the  limit  of  the  vaiiuus  propor- 
tions which  those  increments  bear  to  each  olhi  r,  \w>iielie 
supposes  them  to  decrease  together  liil  liiey  va;ij^h;  which 
ratio  is  [he  same  «itli  the  ratio  of  the  fluxions.  S  e  .^lae- 
lanrin'-s  f  luxions,  in  the  Introduc.  pa.  ay  iLc,  itl»u  art. 
V):,  to 

ISILAMM  ABILII  Y,that  property  of  bodies  by  wbicb 
they  kiiiille,  iir  catch  fire. 

INI-'l.ECriON,  in  Optics,  called  abo  Ditfiaciion,  and  • 
Deflection  of  the  rays  of  light,  is  a  property  of  them,  by 
reaviii  of  which,  whcu  they  cutue  within  a  certain  di»> 
taiice  of  any  body,  they  are  cither  bent  from  the  bixly,  tir 
towards  it ;  bring  a  kind  of  imperfect  reflection  or  refrac- 
tion. Some  writers  ascribe  the  first  diacovery  of  this  pro* 
pei^  to  frrimnldi,  who  published  aif  nceoujic  of  it,  hi* 
trctttiiaDeLitimne,Oaloilbu«,  ct  Iiid^prinied  inl666.  ' 
But  Dr.  Hooka  nlio  claim*  the  diMorciy  of  it,  and  com- 
municated hii  observatioaa  on  tbii  «nb)ect  to  the  Royal 
Society,  in  l6j%  He  shuns  that  this  preiperty  difiiers 
both  front  reflection  and  refraction;  and  that  it  seems  to 
depend  on  lheurii  i|ual  density  of  the  (  r)nslituent  parts  uf 
the  ray,  by  whicti  Ihe  liaht  i«  di-spef-ed  Imm  Ilie  place  of 
condeiisaiiui),  and  rsire()e<l  nr  crudiially  divereeu  nun  a 
quadrant;  and  (his  delleciiun,  he  observe!!,  is  iiiU.le  lo- 
warUslhe  supi'ili  .■l^^  el  ttie  opaque  bmlv  |iei pendifubirlv. 
Newt4)n  ilisccivefcd,  uy  t.\peniucnls,  this  intleclion  of  ttio 
r:i)s  of  light ;  which  may  be  seen  in  his  Optics. 

M.  Laiiire  observed,  that  when  we  look  alia  candle, or 
any  luminous  body,  with  oureyesncarly  shut,  rayt  of  light 
are  exienitcd  from  it,  in  weral  directions,  to  a  consider- 
able  distatwr^  liltc  the  tails  of  coAtet^.  The  true  cause  of 
this  phenumenon,  which  has  excrciiwd  ihe  Mgadty  of 
Descartea,  Rpbanlt,  and  otben,  seems  to  bi^  thit  tbo 
light  passing  among  the  eyelasluM,  in,  ihla  sitnalioa  of  ibff 
eye,  is  inflecud  by  its  near  approach'to  tham,  and  t]wiin> 
fore  enters  the  eye  in  a  great  variety  uf  direction*.  He 
also  observes,  that  he  found  that  the  b<-ams  of  the  stars 
bi  ins;  observed,  in  a  deep  valley,  to  p  -  '  ir  t  ii  w 
of  a  lull,  are  iilways  more  retracted  tliaii  i;  lii.  :  .  neie  no 
^uell  lull,  or  tlie  obsi-i\atiiiii  w.i.s  made  r>n  the  top  of  it; 
as  if  the  rays  ol  lij^bl  were  bent  di'wn  iiUtj  a  curve,  by 
;  .issiiie  near  tl;e  surfaee  of  the  mountain. 

/'oi/t.  o/ Im'liciio  N,  or  of  f»>n«»nrt>^fjar«',  in  a  curv», 
is  tbe  pDiiit  or  plaee  in  the  eiirve  ul.ere  it  be^.ns  >o  bend 
or  turn  a  contrary  way  {  or  wliicli  separates  the  concavo  , 
part  from  the  convex  part,  and  lying  between  the  two;  or 
where  the  curve  changes  from  concave  to  convex,  or  from 
Convex  to  concave,  on  the  same  side  of  the  curve ;  such 
M  the  point  c  in  tba  wnaifld  JvosBBi  whan  thaiiaracr  of 
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Ac  two  is  concnvc  towurJk  the  axis  An  from  a  In  r,  anil 
convex  iram  l  lo  r ;  but,  on  th«  contrary,  ihc  laitor  t'f 


Thtm  an  niimw  «*y>  «f  JiiMlifigtlw|ioiiit  of  udnckw} 
t»ut  the  fellowittii,  vliieh  »  new,  ufcira  to  bp  the  timplm 

and  easiest  of  all.  From  th«  Mturc  of  rurvntun:  it  i« 
cTiilcnt  ibnt.  while  a  curve  b  concave  tuwnn!*  an  axi% 

the  fluxi'  in  111'  liiC  (irdinale  dcrri  iiscs,  or  is  hi  n  ili'Cii'ii''i'iL; 
ra|io,  ttitii  rtgard  tu  ihc  tluxioli  nl  llir  absc:s<  ;  but,  (ill 
the  contrary,  that  tho  snid  rtiixinri  incnii»t*,  or  in  rin 
incrcu<.irif;  ratio  to  the  fluxion  of  the  ubvcis>,  v»!n-re  tlio 
cur."'  is  convex  towards  the  axis;  heucf  it  follows  lluit 
those  two  (luxiom  are  in  a  constant  ratio  !5t  the  pntm  ni 
inflection,  whrre  thi-  curve  is  m  ithor  Cuiic:tve  nor  fnnnA, 
Thatij>i  ifx=AD  the  absciss,  and jr  =  de  the  ordinate, 

then  X  is  to  f  in  a  constAnt  ratio,  or  *  or    is  a  comtnnt 

quantity.  But  oonitant  qnantitiM  have  no  fluxion, 
tbcir  fluxion  is  equal  to  nothing;  so  thnt  in  this  ra-tethe 

fluxion  of 'or  of  -  is  equal  to  nothing.    And  hiiicc  we 

y  * 

Imve  this  general  rule:  vii, 

Put  the  given  oqimtion  of  thr  curve  into  fluxinni ;  from 

which  equation  of  the  flnxions  find  ?  or  ^;  then  take  the 

flaxkm  of  Ibn  ratio  or  fraction,  and  pat  it  equal  to  O  or 

nothing;  and  from  this  last  equation  find  also  the  value 

of  the  lame  '  or    :  then  put  this  latter  value  equal  to  ibc 

ftnn«r,«Ucli      ho  an  cquatioo  fton  wbcner,  md  the 

lint  given  equation  of  ihscomt  Jrtad  jr  will  be  deter- 
mined, being  the  abldit  or  OidinoleeniiRring  to  the  point 
of  inflection  in  the  curre. 

•  Or,  putting  the  fluxion  of  *  equal  to  0,  that  is, 

^■jl*''  =  0,  or      -  ity  =  0,  or  i>  =  ky,  or       :  :  x:y, 

that  is,  the  2d  fluxions  have  the  same  ratio  as  the  1st  flux- 
ioos,  which  is  a  constant  ratio ;  and  therefore  if  x  be 
constant, or  *  =  0,  then  shall  y  be  =  0  also  ;  which  gi\os 
another  rule,  viz;  Tnke  both  the  1st  and  2d  (iuxinni  of 
the  ^ivcn  I'quntiou  of  the  cune,  in  which  nialie  lioth  i  Bnd 
y  =  0,  and  the  resulting  equations  will  drn  rmmc  tin  m,. 
|uc<>  <if  J  nndy,  or  absciss  and  ord!nar<-  ic^  the  point  of  in- 
Bectiun. 

For  example,  if  it  he  required  to  find  the  point  of  inflec- 
tion in  the  curve  whose  equation  is  or  =  a*y  r'-y. 
Now  the  fluxion  of  this  is  2«jrir  =:  n^y      ?iyx  -'•  i"'", 

wtiicb  glvca^  3S  JJJ~~5^'  Then  the  fluxion  of  this  again 

nadeaa<Kgl»OI«X^(ax  -n)  =  (a*-f-j^,{n "y* - Tj); 

MHlllibgiv«ta||dn|M  ^r^  K  Ludy^.ttn' 

value  df  ^  put  =  the  former,  giwi 

"*  *  '  «'  +  T*        1  . 

r- — TT  ■  7—,  =  — — —  •  ;  and  hmet  w  m 

»*~M*,otit'  a«%aiulxaav'i»theafaMiH. 
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Ilcnce  also,  from  the  orighial 

y  =  =  ^■MttootdiDttetolfctpolBtoflB- 

flection  souEhl. 

\\  hrii  till-  curve  has  but  one  point  of  inflection,  it  will 
be  determined  by  a  simple  equBticm,  as  above;  but  when 
theic  are  several  pointJ  of  inflccii.,11,  by  ihn  curve  bending 
several  tim«  from  the  one  side  to  the  other,  the  nsultim 
equation  will  be  of  a  degree  corresponding  to  them,  end 
its  molt  will  detcroiiiie  the  abacisH-s  or  ordinaM  to  lha 
siimc.  Other  neiboda  of  dcKtmining  the  poiati  of inflec- 
lion  iitCHfweiyiMqr  faeaem  in  noat  boola  on  the  doctiitw 
of  flitxiona, 

ITb  know  whclber  •  cnvc'lie  conmve  or  convex  to- 
war«ia  any  point  RMignrd  in  the  axis ;  find  the  value  of  ^ 
at  that  point;  then  if  this  v:i]ur  \h-  posunc,  the  curve 
will  be  convex  towards  the  aA;s,  but  if  a  Ik-  negative,  it 
« ill  lie  concave. 

I  .S'  l'URi\H".D  Slam,  or  In  formes  S/clla;  are  such  $tan 
.-IS  hLivr  not  been  reduced  into  any  coiislcll.ition ;  othcf* 
uiv.'  culled  Sporadcs. — A  great  many  of  this  kind' 
Kit  by  the  ancient  astronomers;  but  Hevelius  and  L. 
otheri  of  the  moderns  have  providi-d  for  the  giteterpaft 
of  them,  by  makingncw  c n'-ri  lutions.  And  I  think  tliat 
th"  Inter  celcsti.tl  globes  made  in  Eiwlwid.  Ii««e  the  oeo- 
s!(  llniions  contriveil  to  include  Ae  «<l  wilbnned  Uaia. 
INGINEER.  SeeExoinuiu 
INCiRESS.  iu  Astronomy,  th«  •un'^  cntcaate  into  one 
of  the  algM.  qpecinHy  Aiiei. 

INNOCENTS  jDv,  n  fewt  cdehnied  on  the  2Sih  day 
of  bfcenber,  in  conttenvniion  of  the  inftMi  nid  lo  be 


BUfdeicii  by  Herod. 

INORDINATE  ifvfor/i  on,  is  where  the  order  i  f  ihi- 
teiws  eomparrd,  is  disturbed  or  irregular.  As  for  exam- 
ple, in  two  rmnkaof  nvmbrrn,  Ibrce  in  each  rank,  viz,  in 
one  rank,      -  -  «--        .  01'n 

J       .1.        V  I  J*, 

and  in  ihr  o'.hei  rank  -  -  8, 'S-I-,  36' 

which  arc  proportional,  the  former  to  tho  latter,  but  in 
n  diflemt  order,  vit,  -  -  3  :  3  : :  34  :  3(( 
and  .  .  3.9::  sia^i 
then,  casting  ont  the  maan  lenne  m  each  rank,  ii  ja  con- 
cluded that  -  -  -  i  :  9ti  B  :  96 
that  is,  the  first  i«  to  the  Sd  in  the  (irsc  rank,  "  *  ' 
as  the  Gnt  is  (o  the  3.d  in  the  2d  nuik. 

INSCRIBED  Fi>Hr«,  it  one  that  hM  all  h$  aiwular 
point!  imidiiBg  the  tidet  of  another  Hjgvrt  ia  which  the 
former  it  mid  to  bclnaerihed. 

Ivfic^iMW  Bj^fuitta,  iaone  that  lies  wholly  wfthw 
the  an^e  of  ita  wgrmploica;  as  the  common  or  conical 
hyperfad*  dotli. 

INSTANT,  ethrrwtse  called  a  moment,  an  infinitelv 
small  part  of  duration,  or  in  which  we  perceive  tin  suc- 
cession, or  which  lake?  up  the  time  of  only  one  idea  in  our 
mind.  It  is  a  niHMin  in  iii-  chiiMir^,  tliiil  ni- r;a:ural  ellect 
cnn  be  prmluced  in  iin  iiuta:;!,  at  without  some  definite 
time  ;  nlso  that  thi-  <;realer  tlie  time,  the  greater  ibeellrcl. 
And  hence  may  appear  the  reason,  why  a  burthen  »c«ms 
lighter  to  a  per«on,  ilie  faster  he  carries  it ;  and  why  ihc 
faster  a  pervin  slides  or  skates  on  tht  ice,  the  leii  litblc 
it  is  t"  break,  nr  bend. 

INS'i  rrUTK  is  a  name  which  has  lately  heea  nhnj- 
tutrd  for  academy  or  school.  When  royalty  mi  lUelc 
aboliabed  in  France,  the  several  royal  acadeiniea  wm 
•bolfahrd.  and  were  all  condcuaad  into  one  general  aca> 
■demy,  under  t|>e  name  of  the 
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•  /iatiemat  iHtTITWn,  or  Sew  Jcudeny  of  ArU  and 
Hekitm.  TUtMMdMiy  waslToliiMlod  uii  a  decree  of  ihe 
new  gnvernment  conitiM^kiB  io  the  yc^ur  i7<)a<  It  cuii- 
»>(»  of  288  incmbrn,  mlf  of  whum  rf^idc  in  Paris,  ibc 
utfavr  hnir  in  tbe  <lc}iartmentt ;  uad  to  them  aiv  widrd  84 
forafMin^  u  honorary  roemben.  Tbe  academy  n  di- 
vided into  3  claim,  each  cUa»  tnio  acciiomi  vacb  eection 
cootahnag  IS  ammben. 

Jm  Chit.  Matbemetics  and  naloral  philowpby.  'Ilia 
elan  is  divided  into  10  section*,  l.'Matbcmaiics.  9.  Me- 
chanical art^.  3. 'Wroiioinv.  4.  Exix  riltKlilal  p':ili»yij|)1iy. 
5.  Cliimistry.  <>■  Natural  history.  7.  Hot-iiiy-  8.  Ana- 
loniy  uiul  luilinul  Iji^lory.  Mitliciiic  and  surg|ery< 
1(1.  Aiiiaidi  ccoD'Uiiy,  ami  the  vfti-riiury  science- 
'2d  CVait.  Morality  uiid  politics.  This  clau  cousitti  of 
.  6  sectioiis.  I.  Analysit  of  sensations  and  ideas.  9.  Mo- 
ntU.  3.  Lc^isUture.  4.  FoUtical  ccoaomy.  5.  Hiilory* 
(J.  Gcugraplty. 

3d  Clast.  Literature  and  the  fine  arts,  consisting  of  8 
section*.  I.  Universal  grammar.  2.  Ancimit  languages, 
3.  Poetry.  4.  Aniit{iiitics.  $.  Bnutbig,  6.  tenlplare. 
J.  Aichitrcturc.    S.  Music. 

For  each  class  a  paiticultr  room  in  the  Louvre  is  ap- 
propriau-d.  No  ponoa  can  be  «  member  of  two  clai^ea 
at  tbe  same  time :  but  a  member  of  imt  dma  may  bo 
present  at  the  meeiiiui  of  any  othct.  Kaefa  cliui  printt, 
yinrly,  en  BCCdttnt  oftls  innsactiuns. 

Fourlimcsa-yearpublic  meetings  are  held, wbmihe  thpre 
cliissci  im-ct  ttJgethrr.  At  the  end  of  each  year,  they 
give  a  t  iicuiij^'.;in;ial  accnunt  In  ihi-  ii-^iilalivc  Itody,  of 
thi- [ir'iyrt>5  m.Kli-  in  iliul  \  i  .ir  iii  llii- arts  atul  sriciiu-s. 
The  |in/r>  i;i>.,i  .lui.i  .i.l;.  1:>  :  ;irli  clif*,  ari'  (jiilihilu'd  rft 
certain  tinu-5.  J  hi  bum*  requisite  fur  ihc  siippuit  of  tbc 
instil  I,  II  111.  urc  tlucri-i-il  >carly  by  tin-  K-gislalivc  bodyi  OA 
H  reiiuijili' 111  nidili.'  by  tlii'  executive  ilirrdory. 

The  liisl  4S  nu-mbris  wi're  chosen  by  the  r\cculi»e 
directory,  to  «hum  the  choice  ot  the  reniuiniriK  nieiubrrs 
was  cunlidvd.  Tu  the  members  resident  in  Piiii*  i>  re- 
served the  clinice,  both  of  the  de|jnrlnient  and  fim-ign 
men)b<^is.  a  vacancy  in  any  class,  ihrei'  cnndniuios are 
named  by  the  cla>«,  for  the  choice  ol  tbe  body  at  largi', 
Ijicli  c1j*.»  is  to  huve,  ai  its  place  of  meeting,  a  colleciitm 
of  tbc  prrtductsi  both  of  muatv  and  art,  and  a  library,  bc> 
cordinft  to  its  nanicular  wants.  The  regutatiane  of  tbo 
inttilvtioN,  with  leipect  to  the  timea  of  nHtlinf,  and  il> 
empl»ym««is,  are  to  be  drawn  up  by  the  body  at  large, 
nnd  hid  Iwfore  the  tegi»lativr  R«.»rinbly. 

INSULVrF.,  or  Insui.ati  »,  a  term  applied  ft>  a  co- 
lumn I'l  i-tliiT  eiii.'iei-,  » liit  li  -I  MiJ>  <iloiie,  Ol  fri'c  and  de- 
tacheil  Iruni  aiu'  a  'jaCeiit  >^T.  like  nn  i5.|;iiid  in  the 

InM'I-aif.u,  ill  I  lectrlclty,  is  a  d  riii  .'i  plii  d  lo  bodies 
that  Die  Mipporti  I  by  i  i.i  tries,  or  non-Cdiulurlors;  so 
|lut  tlirir  C'/niniuiiiciili'  ii  v\i"li  llje  ciirlh,  \i\  comKictitig 
•euhstaiici'^,  ts  iiilerriipl''  I. 

INSUIIANCK,  ill.  -nmr  as  AssURANCf.  ;  which  see. 

INTACTvK,  nri  n-ln  lines  to  whicli  curves  do  conti- 
nually approiieli,  and  )et  can  never  meet  them,  more 
IISUaIIv  called  A<.ympt<ites. 

IN'i'lilCiLR.S,  are  vibole  numbers,  as  contiOHlistin- 
guishcd  from  fractions.  Integers  may  be  COMidcNd  at 
,  namben  which  refer  to  unity,  as  a  whole  to  a  part. 

IMTEGBAL  Munkr,  an  integer;  not  a  ftactian. 

Iirno  Kal.  QUcahu,  in  the  N«w  Analysis,  it  the  reverse 
•f  Ihe  diiMmitial  calculus,  and  is  tbe  findinig  the  iategnl 


from  a  given  differential ;  being  simihir  lo  the  inverse! 
thod  of  fluxions,  or  the  finding  the  fluent  to  a  (>ivcn  fluxioBt 
The  rules  for  the  integration  of  diifen-ntiab>,  likctbeae  for 
tlieextncliunof  roots,  am  established  by  inspcctitm  ofth* 
direct  piocvas  by  which,  frum  given  funcitons,  differentials 
are  derived :  tbus,  the  diflerential  of  !<■  or  </(x°>),  is 
therefore,  fu/iu  mj"~'</j,  tin  Intivriil  may  bc 
found  fnini  llils  prnCe^v;  incriitM.'  llie  iuiji..\.  m  —  I,  or 
potter  ol  the  i.t-uiLle  <iUiimily,  by  unity  or  ),  hii<(  divide 
by  the  inde.x  so  men  used,  and  by  the  difli-rcuUul  of  the 
varinble  quantity,  lor  ihr  integral  required.  Ixt  (f~',  be 
tbo  sign  of  the  operation  by  which  the  intcnal  is-obtaii^ 
od,orthe  rever>e  of  that  dponticii  wblcfi  dindioilaii 
then  will  d"(«x""  Vx)  m      «r,  JT'^i^^  =  a".  Alto, 


-  + 1 
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Again  tbe  integirab 


of  «"rfx,  e*«ir ;  are  a',  f»;  and  are  obtained  on  tbc  very 
tame  grounds  of  inspection  us  the  above. 

The  differentials  of  a  ^  bj,  a  +  hx,  d  -i-  bi,  &c,  or 
</(«  1-  bi),  d{d  bi),  d{a  bi),  &c.  urvdbj.dbx,  dbx, 
&c.  Hence  inversely,  ibcintegralsarcd"(</6x),  d"  (diir) 
d!"*(diix)  &c:  where  it  is  to  be  noted,  that  the  coutant 
i|nantitie^a^  i,  m\  dec,  are  the  cormctloat  of  tbe  inte* 
grab;  and  are  determined  in  the  tame  manner  as  thaw  ia 
the  invene  mathod  of  fliixioMt  fnwihe  particular  nature 
of  tfaa  piublpm  under  discusaion. 

It  may  be  here  observed,  tlial  ns  in  the  analysis  of 
liniifs,  any  quantity  may  be  raised  to  any  degree  or  power  ; 
but  vice  vfr»«,  the  root  cannot  bc  extracted  out  of  any 
liumbcr  required  :  so  io  the  analysis  of  infinites,  any  va- 
rmble  or  llowing  quantity  nmy  bi^  dift'erenceil,  but  vice 
versa,  any  diflerential  cannot  bc  integrated.  And  as,  in 
the  analysis  of  finite*,  v»e  ure  not  )et  arrived  at  a  method 
of  extracting  the  roots  of  alt  equations,  so  neiti^erhas  the 
integral  calculus  arrived  at  its  perfection:  and  at  in  tbo 
fornier  we  are  obliged  to  have  recourse  to  approxiroaiion, 
so  in  the  latter  we  have  recourse  lo  infinite  scries,  v«  here 
w(-  cannot  numn  lo  a  perfect  intej^ration.  For  the  several 
authors  1)11  this  nilcului,  see  I  LUXtOMS. 

INTKGKANT  turu,  in  Pbilosopbyi  nre  ibasimihtf 
parti  of  a  biidy,  or  parts  uf  ibe  same  nature  with  tbc 
whole;  at  iilihgi  of  iron  are  the  iniegmnt  paitt  of  Inn, 
having  the  sarnr  nalure  and  properties  with  tbe  bar  or 
mass  they  were  fihtl  off  from, 

IN TENSITl',  or  IrrBwsion,  In  Phy  >ic»,  is  the  degree 
or  rate  of  the  power  or  energy  of  any  quality  ;  us  heat, 
cold,  &c.  The  intensity  ef  i)Ualities,  us  gravity,  light, 
hrut,  iS<c,  viiry  if,  tin-  riCt|iiociil  r.itio  of  the  siiuart-sof 
the  dirlance'i  Iroro  Ihe  centre  ol'  the  radiating  quality. 

IN  I  I:UCALA11V  iJajr,  denotes  tbc  odd  day  imcried la 

the  leap-year.    Siv  lilssEXTILE. 

IN  TI  IU.  F.P  IT.D  yliis,  in  curves,  the  »ame  with  what 
is  otlierwisc  called  the  absciss  or  abscivsa? 

IM  KRCtyLlMN.VriON,  or  IsTCRcoLVMniATiojr, 
is  the  space  between  column  uiid  column,  which  is  ainraya 
to  be  pr-iportionat  lotbe  h<'i^hl  and  liulk  of  the  coluiiUM. 
From  n  medium, tome  authur^  have  l.i.ii  iluwn,  the  foll9W> 
ing  proportions:  in  Ibc  Tuscan  order,  the  iniercolumm^ 

tion  IO  be  4  diameters  of  the  body  of  the  column  below; 
in  Ihe  Doric  3,  in  the  Ionic  <|>  in  tbe  GoriDthlap  ^,  and 
in  (he  Compoiile  1|. 
INTKREST,  it  a  Mm  reckoned  tot  tbe  laan  or  (or- 
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beanuicr  of  another  sum,  or  principal,  lent  for,  or  due  at, 
a  cfflaiu  time,  according  tu  M>me  crrtain  rate  Or  piopor* 
tioii ;  being  citiniated  utually  at  »o  much  per  ectt.  or  by 
fka  lOOi  Iwi  ibmii  *  particular  rule  in  ofitbnelie.  Hie 
highat  legal  inlemtnownlkiwcii  inBdg|and,wofl«r  thente 
of  6  per  ornt.  per  onnnm,  or  the  SOtn  part  of  tho  princt- 
pal  for  the  apace  of  •  yeari  nad  w>  in  proportion  for  other 
timet.  i'ithf>r  pntfr  or  !«•• :  except  in  the  cmh-  of  pawn- 
brokers, tu  wlium  It  bit*  lately  been  made  legal  to  tnke  a 
much  liiglier  interest,  for  one  of  the  worst  and  most  de- 
■tructivc  pui|j''M'<,  thai  can  be  sufitrred  in  anyttalo. 

Infcrfst  ts  I  itlii  j  Niin|)lr  isr  C«m|>o<!nd. 

Simple  In  11  iirsT,  i>  tlii't  uti-c'i  ib  iviuitLd  ni;d  allowed 
upon  ibc-  principal  only,  fur  the  whole  tune  of  forbear* 
Hnci-.— Tbc  tarn  of  tho  principal  and  iniomt  t*  called  tlie 
amount. 

As  the  interest  of  any  sum,  for  any  time,  is  tlirectly 
proportional  tu  the  princip<il  sum  tiiid  lime;  therefore 
the  itlterest  uf  l  jiound  for  one  year  being  multiplied  by 
any  propoied  principal  wnit  and  by  the  tiote  of  ita  for* 
boaiMco,  in  years  and  parte,  ijiiU  b»  ib  intciMt  for  that 
Hiw.  That  11,  if 

r  a  Ibe  me  of  ianmt  of  It  per  ananm, 
pmmtf  ftintifai  mm  leot,- 
(  ait  the  time  it  ii  lent  for,  and 

as  the  amount,  or  sum  of  principal  and  interest; 
then  is  prt  =tho  interest  of  the  sum  p,  fur  the  time  t,  at 
the  rate  r;  and  consequently  p  +  ptt  =  p  x  (i  -t-rt)=a, 
H  the  amount  ot  (tie  Mitie  U<r  lhai  Uiw.  And  from  this 
grncrnl  furiiiula,  other  theorems  can  eamly  be  deduced  for 
finding  any  ul  trie  quantities  above-mentioned  J  which  Col- 
lecled all  togriher,  will  i>i'  ii''  follow: 
1st,  a  =  p     prt  tlif  amount, 


«d,  p  s= 
Sd,  r  = 
♦th,  t  = 


I  +  rt 
c~p 


the  principal, 
the  rate. 


the  time. 

Jvir  Eiample,  let  it  be  required  to  find,  in  what  time  any 
principal  sum  will  di  uMe  its<  lf,  nt  miy  r.ite  ui' siiiip'e  in- 
teresL,  In  thi-i  case  uc  may  use  the  1st  theureiu  a  s=  p 
-t-  prt,  ir.  )vliich  the  amount  a  roust  be  =:  3/i,  or  donbia 

the  prinrijin!,  i.  e.  p      prT  —  9p;  «ni\  hence  '  = 

when-  r  li<  iiijj  ilic  iuti.-«.\t  of  I/,  for  one  yenr,  it  follows 
that  till-  iniie  of  doubling  at  simple  interi^t,  i  i(u:<l  in  t.'.c 
quidii'Ht  <>t  uny  sum  divideil  by  its  interest  lor  one  year, 
bo  that,  if  thi'  r.iti  ■  i  luu  lysi  5  percent,  then  lOO-j-5 
=  20,  it  the  time  of  doubling. — Or  the  4tb  theorem  tm* 

mediately  givet  r  a          a  — t  ts  — —  =  -. 

fr  r  r 

For  »oine  compendious  tables  and  rules  for  computing 
the  inter  -I  on  money,  see  my  small  book  of  Arithmetic. 

Comp'iund  I«tf.kk<it,  Called  also  Intertit-upon-hleml, 
it  that -which  is  counted,  not  only  on  the  principal  aum 
lent,  but  also  for  ii«  iiittTi  stt  at  it  beconca  dtie»  at  tfaoond 
of  each  slated  lime  of  p^rnent. 

ThoHglh  it  be  not  lawfiU  to  lend  money  at  coaipoutid  io- 
terctt,  yet  in  puMhniiiiganmiilics,  pensions,  ttz, 
in  reverMoti,  it  ic  ntaal  to 


amount  t,  and  the  time  t,  there  is  another  quantity  on* 
ployed  in  compound  intcrMt,  viz,  the  ratio  uf  the  Itteof 
anictetii  which  t»  the  amouitt  of  1/.  for  t  time  of  payment, 
«nd  which  hnc  let  b«  denoted  by  a,  m,  »  k  l  ^  r. 
Then,  Uie  particufair  amountt  for  the  aeveni  linen  may 
be  thus  oompuled,  via,  A*  1  pound,  ic  to  itt  nou»nM  Ibr 
any  time,  ■»  ia  any  propoied  principal  torn,  to  ilt  annunt 
fur  the  same  lime ;  t.  e. 

\l. :  k::  p    :  pn.  the  Istj-ear's  amount, 
li.  :  n  :  :  pn  :  pK'  the  2d  year* s  aniouut, 
a/. :  K  : : /ir' :  pa*  die  Sd  jvor'*  amoyat, 
and  Ml  on. 

Therefore  in  ra  iiil,;)u'  —  n,  is  the  amount  for  the  r \rnr, 
or  I  lime  uf  payment.  Wbence  the  following  geoeral  Ifaeo* 
Kmc  ate  deduced: 

1st,  a  ss    pa'  tlie  amount,  . 

9i,  pm  the  principal, 

3d,  It  B        tho  catio, 

,  Im.  of «  —  Inc.  nf  ri  , 

From  whkh  anyone  of  the  quantities  may  be  found,  when 
the  rc»t  are  given. 

For  example,  suppi>se  if  were  required  to  find,  in  how 

many  years  urn  pr>ii(  ip«l  sum  will  dnuLilr  il.stlf,  at  any 
propiistd  lale  ul  utterett.  In  this  case  must  be  employed 
the  4th  theorem,  where  a  will  be  =  :p,  and  then  itic 

I.  n  —  I  jn        I,  9j»  —  I.  p    _  liv.  2 


allow  compound  iataicac  to  the 
purchaser  for  bb  ready  rooitey ;  an4  thoMim  it  iaoecca* 
sary  to  tindeistand  ibis  subject. 

Hesides  the  quantities  concerned  in  simple  interest,  viz, 
the  princitMsl  />,  ibc  rate  or  interest  of  1/.  for  1  jcar  r,  tbe 


So,  ti  Ll>> 


loe.s 


K  I":;.  II  luc.  r< 

liitc  of  intciot  lie  J  per  ct^nt. 
•05  =  I  05,  and  hence 


per  annum;  then 


■:io)(k300 


*  =  =  =     2067  nearly;  that  it,  any 

mm  doubles  in  14} years  n'-arlyfOt  ibc  rale  of  5  pert 
par  aanum  compound  inurest. 

Hence,  and  from  the  like  question  in  simple  inti 
above  given,  arc  deduced  the  times  in  which  any  cum 
doubles  itieif,  atacvetal  rates  of  intemt,  both  cimpleand 
compound:  tiii, 


At 
1 

2 
3i 
S 

3f 
4 

H 
5 

6 

7 


fAt 


per  cent, 
interest, 


per  nn. 
iL  or 


AiOmp.  Is 


any 
will 


other  sum 
double  in 


100  69-66D8 
50  sa-oou 

40  38-I1701 

S5  17-6730 
2?5  157473 
20  ♦  14-20<V7 
I6t  f  11-8957 
Uj  10V448 
90065 

9  "i       I       8  0432 

10  J  I        10        I  7-87«4 

Ihe  following  Tabk  will  very  much  facyitate  the  cal- 
culation of  the  compound  I'ntercit  for  any  muai  for  nny 
number  of  yeara,  at  various  ntct  of  interest. 

The  u!>e  of  thi*.  table,  wUch  Contains  alt  the  powen  n*, 
to  the  201I1  pMucr,  or  the  amounli  of  ll.  is  chiefly  to  cal- 
culale  th<  interest,  or  (he  amount,  of  any  principal  sum, 
ferany  time,  not  more  than  20  year^  For  example,  r«- 
qnireo  ti>  )ii>d  to  hov,  much  523/.  will  amount  in  i.3yeupi, 
at  the  rati:  of  5L  per  ccul.  per  anuum  cvmpouod  interett. 
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In  thr  fabli',  on  r'n  line  13,  and 
Cfiic,  h  lUf  aiiKiuiit  of  \l.  vi». 

ibi^  iiiultiplu><i  by  the.piincipal 
•  give*  till*  aiiiuuiu 

or  '  - 

and  ihenfoTF  the  intcriitt  is 


in  the  coUimn 
693, 


I  9t0 
S  per 


TNT 


IOB7S(>«7 

564/.  in.  3lrf. 
IV  Ammml  of  \t.  in  any  Xumber  <>/  Y,i,rr. 


in. 

—  -  -  - 

1  ti 

4 

5 

1 

1 

1  l-o:ijo 

j  1  -UMM) 

\  i-ouo 

lOjlK) 

t  -oww 

'2 

1  1  0712 

l-i(IJj 

1  I2i(i 

•J 

I-I0S7 

ll'IVl 

1  rr4»2 

1  lj7(» 

1  lyio 

•V 

1  147.'. 

I- 192  J 

1-21  ij 

|-2«..j 

*t 
*j 

1   U.I  > 

1  . 1 UT7 
1  13/4 

1 . O I  J." 
1     •  M>  f 

1-J4(j2 

1  27«3 

1  •3;>82 

6 

I- OH 

J  •'iO.j.'J 

|-3iii| 

1-41  S3 

7 

1  2":  J3 

I  Ml  3') 

1  3(109 

1  1071 

l-303« 

8 

1  3I(>S 

I '4^21 

I  4773 

|-393'> 

9 

1  -.iO'J'J 

1  ■  f233 

1-  isei  i 

l-tjS<)5 

10 

1  :.«L-» 

1  •+io«> 

1  -4^02 

1-4530. 

l-79(W 

11 

\  'jnv2 

lt<j(>0 

l-.Vj<Jj 

1 -71113 

U 

l-4.'jS 

I  .51  1  1 

l-Gr)IO 

14950 

1-7959 

11 

I  +'is.> 

lj(j4<) 

»-6i>>l 

1-7722' 

2- 1329 

I  r 

llilS7 

1-7317 

1-S.il  ) 

l-97!;9 

'-'V«09 

u 

I67i3 

I-8009 

1-»3J3! 

2078'J 

2  S'»0« 

16 

i'TS40 

l'87W 

2-0224 

2  1 829 

2-5  4<H 

17 

I7947 

I!tt7!) 

2  list 

2-2>J20 

2-6928 

11 

|-857» 

20258 

2-208j 

2'400G 

28543 

10 

t-7«SS 

t'pSilS 

2-1008 

S-035S 

M 

■•80«i 

M)89S 

2-I0II 

9-*U7\ 

2W71 

Se  ASNU1TIE&;  Discocn-t;  Rkversiox;  Smiin's 
Tables  of  Iiitereit ;  the  Philoi.  Tiaus.  vol.  (i,  pa.  508i  aild 
most  books  on  Arilhnielic.  ' 

INTERIOR  Finurr,  Jngle  ((f.   See  Anolk. 

-  IVTIftlOR  Polygon.    Soc  I'oLTGON. 

IvTKiiioR  To/ii».   SeeTALos.  '  ' 

Internal  AngU$,  are  the  aoglet  made  witMii  any 
figure^  b/ the  aide*  of  it.  lB»triuigleABG,ihet«omg|ee 


1 


•P 


\   ir 

A  and  c  arc  peculiarly  called  internal  and  oppokite,  in  n> 
»pec(  of  the  external  sligle  cbd,  which  b  equt  io  then 
both  together. 

IirriR  V  AL  AagU  is  also  applied  to  the  two  angle*  formed 
between  two  parallels,  byaliiwintenectingthoieparallelif 
cschMdeofiheuueneciiflcliM.  8nih««ttMaii{g)ei 
m,A,i^d,  fomcd  between  the  panllebtv  and  ok,  on  each 
side  of  the  inienecting  line.— The  (w«  adjacent  huemal 
angles  a  and  ^  or  c  aoS  4,  are  together  equal  to  two  tight 


on 


and  hi*  Trigonomrtria  Brirannica;  wherr  \ic  cxplainSi 
and  lully  jippli.  s  iiic  tnrihod  uf  inirrpolation  by  difterrnc«-!>. 
Hi.  |>ruicipl<s  «rrc  l.dlowcd  by  lU-jiinnl  alW  llf«Ut<m  ill 
Fcanr.-,  und  by  Core*  !ind  uibcn  in  Eniiland.  Wallis  em- 
ployc<l  the  nii  thod  of  inteipolatiim  in  several  parts  ofhi« 
works;  a>  hit  Antbuetie  orinlinim, and  his  Al^ibra.  |.., 
quadraturw,  *c.   The  same  waa  aisobappily  applied 
Niswton in  various  way*:  bjr  h  he  inTiMigaud  his  bino- 
mial theomu,  and  awulratures  «f  the  circU-, .  I|ip>e.  aiuj 
hyperbola:  see  U'alUs's  .Mocbm,  dup.  s.^.  ac.   NCsri  n 
also,  in  lemma  5,  lib.  3  Princip.  ••aio  .i  hhi  t  .  I.  i^.nu  si  .u- 
tioa  of  tho  probh'm  fordrawini;  u  cur..'  In,.  ilii(ir,ir;h  ilie 
extreinflit*  of  any  number  of  j>ni-ii  ormtuitv-, ;  and  in  l(n- 
subs(<|uint  propo^iIlon,  hi-  applied  Ihc  solution  of  this 
probli  m  to  (hat  of  finditi':,  from  ct'rtain  observed  pluct-s 
1)1  iiciinic  t,  It'.  (,lmc  at  -.ir.s  given  inu-rmediate  time.  And 
Dr.  Warinp,  \stu,  adds,  that  a  wdutiou  slill  raon-  cicgaiif, 
on  some  acc  icni*,  hus  been  since  dbcovrrcd,  by  .Mess. 
Nirhol  and  Stirling,  has  also  n-^olvcd  the  same  problem, 
luul  rendered  it  more  general,  witholit  hining  recourse  to 
finding  the  successive  diflerencn.   Philos.Traaa.  vol.  69, 
ptrf  I,  art  7.    Mr.  Stirling  indeed  pursued  this  btanlli 
no  a  di»tinet  scieotM^,  in  aaapaimle  trehtiae,  vis,  TkaetaHn 
dc  Suromatione  et  Inlnpolatiane  Seriemm  laliiduran, 
in  the  year  l7Sa 

When  the  ltt,9d,  or  other aocceesive  differences  of  the 
tcrma  ofa  aeries  become  at  last  equal,  the  inierpolaiion  ,1 
any  HHruoffucb  a  scries,  may  be  found  by  Nevvton  s 
fcn-ntial  Method.  Wdcn  i!.e  nl^rtljiiiic  e<|uatioii  <>l  .1 
series  is  given,  tho  term  tei|-jiicd,  «in  thcr  11  be  ;i  primary 
or  ir.i< nil.  di.Uf  o:w,  iii.iy  be  liiiind  by  ihc-  rctioiiilioii  nH  a(. 
lecte.i  1  iu<i;i,.ii,  ;  liu(  ivlien  that  equation  is  not  uneivas 
it  olleii  i:  11^,  i!m-  M.lu  -  o|  the  It  ini  s.iU'^hl  must  be  ex- 
hibited b\  li  c>.in.jrt;iiig  H-rus  or  by  the  quadrature  01 
ciirv.  s.  See  Siirl.ns,  ulaopia,  pa.  86.  Meyer,  in  A«. 
I'eir.  torn,  -i,  pii.  ISO. 

A  g.  ricral  theorem  for  interpolating  any  term  is  as  fol- 
lows :  Let  A  dcnot.-  any  term  df  an  equidismnt  series  of 
terms,  and  n,  h,  c,  Ac,  the  firat  of  tlto'^l,  2d,  3d,  &c.  ar-> 
dcrsofdidercnce»;  then  the  lerH  x,  whme'iiiaitsqce  from 
4  ii  expttiMd  by  «,  will  ho  thi«.  vis;  Tkewm  I,  ' 

Henre,  if  any  of  tite  orders  of  dilfiervnces  become  ei|uai 
to  one  another,  ur  m  0,  this  aeries  for  the  iiiterpolate«l 
term  will  break  oft,  end  termiaaie,  otherwise  it  will  run 
out  in  an  infinite aerici. 

SgfiHfk.  To  find  the  20ih  term  of  the  snlcs  of  Cuba 
1,  8.  n,64,  1«3,  &C,  or  I 2'.  a',  A.',  5\  &c. 

Set  down  ihe  aeri«  in  a 
column,  and  uke  their  conti- 
nual diffcrcnci^       h:  rr  an-  ' 
nc.ved,  where  liit  itli  ditter-  ' 
cnrr".,   and    all    alter  it  be> 
toinr  ~  0,  iil-i.i  A  ~  \ ,  a  =  7, 

b   =    I  'J.  C   ■=  (I,  ;,t;.J    r  —  K!; 

therefore  the  SOth  terra  souglit 
is  bafdy  - 

I  =  I  +  19  X  7  *  19  '* 


IXTKaxAL  and  Opposite  Angles,  is  also  applied  to  the 
two  angles  «and  6,  which' arc  respectively  e(jual  to  the  two 
aand  w,  called  the  external  and  opposite  angles.  Also 
the  alternate  intcrixiil  angles  are  equal  to  each -olher-j  viz, 
*  —  d,  and  6  =  c. 

INTI  RPOLATION.  in  the  modern  Algebra,  is  used 
for  fiiiilm;;  .111  intermediate  term  ef  a  series,  iu  place  in  the 
scnei  in  iii^  -ivi  II.    Tlie  method  of  interpolation  was  first 

invented  by  M    l!n-S  and  by  him  applied  to  the  calcu-    w.„.ing  .n  UK series,  paving  a. 

Ution  <rf  lug^nihffls,  dtc,  m  hia  Aii(hnMicaLgi|»fiihinic%  l^ke  Oa  cauatioa  which  atarn 
V0L.L  -  -  ^     -      .  -1  ^ 
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133  f  3062      S&l*  Si  8000. 
''  In  anv  aen'es  of  cquidiitant  termip «,    r, d. 
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19 

37 
61 


12 
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34 
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IS 


'JTievr.      ...  „   ,  „ 

&c,  whose  first  «ifereoce«  arc  stnallt  to  find  any  term 
wanlinp  in  that  aeries,  having  any  number  of  Mrms'givm. 
"  '  "  '      Ida  aarimt  the  uambsr  cf 
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givrn  terms,  iti  the  tullowing  table  ;  and  by  nluciogth* 

rquatioii,  that  term  will  be  found. 


I 
2 
9 
4 

5 

6 


-  26  •+• 

-  3i  -f 

-  4*  ^- 

-  56 

-  66  * 

*  —  nb 


o 

c  =  0 
3c  —     d  =  0 
lie  -    *d  r*-     e  =  0 


I  —  1 


-c  — «. 


u—  • 


if,  «re  s  0 


w  — 1 

lAwtit  is  I  vid(  i;(  thai  the  cwflicicnt*  in  any  ccjuution.arc 
titeuncia:  ot  a  binomiul  1  -i-  I  niist'<l  to  the  power  Hciiotcd 
by  the  number  of  tin-  tqimiion. 

•  fiwaip/e.  G^nn  the  logaritbuis  of  101,  102,  la^aml 
105t  to  find  the  log.  of  103. 

lien  tic  4  qaantitiet  nrni  i  tiierafisic  ve  roust  take  ibe 
4th«qttatrma  — ♦(•4>0«  — <i4t-t'<M0,iii  which  it  is 
the  middle  quantity  or  term  e  that  it  Ip  he  foaad,  b«MUw 
109  ii  in  the  middle  among  the  BtMBben  tOI*  10%  104, 
|p5i  then  that  eqtMOon  gives  the  mliw  of  e  aa  tMmn, 

c  =s  . 

Mow  the  logs,  of  the  t;iven  numbar*  iiQI  be  AtMt 

2-0O43214  =  o 
200*6002  =  6  * 
.    '  2'0I7O3;!3  =  <i  . 

SOa  11833  =te 
4^0tM3S5  ^ht-d 
4* 
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2  0128372  thelog.of  103. 
Theor,  3.    When  the  tema  m,h,c,d,  dee,  an  at  im> 
equal  disiUnccs  from  oack  others  to  iM  aiy  iatemediaU 
one  of  these  tertna,  the  mt  bdltggivea. 

^ pi  ?•  r.  <,  &c,  be  the  itveral  diilancca  of  tboie  terrat 
from  each  other;  then  let 

'■  —  «  Bl  —  B  Cl— C  Dl  —  D 

C  =  —  ;  Pa«  —  -  .  .>» 


a  1  3 


;cl: 


■a  — ai 


S9: 


?  1 
d  —  <    _     aa  —  Bl 

 }<^=-rrr-» 


Pl»  -a 


■3 

f 

6cc  &c  &c.    Then  the  term  I,  wliosp 

ditlaiicc  from  the  beginning  it  s,  will  bo 
a  =  a     BX  .4-  c*.  {x—p)  +  l».(jr  ~ p)  •  i-^  -  P  —  9) 
nx.(x  —p).{* ,^p  —  ^).{x -p  -  ij  ~  r)  +  &c; 
to  be  continued  to  aa  many  terroa  as  tlicrc  arc  terma  in  the 
fiven  leriea. 

By  tbii  aeriet  mmy  be  foand  the  place  of  a  comet,  or  the 
son,  or  any  otber  oUectat  a  pvm  time ;  by  knowing  the 
flaoia  ofrihasamior  aever;«l  other  given  tinea.  •  Other 
mdwla  of  hMerpolalioa  nay  ^  found  in  the  Pbikw. 
Trans,  ntrmber  SSS;  orSlitliag's  8ana»tio)»  and  faau- 
polation  cfT  Series. 

INTKRSCENDENT,  in  Algebra,  i»  applied  to  quanti- 
ties, »  hen  the  exponenta  of  their  powcfa  an  mdical  qoan* 

titles.  Thor  ar  *,  ir^*,  ke,  «w 

Sw  FVHCTIMT. 
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1  N'TFRSFCnON,  the  cutting  of  one  line,  or  jilunp, 
by  ano'iiLT  ;  or  the  point  or  line  in  which  two  liiioi  or  iwu 
plane*  cut  each  otbfr.— The  raututl  I'ltt  iMriiun  of  two 
plane*  i*  »  right  line.  The  Centre  ol  u  circle,  or  cunic 
icclii  n,  \c,  i»  III  tin-  iiiti  !;cClioii  of  two  liiumeters  ;  and 
the  pi.iiil  o!  u  (jUddranglc,  is  the  intersection  of 

IViii  il  .1^  .n.il-. 

.  IN  Tl-Kb TliLLiVR,  intcrveninj*  between  the  stars;  a 
wed  by  some  authors,  to  express  ih«s<-  |>itrts  of  the 
>,  that  ari' without  Hnd  bej'ond  the  limits  of  our 
solar 'ayitcn. —  In  ihr  mtersielUr  regions,  it  is  suppowd  ' 
there  are  several  other  aysuros  of  planets,  moving  found 
the  fixed ■etars,  aa  the  eentica  of  their  rcspcctivo  motion*. 
And  if  it  ba  true,  as  it  is  not  improbable,  that  eacb  fixed 
star  is  thus  a  son  to  soma  habitable  Mm,  or  coitfas,  that 
nxivc  round  U,  tfao  inteidelbur  world  will  be  infinite]^  ibe 

greatest  part  of  ^  univcrw. 

IN  IKUTIKS,  or  IXTERDtrcss,  in  Architecture,  tho!.p 
suiull  piices  of  timber  which  lie  hm-iaonially  between  the 
»umn)crs,  or  between  tLcm  and  thi'  cell  nt  rising 

INTKllVAl,  in  Mumc,  the  difl'ercncf  Utwmi  two 
SDUniK,  111  ri'vpect  uf  acme  and  f;rave.  Authors  (tistin- 
guiah  !>cvi'(ai  divisiun>  ul  un  iiiUrvul,  m  fn^t  into  Siuijile 
■Od  Compound.  The 

Simple  Intf.rv'ai.  is  that  without  parts,  or  division; 
such  are  the  octave,  and  ull  that  are  within  it ;  as  the  2d, 
3d,  'tth,  .'iih,  6'th,  iiml  7th,  with  their  varietict, 
*  Co«>pof/Hd  Imtehval  conbi^its  of  several  leaser  IB  tCTvab; 
as  the  9th,  lOlb,  1  Itb,  &c,  with  their  vwictisa. 

Therinple  inteml  wai  by  the  andealt  called*  dilsMn, 
■nd  tbe  Gompoiuid  Aqr  called  a  system. ' 
An  interwd'  is  slso  divided  into  just  or  tint^  and  Into 
The 

Jte  or  2hw  iKf  xavALa,  arc  nicb  as  all  tboae  above 
■sentiotied,  with  Atir  varieties,  whether  niajoror  minor* 

PaUe  InTEXVALS,  arc  the  diminutive  or  superfluous 
one^ 

All  iiiu  I  va!  is  n!si)  div ideil  into  ilit  con.sonanfe  and  dis- 
SOnnnri' ;  wlm  li  -i  r. 

INTKSTINi.  .V.,t.on  of  the  jvirlsofjluidi,  th:U  which 
is  ainonj;  its  rorjiustUs  'ir  cniii|iuiii'iit  |mrt5.  Whc-ri  t!ie 
attracting  t<ir|iusclrs  ol  any  liuiJ  aio  claslic,  they  must 
necessarily  pr<ul(ic  (  an  intestine  nmtinn;  niui  that,  greater 
or  less,  according;  to  the  degrees  of  their  elasticity  and  at- 
tractive  force.  For,  two  elastic  particles,  after  meeting, 
mil  fly  from  each  other,  with  the  same  degree  of  velocity 
with  which  Ibey  met ;  abalraciitig  from  the  resistance  of 
the  medium.  But  when, in  leapii^ back  fnimcnch  other, 
they  approach  otber  pariidca,  Ihmr  velocity  will  he  in* 

INTONATION,  In  Masie,dwBe(ieaorsoaDditig  the 
itotes  in  the  scale  willi  the  voioe*  of  anjr  other  given  wdar 
of  musrcal  tones.— .Intonation  may  be  cither  true  or  liilse ; 

cither  too  high  or  too  low,  either  too  sharp  or  too  flat ;  and 
then  this  word  intonation  aiiendcd  with  an  epithet  must 
be  understood  concwrning  the-n^mer  of  peribcniiig  tho 

notes. 

IN  TRADOS,  the  inlcrior  and  lower  side,  or  curve,  of 
an  arrh.  In  rontrudistiiiclion  from  tbe  cxtrados,  or  ex- 
terior curve,  or  line  OD  ibe  upper  aide  of  dw  arch.  Set 
ray  Tracts,  vol.  1.  v 

INTRKNCHMENT/in  Fortification,  any  work  Ibet 
shelters  a  post  against  the  atucks  of  an  enemy.  It  is  ^• 
neivlly  taken  Ibr  a  dilcb,  or  trench  with  a  parapet.  In- 

of  tasciaa  wiilt  earth 


1 


JOI 


or  quantity,  let  the  rnot  !«  multiplied  hw  itself  «  number 
ot  tiinfii  which  js  one  Im,  thiui  lb«  number  of  the  itidi-x ; 
i.i:  unci'  iriul:i|>lie<l  for  the  Sdnwt,  twice  ibr dw  Sd  root, 
thrice  for  the  4ib  root,  Uc' 

So  aho,  in  algebra,  to  invotw  lb*  biaoaml 
orniieitipawvnb  .  . 

•  .    l>t  power,  or  laot 


-ft 
1* 


at 


a*  ^  2a^ 


A* 


0** 


a-"     3n  t>  ■+■  Sub' 


2d  power 


3(1  power 


tbrowo  ^r  Ui«m.  of  gabion.,  hr>K»hM(ift  («  Im«»  ttOed 
with  earth,  to  cover  tlic  mi-n  (rum  the  enemy'n  fire. 

I  N\  fc,RSl',,  i^  ;i|.j(lic<l  t><  .1  111 r  uI  ■.mtkiiij;  llic  i  ijli' 
o(  three,  nr  pr'ijKii  m.n,  wliicli  >  iu>  to  Li:i(>.uurd,  i.e. 
reTer^e  >pr  :  i.:i_v  I')  tlie  onii  r  ol  ilir  cmumuihi  umI  direct 
rule.  >ii  tli.ii,  ulnrciiv,  in  t'le  direct  rule,  mole  rer|uire« 
mure,  or  t.  ;..  i<  ijuiri  s  li-4\  ;  i;i  th«invcne  rule,  on  the  con* 
trill y,  iiiiire  requires  less,  or  less  n-quircs  more.— JrW  in- 
»tauce,  in  the  ilirect  rule  it  i«  wid.  If  3  yard*  of  clotb  oott 
20  tbiliingi,  how  mv!ek  will  6  yard*  co*i  i  the  mwgr  h 
40  sbilKnp ;  wban  mora  yards  require  more  aiomy,aiMl 
In*  yards  require  Um  mnumf.  But  in  th«  iavaiae  raleit 
Is  said.  If  20  men  petftna  a  piAa  of  wprk  la  €;dajffl|  ia 
baw  many  days  will  40nen  perfcrm  as  aincb  r«lMMtbe 
answer  b  3day%i  and  bef«  tbo  niore  men  re({ali*  tbi.lna 
tiOMs,  and  tho  few«'r  men  tbc  more  time.  i  i 

IvTxntt  Meiiod  4^  PhisioM,  h  the  method  offiodin; 
fluentii,  from  tba  fluxions  lieing  given;  aiul  is  Munliir  to 
^what  the  foreign  raathemiiticians  call  the  ciicuins  inte- 
grafis.   Sue  Fluekts. 

vans  a  Mdhod  ofTuni^entt,  is  the  inethuii  i>("  tiiidnn; 
the  curve  bcUin;;iri^'  r  ,i  ,  Iven  t»iii;ciii  ;  m  op|M>.fil  t  )  ih. 
direct  method,  or  ttir  imilini;  the  tuiiJent  to  ii  I'ntn  curve. 
—As,  to  (mil  curve  wlio.se  >ul>laiigenl  is  a  third  propor- 
tional to  r — jf  aiidy,  or  uhos<-  sublaiijienl  is  cqUttl  to  the 
semiortlintrie,  or  who^c  sulinurmal  is  a  coiutant  quaaUty. 
The  solution  of  thi%  problem  depend*  cbiefly  oa  ibe  ia- 
verse  metho.l  ..f  (Uixioiw.  8aa  TaMonT.  JSeo  also 
Montuclit,  V.  J,  pa.  I04-. 

iNvsasE  PtvponioH.  or  In'vbm*  Jtaito,  is  tbat  in 
which  more  reqoircs  teas,  or  lem  rsqiiiKs  more.  As  for 
instance,  in  tba  caia  of  Ijglft,  or  beat  fium  a  lumiootM 
object,  tbe  light  rrocived  isl|iBat  anaaiar  disiiince,  and 
greater  at  a  less  distance ;  so  tbat  here  more,  as  to  ai. 
lUoce,  give*  leM,  as  to  light,  and  leu  distance  Rives  more 
light.  This  is  usually  .  \pre^^,ed  by  the  term  inversely,  or 
reciprocally;  as  in  the  i  .is,  ;,(„sv,.,  xvhire  the  li^lit  i>  in- 
»en>il),or  reciprocally  us  il,,  s  jiiare  of  ttie  ili»mnce  ;  or 
in  the  inverse  or  re<  i;irocal  linplieair  ratio  ...l  tlie  ili-tance. 

INVl.HSiOS,  Imtrlmilo,  or  iy  liiitninn,  \,y  the  1  M!i 
def.  ol'  Kuelid,  lih,  is-invertini;  lhi>  terms  of  a  propor- 
tion, hy  chaiii;ink{  the  antecedents  into  COflSMWeDtS,  aod 
the  coiis<  qo.-i:is  into  anti  ce.lenls.  iUlbltaMW^t  *t  4, 
then  by  inveisiun  h  .  a  :  :  d  ;  c.     .  ,*  j/f^". 

INV'HSTIG  A  1  K)N,  ibe  searching  or  finding  — yitMug 
out,  by  means  ol  certain  slept,  traces,  or  ways. 

INN'OLUTi:  Figurt  or  CSrte^  i*  tbat  wbicb  is  traced 
by  tUt!  outer  c.xtreitoiiy  of  a  string  as  it  u  folded  or      JoMT  Ukm,  aro  web  ai  copllnnc  dating  the 
wrapped  upon  nnuher  figuiw,  or  as  il  is  aawoond  fnMi  off  or  that  exist  fwpdm  '  Saa  Llll  jfl—isHii. 
it.  The  infwiuie  of  a  cwcloid,  n  also  a  cycloid  equal  la      JOBTS,  or  Joinn»  thoae  pieces  of  rial 


And  in  like  manner  for  any  other  quautitics,  whatever 
the  numb-  r  ol  their  terms  may  he.  But  compound  ali;r- 
braic  quiiiititicsare  best  involved  by  the  llivriMiAL  Theo- 
rem ;  which  see. 

Simple  quantities  are  involved,  by  raising  the  numeral 
cmMlieicnts  to  the  |;iveu  power,  and  the  literal  quantities 
arc  raised  by  multiplying  ibeir  indices  by  that  of  the  rout; 
tbat  it,  the  raising  of  pawwi  b  performed  by  the  multi- 
plicatiao  of  indices,  tbe  same  as  tbe  noitipliontion  of  Uf 
garitbms.  Tboa, 

The  2d  power  of  it     is  a'. 

The  2d  power  of  2f*'   is  2'o*  *  *  or  -io*. 
Tbe  3d  power  of  9a*ft*  is  27iA^. 

The  Sd  power  of      ia  a?^i\ 
Tbitmb  power  of  sF<»  is         or  . 
INWARD  fTaaita^ili^,  in  Fortificatioa,  is  tbat  made 

by  the  curtin  and  the  rasant  flanking  line  of  deliracc. 

JOINTS,  in  Architecture,  arc  the  se|iai:»tJon*  between 
tbe  stotKt  or  bricks  ;^  uhicii  may  i»'  tilh  a  »iih  murtar, 
plaster,  or  cement. 

JoiVT,  in  Carpentry,  he,  is  applied  t"  several  manners 
of  a^sonibiing,  settiii!;,  or  (i.\ili<:  pieces  of  WOOd  lOgptlber- 
i\\  by  a  mortise  joint,  a  <love-;ail  loint,  &c. 

Un-Tcrstil  .loiKT,  in  Mn  hnnics,  :iii  e-.c  I'l'iii  invention 
of  Or.  Houke,  adapted  to  all  kinds  ol  motions  anil  lle\urc-s  ; 
of  which  he  has  ^iven  a  large  account  iii  his  Cutlerian 
Lectures,  printed  in  16'78.  'I'bis  seems  to  have  given  oc> 
Caison  to  the  ginbols  used  in  suspending  the  tea  compass; 
the  mechanism  oCwhicb  is  the  tame  with  tbat  of  Oesago* 
liers's  rolling  lamp. 


tbe  fonnei,  wbicb  pras  nnt  disooeercd  by  Huygens,  and 
by  means  of  which  he  contrived  to  make  a  pcndnlum  vi- 
btaie  in  tbc  curve  of  a  cycloid,  and  so,  theoretically  at 
leMI,  vibrate' always  in  equal  timet,  uiieih<r  tlicarch  o|' 
vibration  ware  great  or  small ;  which  is  a  proiieriy  oi  that 
curved   Sec  Etolute. 

INVOLUTION,  in  Anthmetic  a.;d  Al-ehr  ^.   is  the 
.raising  of  powers  from  a  given  root  :  as  o|,[,os,  ii  lo  l.v  .- 
liiiion,  which  is  the  cxtractitig,  or  developing  of  roots 
from  gi\en  powers.    So  the  inv<^|)lion  of  tbeMbniMrS, 
or  Hi  poueiv.  are  thus  railed  : 
3  or  3' or  9  is  the  Itt  powar,  or  root, 

.*}  K  3      or  3*  or  p  is  tba  j)d  power,  or  square, 
:i  X  3  X  3or3'or  27  U  tbasiif  Mwart«r cabc^ 
and  to  on.<-~Aad  lKp«et^4MiflKHip»«r  root. 


into  die  girders  aai  MMuaers,  and  op  arbidi  tbe 
ing  of  floors  is  laid.  They  are  of  various  kinds:  as,  I. 

CiMtaMii/>Mr«,  beii^  tbotc  which  are  framed  level  or  flusb 

with  the  apper  surface  of  the  sirdert,  but  are  seldom  of 
equal  ilepth.  2.  Tn'mnijn.^Joi!(.»,  those  which  are  Iramed 
into  two  other  joists,  tlml  other  joists  may  ho  Iranu  d  into 
them,  where  the  opening  ii  made  for  a  stair-case,  yr  a 
chimtii  y  hearth.  S.  BimdiiVf  Joitit,  those  which  are  laid 
across  from  girder  to  girder,  and  about  3  or  4  inches  luOtr 
than  their  upper  surfsce,  in  order  that  other  joisis,  called 
Bridging  Joint,  may  be  laid  over  i  hem  parallel  to  tbe 
girders.  5.  GnA'^fVosin;  which  are  turned  into  tbe  biad« 
ingjoitts,  and  are  generally  made  slender,  basing  bat 
little  weight  to  support. — Tbc  chief  or  flooring  joitts« 
ibonld  fan  abuat  8  iadwa  deep,  the  coanon  braadlb^n 
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deal  boMd  i  their  bmdtb  ^Hm  or      aecoidiag  to  thrir 
vii,  rioni  It  to  4  iiOMs  bniod,  or  dUfcrrtM  iMf  ths 
fn»6lol«lMt. 

**  JOK£S  (Wiuiam),  v.  ». «.  1  wy rtttnerit ronlW  yt. 
mkticiai),  was  burn  at  the  foot  of  Bodtvon  mounttin 
MynydJ  Rodafon]  in  the  pnrfNh  <if  Llanfihiitii!rl  iraTr 
rd,  it)  till-  Il-U'  of  A-.^lcy,  North  \Valc«,  ill  ihi-  year 
Ih'^''-  lliv  fatlii-i'>  tmiiic  »H>  }i>hn  (ii-i  riji',  >urn«mc 
bi'iiig  lin- |>ro|>i  r  name  ■■(  h  f.iltur.  For  il  is  a  tiistiini 
ill  srvi  [nirls  ul  \V.<li  >  11  1  ill''  jiropcr  nniiu'  >>l  the  lallu  t 
ti)  IxcnriK'  ti;i-  Miliiiiliic  lit  i;i-  Cfillm  :\.  j'  iin  lii  uim  lln- 
fatlitT  fMiMnoiiK  <•.  i liii  Smii  Sinr^  nl  I.I.u'.Ij.iLpc,  In 
|il.Ki'  III  11,1. K-il.  .iiiil  MlAic  ill"  flnliiriri  »irr 
bruu^lit  ii|>  Acconiingly  our  «utlii»r,  proper  iiuinc 
was  Williuiii,  i<«ik  thp  suniBinis of  Jones  I'rotii  ihc  pioj.c  r 
nnmi'  ul  luilicr,  who  was  n  fHmicr,  aitd  ut'a  good  fa* 
niily,  Ulng  dr'coii(ii'<i  finiij  llufn  ap  Cynddclw,  one  of 
the  li  trilicf  of  Norib  Walrs.  He  gave  bis  two  sons  the 
coainoa  Kboolcducaiinii  uf  tbecouniry,  reading,  writing, 
■nd  iccounts*  in  Raglikb,  ami  the  Lsiin  Gnouiur.  Hmy 
\k»eoai  ton  took  to  tho  fanning  builneMS  hvt  Wiltiani 
IM  Mm,  having  an  extfaonlinaiy  turn  Ibr  natbenintinl 
•rudiet,  determined  to  try  hit  fortnne  abroad  from  a  place 
where  the  shrk*  waa  but  of  little  sorv  icr  to  iiini.  liu  mc- 
cordiiicly  riinic  to  London,  accompunii-d  by  a  youni;  man, 
R(l^^lull,!  Wiili.iiii-,  iili-.  r«aiiU  ii;i  finmi  111  |ii  :  liuiu'r  in 
\Vytb-sUi-4  (.  'l  iu'  n  jiiiil  iii  tliciDunuy  i»,  llial  .Mi.  June* 
Mioii  ^(it  iiiiii  a  iiu  rcli.iiilS  tnuiiUii;'  hoUM.',  ulid  guir.cd 
tlir  i  hin  ni  of  Ills  niiisler,  limt  111- gave  liiiii  the  nitriMiand 
«i|  a  -.hip  for  a  West  India  v<ivaL;i' ;  uml  iliat  upon  his  n- 
turn  he  !>c't  up  a  nialhcnialira)  scIkhiI,  and  publit>liod  his 
book  of  Navigation  ;  and  that  upon  the  drath  ofthcmri- 
chant  he  married  his  n  idovv  :  (hat,  lord  Macclc^eld's  !>oii 
bring  his  pupil,  he  was  made  secretary  to  the  chuncellur, 
and  one ol  the  Urpniy  tellemof  the  exchcijupr  — and  they 
havo  a  story  of  an  Italian  wedding,  winch  caused  gpett 
dbturb«DC«  in  lord  hlacdrsfield't  faiuity,  but  wai 
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Hit  jN^cn  ia  tlic  Philoi.  Tntnt.  aie  the  foU«iring : 
BcitkMi  of  Ei|iiatioiu  for  1 
oniunMttkal  Luiea:  vol.44. 


3.  A  Com|i«ndHHu  DiMocitkMi  of  E«|iwtion  for  rsit»> 
biting  tha  rektiont  of  Gon 


praamrd  by  Mr.  Jonet }  which  gave  riie  to  a  tayiitg, 
*  that  Macehcfield  «w  th»  nakiivi  of  Jom-5,  and  Jonet 
liko  making  of  Maceleiietd.'  *  Tb«  fon  going  account  ol 

Hr.  Jones*  I  found  ^moogtbe  papers  of  tbe  late  Mr.  John   capital ;  and  from  the  1\ncan  and  Doric,  by  the  chan- 


4.  A  Tract  on  Logarithms;  vol.  6l,  pa.  455. 
i.  Properiivc  of  the  CiMiic  Sections,  deduced  by  acom- 

ptiiilious  nu-lhod;  \ol.(>3,  pii.  3+0. 

In  all  these  works  ul  Mr.  Jono*.  a  rcmarkublr  ncAlnrss, 
bii'Mlv,  and  acrurar^  ,  ony  where  pn  vuil.  lie  S(\  med 
In  <lriif;hl  III  a  very  »h<iii  iiiul  c<impr<'lirusixo  iihhJi  ul  ex- 
prt.ssiiin  and  Hrraii^<  nu  iii  ;  in  sn  much  that,  iiunu'liinri 
wliiii  III'  ha*  coiittikcd  to  cxpres»  in  two  or  three  pagci, 
» mill  I  occupy  a  litik  volume  in  tba  onttnary  ttyle  of 

writing. 

.Mr.  Jones,  it  !■*  ^aid,  pos^i'ssed  tbe  best  malhemalical 
library  in  li^ngiand ;  tcarci'ly  any  book  ol'  that  kind  but 
what  was  iheiv  'to  be  found.  H«  had  oollecied  abo  a 
l^at  quanliiyof  manuscript  pn|H-rs  and  letters  of  formrr 
mathrmaticiaiis,  which  huvt-  oiien  proved  uiicful  lu  writers 
of  their  Uvea,  &c.  After  his  death,  these  wvm  ditpened, 
and  Ml  into  dlftiinit  persons'  hundt  (  many  of  Ihenp  as 
wall  n  of  Mr.  Jonart  own'papeia,  wcra  powcsicd  by  the 
late  Mr.  John  Robertson,  fadbn  mentioned,  at  whose  death 
I  purchased  a  considerable  quantity  of  thrni.  From  such 
collertioiiii  m  ih'sr  it  was  that  Mr.  Jonco  was  t-nnbled  (u 
give  that  hi-i  am!  i  lenuiit  edilion,  in  4Ui,  1711,  ot  spm  ral 
of  Newloir>.  pa|H  r-.  thai  niichl  otherwiM"  han  beer;  lu^t, 
rntilli  il,  .'NiiHlv^ris  ]ii'i'  (HKiwtiiatuiv  Scrn"',  i  I :i \ uni! -.,  :n: 
Ditb  reutiiiN :  fiim  1 .1; iii;'i  r;'. liunc  L  iuarum  1  i  rtii  OruJiDj, 
IONIC  C'j.'unin.  it  OiJcr,  (hi'  .'jil  i>(  the  live  oriiers,  1  r 
columns,  ol  artbiieciure.  'J  he  lii'.l  uIch  of  this  dtili  r  was 
pi»cn  by  the  people  of  Ionia  j  who,  atcordii>g  to  A'itni- 
vius,  formed  it  on  the  modal  of  a  young  woman,  dresned 
in  her  huir,  and  of  un  ea.^y  elegant  »hapr,  as  the  Duiic  had 
been  f<irnu'd  on  the  nioilel  of  a  strong  lobust  man.  This 
column  is  a  medium  between  the  massive  and  the  more 
delicate  orders;  ihe  simple  and  the  rich.  It  it  dittiiiguitb« 
od  from  the  composite,  by  having  none  of  the  leaves  of 
aca«Mhnt  in  its  capital;  and  from  the  Ttitean,  Dorie,  and 
Corinthian,  by  the  volutes  or  lamt  horns,  which  ailora  itt 


Kobcrtson,  liluarian  and  clerk  to  the  Rgyal  Society,  who 
bad  been  well  known  .10  Mr.  J«nfa,and  poneiied  aaay  of 

his  papers. 

Mr  .li  ni":  '  ;n  ing  by  his  industry  acquired  a  Com [x-icnt 
fortune,  lived  upon  it  »•>  a  private  gentleman  foi  many 
years,  in  the  latter  pan  I  in-  life,  inhabits  of  intimary 
with  Sir  Isaac  New  ton  aii<l  ullii  rs  the  most  eminent  m^lhe- 
raaticians  and  philosophers  ol  Ins  time  ;  and  dinl  .Inly  3, 
1749,  at  7'^  years  ol  age,  being  one  of  the  vice-presidents 
of  the  Iloyal  Society  ;  leaving  at  his  death  one  duugliter, 
and  a  soo  very  young,  who  was  the  lute  Sir  William  Jones, 
one  of  the  judges  in  India,  and  highly  fstremed  for  his 
gpejit  abiiities,  extctuive  learning,  &c. — Mr.  Jones's  publi- 
CMlOatMK, 

1.  A  new  Compendium  of  the  whole  Art  of  Navigation, 


nets,  or  fluting,  in  its  shafli  Tbe  heiglit  of  this  column 
is  18  modules,  or  ■>  diumelers  of  the  column  taken  at  the 
hotloin  :  indeed  nt  first  its  heisjihl  was  but  It)  nioiliiles  ; 
but,  to  render  1;  r..  !.  lnautiUil  than  the  Done,  its  lii'ii!l;i 
was  au:;iiient'  I  I  v  i  ddtlii;  a  biisc  to  it,  which  was  un- 
known If  ;i  '  I'  lnr.  M.  I.rrlrrc  riiiikrs  its  entabla- 
ture to  be  4  modules  and  lU  minutes,  and  its  pedestal  0 
uKuiuli  s ;  to  that  the  wlytle  oeder  makca  SS  modulet  10 

minntes 

JUUUNAL,  in  Merchants' Accounts,  is  a  book  into 
which  every  particular  article  is  posted  nut  of  the  waste> 
book,  accordir^  10  the  order  of  time,  specifying  the  debtor 
and  creditor  in  each  account  and  transaction. 

JouaVAL,  in  Maritime  Alfuirs,  is  a  register  krpt-by  the 
pilot,  and  othen,  noticing  every  thing  that  happens  to  tbe 


&c^in  mall  Svo,  Landon,-  IfOi.  thh  i  a  neat  littio  ship,  fmm  day  to  day«aod  fmm  honr  to  hour,  with  rrgard 
'  ~  an-  to  the  windi,  dm  rhuinht  or  co«nM»  the  knola  or  mte  of* 

running,  the  rake,  toundtng^,  artiunonncnl  obaem^ni, 

for  tbe  latitudes  and  longitudes,  ficc ;  to  enable  Ihem  to 
adjust  the  reckoning,  and  determine  the  place  where  the 
ship  is.  In  nil  >  u  h  iunals,  tlie  day,  or  what  is  called  the 
24  hours,  is  div  ideil  1  ntn  twice  I '2  hours;  those  before  nogo 
marked  a.m.  fur  ni;:>  i.n  r  jm m,  and  those  from  noon  !• 
luidnigbt  marked  r.M.  post  meri4Km,  or  aftemooo. 


•pi^r  and  dedicattd  to  the  Eiv.  Mr.  John  Harrit,  the  aa- 
Iha*  of  the  Lrx^nTaehtiieimi,  or  Univ«iMllNletia«ary 
of  Ana  and  Setenct^  in  whoaa  hooae  Mr.  Jonattq^a  lie 
c^pipondhwbook. 

S.  Synopsis  Palinarioruin  Matlirseos:  orn  Now  Intro- 
duction to  the  Malhrmnlics,  Set;  Svo,  I.oilKlon,  1706; 
bi'iii^  a  '.iry   1:1  at  ii  1: 1 1  iim  lul  cunipciidiuni  of  all  the  nit- 

ibcmaucal  scicncuii,  111  about  'MO  pages. 
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There  •rc  rarioui  ways  of  kct|uii;;  n  -pa  journn!,  ac- 
curiling lo  the  dilFori'nt  nutiuns  ul  niaiiiicrs  cunccrnirii;  ihv 
articlpii  to  Le  entered.  Some  u  ritors  diiict  tlx-  ki  i  piiir; 
such  a  kind  ol  journal  as  is  only  an  abs'mct  ol'  each  d<iy'i> 
trsimuciiutbi,  ^|kl■citying  the  ueather,  whut  ships  or  luinlb 
were  bectf,  hcckUiiI:)  an  board,  the  latitude,  longitude, 
meridiunal  di^tiuici,  counu-,  and  run:  these  particulars 
arc  tu  be  drawn  frmn  thciliipslu;:-lKMik,urfrom  thai  kt-pt 
by  the  person  kinuM^ft  Other  aullii>rN  rt  coniiDrnii  I  lie 
kipping .  only  it(  one  iircottnti  including  the  log-booli, 
mnd  all  the  work  «f  tmek  day,  with  tbe  dMaclmn  dnwD 

JoDBvai.  N  aho  ned  ftrr  tht  iNle  of  wiwtal-  lioaki 
pttUkbed  at  .ilatedMiiwfl;  giving  accpanii  and  afaMiaeti 
of^tts  new  book*  that  are  published ,t with  the  new  ini« 

provemenis  daily  made  in  arts  and  sciences.  The  dm 
journal  of  this  kind  un'<,  ihc  Journul  des  Sfavans,  printtnl 
at  Paris:  the  design  w.!".  f !  un  limi  for  thoeasc  of  such  a*, 
are  too  busy,  or  Ido  indolent,  to  rtad  the  t-nliri-  |ji>ok.'. 
themselves.  Il  s<f;t:i  it  Kiidv  uay  ol  >Jtivlving  u  rniin's 
curiiaity,  an^i  Ix  coi.iiiii;  li-ariu  il  nncasv  li  rnis:  and  so  use- 
ful il  Iji't'iL  Itiuiui,  (tiut  It  liu<i  bi'ono.Ncculi-d  111  nUMtOtlmr 
COUiitrit'H,  iliivuah  uii'Ur  h  gitut  vaiiety  uf  titles. 

Of  this  kind  mo  the  Acta  Eruditoruin  of  Leipsic  ;  the 
Nuuvelh'i  de  la  R('publii|ue  di-s  Lcltres  of  M.  nnyle,  6eC; 
the  lliUioih(i]uc  Universelli',  Choisie,  et  Ancieniie  et  M»< 
derne,  of  M.Lcckrc  ;  the  Memoirs  de  Tretuux,  &c.  In 
16'<J  J,  J  anckcr  printed  in  Latin,  .^n  Historical  Treatise  of 
Ui«  Journals  of  the  Learned,  pnbliabcd  in  ihcMveral  part* 
of  l£urop« :  and  Wulim,  Stnifiui,  Alturfaoff,  FabridH|&e* 
have  done  MMelhim  of  the  aane  kind. 

The  PhilMophicai  Transaetfen*  of  LAodon,  and  thoee 
of  Edinbuilh ;  the  Memoirs  of  ibe  Royal  Acadenty  of 
Sdrncce;  those  of  the  Academy  of  BelUs  I.cttres ; -llie 
Miscellanea  N.iUin  C'uriojurum :  the  lixporimi  iits  ol  the 
Academy  drl  CiniLnlti,  ilie  Acta  Philo-cxoticoruin  Na- 
turx  ci  Arils,  sslnch  ii|i|>i  iin  d  ircmi  March  Kisti  to  April 
lbh7,  mill  Hlutii  Hie  a  history  of  the  Academy  of  Brossi- ; 
the  Mi>c(llanea  nerolincnsiu,  or  Mciixnrs  «f  the  Ai  a- 
demy  of  Berlin  ;  the  Commenlanc^  i>f  ihr  AciiiU  my  of 
l'ttl■r^lJllr^  ;  tlir  Mi  nioirn  I'f  the  Inslmiti' at  Bnlo^nu;  the 
Acta  Literaiia  Succix;  the  Memoirs  of  the  Royal  Aca- 
demy of  Stockholm,  begun  in  17-^0;  the  Cominentarii 
Sociiiati'»  Hegige  GottiDgemit,  begun  in  17M)»&c,&c,arc 
not  »o  properly  jtrumali,  thottgh  mj  a«efl««iiientlyianhcd 
in  the  number. 

Junckcr  and  Wolliusgive  the  hcinour  of  th.-  first  inven- 
tion of  joanwle  to  Photius.  His  Sibliotbcca,  however,  is 
not  al^igrthar  of  the  laine  natun  with  iho  modem  Joar> 
'Mb»  iior«B>hitdc«pi  the  MnMh  IteoMiMlof  abri4|- 
■aeatB  and  extraeia  of  hooka  wUeh  ha  had  read  during 
Ms  embas»y  in  Persia.  M.Saio  fint  bvf/m  tho.JotiriMl 
*des  S9avai)s  at  Paris,  in  \665,  nndpr  the  naroe  of  the  SSenr 
dc  Heduiivillc ;  Imt  his  death  soon  after  interrupted  the 
work,  'lilt  iitjbe  Gallois  then  look  it  up,  and  he,  in  the 
year  l67+,  gave  win  i-.  ihr  abbe  de  la  Roqiie,  who  conti- 
nued il  nine  year!.,  anu  » as  succeeded  by  M.  C'lusiii,  who 
cirricd  it  on  till  tlii>  \ear  170'2,  v»!itii  llie  alibe  Rinnan 
instituted  a  nc»  society,  and  committed  the  care  ol  con- 
tinuing the  journal  to  them,  who  improved  and  publi>)ied 
it  under  as  new  form.  This  society  is  still  continued,  and 
M.  de  Loyer  has  had  the  inspection  of  the  jouriMl ;  which 
is  no  kinger  the  work  of  any  liagls  sathor*  but  of  a  great 
aumher.  .The  other  Fmch  jowMto  an  die  MeBoiit 
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;iiid  Conferences  of  Arln  and  Scieners,  by  M.  l>enni», 
il  jrm;;  tiic  years  Ifi'r-,  l67S,  iind  lf>74;  New  Discoveries 
in  all  thi  purts  of  Physic,  l,y  M.  d,  Blei;ny  ;  the  journnl  of 
I'll) sic,  begun  in  and  »iiiu'  i<liieis,  ilisrontinued  al- 

nuiil  as  soon  as  bes;un.  RozierV  Journal  de  Physique,  be- 
guninjuly  177  I,  and  continued  till,  in  the  year  l780,tliero 
wcrp  l<)  vols. quaito. 

'I'he  Nouveiles  de  la  Republiqtie  de*  Lctircs,  News 
from  the  Republic  of  Leltm,  Were  begun  by  M.  Bayle  in 
1684,  and  carried  on  by  him  till  tlie  year  lfi87,wben  M. 
Bayh'  being  diaabled  ^y  sicknns,  his  friends,  Id.  Bernard 
aqd  M.  de  lara^tM^  louk  them  up,  and  continord  them 
#1.11^  After  an  interruption  .if  nine  years,  M.  Bcr- 
Aaid  vwunnl  thoworki  and  otmlinved  it  till  the  yc«« 
1710.  The  Histoiy  of  the  Works  of  (he  Learned,  by  M. 
Bttspasre,  was  begun  in  the  year  I6s6,  and  ended  in  17 10. 
The  Univernal  Historical  Library,  by  M.  Ix-clerc,  i^as 
ei)nlinmd  I'l  tfie  v'ar  I'v'Ij,  iiikI  eontmiKd  l«ent)-five 
wiluMies.  'Ihc  Bibllothi  i|;u'  I'hoisir  lit  tiie  ''Uinr  author, 
lie^an  in  1711;.!,  ]  ■.■  M.  inirv  uf  France  is  niiv  of  the 
most  niicient  journals  (it  tliht  cfHintrv,  kulI  1^  Ciuititined  bv 
different  persons:  the  Memoirs  of  a  ilistiiry  of  Scieiirrs, 
and  Arts,  usually  called  Meraoircs  dcs  1  n  voux,  from  the 
place  where  tln-y  are  printed,  be»nn  in  1701.  The  lissays 
of  Literature  reached  but  to  a  I2lh  volume  in  IJ^i'^,  1703, 
ami  1704;  these  only  take  notice  of  ancient  authors. 
The  Journnl  Literaire,  by  Father  Hugo,  began  and  ended 
in  i705.  At  Hamburgh  they  have  made  two  attempts 
for  a  Frencjh  jotttnal^  but  the'design  failed :  an  l-Iphemc- 
ridn-SfavaMet  hai  alio  hoen  tmdertalceiw  bnt  tlwt  aoon 
disappeaied.  A  Joornil  dee  Sp.«w)S,by  M.  Dafti*^ 
peered  in  IfijH,  but  was  discoottntied  the  year  iDlhnring. 
That  of  M.  Chauvin,  begun  at  Berlin  in  l(^,Md.aittt' 
three  years;  and  an  essay  of  the  same  kind  was  made  at 
Oeiievii.  'io  these  may  be  ii<l<led,  the  Journal  Literaira 
beoun  at  the  Hague  1715,  iiiid  that  of  Venlun,  and  tbe 
Meiiiolreii  I.ileraircs  dc  la  (ininiie  Brelagne  by  Al.  de  La- 
ruche;  the  Bibliollioque  Angloi'e,  uinl  ji<urinil  Riilan- 
niqiie,  which  arc  confined  to  Enjlisb  books  .ihiiie.  The 
Italian  jonmals  are,  that  of  Abbot  Naz.'^ri,  wlocli  ronii- 
liued  from  IbOS  Io  IfiK I ,  and  was  printid  at  Il<  iiie.  That 
of  \'enice  began  in  !fi7!,  and  ende^  at  tin'  same  iinie 
with  the  other:  llio  auiliurs  were  Peter  Morcci  ami 
Francis  Miletli.  The  Journal  of  Parma,  by  Robirti  and 
Father  Bacchini.was  declined  in  16*90,  and  resumed  again 
ill  l6y2.  Tfie  J0urn.1l  of  Ferrara,  by  the  abbe  dc  l.ntorre, 
bcg!in  and  ended  in  I69I.  La  GMerio  di  Minerva,  begun 
in  1 6^6,  u  the  work  of  a  society  of  men  of  letters.  Seignior 
Apoetolo  2Sen0k.MCceUry  to  that  society,  began  another 
Journal  in  1710^  under  the  pniieetioa  of  the  oraad  duhe: 
it  ii  printed  at  Venioe,  nnd  eevcral  penons  oldiitinelion 
uiuconcenwdlnit.      ^  ^  - 

The  Fasti  Euriditi  dclla  KhKothoea  Voiante,  were  pub> 
lished  at  Parma.  There  has  appealed  linoe,  in  itaiy,  tbe 
Giornalc  dri      Iterati.  .  ^  '  • 

The  priiicMMl  aini  iiL-  hal-:  journals, is  tlmt  of  Li'ip- 
sic,  under  ll;  tirle  ul  Af':i  i  Minnonim,  begun  in  l683: 
P.P.  Muiizam  l,eear-,  rinf,'[iiM  ;i:  r'arrna.  The  Nova  Liters- 
ria  .Mans  Bailhici  iiisled  Iruiu  l6;)S  to  170^>-  TheNovaLi- 
teraria  Geniiania',  collected  at  llaniburuli,  bt  pauin  1703. 
Tbe  Acta  Lileraria  ex  Manujcrif  tis,  and  the  Bibliotheca 
Curiose,  begun  in  1705,  end  cmled  in  1707,  are  the  works 
of  ^tmviua.  Messia.  Kuster  and  Sikc,  in  l6ST,  began  a 
BiUiuiinfuNnvanam  LihianwB|  and notiniad  if  Car  t«« 
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/Sacs  tbttjime,  there  have  been  many  Lniiii 
joombt  sud^  bcadcc  othcn,  is  the  Cvramcniarii  tic 
Rebus  in  Scientw  Natunlt  ct  Mcdtcim  goiia,  by  M. 
Ludw%.  The  SwiH  jmiihI,  caUol  Nam  Lilenik  Hel- 
wu  brgun  is  I70t,  hf  M.  Scheiidiwri  and  lb* 
Acta  MrdicH  I  urneittit,  publrafi«i  1^  T.lJarUinlin,  iinke 
liu'  mluiiii!,  from  the  year  l(>?l  to  1679.  There  lire 
two  biw-Diitch  journals;  ihi-  0110  under  the  Ullf  of 
llowck/^l  v.cii  r.uri.pe,  which  was  liegiin  at  lluttcnJum  in 
\t)i}2,  by  i'tiir  liiibbiis;  ami  coiilniuKi  (ruin  1/02  to 
l7t)K,  b»  Si'wi'l  uiiil  tuiMiii:  llio  ollit-r  "its  cifii Jiii  tc.l  hy 
a  phy>ician,  raUnI  Uuitcr,  who  Ugan  it  ia  17  l''.  1  l.o 
GiTmaii  iijuiiiiiU  ot  bi-H  noto  are,  the  Moii  llilalmi  I'li- 
territluiigeii,  which  continind  iroin  1689  to  Ittyb.  Tho 
Bibiioiheca  Cuiiosa,  bfgiui  in  1704,  mul  rnded  in  1707, 
both  by  M.  Tciml.  The  Magaain  d  Hiimbour^,  com- 
mcnci-d  in  l7-*8:  thcPliyiictliscbc  BcIumikuos"'  ".  or  Phi- 
loaopliiciil  AmutenyntB,  begun  al  Bt^rlin  in  17'>l.  The 
Jonrm]  of  Habovcr  beg^n  in  )700,  snd  continm  d  tor  two 
jri-Mi  by,M.  Rccard,  under  the  dictctioa  of  M.  Lciboits. 
and  ■Arrwsnh  carried  on  bjr  othctt.  Tkc,  TlwoUigpcal 
Jonrral*  published  by.  U.  Locicfaert  nwkr  the  thte  of  Albs 
ttiid  Newii,  ihitt  i»,  Old  and  Nfw.  A  thitrd  atLripiicaBd 
I'ranclort,  the  nuihare  Mcks.  Wiilterck,  KnuKtand  Oio« 
!>chuflrr..is ;  and  a  fourth  at  Hall,  by  M.  Turk. 

Tbi-  English  |i  '  ii;;iU  .i;.'.  The  1  listi>ry  of  the  WorU  of 
the  Le^jiiii  il.  bi  ^uii  ill  Li  uili.a  in  lojiy.  Cimuni  'I'em- 
porum,  in  I7(i8  Alj<jut  Uil- iuine  timc^thiTe  appeared  two 
new  ones,  the  one  uiidi  i  tlie  Ullc  of  Memciis  if  Litera- 
ture, cuntainiiig  Ittlle  more  than  an  Eng!i>i.  iiuii  l; n m  I'l 
tome  articles  in  the  foreign  journals,  by  iM.  l)e  l^ti  i^i  ht' ; 
the  other  a  collection  of  loose  tructi,  entitled,  Uibliothcca 
Curiuta,  or  a  Muecllany.  Tljese,  however,  with  some 
otbef>«  are  now  no  wore,  but  arc  succeeded  by  the  An- 
nual Rcgitler,  .which  b^n  in  1758;  the  Ncvf  Annual 
Regitter,  bqguti  in  1780;  the  Monthly  Review,  which 
be^n  in  the  year  1740»  and  gtV»  *  character  of  alt  Eiig- 
li«h  literary  pablicatwtM,  with  lbs  inait  fltwiidemble  of  ite 
Ibrcin  imat  the  Orilioal  Review,  which  beuui  i«  ITSSt 
•  and  H  Mwly  en  the  Mine  plan:  a«  aha  the  London  Rv. 
,  view,  by  Or.Kemidt,  from  1775  to  1780;  'Maiy'i  Re 
view,  from  Feb.  I78f,  to  Auk.  >7H6;  the  Engli»h  Rrvlrw 
bi-gun  ill  Jan.  1(83;  and  the  .Analytical  Review  b>':;un  in 
May  I7S8.  ImmIi  now  extinct.  I  he  Edinburgh  Keview 
begun  in  IMu'.',  ilie  Quarterly  li«-view  in  lhU8,  and  the 
J>ii  »-  Qiuiileily  m  1813,  all  the*e  published  four  lime*  a 
year ;  al«i  l  ilbich's  I'Liio^nphiciil  .Mm^'izitie,  or^uii  171I.S  ; 
NiclioUun's  HdiioMiiihical  .loiii  :i.il  in  17  ^17,  but  ended  with 
1M3;  and  1  Ikhiivoh'!!  Ann>iU  ot  I.ki  :.ituce  ;  till  publi!ih<  d 
■monthly.  I^-Mdes  these,  we  have  several  monthly 
p«ropbiris,calK^  MugamwB, which,  to(;ether  with  aebro- 
nologica)  M-rics  of  occemocn,  contain  letters  from  cor- 
rafondcDls,  couiuiunloiAtjl  extraordinary  discoveries  in 
-  MtifK  and  art,  with  eoBlrwMniel  |iiacc»  on  all  (ubjecti. 
Of  thoKt  the  principiTaiw  thpae  adWt  tte  Gentlenmn'f 
Megaaiof,  which  btj;an  with  Pff^fma  I79l\  th*  London 
MagMinr,  which  bcpn  a  fiiwifcenthi  lAarteiKl  bat  lately 
-been  dncontinned^-  the  Unheiwl  Megiuine,  which  is 
^nearly  of  as  nUt  a  date'taad  best  of  all  the  Monthly  Magn- 
sine  began  in  179^. 

IRIS,  another  name  Ibr  the  Raid  bow;  which  sec. 
If. !«.  iiUo  leuMes  the  stiipuci  tariegatcd  circle  round 
the  pupil  of  (he  eye,  fonned  ut  a  duplicature  of  the  uvea. 
diMimt  tvlgectt,  the  ipi  is  of  Mvackl  traiy  diimnt 


colours;  uhencc  the  eye  is  called pcyrOT  black,  &e.  In 
its  middle  is  a  perforation,  UifWit||b  whtch  appears  a  smal^ 
black  apeck,  called  the  lightf  pvpii«  or  npf  la  of  the  q^e,  ' 
ronnd  whidr  the  irit  fernt  a  rin^ 

iMe  is  alio  applied  to  tbeee  cheaaeahle  colonn,  wWdi 
fomctime*  appear  in  the  glaaiae  of  tmiCap<»,iAicraacepei, 
&c;  so  called  (tofit  their  similitude  to  a  rainbow,-;— The  , 
same  appellation  is«ls<i  given  to  that  coloured  speetrVM, 
which  a  trian(;ular  prisniutic  alux  will  prrjeci  on  a  wall, 
when  placeil  at  a  proper  anple  in  the  sun-beams. 

Iris  Mariiui,  the  Sea-ILuinb<nu.  Thrs  eh  ;;.iiit  iip|)i-Br- 
ari<<-  ih  ;;encrally  s<i'ti  after  a  violent  storm,  in  ubich  lh« 
kr;i  v,;iii  |  belli  in  v,l^^  t-ni'ilioii?.  The  criisliiil  rain- 
bow ho«eve.'  ha< great  adianla^e  os»r  the  iiiioine  one,  in 
the  brif;htne!><>  aail  varii  ty  of  li.e  tnjoiirs,  and  in  liieir 
distinctness  one  from  the  other;  for  in  the  sea-rambow, 
there  are  scarce  any  Other  colours  than  a  dusky  yellow 
ou  the  part  next  the  »un,  and  a  pale  green  on  the  op- 
posile  side.  The  other  colours  are  not  »o  bright,  or  so 
iKititaet,  ai  to  (k  well  detctmined;  but  the  eeaf^nbowi 
•ic  more  fieqncat  and  more  nAmcrona  than  the  trthcn:  it 
i»  iiotancomnioa  to  sec  SOor  SO  of  them  at  atime  at  neoih- 
day.  • 

IRRADIATION,  the  emissioii  of  anbtile  efliavia,la  all 
direction!!,  like  the  rays  of  the  sttn. 

lllll.\  rU)NAl,  yiimhert,  or  iaantilics,  are  ihe  same  as 
surds,nr  biicli  ruoti  uscannot  be  accurately  iMr«cted,  being 
inroninn  iisurable  to  unity.  SeeSuRos. 

lUlil  JH  ril'1,1'",  (iisf,  in  Alffebm,  is  used  for  that  case 

:_u;i.L  ii;  j  LiMHi  «here  the  root,  acciTiJinj;  tu  Cardan's 
rule,  nppiars  unuer  nu  iiiipusiible  or  iiri(u;ini<ry  form,  and 
yet  is  riiil;  viz,  in  (he  form  —  nr  =  j^c,  having  -^fU^ 
greater  than  \c'-,  or  41'  greater  than  27c'.  Thus,  in  the 
equation  x  —  1  ."ir  =  4,  the  root,  according  to  Cardans 
rule,  i*x  =  V (2  +  v/  -  +i/(3-y  -  Ul},wfaich 
is  in  the  form  of  an  iiape«riUe  ciiprariflBi  and  yet  it  it 
ei|oal  to  the  qnantitj  4: 

fbTV(S-*'V^'-  l«l)asS     v'— I, 
nndVC  - 1/ -  ISO  *■  «  -  V^- 1* 
thenfiMe  their  ttim  !■  xsmA. 
The  other  twn  roots  of  ilie  rqnatlwt  are  abo  real. 

Algebraists,  tor  almost  three  cenlurieti,  bare  in  vain  «n- 
dt  iwoured  III  resTilvc  this  casi .  an  i  to  bring  it  under  a  real 
loiiu  ;  and  the  problem  is  not  less  celebr.itcii  anion;;  them, 
than  the  ftquanni;  of  the  i  in  Ir  is  iiiuon:;  gt  (■mc  tru  i;  It  • 
is  to  be  olf.wrvcd,  tfial,  us  in  soriio  oiner  cssi  s  i  i  l  uljiu 
i  quutioiis,  tlie  >nlue  ol  ll  i  i'  i  t,  lhrnii;h  i.itioimi,  is  louiid 
under  ;iii  iriatioimi  or  surd  toir.i  ;  becaui>e  the  r'  ot  in  this 
case  i»  ci)mp(ninded  of  two  equal  sunls  with  contrary 
sigiis.which  destroy  each  other;  ai«it'*=2-t-  ^/o  -t-  2  — 
then  jr  B*4.  In  like  manner,  in  the  irreducible  case,  where 
the  root  is  rational,  theic  are  two  equsil  in  nginary  quan- 
tities, with  contrary  signs,  joiind  to  Yeal  quantities;  srf 
that  the  imaginaiy  quautitici  destroy  each  other ;  as  in  the 
cam  above  cf  the  root  of  Am  eqnathm  a*—  I  J*  s  4.  which 
wBilMindtobe9<f  "-^^  v^~t*^  Itiatw- 
markable  that  this  case  always  happens,  via  one  not^  by 
Cardan's  rule,  in  an  impossible  turm,  whenever  theeqimF 
tion  has  thr«>e  real  roots,  and  no  impossible  ones,  bat  at 
no  time  else. 

li  we  were  posseswd  of  a  pcneral  rule  for  hccurately 
extracting  the  cube  root  of  a  l>inomiul  lailichl  (piuntity,  it 
is  evident  we  might  reM>ive  the  irreducible  ca&e  2;enerallyt 
«f  two  «f  nwh  evblc  biaomfad  fooia.  •  Rut 
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iho  lubourii  of  tiic  ftl^;cbraisu,  from  CarilaiTs  oin>a  to  the 
present  tirin',  have  not  been  able  to  remove  tttn  difliculty. 
Dr.  Wallis  thuu^lil  tliat  he  hu(i  discovered  such  a  rule; 
bul,  like  moit  o(tK>r»,  ic  ii  merely  It'iilHtive,  and  Ciui  unly 
succeed  in  ccrtniii  particular  circun>iitanct~«. 

It  b«s  bcrii>uui«ii.iiK»  anerted  that,  in  tlw  irreducible 
COM  of  cubic  wiuation,  if  the  oorfBcicnts  of  all  the  tcrma 
b*  ntiontti,  Ibc  ci|iutioii  will  btvc  mt  Icait  one  niiioMi 
Tooti  wbicli  nmy  bc'dnnoastratod  in  thk  imaiwr. 

'Ilifi  gpwn  cqustiiM  being  «*  — Mtstf,  when  tltee»> 
dBcirnU  M  and  #u«  ratiomu. 

Let  ±  I't  <Ienoieone  of  tht^ roots; 

iIkm  f  m-*-nl       iiriiotf  the  othcT  two  mots, 
niul  +  w  —  «  j 

licncu  <i  or  «'  —  »'  —  4m-  h  rutionnl : 

but  ■>''!'  is  r.ilii.Miai,  ih'  i>  —n'  is  ntionnl. 

Again,  c  =  •im.  (m'  —  fi')  !■<  ratiotial: 

'  but  m'  -  n   l^.  r;tjiniLtl,  thi-refon)  ta  M  mtiond* 
*   which  is  on>.-  ot  (lu-  roots. 

One  of  the  mu^t  CoMvi-nifnt  mcllnMli  of  rcbolvuii;  biicli 
cubic  cq'iiiliouiN  if  by  means  of  tables  of  sines,  i^c.  See 
the  article  Cv a ic  Eqaatiox*. 

hit.  Mistres,  cursitor  baron  of  the  exchequer,  has 
Utcly  deduced,  l>y  n  Umg  train  of  algebraical  ri'.tHoniDg, 
fnfia  Newlwi/tt  cclctirmed  binomial  theorem,  an  infinite 
wain,  wktcb  will  rewire  tbi>  ca«e,  without  any  raeniion 
of  eitbtf  iiB|wwibipor  ncgttii«  qoaatiitDt.  And  1  have  aUo 
dhcavenri  twrcnl  mImv  tertnwbiehtnll  do  the  winc  thing, 
in  all  cue>  wtetevar;  bnth  iniertcd  in  the  Pbil.  Trans. 
See  Cardan's  Algrbra;  tbe  articles  Alfebirn,  Cubic  Equa- 
tions-, \V:iiIi>'s  Algebra,  rhnp.  48;  Dtt  Moirfc  in  tbe  Ap* 
pcndiN  to  Snndersons  AI<;ebrM,  pi.  7M|  PhtkM.  Trans, 
vol.  (kS,  part  1,  ari.4v',  und  voL  70^ p«. 387 ;  «id  my  New 
Tmcts,        0,  p;i.  .')S,  fic. 

IRRECfl'l,  \U,  soiiK-thiiiq  ihiil  dtH-iates  from  the  com- 
mon forms  iir  rulrs,  'l  lius,  sn-  nay  an  irrrgular  fortifica- 
lUin,  an  irreou!;,!  Iniilding,  Ac. 

lRRE.(iVi.Aji  Figure,  in  Geometry,  whether  plaiM!  or 
solid,  is  that  wbo««  sides,  as  well  as  aagtavmoot nil  equal 
and  similar  aruugg  themselves. 

IRRUGI'LARITICS  in  thtMoon's  motion.  See  Moos. 

ISAGON  E,  in  GevmeUy,  istumetinies  used  for  a  figure 
■  consisting  of  equal" aWjMti 

ISLAND,  ur  Isiii,  a  tract  of  dry  land  encompaiwed  by 
waters  wbetber  by  the  sea,  a  river,  or  Uke,&c.  In  whicb 
bcme  bland  stands  cfwiradtslinguuhed  from  Q»tin«nt,ar 
terra  firroa;  like  Great  Britain,  Irelaud,  Jersey.  Sicily, 
Minorca,  &c. 

Some  naturali'-ts  iinagtiie  that  island*  were  fomed  at  the* 

<l(  lui;r:  IS  :!iiuk  ihcy  hsvc  been  rent  and  se])«ratrd 
from  till  f.iniini  rii  Liy  violent  storms,  inundations,  and 
earthiiuukt^  ;  otln  rs  at  ..  ih  rown  up  by  volcaiioeS| 

or  otherwii*  jjritw  or  cmercr  Intiii  the  sea. 

Varenius  thinks  most  of  th  '--r  <iiii-ii..ii:,  imr  in  ■,<  ,ir,'  in- 
stance*, and  believer  that  there  have  been  islumis  ]ir<Hiiit<  iJ 
each  of  these  ways.  St.  Helena,  Ascension,  and  other 
Sleep  rocky  i^lands  he  supposes  have  become  so,  by  the 
sea's  ovrrfluwing  ihcir  neighbourini;  c!iaiii|iaij;iis.  By  tlie 
hespiiij  up  huEC  quantities  of  sand,  &c,  he  thinks  the 
islaiiils  of  Zenland,  Japan,  &c,  were  formed  :  Sumatra  and 
Ci'ylon,  and  most  of  the  bast-India  iilaiid!..  he  uiiher 
Ihinlu  \Tcte  rent  oK  from  ihc  main  land,  as  Kngiaml  pro- 
bably was  from  France.  It  is  also  certain  that  some  have 
ettcrgcd  frvm  the  bottooa  Afthasea;  aa  Saatotini  formerly, 
aad  Aim  other  itict  near  it  ktdy,  iho  lait  in  1707i  vbich 


rim'  from  ibo  bottom  of  the  sea,  after  arr  earthquake :  the 
uniienls  had  a  tradition  that  Delo«  rose  from  the  bultortt 
of  the  seu;  and  Seneca  observes  that  the  island  Tbcrasia 
rose  out  ol  the^&gcan  sea  in  his  time,  of  which  the  mari- 
ners were  eyo  witnesses;  astb^y  bawe  been  vviloin  these 
10  years,  in  the  $Ga  between  Norway  and  Iceland,  at  also 
in  the  .\ilattlii:  ocean,  where  an  i»lan4  has  just  cme(]ged, 
near  Si.  .Michael's.  'I'ttc  late  ciicuiDnavigHton  too  have 
made  it  probable,  that  nuiny  ot  tbe  South  sea  islandi  havo 
bad  their  foundations,  of  coral  roci'tiiaidaally  increasing, 
and  growing  out  of  tbe  tea. 

ISUKS,  «r  rather  Aik^  in  Architcielure,  the  wiugi  or 
sides  of  a  buildiiig.'        '  * 

ISOCHRONAL,  or  Isociihokous,  is  applied  to  such 
vibrations  of  a  pendulum  as  are  porlurmed  in  f'(fual  linie>. 
Of  which  kind  are  all  ihe  Mlnitiorii  uf  ihe  same  pendulum 
in  a  cycloidul  cuive,  ami  III  a  circle  nearlv,  "In  thei  the 
arcs  it  describes  Ik-  longer  oi  shorter  ;  for  u  !<eri  ;t  ilc^ci  ibis 
a  ihorter  iiic,  it  move?,  so  much  the  slovkcr ;  .uid  wdcn  a 
I'liii;  line,  pioji' Ti  i;,  ildy  faster. 

IsoCH  HON  At  i-inf,  IS  llmt  in  which  a  heavy  hody  is 
supposed  to  de^CeiKl  with  a  uniform  velocity,  or  without 
any  acceleration.  1  vibnit/,  in  the  Act.  lij'ud.  Lips,  loi 
April  lf>89>  has  a  lii  r  i'ii  c  on  the  I.iiiea  Isochrgna,  in 
which  he  shows,  that  a  heavy  body,  with  the  velocity  ac 
quired  by  its  descent  from  any  hejght,  may  descend  from 
the  same  poiht  by  an  iofiaile  numlMr  of  isocbronal  canrea, 
which  are  all  «f  the  eama  i|ied«i,  differing  Aom  oaeaa- 
odiar  only  in  tite  mi^tuda  of  their  parameters  (sudi  as 
are  all  thequadratbcubical  paraboloids),  and  consequently 
similar  to  one  another.  lie  shows  also,  how  to  fiod  a 
line,  in  which  s  heavy  body  descending,  shall  recede 
uniformly  from  a  g^ven  paint,  or  approadi^  unifiormlf 

to  It. 

ISOMK.UIA,  in  Algebra,  a  term  of  Viaa,  der.o- 
tiiii  llie  frci-ing  an  equation  from  fnictions ;  which  is 
done  Ijy  ri'duciiig  all  the  fractions  to  one  cominoti  detio- 
ininatur,  und  then  multiplying  each  member  of  the  equa- 
tion by  (hut  common  detiainimitor,  that  i*  nsjeding  it  out 
of  them  all. 

ISOPRRf METRICAL  J^ligt/rrs,  are  such  as  have  equal 
pefimelew,  or  circirtfclerences.  It  is  liemonstraied  in  geo- 
metry, that  among  isoperimetrical  figures,  tliut  is  always 
Uie  gntateit,  whioi  contains  the  mokt  sides  or  angles. 
Whence  itfollows,  that  ^circle  is  the  most  capacious  of 
all  which  kftre  the  arnie  peiimeier  with  iu— That 
ofl 

and  I   ,    .  .  . 

that  is  the  i;reatcr  whose  sides  are  equal.   That  of  isoperi- 

inetiical  fimire.H,  whose  sidis  are  equal  in  number,  that  Is 
tlie  f;realest  which  is  e<ioilaleral,  and  eqiAingulur.  Mence 
arises  the  soluliuii  of  lliat  p<i(juliir  problem.  To  make  the 
be<l;:irif;  ur  wallmi;,  wliirh  «  iU  fence  in  a.  ceit;iin  k'*''" 
i|uaiitity  of  land,  uiM>  (i>  trnir  in  an_\  other  jjreut.,  i  i\iiav.- 
lity  of  the  same.  For  let  x  be  one  side  of  the  rectan- 
gle that  will 'contain  the  quantity  «•  of  acres;  then  will 

belts  olher  side,  and  doilklc  their  sum,  vt!!,  2r  -.-  -—, 

will  be  llio  ]ierimeter  of  the  rectangle  ;  let  also  ii  be  any 
greater  nnmlH  r  ot  acres,  in  the  form  of  a  square,  then  Is  0 
one  side  of  it,  and  +'>  its  perimelcr,  which  must  be  cqoal 

Sra 

to  that  01  the  rcciaiit;le  ;  and  hence  the  equation  ix  ~ 
»  or**  -♦•  a'  =  2*x,  in  which  qiiatirniic  e(|uaiion  the 
two nott mxssb±^{f^-  o^),  which  are  the  Ici^ths 


fignm  which  hiftre  the  arnie  peitmeier  wiin  lu— inat 
two  isoperimetrical  trtanghs,  wW  A  haw  the  aano  hase^ 
d  one  of  there  two  sides  e^ual,  and  lha  other  unequal ; 


■ 


tsb 

of  tlx-  («<j  ilimcn<.ioii!i  lit"  tlic  ri  rtHni;li-,  ^ 
is  in  any  |iiii|)(jrli»ii  Ie4>  ;ii.m  (lie  iiiinf 
pefimcti  r.  liir  t  \uiiiplc,  il  un 

■nil  oac  tide  ul  u  rt-ctHngit^  l>c  I'j, 


J  C  IS 


tutsi.'  luea  A', 
,  <j|  till'  same 
h,   1  I  u  squat'e  be  10, 
but  tliu  oilier  only  1 


•ach  square  H nil  pariillL'lograni  will  bu  ixjpi  rinn  lricul,  vu, 
Mch  pcrimf  ler  40;  ycl  ibi' ireu  ut'  the  Mjuaro  100, 
uod  of  tlic  paralk'lagram  only  19- 

lw>pcrioi«lrical  linrs  aiid  tigures  have  grratiy  engaged 
the  aUi'ntion  of  imiih(.iiiiiticiaii!>  at  all  times.  Tlic  6lh 
book  of  Fapput't  Colk-itiom  is  chicUy  on  this  >iubjeci ; 
mhtn  ■  ffvat  variety  uf  curious  and  important  propcriio* 
«i«  (ianoast rated,  both  of  ptams  aiHlK(lHl»,  lomv  wbicb 
were  then  old  in  hit  time,  amJ  many  new  ones  of  hit  own. 
Indei-d  it  «t'eui»  he-  hds  here  bn.ti«lit  togetber«  iflto  this 
bouk,  all  the  pmpvflit't)  rcluting  tu  isupi'rimctrical  figures 
ihiii  known,  and  ihnr  difTfrent  degrees  ol  capitcity. 

llii-  ,i!i;ii\~is  ill  ihi'  general  problem  conitrniii^  riguies 
that,  aniiiiiL  -I'l  il  l  M'  <'t  till'  samr  |n'timi  tir,  girndUCC 
mnxiniH  ^ii'l  initmna,  w-ib  ui^eii  Ijy  Mr.  J:i  :ii  >  Ui  inoulli, 
I'rt.ai  conipiitatioiis  that  iiui.hi-  ..M  ami  3il  fluMiiii-.  Ami 
M-viTill  i  nquiries  of  this  r.aturr  lian'  Ltrii  sinti.'  )ir<ihtLiili<i 
III  likr  iiiannii,  Init  :',ol  alujV!.  uilb  i'i[ijiil  siicci-.s.  Mr. 
Muclitunii,  tu  viiiiiicnie  tbe  (inclniu-  ul  llllM^ll^  iiuni  llu- 
imputation  of  uncertainty  or  obscurity,  ha-.  H'jiistrati  il  iIji* 
subject,  utiiich  IS  cun>idered  as  one  ol  the  moit  abslruM* 
parts  of  this  doctrine,  by  giving  the  resolution  and  coinpo- 
•itiou  ol'tfavte  problems  by  tir<^r  Hu.xions  only;  and  in  a 
'  timt  suggests  a  ityiulittii:  demonstration, wrvini 


below  the  base,  will  also  Ix*  rijual.  It  ii  l  Uo  infcirradf  tint 
every  e>)uilaieral  triangle  is  also  i  ijui.iii^ular. 

Other  piiipi Till".  <i|  this  figure  are,  that  the  perpendicu- 
lar .sp,  Irum  the  vi  ilrx  to  the  baw,  bi«.pct»  the  ba^e,  thi» 
verticil  aiij;l<-,  mid  hImj  the  whole  lriain;K\  And  that  if  a 
line  be  lirawii  fiuni  iiie  vertex  tn  iin)  pmnt  iu  tbe  base,  the 
square  of  this  line,  together  with  the  rcctaugli*  of  the  S(f* 
nielits  of  the  base,  will  be  equal  to  the  square  of  one  of 
the  rqual  iii\v>  uf  tlie  triangle.  .Mso,  if  the  vertical  angles 
of  two  isosceles  triangles  be  equal,  the  two  triangles  will 
be  equian;;ular.  '  • 

iSTIIMUS,  in  G^ngrapby,  a  itarrow  neclt  ot  illpof 
land,  that  juiiu  two  other  large  tracts  logrtbcr,  and  s«pa- 
rating  iwa  mm,  or  two  part*  of  the  aameaaa.  The  moat 
rcraariiaU«  istbmum  arp»  that  of  Fknama  or  Stnil*  of 
Durien,  conni cling  noah  an4  tl**lh  America;  that  of 
Suox,  which  joint  Alia  and  AAtca;  that  of  Corinih.  or 
P«loponneta*»in  tbe  Morea ;  that  of  Critn  Tartary,  other- 
wise  called  Taurica  Chertonrsus;  thai  of  the  FeninsuU 
RiiMianiii  and  ^'^^s■  >,  I'f  the  i^tlilnio  ol  llir 'l'hr.ici;ui  Cliri- 
s<Jlu•>u^,  12  luiluli;;i  broiui,  iiml  wlueb  Xerxi-s  iii:,|ri ii-i.k 
to  cut  tlirough,  The  iiiu  il  nis  hiiil  m  vituI  iK'vin^n-.  of  cut- 
ting till.'  tstbmus  of  Coniilh,  which  is  a  rocky  hillock, 
ab.i'.it  10  null-,  (iM't  ;  hut  without  eftect,  the  invention 
sluices  iHMnj;  nut  ihen  known.  There  h»M'  alsf)  be<:ntkt> 
tempts  for  cutting  the  isthmus  uf  Sue<^,  to  nmkr  a  com* 
(nuniration  bi-t»eeii  the  Medi't*;miiK«n  and  the  Hed-sea. 
JL  l.l  AN  Vuhndar,  is  that  depending on,and  connected 


nanaer  tnat  si>ggesis  a  symattic  uemunstraiion, wrviiie  jui.i^-v.n  <.uft/iaar,  is  mat  aepenaing<m,aiia  connected 

to  voify  the  wlutioa.  See  Maclaurin's  Fluxions  p*-  4flO)  with  the  J  ulian  Year  and  acconat  of  limvi  lo  called  from 

Analynt  Magni  PiwUcmatia  laopoiiaetrici  Act.  Eniil.  Jalin  Gaar,  hy  whom  it  waa  atlablishcd.  ScoCauii- 
lipi.  1701.  p*.  SIS:  M^.  Acad.  Scicnc  1705,  frofi, 


17 18 ;  and  tbe  worfct  of  John  Bet noiiUi,  loai.  1,  piu  200,' 
90S,  434,  and  loin,  it,  pa.  SM  i  where  iacontaiiicd  what 

he  and  his  brother  James  pubKuied  cm  this  problem.  Mr. 

Jul]  1  1h  nuiuiti,  in  bit  first  paper,  considered  only  two 
sn.ul  lutci-vsive  sides  of  the  curve;  where.is  thr  true  nie- 
thoii  ot  ri^ulving  this  probli  in  in  ^rm  rul,  n  iiuirrs  ihr  cim- 
siili'inig  three  such  small  miIis,  as  ni.iy  Lii  [icrciiviil  In 
e.\aiiiining  the  Imm  soluii'nis. 

M.  lluler  has  .ilvn  [)ul>ll^!n  il,  >  m  llir  subject,  many  pro- 
found n'^eartlii  -,  m  irir  I'l  i.  i-ijiir^  rnmmentaries  ;  hmI 
there  was  printeil  at  Lau-anae,  III  *7  t4,  a  pretty  large 
wurkupcm  it,  entitled,  Methudus  iiiveinendi  lint'ii^ciiivas, 
maximi  minimise  pfopnetnte  gaudcntes:  »ivr  Seluiiupru- 
Uitaatia  isopciimetrici  in  lalissillM  sciisu  uccipti. — .M. 
Cramer  too,  in  ibr  Berlin  .Memoir*  for  17 i'^,  hat  given  a 
papor,  in  which  he  proposes  to  ilemonstratc  in  petiml, 
what  can  be  demumtraU'd  only  of  regular  ligum  in  the 
elemeott  ot  girumfiry,  vit,  that  the  ciidr  i»  tue  gmlcsi  of 
•iiiaopetimetrical  figures,  regular  or  irregular— M.  Lhuil- 
.  iicr  bat  tiime  ^emt  niary  problems  on  iiupcrinctert,  in 
his  Polygimuinetry  :  and  a  scry  considerable  tract  on  ti>is 
subject  is  given  in  my  Course  of  Mathematics,  vol,  3,  pa. 
3J— 3J. 

On  this  lieiid,  .^ee  also  Simpson's  Tracts,  pa-JS  ;  and 
the  I'hilos.  Tran>.  m.1.  4;)  ami  M). 

ISOSCKLF.S  7'nai(>,'.--,  i>  ii  timn^le 
that  ha-.  Miirs  njii.il.  In  I'.i'  .'jih 
prop,  ol  I '.III  li>i'i  1  st  Ijijok,  "  li'^  I;  itn.p. 
IS  usu.iliy  r^illc'i  lln"  puns  B^in<ll^iln, 
or  asses  tiiiil;4t'.  It  is  demonstrated,  that 
the  angles,  a  and  b,  at  the  base  of  the 
isosceles  triiingU-,  are  equal  to  each 
Oilier;  and  tb-t  if  the  equal  tides  be 
produced,  the  two  aoglo,  e  aud 


A 


i 

\ 


\ 


DA  ft. 

|i;uAii  ^Mel.  h  that  of  the  inalitiitloa  of  tbe  JwNan 
rcformatian  of  the  eaUhdar,  which  hcgpn  the  46th  year 
before  Christ. 

Julian  Period,  is  a  cycli*  of  798O  consecutive  years, 
invented  by  Julius  Sculiger,  from  whom  it  was  named; 
though  some  >iiy  liii  name  JoM-ph  >ralisiT,  ami  ihiit 
il  was  called  the  Julian  pi  rnnl,  IjecinM-  !io  made  use  of 
Julian  years.  This  peri<ui  is  loimri!  Iiy  multiplying  con- 
limially  to>;ether  the  three  lolluuinc  evcli".,  vi/,  ibat  of 
ihe  tun  of  v'S  years,  that  ol  tin  iii,,i;ii  nl  lil  years,  and 
that  of  ihe  imliction  of  15  years;  so  that  this  epoch, 
lhuui:h  l)Ut  artificial  or  feij;ned,  is  yet  uf  giMid  use  ;  iu  ' 
thiit  every  year  within  the  peiiod  is  distinguishable  by  a 
CeiJiiin  jiiuliar  character ;  for  the  year  of  the  sun,  moon,  • 
and  indiction,  will  not  be  the  same  again  till  ihe  whole 
7psn  jeais  have  revolved.  Scaligcr  fi.xed  ihe  beginning 
of  jhit  period  764'yrart  before  the  crctttion,  or  rather  the 
period  naturally  rrdnm  to  that  year,  lakiqg  the  numhen 
of  the  three  gives  cydes  as  he  then  found  ihcm;  and  ac« 
counting  3<)50  yean  front  tl^p  rreetton  to  tite  birth  of 
Christ,  this  makes  the  Itt  year  t>f  theChrisiian  era  atitWrr 
to  the  47i4lh  year  of  the  Julian  period  ;  therefore,  to  find 
the  year  of  this  pi  riod,  answerilij;  to  any  proposed  yeurof 
Christ,  to  the  constant  number  47J;{,  ndd  the  ffivmymr 
of  Christ,  and  the  sum  will  be  the  ye«r  of  ti.e  Jnlmu  pp. 
rioj  ;  thus,  10  4/13  addin-;  t7f)l.  the  sum  UMii  is  the 
ye»rofth;s  |  rr^od  lor  the  year  nlCf-.n-i  llinca 
Ihe  first  revolution  ol  the  Juliun  period  will  net  b*  com- 
pleted till  the  yeiir  of  Cliiist  32fi7.  after  which  anew  ifr 
s'olution  of  this  period  will  commeiici-. 

I5ut  the  year  of  the  Julian  period  may  he  found  for  any 
time,  from  the  numbers  of  the  three  eyelet  that  compoaa 
it,  withuui  mafciif  ueofthejpwnyearof  Chviatj  uub, 
multiply  the  * 
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vine  imtriMWDt  of  initnigicDtt^  with  ommc  «texu«ily  aa4 


.  1  »utt,'  K,i     :      vine  i  ,  _  . 

any  ot  W  mr  of  Attom,  all  otlipr  wiilm  mint 

}  iji4icticm.:  .  r  .panlonmr,  if  ipruf«t»to«cpectmon! solidity  in  Juugiuss 
then  aiid  the  ihKO  prodnrit  trprihar,  and  divide  th«  Mim  writii^,  limit  in  any  uther  man  now  living. '  li  y  ou  find 
by  79<^U;  suihaiU  the  iMtiitindtr,  lUur  rl:Msjc>n.  be  tlieywr   hut  the  one  half  of  wbiu  I  imagine  to  be  in  Juogiua,  you 

of  thr  Julian  pwiod  currc»j)iiiidin<<  lu  iiu? -jiviwi  yean  of  will  never  be  able  to  rriisb  any  other  mtMlprn  phii.  so- 
ihc  Olbir^hrn- <.  )cli-s.  ^'fhuajlor  ii.o  M  HI-  1 7^1,  the  years    plier."  Sir  Chui  lr">C'avcmly>he  ac  turiii  ivin   i     i  t 


ct  tht  Hilar,  lunar,  anJ  indiciion  cy  ties,  arc  H,  6>  and  y ; 
thcK-foK  nraltiplying  by  ihne,  ttt,  according  to  tho  nilv, 
thus 
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6104  the  }'ear  of  tbp  Julian  period. 
JutlAK  Year, ii  theoMacCOantofthe  year.nlabtished 
by  Juiiu*  CoTMir,  uiui  concistrd  of  Sti'^i  dii) s.  I'hit  year 
continued iu  u»c  in  all  Kuntpe,  till  it  was  supcrNcded  in 
mutt  part*  by  the  new  or  (>ri;'<;urian  account,  in  the  year 
In  hriiilarKi  |,<i\M'v<'r  II  continuol  to  bo  om-J  nil 
the  year  IT'i'-.  whin  it  was  aUilt>hed  by  act  of  parliaim  iil, 
and  eloicn  da)s  added  to  thearcouni,  to  bnii::  it  up  to 
the  lieu  style.  In  Kuasia,  the  old  or  Juliiin  )tarand  slvle 
arc  all II  lu  use. 

JUI.V,  the  7th  month  of  theyfar,  con>istiiig  of  31  days; 
about  the  21st  of  which  the  sun  usually  enters  the  sign  A 
ko.  It  was  so  named  by  Mark  Antony,  from  J  uliu>  Ccsafi 
who  was  born  m  this  uiunth. 

JVNGlUb  (Joachim),  a  learned  German,  who  wa» 
hMBat  Lubeck.  He  ttadied  at  Gieeteii)  where  lie  applied 
to  ■niheoMtics  and  mattpk|r»Gib  ud  wrote  Latin  tagt- 
diet.  .  He  im  tomm  tine  peofmor  of  awthcaufici,  but 
qniltia|  that  itatiou,  he  studied  physic  at  Augsburg  and 


Air.  Pell,  without  .1  date,  but  receucu  ij\  u.o  I.1LU1  .u 
Aiii>ler(iaiii,  'S\\>{.  i|,  i(>4i||^  ineiitioiis  hi^  luvir.^^  .  ii 
Juiiuiu-,  wiioiu  III!  luund  *»  ry  I'lee,  and  who,  lie  obst  in  J, 
pri  lirrrd  ihe  analytics  of  the  antii  f.i,  before  V'leta's  by 
letters,  ns  being  more  subject  to  criors  and  uiislakes, 
though  more  tiicih^  and  quick  of  dispatch. 

Mr.  Oldenburg,  wcretary  o(  the  Koyal  Socii  iy,  read  lu 
the  Society  a  Latin  letter  to  him,  from  Dr.  Martin  Foge- 
liu$  of  Hamburg,  dated  ihrre  Jan.  l()Uj,  cuuUtining  aniiC' 
count  of  some  roanuscripLs  K  it  by  Jungiui,  Conccrninj^ 
motion,  and  Apoliunius  de  Locis  i'lunis,  in  'i  boukt of 
the  former  of  which  subjects  ucro  iransinittrd  the  chief 
iiead|»an4the  method  obtenred  in  the  latter:  iho  writer 
of  wMk  tetferexpmiod  bis  ancBnatian  to  publiih  thow 
writings,  ifencuuragemcntwefe  given  to  him.  It  does  not' 
appear  tiut  any  thing  wnsdoneincdliiequeiioeof  it*  but 
ibe  latter  may  be  seen  in  the  letlefbook  of , the  Royal  8o> 
ciely,  vol.  3,  pa.  5. 

JL'NO,  a  name  yiM  ii  t  1 1  1  of  tin- small  ni-wly-distn- 
verpd  planets  vi«,  iliat  hnr.nl  by  M.  Harding  in  tlic  year 

1801. StT  .XsTtlOXOMV,  HAaUtXO,ExCENTlllCITV,  &c. 

JUIM  TEK,  ,  oiiL'of  tlic  »'j|K-rior  planet-,  remnrkal)lc 
tor  ifi  spU-iidour,  In-ing  the  In ,  j,ri  ir-t  of  ;il|,  excopt  soiiii  • 
limes  the  planet  Venus,  and  is  much  the  largest  of  all  the 
planet!*.  Jupiter  is  situated  between  Mars  and  Saturn,  , 
being  the  91b  in  order  of  the  primary  planets  from  the  sun. 
His  diiunvter  ii  muru  than  10  times  Ihe  diameter  of  the 
(Hirth,  and  iherefori'  his  magnitude  BwreUian  IQOO  times. 
Hit  real  diameter  ij  S9170  miles.  Hh annual  revotution 
■bout  the.sun  is  nlmost  tS  years,  vis,  4S50  days  J4  hours 
St9<aiNMle»:t.'ae«oMk  foi>V  nt  the  rale  of  mora  than 
ihflwaoo  isHes  per  tmnr,  at  the  mean  distance  pf  4jK> 
aplioos  of  mihfl;  and  he  revolves  nboui  his  own  axis  in 


took  his  doctoi^  decree  at  Padna.  Ha  was  esteanted  a 

veiT  teamed  man,  being  author  of  savcml  vaiaaWe  waring  At  short  spaeaof  9  bovrs  M>  minniet^  b)i;a!ihicl>>liit  eqtia. 
ana  died  at  Hamburg,  in  1 557,  when  his  Oeometria  Em-  lorial  parts  are  cartisd  rodnd  at  the  amasing  raib  of  26 
p)'rica  was  published,  in  1669,  4to.  thousand  miles  per  hour,  which  is  almHt  25  tiiuca  faster 

Dr.  Birch  (Hi».t.  Koyal  Soc.  vol.  C,  pa.  J+J)  says,  Jun-    than  the  liki'  parts  of  our  earth  revolve, 
giui  u[L^  n  ctor  of  the  Gjniii.isiiuii  ;a  Il.iinburi;.     In  ilic        Jupiter  is  surroui-dcd  by  faint  siibstunces,  Calle.l  zi;:ii  n 
original  draufjht  of  a  letter  ol  Mr.  (atu  r«ard«.  Dr  j  John    or  belts,  in  which  so  many  changes  appear,  that  iIk  v  .im 
Pell,  to  Sir  Charles  Caveiidythe,  dati>d  at  Amsterdam, 
1644,  that  eniiiii  nt  mathematician  rcconimciuls  Dr.  Jun- 
giuj  and  John  Adolplius   ras!.iiiv,  correciur  of  the  same 
Gymnasium,  to  the  acquaintance  of  .^ir  Charles,  who  was 
then  at  Hamburg,  as  both  mathematicians,  of  whose  abi- 
litiei  and  worth  he  had  a  great  opinion.    He  rrmarkcil 
that  Jungius  bad  many  thinp  in  print.    As  Apodictica, 
and  Apod idactica.  TbatTaisiia  had,  (wo  yeaiv  before, 


gentTally  iiicribed  to  clouds  ;  for  m^.ii.c  ol  i!\ 
first  interrupted  and  broken,  loul  ihi  11  liavi- 
tirelv.  1  iii  v  base  sometinii--  lic<  n  observe 
breadths,  and  afterwards  have  all  become 


m  been 
\  anislic'd  cn- 
.1  i>(  «iitfi-rint 
nearly  of  tiie 


same  breadth.    Large  spots  have  been  seen  in  these  l^ltS} 
and  when  u  belt  vaiii>hes,  the  contiguous  spots  disappear  ' 
with  it.   The  broken  ends  of  soma  belts  have  often  been 
obeerired  to  revolve  in  Ibe  sane  time  with  th*  Spots;  only 


rented  Jungius's  Oeometria  Enpyrica  in  5  shaets  of  ^nse  nearer  the  equator  in  somewhat  less  line  than  tboea 
jnper,  hat  wiihdto  diagtams:  that  Taisius  was  avcsy  iMh>iK.lhlLm^t  perhaps  00  account  of  the  sun's  oruater 

iMntiiwtta  e^iiaDr,  whidi  is  panilcl  to  thebtiiaaniJ - 
course  of  llie'«pols.  Sevetal  large  »pots,  which  appear 

« round  at  ^ne  time,  grow  oblong  by  degrees,  and  then  di« 

vide  into  two  or  three  round  spots.  'Ilic periodical  tina 
of  the  spots  near  tlic  equator  is  9  huuis  50  minutes,  but 
of  thosj  mar  the  pole-, 0  hours 56 miiMMciit'Saq Or.Snif|fit 
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courteous^  adhblr,  openlaan ;  Jungius  a  little 
served.^  Ha  added,  •<  llie  mou  barbams  mtfaos  bad 
sonelhing  to  worship  ;  and  there  are  few  men  that  have 

not  SOna  idol,  some  man  or  woman,  whom  they  esteem 
and  aomire  above  all  the  rei^t  of  mankind  ;  and  Jungius 
is  mine.  For  1  esitnn  m  miu  ivj.ih'  i  r  li:,'.u-  1  tind  them 
more  or  less  ratioimi  ;  and  tkiircturt:  ha\u,^b'.-<  11  somtthins 


■ihe 


01  Ji,iii;t-r  IS  so 


ncjirlv 


'1" 


lu  ul. 


of  Jungius's  writing,  wherein  lieseemt  d  to  iin-      unkc  a 

true  04(1  better  use  of  his  leaioa,  and  to  moiuuce  thai  di-  tttfait,  tltst  be  ims  no  Koiible  change  ul  >«^oiis 


,r  |fi  hi* 
whtch  is 
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*  great  advantage,  and  con^idrrctl  as  wisply  orderm  by 
the  AuchorofNature.  For,  if  the  axi»  of  this  planet  were 
inclined  any  contiderable  numbt-r  of  liegrre^,  juit  «o  many 
JtyiiU  round  each  pole  would  ii>  Uic  ir  uun  be  alrooet  6' 
yttn  ttfHber  in  darkncH.  And,  as  eacb.  degree  o(  a 
gnat  circle  «n  Jvpiter  coaltint  alMut  70ti  miles,  it  is 
tatf  (tt  jadge  what  vast  tmctt  of  knd  would  be  icndaml 
uninbabliablc  by  any  comideiablB  indii 

The  ditrnviKe  betiraca  tto  «|lMMtkl  uad  potar  4i«'< 
inctm  of  Jupiter,  b  opwards  of  tiWN>  mR« ;  the  tmatf 
being  to  thr  latter  as  13  to  13  :  »o  that  hh  poirs  arc  more 
than  30eo  niile»  nearer  liis  centre  than  the  equator  is. 
This  hupiKti*  fiDiii  his  quirk  motion  rouml  hi»  nxis;  for 
the  llunl>,  togrthcr  with  the  light  particles,  which  they 
can  curry  or  wash  ftv»uy  with  them,  recede  from  thv; poles 
Mbich  an-  ut  ri'st,  towards  the  equator  where  the  motion 
is  quickest,  until  there  be  a  sufficient  number  accumu- 
lated to  make  up  the  di  Hcleiicy  of  gravity  lost  by  the 
tcMttifugal  force,  which  alwuy^  uriM-^  from  a  quick  mo- 
tion round  an  axis  :  and  when  the  deficiency  uf  weight  or 
^vity  of  the  particies  is  made  up  by  a  sufficient  accu- 
Dulntioni  tiisre  is  thcti  an  equilibrium,  and  the  equatorial 
ports  fiieao  b^er. 

inpilei^a  «rbit  is  1**  IB*  iS'  inclined  to  tbe  cdiptic. 
Tbe  place  of  bno^lioa  II*  t  of*,  tbt  plaoo  of  his 
aKendii^  node  7*  39^  of  0,  and  that  of  his  tooth  or 
descending  node  7**  of  V>  ThcntoenlikhyorMt  orbit 
is  4  of  his  mean  di^ianc«  from  the  >dn. 

The  sun  appetirs  to  Jupiter  burthe  48th  part  to  large 
as  to  u»  ;  and  hi>  li;.'it  uimI  '.l  ai  uic  i n  tr>  siiiiie  small  pro- 
portion, but  comjH  iisaled  by  the  quick  returns  of  them, 
and  by  4  moons,  some  of  them  larger  than  our  earth, 
which  revolve  about  him  ;  so  that  there  is  scarce  any  part 
of  this  huge  planet  b.it  wh.ii  l^,  (luring  the  wh<jli  nigiu, 
enlightened  by  One  or  more  of  these  moons,  i-Jtci-pt  his 
poles,  whence  only  the  fiirthest  moons  can  be  seen,  and 
where  thei'riight  is  not  wanted,  becuusc  tbe  sun  consiantly 
circulates  in  or  near  the  horizon,  and  is  very  probably 
liept  in  view  of  ^tii  pole*  by  tbe  refraction  of  Jupiter s 
aUnoiphere,  which,  if  it  be  like  onn,  has  oertainly  re- 
fractive pooMfoBoiv^  for  that  pvrpiMe.  This  ' 


■een  finin'ils  nearest  oMWHap^ts  1000  tines  as  large 

oor  moon  does  to  us ;  increaung  and  waning  In  all  her 

monthly  shapes,  every  49|  boan.  The  periods,  di- 
stances, in  semidiamelers  of  Jupiter,  and  angles  of  the 
orbiu  of  these  moons,  seen  from  the  earth,  arc  as  follow  : 

A>«!h»«r 
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No. 

I 
« 

3 
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PrtioJi  roaivl 

3  13  16 

7  3 
16  IB  -M 


Oituncrt, 


'2^ 


9  .5S 

17  ao 

The  three  nearest  moons  of  .Ii!|iitrr  fall  into  his  shadow, 
and  ate  eclipsed  in  evrry  revolution :  but  the  orbit  of  the 
4l^telliteis  so  mach  inclined,  that  it  passeth  by  iu  op- 
posilion  to  Jupiter,  without  falling  into  bis  shadow,  two 
yeaia  in  «wry  six.  By  these  eclipses,  astronomcn  ti««t 
■ot  only  diseovcfed  that  tbe  son's  tigjit  tafcst  op  •  mimHas 
of  tima  in'coMiing  to  as;  tnit  ha«v  also  by  them  detei^ 
mined  the  loitgitudes  of  places  on  tfari>  earth,  with  ((renter 
certainty  and  facility,  than  by  miy  other  method  yet 
■fcriiiwn.  The  outermost  *if  tlit-sc  Mitellites  will  ap)>t>Mr 
Br.:rly  lar^p  a*  the  moon  dues  to  us.  See  M.  Jjiplace's 
■Ihri  .ry  'if  J ii|iltt  r'!>  SiUrllit"-^,  111  the  Mi  tti' 'ires  de  l" Acad, 
and  in  the  Connoissancc  dcs  Temps  for  IJSI,  po. 


The  English  astronomer  Mr.  Pound  long  since  ob> 
served,  that  the  irregularitiis  of  the  thn-e  interior  raSei-  • 
lites  of  Jupiter  were  repeated  in  a  period  of  437  dayi} 
and  this  otivervation  it  found  to  be  just  to  the  present 
time  •  Fdr  the  following  curious  circumstance  has  now 
wmMbbcd,  vis,  that    •  . 
•47  Kvolviioaaof  the  1st  occupy  437'  Sf 
MS      "       -       Sd     -      4S7  3  «S' 
61      .       .       3d     •      437   S  SO 
96  -       4th     -     435  14  16 

This  naturally  led  inatliematiciuns  to  examine  their 
motions,  and  see  in  what  manner  their  relative  potutiont, 
or  Coiitij.'Ui iilions,  a*  tlii-y  an  rail'd.  (. . irn'spondfd  to  ihij 
IK-rioil  ;  itiid  It  i>  fiuinil,  tlial  ihu  tueau  longitude  of  tb« 
1st  satellite, 

minus  3  times  that  of  the  3<l, 
plu>    2  times  that  of  the  3d, 
always  amounted  to  ISO  degrees. 

This  requires  that  the  mean  motion  of  tlie  first,  added 
to  twice  that  of  the  3d,  shall  h^-  equal  to  3  times  the  roea^ 
motion  of  the  '^d.— This Con'esp<in  irnci'  of  thcmean  nso* 
tions  is  of  itself  a  singular  thing,  and  the  odds  or  chance 
against  its  probability  seems  infinitely  great  ;*and  when 
we  add  to  this  the  particalac  positions  of  the  satellites  in 
any  one  niOMWiil«  which  is  mcaisaiy  tot  the  above  coop 
•loot  lalalkn  of  their  longitudes,  tbe  iaqHohafailh^  of  tba 
coincidence,  as  a  thing  quite  fartoitous,  becomes  mfinil^* 
ly  greater.  Drnibts  were  at  6rst  entertained  of  the  coin« 
f  idetKc.  becaunp  it  was  not  indeed  accurate  to  a  second. 
The  re^ult  of  '.tn'  ii  ii'^ii;:  i:.on  i?  curiou-r.  NVfu.-n  the  coi)- 
srquciicci*  of  mutual  j;ravi(aii()n  ari'  l<j!|n»rtj  out,  we  find, 
that  though  neithrr  thi-  priniiiiM  nyitiiiiu  of  |iro)cction, 
nor  the  points  of  the  orbit  Iroin  w  hich  the  satellites  were 
l<rojc'L It'll,  were  precisely  such  as  suited  iheac  observed 
relatiom  of  their  revolutions,  and  their  contemporaneous 
longitudes;  yet,  if  they  differed  from  them  only  by  very 
minute  ^uantilirs,  the  mutual  gravitations  of  the  satellites 
would  tinw  bring  them  into  those  positions,  and  those 
stales  of  mm  miition.  that  «roald  induce  tbe  observed 
relations  i  and  wh«n  they  am  oneo  fsdneeit  thay  wiH  ba 
continued  forever. 

Thoqrii  there  be  8  primary  planets  %e1ow  Juniter,  y«t 
nn  eye  paced  on  his  suriaci'  would  never  parcefvc  MV'Of 
them;  unless  p<Th«p9  »s  spots  passing  over  the  Sna^  mCf 
when  they  happen  to  come  between  the  eye  and  the  son. 
The  parallax  wf  the  sun,  viewed  from  Jnpiter,  will  scarce 
Ih'  ■■I'ri'.ibli',  being  not  nutch  above  50  seconds ;  and  the 
suii'i  iijiparent  diameter  111  Jupiter,  but  about  6  minutes. 
Ur.  (/'ii  goTy  adds,  that  an  astronomer  in  Jupiter  would 
ensi)y  di>tinj;uish  two  kinds  of  panels,  four  neaier  him, 
yiz  111?  •atfllites,  and  two  more  remo'i-,  nz  the  Min  and 
Saturn;  the  former  however  will  fall  >-astly  short  of  tbe 
sun  in  brightness,  notwithstanding  the  g rcat  disproportion 
•in  tiic  Hi<t«ncrt  and  apparent  wapnitudo. 

Jl  llIN  (Dr. Jamm),  a  very  .l>stiiiguisb«l  person  in 
several  wallis  of  literHtmck  particularly  medicine,  mathe- 
matics, and  pbilmop^,  -which  he  cultivated  with  npml 
success.  He  was  secretary  of  tbe  Rawal  Socie|h|  In  Lmh> 
don,  as  welt  as  president  of  the -College  of  Aysicians 
iIm  10,  »i  tbe  time  of  Mideath,«>hirh  happened  March  tS> 
1730.  noCtor  }wfa  was  author  «f  several  iftgeidom 
compositions  ;  particularly  An  E»«By  upon  Distinct  and 
Indistinct  \'i»ion  ;  printed  at  the  end  of  the  2d  volume  of 
Dr.  Smith's  Systei  11  nf  Optics:  al»o  several  cinr-.  ncrsial 
popcrs  i  againat  Michelloiti,  on  the  mtHoentum  of  running 
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wtten;  againsi  Robinsi  on  dnlinct  vhion  j  a^MtBiiliop 
Berkeley,  on  tbe  doctrine  of  nuxiom  ;  and  MgniiHt  t)>«  ' 
Mrtiuiw  of  lieibnittf  on  iho  forcei  of  moviqf  mUh  s  tte, 
Hii  p«p«*r»  'utmti  ia  the  Pbiloi.  Timw.  «ra  the  followiiig : 
I.  Oa  ibe  Smpenioa  of  Wmw  ia  CafriMwry  tubes : 
vol.  90,  |Mu  f99.— 9.  OtwOTvitioiis  (At  tih«  Motion  of 
Running  Wbipt:  p«.  748. — 3.  On  nn  ciM  Roman  Inscrip- 
tion :  pa.  813.— 4.  A  Discuur.w  on  the  I'ower  of  the 
Hfivi.  ;ii  S()'.i  and  —  j.  On  i\v  Specific  (inanity 
ot  Hum, IP  HlfMnl.  [)a.  1000. — ().  1).  CiriCt  i>|  hih  Doctrine 
of  ti.e  l'i>«>  r  o(  till-  Hiiirt  .iL'iiinst  tlu<  Ohji  cIkui*  of  Dr. 
Keill:  pa.  — 7.  Ou  the  Action  of  OlaM  Tubes  upon 
Water  Md  QiUeksilvw:  pi.  1083^8.  Ok  dw  Spedle 


Gravity  of  Solid*  itii«n««ighed  in  Water:  vo1.S1,mi.«9.|* 
—9-  On  the  Motion  K«Miti«  Water,  ogumt  Hkhd- 
Ictti:  «aUsS»  1W.  179.— 10.  RemilnUeliHtaaeoartlie 
SmtllHpox:  «al.  S8.  pa.  191  Inoculilod 'ond  Na- 
tural SfOall-ppx  compared:  vol.  32,  pa.  213. — 1^.  ()n 
Mrleorolocicat' Diaries:  «ol.  32,  pa.  422. — 13.  Oiriho 
Measure  and  Motion  of  Runniii!>  Water:  p;i.  3 

and  6'5. — 14.  Metcorolbfical  OliMrvaticr  s  in  f(:;ii,.-»- 
l<i»n  :  vnl.  4',',  |in,  4;H  ■ —  13  On  the  Actmr;  nl  Spiin:;, ; 
vul.  43,  pii  *<».— j6.  On  thr  force  ol  Uodtrs  in  Moltoii : 
p;i  4.'f — 17.  Dynamic  Principles.,  or  MMcoCok^CNt 
Piinciplca  of  Mechanicii:  voL66,  pa.  lOS. 
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1^  .l':STNEIt  (  '  ),  a  celebrated  Cctmati  ma- 
dieniuicion ;  died  o^ul  (be  end  of  Ibi-  yea  r  1 8OO,  1  n 
the  SOtb  year  of  bb  age»  having  illed  tlie  cbair  of  prt^ 
feMor  of  matbenaiici  and  aatind  philo^oiihy  in  tbe  uni- 
rniiqp  of  GWtingen  from  the  year  1756,  being  as  it  were 
tbe  Patriarch  of  European  inatbematiciatM.  From  hi* 
pcit  we  have  several  elementary  works  on  diflTerent  branches 
of  the  mathematics,  which  have  all  inul  willi  great  SUC- 
ceM  ;  his  Elenicni5  of  Arithmetic,  of  Plane  uml  .Spiierical 
TnijoiiDnjctry,  and  of  Perspective,  having  pasiol  liirDu^ili 
five  editions  bftivien  the  years  175S  and  He  was 

oncof  tlin>L-  who  liiivi-  lljf  n^l^t  iiiult'riiillv  cciUi ibuled  to 
introduces  sound  uu thod  into  the  sLuily  ol  luuthematics. 
The  catalogue  of  his  different  works  tilh  ahovti  nine  pages 
in  the  last  edition  of  Meuicl'.'i  German  Literature. 
Aaiong  the  number  are  the  translations  of  several  iiu- 
portaat  works  from  the  French,  the  English,  and  the  Low- 
batch.  His  History  of  the  Mathcntatics,  in  4  volumes. 
My  be  considered  as  a  descriptive  catalogue  of  bis  own 
iihraiy:  for  he  possessed  a  precious  collection  of  all  the 
nuMi  raio  and  valuahU  woriu  in  the  mathematical  d^ 
•partmcoli. 

ICttdnei'a  mode  of  lift.  «aa  aomewbat  lingular :  dniiiig 
the  tatter  yean  of  hit  life  be  never  went  abroad  except  on 

Sunday!!,  when  be  regularly  attended  the  sermons  at  his 
parish-church,  and  on  the  day*  when  the  Royal  Literiiry 
Society  at  Gouinjjrti  in.-Iil  iljiii  sitti:.^s.  A  K  w  mnnths 
Lttore  liis  death,  he  wit.'i  alii  <  :i  li  a  [:.Ljr<ijyU<;  stroke 

in  rij;iil  hand  j  but  so  a>^.i  ;ui)U->  and  iinlelutigablc  was 
he  in  the  prosecution  of  his  -.luilies,  ihut  Uc  began  to  write 
with  hisleft;  and  so  continual  till  the  time  of  his  decease. 

KANG  HI,  one  of  the  greatest  princes  of  China,  who 
rrignc>d  in  the  I7th  century.  He,  wishing  to  have  a  chart 
of  bis  empire  and  its  environs  employed  for  that  purpose 
several  Kuropcan  missiotuiries,  to  whose  labour  we  are  in- 
debted for  the  grand  chart  of  China,  first  published  in 
in  France,  by  M.  Dubalde  ;  and  since  with  tome 
corractsoM  by  Itanvillo.  He  also  caused  to  ha  ttanalated 
into  the  Chincat  and  Tkrtar  knguans,  aavnni  twaliiaa 
ovaatRnomk  and  HmoBatniaoinicN  uhlcii  wnlMdM 
ISIeaenti  of  Etidid,  which  he  very  much  adnriiad.  Ver- 
biost  calculated  for  him,  in  16HS,  a  table  of  all  the  eclipses 
of  the  sun  and  noon  that  wouH  happen  10  tbe  coiubc  of 


2000  years,  bee  .A^trou.  l''ui'opa:a  by  Wrbiost.  The 
invention  of  lo^anihtnii,  and  ihetableiof  aiaei,  deljahlcd 
bira  beyond  all  expression:  he  BOontBuaed  aanuHloiti-' 
lioo  of  them  to  ho  made,  that  ho  always  carried  about 
with  him,  and  which  after  his  death  wave  aent  as  a  curioiity 
to  the  library  of  the  Jesuits  at  Lyons.  He  also  very  niucb 
admired  tbe  European  art  of  writing;  but  his  ears  being 
accustomed  to  die  grave  music  and  monotony  ot  liij  cmuh- 
try,  he  could  never  relish  the  lively  aud  ammaM  f;  niuMC 
ol  iKe  I,\iiupenns;  what  we  call  L.tMHon',  ve;i,<'Ll  in  hu-u 
only  a  confused  noise.  !Ie  had  several  suns,  wliu  were 
instructed  in  most  of  tbe  Kuropcan  sciences,  at  tlioir  mvn 
reoucst,  thus  imitating  the  example  i;iven  tliera  by  their 
fullier. 

KLILL  (Dr.  JoiiN),  an  eminent  mathematician  and 
philosopher,  was  born  at  F.diuburj;h  in  16/1,  and  studied 
in  the  university  of  that  city.  Hjs  ganius  leading  him  to 
the  roatheroRtics,  ho  made  a  gieat  progress  under  David 
Gregory  the  professor  there,  who  waa  one  of  the  lirst  that 
had  embraced  and  publicly  taught  th*  Newtonian  phjlo> 
aophy.  In  )£JH  be  folkiwed  hit  tutor  to  Oafinfl,  wheic^ 
Actng  admitted  of  Balio|p«olleget  he  obudnod  ona  oftko 
Scotch  exhifattiona  ia  that  cxllej^e.  It  b  said  he  was  tho 
first  who  latight  Newtim's  pimciples  by  the  experinenta 
on  which  they  are  founded :  and  this  it  seems  lie  did  by 
an  apparatus  of  instruments  of  his  own  providing  ;  by 
which  11.  .Ill',  lie  acijuircd  a  great  reputation  in  the  uni- 
versity. The  first  public  specimen  he  gave  of  hi-  \kilt  in 
luathemutica!  end  philosophical  knowleoge,  wu-  '.  >  i.\A- 
roination  of  Dr.  Burnet's  Theory  of  tiie  luirth  :  «uh  Re- 
marks on  jMr.  Wbislon's  New  Theory  ;  winch  appeared  in 
l6;)8.  These  thoorics  were  defended  by  their  respective 
authors  ;  which  drew  from  him,  in  l(*99i  I^xuniination 
of  the  Ri  flections  on  the  Theory  of  the  Earth,  teg^tiicr 
with  A  Defence  of  tbo  RcnHrhs  on  Hr.  Whjsion.'s  New 
Tlieory.  Dr.  Burnet  was  s  man  of  great  humanity,  m»* 
deration,  aiid  candour  ;  and  it  was  therefore  supposed  that 
Keill  had  treated  him  too  roqgbly,  con*ide|ip^  the  frmt 
diapatity  of  yean  bctwaen  tham.  Keill  how«irier  left  tha 
doctor  upaMamaii  «f  that  which  has  aince  hoaa  tbonight 
the  great  dwracicrittie  and  cncUence  of  huworht  and 
though  he  disclaimed  bim  as  a  philoaoiphcO  JMtnlhlWed 
him  to  be  a  nan  0^  a  ituv  iraagiuatiun. 
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The  year  I'ollf.vvin".  Dr.  Millinnton,  S-elUriBn  jvrnfrasor 
ol  iiaiar.U  plKli.s'ipli)  in  Oxford,  who  had  been  appointrd 
pbystCiKn  to  King  WiUiiun,  ■uk»niuti-<l  Kmll  •»  hit  deputy, 
to  rcwl  thv  IcctDNs  in  the  public  sclmol.  Tk»  ofllicr  lic 
dkcbiiivd  gnat  icpntitioD }  bikI,  Um  term  of  rnjoy- 
ingmik Seoldk cxWUtmi u  IMiol<dli^ now  expirioj, 
ht  accrpied  an  invitation  (mo  Dr.  AMrich,  dean  of  Ciiiiu- 
church,  to  traidc  there.  * 

In  I70I  hv  [>ul>li>h<d  Jiis  cdebntlcd  trc-atkr,  entitled 
Inlrodiictii)  aJ  Voram  Physicam,  which  i>.  luppoMsd  to  Iks 
the  U'.t  anil  most  ii^du'  i.l'  M  |>etf<}riii.iii(c«.  The 
lirM  tdilioii  of  Uiis  book  ccmtnincd  only  l'«iiirl(i-n  irclun-s; 
but  to  the  second,  in  1705,  he  added  tw.i  ii  <ii.  .  I  Ins 
work  «as  diMTvediv  I'-iteemed,  both  at  Ip  iiir  ;iri<i  aliri.ail, 
ai  the  be«t  introduL  liun  tn  lln-  I'li.'ic ijiiii,  or  ihr  m  w  me- 
rhanicai  philosophy,  imd  was  ri  prii  led  in  diHirvnt  |>lac<.*  ; 
also  n  new  edition  in  Kni^lish  was  printed  at  Lond<in  in 
173(»,  at  the  iiistunrc  of  M.  AIau|Hrtui*,  who  was  then  in 
England. 

Bciitg  made  Fellow  ol  the  Royul  Society,  he  published, 
in  UiePhilo*.  Trail*.  1708,  a  i>j»|>er  on  the  Laws  of  At- 
traction, and  itipbjtiiciil  pnnciples:  and  being  offended 
at  a  pas>age  in  the  Acta  ISnMiitorum  of  Lciptic,  where 
Newton's  chia  to  the  first  inventioo  of  the  method  of 
Attxiom  wak  called  in  question,  he  wnrmly  vindicated  that 
cbini  against  I.eibnitz.  In  17op  he  went  to  New-England 
ai  treasurer  of  the  Palatine*  ;  and  soon  nfter  hii  return  in 
1710,  he  wixs  ch<i^en  Saviill.Tii  proi'i  ssor  i>t"  astronomy  at 
Oxford.  Ill  1711,  bun;:  ultatkid  by  L  ibliitz,  he  en- 
tered #ir  liMs  nilli  that  inalhciiiatician,  in  tlir  cll^p^lte 
ciinccrniriii  the  iineiition  ol  flusioiis.  I,<  il)iiitz  wrote  a 
letter  to  Dr.  Hans  Sli  .  nr,  then  (.(rrriaiy  to  ihc  Itoyal 
Society,  requiring  Keill,  111  efiect,  to  mulic  bim  satisfaction 
for  the  injury  he  bad  done  hini  in  his  pa])cr  rrlntin';  to  the 
passage  in  the  Acta  F.nulitnruin  ;  he  protested,  that  he 
WIS  far  from  assuming:  lu  himself  Newton's  method  of 
'fluxiom;  and  therefore  de»ite<l  that  Keill  might  be  obliged 
to  retract  his  false  astcrtion.  On  the  other  hand,  Keill 
doircd  that  ha  oiigbt  be  ^enaiUed  to  jnatify  what  he  had 
aiMrtad }  mi  ho  made  bit  defence  to  the  appfobatioR  of 
Mewton,  and  o^r  mcmben  of  the  Society.  A  copy  of 


Compasiiion.  Wliile  he  was  en|taf;ed  in  this  dispttte'. 
Queen  Anne  wa»  pleased  to  appoint  him  her  decipherer; 
and  he  continued  in  that jnlare  uncjec  King  Georae  the 
IH  till  the  year  17lti.  Tlie  nniTeraity  of  Oxlnrdcon- 
fcneil  00  bimth^  degree  of  M.s.io  1713  s  and  two  years 
after*  1m  puWicheil  an  edition  of  Commandine's  Euclid, 
with  additiom  of  hitwwn,  tn  1718  he  publish,  ,1  ii,. 
trodoctio ad  Veram  AaAonomiam ;  which  wu;.  an e; wards 
al  the  reqoectof  the  duchem  of  Clmndor,,  translaied  h\ 
himself  into  En|>Ush  ;  and.  with  sevtrnl  enundaiun)'.,  pub- 
lished in  I7'.'l,  innl<  1  iln'  lide  of  An  Intnuluriioii  to 
'I'riic  Astronomy,  \r.  I'his  was  Ins  last  gitl  to  the  pub- 
lic ;  t'^r  lic'iiie  that  summer  seized  with  a  vudent  fever,  it 
I  rori::iitril  in-  liii-  .^i.  pt.  1,  111  the  ^Olb  year  of  hit  age^ 
Hi*  p:,pr  r- in  rhr  Pf  K"-  1  i.ms.  aboiw  allwled  to,encoii* 

lanud  1:1  vi'lumii, '2(i  and  .'f).  * 

Ki.ii.L  (Dr.  JnuKi),  aiiiminenl  phys.iriun  aiidpl|iioMH 
pher.  :ind)oiin^er  brother  of  Dr.  John  Keill  above  men- 
ii'iiKil,  vtajsaKu  born  in  Seoilaiid,  in  l673.  Having  tIMi 
veiled  abroad,  on  hi>  leturn  he  read  tectum  on  anatomy 
with  jp<eat  applau»e  in  the  universities  of  Oxlbrd  and 
Cansbridge,  by  the  latter  of  which  \ft  had  the  d«Ke  of 
H.  D.  confiirreil  upon  him.  In  1709  heteitifd  atNonh- 
ampton  as  a  phy^irial),  when  be  died  of  a  cancer  in  the 
moaih  in  1719-   Mis  puUications an* 

I.  An  English  trantlution  of  Linn  ryV  Cli,  :;i-[-v. 
8,  On  Animal  Secretion,  the  ouuiiuty  of  Uluod  in  the 
Humnn  Dody,  and  on  Mn»cular  Motion. 
3.  A  imiine  on  Anatomy. 

4-  Seine  p|l■cl^  in  [la-  Philov  Tnur-,  m  I  ,  25  and  30. 
KEl'LLK  (John),  a  very  emineni  astronomer  and  ma- 
thematician,  was  born  fit  \Vu  I.  m  the  duchv  of  \Virtem» 
herg,  in  1571.  He  was  the  disciple  of  'Ma?*tlinus,  a 
learned  mathettiHlician  and  astronomer,  of  whom  he 
learned  those  sciences,  and  brciirae  afterwards  profcswr 
of  them  tu  three  successive  eniperon,  vit*  Mattlmisi  Ru- 
dolphu^,  and  Ferdinand  the  Sd, 

Tu  this  s.tgucious  philosopher  we  owe  the  fiitt  disoomy 
of  the  great  laws  of  ibe  plaaemty  motions,  vis.  that  the 
ptanets  docribe  ems  that  are  always  proportional  to  the 
times;  that  they  move  in  elliptical  orbits,  havinj;  the  sun 


this  was.sent  to  Liiibnilt;  who,  in  a  second  letter,  re-  jnonefbcns;  and  that  the  sipiarcs  of  their  periodic  times 

nonstrated  still  more  against  Kdlt'fl  wtnt  flf  caadonr  and   are  proportional  to  the  euin  s  of  their  mean  diMances; 


sincerity  ;  adding,  that  it  was  not  lit  for  me  of  bis  ag^ 

and  e.xpenenco  to  engage  in  a  dispute  with  an  upstart, 
who  acted  with<iiit  any  authority  from  Newton,  and  de- 
Mrini;  that  i!ie  Uoyal  Society  would  enjoin  him  to  kili  nrr. 
(Jn  this,  aspicia!  commitlee  w-is  appointed  ;  who,  ;itu  r 
rNomining  the  facts,  conclndrd  tdrir  n  purt  iritli  "  lio- 
clurinp  Ne«ton  to  be  the  inve  ntor  of  (liiKions  ;  and  that 
Mr.  Keill,  in  aswrting  the  same,  h.^ll  been  in  no  respect 
injurious  to  M.  Leibnitz."     The  whole  proceed inr;>.  on 

this  matter  may  he  seen  in  CollinsV  Comnnrcium  I'pltto- 
licum,  with  many  valuable  papers  of  Newton,  Leibniiz, 
Giegnry,  and  other  mutlieinaliciRiis.  hi  the  mean  lime 
Keill  behaved  him^lf  with  great  firnnen  and  spirit; 
lehieh  he  alio  showed  afterwards  in  a  Latin  epistle,  wiilleii 
in  I7t0^  to  John  Bomoulli,  matbcmaticBl  prafetsor  at 
Basil,  on  acoount  of  the  same  mage  shown  10  Newton : 
in  the  title-f^g^  of  whieb  he  put  the  arras  of  Scotland,  vis, 
a  thistle,  with  this  motto,  Nemo  me  impune  taces!ilt< 

bout  the  year  1711,  srvTral  objcciions  being  urged 
apninst  Newton's  philosophy,  in  snpp'irt  of  Drsrartes's 
iiolionsof  a  pliMim,  Keill  publish,  il  [  ;  |  1  1  i  1  i  '  I'iitlos. 
Ttaus.  on  ibc  llarily  of  Matter, utd  il«e  Tenuity  ol  its 


which  are  now  generally  known  by  the  name  of  Keplir's 
Ijiws.  A'-  :in»  pr.Mt  inun  stands  as  it  were  at  the  head  of 
the  ni"i!ern  astruiionu  rs,  we  shall  enter  at  some  length 
Ins  liislory,  and  chiefly  from  the  wotds  of  thateCHS 
liiaU  (!  inathi  innfirian  Mr.  .'^I.'iclauiin. 

Kr|iU-r  had  a  piiirit  ■  hir  p;i'.Mc)n  for  tiliding  analogies 
and  harmonies  111  lumir. ,  alter  the  manner  of  the  Pylfaa- 
poreans  and  Plaloi  i-;s.  and  to  this  dispitfition  svc  o«b 
such  valuable  discoveries,  as  are  more  than  iiufficirnt  to 
excuse  his  conceits.  Three  things,  he  lells  us,  he  an.xiously 
sought  to  find  out  the  reason  of,  from  bis  i-arly  youib  ; 
rit.  Why  the  planets  were  6'  in  number  f  Why  thedimen* 
sions  of  their  orbits  weresoch  as  Copernicus  bad  <lf  scribej 
fn>m  ohaer«ailonsr'iUl|;*bat  wis  the  analotqr  or  law  of 
their  yenrfutionaf  He  sought  for  the  teasons  of  the  two 
first  of  tbesev  in'  the  propertiea  of  mimbcrt  anrl  filnnc 
iStrorrs,  without  socMs:  but  at  li  iig:h  nnecti!  :ii.it 
*-hild  the  plane  regillar  fi;nies  may  be  intiniie  in  11  ,iuti  r, 
the  regular  wdid*  are  onlv  ii\r ,  .{,  Im,,  Ik]  h;,,!  I,  r  _- 
demoiislrali'd  ;  he  tmagim  d,  tli;ii  n  mvU  iH'-  n;  na- 

i^ire  mighi  (  orri-spond  w  ith  this  reniui  l,alili'  limitation  in- 
herent in  ihe  essences  of  Uuo|«i  and  the  rather.ashe  fouiii£ 
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that  the  Pjrthagomiro  had  made  great  ate  of  tboae  five 
regular  »oliii»  in  their  philn»opliy.  Hi'  tlKTi*forc  endcii- 
vourcd  to  find  lome  rrlutioii  bctwcn  the  dimensions 
these  tolids  and  the  iniervaU  of  the  platuMary  sphi-n-i ; 
thu>,  imiiuiiiing  that  a  cube,  itivrtbed  in  tlie  sphere  ol  Sa- 
turn, would  touch  hy  its  nix  pUm-s  the  sphere  of  Jupiter; 
and  that  ihc  other  four  regular  Mihds  in  lilic  iiinnner 
fitted  (he  interviUs  tbnt  are  betn  ecn  the  »phrre<i  of  the  other 
plaiKi»:  he  at  length  be:ciime  penuaded  that  thif  the 
true  reaw>B  why  tlie  piiinary  planets  were  precisely  six  in 
nuinbcriand  that  the  Author  of  the  World  had  deieitniiied 
their  distances  from  the  suii,  tiic  centre  of  the  system, 
from  a  regari  to  tiii*  anBtoi>y.  ttemn  thus  possessed,  as 
he  thoui>ht,  (if  the  i>raml  secret  of  the  Hythagorcnn'v^ahd 
greatly  pK-asiNl  uith  his  discovery,  he  publiiihi-d  it  in 
ISiHU  under  the  title  of  Mysteriura  Cosmogiaphicuni : 
and  was  for  some  lime  so  charmed  with  it,  that  he  said  he 
would  not  give  up  the  honour  ol  having  invented  uhiit 
was  coiilnined  in  that  book,  for  the  electorate  of  Shkoiiv. 

Kepler  sent  a  copy  of  this  book  to  Tycho  Hnihe,  w  ho 
did  not  approve  of  those  abstract  speculations  conCt*miug 
the  sysii-in  rif  the  uorld,  but  wrote  to  Kepler,  tirst  to  Icy  a 
solid  foun<latioii  in  obser^aiion-i,  and  then,  by  ascending 
Irom  them,  to  cnd«*avour  to  come  at  the  causes  of  ihinps. 
'I'ycho,  however,  pleased  with  his  genius,  was  very  desirous 
of  having  Ki'pler  with  him  to  asMst  him  in  his  labours: 
and  having  settled,  under  the  protection  of  the  emperor, 
in  Bohemia,  where  he  passed  the  last  years  of  his  lifr,  af- 
ter having  left  his  native  country  ou  account  of  some  ill 
usage,  be  prevailed  upon  Kepler  to  leave  the  university  of 
Ormlsi,  and  remove  into  Bohemia,  with  his  family  and  li- 
brary, in  the  year  KiOO.  But  Tycho  dying  ihr  next  year, 
the  (ask  of  arran^^ing  the  observations  devidvcij  upon  Ke- 
pier,  an<l  from  that  time  he  hud  the  title  of  Muthemalician 
to  the  tmperor  all  his  life,  and  gained  continually  more 
and  more  reputation  byhis  workt.  'I  he  em|)erur  lludolph 
ordered  him  to  finish  the  lablo  of  Tycho  Hrahe,  which 
were  to  be  called  the  Rudolphinc  Table*,  ice.  Kepler  ap< 
plied  diligently  to  the  work :  but  unhappy  are  (hose 
learned  men  who  depend  on  the  good-humour  of  the  in- 
tcndants  of  the  finances;  the  treasurers  were  so  ill-atfect- 
eil  towards  our  author,  that  be  could  not  publish  these 
initio  till  l(>v>7-  Mc  died  at  Katisbon,  in  l(i30,  where 
he  was  soliciting  tlic  payment  of  the  arrears  of  his 
pension. 

Kepler  made  many  important  discoverie*  fmin  Tycho's 
obeicrvnlions,  as  well  as  fri>m  his  own.  He  found,  that 
Mtronoiners  hiid  erred,  from  the  first  rise  of  the  science,  in 
ascribing  always  circular  orbits  and  uniform  motions  to 
the  pluneu, ;  that,  on  tht^contrary,  each  of  ihem  moves  in 
an  ellipsis  which  ha»  one  of  its  foci  in  the  sun:  that  the 
nkutioSt  of  each  Is  really  unequable,  and  varies  so,  that  a 
ray  supposed  (o  be  always  drawn  from  the  planet  to  the 
auii  describe*  equal  areas  in  equal  times. 

It  was  some  years  later  before  he  discovered  the  ana- 
logy existing  U-tween  the  distances  of  the  several  planets 
from  the  sun,  andthe  periods  in  which  they  complete  their 
revolutions,  lie  easily  saw,  that  the  hizher  planets  not 
only  moved  in  greater  circuits,  but  also  slower  than  those 
near  the  sun  ;  so  that,  >hi  a  double  account,  their  perio- 
dic times  were  greater.  Saturn,  for  example,  tevolvin  nt 
the  distance  from  the  sun  y\  times  greater  than  the  earth's 
distance  from  it ;  and  the  orbit  of  Saturn  is  therefore  in 
the  same  proportion :  but  as  the  earth  revolves  jii  one 
year,  so,  if  their  velocities  were  equal,  Saturn  ought  to  re- 
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vofve  in  0  yran  knil  r  half;  whereas  the  periodic  lime  of 
isaturn  is  about  years.  The  periodic  times  of  the 
planets  increase,  then-lore,  in  a  greater  proportion  than" 
their  diMances  from  the  sun:  but  yet  not  in  so  great  a 
proportion  us  the  squares  of  those  distanci-s ;  for  if  that 
rt  the  l«w  <if  the  iiKitions,  (the  square  of  .0^  Uing  90},) 
the  f^FTiodic  lime  of  Silurn  ought  to  be  aboye  QO  yetr». 
A  mean  proportion  lielween  that  of  the  distances  of  the 
planets,  and  that  of  the  squares  of  tho>e  distances,  is  tlie 
true  propo(tioii  of  the  peruidic  times;  as  the  mean  be- 
tween and  ifs  square  ()0},  gives  the  periodic  time  of 
Sii(^irn  in  years.  Kepler,  after  having  committed  seve- 
ral mistakes  in  determining  this  analogy,  hit  u|Min  it  at 
last.  May  15,  l6l8;  for  he  is  so  particular  as  to  mention 
the  precise  day  when  he  fonnd  that  "  The  squares  of 
(be  periodic  times  were  always  in  the  same  proportion 
asJhe  cubes  of  their  mean. distances  from  the  sun." 

vVhen  Kepler  saw,  according  to  better  observations, 
that  his  disposition  of  the  five  regular  solids  among  the 
planetary  spheres,  was  not  agreeable  to  the  intervals  be- 
tween their  orbits,  he  endeavoured  to  discover  other 
schemes  ut harmony;  Sir  which  purpose,  he  comflured  the 
motions  of  the  same  planet  at  its  greatest  anil  least  di- 
stances, and  of  the  diflerent  planets  in  their  several  orbits, 
as  they  would  appear  viewed  from  the  sun ;  and  here  he 
fancied  that  he  found  a  similitude  to  the  divisions  o(  the 
octave  ill  music.  These  were  the  dreams  of  this  ingenious 
ninn,  which  he  was  so  fond  of,  that,  hearing  of  the  disco- 
very of  (iiur  new  planets  l,lhe  satellite*  of  Jupiter)  by  Otl> 
lileo,  he  owns  that  his  first  refk-ctions  were  from  a  con- 
cern how  he  could  save  his  favourite  scheme,  which  wai 
threatened  by  this  addition  to  the  number  of  the  planets. 
Tiie  same  attachment  led  him  into  a  wrong  judgment 
concerning  the  sphere  of  the  fixed  stars :  for  being  obliged, 
l>y  hi>  iliicliine,  to  allow  a  vast  superiority  to  the  sun  in 
the  universe-,  he  it-slrains  the  fixed  stars  within  very  nar- 
row limits  :  nor  did  he  consider  them  as  suns,  placed  in 
the  centres  of  their  several  systems,  having  pinnels  revol- 
ving around  them  ;  as  the  other  followers  of  Copernicus 
had  allowed  them  to  be,  from  their  having  ligRt  in  them- 
selves, from  their  imiiiensc  distances,  and  from  the  ana- 
logy of  nature.  Not  contented  with  these  harmonics, 
which  he  bad  learned  from  the  observations  of  Tycho,  he 
gave  himself  the  liberty  to  imagine  scvemi  other  analogies, 
that  have  no  foundation  in  nature,  and  are  overthrown  by 
the  best  observations.  Thus  from  the  opinions  of  Kepler, 
though  most  justly  admired,  we  are  taught  the  danger  of 
espousing  principles,  or  hypotheses  borrowed  from  abs- 
tract sciences,  and  of  applying  lliein,  with  such  freedom, 
to  natural  enquiries. 

I  A  more  recent  instance  of  ibis  fondness  for  discoi'er- 
ing  analogies  bi-tween  matters  of  abstract  speculation, 
and  the  constitution  of  nattire,  we  find  in  Iluygens,  on* 
of  the  greatest  eeometriciiins  and  astronomers  any  age  has 
proiluced :  when  be  had  discovered  that  satellite  of  Sa- 
turn, which  from  him  is  still  called  the  Mtiygrnian  satel- 
lite, this,  with  our  moon,  and  th«;  foursMcllites  of  Jupiter, 
completed  the  number  of  six  secondary  planets  then  dis- 
covered in  the  system  ;  and  because  tbe  number  of  pri- 
mary planets  was  also  six,  and  this  number  is  called  by 
mathematicians  a  pi-rfect  number  (being  equal  to  the  sum 
of  its  aliquot  parts,  1,  2,  3,)  lluygens  was  hence  induced 
to  believe  that  the  number  of  the  planets  was  complete, 
ami  that  it  was  in  vain  to  look  for  any  more.  This  is  not 
incntiuncd  to' lessen  the  credit  of  this  great  man, 
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never  porhapt  rea'oned  an  i>iirli  a  manner  on  any  oilier 
ItccoAion ;  but  onlv  nI'ow.  by  another  jn<iU<ii>'e,  iiow  <ll 
wounded  reasoninp  oi  Ihit  kind  hate  ;ti»ay!>  proved. 
FoiT,  mil  long  alter,  the  celebrated  Casbtni  discotvrtil  lour 
iBOre  i«ielliie<t  about  Saturn,  not  to  mcntioii  ti.e  thne 
otbm  that  have  been  discovered  belonging  to  tLdt  planet 
by*l>r.  Herachcl,  with  another  new  primary  planet  aitd 
In  0  Hiellim,  famlda  the  other  new  planet*  lately  diaco- 
vetvd.  The  'a  me  Casiini  h«ving  found  that  the  amkinr, 
diirawreil  by  Kepler,  betwecA  theferwdic  ti^ica  anil  im 
dlManciii  from  (he  centre,  takes  place  in  the  leaser  aysienn 
of  JupitiT  and  Saturn,  as  wvll  as  in  the  great  solar  tyalcin:  - 
hsN  ol)M.  1  v.'ii o\eiluriird  that  grouiidlesi  analogy  which 
had  bi  rn  i'..^i;;i:ied  between  the  number  of  the  planets, 
Imili  (iiim.nN  ;oid  '•eC<iMiliii y,  imd  the  number  mx  :  I'lH 
e»labl)i>hed,  at  liie  «anie  tune,  tdat  baiiu-niy  in  iheit  mo- 
tions, which  will  ;.ltim;!riU  upfn  ui  (I<i«  (fom  One  Vqal 
prim  iple  1  xtendi'd  tliroui-houi  the  nniu  rst. 

•  Hut  to  relurn  to  Ke|d«T  ;  his  great  .sagacity,  and  conti- 
nual meKllliition^  <in  the  planetary  motions,  su^fiitcd  to 
him  some  vlrw^  of  the  true  principlvi  flWD  which  these 
nolions-Aow.  In  his  preface  to  the  commentaries  con- 
cerning the  planet  HQn»  h«  speaks  of  gravity  as  of  a 
power  that  was  latttual  between  bodiet,*and  idla  ui,  tlnit 
,ae  earth  and  moon  tend'  lowaidi  each  ellMr.  and  would 
'hw«|  in  a  poial,  CO  many  times  neaicr  to  the  eaith  than  to 
the  noon,  at  the  earth  is  greater  thwi  the  moBm,  if  their 
notions  did  not  prevent  it.  He  adds  also  that  the  tide* 
arise  from  the  gravity  of  the  waters  towards  tli^  moon. 
But  not  havin;.;  noli.iiii  sufficiently  ju.'.t  ot  the  l;iws  of  mo- 
tion, it  >eeni'i  he  was  not  able  to  make  liic  be^t  use  ol 
th« -.L  ;li  lu^ht.'i  ;  nor  docs  it  appear  that  he  aulu  red  to 
th?  Ill  M.  ail'ly,  since  in  his  Kpttomc  of  Astronomy,  pub- 
lislied  iniim  yean  .ifter,  he  proposes  a  physical  afCnunt 
of  the  planetary  motions,  derived  from  diiTerent  priiici|]ies. 

He  iOppoaet,  in  that  treatiM',  that  the  motion  of  the 
sun  on  his  exit,  is  preserved  by  some  inherent  vital  prin- 
ciple;, that  a  certain  virtue,  or  immaterial  ima{^  of  the 
•nn,  is  diffused  with  bu  rays  into  the  ambient  spaces,  and| 
revolving  ^Hth  the  body  of  ibe  sun  on  his  axis,  takes  bold 
of  the  pwiMti,  asd  carries  then  along  with  it  m  the  same 
directioh ;  like  aa  a  loadrtoiio  mmed  round  near  a  magne- 
tic needle,  maltrs  it  turn  round  at  ibc  aane  thnb  Tho 
planet,  according:  to  him,  by  its  inertia,  endearouta  10  ea*> 
iiiiuc  in  it«  ]>i;ice,  and  the  artion  of  the  sun's  image  and 
this  inertia  are  in  a  perpetual  »truj;<;le.  He  adds,  that 
this  action  of  the  »un,  like  liis  lii;hi,  <iern  .im  ^  .i^  tin-  di- 
sliince  increase'';  and  therefore  moves  iht  '.uni  jiianet 
wrtb  grfut'.  r  ci  li  rii\  m  lien  rii  ii'er  ilie  sun,  tlinn  if.  ;.  ^jreater 
distance.  'In  inrnunl  I'nr  tlui  phinet's  fij.i|iiiii>chini;  to- 
wards thi';.ii:i  .IS  It  de'Cends  .Tom  the  iipln  linn  to  the  p<- 

.  ,  hlielion,  and  needing  trom  the  sun  while  it  ascends  lo 
the  aphelion  a;;ain,  be  supposes  that  the  '•un  attracts  one 
part  of  each  planet,  and  repels  the  opponiic  part;  and  that 
the  part  attracted  is  turned  towards  the  sun  in  the  descent, 
and  the  other  towards  the  sun  in  the  aacent.  Bj  tnppo- 
siiions  of  thbltindt  ho  endeavoured  to  nocomt  ibr  w  ibc 
;«(hcr  varietica        celcitial  notioua.' 

But,  now  thaNle  lawa  of  nation  are  better  known  Ihaa 
they  wen  in  |iaf|giVlin%it  iaaaiy  to  slww  the  falln^ 
pf  every  pait  of  thh  actottnt  of  die  planetary  rootiona. 
Th<  planet  doeii  not  endeavour  lo  stop  in  con(e<)iience  of 
il^  inertia,  but  to  persevere  in  its  motion  in  a  right  line. 
An  attractive  force  inako  it  de<.i  <  rid  fn  iti  llir  aphelion  to 
the  perihelion  iit  a  curve  concave  luwards  itm  tan :  but 
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the  repelling  force,  wbicli  he  supposed  to  begin  at  the  p.-. 
nlielion,  woui  1  cause  it  lu  a.-ci  |id  in  ii  lit;ure  convey 
ward*  the  sun.  '1  here  will  be  occasion  to  show  aftcrwanU 
Iroin  Mr  Isaa%  New  ton,  how  an  attmction  or  gravitation 
towards  the  sun,  alone  prodtices  theelTects,  which, accord- 
ing tu  Ke|iler,  nrquiivd  both  an  nilructirc  and  repelling 
force ;  and  that  Ibe  virtue  which  be  ascribed  to  the  aun's 
image,  ptopagated  intotlie  planetary'  rp«ione,itttnneceBiuy» 
aait  could  bo  of  no  uae  for  tins  <  tiect,  ibotigb  it  were  ad- 
miiled.  For  nmv  bb  own  piophecy,  with  wbidi  he  con- 
dndea  bii  book,  is  verified ;  where  bo  trUt  us,  that ,  "  the  ' 
discover}'  of  «uch  things  was  reserved  for  the  succeeding 
ages,  when  theAuthorofNaturcwould  be  plea-i  d  reveal 
tbest;  mysteries." — The  works  of  this  celebrated  author 
are  many  un  I  viiUialdi*';  us,  .  '  ' 

J.  His  Cosini>L;r«|(liitiil  jMyslery,  1596'. 
■  2.  Optical  .^^tronomy,  in  Ui04. 

.'I.  Account  of  H  New  Star  in  Sagittarius,  1605. 

4.  New  Astruiiuniy  ;  or.  Celestial  Pbyslcf, in Comnon- 
tanes  on  the  planet  Mars. 

5.  Disnmtiou;  with  ibe  NnncimSideriuaor  Galileo, 
liiio 

6.  New  Gauging  of  Wino  Cnka,  l6lS.   SiM  to  he 

written  on  occasion  of  an  erroneotts  measurement  of  the 
wine  at  his  marriage  by  the  revenue  officer, 

7.  Mew  Epbcmeridcs,  f«om  l6l7  to  ifittX 

g.  Coparincan  Syttem,  thrae  fiitt  boob  of  the,  if  18; 

9.  HaimaDy  of  the  World ;  and  3  books  of  Comrto,  I619. 

10.  Cetmographical  Mystery,  ^3d  edit,  with  Notes,  1631. 

11.  Copernicaii  .Astronoir.v  ;  tin  l.i-T  .1  I'di  ks.  ifi^J. 
1'-.  I,ov;'"ilhniS>,  lti;;4;         llic  Suj^j) luim  iil ,  in  l62j. 

13.  His  .\-.!rniiiiirur.i:  liilj],  -.,  cilr-d  lljr  Kudolphine 
Tables,  in  honour  ut  the  enip^Tor  Riidiiijihus,  his  great 
and  le^irned  patron,  in  ifii'?. 

14.  Kpitnme  of  the  Copernican  Astronomy,  l635. 
besides  these,  he  w  rote  several  pieces  on  various  other 

branches,  as  Chronology,  Geometry  of  Solids,  Trigono* 
metry,  and  an  eiccUent  treatise  of  Dioptrics^  for  that  ■ 
time.  His  numerous  manmctipia  were  purchased  from 
his  representatives,  by  HcvcUot,  nnd  were  probably  eon* 
sumed  by  a  fiie  at  the  ofaaaratoiy  of  the  latter,  in  the 
year  lfi79i  which  destroyed  nnqr  of  hia  valnaUt  booki 
and  instromeoii. 

KBrLssfa  Lawa,  an  thoae  Uwa  of  tho  planetary  mo* 
tions  discovered  by  Kepler.  Hicn  discoveries  in  the 
mundane  system,  are  commonly  aeeounted  two,  viz.  isi. 
That  the  pluneis  describe  about  the  sun,  nreiis  that  are 
proportional  ti  the  tinifs  in  which  they  are  described,  ^ 
namely,  by  a  line  rminecting  the  sun  and  plmiel;  and  •itl. 
That  the  squares  i>l  the  tunes  ol  revidulion,  are  as  tlie 
cubes  of  the  mean  distances  (d  the  piuiu'ls  from  the  >uii. 
Kepler  discovered  also  that  the  oibits  of  the  jdiincls  are 
elliptical. 

These  discoveries  of  Kepler,  hovrever,  were  only  found 
out  by  many  triaU,  in  searching  among  a  great  number  of 
astronomical  observations  and  revolutions,  what  rules  and  ' 
laws  weiefannd  to  obtain.  On  the  other  hand,  Newton 
bos  deraoostnued,  a  priori,  all  these  laws,  abowitw  tboi 
they  aiHrt  obtain  in' the  mundane  system,  fran  the  nwaof 
MMlatiaa  and  cciufipetai  ioree;  vis,  the  first  of  tfaeae 
■wt  ramlting  fran  a  oentiipetal  force  urging  the  planclc 
towards  the  sun,  and  tbe  Sd,  from  the  centripetal  force 
being  in  on  inverae  iBtio  of  the  square  of  the  distance.  And 
the  elliptic  form  of  the  urbit^  irmi  •  pR;|cfelile  luiGO 
guioted  by  a  centripetal  one. 
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Kcplrr's  Problem,  it  ih«  (ietermining  tbt  true  from  the 
iiHMn  anomaly  of  a  planet,  or  the  determining  iis  pliici', 
io  its  elliptic  orbit,  unwerii^  to  tmy  givwi  lim;  aimI  m 
imned  from  tbe  crkbratad  ttuauamir  Kt^kr,  who  int 
pWMM^it.   Sec  Anohalt. 

TlmjIIMinl  state  »r  tlie  probleui  is  ihn.  I  n  find  thii 
■kMitMB  of  a  tiffin  tine,  wlaicb*  pusing  tkroiuh  oat  of  iJm 
rod  of  aa  olli|Mifc  cImII  cut  off  an  un  wfci&  ihdl  bo  h 
my  amn  pioMrtiaB  io  the  wholo  arw  «f  th«  dUpM: 
whim  nMUl»  Boa  thk  property,  that  tmA  a  Una  tmtft 
arcat  that  anrprtpottioBi]  to  the  time*.  Many  loiatioiii 
ha*«  been  pwt  of  this  problem,  some  direct  and  geom^ 
irical,  oltieri  not:  vit,  by  Kepler,  Uulliald,  Ward,  New- 
ton, Keill,  .Murh>n,  dtc.  S>ec  Newton's  Pnncip.  lib.  I. 
prop.  31,  Ki  itl^>  Aatron.  Lect,  99,  Philoi.  Tmrn.  Ahr, 

Tol.  8,  pa.  177,  iVC. 

Io  till-  lu^t  ut  ttii>e  (ilucc5,  .^Ir.  Mucliiri  olj- ■!  ii->,,  tliul 
many  atlciupl!i  have-  been  inndo  at  didercnt  time*,  but 
with  nogreut  succi'ss,  townrdj  t)if  jDliition  of  tbc  problem 
piupui.i-d  by  Kfplur:  To  divide  the  uri-a  of  a  semicircle 
into  •;ivcn  parts,  by  a  lint-  drawn  from  n  given  point  in  the 
diameter, in  order  to  find  a  nnivenal  rule  for  the  motion 
of  a  body  in  an  elliptic  OrUt.  Fw,  among  the  several 
nathods  offered,  soaie  ara  only  tnia  ia  meculMioOt  but 
aia  really  of  no  Nnicai  othm  ara  not  dnuMt  ftam  iu» 
•m,  whtcb  ha  judged  iinpioper.  And  nTto  the  nit,  they 
an  all  M  limited  and  eonlaed  to  parttcttfcur  coaAtMiHaMd 
tircomsiancei,  ai  ttill  to  leaeo  t»«  proUen  in  ganeral  un- 
touched. To  be  more  particular;  it  is  evident,  that  all 
cotisiructions  by  mcclisniral  curvet  nrc  seeming  solutions 
only,  being  in  reality  uniipplicahli' ;  that  the  roots  ol  in- 
iinitf  series  are,  on  iiccuunt  (if  tlicir  known  litiiiiulintis  in 
all  riapecls,  lo  far  tinni  being  sufEcicnt  rules,  ttiat  tluy 
serve  for  little  more  than  exercises  in  a  tnctliod  <>t  calcu- 
lation. And  then,  u&  to  tbc  universal  method,  which  pro- 
ceeds by  a  cuntuiued  correction  of  the  errors  of  a  btlse 
poMtio^  itte  DO  method  of  soltttiaa  atallin  inoif;  because, 
unlen^iare  be  (one  antecedent  rule  or  hypotberie  lo  he> 
.^>tiiaapeniiian  (as  suppose  that  of  an  oaifatm  motion 
■•Mit  thii iippar  focus,  for  the  orbit  of  a  planet ;  or  thai 
of  a>n9lion  in  a  paniiola  for  tiia  jperihalioo  part -of  iJm 
orbit  of  a  coaet,.or  wmethiairoi  aiinilar  natara,)  it 
would  be impoesifala  to  proceed  one  ilapio  it.  Bataeno 
gneial  rule  hae  ever  yet  Iwaa  laid  down,  to  aariit  this  ne- 
4h.odt  to  ai  to  nahc  it  alwi^  operele^  it  is  the  same  in 
effect  as  if  there  were  no  method  at  all.    .^nd  accordingly 

iri  1,  N-.irrieiico  it  it  louiul,  lliat  their  is  n  i  nil'  ruivv  subsist- 
Ill^  but  tthat  ib  iibtulutrlv  usflcvs  in  tin:  ellipiic  urbili  of 
riiiii.  !^  ;  lur  ni  such  cuMt  there  is  no  otlii  r  wny  to  pro- 
ceed L)ut  that  vvhicn  iisnl  hv  Kepler:  to  compute  a 
table  for  some  part  of  orl\t.  ami  m  it  examine  if  the 
tiane  to  wbicli  the  place  is  rL-quircd,  «  dl  fall  out  any  where 
in  that  pun.  .So  that,  upon  tbc  whole,  it  appears  evident, 
thai  this  problem,  contrary  to  the  received  opinion,  has 
never  yet  been  ad  vaaced  oHc  Step  towards  its  true  solution. 

Ut.  Macfain  then  proceeds  to  give  his  own  solution  of 
thif  problem,  which  U  paiticularly  itccct»ary  in  orbits  of 
a  gnat  axcoMfki^iHwld  Im  illnitratea  hit  method  by 
example  fiirtl#«rM»tfVantM,ofMerenry,  of  the  comet 
of  the  yev  ifiH^Hd  «f  the  gnat  comet  ofihe  year  ifiaPk 
•nffldcntly  ehowtng     vnlTenality  of  the  meUod. 

KGYtlH  Mmic,  it  a  certain  fundamental  note,  or  tone, 
to  srhkh  the  whole  piece,  be  it  concerto,  sonata,  cantata, 
tec,  is  accommoduied  ;  uud  with  wUch  itmnally  hrywtt 
and  always  eods. — &ec  Lxer.  '  \ 


Krts  denote  also,  in  an  organ,  or  Larp|ichotd,  &c, 
the  pieces  of  wood  or  ivory  which  arc  etrock  by  the 
Hngers,  in  playing  upon  the  instrumeat 

KiYvroNE,  ii  the  middle  vousaoir,  or  the  nrch  stone  in 
the  top,  or  immediately  over  the  centre  of  an  arch. — The 
length  of  the  keystone,  or  diickness  of  tbe  archisolt  at 
top,  is  allowed  by  the  beet  archilectw  to  be  aboot  the 
Ifth  or  iSth  part  of  tbe  spaa. 

KILDI^RKIN.  a  kind  of  fii|rid  iimmmr,  cwilainiag 
two  firUns,  or  18  gallons,  beer>ineeetti^ 

KING-P'ccr,  or  Ki  vc-port,  is  a  piece  of  timber  set  np> 
right  in  the  middle,  between  two  piindptl  rafters,  aoid 
having  strata  or  braccagaingfromittotheiRiddlaofeacb 
rafter. 

KIKBY  (JoMIU.*),  vvut  the  eldest  of  the  live  sons  ni 
Mr.  .fohn  Kirbv;  who  was  onginally  ii  sthoolraailer  at 
Ortoul ;  but  afterwards  took  an  actual  Mjrvey  of  the 
county  of  Suffolk  in  the  year  1732,  &c.  and  published  a 
small  map  m(  it;  as  also  the  Suffolk  Traveller,  \7.ii, 
I  -2mo :  a  new  and  enlai;ged  edition  of  which  was  pubiisbod 
by  subscription  io  io  which  tiie  name  of  "  Joshua 
iCirby,  Em.  datigaer  ia  petioaetifa  to  hit  mtjesty,"  ocean 
braOoopU.  Mr.JolmKiitydiadatlpimch,I)eeilS, 
I7M,  flgedifS. 

Ooraotlnr Mtad wae  bom  ia  lyifit  ■*  P»dnn.  near 
VneUmrn'Mackei;  and  leided  at  a  ^oiiio«aiiiler  at 
Tpiwich  about  the  year  I73S.  He  alwayi  bad  a  gpiilua 
for  drawing,  and  published  12  prints  of  caatlei,  andcat 
churches  and  monuments,  in  Suffolk,  with  a  small 
pamphlrt,  cTjr.taMiiii:;  further  illustratiom  ofiiitm.  I'mt 
the  stuily  wtiich  kil  iiiin  lo  eminence,  was  thkiS  ui  the  art 
of  perspective,  in  his  improvement  of  whicli  it  luiiy  almost 
be  saiil  that  he  invented  A  new  art  ;  so  simple  Wiis  his  me- 
thoil,  in  C'jnipiirisMii  uiili  li  e  iv'-K  'hat  time  in  use 
lie  had  mode  a  considerable  progress  in  his  treatise,  when 
he  met  with  Dr.  Brook  Taylor's  l>ook,  which  coiuiibmod 
to  the  peifcctinf  of  those  rules,  by  which  he  rendered  this 
art  so  easy,  that  on  the  publication  of  his  work  he  was  re- 
quested by  the  Society  of  Artiett  lo  lead  lecturea ;  for 
whicb  ho  iMrived  the  thanka'of  ila  neaiben,  io  tbo  pul^ 
tic  pcpm. 

Having  obniaed  Ac  fricodAip  and  Intimacy  of  Sir 
Jwhua  Reynolds,  Mr.  Hofkrtb,  OM  oAar  eeuoent  artists, 

he  qiiitttnl  I[>swich,  and  temoved  to  London;  wham  ha 

tvas  putronixed  by  the  eari  of  Bute,  who  introduced  him  to 
his  present  majesty,  uhen  prince  of  Wales,  and  was  ap- 
|i(iinfi-il  clerk  of. the  works  at  Kew.  By  his  majesty'* 
palaiuape  he  publish<><l,  in  17f>!.  his  splendid  ^vl)lk, 'H«; 
I'erspectii  :  ..|  A  ■  r hlli  cture,  in \,  li.lin  ,  ln-iiii;  a  mas- 
terly perforni  iiite,  and  the  elegant  a.  -.jaji!,  uith  which  it  is 
illilstrnlcJ  rethrt  honour  on  the  artists  of  our  ruuntry-— 
In  I7<'6,  in  conjunctinn  with  hi'  brother  William,  then  of 
Witnisham,  in  the  county  ''•f  'suli  .Ik,  ftttornr  y  at  law  i  who 
died  Sept.  S5,  1/91,  og(  d  72),  be  published  an  improved 
edition  of  their  Other's  map  of  Suffolk,  on  a  larper  scale. 
.Mr.  K.  was  a  member  both  of  the  Royal  and  Antiqtmrtan 
Societies;  ami,  at  tbe  first  forming  of  the  Royal  Aradrm^r, 
he  wae  preiideot  of  tbe  Society  for  Artists,  from  which  that 
inttitution  rmanaied.  lathe  year  1768  he  published  a 
9A  edi^n  cf  his  Treatiw  on  PMapeAive.  Nr.  K.  died 
June  20, 1774.  aged  A»,  and  wae  bmicd  in  Kew  ehorch< 
yard,  leaving  hi>  widow,  who  iM  th^  yt«r  aficr,  and  » 
daughter,  the  celebrated  Mn.  Trimmer,  nf  Old  Braatfcid, 
esteemed  for  numerous  w.rks  for  the  instruction  of  youth. 
KIRCH  (CaaitTiikN  Frkpkuc),  of  B<rlin,  a  cel^ 
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bralcd  nitronnmpr,  wss  horn  at  Giiix!)  in  lG<)4.  lie  »c- 
quired  great  rcput.iiinn  lu  liu'  tibsi  i  v,i(i!rii>  ot  Unnlzic  luul 
IW  ilin.  (iddlrey  Kiicb  luttirr,  and  Mary  ins  mother, 
also  acquifi-d  cuiuidrniblo  rppuiatioii  by  thi'ir  a^trunuini- 
c»l  olucrtaliuu).  This  family  currefpondrd  wiib  all  Ihe 
kanwd  M)ci«ti«9  of  Europe,  and  tfaciraMmxininl  w«rk» 
■ic  in  gmt  repute. 

KIRCHI-.U  (ATHAKASiiit),  a.  noted  pliito>ophrr  and 
nutbeinaticiHn.  wa*  burn  Ml  Ful<io  in  lfl01«  liecMeivd 
into  the  luciccy  of  tJie  Janito  in  I6I8,  md  tan^  f»UI» 
•ophy,  mathcmatica,  the  Hebrew  and  Syriac  languages,  in 
ihe  luiiveniiy  of -Wifttbuig,  with  great  applauw,  till  the 
year  1031 }  when  he  reliivd  to  Frano-,  on  account  of  tbe 
ravages  committrd  by  the  Swerfn  in  Fraiiconia,  and  lived 
tuinic  lime  at  Ati^nun.  He  was  ul'tcrvvards  called  to  R  jnir, 
Hliirc  he  lau^lit  unithcni8tic>  m  liic  lloman  collrgc.  col- 
)rrtp<i  a  rirli  r.ibiiu  I  of  niacliinr»  and  antil|Vitias,aRddied 
in  i6bO,  HI  llic  mill  yoarot  his  ace. 

The  (jiiiiiit.iy  111  Ills  works  i»  inu:  11  1 ,  umonnling  to  22 
voliimth  in  ikIio,  II  in  quarin,  aint  tiirt-c  111  octavo; 
i  iiougli  t<i  I  tii|^ili>y  a  man  foragD  at  part  of  his  life  even  lo 
traiMcnbu  Ihcni.  Mou  of  them  are  rathejr  curiotu  than 
UHfut;  many  of  them  visionary  and  fandM}  rad  it  in 
not  to  be  wondered  at  if  they  are  not  alwayi  wcouuiad 
with  the  grCMiett  exaetncM  and  pKcitioa.  The  pifaidptl 
of  them  are, 

1..  Pneluaiones  Mapietlne. ' 

t.  Primiiia  Onoroonicia-  Cataptricat. 

3.  An  migm  Lndt  et  Umbnk . 

4.  Muturgia  Univenalit. 

5.  Obeltscus  Purophiliut. 

6'.  Ck-dip>:~  .V.L'>  I'tiariis;  4  vuilUMi ibUOk 

7.  lliufrurium  Lxtulicum. 

8.  Obelit^iis  yEgyptiacut;  4t*ollimUiOi 
9-  Mundus  SiibtPiraiR-us. 

10.  China  Illu!ii:.iia 
KNOT, 'a  tyo,  01  complication  of  a  rojie,  cord,  or  string, 
or  of  the  end*  of  two  lugrthor.  There  arc  divers  sorts  of 
knots  used  for  different  purpose*,  which  may  be  explained 
by  tfao»iii<;  the  figure*  ot  thrm  open,  or  undrawn,  thus. 
l.Rg.  1,  plate  17,  is  a  Thumb  knot.  This  is  the  simplest 
Hf  alt  It  it  used  to  tye  at  the  end  of  a  rone,  to  prevent  its 


through  the  Inop  A,  and  iho  part  c  d  is  draw  n  close  aljoul  a 
Liciim,  &c, —  l  ig.  7  is  uiioil.i  r  kimi,  to  lye  any  thing  to  a 
post.  And  hire  the  end  may  be  put  throuch  as  olten  as 
you  please. — Fig.  8,  a  ferv  snail  kno(.  A  thumb  knot  is 
fitvt  made  !<l  the  «  nil  ol  each  pied-,  and  then  the  end  Vf 
iIk-  cirhi  I  1^  (>nrMd  through  it.  'I  liu»,  the  cord  Ctf  tuna 
ihri'U^h  tl.o  loop  d,  and  b  d  ihrouji.  c;  and  then  dnwii 
close  by  pullin|>  at  a  uiid  b.  ll  ihe  cuds  e  and /bedtSWII, 
the  knot  wUl  be  looacd  again*— Fi|.  9,  a  FUhti'*  hM,  or 
Walir  iiiN.  Thia  ia  the  Huue  at  the  4ih,.mily  the  vods  an 
to  be  pat  twice  tbiwigh  the  ring,  w  hirh  in  the  former  was 
bvtooce;  ud  thai  drnwoclmevi— Fig  10,  a  Making  knot, 
ibriwtts  and  it  to  hedrawacW.— f  ig.  1 1,  u  Barbn't 
Aaef.oraknotfomwlsof  wigs;  ami  is  10  be  drawn  clo^c. 
— Fig.  11,  a  BtJWlinr  kvot.  'Whdi  this  is  draHii  rlov  ,  il 
niaki^  a  loop  thai  will  not  sliji,  us  tip.  7  ;  mn-  i»  fyi  ->  10 
liiith  over  any  thing — fig.  IJ,  u  liaU  knot,  vilncli  is  nm-le 
wall  itie  tlirrc  strandii  ot  ii  ioih-,  s-.  iliut  it  cannot  >lip. 
Wli.  li  !li<-  rii|K'  IS  )Hll  lliiLi.jti  a  lioli  ,  thi*  knot  kl'e|l^  It 
I'riirii  siippiiij;  through.  \S  bi  n  Ih:.-  ihice  sliiiniis  are  «  r<ini;ht 
rouiui  once  or  twice  ii;ore,  utter  the  wiiue  manner,  it  i» 
cajled  cmuMing.  Uy  this  meaos  iho  knot  is  made  l«rg<t 
aod  ttromger.  A  ihumb  kml.  No.  1,  may  be  applied  to 
tlte  same  use  a*  this. 

Knots  mean  also  the  divitiont  of  the  lag  litie,  used  at 
•ca.  Theaoare  tistially  7  fiuiiama,  or  48  fc«t  asunder; 
bM  •boaM  be  H  Mbamn,  at'  io  feet.  And  then,  at 
awny  biMMa  aa  the  log  liae  mot  oat  in  half  a  minute,  so 
■any  miles  doca  (be  wip  bbH  Id  an  hour ;  tuppusmg  her 
lo  keep  going  at  an  cqaal  ntte^  ond  allowiagforyaiwt,  lee- 


way," 6cc 

kOFMG  (Samuel), 
thematicmn,  was  u  Swis 

einiruiifr  liy  1.1-  niiillji-in 
ol  philosophy  and  natuia 


a  learned  phi^  ^npher  and  m^ 
by  birtli,  and  came  early  into 

Irsi'l  aliijrics.  He  was  prulessor 
iaw  at  Franeker,  and  alierwards 


at  the  Hague,  where  he  became  also  librarian  to  the 
stadtholder,  and  tu  the  princess  of  Orange;  and  where  be 
died  in  1757. 
The  Academy  of  Berlin  enrolled  him  among  hen 
hot  afterward* expelled  him  on  the  lollowiiigt 
sion.   Maupertait,  the  president,  had  inserted  in  the  vo- 
lume of  the  Memtfit*  for  I74ti,  a  discourse  un  the  Lawa 


ooeningoiit:  it  ia  abo  mad  by  taylois,  &c,at  tbe  cod  of  of  Motion;  wbieb  Koanignotonly  atiaclied,  butaiaoattii* 

their  threal;  baled  the  aMaioir  to  Laibaita,  Maapertuit,  stung  with 

Kg.  3,  a  Jjx^  knot. .  Used  to  J«ia  plecea  of  rope,  tbe  impatatioa  of  pla^iiiai,  engaged  the  Academy  of  Rer- 

tQgWier« — Fig.  3.  a  Draw  knot,  which  »  tbe  BHne  aa  Ibe  Jmta  call  open  hidi  for  his  proof;  whitli  Koenig  tailing  to 

latt;  oaiy  one  end  or  both  return  ihe^me  way  back,  as  produce,  be  was  struck  out  of  the  academy.  All  Kurope 
mbei.  Byd 


drawing  at  a,  the  part  bed  comes  through, 

and  the  knot  is  loosed.  — Fig.  4,  a  King  knot.  This  serves 
also  to  join  pieces  ot  con),  \-c,  together. — Fi^  5  is  another 
knot  for  tying  r<iriis  [.,1^1  ;/.cr.  11. is  is  uscd  when  any 
cord  is  often  to  be  loosed. — Fig.6,  a  Huniungbiot,  to  draw 

MyduDgclotfc  B]rpHlli«gattbt«Bil4^tbacofdiidn»B 


was  interested  in  the  quarrel  which  Ibis  occasioned  betn  een 
Koenig  and  iMau|>ettnis.  The  former  appeahd  lo  ihe  pub- 
lic ;  and  his  appeal,  urilteii  willi  llie  animnllun  ot  le.snnt- 
ment,  piocured  him  many  friends.  1  le  Wiis  author  nT  snme 
other  works,  and  had  the  character  of  being  one  ol  tbe 
oftboaae; 
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LAB£L, «-  long  thin  bnti  rake,  with  •  unall  «g|it  at 
ane«Ml»and  n central  fcole ^ iIm oUwr;  coBnonljr 
UMd  with  a  t«i(nM-  line  on  lh«  edgp  of  •  circiinJcnnilor,  to 
tnlcc  allitudn,  and  olbrr  an|||ei. 

LACAILLE  (NicaoLAS  Lbwi»)^  an  cniitcnt  French 
maibt-matician  and  asiroDonM-r,  was  Iwrn  «t  Rumigiiy  in 
the dic>ci'M- uf  KiK'iiiH.ln  1713.  Ilii>  father  having  quitted 
the  arrny,  in  which  he  had  wrvt  d,  ainu»cd  hiniiielf  id  his 
rciiii-riK'in  «itli  •>tu()yirii>  iiiaihriiiatii iiiid  mechanics  •» 
«Iik  Ii  111  priivrd  llii-  liupiiy  luillior  nl  •>cM.ial  inventions  ol 
cunsuicruiilr  U'l.!  t<j  tlir  |ui  IiUl.  I  |i>)i:  tlii»  example  uf  his 
father,  uur  uiilhor  aluiu.it  in  ins  Nil>inty  to«ik  a  fancy  tu 
mecbanic»,  and  nt  school  diicoven  J  very  early  tokrn>  of 
genius.  In  I7»y  he  came  to  l^urks,  where  he  studied  the 
c'la.v^io,  philosophy,  and  malhematict.  He  afterwards 
•ludied  divinity  in  the  college  de  Navarre,  with  the  view 
of  embracing  the  ecclesiaslical  life:  however  be  ocwrmH 
leied  into  priest'*  orden^  appnhcndiBg  ihnt  liis  utrono- 
ndcal  sUHUOi  to  wUdt  lie  bmi  becanw  nwdk  devoted, 
might  too  muck  'iMciftn  «itb  hie  tvligiow  dultei.  His. 
attochtMBt  to  aatnmoaiy  icon  ooiuMctad  Urn  with  thn' 
criebratcd  Cauini,  who  procured  him  an  apartment  in 
the  observatory ;  where,  aisifted  by  the  couitieU  of  this 
celebrated  man,  he  soon  acquired  a  iiami'  aiiiuii^  tlip  as- 
tronomers. In  1739  he  was  ei)ga|{ed  *nlli  M.CaMini  de 
1  liur)  ,  son  to  JLCaisini,  in  verifying  the  mciiilian  t  li  mu-Ii 
The  whoii'  exlcr.l  «l  I'l.iiici-:  hiuI  in  the  mmv  year  he  »Ki 
named  proloMir  ul  iimiIm  niiiHL'.  m  ;;.<  njUige  (if  Majta- 
rine.  In  1741  our  author  was  admitltil  mtu  thi:  Academy 
of  Sciences  as  an  adjoint  member  fur  u^tloIlulny  ;  snd 
had  many  excellent  papers  inserted  in  thtir  Memoirs ;  be- 
tide which  he  published  Mveral  useful  treatises,  viz,  Lle- 
ment!>  of  Geometry,  AtUonumy,  Meclmmcs,  and  Optic^. 
He  also  raret'ully  compuied  all  the  eciipies  of  the  Bun  and 
moon  that  had  happened  since  the  Christian  era,  which' 
were  printed  in  the  work  entitled  I'Art  de  verifier  k<« 
Dmca,  itCt  Pant  17M^  >n  4lo.  Ucaltocompileda  voIium 
ofaitionomicnlaphaiMridci  for  Ae  yean  1745  to  1755; 
another  for  the  yean  1755  to  1765}  aad  a  lUrd  Cwtlie  • 
years  176s  to  1775 :  at  atfo  the  moit  correct  solar  ubies  of 
an)  ;andunexcellcnt«'orli  entitled  Aitronoraisfundanicnta 
novissimis  solis  ct  stellarum  observationibus  stabilila. 

Having  i;one  through  a  series  of  sen  11  y  u-lri  n  i- 
mical  observations  in  his  own  observatory  ui  Ma/ai  iiie 
college,  he  formed  the  )it.  ji  rt  u(  gmng  to  ulisorv.  (he 
touthem  stars  at  the  Cape  ot  Good  Hope:  (jviiig  cuun- 
(cnanced  by  ihc  French  court,  he  set  out  upon  this  expe- 
dition in  1750,  and  in  two  years  be  I'bM-rved  the  places  of 
about  10  thousand  stars  in  the  louihern  liemiiipherc  that 
ant  not  visible  in  our  latitudes,  as  well  as  many  other  im- 
liortani  clement*,  vis,  the  parallaxes  of  the  sun,  moon»-and 
■one  of  the  plaaetSi  the  obliquity  of  the  ecliptic,  llw  to* 
fractiofM,  dec.  Hawing  dm*  executed  the  purpoaaafUa 
««y^ic^aad  iw  pitmnt  oppoctusiiy  ofiehag  itir  kii  ictun, 
ho  tboaghtof  amployiag  thn  waat  jine  ia  another  ar- 
duotu  attcmoli  ■amely  that  of  taUag  the  mcanito  of  tlw 
earth,  at  he  Bad  already  done  that  of  die  hewreni.  TUi 
indeed  bad  been  done  before  by  many  learned  men  both  in 
Eurofic  and  Ameiioa;  ioma  detenniniiig  the  quaniity  of 
Voii. ). 


a  drgtae  at  die  equator,  and  othen  at  die  arctic  citclet 
but  it  had  not  yet  heea  decided  whalhcr  in  die  loulhem 
panMela  of  latitude  tbeiaacdineMiam  obtained  as  in  the 
northern.  Hi*  hibonn  wvre  levardcd  with  tli<  satisfac- 
tion he  u'ithe«l  for;  having  dit.rmintd  a  in-tance  of 
fi"ct  from  a  place  called  Kii[>-FoniMi  lu  Mu  Cape, 
by  means  of  a  base  of  388012  lu  i,  tlirci  i  km  n  aciiially 
measured:  he  discnvered  a  m  «  secret  ot  nalun,  niituely, 
that  ihr  ludii  01  t:..  parallels  m  suutb  latitude  are  not  of 
the  same  length  as  tiiuso  of  the  cm  respondine  p^rHlIek  in 
north  latitude.  About  the  2.3d  degree  ot  snuih  i.intudc 
he  founil  a  degree  on  the  meridian  to  contain  J4v"JS2  Paris 
feet.  Agreeably  to  the  orders  from  the  court  of  Ver- 
sailles, he  tixed  the  situation  of  the  Isles  of  I'rance  and  of 
Bourbon.  While  at  tlie  Ctape,  he  observed  a  wonderful 
cti'ect  of  the  atmospherp  in  some  state*  of  it:  though  th<t 
sky  at  the  Cape  he  generally  pure  and  ierene,yet  mhhn 
the  (outb-eait  wind  Idows,  wliich  is  pivtty  onen,  it  ii 
attended  with  tone  itiange  and  even  toniliie  cibctt:  tha 
•Ian  look  larger,  and  aopear  to  danoe  t  the  moon  hips  an 
tmdidating  tremor ;  and  the  pianetc  haw  a  lort  of  bcatd 
like  comets. 

M.  Lacaillc  returned  to  France  in  the  autumn  of  1754, 

after  an  absence  of  1  years ;  loaded,  not  u  ith  the  spoils  of 
the  east,  but  with  tho»e  of  the  southern  hcavans,  before 
then  almost  unknown  to  aslrunnnieis.  Cii  his  n  turn,  he 
hrsl  drew  up  a  ri'ply  to  some  strictuns  winch  the  celt- 
bridled  Luler  had  publi^hi  l  u  i  i  iw  to  the  ini'ridian:  alter 
which  he  si  llied  the  risuiu  ul  the  comparison  of  his  ob- 
servations lor  ilic  paralluxs,  »iih  those  of  other  astrono- 
mers i  that  of  the  sun  he  tixed  at  ;  of  the  moon  at  56' 
56";  of  Mars  in  his  oppoaiiion,  36";  uf  Venus  9^.  He 
aKo  settled  the  laws  by  which  attronomical  refractions 
art  varied  by  ihi;  different  doMi^  or  rarity  of  the  air,  by 
heat  or  cold,  and  by  drynesi  nr  moisture.  And  laitW  ha 
showed  an  easy  and  practicable  method  of  finding  the  1on> 
gitude  ataca  bymeanaof  lhamoon.  Jiiiliuno  beiogaow 
gpneially  eetoldiihed,  ha  «u  etecKd  a  mamhar  of  moet^ 
the  aoademieeatid  locicdcaof  Eur 
Paleiabur^  Borlia,  Stockholm,  1 

In  1760 our  audior'WBa attacked  with  a  severe  fit  of  the 
gout ;  which  however  did  not  interrupt  the  course  of  his 
siuiiics;  for  he  then  plaruu  i  n  new  and  large  work,  in- 
Itiided  lis  li  histyry  of  astioiiuri'  v  iliroujjh  all  ages,  with  a 
compari^on  of  the  ancient  and  nuM.li  rii  observations,  and 
the  construction  and  use  uf  the  iri:»ti  uiir  iiIs  cmployid  in 
inakin;;  tlirni.  Towards  the  latter  part  of  17(<i,  his  con- 
stitution became  greatly  reduced;  though  his  miiid  con- 
tinued unaffected,  and  he  resolutely  persisted  in  his  studies 
to  the  last ;  death  only  putting  ao  end  to  bis  labours  the 
21st  of  Maidi  VfOt,  at 49  ytm  of  age;  after  having  com- 
mitted  his  manuicripts  to  the  care  and  discretion  of  hit 
ettccmed  friend  M.  Maraldi, 

B««idea  the  publicatioitt  before  mentioned,  and  perhopa 
tome  othen  abo,  he  had  a  vaU  number  of  paper*  imetted 
intbeeolmiMof'diollMioifoof  tke  French  Academy  of 
SdcMM^  muck  toe  mnNmot  'iadcedv  fhough  very  im^ 
portent,  to  be  here  all  mndoilMl  pilliealiiqri  ■nflice  t^ 
therefore  just  to  disiittguiik  tho^taia  of  thoM  voiumct  1 
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whicb  his  pieces  arc  to  be  Tound,  by  the  lotlowing  liit  of 
ihcm.vii,  1741,  1743,  1743,  17*»,  1745.  17*6,  1747, 
1748.  1749,1750,  1741,  1752,  1753,174*.  \7f>5,  I75ti. 
1757,  1758,  1759,  1760,  I7fil,  17<a;  In  »ll  or  most 
of  which  yean  ihere  wre  two  or  ihuc  or  more,  of  hi» 
papers. 

LACERTA,  Uurd,  6iie  of  the  mw  conitdlaiioro  of  the 
MMbem  lMiuiH>bfi«»  «Mc4  by  Httcliw  to  the  48  old 
OMI,  nor  OpLew  end  CaMiopcii.  Tbi*  caoclctlMioa 
COBtaim,  in  HevelinA  ntalogoo  10  tun,  mi  in  Ttam- 

iteecl's  16. 

LACUNAR,  an  arched  roof  or  cielinR;  more  e4iKCi;«li/ 
Ae  lilaiikin;;  or  flooring  aboVe  thr  porticos. 

LA  1)Y-£)"V,  the  ■25th  of  Marcli,  U  iny  ttie  Aniufncialion 
of  the  lldly  N'lrnm. 

LAGNV  (TiKiM.ts  i>e),  un  enimt-iu  1  riiich 

qiatherruitician,  was  bnrn  at  Lyuto.  Foiirnicr's  llucliil, 
and  Pelltlicr's  Algebra,  by  chance  falliu;;  in  hit  way,  lU- 
Tck>ped  his  genius  for  the  inatlinnatics.  It  in  ^aln 
tethia  father  designed  bim  lor  the  law;  he  went  to  Pana 
to  deliver  himself  wholly  up  to  the  siuc*/  of  hi)  faronriie 
■dcnMi  uad  is  iSSIt  <•«  Abl^  Hignon,  prutt  ctor-^meral 
ofbtMlIt  H*  W«»  anpointed  profcs»i>r-royal  of  hydrogra- 
phj  at  JIadMlMt.  Somisfter,  the  duke  of  Orleans,  then 
ri|ent  of  Fraacv^fiMd!  ttin  at  Pane,  and  made  him  tub- 
director  of  ibegnwcal  liankiiB  wbicii  bo  loat  tbeg^cat 


ti)  fiiTnimslratc  the  superiority  of  the  atialytic  metluKl,  haij 
the  i-ffi  ct  of  tiuchiTi!;  him  bis  true  patli  lu  i^lurv.  di  - 
voted  himM'lt  tu  thi»  new  ftudy  with  the  suiiie  »uccc5s  that 
he  liail  had  lo  synthcsi.-. ;  unci  his  application  was  so  4tr 
cidcd,  that  at  the  iige  ol  It),  hr  brcHrtic  priit'essnr  of 
theinalics  in  the  ru>Al  iiiihiary  >chi  i>l  ul  1  urin. 

'I'lie  youth  of  the  prof«'»sor  however  hu<l  no  eflect  is 
hindering  the  pupils,  all  older  than  bimtelf,  from  profiting 
ti^  bia  IrMona.  Sumo  of  ibcm  bo  dittiaguiibed  aa  bia 
ffMadai  and  tbu  early  aHorialion  laid  tbe  fonndadoa  of 
an  imponaat  institotionj  tlM  Acadtmy  of  Tnfin,  wbich 
published,  in  1759,  a  first  volume,  oitdertbe  Ulleof  Aclea 
d«  la  Societe  Pri*e4.  In  tboic  actt  it  appears  that  the 
young  Lagrange  directed  the  philosophical  rev  nrches  of 
(!il;iui  tlie  anatomist,  uiwl  the  labours  of  the  Chfvalier  de 
SaluCfi.  Ilf  turiii^hcd  to  I'onceniN  ihc  anaK  tiol  part  of 
hi>  mtiiii  1 1  ■-,  U  .mn!;  to  him  the  ti)s|»  ul  ri<  v  t  Inpui:;  tlx'  rea- 
kooHin  upon  «  hi rh  the  formulas  di  jKmled.  iJiu  Ijigrange, 
wliile  he  abandoned  insulated  theorem*,  puhjitlied  at  the 
same  lime,  under  his  own  tMttiie.theorieswbich  he  promised 
to  develope  further.  Thus,  alter  giving  new  formulas  of 
maxima  and  minima,  in  all  cases,  after  having  thown  tiw 
insufficiency  of  (he  knuuii  methods,  he  annuunced  tbat  ho 
would  treat  lhi»  tubjeci,  which  he  considered  as  impartaat, 
in  a  worli  whicb  bewas  preparing,  in  which  wooM  bo  da- 
doocdt  fron  the  aamo  principlcfii  all  the  mechnnical  pro- 


part  of  bis  fbrtane  in  the  bilara  of  that  eatabliifammt.  paitict  of  badica^  whatMraobd  or  iotd,  thereby  laying  at 
He  had  been  received  into  the  ancient  acaJmay^  ihe  app  of  tlftha  fMiadation  of  thoie  gfoat  TMHia  which 


on  the  renewal  of  which  he  wa«  named  aMOCiat^gMH 
metrician  in  If)99.  aiti  l  ei  M  iur  in  \7  25.  Adi-ralifc 

spent  in  close  ajiplicul  ,  lii^  dicii.  April  i'i,  l7ot- 

I),  l-it;(iy  1  ar.K  il.irlv  t\c<  ll«d  in  arithmetic,  algebra, 
and  gcuMieiry,  snwhich  he  uiadr  many  ihipruveinenls  and 
disco vi'rit>*..  He,  as  well  !».s  Ixibnilit,  mvetiied  n  binary 
arithmetic,  in  which  only  two  fij^uni,  are  cuncerned. 
He  rendered  much  ea«.ier  the  resolution  of  al:;i-briiic  <  qua- 
,  especially  the  irreducible  catM;  in  cubic  et^uaiions ; 
the  numeral  resolution  of  the  higher  powers,  by 
of  short  approximating  theorems. — He  delivered 
4M  lioaaaraa  of  angles  in  a  new  science,  called  Oooionie- 
liy  t  in  whicb  ho  OMiaand  ai^^laa  by  a  pair  of  compaiHa, 
wtttont  tcaka,  or  tMn,  to  gnaft  oxacineM;  and  tli«a 


cooatitDte  tho  admitation  of  philueophett. 

Newton  had  undertaken  to  submit  the  motions  of  Duids 
to  calciilatiun,  ami  had  made  resi-nrches  on  the  propaga- 

tiiih  1.1  -^  .iiiiil ;  but  his  principles  were  insufficient,  and  his 
Mipponiiiuis  sometimes  rrroneou*.  Laiiruniie  demonstrated 
this,  and  founded  his  irs.  .irclM's  <<ii  tlir  i..iHinii  laws  of 
dyr>»iniCs,  by  coiisidrriii;  only  in  the  air  the  particles 
which  are  in  11  strui^lit  line,  tht  n-by  reilncuig  the  pniblein 
to  tbaliif  \ibraling  chords.  He  demonstrated,  that,  what- 
ever ligure  is  given  to  the  chord,  the  duration  of  the  osciU 
iatwiH  is  always  the  same:  a  truth  derived  from  expert- 
aaent,  bat  which  Dalembert  conMdered  as  very  difficult, 
if  not  imposcible,  to  demonstrate.  He  then  passed  to  tho 
propaf^tiun  of  tonnd,  treated  of  simple  and  compomd 


gave  a  new  appearance  to  tiigMMineUry.^ycloaM.>tiy,  or  echoes,  of  the  auxlute  of  aoaads,  of  the  pootibility  of  6mt 
the  measure  of  the  circle^  waa  aho  aa  object  of  hia  atten*   spreuding  ie  |ho  aame  apnea  withoot  ialerlrring  irith  aach 


tion :  and  he  calculated,  by  meant  of  infaila  arfiiia,  the 
ratio  of  the  circumference  of  a  circte  to  ita  rfiaaieler,  to 

MO  places  of  figures. — He  gave  a  general  theorem  for 
the  tangents  of  multiple  arcs  :  with  nmny  other  cu- 
rious or  useful  improvements,  whl(  ii  an  :  an,  I  in  the 
greftt  multitude  of  his  papers,  that  are  priiilcd  in  the 
dirt'Tent  volumes  of  the  Memoir*  of  the  Academy  of 
Sciences,  vir,  in  almost  every  volume,  from  the  year 
1699  to  17:9 

LAGRANtJK  (Joseph  Louis),  a  most  illustrious  ma- 
thematician and  philosopher,  wh»  born  at  Turin,  Nav.95, 
179(^  and  died  at  Paris,  April  1813.  Hi>  father  was 
irMliaiai  of  awt  but  fulling  into  poverty  through  unfot- 
taaale  apecolatioMt  induced  our  auibor  t»  e«id«av«ttr  to 
lender  btnwlf  dhtimuished  ia  lilenitoto.  Hi>  uai»  ho*. 
e«er  for  mathematics  did  not  apptvr  early.  He  wa«  pai* 
aiooately  Hev^ited  to  Ciom  and  Vir^l,  brfori*  be  coald  • 
relish  Archimedes  and  Newloo.  He  imon  however  be- 
came an  enthusiastic  adniirefof  the  geometry  o*  the  an- 
cient*, which  he  ,ii  lir  t  preferreil  to  the  modern  analysis. 
Bat  a  memoir  which  the  celebrated  IlaDey!  had  con^totcd 


otbar,  and  demiMiitnted  tigofoualy  the  gmefatm  of  bftr> 


Euler  saw  the  nmit  of  the  new  method,  and  adopted  it 
Hs  an  object  of  hia  pmfuundest  roedilalioiis  ;  hut  Ualem- 
hi  ri  (lid  not  yield  the  point  in  dispute.  In  Ins  private 
letters,  lis  well  as  in  his  |irinteil  niemoir>.l)e  proposed  nu- 
merous obj<  ctions,  lo  »hirh  I.:igriiiti;i-  iilurwards  answer- 
ed. Ihe  hrst  liolKe  ol  I'ulcr  was  to  niakr  Ijiorwn^e  an 
assiKitile  itl  (he  Berlin  ncaderny.  Win  n  he  announced  to 
bini  this  nomination  on  ihe  '20th  ot  Uclober,  1759,  he 
said,  "  Your  solution  of  the  problem  of  is<ip4-ilinetn3l 
leave*  nothing  to  desire;  and  I  am  happy  that  this  subject, 
with  which  I  have  been  almost  «olel>  occupied  ^ince  my 
fttal  attempts,  has  bivn  carried  by  yoato  the  higliru  degree 
«f  peffrctiaa.  The  imparMiice  of  the  point  Ima  indocid 
nw'  In  draw  up^  with  your  asaiilaneek  »a  analytical  ialii> 
lion  ol  it.  Bui  i  shaH  not  pabliab  it  till  ytm  tm\t  pnlK 
lished  the  sequel  of  your  n-veurches,  that  1  may  not  de- 
prive you  ot  any  p.irt  of  the  glory  which  l»  >oor  due." 

Dalembert  considered  it  impossible  in  subject  to  calco- 
hitioii  Ibe  motions  of  a  Huid  indoaed  in  a  vcaael,  imless 
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thii  vMscl  hail  a  certain  /ii;ufe.  LagranKe  dcmoiutratrd 
the  coiiti  trv  ;  t  xrcpl  iu  [he  caK:  whejj  die  fluid  dl>idi'» 
itiM^f  into  ditttrctii  iiiinx-i.  lUic  even  tdfn  wo  may  cktcr- 
mine  the  plact-s  wL'  M'  ii.<'  Hui.i  tlnnlrs  itM>ll'  into  different 
IMTtiono,  and  determine  (lie  mutiuii  ot  each  as  if  it  were 
aloDv.  Dalrmbcrt  tliouglit,  that  in  a  fluid  mass,  »ucli  as 
ibe  earth  nay  have  b«en  at  its  origin,  it  was  iu>t  necetaary 
f(»r  the  difliereat  bed>  to  he  on  a  level ;  but  Lagninge  ilioaw. 


probkm  which  Rave  him  a  key  to  all  (he  others ;  and  frnra 
wliub  ill  ili  duccd  tin.'  corapli  tc  solulion  of  cquationN  of 
the  sctood  digrro,  with  two  itidctenumaUs  which  roust 
bt-  whole  tlUllll>er^. 

His  roiili  iicf  ai  I'urin  was  not  agreeable  to  him.  He 
saw  no  |)i  i«jn  w  lio  cultivated  the  mathcmatin  with  sue* 
ccM.  He  was irapaiicnt  to  v«it  Palis.  M.  de  Caraccfoli, 
with  whom  helived  i:i     grcatatinliiDacy,  was  appointed 


that  liw  eqiMtioos  of  Daleinb«rt  are  themiu'lvcs  c^ualiot  ambaMador  to  LoihIoii,  and  was  to  paw  ihrmigh  Paru  on 

of  bed*  oa  a  kvel.    In  combating  Dalenibert  with  all  the  ktt  way,  where  be  intended  to  !>p«nd  iomc  lime.    He  prci- 

reapect  du«  to  a  ■aUMmaiiciaa  of  Ua  laokt  ha  oftiiii  «■>  fnatd  ihia  joMfaey  Ut  MJegraift^  who  aeeciM  it  with 

plt^d  very  beaaiifui  iheMaan, iSw  which  ha  bad  hcmiii-  jof.  and  ww  noiieed  *t  fmt,  w  ha  had  a  rtghl  to  ex- 
debted  to  bis  advenary.   Daleabcft*  eo  hhi  lide,  added         ff  Otkmbeit,  CUiimat,  Ctandaieal,  Foauine,  NoI> 

to  the  delicacy  of  Lagrange.  *'  Tour  fnkUm  appeeted  let.  Marie,  and  the  other  ■aibematidem.   Falling  dan- 

tu  me  so  iieHutilul,"  says  he  in  a  letter  lol^range,  "  that  geroutly  ill  aAer  a  diuner,  in  the  Italian  style,  given  by 

1  hare  sought  fur  another  solutiiin  of  It    i  have  found  a  NoUet,  be  was  not  able  to  accompany  bis  friend  tu  Lon- 

t!i  irave  him  in  a 


•impler  method  of  arrmii;j  at  \our  elegant  foriniil.i." 

The  Academy  ot  Scunces  of  I'aris  propusiti,  at  lliis 
time  (17()4),  a»  liie  subject  of  u  nn^e,  the  theory  of  the 
libraiioii  (it  the  moon,  i.  c.  they  di  tiuuidi  li  the  caus<-  why 
the  muou,  in  revolving  ruund  the  earth,  a] v. aji  s  I  iii  iis  ihe 
lamc  iace  to  it.  Mime  varialiuus  e.xcepted,  observed  by 
BatroaooMn,  and  of  which  Cassini  had  lirst  explained  the 

phenomenon.   The  point  was  to  calculate  all  the  phano-    Kuler  himsi  lf  pointed  out  Lagrange  as 
lBfna,aiid  to  deduce  them  from  the  pthieiple  of  uoivcnal   pabic  of  filling  his  place,    £^mnge  was  therefore  ap- 
gmvilatioa.    Such  a  subject  was  an  appeal  to  Ibe  genius   pointed,  and  he  received  a  petision  of  1500  Pnuwui 
of  Ligian^t  an  opportunity  furnished  to  apply  bis  analy-   crowns,  about  3^0/.  uith  the  title  of  dirtxlor  of 
tieal  principles  and  diacowfiei.  The  hope  of  Dalemfacn  demy  in  regard  lo  the  pbjriico-malhcma|ical  ' 
Mil  disappointed,  aad  the  ineinMir«rL«graflgc  it  oae  Bukr  and  Legrange,  in  ibe 


dun,  who  was  oblij^c  1  1 1  li  ave  hill  in  afwiMhad  liMlging 

under  the  cure  of  an  ugeut. 

Thi>  incjtient  changed  his  iirujutts  arui  lir  il.uu-ht  of 
returnin!!  to  Turin,  when  lieuiuli  r^OM  iJ  that  the  acud«:iiy 
ol  jk-rlin  was  threaleneti  '.villi  :hi'  ios^  m  Euler,  who  in- 
tended to  return  to  Petersburg.  Ualcmbert  suggested 
the  idea  of  putting  Lagraogc  in  the  place  of  Euler,  and 
Euler  himsi'lt  pointed  out  Lagrange  as  the. only  man  ca- 


wai  not      , .  _ 

of  his  tim'st  piece*.  We  eee  in  it  the  fcrm  of  hji* 
niquo  Analytique.    Dalembeit  wrote  to  him :  **  I  have 

n'ad  wiiti  as  much  pleasure  as  advantage,  your  excelleot 
paper  on  the  moon's  librulions,  so  worthy  of  the  priac 
which  it  has  obtained," 

This  success  encouraged  the  Academy  to  propose,  as 
a  |.r  .ie,  till  ill'  iiv  of  the  s.i;i.il i ti-  nl  Jupiter.  KuJer, 
Clairaut,  »ntl  UalmitM-rt,  einpiuMit  tJiemselves  about  the 
problem  ot  tlie»e  Ii'kih  ^  i>ii  iti,  pniiLiplc  of  the  movements 
of  the  moon.  Uailly  applied  the  UuMry  ol  Clairaut  lo  the 
problem  ol  ihe  satellites,  and  il  led  hiiii  to  some  luleresting 
mull*.  But  Ids  theory  wits  insufficient  ;  the  earth  has 
only  one  l^oon,  while  Jupiter  has  four,  wbkb  coolinne  lo 
set  npaa  each  other,  und  vary  their  positions  in  lbeirr»- 
TlllBlloai  The  problem  «u.s  one  xf  isix  bodies:  but  La- 
gmnqe  attacked  the  difficulty  and  overcame  tl,  drmnn 
■trating  the  cavie  «f  the  inequaliiiet  oheemd  hf  MMM- 
ners.  and  poiating  out  MNae  othen  too  trielnl  to  hn 
ccrtainrd  by  observatione.  The  ahorlnn*  of  the  lime 
alloni-d,  and  (he  multiplicity  of  ibe  calculations,  analy- 
tical and  numerical,  did  not  permit  him  to  exhaust  the 
Mihject  eiitiri-ly  in  a  tin>t  ntemoir.  He  wassensible  o(  this 
kimalf,  and  promised  further  result*,  which  his  other 
labours  alwuvv  prevented  him  iVoui  completing;  but 
twenty-fMur  yi  ats  after,  M,  1-iplate  took  up  that  difficult 
^leory,  ani<  compiL'l<  li  it. 

About  the  taoftc  time  a  problem  of  a  different  kind 
drew  the  attention  of  M.  Lagrange.  Fermat,  a  great  ma- 
thematician, bad  left  some  remarkable  theorems  respect 


plaee  of  Maupeitnii^  meiwd 
only  half  hi*  aalaiy,  hot  Fiedcrich  had  no  respect  for  the 
adeacc*,  though  tie  eomidered  htmielf  obliged  to  protect 
them  as  a  king. 

Lagrange  took  possession  of  his  new  liiuatioft  in  1766. 
He  was  well  received  by  the  Iking  ;  but  he  soon  perceived 
tliat  the  Germans  do  Dot  liLe  I'oreigners  lo  occupy  situa- 
tions 111  their  country.  He  applied  lo  llie  study  of  their 
larij;uage,  and  devoted  liimsell  to  mathematics.  "  The 
king,"  said  he,  "  In  i  t  i  i  c  well;  I  thought  thatbe|tre- 
fcrred  me  to  Euler,  who  w  as  something  of  a  devotee,  whtio 
I  louK  nu  part  in  the  dispu  les  about  wonhip  ;  aod  dldoot 
coniradict  the  opinion  of  any  one." 

It  will  nut  be  expected  that  I  should  follow  Lagrange 
in  the  important  researches  with  which  he  filled  the  Ber- 
lin Memoirs ;  and  even  some  volumes  of  the  Memoirs  of 
tlie  Turin  Academy,  which  was  indebted  to  him  tot  it* 
existence.  All  the  space  that  could  he  dovotcd  to  dm 
hiagnmhy,  wonld  hainwriBdent  togjeecian  an  itopertwt 
idea  of  lualahoon.  8a«a  of  drnto  oiemain  m*  of  mdh 
exteat  and  imporunce,  that  they  nU^t  pas*  for  gnat  ao* 
parate  worlts,  yet  they  ooailitnttd  a  part  only  of  what 
tiiese  20  years  enabled  him  to  produce.  He  now  com- 
posed his  Mecaniquc  Analytique,  and  he  was  anxious  to 
have  it  ptirileti  at  I'.ui^;  l:at  lie  e.\pri  lenrcii  ^reat  diffi- 
culty IU  tiiuliii)!;  a  LKj<iii«'ytT  wliu  would  undi  rliike  to  pub- 
lish a  wiuk  sviiirh,  the  more  sublime  thethinry,  thi  il-wcr 
readers  \ujuld  be  found  capable  of  appreciating.  At 
lecj;th  01.':  «  as  Imiiid,  and  the  work  »«s  ably  edited  by 
M.  Legeiidre,  who  wacrcpaid  by  the  esteem  and  the  gra> 


inglhepropertiesof  numbers,  which  itseemshediscovcred  lilude  of  the  authob   ne  death  of  Frederick  occasionad 

.hy  iodocUoa.  lie  promiaed  the  demonstrations  of  thcta,  great  chaagm  in  Pnuih^  and  still  greater  were  to  be  ap> 

bat  at  hlldeoA  no  trace  of  them  could  be  found.   Many  pnhended.   Phileeaplwn  twre  no  loiiger  respected  at 

nn  lb  I  dnimni  if  beMaim^,  and  ihaae  eaaei,  with  the  appnnchi^  pahli- 


mathematiciaM 


Fermat;  but 
nctrated  into  that  diftcnlt  aalh ;  h«t 
■trating  at  reclining  tome  opiaimi  of 


lodiiaun- 


t  of  the  Mocaai^no  Awd|yli(pMi« 
bring  him  bock  to  nui*>  .  - 
TSeMflcaMrofMiMis  ihoiii^4o«i 
4Xt 
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interct  Lini^ilf  in  thi-  sricnccs,  made  <iomc  dilTiciihy  in  irary  (d  ev.  ry  (liit>2  Iske  imtict-,  had  thrown  u!Uovcr>  of  ihe 

aMowini;  a  |iliiluM)phi-i  lu  ilt  part,  whom  liiv  i)ii  HiCfSior  scicncvs  ii.Im  innurr.ui^',  Lv  ciilting  ofi  the  incut  iltu»triuu» 

had  invited,  and  whom  hr  had  honoured  wiili  his  purlieu-  philusupher  in  Kuropc,  Lavoisier:  "  It  lis*  cost  Ihcm  but  • 

lar  t-»(et'ni.     After  snmu  delay,  M.  Lugrun-^c  uLttaiiicd  nminont,"  Mid  he,  "  lo  cut  ulf  that  lini4;  butahundrMi 

liberty  to  di-puri,  but  it  wua  ittipuliiteil  thai  he  khould  yesn  pcrfaapi  will  nnt  U>  sufficient  to  prodacr  another 

•till  r-iv.  '.uUH'  memoirs  to  the  IWrhn  academy,  and  tbe  likeil.     Stttae  nlon(h^  befotetbcy  had  liad  K  rimilar con* 

vulunui  uf  1793,  1793|  aad  IWS,  ^huw  that  he  ki  pt  bis  venatkn  in  tbe  cabinet  of  Uivoinert  on  BccnHM  of  the 

promise.  death  of  the  anbrtaiiBle  Biil^*  Ho  bowBti'd  tbe  dmd- 

In  17fl7  theo,  L^pume  returned  la  Fitm,  IQ  take  bit  ful  conieqiMncei  of  the  daafnvnt  expaimcat  wbidi  the 

MMiDthtAcMlcinyafSMiinii.  of  *bkhbthMlb(enk  Awidi  hod  «iimi|MiL  the  projection  «f  their  plMt  «f 

Imtigtt  meiiiber  tot  IS  -ftm.  To  rive  bin  the  fi|ht  of,  uwUoiMtaa  apimnNi  to  bim  no  certain  pf«oft  ofsiM- 

voting  inall  their deUberalf on,  tbi<  utb  waaelionfed  Into  nat  in  ibo  bvnait  mind  :  «•  If  you  w  i«h  loisce  it  tfvly 

ibat  uf  Veteran  P^niioBuy.   llie  queen  tieated  him  with  great,"  added  be,  "enter  into  the  cabinet  of  Krwton, 

rei;ard,  and  considered  htm  as  a  German.    He  had  been  employe*!  in  decuiupoiing  light,  or  in  explaining  the 

rfLuni:r.einled  to  her  frriiii  \'iinna  ;  and  he  obtained,  in  tem  of  the  univer-e;" 

Con-scijUencc,  a  li>d«;<n!;  in  the  Louvie,  whwe  he  lived  For  some  time  he  rrcrelled  that  he  had  not  li-ti  iied  to 

happy  till  the  revolution.  tiie  a<Uice  of  hi»  fricltcb,  « lio  ut  tlie  cmiini(  ni  i  im  1  1  1  s  tiie 

The  Siilir.fiic'.i  in  he  ei.joyi'd  in  hii  new  rtiiidciite,  did  IrouhUs  hud  recommended  hiin  to  sei  k  an  sisnI  .hi,  winch 

notliowi".  I  I  i       sir  outwardly.     Me  was  aflable  and  kind  it  would  have  been  »o  ea>y  to -tind.    An  1  1  •  as  ihc  re»o- 

«lien  interrogateil,  but  he  spuke  little,  and  appeared  ab-  lution  scH-ined  only  to  threaten  the  penbion  whit  h  he  en- 

&ent  and  melancholy.    In  conipanio  wliirh  must  have  j^yni  in  France,  he  had  ncglecli  o  ihut  cmnidc  ration, 

been  suited  to  hie  ta»let  among  the  iuo»t  di>tinguiiili<tl  men  irom  a  feeling  of  curirwitv  to  lie  upon  the  spot  of  one  of 

of  all  countries  who  met  at  the  hnuse  of  the  illustrious  those  great  coomlaioos  which  it  it  wwaya  mure  prudent  to 

Lavoisier,  he  was  seen  musing,  w  ith  his  bead  rerliixd  observe  at  a  distance.    "  It  was  your  own  choice,"  Mid 

egtinst  a  window,  where  nothing  ut  med  to  attract  bis  be  several  times  to  bim»clf.    It  wan  to  no  pitrposcUHRn 

attention.  He  acknowledged,  himwif,  that  biicntbusiaMi  special  decree  of  tbe  Constituent  Assembly  hmlennited 

waa  gone,  that  he  bed  ioit  eecn  hii  tattelbr  niBtbemaiica.  the  payment  of  hb  pcndoit,-  baeanse  the  dcpn«iatiaa  of 

When  infbmed  that  any  nntheninticinn  wacemployed  on  the  pnp«  enmiwy  Kendknd  k  illnMiy.  lie  bad  been 

a  particular  object,  "  M  much  the  beUer,"  be  wonM  lay.  named  dcmber  nf  the  board  of  conraltation,  appanied  to 

"J  bad  b<^n  it,  it  will  now  be,  unnecetiary  IbrmB  to  examine  ami  reward  us4rul  inventions  and  he  had  been 

finish  it."    But  he  had  merely  changed  the  object  of  hit  appointed  one  of  the  adiniuistraiors  of  the  Mint.  This 

•    studies     .MetapliN^ic''.  tfie  hi>li>ry  of  human  natur«-,  of  01111:11^-1. .  1  olfered  him  few  olijeci*  to  lix  his  attrnt^o, 

dilTerent  rpli'jions,  the  general  theory  >.f  languages,  medi-  and  in  in)  (iei;ipe  reinovetl  his  apprehension*.     It  wasapain 

cine,  aliil  bii(an\,  divided  iii'U  i^aie  hour«.    Surrounded  propoM-d  to  <lran  him  to  Iterlin,  ami  10  n  >tori  hmi  to  his 

by  cheiriN(»  vviio  vn  re  rc  furinin;;  the  theory  and  language  former  situation,  and  lie  a!;rei  <l  tn  the  [irr)po^al.  Herault 

of  the  scivnre,  he  madi-  himself  acquainted  with  their  dis-  ile  .Sochelii-i,  to  wl.om  he  ap|j|ieil  fur  a  |)a<^poit,  olTereil 

covcrics,  whieh  gave  to  tacts  formerly  iudated,  that  con-  bun,  for  greater  fecurny,  a  nn>M<in  to  Piussia;  but  Mt- 

ncxion  which  distinguishes  tbe  diflerenl  parts  of  maihe-  dame  Ijtgrange,  his  wite,  would  not  content  to  c|uit  her 

maiics.    In  this  phiiufopbical  repute  be  passed  bis  time  country ;  a  repugnance  which  at  that  time  be  conaideied 

till  the  revolution,  wilbotti  adding  anything  w  hia  nntbe*  aa  a  nutfertune^  thongb  it  pro««d  a  source  of  iortvne  and 

■alical  ditcnverirs.  new' glory. 

Tbe  revolution  gave  philosophers  the  power  of  making  The  Norman  school,  of  which  he  vn  nim<itl  pwifciinr, 
a  ireat  and  difficult  innuvaiiun  in  tbe  establishment  of  a  but  which  bad  only  aaejpbemeral  existence,  acareely  g^ea 
system  of  weigbia  and  acaHrai,  founded  on  nature,  and  him  tiaKto  cxplatn  hit  idaat  reepeciiag  the  fonndatfen  of 
perfectly  amkigont  to  thededmnl  scale  of  numben.  La-  aritbnwtic  and  algrbea,  and  their  appUcuioo  tn geamctlj. 
grange  was  one  of  tbe  commiiaianeii  whom  the  Academy  Tha  Polytechnic  school,  a  happier  id««,  had  a  more  da« 
charged  with  the  executiun  of  that  taok,  and  he  was  one  ntble  success:  and,  among  ibe  beat  rih^ctH  which  it  pro- 
of its  most  ardent  prnmoiers,  fur  he  wbhcd  to  see  the  de-  duced,  we  may  place  that  of  having  restored  I.aurange  to 
cimal  system  adopted  in  all  its  simplicity.  analysis.  Then-  he  had  an  nppeirtnnity  of  ih  veloping  tboM 
When  the  academy  was  suppressed,  the  Cfminiisjinn  ideas,  the  germ  of  which  «b>  to  be  iound  in  twn  nu  inoirt 
chargc<l  with  llie  eslahlishmenl  of  the  new  >-ysleni  was  in-  pulilislied  ill  1772,  and  llieohjecl  oi  ujiich  >v.i>^  'i  1  \|ilain 
terrupted  lor  a  linic.  In  urdiT  to  purify  it,  the  nanus  ol  the  true  metaphyiics  of  the  ilitii  ienlial  and  iiii<  i>ial  ealcu- 
Lavoisier,  Uorda,  Laplace,  C'liuliinli,  Uns^i  i  ,  and  Dc-  lus.  HecompiM-d  his  Analytical  Functions,  ami  Lec- 
lombre,  were  struck  out.  Ijjgran;;e  wu^  rei.mn  il,  as  pre-  tures  on  that  Calculus,  o)  whirls  he  published  sever.nl  edl- 
sident  ;  ihoii^li  he  couUI  not  help  expressing  his  re;;ret  at  tions.  He  likewise  putjiished  his  I  realist'  on  tbe  Nume- 
ihc  dismission  uf  so  many  of  his  associates  ;  but  unless  the  rical  Solution  of  Kquulii  ns,  niih  notes  on  several  points 
suppression  had  been  total,  it  could  SCaTOely  have  ex-  of  the  theory  uf  algebraic  etjuations. 
tended  to  him.  Besides,  be  was  known  to  be  wholly  de-  Tbe  desire  of  multiplying  useiul  appticatioos  induced 
voted  10  tbe  ;ci<  nces ;  he  bud  no  place  either  in  the  civil  bim  to  undertake  a  ih'w  edition  ol  the  Blecaai^ar  Analy* 
department  or  the  adminatnition ;  and  the  moderation  of  tiqne,  liii^prujert  was  to  devek>pe  the  moat  itaefuLpada 
hi*  character  had  prcwnted  Um  from  expreming  what  he  of  iu  Ha  bhoumi  on  it  with  all  the  arduar  and  inli>lkc- 
covld  Mt  bttt  Ibiak  ia  aecict.  Tbe  horron,  bowemr,  '  tnnl  power  whicb  he  lould  ba«a^i^G«dat«My  p<  riud  of 
attending  the  Tsvohition,  nade  a  ttnmg  impreetian on  hit  hit  life.  But  this  application  ttcrakioned  a  degree  of 
•cnaibleaind.  In  aconvenaiioa  with  M.  Delambre,  the  fatigue  which  threw  him  into  a  bunting  fit,  and  he  was 
d^  after  tbe  almcion  and  abmrd  sentence  which,  con*  found  in  that  tUte  by  Madame  Lagrange,   lljs  bend  in 
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fMJiii^  had  struck  againit  the  corner  of  a  table,  and  the 
Khttck  had  not  restored  him  in  hi»  seiiws.  Tt>i*  was  a 
warnins  to  rake  more  carr  of  hini>elf,  and  he  thought  so 
at  fii^i  ;  boi  III'  \SMS  iSonnxioUN  lo  limsh  his  wiirk,  the 
print. lu  I  »iiu'h  was  not  completed  at  ibr  pvriod  ol  bi* 
decent-.  I  be  fini  vulum*  hud  uppi>ared  wnH'  linie  befoi* 
bis  death,  li  had  brcn  fiillowecl  by  a  iM!«r  rdiiion  of  his 
Fonctiuii».  tiialytiatiM.  So  much  nbonr  rxbauslril  him. 
'r<iwuril»tbepadof(ifatch(lSlS)  afevi-r  came  on,  he  lost 
his  appe  tite,  hit  sleep  wu  uneasy,  and  his  waking  was  ac> 
COmpanieil  by  alarmili»  swoonliip  He  perceived  hi* 
danger;  but,  piener^iii;;  hi-  wreiiit),  lie  kludied  what 
paued  uiiliui  liiiii,  niid,  as  if  he  ui  u-  a-Nistins;  at  ;i  cri  at 
and  uiTonitu..!!  esperinit  iit,  hi-  besl<nml  alt  his  alleiition 
It,  l  iiriiiK/.n.  c  ;ii!iir!i  .i  (.>  Iiis  (I'lUve,  on  the  8lh  of 
Apiii,  MM  l.iii  jii'  c,  M.disji',  and  C'hnplal,  who  wrote 
dow  n  li,.  |iriiu  i|  .il  puints  of  a  conver>ali(.n  whl<  h  was  his 
last  ;  anil  tbi- lolloninp  pas»iij{i>,  w  ithin  invert»*d  conimus, 
arr  copied  from  the  iimnuscripi  of  M.Chnptal. 

"  He  nceived  tbem  with  tendernes*  and  cordiaUty.  I 
was  very  ill,  ray  friemls  (said  he),  the  day  belbfV.yrstir 
day  ;  I  percrited  m^'lf  dying,  my  body  becamr  weaker, 
my  mental  ami  physical  puwen  were  fiadualiy declining ; 
1  obaervcM  with  pleasnra  the  gradual  dimifMition  tif  my 
MKiiKtb ;  and  1  arrived  at  thr  point  withoat  pain,  without 
ngint,  and  by  a  st-iy  gmtlr  declivity.  Death  is  not  to 
bo  feared,  ami  when  it  c<imr!i  without  violence,  it  is  a  last 

function  whteb  is  neither  painlul  n  ir  di-ii^r.  ealth  ."  Mr 
then  expl.iiiH'il  tolhi'in  Ins  ideas  n-sperliiis;  lilr,  thi  m-iiIhI 
t  which  he  cn-iJi  red  ll^  spri  ail  ovi  r  the  «liole  bi  -ils,  in 

every  oiijan,  and  all  purls  of  the  hi.icIiiik-,  «bn  h  in  bn 
casp  b«-euiiie  equally  feebler  in  «-very  |)iirt  liy  the  Mime  de- 
gree. "  A  liiile  lonser,  and  there  would  have  b.  i-ii  lio 
tunctioiis,  death  would  have  o- er^pread  th<-  whob  body, 
tor  deal  h  is  merely' the  absolute  repose  of  the  body;  I 
wished  to  dir,"  added  he  with  greater  force,  "  I  b.iind  a 
pleasure  in  it;  but  my  wife  did  not  wish  it.  I  should 
>  have  preferred  at  that  linjc  a  wife  less  kiod,  lew  eager  to 
restore  my  strength,  and  who  wouM  bave  allowed  ma 
grnily  to  buve  fiiMied  my  carrel.  I  have pefformcd  my 
•task,  I  have  acquired  tome  eelcbiity  iii  the natbemaiics, 
I  have  hated  itobody,  I  has*  done  noiil ;  it  ii  now  proper 
to  finish." 

As  b«  «Mited  hhnteir  loo  mach,  especially  In  these  lost 
WOedii  bis  friends,  notwithstanding  the  interest  with  which 
they  bad  Ibtened  to  him,  proposed  to  retire;  but  he  re- 
tained them,  and  began  to  relate  to  iheni  ihe  history  o|'!ih 
life,  his  lab< 

lurs,  his  success,  hi^  re^idrnce  at  Berlin,  fuhiTe 
he  had  nlirn  i^ild  us  ivhat  r.e  had  si  en  near  a  kin:;,)  "I  his 
ariival  at  I'uri-.  the  Ir.inquillitv  he  had  enj<iyed  at  lir>l, 
the  anxii  ty  :\U\c\\  In-  svillen  d  during  the  revolution,  un  i 
how  he  hail  b<'<-n  linaliy  rewarded  by  a  powerful  monarch, 
capable  ol  apprt^ciMiin^  his  worth,  who  hud  loaded  him 
with  honours  and  dignities,  and  who  had  exen  lately  sent 
him  the  Inland  ribbon  of  the  Imperial  Order  of  Ur-Union. 
And,  it  may  be  adtled,  wbO|  after  bavtiu  pirn  him  during 
bis  lile  the  most  uneiquhucBl  proofi  of  the  highest  timm, 
has  since,  says  M.  Ik>h(mUe,  ikine  more  for  hit  widow 
and  hit  brother,  than  FVederick  had  done  for  him  all  the 
tinm  he  was  director  of  bis  academy 
■  He  bud  bptiia«« bilious  neither  of  riche«  norhonour;  but 
hc'baii  ri  ceiv-'d  oth  with  respectlul  »»fjiiituile,  and  iii*  re- 
joiced at  tin-  .ir(|ti%ition  tor  the  ^lory  of  the  scienres.  ||r 
had  r...t  h  ^t  .iV.  Iii^;i>-  nt  i  iire;  he  believed  only  that  his 
cuiivulescrncc  would  b«  long.   He  offered,  wheo  be  reco- 


vered his  slrenijih,  to  go  and  dine  at  M.  Laceprdc's  roort< 
try-bonse,  with  MM.  Mangt  and  Chnpial,  and  proposed 
to  pve  them  driaiU  respecting  bb  life,  which  could  no 
when-  else  t>e  found.  During  this  convrraaiion,  wlucli. 
lasted  mora  iban  two  hours,  his  memory  often  failed  Urn; 
he  atada  saiii'cibris  lo  recover  namca  and  dam.  but  bit 
ditcoune  was  always  connected,  ftill  of  strong  theughia 
aad  bold  expressions.  This  exercise  of  his  faculties  wasted 
the  whole  remains  of  his  stienfttb..  Scarcely  hail  his 
friends  left  biro,  when  be  fell  into  a  faintiii<>  (it,  and  he 
died  two  days  afti  r,  on  the  Kith  of  April,  1813. 

wn»  of  a  delicate  but  pniil  con-tilution.  His 
tranquilhly,  his  niudi  ralion,  .ind  an  au'-trri'  and  iVuf^al 
regimen,  Irom  which  he  rarelv  doviutid,  pn  Linked  his 
life  to  the  a^e  of  70"  years,  4  nionth'-,  and  Ki  <ia)s.  lie 
was  twice  married  :  first  at  Berlin,  lor  the  purpose  of 
being  on  a  tooting  with  the  n-st  of  the  acadcniicuns,  none 
of  whom  were  bachelors.  He  aftcrwardi  married,  in 
France,  Mademoiselle  Leroonnier,  daughter  of  lha  Cele- 
brated  ast  rontimer  of  that  name.  The  couBtem  Lq|rai^, 
<luui;hter,  grand-daoghttT,  aad  niece,  of  mrmbenof  Uw 
Academy  of.Sciewcs,  was  deserving  ol  the  name  which 
he  gave  her.'  This  advantnge,  in  ber  eyes,  made  up  foi* 
the  diOerence  of  their  agi«,  and  she  sooo  Ml  (or  him  the 
tendertst  regard.  He  was  so  grateful  that  he  could 
scarcely  bear  to  be  separated  from  her,  and  it  uas  on 
her  account  ulone  that  he  felt  any  regret  at  relinijiiishing 

'rh<iui:h  tu'  had  a  venerable  bguiv,  iiidicattiig  his  excel- 
li  nt  rliiiiai  leiislics,  he  would  never  all'iw  his  portrait  to 
U  ilrawii.  .More  thnii  once,  by  a  very  excusable  piece  of 
addresv,  prrsoiis  have  bitn  introduci  d  diirnii;  llie  meeting 
ol  the  In^liliite  to  lake  »  sketch  of  him  without  his  know.. 
ledge. — Gi'lMle  nmt  even  linml  in  conversation,  he  took  a 
plrasiire  in  asking  questions,  either  to  draw  out  others, or 
to  add  llieir  reflections  to  his  own  vast  know  le<l<>e.  When 
he  spoke,  it  was  always  in  a  tone  of  doubt,  and  bit  Hut 
words  usually  were,  "  1  do  nut  know."  He  respeOlod  tha 
o|Mnions  of  others,  and  Was  very  Ux  from  layiim  A^kb 
own  as  a  rule.  Yet  it  was  not  easy  to  omka  him  chM|B 
them.  Sometimes  he  even  daAndad  tbam  with  a  dmpte 
of  heat  which  continued  to  iamaia  d]l.he  was  sAtibla'Of 
Sony  alteration  in  himself;  he  then  immediately  nmmad 
his  usual  tranquillity. 

Amoiig  the  master-pii'cr^  tvhich  the  world  owes  to  his 
genius,  his  .M'-caniiiue  is  llic  ni'>st  remarkable  and  the 
most  jii,p<irtant.  Hi-  I  i  rii  tn  r.s  .Analy tir|Urs  hold  only  . 
the  second  place,  notwiilistaiulini;  llu-  capabilitv  of  the 
princi()al  nlni,  anil  the  beauty  of  tlir  ili  vr!  ipi  [runts.  A  no- 
laliiiii  l(  s>  comniodious,  and  calculations  nioie  embarrass- 
ing, thmipii  more  luminous,  will  prevent  mathematicians 
from  employing,  except  in  difficult  and  doubtful  cases,  bis 
svmbols  and  iiaiiun,  It  is  sufficient  that  hr  has  pnmd 
the  legitimacy  of  the  more  expeditious  processes  of  tbo 
differential  and  integral  calculus,  and  he  has  himself  fol- 
lowed the  ordinary  iiuUiion  in  the  second  edition  of  his 
Mcraniqoe.  "Viit  great  work  is  entiiiely  founded  on  the 
eaiciriat  irf  vmlalioMs,  of  winch  ha  wai  the  inventor.  The 
whole  flows  IVnm  a  shigle  fonunla,  and  from  a  principle 
known  b(  ftire  his  time ;  but  the  Utility  of  it  WIS  farirom 
being  Mispi  c li  d.  This  sublime  composition  iacllMies  al( 
his  pieci  iliii;;  labours  «  hich  could  be  coonrcied  with  It 
It  is  di>linmiisheil  likewise  by  the  philosophical  spirit 
whirh  rricns  from  one  end  ol  il  I"  llu  miIu  i.     Tlir  t;ei>- 

metrical  law  of  tbc  cdestial  niotiuiu  aic  deduced  from 
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simple  rocchanicat  and  annlylical  roniiilcraiioiis.  IVom 
ihOM!  problems,  which  serve  to  Bniil)!>«  Ihc  true  syMem  ol 
the  world,  ib«  author  puses  to  riuestions  more  difficult 
mi  complicmled,  which  ihow  the  extent  i>f  hit  rcMiurci-s. 
Wt  K«  there  his  new  theory  nf  the  variations  nf  urbitrary 
eonstaDt  quantities  in  tbo  niotioti  uf  the  pUnets,  which  to 
much  diMiagaiibed  the  Meaioin  of  the  inttilBlvi  when  it 
proved  that  the  •ttthor,  at  the  age  of  79*  had  not  wmk 
ftom'tha  rank  wUeb  he  bad  dnring  «•  long  aperiad 
in  the  opinion  of  all  maibematicuHn. 

Finally,  it  i<  remarked,  that  L^mnge  «n»Micce<>«ivi  ly 
tke  founder  of  the  Academy  of  Turin,  dirrctor  during  'M 
yean,  of  the  Hcilin  Acntioiiiy,  foreign  associate  of  the  Aca- 
demy of  Science;,  of  Pari^,  memtier  of  tlw  Imperial  Iii»ti- 
tute,  and  of  thi'  Hoard  ot  Longitude  ;  and  he  wns  lirsidt-?, 
senator  and  count  of  the  eiupirx',  grand  utficer  of  the  Le- 
gion of  tlonottfi  and  Giaad  CroM  of  the  Imperial  Order  of 
Re>Uni6n. 

Ahridet  d  from  Di  lambrr'h  EI020  of  Lii[;raiim' 
LAKI^  a  i-olleciion  of  water,  inclcMcd  in  the  cavity  of 
■omc  inlund  place,  uf  a  cooMdef^le  extent  and  depth ; 
a*  the  lake  of  Geneva,  &c. 

LALANDE  (Josani  JeacME  lb  Fuan^ais  de},  an 
aaiaent  profi-taor  of  Mtraaomy  in  the  colle^  of  Francr* 
WU  boin  at  Bouig,  in  the  deportment  uf  I'Aix,  July  11, 
17M,  and  he  died  at  Fkria,  ApiU  «,  1807,  in  the  7Slh 
fear  of  his  age.  He  waa  intended  Ibr  the  bar,  and  went  to 
Paris  for  the  study  of  Jurisprudence,  when  the  view  of  the 
olwervatory  inspired  bim  with  notions  which  deranged  hh 
former  plan,  and  twrann  the  rulini;  pa'*i()ii  of  his  life. 
He  was  kindly  received  li\  llio  crlfbrHd-d  astrolioinor  \ii 
Monnier,  l>y  v,iiiiv,  ii->-.i,tiv  iir  hkiH)  ^,,1  j  1  rapid  advance, 
ti>at  at  the  iii^f  01  1;;  111'  WHS  lu  imiiiiinl  commiMionrr 
from  thu  Acnii  iny  gf  Sciences,  to  go  to  IVi  rlin,  to  deler- 
mmi'  ilie  parallox  of  the  moon,  while  -M.  Lacaille  w«\  to 
perliTii]  the  same  operation  at  the  Cape  of  Good-Hujio. 
boon  after  bis  rt'turn,  hr  was  appointed  a  member  uf  the 
Acndemy  of  Sciences;  from  w  hich  time,  every  volume  of 
their  Memoirs  contained  some  of  his  compositions,  which 
were  not  limited  to  astronomical  observations.  He  pub- 
lithad  the  Frandt  edition  otHaUw'a  Tahlca>  aad  the 
Mrjr  of  Ue  camt  of  lfS$,  buOat  fmiihiii|  CWiaat 
with  many  calcaklieiiB  for  the  theory  ef  the  wuam.  Bring 
cbai]ged  in  176O  with  the  compilation  of  the  CoauHMwiea 
dm  Temps,  he  quite  changed  the  form  of  the  work,  giving 
it  that  which  it  bvar«  at  present ;  of  which  collection,  he  - 
edited  the  32  volumes  froip  1775  to  1R07. 

In  17^  appeari-d  the  lirbt  edition  of  his  threat  worik, 
the  Traitc  Astionomique,  a  classical  «i  ;k,  «lir<  h  he  has 
since  perlVcteri,  in  4  vol?.  4to.  He  c.iin|  :i  all  l}\c 
a.-tionoliiical  articli  s  tnr  the  Yvrrdiin  1  hryrlispi-ilia,  .iml 
new  cast  the  whole  fur  the  Kncyciop»edie  Aletbodique. 

To  his  written  in-.! ructions  be  joiticd,  during  4o  years, 
oral  lessons.  In  I76'l  he  succeeded  Delillc  in  the  astro- 
nomical chair  at  the  college  France.  In  the  midst  nf 
hia  labouns,  ha  drew  up  his  Voyagi;  d'HaU^  hi*  'Vimti 
4aa  Canaux,  and  his  Bibliographic  Aatnmomi^ue,  a  vmt 
aatalogue  of  ail  the  woriu  which  baae  anasMed  oa  thie 
■dnee.  la  l«Ot,  M.  Uairie  pnbiidwd  the  latmr  pan 
«f  tfm  new  editioA  of  Uaalacla'a  Hiitorf  of  Malhematic^ 


la  4  eols  4IO ;  most  of  die  hnt  two  volumaa  being  P^^j^ 

place,  Lacroix,  and  other  mathematicians. 


nd  from  Montucla's  papers,  with  the 


sancp  desTe.m|i>,  from  the  year  7  to  12,  or  179$  tn  l&ilO, 
ri  raanis  m  iv  c.t;-i;ogUe  o(  more  than  12,0U0  stars. 
A  lew  yciis  tiefore  his  death,  vir,  in  1&02,  he  published  ' 
.1  small  collettion  for  the  packet, obTables  of  L<4ganthin», 
Sines,  and  'i'uiigeiits,  on  the  plan  of  Lacaillc,  but  much 
inferior.  And  during  the  latter  ^ears  of  hia  UJe,  he  pvlH 
liahcd  annually  •  concise  hittoiy  of  aatroaomy  for  the 
canent  year,  which  exhibited  a  RNnmary  of  the  moat  ra- 
maikable  fiwl^  diaooeefiei,  and  invention  conaecicd  vith 
the  sabfra. 

[jitande  waa  orrtaialy  an  excellent  astronomer,  and  uti 
active  prooMMer  of  that  trienee;  but  he  had  vny  little  - 
ttute,  and  a  very  confined  l.iiowlrd|ce  of  mathematics 
ill  <;eiier»l.  He  Comidered  bintsf  If,  hosvevur,  as  the  father 
ol  till'  iiiiiiln  iiKi'u.iil  sLicncfs  L.I  ncrally,  ii ml  at  Ins  <lealb 
lie  louniled  tin  |ii;zf  ot  »  iiixlnl,  wljitli  the  Institute  an- 
nually an  I  I  il,r  liuihor  ol  thr.  Ij<-^t  ustrtjnoiiiiCHi  me- 
loiiir,  or  llie  II)  Ik  'I  I  ;  [In-  iiup^t  ruiious  observations.  To 
the  c.\trf<oriliii.  I  s  injfuriind  activity  of  hi»  character,  he 
united  a  love  for  (rutii  that  approached  the  borders  of 
fanaticism  To  him  every  dt^r«-  of  concealment  appear* 
rd  unworthy  uf  an  honest  nun;  and  he  therefore,  wiifaoat 
any  reserve,  uttered  w  hatever  might  be  bis  S4-ntiinentt  oa 
all  occasiom.  The  high  conaideraiiiA  which  he  obtained* 
wonid  probably,  with  pnideoce  and  circiuntpeciioo,  hose 
1  him  an  cBviable  respea  to  the  end  cd'  his  daw : 


III  tVin  yrnr  17.'I3,  hf  ]iubli:-hed  Abr*-g(';  de  Navigation, 
eontainiBg  many  valuable  nilas  and  ablet.   The  Coonoia- 


,  daya : 

hot  the  habit  of  epcakiqg  hit  ^ind,  which  be  did  not  re> 
fnin  from  in  the  most  stormy  times,  and  on  topics  when 
he  might,  and  indeed  ou«ht  to  b^vc  been  silent,  together 
with  his  bluntness  ir.  s.  .nr  tiine»  opjiosing  the  c->tablisbed 
systems  of  other*,  atiiiiiauil  a^aiti&t  bim  a  crowd  of  detrac- 
tors and  rnenin  s.  Ills  long  ami  <lurul>It  service-  111  mat- 
ters ot  scien' e,  were  thus  in  a  measure  lori;oiti-ii  or  nc- 
f;lecli(l,  Ml  the  CunicriiplatKin  of  t  ib  iLimliTous  vpecula- 
tiims,  and  of  tlic  iroprudoiit  zeal  with  which  be  prnmai* 
gated  his  opinions. 

Hy  his  will,  M.  Lalande  ordered  his  tMtdy  lo  be  dm- 
soctcd,  and  the  skeleton  to  be  placid  in  the  allUeum  of 
Natural  History.  Mis  n  lations  however,  r^gudlen  «f 
Ihc  injunction,  caused  the  boily  to  U-  interred  a  few  da|a 
after  his  death}  on  which  occasion,  the  funwal  wh  at« 
tended  hy  the  membenof  the  Natieaal  laaiitntei 

LAMoeftT(J«B«  HnrftY),anemineBtnatheinatician, 
Mi  a  nadveof  Unlhaniea,  in  Ahace,  where  he  was  bom, 
April28,  1738.  Hiscducationwat  rather  confined,  but  he 
gave  early  indications  of  genius.  At  a  very  early  period,  ho 
invented  an  ui ilhmelical  machine,  a  niereiiri;ii  (leiidiilum 
that  vibrated  lor  27  minutes,  arithmetical  scales,  nml  a 
marliini  l  :r  iir.'\« in;;  in  pcrspert  1  v.-  From  I7-W  to  I7 36', 
lie  «  iih  ( iiiiili.yed  as  tutor  to  the  grandsons  of  M.  Ic  comte 
.li.'  SliI;-,  Lit  LOire.  In  1757,  the  tutor  and  his  pupils  bad 
passed  the^ear  in  IKdIand,  aud  be  there  published  his 
treatise  on  the  passage  of  I.igbt.  They  afterwards 
veiled  lo  Paris,  where  he  was  introduced  to  Dalcmbart. 
In  17.S9,  he  publiabed  his  Pelipehive  at  Zurich.  From 
1753  to  17(iO,  he  had  several  pieces  published  in  the  Ada 
Helvetica.  In  1769, bis  Photometry  waa  prilrtad  at  jliH^ 
baig.  la  17fiO, he  coUccied  the diiciau  piecai, gdam 
a  ibgitiea  atiie,  of  hia  Noma  QnpMttm  t  hm  which  mm 
not  puhliahed  till  1764.  lo  170l,  hit  treatise  on  the 
Pmpertico  of  the  OrUta  of  Comela  was  printed  at  Augs- 
burg. He  was  admitted  a  pensioner  of  the  Berlin  Aca- 
dfnnv  in  17 SA  ;  from  which  time,  to  bis  death,  in  1777, 
Ir  f  I :  r.isiii'.i  inaiiy  i:'ifiiioir»  for  the  several  vnluiiics  of 
liitti  academy. — Tbescicotific  knowledge  uf  thisgentlc 
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wu  ^fry  coniiderable ;  «n<i  he  bad  great  iiidqKndence  of 
uiind,  with  a  very  warm  and  vivid  imagination. 

LAMMAS-Da  V,  tfac  lit  of  August ;  so  callod,  accord- 
ing tu  lomc,  brc.iUK  lambs  tbcn  grow  out  of  wason,  as 
beinK  too  largr.  Uthers  di-rivc  it  Irom  a  Saxon  word,  >ig- 
nif)'ing  luul  niau,  bicau^c  on  that  day  our  forcfalhcrs 
made  an  offering  of  bread  prepared  with  new  whrul-  It  i» 
ceicbral<Hl  bv  the  Romish  church  in  memory  of  St.  l'ctt:r'» 
imprisonnu-iit. 

LAMI'i£DIAS,  a  kind  of  brardrd  comet,  resembling  a 
burning  lump,  bring  of  several  .shapes;  for  sometiiiu's  its 
flame  or  blaze  rutis  tapering  upwards  like  a  swoi'd,  and 
sometimes  it  is  duuble  or  treble  pointed. 

LAN'lil'.N  (John),  an  eminent  nmthemalician,  was 
born  lit  Peakirk.  near  l'eterborouj;b  in  Nor(hurap|(jn!ihire, 
in  January  l7 lie  became  very  early  a  proficient  in 
the  raatheinalics,  for  we  tind  hiin  a  very  rts|>ectable  con- 
tributor to  the  l.adics'  Diary  in  1744;  and  be  was  siion 
among  the  foremost  of  ihoM;  who  then  cont.ibuteil  to  the 
support  of  that  small  but  valuable  publicatlim,  in  which 
almost  every  En;;lisli  niathemutician,  who  lins  arrived  at 
any  degret:  of  iminence  for  the  bfsl  part  ol  that  century, 
has  coalciideil  lor  fame  at  one  lime  or  other  of  his  life.  Mr. 
Landeu  continued  his  contributions  to  it  at  timet,  under 
various  signatures,  till  within  a  few  years  of  his  death. 

It  has  been  fnxjurnlly  observed,  that  the  histories  of  li- 
terary mm  consist  chiefly  "f  the  history  of  their  writings ; 
•nd  the  ob^-rvation  was  never  more  fully  verified,  than  in 
the  present  article  concerning  Mr.  Landen. 

In  the  4Htb  volume  of  the  Philosophical  Transactions, 
for  the  year  t7j4,  Mr.  Lauden  gave  An  inveslig.ilion  of 
sotue  theorems  which  suggest  several  very  niuMikabU- 
propertiis  i>f  the  Circle,  and  arc  at  the  same  lime  of  con- 
siderable use  in  resolving  fractions,  the  denominators  of 
which  are  certain  inultinomiuls,  into  more  simple  ones,  and 
by  that  means  facilitate  the  computation  of  flucnti. 

Id  tiie  year  l7Si,  he  published  a  volume  of  about  160 
pagea,  entitled  Mathematical  Lucubrations.  The  title  to 
this  publication  wan  made  choice  of,  as  a  racatH  of  inform- 
ing tb^  world,  that  ihestudy  of  the  nialheinutics  was  ul  that 
time  rather  the  pursuit  of  his  leisure  hours,  than  his  prin- 
cipal cinpliiymcnl :  and  indeed  it  Continued  to  be  so.-dur- 
ing  the  greatest  |>art  of  h:»  life  ;  for  about  the  year  1 762  ho 
was  appointed  asent  to  Karl  Fitzwilliam,  an  emplnymenl 
which  he  n-sigiK'd  only  two  years  before  his  death;  These 
lucubrations  contain  a  variety  of  tracts  relative  to  the  rec- 
tification of  curve  lines,  the  summation  of  series,  tlie  find- 
ing of  fluents,  and  many  other  points  in  the  higher  parts  of 
the  matheinalics. 

About  the  latter  end  of  the  year  1757.  or  the  beginning 
of  1758,  he  publi>hed  propoMls  for  printing  by  subscrip- 
lioa  The  Resiilual  Analysis,  a  new  branch  of  the  ali;ehraic 
art:  Mid  in  173S  he  published  a  small  tract,  entitleti  A 
Utscours*  OD  the  Residual  Analysis;  in  whxh  he  lesnlved 
a  variety  of  problems,  to  which  the  method  of  fliixi»n.>  hud 
usually  bii'ii  applied,  by  a  mode  of  reasoning  entirely  new  : 
he  also  rooiparrd  ihne  solutions  with  others  derived  trom 
the  fluxionary  method;  and  showed  that  the  solutimis  by 
his  new  method  were  commonly  more  natural  and  elegant 
than  the  fluxionary  ones. 

In  th<  >  1st  volume  of  the  Philosophical  Transactions,  for 
the  year  1760,  he  icavc  a  new  nielhiKl  of  computing  the 
sums  of  a  great  nurob<-r  of  infinite  series. 

In  176'4,  be  published  the  first  book  of  The  Residual 
AtMlyiii.   la  thii  (reaiiw,  beside*  oxplaiaing  the  prio- 
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ciples  which  his  new 'analysis  was  founded  on,  he  npplic<i 
it,  in  a  variety  of  problems,  to  drawing  tangents,  and  find- 
ing the  properties  of  curve  lines;  to  describing  their  in- 
>olutes  and  cvolutes,  finding  the  radius  of  curvature,  their 
greatest  and  least  ordinates,  and  points  of  contrary  flesure; 
to  the  determination  of  their  cusps,  and  the  drawing  of 
asymptotes:  and  he  pro|>osed,in  a  second  book,  to  extend 
tile  application  of  thb  new  analysis  to  a  great  variety  of 
mechanical  and  physical  subjects.  The  papers  which  were 
to  have  formeil  this  book  lay  lung  by  him;  but  he  never 
found  Icisuir  to  put  them  in  order  for  the  press. 

In  the  year  I7()6,  Mr.  Landen  was  elected  a  Fellow  of 
the  Royal  Suciety.  .\nd  in  the  58th  \oluincof  the  Philo- 
sophical Transactions,  for  the  yt  ar  1768,  be  gave  a  spe- 
cimen ot  a  nevi  method  of  comparing  curvilinear  areas; 
by  means  of  which  many  areas  are  comparol.  that  did  not 
appear  to  tw  com|iarabie  by  any  other  method  :  a  circum- 
stance of  no  small  importance  in  that  part  of  natural  phi- 
losophy which  relates  to  the  doctrilK-  of  motion. 

In  the  6oth  volume  of  the  same  work,  for  the  year  1770, 
he  gavtr  some  new  theorems  for  computing  the  whole  areas 
of  curve  lines,  where,  the  nrdinales  are  c.xpri'sse3  by  frac- 
tions of  a  certain  form,  in  a  more  concise  and  elegant  man- 
ner than  had  been  done  by  Cotes,  De  Moivre,  and  others 
who  had  considered  the  subject  before  him. 

In  the  O'lsi  volume,  for  1771,  he  has  investigated  se- 
veral new  and  UM-ful  theorems  for  computing  certain 
fluents,  w  hich  are  assignable  by  arcs  of  the  conic  sections; 
a  subject  which  had  been  considertd  before,  both  by  Mac- 
laurin  and  I>aleiu(H-rt ;  but  toroe  of  the  lhe'>rems  that 
were  given  by  theM.-  celebrated  mathematicians,  being  in 
part  expressed  by  the  difference  between  an  hyperbolic 
arc  and  its  tangent,  and  that  diflcreiice  being  not  directly 
attaiiutble  when  the  arc  and  its  tangent  both  become  in- 
finite, as  ihey  will  du  when  the  whole  fluent  is  wanted, 
though  such  fluriil  be  finite  ;  these  theorems  therefore  fail 
in  such  ca-sti,  and  the  computation  becomes  impracticabla 
without  further  help.  This  defect  Mr.  Landen  remoTod, 
by  auigning  the  limit  of  the  diflerviice  between  the  hyper- 
bolic arc  and  its  tangent,  while  the  point  of  contact  is  sup- 
posed to  be  removed  to  an  infinite  distance  from  the  ver^ 
tex  of  the  curve.  And  he  concludes  the  paper  by  stating 
a  curious  and  remarkable  property  relating  to  pendulous 
bodies,  which  is  deducible  iVom  thi>se  theorems.  In  the 
same  year  he  published  .Animadversions  on  Dr.  Stewart's 
Computation  of  the  Sun's  Distance  from  the  Karth. 

In  the  05th  volume  of  the  Philosophical  Triiii^ctiMM^  - 
for  1775,  he  gave  the  investittalion  of  a  general  theorem, 
which  he  had  promised  in  1771.  for  finding  the  length  at 
any  curve  of  a  conic  hyp«-rbola  by  means  of  two  elliptic 
arcs:  and  he  obvrvi-s,  that  by  the  theorems  there  invcsti* 
gated,  both  the  elastic  curve  and  the  curve  of  equable  re- 
cess from  a  given  point  may  be  constructed  in  those  cases 
where  .Maclaurin's  elegant  methml  fails. 

In  the  67th  volume,  for  1777,  he  gave  «  new  theory  of 
the  motion  of  bodies  revolving  al>oat  an  axis  in  free 
space,  when  that  motion  is  disturbed  by  wmie  extrancout 
I'orce,  either  (xTcussive  or  accelerative.  At  this  time  h« 
did  not  know  that  the  subject  hud  Ijeen  treated  by  any  per- 
son before  him,  and  he  considered  only  the  motion  of  a  ' 
sphere,  spheroid,  and  cylinder.  .Alter  the  publication  of 
tills  paper  however  he  was  informed,  that  the  doctrine  of 
rotatory  motion  had  been  considered  by  Dalembert ;  and 
on  procuring  that  author's  Opuscules  .Slathematiques,  he 
UMrc  teariMd  tbat  UskHnbert  wa»  uot  the  only  oa«  who 
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had  con&idcreJ  the  iiiaikt  Littorc  him;  for  Dalemhcrt  solution  was  ripht,  and  Mr,  Ijinden'i  u roiig  ;  unci  there 

thcri'  spealkS  of  u  niatlieiv.ittirii>ii,  ilioucli  ho  dai  s  imt  iirii-  di'i  ii'-t  aaiil  aui'inp^s  lo  pr^  ivc  it  ;  |)arilciilarlv  a  loni;  and 
tion  liis  ciismc,  who,  aitfr  n  .iiliii:;  what  li.id  bi-<ri  vviillfll  tin  niiMis  puiin    \)\         li-ai  iii  d  .\ir.  Wihibi  ;< ,  :i  n^'iiile- 

the  '■lihuc',  iliiuhti'  l  "hrtliiT  iht-rr  cijuld  lie  any  Milid  man  i4  v.-i\  disiiiiLiii->hi  d  tuli  iH'  iinii         n  nt,   iii  such 

whatever,  Uiidis  the  spl.i'rc,  Ml  which  nny  linr,  jiuiMn^  calLul.iiiiuis  :  ihi>  j<,i(a  i  is  givrn  in  Uii  i^Oih  v.  iuivc  ol  the 

through  thcciiUti'  ul  gravity,  will  he  a  pcrnianiiit  ll^i^  ol  l*hilii-">jdiik:al  Truii^Hi  llllll^,  lor  iht-  ymr  l/JW,  in  wliich  he 

lotklion.    In  consequcncL'  ol  ihiii,  Mr.  Landi-n  took  up  ajp'i-iii  uith  ilir  ^i.iludont  nl  l.uh-r  aiKi  UahniUint  '"d 

the  subject  agpiin;  and  though  be  did  not  thi  n  give  agaiastlhai  of  Mr.  Landen.    I'Iiid  detnanoMl  tiM  iMlar 

lation  tnthe  geoeral  problem,  vit,  "  to  disterroinc  the  mo-  to  n-viye  and  e.\tend  hi-i  solutmn,  and  i;ite  it  at  greater 

lions  of  a  body  of  any  form  whatever,  revolving  without  .  length,  to  render  it  more  <;en<Tall\  undrr»tii<id.  Aboiit 

restraint  about  any  luiit  passing  throuah  its  rentro  of  this  tim«  alM>  he  met  by  chance  with  tiie  l«t«  Frisi'sCo»> 

gravity,"  he  fully  removed  ««ery  doubt  of  the  kind  which  oM^phiK  Fbyucae  et  MathcmaiicK ;  in  lha  srcaad  pait 

hiid  boen  atuled  by  the  pmoo  alluded  to  by  Oalemfaert,  of  which  tliere  i*  a  solutiun  of  this  pmMcM,  agfiniM  in 

and  pointed  out  several  bodies  which,  under  cctlaln  di*  the  rattilt  with  tboaeoi  Euhv  and  Duemfaert.  KeivMr. 

inonMons,  have  that  rciiiarlcable  properly.   This  paper  i$  LandCto  learned  that  £ttl«r luid  nmised  the  solotiun  which 

given,  among  many  othcra  equally  curions,  in  a  vplumcof  he  had  given  fonnerly  in  tbr  Berlin  Memuin,  and  ^iven  it 

-Memoirs,  which  hr  puldishi  d  in  ihi-  )i-ar  l/SO.    That  vo-  anoihtT  form, and  Ht  ^•realer  Kiigth,  in  a  vuluiiu'  |niblish<d 

luiiiK  is  also  enriched  VI iih  a  very  e\liiisive  appendix,  cun-  at  HnstDch  and  Gryphiswald  in  17<'''.  inmli  d,  I  heona 

taining  theorem*  for  the  calcuhiliiiii  <d  tlurnts  ;  which  arc  Mi  iu-  t"iir|Mjrum  Sohdorum  scu   liitnilui  uin.  liuviiit; 

more  complete  and  extensive  th;ui  thoic  that  are  found  i>v  tht  nmi  c  iirm  ured  this  book,  Mr.  Liindrii  luuiiil  the  same 

any  author  before  him.  pnnciides  i  iii|dn)i_(l  in  it,  and  of  course  the  same  cuilIu- 

In  1781,  1782,  and  1783,  he  publi>h<  d  tlin  i'  small  bimi  nsnliiiif;  imm  them,  as  in  M.  Kuler'*  loniier  solution 
tracts  on  the  sumwation  of  converging  scries  ;  ir;  which  (■!  il.c  prohKin.  But  notwithstanding  that  there  uero 
be  explained  and  showed  the  extent  of  some  tbeoreiui  thu>  a  coincidence  ef  at  least  four  most  respectable  ina- 
whicb  had  been  given  lor  that  puipose  byDelioivnt  Stir-  thenialiciuns  again»t  him,  Mr.  linden  was  still  pK>r»uadcd 
ling)  and  his  old  friend  Thomas  i>imp»t>n,  in  answer  to  of  the  truth  ol  hi»  own  solution,  »nd  prepared  to  delvnd 
•omc  things  which  he  thought  had  been  written  injurious  it.  And  as  he  was  convinced  ol  the  i)ece>iiiy  uf  explain- 
to  the  finie  of  tboiratceUent  mathematicians.  It  was  the  iiyhti  ideaaon  thetuljiact  bkmc  A>Uy,so  heiwwfiMindit 
opiiiioa  of  MiiH^  that  Mr.  I^ndclk  did  not  ihow  iem  ni>  iwoMHiy  tokwaotuMMWldBgaboDtit  Nobadliir 
tMiutieal  111111  io  eicplaiDiag  md  ilkiatniting  theie  theo>  lowml  yeua  been  aeverdy  aflliciM  with  the  atone  ia  llw 
i*ms,  dwn  he  bu  done  in  bit  writhtgy  on  original  sub*  bladder,  and  towards  thelatier  part  of  bit  life  to  such  a 
jecis ;  and  th«t  the  authon  of  them  were  as  little  aware  degree  as  to  be  confined  lo  his  bad  far-more  than  a  mouth 
of  the  cxU'nt  of  their  own  theorems,  as  the  rest  of  the  at  a  time:  yet  even  -this  dreadful  disordi  r  did  not  ex- 
world  wer^  before  Mr.  LalideBrsiqg^uity  made  it  obvioua  lin|{Uish  hi3  ardour  fur  niuthi  r,i;i'ic:d  snj.l:,  .;  |..r  '.l^- 9e- 
to  all.  Ciiiid  voliline  td  his  Meitio-rs,  lately  puhhshed,  was  u  iiltcn 

About  y.f  I  I  al  ning  uf  liit  year  17S'J,  Mr.  Ijindcri  had  .Tnd  rosised  dun>i!i  tin  intervals  of  his  di»order.    Tiiis  vo- 

inade  such  iinpri  venn-iits  in  liis  thi  orv  ul  rntalnry  moliun,  lume,  bcsidi-s  a  sululiuii  ol  the  general  problem  concerning 

e-i-ihlid  hini,  lu'  !:;  Mi.;ht,  to  ■;ne  u  soiuiiini  ut  the  i;e-  rotatory  molioti,  cuntaini  the  resolution  of  the  problem 

neral  problem  mmtioned  ahuvc;  but  tiiiding  the  rtsiitl  of  relating  to  the  motion  ol  a  top;  with  an  investigation  of 

it  to  ditfer  very  materially  frtrm  the  result  of  the  solution  the  motion  of  the  ei^uinoxes,  in  which  Mr.  Land^n  hat 

which  had  been  given  of  it  by  Dalerobert,  unci  nut  beini;  firsf  of  any  one  pointed  out  the  cause  of  Sir  Isaac  Mew« 

able  to  see  clearly  where  thut  grntleman  in  his  opinion  had  tun's,  mistake  in  his  solution  of  this  celebrated  probleaij 

erred,  he  did  not  venture  to  make  his  own  solution  public,  and  some  other  papers  of  considerable  importance.  Hejuat 

In  the  course  of  that  year,  ho««-ver,  having  procured  the  lived  to  ><v  this  work  finished,  and  recctveil  a  copy  of  it 

Memotra  bf  the  Berlin  Academy  for  1757,  which  contain  the  day  before  hb  death,  which  happened  oa  the  15lli  of 

H.  fiuhf'i  folulion  of  the  problem,  he  found  that  this  Januanr        at  Millod,  near  Pettfbofougli,  ia  dia  71it 

grntleman'»  solntioa  gavc.tbe  same  result  as  hab  been  de>  year  nf  hi* age. 

doced  by  Dalemb^rt ;  but  the  perspicuity  of  Culrt's  asaa-  .  LANTERN  (Maoic)* .  8eff  Maaie  UaUm. 

Her  of  writing  enabled  him  lodiwover  where  be  had  dif-  '  LARBOARD,  the  leA*hand  tide  of  a  ship,  wfaonaptr* 

fered  from  his  own,  which  the  obtcurity  of  the  other  did  son  stands  with  his  face  towards  the  head. 

not  do.    The  agreenienl,  however,  of  two  wrili  ri  of  such        L.MIMIF.K,  in  Architecture,  a  fiat  square  ini mVi  r  of 

establishi  il  reputation  lis  Kuler  and  Dftleinbert  made  liim  the  ciMiiire  below  the  cimasiiiiii,  and  jets  >  ui  l.irti.t  st; 

louj;  dubious  of  the  truth  ot  his  own  solution,  »nd  induced  l  '  .1.1;  -  1  1  .;l  -  d  Irom  its  nsr,  whicti  is  to  iii  the  wa- 

him  tn  revise  the  pruer^s  a^ain  and  avain  with  the  utn^dst  ler,  and  cause  it  to  fall  at  a  distaivce  from  the  wall,  drop 

circum<ipeciiun  ;  ur.d  bciiij:  every  tune  moie  convinced  by  drop,  or,  at  it  wa(a»  by  lean  {  lame  in  Aanchliglll-' 

that  his  own  solution  was  right,  and  their*  wrong,  he  at  fying  n  tear. 

length  gave  it  to  tbo  public,  in  the  f  5th  «ol«me  of  die  Fbi-  '  L  A  ^ENTiiiM^  It  that  which  to  intnMUe,  iiaclivo,dofk 

bwojphical  Trattsactions,  lor  1785.  mant,  &^c. 

.  Tnecxtreme  difificulty  of  the  subject.joined  to  the  con-      LATER.\L  Equation,  in  AI|[sebni,  it  the  taaae  with 

cIm  manner  in  which  .Mr.  Landen  had  been  obliged  Id  simple  i  quation.    It  has  but  one  root,  and  may  be  coi^ 

l^ve  hit  solution,  to  confine  it  within  proper  limits  for  the  structed  by  right  lines  only. 

TransacUoMt  rendered  it  too  difficult,  or  at  least  too  la-      LATITUDI:^  inGeo^phy,orNavigMion,thediitaiiCC 

boriout  a  talk  for  mott  matbeiaalicians  to  read  it;  and  of  a  place  from  the  equator;  or  an  arch  of  dia  UCfidlai^ 

tUi  diCviiMtanoa^joiQcd  10  the  aitabUihed  repatitioD  of  ialcieeplaa  belweeniUaeDilli  and  tha  aaualor.  .Heacatba ' 

Enkr  aol  Dalanibei^  iadrnd  mu^  t»  think  tkat  tkcir  latitude  ii  cilker.iioith  atioiitk,  aeeoidli^aa  tfai  pfawaia 
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on  the  norlb  or  louth  side  of  the  equator :  thus  London  is 
Mjd  to  be  iuil"  31'  ufnorth  latitude.    Circles  parnllel  to 
the  equator  are  called  paraUels     latitude,  became  they 
ihow  the  latitudes  of  placet  by  their  itHprti-ciiout  with  the 
meridian.    The  latitude  of  a  place  i$  equal  to  the  elevation 
of  the  pole  above  this  horizon  of  the  place:  and  hence 
these  two  termit  are  Uicd  indillerently  for  each  otlier. 
Tbi»  will  be  evident  from  tbetigurc, 
where  the  circle  ziiqp  i«  the  meri- 
dian, z  the  leuith  of  the  place,  ho 
the  horixon,  nxt  the  equator,  and  f 
the  pole,  then  ii  zc  tlie  latitude, 
and  PO  the  elevation  of  the  pole 
ftixive  the  horizon.    And  becauvc 

PE  i=  so,  bcinj{  each  a  quadrantal   

arc,  it  the  coiniiion  part  rz  be  taJten  from  both,  there  will 

remain  the  latitude  ZB  =  po  the  elevation  of  the  pole.  

Hence  we  have  a  method  of  measuring  the  circumference 
of  the  earth,  or  of  determining  the  quantity  of  a  dcj^rce  on 
its  surface ;  for  by  measuring  directly  northward  orsoulh- 
ward,  till  the  pole  be  one  degree  higher  or  lower,  ne 
have  the  number  of  miles  in  a  degree  of  a  great  circle  on 
the  surface  iif  the  earth;  and  cunM>qucntly  multiplying 
that  by  360,  will  give  the  number  of  miles  round  the 
whole  circumference  of  the  earth.  The  knowledge  of  the 
latitude  of  the  place,  is  of  the  utmost  consequence,  in  geo- 
graphy, navigation,  and  astronomy;  it  may  be  proper 
ihciclore  to  lay  down  some  of  the  be*t  modes  of  determin- 
ing it,  both  by  s<a  and  land. 

1st.  One  method  is,  to  find  the  height  of  the  pole,  to 
which  the  latitude  is  equal,  by  means  of  the  pole  star,  or 
any  other  circumpolar  star,  thus  :  Either  draw  a  true  me- 
ridian line,  or  tiiid  the  times  when  the  star  is  on  the  meri- 
dian, both  above  and  below  the  pole ;  then  at  thise  times, 
with  a  quadrant,  or  other  lit  instrument,  take  the  altitudes 
of  the  star ;  or  take  the  same  when  the  star  comes  upon 
your  meridian  line;  which  will  be  the  greatest  and  least 
altitude  of  the  star:  then  shall  half  the  sum  of  the  two  be 
the  elevation  of  the  pole,  or  the  latitude  sought. — For,  if 
u^be  the  path  of  the  star  about  the  pole  P,  z  ihexcnilh, 
and  HO  the  horizon :  then  is  ao  the  altitude  of  the  star 
upon  the  meridian  when  above  the  pole,  and  co  the  same 
when  below  the  pole;  hence,  because  av  =  ep,  therefore 
«o  CO  =  2op,  hence  the  height  of  the  pole  op,  or  lati- 
tude of  z,  is  equal  to  half  the  sum  of  ao  andco. 

2d.  A  second  method  is  by  means  of  the  declination  of 
the  sun,  or  a  star,  and  one  meridian  altitude  of  the  same, 
thus  :  Having  with  a  quadrant,  or  other  instrument,  ob- 
icrved  the  zenith  distance  zd  of  the  luminary  ;  or  else  iu 
altitude  l\d,  and  taken  its  complement  zd  ;  then  to  this 
zenith  distance,  add  the  declination  dt.  when  the  luminary 
and  place  are  on  the  iamc  side  of  the  equator,  or  subtract 
it  when  on  different  sides,  and  the  sum  or  difference  will 
be  the  latitude  ez  sought.  But  note,  that  all  altitudes 
observed,  must  be  corrected  for  refraction  and  the  dip  of 
the  horizon,  and  for  the  »emidiaraetcr  of  the  sun,  when 
that  is  the  luminary  obser\ed. 

Many  other  methods  of  observing  and  computing  the 
latitude  may  be  seen  in  Robertson's  Navigation  ;  see  book 
5  and  book  9.  See  also  the  Nautical  Almanac  for  1771 ; 
and  .Mr.  Brinkley's  tables  and  rules  for  the  same  purpose, 
in  the  Nautical  Almanac  for  the  year  17.97.  Mr.  Richard 
Graham  contrived  an  ingi  nious  instrument  fur  taking  the 
latitude  of  a  place  at  any  time  of  the  day.  See  Philoa. 
Trans.  No.  435,  or  Abr.  voL7«p«,67S. 
Vol.  I.  ^ 
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Latitode,  in  Astronomy,  as  of  a  star  or  planet,  is  ih 
distance  from  the  ecliptic,  being  an  arch  of  a  circle  of 
latitude,  leckoncd  from  theecliptic  totvards  its  poles,  either 
north  or  south.  Iknce,  the  astronomical  latitude  is  quite 
different  from  the  giogtaphical,  the  former  measuring 
from  the  ecliptic,  and  the  latter  from  the  equator,  to  that 
this  latter  answers  to  the  declination  in  oslronoray,  which 
measures  from  the  equinoctial.  The  sun  has  no  latitude, 
being  always  in  theecliptic;  but  all  the  stars  have  their 
several  latitudes,  and  the  plaik;ts  are  continually  changing 
their  latitudes,  sometimes  northand  sometimes  south,  cros- 
sing the  ecliptic  from  the  one  side  to  the  other  ;  the  points 
lit  which  they  cross  the  ecliptic  being  called  then«li-sof  the 
the  planet,  and  in  these  points  it  is  that  they  may  appear  to 
pass  over  the  face  of  the  sun,  or  behind  his  body,  viz,  when 
they  come  both  to  this  point  of  the  ecliptic  at  the  same  lime. 

Circfcej^LaTiTBDK,  is  a  great  circle  passing  through 
the  poles  of  the  ecliptic,  and  consequently  perpendicular 
to  It,  as  the  meridians  arc  perpendicular  to  the  equator, 
and  pa^s  through  its  poles. 

LaTiT«;DE,  the  Moon,  North  aicending,  it  when  the 
proceeds  from  the  ascending  node  towards  her  northern 
limit,  or  greatest  elongation. 

Latitude, iVor/A  detcmding.  Is  when  the  moonreturn» 
from  her  northern  limit  towards  the  desn-nding  node. 

La  riT  0  de.  South  detcatding,  is  when  the  proceed^  from 
the  descending  nmle  towards  her  southern  limit. 

Latitcde,  South  atcending,  is  when  she  returns  from 
her  southern  limit  towards  her  ascending  node.    And  the  . 
same  it  to  be  understood  of  the  planets. 

WWwcen/nc  Latitude  of  a  planet,  is  its  latitude,  or 
distance  from  the  eelipdc.  such  as  it  would  appear  from . 
tlic  sun.— This,  when  the  planet  crtmcs   to  ihe  tame 
point  of  its  orbit,  is  always  the  tame,  or  unchangeable. 

Geocentric  Latitude  of  a  planet,  is  its  latitude  at  seen 
from  the  earth.— This,  though  the  plinu  t  be  in  the  same 
point  of  its  orbit,  is  not  always  the  same,  but  alters  ac- 
cording 10  the  position  of  the  earth,  in  respect  to  iho 
pUiieL  The  latitude  of  a  star  is  altered  only  by  the  aber- 
ration  of  light,  and  the  secular  variation  of  laiiiude. 

Difference  of  Latitude,  is  an  arc  of  the  meridian,  op 
the  nearest  distance  between  the  parallels  of  latitude  of 
two  places.  When  the  two  latitudes  are  of  the  same  name, 
eilher  both  north  or  both  south,  subtract  the  less  latitudo 
from  the  greater,  to  give  the  difference  of  latitude;  bat 
whi  n  they  are  of  diffircnt  names,  add  them  together  for 
the  difference  of  latitude. 

Middle  Latitude,  is  the  middle  point  between  two  la- 
titudes or  places  ;  and  is  found  by  taking  half  the  sura  of 
the  two. 

PoraWoj  (j/"  LaTITU  DE.     Ste  PARAtLA-T. 

^'/''""(ojKj/" Latitude.    Sec  Repractiox. 
LA  TUS  Rectum,  in  Conic  Sections,  the  tame  with  i>a- 
mmeter ;  which  see. 

Latus  Trmmertwn,  of  the  hyperbola, 
is  the  right  line  between  the  vertices  of 
the  two  opposite  sections;  or  that  part 
of  their  common  axis  lying  between  the 
two  opposite  cones  ;  as  the  line  de.  It 
is  the  same  at  the  transverse  axis  of  the 
hyperbola,  or  opposite  hyperbolas. 

Latus  Prinutriim.a  right  line,  OD,or 
EE,  drawn  through  the  vertex  of  the  tec- 
tion  of  a  cone,  within  the  tame,  and  pa- 
t«llel  to  the  bate. 
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LEAGUC,aBexteotofthna,»ikiinl«flgtb.  A,iimi-  iii-l6«6.  At  tb«  alie  of  15,  be  applied  hinnalf  te 
ticallc«|ac^<»r  UkieeoulicalMlM»ittlMSOtkfUt  ofa  itudyof  tbemalbematicsaiLeipiiicuii^MM}  aadiaiCGSt 
AmtMlkffmmdn.    *  "'  '  "  ~  • 

IiEAP-YKAft*  tbc  auMw  BniBSTitt ; wkieb  iMi  It 

b  tt  aUed  from  ib  leaping  »  day  more  that  ynr  Ibn  ia  ■ 
common  year;  cortsitiing  of  So6  days,  and  a  common 

year  only  <if  3b  S.  Tbib  happens  every  4tb  year,  except 
only  tucli  cuinplete  ceutune^  m  Ate  iiut  exactly  divisible 
by  4;  *uch  as  the  17tli,  18th,  ISKh,  2ltt  &c,  centuries, 
because  17,  18i  Ip,  21,  ftc,  cannot  bcdiriiied  by  4  with- 
out a  rcrtiaimlf  r. 

To  find  Leaff  Year,  i(c.  Divide  the  nuiiiber  uf  the  year 
by  4  ;  theit  it'  0  remain,  it  is  leap-year;  but  If  1,  2,  or  3 
nmain,''  it  is  so  many  after  lea|>-ycar.    Or  the  rule  is 
HMMtimcs  thus  expressed,  in  these  two  memorial  TCIIM: 
Divide  by' 4;  what's  kft  ik«ll  be. 
For  leap-year  0;  for  part  1»  S,  or  3. 
Hum  if  it  he  M^nd  10  kaaiv  wk«t  ytar  1814  it : 
Ihaa  4)  1814(483 


lining,  showa  ibai  Itl4  b  ^  M  yaar  aftar 

And  to  find  what  ynr  iai(  la: 
then   4  )  18t6  (454 
Lfie  0  rumaiiiinr:,  slinws  that  1  S  1  ()' !!>  a  Icap-ycar. 

LBK,  a  term  in  Navigation,  iiignifyuig  liial  iiJc,  or 
quarter,  which  is  from  the  wind. 

Lef.-Wat,  of  a  ship,  is  the  anole  made  by  the  puintof 
the  Conipuis  5tctTi-(i  im,  iiiiii  tin'  ri  al  line  of  the  ship's  way, 
occasiotied  by  contrary  winds  and  a  rough  sfii.  All  ships 
are  apt  to  make  some  lee>-way  ;  so  that  somethinj^  must  be 
alloired  for  it,  in  casting  up  the  log-board.  But  the  icf- 
jmiff  made  by  4lifierent  ships,  under  similar  circurosUncrs 
ofaiaiiandaaiU,is  diflisrentiand  even  theaamrship^  with 
dUlbmit  lading,  and  having  more  or  Icsa  mil  set,  will 
.  IWta  note  or  Im  lwway»  The  usoal  allowancct  for  it 
•aafhcaei  at  Ikcy  writ  given  by  Mr.  Jolui  BacUcrt  to 
t&eJate  ii«aioui  Mr.  Wiiiiaa  Jobo.  wholirat  puUiilMd 
tiMm  IN  I70S  in  hb  Comprmlium  of  rractieal  Naviption. 
lat.  When  a  ship  is  close  hauled,  bus  all  heriaili  9«t,  the 
aia  smooth,  and  a  moderate  gale  of  wind,  it  is  then  »up- 
fOied  she  makes  little  or  nalei'-way.  Id,  Allow  1  point, 
when  it  blows  so  fresh  that  the  small  sails  are  taken  In. 
3d,  Allow  2  points,  when  the  top-sail  inn-i  l  i  c  li  m  h  i  ii  d 
4lh,  Allow  21  piiiiits,  when  oni-  topsail  mu^t  I  i  luiiiilnl. 
5th,  Alkn  iKiiiils,  when  both  topaaii!.  iiiu^;  be  luketi 
in.  6th,  AUow  4  points,  when  the  fore-C(iur>i-  is  handed. 
7th,  All  'W  T  jKiinti,  when  trying  under  the  mainMil  only. 
Sth,  Allow  0  points,  when  both  main  and  foiv<ottrscs 
are  taken  in.  9th,  Allow  7  pointt,  wIttB  ihaakip  iriat  a 
hall,  or.  with  all  sails  handed. 

When  the  wind  has  blown  hani  ia  ailkar  quarter,  and 
shifts  across  lha  wwridba  iaio  the  naxtqaaittr,  the  be- 
way  will  be  leMOawL  Btttin^thof  cam^iaiBeGtmait 
be  had  to  lifts  roughnos  of  the  sfn,  and  lha  trim  of  Ibk 
•hip.  Artd  hence  the  nariamr  mill  ha  aUftto  comet  W* 
coarse. 

LEGS,  of  a  Triaju(le.  When  one  side  of  a  triangle  u 
taken  m  the  bav',  the  othor  two  are  sometimes  called  the 
legs.  The  t<  rni  is  nmre  frequently  used  for  the  base  and 
perpendicular  of  a  ris^bt-angbd  triail|||by  Or  tha  two  liflM 

about  the'n^hl  ati<jle. 

Hypcrh'Aic  I.F.i.^,  Kir  (ill'  parts  nf  a.  curvr  Imo  ihat  par- 
take of  iLi  !i.ir.,ri'  oi  Uie  hy)ier!><'!a,  or  havmi:  asymplotcs. 

I.EIIJNMZ  ;G.jDruEY-\V  iLi.i  .\  VI  I,  ii'i  rimruMit  niiUht- 
matjciaa  and  ptiilcnopher,  was  born  at  Leipsic  to  baxony 


Da  Priadpib  IndindaadoBbi  The* 
folb«ii«  hainnaANinid  MMlarofartt.  He  real 
«ith  mt  BMalia*  iha  Qiaik  pMloMphen ;  and  eodea- 
TOare^  la  laooadb  Raia  wbh  AriMotb,  a*  he  afterwards 
did  Aristotle  with  Descartes.  But  the  study  of  the  law 
was  his  principal  view  ;  in  which  faculty  he  wan  admitted 
bticlirliir  ill  l()(i5.  Tiie  ycur  fnllnwii.g  lio  would  hme 
taktii  the  di  Bri  I!  i)f  iluc  tor ;  but  was  refused  it  un  pretence 
that  he  wns  iikj  yoiing,  though  in  reality  because  ho  bad 
raised  himscit  several  enemies  by  rejecting  the  principles  of 
Aristotle  and  the  schoolmen.  On  this  he  repaired  to 
Altorf,  where  he  maintained  a  thesia  De  Casibgs 
plcxis,  with  such  applauM^  thatlmhad  thadtgfee  of  <doc* 
tor  conferred  on  biin. 

In  167s  he  went  to  Paris,  to  manage  some  affairs  at  tha 
Ffcnch  coiirt  for  the  baron  Boinefaouig.  Hare  ha  hteaiae 
ae^aiatcd  wiih  all  the  HicratI,  and  made  farther  and 
considerable  progress  in  the  study  of  mathaaatici  and 
philotophy,  chiefly,  as  he  says,  by  the  worilS  of  Paacal, 
Gregory  SL  Vioecnt,  and  Huygeos.  In  this  coarse,  hav- 
ing obs«r«ed  thelmperfiectionof  Pascal's  arithmetical  ma- 
chiiii  '  he  invented  a  new  one,  as  he  called  it,  winch  w«s 
appt'ived  of  by  the  minister  Colbert,  and  the  Acniciny  of 
Sciences,  in  which  he  was  offered  a  seat  as  a  member,  but 
refused  the  offers  made  to  lilni,  :is  it  would  have  been  ne- 
cessary to  embrace  the  Ctithohc  n  iijK.n. 

In  1673  he  c«me  over  t(j  Kni;laii«l ;  where  he  became 
actjuainlid  with  Mr,  Oldenburi;,  secretary  of  the  Royal 
Society,  and  Mr.  John  Collins,  a  distinguished  member 
of  the  Society  ;  from  whom  it  seems  he  received  some 
hints  of  the  iiie|h»d  of  fluxions,  which  had  been  invented 
in  1664  or  1665,  by  the  then  .Mr.  Isaac  Newton,  wbia 
probakdjF  laid  the  foundation  of  bis  Diflirmuiai  Calculat. 
The  same  yearbe  returned  to  France,  wbcra  he  iciMad  (lU 
l</6,  when  he  again  patted  thmugb  Ea^hnd  and  Hoi. 
had,  in  his  journey  Haaover,  whare  b*  propeied  to 
settle. 

In  1700  he  was  admitted  a  member  of  the  Royal  Aca- 
di  niv  of  Scieiici  ■■  ;it  I'aris  :  and  in  (he  same  year  the 
ek  i  lor  <d  Urundcr.  bui^, afterwards  king  o(  Prussia,  founded 
nil  ucudeiiiy  lU  Ui  rliii  by  his  advice  ;  of  which  he  was 
appointiil  jirifK-tual  president,  though  his  iilf.iir.-,  would 
ndt  [II  I  r.-ii[  hi  111  Ml  irbiili.' ton-iiin:  :y  at  that  place.  Besides 
the  ollite  1.;  |iru>  <-iiun«.i  ilor  ol  justice,  which  the  elector 
of  Itanovi  1  liLiil  i;iven  him,  the  cmpcrgr  appointed  biflt, 
in  1711,  aulic  cuunaeilor ;  and  the  czar  made  him  pinjr 
Counsellor  of  justice,  with  a  pension  of  lliOO  dncala, 
Leibnits  undertook  at  the  same  time  to  cMahlish  an  aca> 
demy  of  sciences  at  Vienna ;  bat  diapbgMpnwnMcdtka 
execntioa.af iL  Uowem,  theamiMror.asamnkoflib 
brour,  tcttkdapearfonon  Uaiof  MOOfloinM,  andpio> 
mieed  hiai  ome  of  4000  if  ha  wovid  come  and  reside  at- 
Vbnaa;  an  odor  hawaa  iadined  ttf  comply  with,  but 
waspraranted  by  Usdeath. 

The  elector  of  Hanover  being  raised  to  the  throne  of 
Great  Dritain,  I.ribni*2  visited  that  (daci  the  latti  r  end  of 
1714,  when  he  re<  eived  particular  marks  uf  friendship 
from  the  king, and  was  frc  jni mly  nt  cdiur.  ih-  now  was 
enwasjed  in  a  dispute  with  Ih.  ijimuel  (  larke,  on  tho  sub- 
jects of  fri-i- will,  the  rcHlily  of  «-pace,  and  olln  i  |:(i]li;sr>- 
piHcm!  vtitijcrts ;  which  was  conducted  with  gnat  candour 
i.nJ  li  iirni-iv;  ;  ami   thi    papers  that  were  published  by 

Clarke^  will  ever  be  esteemed  by  man  of  gMiiuj  and1eai» ' 
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inn.  cdntroventy  atnlcd  only  with  the  death  'of  Li  ib- 
nin,  Nov.  14-,  1716,  which  wa»  occationcil  by  the  gout  and 
stone,  in  the  70th  year  of  his  age. 

In  person  he  was  of  a  middle  st^re,  and  a  thin  habit 
of  body.  had  a  studious  air,  and  a  iwi'et  aspect, 
though  ncjir- sighted.  He  vast  imlefatigubly  industrious 
tu  the  end  of  hi«  life:  he  ate  and  drank  little:  hunger 
•lone  marked  the  time  of  his  meaN,  and  his  diet  was  plain 
and  strong,  ile  had  a  very  t:ood  memory,  and  it  wat 
said  could  repr-at  the  iEneid  from  bei{inning  to  end.  What 
he  wanted  to  remember,  he  wrote  down,  and  never  read  it 
aTterwerds.  He  was  never  married,  nor  ever  seems  to 
have  enfertained  the  idea  but  once,  when  he  was  about  50 
years  old  ;  and  the  lady  desiring  time  k>  consider  of  it, 
gave  him  an  opportunity  of  doing  the  same:  he  used  to 
say,  "  that  marriage  was  a  good  thing,  but  a  wise  man 
ought  to  consider  of  it  all  his  life." 

Leibnitz  was  author  of  a  great  multitude  of  writings  ; 
several  of  which  were  published  separately,  and  many 
others  in  the  memoirs  of  different  academies.  He  invented 
a  binary  arithmetic,  and  many  other  ingenious  matters. 
His  claim  to  the  invention  of  Huxions,  has  been  spoken  of 
under  that  article.  Hanschius  collected,  with  great  care, 
every  tiAng  that  Leibnitz  had  said,  in  different  passagi-s  of 
his  works,  on  the  principles  of  philosophy ;  and  formed 
of  them  a  complete  system,  under  the  title  of  G.  G.  Leib- 
nitxii  I'tincipia  Philosophiee  more  gcometrico  dcmon- 
strala  ice,  1728,  in  4to.  A  collection  of  our  author's 
letters  appeared  in  1734  and  1735,  entitled,  Epis- 
tolae  ad  diversos  thcologici,  juridici,  medio,  philo* 
■  sopbici,  maihematici,  historici,  ct  philologici  argument! 
c  Mss.  auctoris:  cnm  annotationibus  suis  primum  di- 
vulf;avit  Christian  Cortholtus.  But  all  his  works  were 
collerted,  distributed  into  classes  by  M.  Duten<>,  and 
published  at  Geneva  in  6  large  volumes  4t<>,  in  176H, 
entitled,  Gothofrcdt  GuiUclmi  Leibnitii  Opera  Om- 
nia  Inc. 

Leibnitxiam  PHiLosoriiT,  or  the  philosophy  of 
I^eibniu,  is  a  system  formed  and  published  by  its  author 
in  the  \ast  century,  partly  in  emendation  of  the  Cartesian, 
and  partly  in  opposition  to  the  Newtonian  doctrine.  In 
this  philosophy,  the  author  retained  the  Cartesian  subtile 
matter,  with  the  vortices  and  universal  plenum  ;  and  he 
represented  the  universe  as  a  machine  that  should  pro- 
cced  for  ever,  by  ihe  laws  of  mechanism,  in  the  most  per- 
fect state,  by  an  absolute  inviolable  necessity.  After 
Newton's  philosophy  was  published,  in  l687,  Leibniut 
printed  an  csiuiy  on  the  celestial  motions  in  the  Act.  Crud. 
1689,  nhcre  he  admits  the  circulation  of  the  ether  with 
Descartes,  and  of  gravity  with  Newton ;  though  ho  has 
not  reconciled  these  principles,  nor  shown  how  gravity 
arose  from  the  impulse  of  this  ether,  nor  how  (o  account 
for  the  planetary  revolutions  in  their  respective  orbits. 
His  system  is  also  defective,  as  it  does  not  reconcile  the 
circulation  of  the  ether  with  the  free  motions  of  the  comets 
in  all  directions,  or  with  the  obliquity  of  the  planes  of  the 
planetary  orbits;  nor  resolve  other  objections  to  which  the 
hypothesis  of  the  vortices  and  a  plenutn  is  liable. 

Soon  after  the  period  just  mentioned,  the  dispute  com- 
menced concerning  the  invention  of  the  method  of 
fluxions,  which  led  .M.  Leibnitz  to  take  a  very  decided 
|>art  in  opposition  to  the  philosophy  of  Newton.  From 
the  goodness  and  wisdom  of  the  Deity,  and  his  principle  of 
a  sufficient  reason,  he  concluded,  that  the  universe  was  a 
perfect  work,  or  the  best  that  could  possibly  have  been 


made;  and  that  Other  things,  which  are  evil  or  incommo- 
dious, were  permitted  as  necessary  consequences  of  what 
was  best :  that  the  material  system,  considered  as  a  per- 
fect mochine,  can  never  fall  into  diikordcr,  or  require  .to 
bo  set  right;  and  to  suppose  that  God  interposes  in  it,  is 
to  lessen  the  skill  of  the  author,  and  the  perfection  of  hit 
w«rk.  Ho  expressly  charges  an  impious  tendency  on  the 
philosophy  of  Newton,  because  he  asserts,  that  the  fabric 
of  the  universe  and  course  of  nature  could  not  continuu 
for  ever  in  its  present  state,  but  in  process  of  lime  would 
rrquire  to  bo  re-established  or  renewed  by  the  hnnd  of  its 
first  framer.  The  perfection  of  the  universe,  in  conse- 
quence of  which  it  is  capable  of  continuing  for  ever  by 
rorchaniral  laws  in  its  present  state,  led  til.  LfibnitK  to 
distinguish  between  the  quantity  of  motion  and  the  force 
of  bodies;  and,  while  he  owns,  in  opposition  to  Descartes, 
that  the  former  varies,  to  maintain  that  the  quatitity  of 
force  is  forewr  the  same  in  the  universe;  and  to  measure 
the  forces  of  bodies  by  the  squares  of  their  velocities. 

M.  Leibnitz  proposes  two  principles  as  the  foundation 
of  all  our  knowledge;  the  first,  that  it  is  imposaible  for  a 
thing  to  be,  and  not  to  be  at  the  same  time,  which  he  says 
is  the  foundation  of  speculative  truth  ;  and  secondly,  that 
nothing  is  without  a  sufKcient  reason  why  it  should  be  so, 
rather  than  otherwise ;  and  by  this  principle  he  says  we 
make  a  transition  from  abstracted  truths  to  natural  philo- 
sophy.   Hence  he  concludes  that  the  mind  is  naturally 
determined,  in  its  volitions  and  elections,  by  the  greatest 
apparent  good,  and  that  it  is  impossible  to  make  a  choice 
between  things  perfectly  like,  which  be  calls  Indisccrai- 
hies ;  whence  he  infers,  that  two  things  perfectly  like 
could  not  have  been  produced  even  by  the  Deity  himself: 
and  one  reason  why  he  rejects  a  vacuum,  is  because  tho 
parts  of  it  must  be  supposed  perfectly  like  to  each  other. 
For  the  same  reason  too,  he  rejects  atoms,  and  all  similar 
parts  of  matter,  to  each  of  which,  though  divisible  ad  in- 
finitum, be  ascribes  a  Monad  (.\ct.  Lip:»ix  lG<)S,  pa.  435) 
or  active  kind  of  principle,  endued  with  perception  and 
appetite,    llie  essence  of  substance  he  places  in  action  or 
activity,  or,  as  he  ej(presses  it,  in  something  that  is  be- 
tween acting  and  the  faculty  of  acting.    He  affirms  that 
absolute  rest  is  iropos<iible,  and  holds  that  motion,  or  a 
sort  of  nisus,  is  essential  to  all  material  substance*. 
Kach  monad  he  describes  as  representative  of  the  whole 
universe  from  its  point  of  sight;  and  yet  he  tells  us,  in  one 
of  his  letters,  that  matter  is  not  a  substance,  but  a  sub- 
stantiatum,  or  phenomend  bien  fimd^.    See  also  Maclau- 
rin's  View  of  Newton's  Philosophical  Discoveries,  book  1, 
chap.  4. 

LEMMA,  is  a  term  chiefly  used  by  mathematiciaas, 
and  signifies  a  proposition,  previously  laid  down  to  pre- 
pare the  way  for  the  more  easy  apprehension  of  the  de- 
monstration of  some  theorem,  or  the  construction  of  some 
problem. 

LEMNISCATC,  the  name  of  a  curve 
in  the  form  of  the  figure  of  8.  If  we  call 
AP,  x;  PQ,  y,  and  the  constant  line  ak 
or  AC,  a;  the  equation  ay  =  xv/(«*  — z'), 
or  oy=aV  —  x\  expressing  a  lino  of 
the  4lh  degree,  will  denote  a  lemniscate, 
having  a  double  point  in  the  point  a. 
There  may  he  other  Icraniscates,  as  the  el- 
lipse of  Cassini,  &c ;  but  that  above  defined 
is  the  simplest  of  them. 

It  easily  appears  that  this  curve  is  quadrablc. 

4  y  s 
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«iacc  ay  sx^(a*  —  x'),  therefore  the  fluxioa  of  the 
curve  or  jf«  ■  a  ^>        ~     >  ^  Aaent  of  which  b 

^  a*  —  ^  •  ("*  —  '*)^  for     genenl  srai  «f  the  cnrvc; 

M'bicb,  when  X  is  =  a,  bccopies  barely  ^a^  =  xQB. 

L£N^,  »  piece  of  glut  or  other  traiupereiii  subsiance, 
htving  it»  two  snrftcei  fo  CDraed  that  the  r»y»  of  light,  in 
inaiiig  through  it,  b<vc  thrir  direction  changed,  and  inMle 
to  converge  and  tend  to  a  point  beyond  the  lens,  or  to  bo* 
'Com*  pUllUel  after  conveiigiM  or  dmig|ac  or  lully  to 
diveiy  «•  if  tbcy  had  piooeMed  from  «  poiat  bafcn  the 
Imi.  SoMleamMvoatmai,  ordkidwriat^ 
•then  eonen^  or  tbimcr  in  die  middle  %  while  oAen  are 
plano-convex,  or  plaiio- concave ;  and  tooie  again  are  con> 
▼ex  on  one  side  and  concavr  on  the  other,  which  art  call- 
ed mcni'-riiM.'S,  tlic  [;ni[icriii  s  c  t  wdith  src  uii.lc  r  that 
Word.  Will  n  the  piirucular  figure  is  not  coimdi  rcd,  a 
lens  that  liiickcst  111  the  middle  is  called  a  convex  Icos; 
and  that  which  is  thinnest  in  the  niidJIt-  is  cullid  a  con- 
•a*e  lens,  without  further  ilistinclion.  Ilusi'  Mvenl 
fomu  of  Icntcs  are  represented  in  thi-  anncMtl  figure: 
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|)crpendicular  ae.  In  the  same  mannCTi  MMlicr  fay  fafl> 
ing  on  B.  at  an  cqua]  distance  on  die  oUmt  nde  of  ihi 
vertex  r,  and  parallel  to  the'forgwr  ny  will  bo  lt- 
fract^  into  the  Mwyint  t.  .And  it  wOr  olw  be  fbond, 
that  all  the  intermediate  penlkl  nys  will  eoavem  to  thf 
aame  point,  veiy  nearly. 

On  die  odier  head,if  dm  njrs  fcM  poralM  on  the  inside 
ofdmdenMr  medium,  etin  the  figure  below,  tht-y  uiit 
Mad  from  the  perpendicular  ea/-,  and  convcrrc  1 1  a  jiuint 
Tin  the  air,  or  any  rarer  medium.  Also  the  uicnient 
on  B,  at  the  same  distancn  from  the  vcrti  >,  c,  «  ill  converge 
to^^^^tame  place  t,  together  with  all  the  inti;niiediate 


.  wlNfe  At*  vt  convex  laflam»  and  e*     s  «te  coiwMe 
«Me;  nlio  a  ie  •  pliao'^owntiBt  m  'u  oanfexo<cotivex,. 
c  ie  plino>eoneev*,  » is  CMicnv6-eoaea«e,  sad  b  it  • 
uncus. 

In  every  lens,  the  right  line  pt.tjiciidicntar'to'die  tWO 
SIUr&cr!i,  is  called  the  Axis  of  the  lens,  as  r  o  ;  the  points 
where  the  axis  cuts  the  surface,  are  called  the  Vertices  of 
the  lens  ;  also  the  middle  point  between  ihcm  is  callcci  the 
Centri-;  and  the  distance  between  tlicni,  the  Diameter. 
Some  coiilinc  Irnrcs  within  liir  ■imnic'i.T  of  half  an  inch; 
and  such  ixiced  that  ihicktiuss,  they  call  Ixnticular 
Glasses. —  Lcii'ts  are  cilhcr  blown  or  ground. 

Blown  Le»sf.!s,  arc  small  globules  of  glass,  melted  in 
the  flame  of  a  lamp  or  taper.    See  Micuo&popc. 

Orotmd  LtxsLS,  are  such  at  are  ground  or  rubbed  into 
the  desircil  i,i..tp<>,  and  tlieo  polished.  For  a  method  cf 
.fiuidiqg  tbrm,.aad  deicription  of  n  machine  fur  that  pur* 
p^,  Me  Philos.  Ttmn.  voL  xli.  po.  555,  or  my  ikhr. 
Tin,  Ml. 

Mmnoljre  imdeiivefediomelhlng  relative  to  theastme 
«r  lenMi;  but  we  M«  duety  Indtbted  to  Kepler  ibr  exi* 
eipbining  the  doctrine  of  relmctioa  throvgli  »eA«m»  cf 
different  forms,  the  chief  tubstance  <f  which  may  be  corn* 

prchended  in  the  caicf  foHowing; 

S  :::i^dL>^  t 


Since  therefore  rays  are  madi  lu  ti>iucrgc  when  they 
puss  cithir  fruni  a  rarer  or  a  deiibcr  nu'diuin  trrniinat«d 
by  a  convex  .suilace,  and  converge  again  when  they  pam 
from  the  same  midiutn  convex  towards  the  rarer,  a  Icne 
which  is  convex  on  Loth  sidc«  must,  on  both  aCCOIUItS, 
make  p;irallil  rays  converge  to  a  point  bqread  it  — 
the  parallel  rayt  between  a  and  B,  faUinigon 


the  convex  surface  of  the  glass  a  b,  would  in  that  denie 
medium  have  convcigedtOT;  but  that  medium  being  tet^ 
minated  by  another  convex  fnrfu;«f  they  will  be  made  more . 
conveipng,  and  be  collected  at  Mme  puce  r,  newer  to  di» 

lens. 


ikftini,  toexpkiu  the  cftcita  of  n  eonceve  glam,  let  as 
he  tSe  oooenve  tide  of*  dense  mediam,  the  centre  of  coo- 
cavity  being  nt  s.  In  this  caae,  da  will  be  refracted  to- 
ward the  perpendicular  ea  ;  and  so  likewise  will  the  ray 
incident  at  b  ;  in  consequence  of  which  they  »iil  diverge 
from  one  another  within  thi'  ci.  utc  medium.  The  inter- 
mediate rays  will  alto  diverge  more  or  leu.  as  tbcy  recede 
from  the  axis  tc ;  wUch,  being  ia  the  papciidicular,.Ti{tlI- 
ff>  freight  on.  • 


Let  BA  b«  n  ray  of  light  iidliug  on  a  convex  dcnie  me> 
4iuin,  having  its  centre  at  >.  WEen  the  ray  arrives  at  a, 
«t  -will  not  proceed  in  the  mme  direction  Ati  but  it  will 
te  thefc  beat,  and  tkrawuiMa  •  dliwclioa  m$  metm  the 


If  the  rays  be  parallel  within  the  dense  mi  diuin,  (li.y 
will  diverge  when  they  pas*  from  thence  into  a  lurcr  nie- 
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Awii,  mrougji  a  concave  wrface.    For  the  r.y  da         the  »aM  nie  wni  lind  the  poiM  of  dimgency,  tl,. 

rayiriMMOonany  phice  between  the  lin»  and  the  futus 


ba  refracted  from  tbo  peipcndicular  ak,  a»  will  also  the 
ttf  that  H  iaciiknt  at  B^li^har  witb  all  tbt  iniennoitiaia 
tayi,  in  praporoon  to  their  dieMnM  fraathc  axiiorcen- 
jnarftjrvc. 


Thurcfore,  it'  n  dense  nit;»Jjiirn,  as  tin-  glms  ap,  lie  ter- 
minated by  two  concave  SUrfat*-".,  jniliillol  ray>  jiassiii^ 

through  it  wiU  be  made  todivt  im'  iiy  Lmth  ilie  ridc»  ol  it. 
Thus  the  first  suifaci-  ah  will  iiidL.c  tliem  diUT^r  as  it 
tbcy  bad  come  froin  the  point  t  ;  and  witb  the  efiect  of 
tba  MCOBd  lurfwe  addeil  to  thiiy  tfacy  will  diveige  at  Aon 
a  nearer  point,  f. 

Itwas Kepler,  who  by  these  invoti^ttioiie lint gavea dear 
axplfaatioB  of  tbo  ellccie  iuf  Wnacc'in  making  the  ray*  of 
•  pencU  of  ligbt  ogmoty  or  di««i]g|t;  Uo  ebftwrd  that  a 
fluo^oQMK  len  nakea  lajH  tbat  weve  paialle)  to  it^« 
axis,  meet  at  tbe  diriaooo  of  the  (liMietcr  of  Ifao  iphan  •  f 
convexity ;  but  tbat  if  both  lUm  of  tho.kM  bo  oiivally 
,  convex,  the  rays  will  have  thdr  focus  at  tho  ilittanee  of 
the  iii<!iii5  (if  the  circle  corre«ponding  to  tliat  degree  of 
convfxity.    liut  he  did  not  invcktigatc  any  rule  for  the 
foci  of  lenses  unequally  cunvi'x.    lit-  coly  say»,  in  i;ciu- 
ral,  that  they  will  fall  souk'wIm  ri  \i\  tlx-  medium,  btiwt  ti 
the  foci  b«-loll(>ill|>  to  ihi-  Iwu  diiyen  nl  Jierirs  or  cuiivfx  ny. 
It  is  to  Cavaleriui  thai  we  owi'         iiivi-iiigation ;  who 
laid  down  this  rule:  As  the  sum  uf  bulli  tin-  dianu-K  r<t  is 
to  one  of  them,  »o  i»  the  other  to  the  distance  uf  the  fo€u«. 
Asd  it  is  to  be  noted  that  all  these  rules,  concerning  con- 
vex lense<!,  are  ii|i|illciibU  to  those  tbat  arc  concave,  with 
this  ditTiTcncc,  that  the  focii's  is  <in  the  Contrary  side  of  the 
glaie.   See  Montucls,  vol.    pa.  176 ;  or  Priestley's  Mist, 
of  VUon,  p«- 6'5,  4to. 
0>  lik  principle  it  «a»  not  difficult  to  find  tbe  ibci  of 


«>xee»<  of  the  distance  of  the  object  frotn  the 
that  uf  the  focus  is  negative,  which  -is  tbe 
1:  ialten  tbe  eootiary  way.  Montaelat  vol.  2,* 


for  the 
gl. 

•(Liiitf  dista 
I'l.  177. 

And  from  rhi-  |irinciplo  above-rot'iilHirK-d,  it  uill  nut  bi' 
di!?i(.uit  (1.  undii  tund  the  application  01  l<-«»es,  in  the 
ruti.)ii;il.'  ot  tt-i<  sciipes  and  microscupes.  And  on  these 
|ji  rnt  j|)lt  >  also  js  tf>unded  the  structure  of  refracting  bota- 
inj;  j,  by  which  the  sun's  li(;ht  and  heat  are  eXCCod* 

lu^ly  uugniintid  in  the  focus  of  the  klu,  wheiberoaimx 
or  plano-convex ;  since  ihe  rayi,  falling  ponilid  to  tho 
axis  of  tbe  K-ns,  are  reduced  into  a'much  narrower  €00^  ■ 
pass;  so  that  it  h  no  wonder  they  bum  MMne  bodicf,  mdt  * 
others,  and  produce  other  exiraonlinaiy  phcnonena. 

In  the  Pbike. Trane.  Tol.'xvii.  II60.  or  ny  Abr.  iii,  5D3,  , 
Dr.  tlalley  gives  an  inn^nious  investigodoa  of  the  foci  of 
rays  refnctod  ihiuugh  any  Icn&es,  tvearly  as  (bllowtt 


Let  ati,  be  a  double  coovox  km,  c  tbe  centre  of  tho 
Mgnent  and  k  the  centre  of  tho  eCgpnent  xl  ;  bi,  the 
thichwM  or  diameter  of  tho  lew,  and  p  a  point  in  tho 
•xt»}  it  is  required  to  iiod  the  point  r,  or  fociis,'  whoi* 
tho  ng%  proceeding  froni  i>  shall  be  collected,  after  boiot 
refniCted  through  tho  lens  a(  a  and  a,  points  «-ery  near  to 
the  axis  St..  Put  Ihe  distance  da  or  db  =</,  the  radius 
CA  or  CB  =  r,  and  the  radius  ko  or  xL=a;  also  the 
tliickncisof  the  lens  bl  =  <,  aiul  m  to  n  the  r.din  of  the 
iinc  of  tbo  angle  of  incidence- DAO  tu  the  sine  of  tke  re* 
fracti'd  un^lo  n  ag  or  ca  m  ;  or  m  to  is  will  be  the  ratio  of 
those  angles  tht  nt^rls  i  s  nearly,  since  very  small  angles  are 
to  each  other  in  ilie  saiiK-  raiiu  as  their  sines.  HeUOa  ' 
m  is  as  the  anijlp  nAO  or  l>AC, 
n  is  us  the  ungli:  hao  or  mac, 
and  because  in  this  case  the  kides  are  as  their  oppocite 


Moctl*  of  mf  ianiiiv  from  any  point  in  tbe  axis  of  the  "nBH  thatafeto  oc :  M : :  Aoac :  Ac,  of  4  -^  r  :i:  :im; 

Urn  Am  'P^^\Z^^  -^'i"  ^«Wdi »  «s  the      ;  fnm  thbtaltt.or  tho  Aw'ac, 

and  if  they  iisoe  from  the  iocQt,  tbey  will  be  prallel  on  -7^<>>* 


and  if  tbey  iisoe  from  the  fbcut,  tbey  will  be  prallel 
the  other  side.  If  they  iisuo  fraeft  •  point  between  tho 
focus  atid  the  glaM,  they  will  continue  to  diverge  after 
pasain^;  the  lens,  but  Ie>s  iban  before;  while  tho^-e  that 
come  from  beyond  tho  focuik,  will  cnnverge  after  pussmg 
the  glatt,  and  will  meet  in  a  place  beyond  the  on]i<isiic 
foc««.  This  philosopher  particularly  observed,  that  ra\s 
which  is^ue  irom  twice  the  distance  of  the  forus,  will 
meet  at  the  same  distance  on  the  other  «.ide.  The  mo«it 
important  of  these  observations  have  been  iilreaily 
tratcd  by  proper  figures,  and  from  ihetn  the  rest  may  be 
easily  concrived.    Ijitcr  optteul  » risers  have  assigned 


md  there  remaioa  ■ '  "!  ^ ~ — atftbe  /.m;  heneei 

O  +  f" 


'  (m  —  n). 4  — nt 


It  A  at  MB;  wKich  liha 


point  the  rays  would  \>e.  collected  after  one  refractiorj,  ' 
VIZ,  when  nr  is  Uis  than  (w  —  n)  .        Bui  when  nr  is  • 
=  [m  —  71)  .  <1,  the  point  would  beat  an  intinite  diitnnce, 
or  the  ntys  will  be  parallel  to  tbe  axis;  and  when  nr  i» 
greater  than  (m  — «)  .rf,  then  MB  is  negative,  or  m  fallt 
the  distances  at  which  rays  will  m<^t,  that  issue  from  any    on  the  other  side  of  the  lens  beyond  o,  and  Ihe  rays  still 
Other  place  in  the  axis  uf  a  lens;  but  Kepler  was  too    contiouc  to  diverge  after  tbe  first  refraction. 
Mtnah  inKnt  npon  bis  astronomical  and  other  pursuits,  to      The  pdnt  m  being  now  found,  to  or  from  which  Ihe  rays 
pay  mnchattentiOB  to  geometry.   Montucla gives  tbe  fol-  proceed  after  the  first  refraction,  and  bm  —  bl  being 
fowinj;  rule  concerning  this  subject :  As  the  excess  of  tho  thlM  gpveh,  which  call  s,  by  a  process  like  tbe  loVmcr  it 
distance  of  tj)c  object  from  tbe  gkss,  above  the  distance  folbtvt  that-rL,  or  tho  focal  dltlanco  nught,  i>  equal  to- 
ot the  locus,    to  the  distance  of  the  ftKus ;  so  is  this  dis-  HOB  t^v      .       .   .  UaiitmM 
lance,  to  the  place  of  c^pnvcrgcncy  beyond  tbe  glass.  And   (m-nj.o  *  ma  MntWmU  of  PMUmilali^ 
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«B  —  LB  or 


Wr 


^-  ^  ud  pntliM  •  ibra^-; 

•tbcsanc  theorL'ni  will  ln'comc 

tuiice  sought,  in  its  most  general  form,  iacluding  tliethick- 
ncss  of  the  lens;  being  tlie  uiuvi-nal  rule  for  thcfociof 
double  convex  glusses  expu^eii  to  diverging  rays. 

But      tlu'  ihickncs)  nf  the  lens  be  rejected^  WB  BoC 
scnblbli',  the  ruleAviU  be  much  thortcr,  vis, 
!^'"  _, 

«<r  f  dR  — /irH  *' 

If  thcidiin  tbe  lena  coanit  of  glaw,  wIkmc  nfrtetkm  is 

/.  And  if  it  be  of  wn- 

■OilfH 


M  S  to  I.  it  will  he  J! '  ^ 

tar.  wlioie  refrBClion  i»  as  4  to  3,  it  will  bo  .  , 

ssf.    But,  if  the  leiH  could  be  made  of  diamond,  whose 

Kfraction  U  as  5  to  2,  it  would  b«  =  f. 

tf  lh«  iqcidcut  rmyii  instead  of  diverging,  be  converging, 
the  distance  dr  or  d  will  be  negutive^  and  then  the  tbeo- 

I  Ibr  a  double  convex  glas*  lens  will  be  - — ^ — —7—  


or- 


,  3;- — -—  sb/  in  wbich  case  therefore  tbe  fucut  \ 

always  on  the  other  ride  of  the  (^stt- 

And  if  the  rays  be  parallel,  an  coming  from  an  infinite 
distance,  or  nearly  ^io,  then  will  i  be  negative,  as  well  as 
the  terms  in  the  ttn'  nui  \-_\  which  it  is  found;  and  thrre- 
ibrc'tbe  other  term  prw  \k  nothing,  in  respect  to  those 
4liftulB  terms;  and  by  omiuing  it,  the  theoRB  ifiU  be 

'p*r«  pfB  _ 

d^-.  iv.         r  +  K 

And  here  if  r  =  a,  or  the  two  aides  of  the  glas»  be  of 
.  eqjul  c<Hi*exiiy,  this  last  will  become  barely  |^  or  only 

rat/ the  focu«,  whr(A  thoNfoia  bto^ccnlM  of  the 

convexity  of  the  lens. 

If  the  lens  be  a  mouKiu  of  glui{  thto,  odtiiigr  ne- 
gative, the  theorem  is 

—T. — 1  or  —  —  =j  lor  (iivcreine  ray&. 


or 


■  in  -4- 


—  -j/  lor  cooveiging  layi, 


or  —  =/for  parallel  rav<. 

ICthe  lena  be  a  doable  concave  glass,  r  and  r  will  be 
hoth  napiivc  and  then  the  theonmhacone* 

and  =:/'forpaiallclnqf«. 

And  hen-,  if  the  radii  of  cnrvature  r  and  a  be  equal, 
tUilast  will  be  biirrly  -  r  =/ for  pfndM laya filling 
on  a  double  concave  glass  of  equal  cofvature. 

Lastly,  when  the  lens  is  n  platMHroDTOX  glm  ;  then,  r 
being  infinite^  the  theorem  becomes 

*  ss/for  diveiging  rayi, 

•At 

j^j-^  =/for  converging  rayi, 
and  Ss  az/f6r  parallel  rayi. 


The  theorems  for  panillcl  rayi»  at  cobum  teeth  ao  in- 
distance,  take  place  in  the  cotMaon  remctbig  tdM* 
copes.  And  those  for  convci^i^  ray*  m  chiefly  of  «h) 
to  determine  the  focus  resulting  from  any  iort  of  lena  , 
placed  in  a  tekwope^  between  the  lincui  of  tbool|}Mt-gIais 
aiKi  the  glaia  ilaetf }  theditlanca  between  the  lafd  focus 
of  the  ol^ject^fillt  and  the  interposed  lens  being  made 
4;  while  thoae  ibr  diverging  luy*  are  chiefly  of  use 
in  niemcioita,  rcadiog>glaiMi,  and  other  caeee  in  which 
near  objects  are  viewed. 

It  is  .  '..ilin;  tliiit  ilii'  foregoing  general  theorem  will 
serve  to  Jiiid  an\  Kit  ilu  idhir  circutnslanccs,  a?  well  as  the 
focus,  by  colTsl Jfring  this  as  giv.  n,  Thus,  foe  i;ihtatice 
suppose  it  be  required  to  find  the  distance  at  which  an  ob- 
ject bcitij;  plari'iJ,  it  ■■hiill  by  «  given  lens  be  represented  ai 
large  as  the  object  it^it ;  which  is  of  singular  use  in  view- 
ing and  drawing  thero,  by  tran»mitling  ihc  image  through 
a  glass  in  a  dark  room,  us  in  the  camera  obecun,  which 
gives  nut  only  the  true  figure  and  shades,  but  the  colonia 
thems^«n  M  vivid  a*  tbe  life.  Mow  in  tbii  casatf  is  =/, 
w  b  I'ch  b^Am  Afttheorem  beceniajNArft  a  dV  d^m --/)dr  ai 
and  thw  gives    =  Batif  ihotwoooMaKilkaho- 

laing  to  equal  •pheictt  to  ai  thatr  s  a,  then  it  is  d  a  pr, 
or  ss  8r  whan  tho  len*  b  gjhn.-  80  that  if  the  object  be 
placed  at  thedianeter  of  tia  where  dbuntfrom  the  h  ns. 
then  thefbcuB  will  heailhrdifianton  the  other  std  ,  and 
the  image  as  large  as  tbe  object.  But  if  [>,<■  i»lnns  were  a 
plano<onvpx,  the  same  distance  would  tH>  ju>t  twice  as 
much. 

Agsiii,  ret  uirtnt;  t^i  the  first  general  theorem,  including 
f,the  thicktie-s  i>l  the  lens  ]v\  ifie  lens  he  a  whole .iphere* 
then  (  s  2r,  and  r  =  a ;  and  hence  the  theorem  reduce^ 

And  hen  if  d  bo  indaite,  the  llcotein  oonlncli  to 
""""     */j  or  forghiaira/: 


hemisphere  ii  axpoied  lo 
ng  infinity  and  I  m  r»  Iho 


thut  a  spiiere  of  glass  collects  the  snn'5  rayii  at  half  the 
radius  of  tlic  sphere  without  it.  And  for  a  sphere  of 
water,  the  focus  is  at  the  d  st.mce  nt'a  whole  radius. 

for  another  c^xainple ;  when  a  I 
pamlkl  nyt;  then  d  und  H  being 

theorem  becomes  ^^^^r,  =  ^^^rg/  Tllttii,fa 
glass  it  is  ir,  and  in  water  |r. 

SoYeiai  other  corollaries  may  bo  deduced  from  iheibflo* 
going  principles.    As  follows: 

lat.  That  the  thickness  of  the  leus,beii|gtieryainall,  the 
ibcna  will  remain  the  aam^  when  ctibor  alda  ii  -Trpnaad 
to  the  rays.  * 

Id.  If  n  lutninoui  bodj  ha  ptaced  ia  a  Ibcns  behind  a 
kns,  whether  plano-convex,  or  convex  on  both  sides;  or 
whether cquallyoruncquallysn;  thcri.ys  biconie  ]i.irailel 
after  refraction,  as  the  refracted  rays  hecome  \v;iut  were 
bef  jre  ihr  incident  rays.  And  hence,  hv  n  e.ins  of  a  con. 
vex  leu:,,  cr  u  little  bubble  fuli  of  svati  r,  a  very  jn- 
tense  liL^ht  miiy  be  projected  to  a  sjreat  distance.  Which 
furni^lK-  us  svith  thr  structure  of  a  lamp  or  lan(ert^  io 
throw  nil  i])n  n^e  light  to  an  immense  dibiance:  foralana^ 
convex  on  Injlh  sides,  being  placed  opposite  to  a  concave 
mirror,  and  a  lighted  candle  or  wick  being  placed  in  tha 
common  focus  of  both,  the  ray*  ndoGted4>wk  froMtho 
mirror  to  the  lena  will  ho  panlld  io  each  othert  md 
ofteriaftaction  willconpoiga^  till  Htay  concur  at  the  dis> 
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lance  of  the  raJius,  after  which  they  will  ugain  tlivcrge. 
But  the  candle  being  likcwite  in  the  focus  of  the  lens,  the 
ravs  itihrowii  on  thi-  l<  n>  will  l)f  parjillel;  and  therefore  a 
■»ery  intense?  li^i-t  nn'<tii;i^  wuii  nui)lii<T  equally  .iiU'iisc, 
at  the  distance  of  the  diameter  from  the  It  n«,  the  |ij;ht 
will  be  surpriiini}  :  and  ibudgh  it  Blli  rward»  decrease,  yet 
the  parallel  and  divergiii|  fays  fMng  a  long  way  tttgelher, 
it  will  be  very  great  at  a  great  oniance.  Lanterns  of  this 
kind  an- pi'  ccftksiderable  service  in  lUc  nigfit  doie,  to  dis- 
C(t*er  remote  obiecis. 
If  MjbBN  «>  \^  h^UM  the  hum  tiai«, 
l-plaeeefaalkrraiB^HnialMNeti^&Ck 
I'lenses  and  inimM'inAl.ta  bCNHCd. 
9.  Tkt  IVnayes  of  objects  arestKNtninwrttd-ia  the  {bens 
of  a  convex  nur  is  the  focus,  of  the  sun's  raya  any 
thing  else,  in  effect,  bnt  the  image  of  ttie  sun  inverted. 
Hence,  in  solar  eclipse*,  the  sun's  imagi',  i  c  Ii|>m  il  as  u  is, 
may  be  burnt  by  a  large  lens  un  a  board,  6cc,  and  <  \iiibu 
a  very  entertaining  phrnumeiioii. 

4th.  If  a  Concave  mirror  U-  m>  placid,  us  that  in- 
verted imii<;i,  formed  by  refractiop  thnjUj^h  a  Irns,  il 
found  bciwecn  (he  centre  and  (be  locus,  or  even  bi-yoml 
the  centiCi  it  will  again  be  inverted  by  reflec(ion,  and  so 
upcar  errct;  in  the  tint  case  beyond  the  centre,  and  in 
the  latter  between  the  centte  and  the  foctii.  Aitd  on  tbcae 
principiea  the  camcm  oNeof*  i«  comtnicted. 
'  5lh*  The  imagie  of  an  olgecl,  delinrtited  beyond  «  cob* 
wt  lena,  ia  of  the  mum  magnitwirfM  it  wniM.  beoj^  wen' 
tkn  ol^cct  to  shine  into  |  dairfc  pum  thl«a{[h  •  Mwit  M»t 
upon  «  wall*  at  the  aaiM  distance  fnnnthc  hnk,  aa  the 
focus  is  from  the  lens.— When  an  object  is  less  iKkiant  fMoi 
a  lens  than  the  focus  of  parallel  mys.  the  di>4anrc  of  the 
image  is  greater  than  ttiat  of  iheolijert;  otherwise,  the 
<iistaiici- ol  llir  llnugo  in  lest  thiil.  t:;  i:  i;  \hi  ohycf.  in  the 
former  case  then  fore, the  inmgc  ii>  liirL;i  r  lljun  tin-  object; 
in  the  latter,  it  is  less. 

When  the  images  arc  less  than  the  obitcf,  tliey  iipjirar 
more  distinct  and  vivid  ;^becau»e  ihi  ii  iimrt  rays  ;  n  hc- 
'  cu»ttlfited  into  H  p^vn  <ipnce.     But  if  the  iiiia>!<'«  be  made 
gnaier  than  the  iibjicls,  ihiy  will  not  nppeai  aikliiictly  ; 
because  in  th.it  case  ih>  rc  are  lewer  niys  which  mivl  alter 
relraciioii  in  ti'<  ■.ame  point;  whence  it  happens,  that  rap 
'  proceeding  from  different  points  uf  an  abj>  i  i,  terminate  in 
.  the  lame  point  of  an  i  magr,  which  is  the  cause  of  confusion. 
Hciwe  it  appear*  that  the  same  apegure  of  a  lena  maj  be 
■idmitteil  in  every  cute,  if  wr  would  keep  off  the  mya  which 
produce  cooluuan.   However,  though  ilie  iiaage  bo  then 
more  distinct,  when  no  layi  aie  admitted  but  those  near 
the  axis,  yet  lor  want  of  rays  the  {RWgr  ia  apt  to  be  dim. 

6.  If  the  ey«  be  placed  in  the  fortn  of  a  convex  lens, 
an  object  vii  ui  il  llirnui;h  It, tipptars erect, and  cnlar^i-d  in 
the  ratio  of  the  tti>(unce  of  tlie  object  from  the  eye,  to 
'  that  of  the, eye  fijm  the  U^,  if  it  ba  new ;  but  iafinilely 
if  remote. 

7th.  An  object  n.-»i  ,)  through  .i  concave  lens,  apprars 
erect,  and  diminished  in  a  ratio  compounded  of  thu  ratios 
of  the  space  in  the  a.xts  between  the  point  of  incidence, 
and  (he  pinnt  to  which  an  oblique  ray  would  pass  without 
refraction,  to  the  space  in  the  axis  belwrcn  the  eye  and 
the  middle  of  the  object;  and  the  &pace  in  (he  same  axis 
between  the  eye  and  the  point  of  incidence,  to  the  space 
Ifetwcen  the  middle  uf  the  object  and  the  point  to  which 
the  obliqtM  lay  would  pass  without  refraction. 

Finally.  HmigF  ha  oiowv^th^tbe  very  small 
lying  glaiaei  vij^  If  nttAMapciiJUMt  properly 

.   •  .  •  ! 


dor  the  denortunation  <jf  lens,  nj  they  most  approMCli  to 
till-  tipi.in-  of  iliL'  li-ntjl,  a  seed  uf  the  \ctch  or  pea 
Inrn  v>  lirriro  the  iiiimi' is  deovi-il  ;  but  the  reading  glasses, 
IjiiMi  11^  i^laisos,  iui.l  all  that  magnil),  Come  under  the 
same  ili  nuinirialioh  ;  lor  thi  ir  surlaces  are  convex,  though 
leiw  so.  A  drop  of  wtiter  is  a  lens,  and  it  will  serve  08 
one ;  and  many  have  used  il  by  way  oflens  in  their  micro- 
scopes. A  drop  of  asy  tnnspaient  fluid,  ei^chis^cd  be- 
t  ween  two  concave  glasses,  aequim  the  shape  of  alent,  tad  • 
has  all  iu  properties.  The  cryaialltne  humour  of  tlw  eyu 
i«  a  lens  pxaciljr  of  this  kind}  it  i»  amaU  quaatily  of  a 
tnHilueeiit  fliud,  omtHncd  betweca  two  concave  and 
tmwpumit  ■emhaaun^  called  the  cwu  of  the^ye ;  and 
it  octAw  the  leua  made  oir  water  would  do,  ia  an  equal  de- 
gree of  conve.xity.  * 

LI-.O,  the  Lion,  a  considerable  constellation  of  the 
ni.rtliern  heituhphere,  being  one  of  the  4S  old  ruii^ti-lla- 
tnn'.s,  Hcul  the  5th  sign  of  the  zoiliac.  It  n  marked  thus 
il,  .IS  u  iuJl-  sketch  of  the  animal.  The  Greeks  fabled 
thui  tlijs  '.siis  !iie  S'ema.'nn  linn,  which  had  dropped-from 
till'  iiMMiii,  Lilt  K'lrin  s|i,ia  by  llerciih-s,  was  raiM.nl  to  the 
liiBvcns  by  Jupiter,  in  coinmenioration  of  the  dreadful 
conflict,  and  in  honour  of  tluit  hero.  Hut  the  bieragly> 
phical  meaning  of  this  sign,  so  depicted  by  (he  Egyptiana 
lung  before  the  invention  of  the  fables  of  Hercules,  waa 
probably  no  more  ilian  to  signify,  by  the  fury  of  U|k  UoOk 
the  noient  heala  occ«»ionifd  by  the  sun  when  ho  cntaved 
that  puit  of  the  eeliptic-^HlM  Man  in  the  coaMelhtioa 
Leo,  In  Plolrmy'i  catalogue  are  S7«  bcaidea  •  unlbrmel 
ones,  now  countcii  in  ill*  comtallathin  C'onm  Berenices; 
in  Tycho's  SO,  in  that  iif  Hevelius  49,  and  in  Flanuteed's 
95;  one  of  them,  of  the  firtt  magnitude,  in  the  breast  of 
the  Lion,  is  called  Re<;nlus,  and  Cor  Leojiis,  or  Lion's 
Heart. 

Leo  Minor,  the  LiuUliim,  a  cointellation  of  the  north- 
ern hemisphere,  and  one  of  the  nrw  iine;.  1  jUl  were  formed 
out  of  what  were  li  ft  liy  the  micienti,  under  the  name  of 
s'.cHie  inltjrino,  or  unlormed  stars,  and  added  |i>  the  4ti  oldl 
oiie>.    it  contains  63  »tar^  in  Flainitteed's  cilaloguc. 

Cor  Leon  is.  Lion's  heari,  a  fixed  star,  of  the  tirst  magnW 
tudc,  in  till'  sii;n  len ;  caSled  hI?.o  regul^s,  basilicus, IStc* 

Ll'l t'":  Uure,  a  cimslellatitin  of  the  HOUtbeni  he« 
misphere,  and  one  of  the*  48  old  constellations.  Hie 
Grevks  fiibled,  that  thia  anioui]  was  placed  in  the  heavens, 
near  Orion,  as  being  one  uf  the  animals  which  he  hunted* 
But  it  is  pn>bobla  their  maalen,  the  Exyptiansv  had  aomo 
other  mteniag  in  thia  hierogly  ph  i  c  The  stars  in  the  cohf 
aiollalion  lcp<n,  >■>  Ptolemy  's  catalogue  are  13,  InTychoV 
19.  and  in  Flarasiced'a  l^,  . 

LEUCI FPUS,  a  celebrated  Greek  philosopher  and  ma- 
theniuliciaii,  w1io  flourished  about  the  428th  ytar  lielore 
Christ.  He  was  the  first  author  of  the  I'amuus  system  of 
atoms  and  vacuums,  and  of  the  faypotlieiifof  Itaniiai^neo 
aitribuicd  tu  the  moderns. 

LLVF.L,an  instrument  u^ed  to  make  a  line  parallel  to 
the  horizon,  nnrl  to  continue  it  out  at  pleasure;  aBd  by  this 
means  to  find  the  true  level,  or  the  difference  of  ascent  or 
desceiu  between  two  or  more  places,  fur  conveying  watery 
draining  fcm,  die. '  Thett  are  several  instruments,  of  dif* 
fcrrnt  constructions  and  malefials  iaveiited  for  the  per- 
fection of  levelling,  as  may'heNen  inLahiraSiand  Picard's 
treatise*  of  i«v«lliag|in  Bifoo's  treatise  nn  raathematicai 
iiiitrameiiia,naabo  in  the  Philos.  Trans,  and  the  MenioiAi 
do  YAeti,  die,  Bnt  dM9  my  ba  icduced  to  (be  <bUow> 
jjif  kindk  .   .  '      r         .  . 
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The  screw  3.  i>  (or  r.i.siii;;  or  lowering  ii  liulc  fork,  «liich 
carriii.  thi-  hsii,  making  il  agree  with  the  bubble  df 
atr  ■iM  cii  tlir  III-' ru!i-,i'nt  in  level ;  ;,M  J  iln:  jcrew  4,  is  fur 
making  tbt-  bubble  ot  air,  u  or  r.agrivwith  the  tfli-scopc. 
Thp  whole  il  fitted  ion  biilhind  suckvt,  or  otherwise  moved 
by  joints  and  Krew». — it  may  he  observed  that  a  tele- 
scope may  be  added  to  any  kind  of  lf\cl,  by  Applying  It 
upon,  or  parallel  to,  the  bsst-  or  rulfr,  w  hen  there  is  occa- 
sion ta  take  the  level  of  ri  inoto  objects:  and  it  poa 


thii  advantage,  that  it  may  he  inveitcd  by  turninc  the  rnkr 
md  tdc«cope  half  round;  and  if  thcb  tltt  Uu  Cat  the 


LEV  •  t  7»  ]  LBV  ' 

rfMer-T/rvFT ,  that  wtiich  thoM  fk«  liOfMwItal  Une  by  Mr.  Iluygpni.  It  b  likedw  lait;  with  only  this  different, 
roe:ins  of  a  =urfucr  of  water  or  olTior  fluiij;  founded  on  this  that  insu-ad  of  plain  sights,  it  carrifs  a  telescope,  ir)  <irt.  r- 
principU,  luai  water  always  pjucei  iiselflevel  or  horiaon-  mine  exactly  a  point  of  level  at  a  cun^il^eralJle  di^lancl■. 
tal.  'I'iic  iM(i>t  vimplr  kind  l^  inrule  of  a  lo/jg  W0u<k>n 
ttuui^li  iir  tun;il  ;  which  beiiis;  equLilly  tilled  with  water, 
iti  MJrfjci-  ■.hows  the  line  of  level.  And  this  is  the  cho- 
rohates  of  the  ancients,  de«eribed  by  Viiriiviii*,  lib.  viii, 
cap, 6.  IV'  water-level  Isalsn  made  with  two  ciip",  tilted 
'tojhe  two  ends  of  astr.uglu  tube,  about  an  inch  dianicter, 
•nd  3  or  4  f<-<-t  long,  by  means  of  which  the  w»ter  com- 
'BUiiicaies  from  the  one  cup  to  the  other;  nnd  this  pipe 
being  nowtble  on  itseUUKi  by  means  of  a  ball  and  socket, 
wbiini  the  tiro  cut*  Ao«  equally  full  of  water,  their  two 
wifhees  iMrkibe  line  of  level. 

This  imirument,  instead  of  cupV.  nwy  also  be  nade  with  aanM  point  that  it  did  before,  the  opei*^  n  jaM.  Ifaiw 
tm  short  cylinders  of  glass  3  or  4  inchea  long,  fintcacd  lo  variatMa  aad  inprovcnMiiCb  of.  tbir  iattntaient  haw  been 
each  extrymity  of  the  pipe  with  mik  or  nulic.^  _  The  pipe  aade  by  tbe  amre  modem  opticians. 

Dr.  DesBptUels  proposed  a  machine  for  taking  the  dif- 
ference of  level,  which  contained  the  pnnripl,-%  both  of  a 
barometer  atnl  thermometcT ;  bud  t  is  itut  accurate  in  prac- 
tice: Philos.  Trans.  voLxaxiii,pa.l65»orD7Abr.«oL«i, 
49.    Fig.  3,  4,  J,  6". 

Mr.  liadU-y  tuu  iiEis  ci;-r;ti  iv(  d  a  Spirit  Level  to  lie  fixed 
til  R  quadrati:,  l<jr  takiiii.-  a  mendiati  aUiturle  at  ica,  wbca 
the  luin.  i  II  I-  III  t  viMhlf.  Sec  the  description  and  figBia 
ot  It  in  the  Fhilos.  Trans,  vol.  xxxviii,  167,  or  Abr«TO| 
630.  Various  other  spirit  levels,  and  nefcoitel  lereili  cni 
also  invented  and  used  on  diSerentoCCuiona. 

Kc;^<ci(Hi£  LbtbL,  that  made  by. aWHW  of  a  pretty  loM 
dan  tube,  of  an  indeierminalc  length  and  thicknesa,  and   surface  of  wataTt  sapfoenting  the  aaae  object  iaverM^ 

wUchweieaenctbgrtlMliyeiWthatthepointwbeietlieia 
twonl^lMBpcac  to  meal,  it  on  a  lead  arith  Aa  plaea 
when  the  ^nlMIr  of  fha  water  is  finiod.  ThisiiiiieiB- 
mitiniefiLH~ 

Tfaene  fs'^aMM^  reflecting  level,  consisting  of  a  po- 
lishod  metal  mirror,  placed  a  little  before  the  object  gUsa  ' 
of  a  telescope,  suspended  perpendicularly.    This  mirror 
mus-  hn'  set  at  ;  11  Riiple  of  45  deyee>  ;  in  ■.vhirh  ch'c  the 
perpendicular  line  of  the  telcKopc  becomes  a  horixontal 

line,  or  a  Una  of  lavit.  Which  it  the  iaaoMioa  af  M. 

Cussmi. 

Artillery  FotX- Level,  is  in  form  of  a  square  (fig,  7), 
having  it^  two  legs  or  branches  of  an  equal  length  ;  at  the 
juncliim  of  whirli  is  a  «m.ill  hole,  by  which  hangs  a  plum'- 
met  playir.g  on  a  perpendicular  line  in  the  middle  of  a 
quadrant,  which  i>  divided  both  ways  from  that  point  iolO 
45  degrees.  This  instrnment  may  bo  used  on  other  occ^ 
sions,  by  placing  the  ends  of  ^ts  two  branches  on  a  plane) 
-long ;  at  the  ends  of.  which  ate  fixed  two  sighu,  3,  3,  ex-  i«r  when  the  plummet  plays  pcrpendiculaBly  over  the  aid- 
actly  perpeqdicolar  to  the  taface,  aiid  of  aa  eqtial  beidht,  dk  division  of  the  quadianl^  the  plane  is  Ofcn  kfcl.  *  Tb 
baviogaaqiiaia  hole,  formed  by  twolHktiof  hnatefasS^g  aw  it  ia  gaBnery,Blaoedw  two  ends  on  the  piece  of  ar- 
«ach  ether  at  right  angles;  in  the  middle  of  which  is  tiUeiyi  which  nay  be  raised  to  any  proposed  height,  and 
drilled  a  verysmall  hoW,  through  which  a  pOiat  on  alerel   the  plunnnet  wUI  cat  the  degree  above  the  level.  But  this 


is  filled  with  common  or  coloaiad  water,  which  ifcowt 

itself  tliroui^h  the  cylinders,  by  n)f«ns  of  which  the  line  of 
level  isdeterminoit';  the  height  of  the  water,  with  respect 
to  the  centre  "l  llu-  earth,  being  ulwnys  the  same  in  both 
cylinders.  This  level,  tliou^h  very  simple,  is  however 
V, TV  romraodious  for  levellins  small  distances.  See  the 
method  of  preparing  and  usiiij;  a  water-level,  and  a  mer- 
curial level,  annexed  to  Davis's  (juadrant,  for  tiie  same 
purpose,  b^  Mr.  Leigh,  in  Philos.  Trans,  vol.  xl.  417,  or 
iny  Abr.  viii,  'i60. 

^>-Level,  is  that  which  shows  the  line  of  level  by 
Beans  of  a  bubble  of  air,  enclosed  with  &otne  fluid  ia  a 


having  its  two  ends  hermetically  sealed  :  an  iovcatioo,  it 
it  n$  of  H.  ThanDot.  When  the  bnbbk  lixas  itMlf  at 
»  eei«RihiMtlt>  aadeaxactly  in  tha  auddkaf  the  tabe^tha 
eaia  «r  raier  ia  whteh  it  ia  ftwd,  is  than  kvel;  and  when 
it  is  liot  level,  the  bubble  will  net  to  owe  end.  This  glass- 
tube  may  be  set  in  another  of  brus,bawlag  an  aperture  in 
the  middle,  where  the  bubble  of  air  may  bo  observed.  Tbe 
liqu')r  with  winch  the  tube  is  filled,  is  usually  either  oilof 
tartar,  or  a<jua  sccooda;  those  pot  being  liable  to  fret-xc 
as  comiiion  w  .iter,  HOT  to  rarefaction  and  coadensatiaB  as 

spirii  of  w  ine  is.  . 

Tliere  is  one  of  these  iii'-triirmnts  with  si^ihls,  bein§  an 
improveineiil  on  that  last  described,  which,  by  Uie  adiiitnni 
of  other  wpparatus,  becomes  more  exact  and  commodious. 
It  Consists  of  an  air-level.  No.  1,  (Jig.i,pt-  IK)  about  8 
inches  long,  and  abr>ut  two  thirds  of  an  inch  in  diameter, 
aet  in  a  brass  tube,  2,  having  an  aperture  in  the  middle  c. 
The  tabes  are  earned  in  a  strong  straight  ruler,  of  a  foot 


with  the  instrument  is  seen.   The  brass  tube  is  fastened 

to  the  ruler  by  means  of  twn  screws;  the  one  of  which, 
marked  -f,  serves,  to  raise  or  deprt'ss  the  tube  at  pleasure, 
for  bunging  it  towards  a  level;  llie  top  nt  the  liall  and 
socket  is  rivcHed  to  u  small  ruler  thai  spiiiij^s,  one  end  of 
which  is  fastened  with  -[jrings  ri>  the  great  ruler,  and  at 
the  other  etui  is  a  screw,  setvinj;  lo  rahe  and  depress  the 
instrument  when  nearly  level.  But  this  instnin  eni  n  ],  ss 
commodious  liian  the  lollowing  one :  -for  though  the  boles 
be  eversosmali,  yet  they  will  still  uke  intoogiaataqwcc 
to  detanaiBe  the  point  of  level  precisely^ 


supposes  the  outside  of  the  cannon  is  parallel  to  its  axil, 
which  is  not  always  the  case;  and  iiunfore  another  in- 
strument is  employed  cither  to  set  the  piece  level,  or  ele- 
vate it  at  any  angle:  namely  a  small  quad  in!,  with  one 
of  its  radii  continued  out  pretty  long,  whieii  being  put 
into  the  insidV  of  the  cylindrical  bore,  the  pUan:iiet  iln  ws 
the  angle  of  elevation,  or  the  line  of  level.     See  Gunner't 

QCADHAN  T. 

Carpcmcr's,  liricktaytr'i,  or  Pmior'i  Level,  consists  of 
a  lung  ruler,  in  the  middle  of  which  is  fitted  at  right  angles 
another  broader  piece,  at  the  top  of  which  is  kalaabd  a 


J%.  3, »  zLeBdwIA  rdlsieqpie  St^M,  ML  immua^  ploauact,  which  whan  it  hangs  osar  Oa  aiddk  linaaf  tha 
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3d ur  upright  pfcce, show*  tliM the ^QMCV ImigTVlar il  W 

ri<ontal  or  level.    Fi§.  8.* 

jl/at(Mi'«  Level,  ii  compoA-d  of  3  rules,  so  jointed  as  lo 
form  an  isoiceles  mao2lc,M>mewbat  like  a  Roman  a  ;  from 
the  vertex  of  which  it  luipended  a  plummet,  which  bungs 
directly  ovi  r  a  mark  in  IM  oMdie  of  the  ba**.',  when  thin 
ia  horizontal  in  level.    Figi  8. 

Pltmk  or  Beadiihtm  Levf.l,  mM  to  be  invented  by  M. 
Pionl;  ib.  10.  This  shows  the  horizoi^tal  line  by  mcana 
'  alinepafpoBdicitUr  lo  that  dcieriiied  bv  m  piumr 
It  cooriils  of  Iwa  kfi  «r  MnehM, 


1 M  right  Mi|kk  the  OM  of whieh^  afalHM  tS  inches 
long,  carrica  a  thrsM  tiid  plummet ;  the  thread  being  hang 
near  the  top  of  the  branch,  at  the  point  2-  The  middle  of 
the  branch  whereihe  thread  passes  is  hollow,  so  that  it  may 
hang  fri  i:  i  viTy-when-:  but  towards  the  bottom,  where 
there  IS  a  ^inali  blade  of  silver,  on  which  a  line  is  drann 
perpendicular  to  the  telescope,  the  said  cavity  is  covered 
by  two  pieces  of  braM,  u  iih  a  piece  of  glass  o,  to  sec  ibii 
plummet  through,  futimng  a  kirni  Lit'  riur,  to  jin  vent  the 
wind  from  agitating  the  thrrad.  The  telescope,  of  a 
proper  length,  is  tixed  to  the  other  leg  of  the  instrument, 
at  right  angles  to  the  perpendicular,  and  having  a  hair 
stretched  borisontajly  acroU  the  focus  of  the  object- 
glass,  which  determioea  the  point  of  level,  when  the 
string  of  the  plummet  bangs  i^iosl  the  line  on  the  silver 
the  whole  being  fixed  by  a  ball  and  tockerto  its 


fl^IStbafialmevLsTUii  which  beioig  nupeqled  by 
A*  n«gi  the  two  tights,  when  ia'cquilibrio,  will  bo  boii> 
MOlol,  or  in  ft  level. 

Some  other  levels  arc  alto  represented  in  pi.  18. 

LEVELLING,  the  art  or  att  ofiinJin^  ;i  line  parallel 
lo  tbc  horizon  at  oiio  or  more  s.Uiii.  ii'-,  tu  determine  the 
height  or  depth  of  one  place  with  resjwct  to  another;  for 
laying  out  grounds  even,  regulating  dciccin*,  draining 
tnorasses,  Ci'nduetinj  water,  &c. 

Two  or  mare  places  arc  on  a  true  level  when  they  arc 
oqnally  disUiiit  from  the  centre  of  tbe  earth.  Also  one 
place  is  higher  thun  another,  or  out  of  level  with  it,  when 
It  is  (atlhcr  from  the  centre  nf  the  earth:  and  a  line  equally 
distant  from  that  centre  in  all  its  poiols,  is  called  the  litw 
of  True  Level.  llaBe%  becaui^c  the  cutk  k  toutd,  that 
lim  niut  be  a  mntt  and  make  a 
]Nirtoif  the  earth's  circQiBftraiieetW  .  ? 
'■tkMtpaiallcltoitfareeaeaRtiiail  , 
«Mi  it}  M  tha  Una  mem^iMA  baa  ' . 

alt  Ita  pointa  aqaally  diataat  firorn  a  '  ' 

litt  contra  of  tMoartb;  coinidcfiiig 
itat»perii|Cl  globe. 

But  thelioeof  tight  bdf  &c,  given 
hy  the  operatioiis  of  levels,  is  a  tan* 
giiii,  or  a  ri«ht  line  porp«ndicii1ar  to  ' 
the  ioiniiliaineter  of  the  earlh  at  the  point  of  contact  B» 
rising  always  higher  above  the  true  line  of  level,  the  farther 
the  distance  is,  this  being  called  the  Apparent  Line  of 
Level.  Thus,  cd  is  the  height  of  the  apparent  level 
above  the  true  level,  at  the  distance  bc  or  no;  also  «F 
it  the  excess  of  height  at  a;  and  on  at  g;  &c.  Thedif- 
ference,  it  ia  evident,  it  always  equal  to  the  excess  of 
tbe  leCMtof  the  arch  of  distance  above  the  radius  of  the 
«ltb. 

The  isouinon  methods  of  tevdliaii  are  raQcicBt  for  1»y 
ingpavencut*  of  walln,  or  ibr  oomqing  water  t»  imall 
diataam^  kat  but  ia  son  ortniiva  aocntkniy  w  m 


levcliii;^  till?  botfiitns  i.f  CHrn-ih,  \\  hied  nre  to  c-'<\r.  i  v  w  aicr 

to  tiie  distance  ol tnany  miles,  and  such  like,  the  ditterence 
Letw«eu  the  tme  and  tMsppareiitlefelnuit  be  taken  into 

the  account. 

Now  the  dif]i?rence  CD  batwaea  the  true  and  npparent ' 
level,  at  l^ny  dtttance  bc  or  bd,  linay  b^found  thus :  By  a 
well-kifown  property  of  the  circle  2aC  ci>:  bd:>BO: 
CD ;  or  becwise  the  diameier  of  the  eattli  it  lo  great  with 
rapect  to  the  line  cd  at  all  diataaeoa  to  Irhich  ao'opofap 
tiw  of  levdliagconaMmiv  rxteadt,  tlMtSAC  may  baaalUy 
taken  for  CaC  cd  In  taat  proportion' without  any  ten* 
siblc  error,  it  will  be  2ac  ;  bd  : :  bd  :  CD,  which  there- 
fore is  =  ~^  or  ^  nearly ;  that  it,  the^  difference  be- 
tween the  line  and  apparent  level,  is  equal  to  the  square 
of  the  distance  between  the  places,  divided-  by  the  diaroe> 
ler  of  the  earth;  and  consequently  it  is  alwayt  propor- 
tional tn  the  >r|uari;  <il  the  dist.iurr. 

Now  the  diameter  of  the  earth  bcingncarly  791'^  miles; 
if  w«liattidk«aeaiiflli)e,thcn  the 

~  oranile,wUdiii9lncliai>  dM  lwi|^  of  the  appa- 
rent above  the  true  level  at  the  dinnnrc  of  one  mile. 
Hence,  proportioning  the  excesses  in  altitude  atcurdiitg  (u 
thetquares  vi  the  dibiiuices,  the  following  table  is  obiaiu- 
cd,  which  thows  tbe  height  of  the  apparent  above  the  true 
level  for  every  100  yards  of  dlilaaeB  oalbaoa*  band,awl 
for  every  mile  on  the  other. 


Dtat.  «tac 

or  CD. 

DUt.  or  BC. 

INK  eflml, 
«««a. 

Mil«. 

F«<. 

1(K) 

0026 

I 

y 

.  0 

oi 

':i:;ij 

01 03 

t 

T 

0 

0 

300 

0-231 

I 

0 

*l 

400 

0-411 

I 

0 

8 

500 

0-643 

2 

2 

8 

600 

0925 

3 

6 

0 

700 

1  260 

4 

10. 

7 

800 

1-65* 

5 

16 

7 

900 

S'OSI 

6 

ts 

11 

1000 

fsro 

7 

9S 

6 

1100 

3*  1 10 

8 

43 

•  6 

1200 

3701 

9 

53 

9 

1300 

4-344 

10 

66 

.  ♦ 

UOO 

3-038 

11 

SO 

13<-10 

5-7St 

12 

95 

7 

1600 

6-580 

13 

lis 

2 

1700 

UO 

Bv  nu;in5  of  these  tabV-s  of  reductions,  we  can  now 
level  t'l  111  must  miy  dibluiice  at  one  <i|nTation,  uliichthe 
ancient"  c.julcl  f.ut  do  hut  by  b  great  mul:iti.ilo  ;  for, 
being  unocquiiinted  with  the  correctiun  an-.WL  rni!;  to  par- 
ticular distances,  they  only  levi  lK'J  fnrrr.  iin<-  \.'0  y.irds  to 
another,  when  they  bad  occasion  10  cunUnui  tlm  work  tO 
any  considerable  extent. 

This  table  will  answer  several  useful  purposes.  Thui, 
first,  to  find  the  height  of  the  apparent  above  the  true 
level,  at  any  distance.  If  the  given  distance  be  contajned 
in  the  table,  tbe  coneciion  of. level  it  found  on  theauna 
Mae  with  it:  ihna  at  the  distance  of  looo  )ards,  the  cor^ 
fCCtida  ii  2*57*  or  two  laches  and  a  half  nearly  ;  and  at 

«lMdiiMnea«rx<»«iK  H«  66iiMt4iJWhei.  But  if 
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Ibe  exact  dixuiic  bft  not  found  io  tli<'  taMc;  then  multiply 
the  »|M»  of  the  lUtliuicc  in  }»tii»  by  Tii?,  un«l  divi«k>  ty 
laOOOiOOO^  or  cut  olTjS  pkci-B  or  the  ii|tbt  f»t  deciiualk, 
and  themt  will  In  inchvs !  or  multiply  ihcsqwu«  vf  the 
<l)>ianci:  in  mik»  hf  66  feel.*  iadira,  and  divide  by  loa 
I'lully,  To  find  the  extern  of  the  vi<.iUe  bonioii*  or  bow 
tiu  c.ai  bf  m'rii  fn,ni  any  iilvrii  hi  ii;lit,  on  a  boriaontai 

jilain',  as  at  sia,  iVc  ;  >u|>|)iih' tiiu  eye  of  an  obsMTCT,  on 
111.-  tH(.  if.i  -hill's  at  M.i.  be  at  liic  liciglit  of  lUOft-ct 
above  the  wnu  t,  ho  will  tin  n  .-n'  about  1+  link-,  a" 
ur.Ainl.  Or  tioni  tin-  lop  t/l"  a  ciilV  by  tin'  Ma-M<ii ,  itii.' 
li.  iglit  of  whitli  l^  6(i  Icet,  ii  pt  i^oli  luawsn:  tu  tbc  <li- 
staiin-  ijf  near  10  mill's  oil  llif  "■uilarc  ol  llif  sea.  AImi, 
whi-ii  the  top  of  a  liill,  or  the  lii;lil  in  n  !Mhtli.it.«.  .  <,r 

■  tucli  likf,  whose  bcigbt  is  l.tofcc-l,  /ir^l  hjiiii  >  iir...  iiie 
vibw  of  nri  »')•  on  boarJ  u  !ihi|i ;  tUr  lab.e  ^I.Llu  ^  liiai  llie 
diitaJlCi' ot  till' >.hii>  lioni  it  is  1  t  milc»,  it  iii>  >yr  be  ul 
thcMirfacc  uf  lliL'  waUT,-  but  if  !h<-  Iii  ilI.i  of  tbc  cyr  in 
theablp  be  SO  IkI,  then  till'  Ci>U:iirv  wii'.  i><:  iDcreaicd  by 

.Mar  11  miles,  miikinj;  iii  iill  about  Hi  uuk-»,  iJiManre. 

Sdly,  Suppose  a  spring  to  be  onoiu!  Mtlc  of  a  hill,  anil 
a  bouw  on  aa  opp«j«ite  bill,  with  a  valley  between  then ; 
■ad  that  the  spriug  9een.from  the  bouse  appears,  by  «le- 

.  veiling  instrument,  tu  be  on  a  level  with  flie  foundation 
of  the  huu>c,  which  suppose  it  at  a*mi)e  dkiaiicc  from  il; 
tbcli  i>  llir  sprins  8  liicbcs  aboM-  llie  true  level  of  the 
huu>e  ;  aud  ibis  dillerence  would  be  about  sufficient  foC 
the  water  to  be  bfougbt  t"  P'po  'rom  the  kpring  lo  the 

house. 

'4lh,  If  lln-  lieitilit  (ir  (iiitiiiRC  r\c?ir:l  the  I'liiits  of  the 
table:  lb' II,  tmt,  li  tbc  tJi>tuiite  bi'  guin,  dnid  it  by  ?, 
or  by  3,  or  by  4,  &c,  till  \hv  (|Uolieiit  come  uHh;ii  the 
di»:ajicc»  in  the  table  ;  then  take  .ml  llic  height  .ii;-v,  (  i  in.^ 
to  tbc  quotient,  and  multiply  it  by  ihe  s(|nure  ul  the  di- 
visor, that  is  by  4,  or  9,  «r  Ui.'iic,  foi  the  height  re- 
^jiiired  :  So,  if  the  top  of  a  hill  be  just  win  at  the  (Ji>tanc-e 
of  40  miles;  then  40  divided  by  i  f;i\es  10,  to  whith  in 
tbe  Ubie  answers  feet,  wbilb  being  multiplied  by  I6\ 
the  «|U8re'of>,  fiw*  106l^  feet  lar  the  iicight  of  tbc  hitL 
But  when  the  height  is  given,  divide  it  by  one  of  theia 
squan:  numbert.4»  9,  t§t^t  fcc.  till  the  ipioticnt  come 
within  the  llmits'tif  the  Ubie,  and  multiply  the  quotient  by 
thi  sij.mre  r«ot  of  the  divisor,  that  is  by  or  3,  or  4,  or 
5,  iv:<  ,  ti.r  the  di^itance  Miught :  So  when  the  top  of  the 
peak  I't  l  i  [n'i  ^r,  said  to  be  almost  3  railcs  or  15,840  feet 
higli,  iu-i  citmes  into  view  at  Siea  j  divide  15,840  hy  225, ' 
*oi  til.  -()Uttie  of  15,  anil  the  quotient  70  n.  .ul\  ,  which 
•n<>wcrs  in  the  table,  by  proportion,  to  about  10^  miles; 
then  muh.i.lyiuc;  l0f  Ay  15,  givcs  154f'milcfl,  for  thedi- 
stunce  of  the  hill. 

ft»  the  Prac:;ce  of  /,£ix-.7j)j^. 
The  operation  of  levelling  is  as  follows.    Suppose  the 
height  of  the  point  a  on  tl»c  top  of  a  ni.n:ntain,  above  that 
of  .B,  at  th«  foot  of  il,  be  re(|uir«(l.    Place  the  level  about 

■  tbc  middle  «^staI)ce  at  s,  and  tet  op  pickets,  poles,  or 
•talb,  at  A  and  s,  where  penoM  must  attend  with  signals 
for  raising  And  lowers 
ing,  04)  the  said  poles, 
little  mailu  of  paite- 
board  or  other  matter. 
Tlie  level  having  been 
pint  f.i  horisontally  by 
tin-  b-.ibbli'.  Icq,  loi-k 
i>  ■.•.L.iiN  the  vt^ilf  At, 
and  cause  tiie  person 


] 
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there  toraite  or  l^wrr  the  mark,  till  it  Appear  ihruugb 
ilie  telesc»{iei  or  sigbtij  &c.  at  e:  then  measure  exactly 
the  perpendicular  lieigfal  of  the  point  E  above  tb«  point 
wliicb  »upp<Hc  5  feet  8  nwfaes,  tet  it  down  in  your  book. 
Then  direci  your  sight  the  utbet  way,  towarda  the  pole  n,  i 
md  cause  the  person  dhete  to  nlm  vlt  lower  hie  mark,  - 
till  it  iipp.  ai  in  the  visual  liiw  as  before  at  c;  and  mea- 
suring tlie  ix  ijjht  of  c  abo\i>  »,  which  suppose  15  itnS  ' 
iiaiu-*-,  set  tili^  <lo\Mi  111  yi'ui  book  :iKo,  immediately 
above  the  nuiijl  er  of  ilu'  fiiM  obs.  i  xation.    Then  subtract 
the  one  troiii  l:ie  other,  ..inl  l!u    r.'iii;iiiiil.T  <)  f.'ft  10 
inc  lii  -,  wiil  Im' lUc  ilillcK  lice  <<Hi  ■..  i  U  uvien  a  and  J<,  «r 
th.  In.  1^1,1  dt  [M  |iiimt  A  abovethepi.ini  U 

1:  point  I),  «here  the  !nMniin<-iH  infixed,  be  ex- 
artl)  m  llie  inuldle  bi  Hm  .  n  t  n  imiiKs  a  and  B,  there 
will  be  11..  iiici  tor  ri  .liiciiii;  iipparellt  level  to  the 
tfueoiu,  iiievj-ii;u  frtv  .>ii  I  , .lb  ^r..;.  «  I  tin:;  raised  equally 
above  the  KUf  level,  liul  it  not,  each  lieiuhl  must  be  cor- 
rected or  reduced  according  tu  its  distanc  e,  bvtore  theorw 
corrected  height  ia  subtncted  from  the  other ;  as  in  th« 
cant  following.  * 


When  the  distance  k  very  considerable,  w  irrcguUr,  s* 
that  the  operation  omnot  be  etbcied  at  once  placing  of 
the  level ;  or  when  It  Is  required  to  know  if  there  be  a 

Miil.rient  disc-nt  for  tfonveyitig  water  from  tbecprinigA 
to  (he  point  it;  it  will  be  necessary  to  perform  this  at 

j,evrr;.l  .  |.i  in'ions.  Ilaviiij;  chosen  a  proper placc  for  the 

first  staiiirn,  ris  nl  I,  rt\  a  (mlc  at  the  point  A  iwar  the 
s|  LinL;,  "ith  u  plop,  r  n;,iik  tu  slide  Uji  an>1  ilowii  it,  as  L; 
and  n.easiire  iln-  'ii..l.4iic<'  li  i>'.;i  A  t.i  I.  Noiv  tin  b  vel  being 
adjusted  in  the  point  I,  let  tin  in.iik  l  bi-  r.useil  ui  l.j«ercd 
till  it  is  &»  vn  through  the  li-iejcpe  or  >iybti  ..t  the  level, 
and  measifre  the  heipht  al.    'I  hen  having  tixed  another 

Cleat  Hi  direct  the  level  10  it,  and  cau!>i-  the  mark  o  to 
moved  up  or  dou  n  till  it  ap(i<ur  through  the  instru- 
ment :  Iht^  measuH'  tho  height  c.u,  and  the  diwance  from 
I  to  H  ;  noting  them  down  m  the  book.  This  donet  le- 
9Wve  the  level  forwards  (o  some  other  eminence  as  k, 
from  which  the  p<^  a  may  be  viewed,  as  also  anmbcr 
pdkM  Vi  and  having  adjusted  the  level  in  the  point  a, 
leak  back  to  the  pole  b  ;  tnana^ng  the  mark  as,beforq, 
till  the  visual  ray  will  mve  the  point  t;  then  measiuii^ 
the  disiHnee  ii  I  and  theheigbt  nr>  note  them 'down  in  the 

honk.  All. I  here  turn  the  level  to  look  at  the  nvxt  polc 
D,  and  the  \  isual  my  » ill  jive  the  point  i) ;  tliereraeasure 
the  hf  ij^ht  of  l>,  and  the  .lislaiiee  K  B,  rnterinp  ibrin  in  the 
book  as  bel'.>re.  And  thus  proceed  from  one  sUitioii  to 
another,  till  the  vvl.'  h-  i^  c.iiipleted. 

But  all  lhes<.'  h<i:;hts  must  be  rorrccled  or  r..'dufeil  by 
the  fore;:oinf;  tahli-,  iiccordm"  to  ih.  ir  f  ~|ii'tivo  di- 
stances;  and  the  whole,  both  distances  and  heights,  with  . 
tbrir  conectioas  cntcied  in  the  book  in  tfa«  followbig 
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Having  sumin&J  up  all  thu  ciA«imiif  wid  those  of  the 

ili$ianct>!!  lonctlier,  ami  the  wlA«lc,iliii|pHice  from  a  to  n  is 
*7ao  yi»r>l>,  or  4  railct  wid  9  i|iiartefs  Werly-    I  Ik  h, 

ihc  sums  ol  ibc  corrcciiim»  uketi  fn>m  tin-  sumi  ol  (tie 
ap;)ariiit  b<-i;4li!s,  leave  the  twn  corri-cu'il  lu  i.;li!>( ;  tlic 
one  ul  whith  liLiii'  taken  fro::i  llu'xiirr,  li  i.  '  s  j  to  a 
ll'l  inc.  lor  llif  Iruc  ilill'-roncc  uf  icvul  ^nii;>|,[.  f.vci  n 
llif  (\\<i  iilaCOi  \  iiixl  B,  x»litcli  I'  at  tlic  rattMU  an  mcti  .iiirl 
hull'iio.irly  t<i  cM'iy  U)<»  yar  i»,  :i  i|!!:iiiiifv  iiion  tliun  nilii- 
cit  iit  lij  c.in^'  ;  !<■  w  ,r..  r  l"  nm  in.m  llw  -  jji  injitollu-  liuu^i'. 

Or,  thi>  ri|ni;i!ri)n  iimy.in  mln  r'.vi<f  iM-rliirnu-cl,  thus: 
Instead  iif  jilui  int;  tin-  Iv  vi  't  li<  t  .i'  iii  i-vi'ry  two  poUt,  end 
taking  bulti  buck-«ights  and  ion' bii:hi'< ;  plant  it  rir<>t  ot 
thetpringA»  Hild  thence  ubM.-rvc  the  k-vcl  in  the  lir>it  polo; 
then  remove  it  to  this  pole,  itml  nbtervc  tlic  2(1  pole ; 
^ext  more  It  lo  lit*  2d  pole,  ami  ul)M.  rve  the  3d  pole ;  ami 
so  OH)  from  one  pole  to  another,  always  takiiig  foraanl 
tightb  or  ofasorvKiiom  only.  Then  at  tha  hsti  add  dl  the 
corrected  heists  together,  and  theaum  will  Jie  the  whole 
didcrciKe  oflevcl  suu^lit. 

Dr.  Ualley  sunor^tisd  a  new  method  of  levelling,  pci'- 
fermed  wholly  by  means  of  the  barometer,  the  mercury 
being  luspcmled  at  »o  much  the  less  he  ight,  a*  tin-  jiLni- 
i*  farther  renuitc  from  the  ccntn-  of  llic  carlli ;  an«i  lu  r.rc 
the  liiflciiMit  l!eii;liis  m  the  li'.rrciiry  in  two  pl;ici's,  iiivo 
tile  diliuri-iice  <d"  level.  'I'liis  nielhod  i*,  in  fact,  tio  oilier 
than  tlu-  nictliuJ  ineavtinni  altituilr-.  liy  tin'  barometer, 
which  hab  lately  been  to  sutco^fully  |iracti-iil  und  per- 
fected by  M.  Di'luc  ai'.<i  nxhvi-.  ;  liu;  l!iou.;h  it  ~erv<'>  M  iy 
well  for  the  hcii;ht5  of  hills,  and  otiirr  con>iderabln  alti- 
tudes, it  is  not  ;iccur:i!e  en(>u:;h  for  delerininii);; Miiiill  al- 
titudiM,  to  inclii^s  and  parts.  See  llic  Barometrical  Mea- 
•nr^mentof  .\ltitudi  s. 

LsVKUilMa  i'e'Mf  ot  Stavet,  are  tnstrnracnts  used  in 
leveilmg,  forcanyioi!  the  mnrk<  to  be  observed,  and  at 
the  liame  tiipe  to  mrasure  the  hi  i^lits  of  those  aarki  from 
the  ground.  They  usually  consist  euch  of  two  lon^  wooden 
mien,  nada  to  slida  wwr  each  other,  and  divided  ialo 
'  Act  and  inch**,  fte.  . 
'  LEVE^,  n  straight  harof  ironor  wood,  he,  sopposcd 
to  he  inflexible,  supportrd  on  a  fulcrom  or  prop  by  a 
singlapoint,  ahoul  which  all  the  parts  are  moveubSc.  The 
lever  it  the  drst  of  lho««  simple  machines  cal!<  :l  met  lia- 
nical  powers,  beiii;;  :lu_-  Mnijilot  I'i  them  all;  niid  is 
cbictly  used  lor  riiiiing  great  weights  to  tmall  heights. 

^  ,  (—Jl.  «  * 
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The  li'.t  r  i.  ()(  thne  kindi.  first  the  conn  'jd  siti, 
wiiere  ihi-  «ei2l):  I'llendi  d  !■)  "^c'r.ii-ed  ii  ill  one  ri;ii  ■■!  if, 
our  ^rn  nt'l.*!  or  (iin  »riL:l.t  C?!l'<  !l  the  power  is  :il  li.e 
other  v  nd,  imd  the  pn^p  or  fulcrum  in  brtwern.  them 
bflth.  In  «iiri  ini-  up  the  6k  with  B  poktr,  we  ttiake  use 
ot  this  lever ;  ih«  poker  is  the  lewr,  it  wsls  on  one  of  the 
b  ir^  of  the  ^aic  as  a  (Irop,  the  incambrnt  fuel  is*  the 
«ei;  lit  lo  he  oeercome,  and  the  pressure  of  the  hand  on 
the  .1  I  T  end  is  the  lore*  or  pcnscr.  *In  this,  as  in  all  tha 
uth<  r  iiiachinck,  we  have  only  to  tnercase  the  distance 
between  the  foscc  end  the  or  to  decrease  tho  di- 
stance between  the  ivei:;ht  m-.  I  the  prop,  to  give  the  ope- 
rator the  greater  pow  i  r  or  etlect.  To  this  kiuil  of  lefcr 
may  alio  be  reii  rr<  d  all  -cis'^ius,  jiinci  is,  snvitii  r-i,  \e.. 
The  steel-yard  and  the  cominun  balance  arc  also  levers  of 
(his  kind.      •     ■  • 


In  the  lever  of  the  Sd  kind  the  prop  is  at  ^nc  end,  the 
force  ot  power  at  the  other,  and  the  weight  to  be  raised 
b  bet«^  them.  Thus,  In  nhing  a  water-plug  in  ike 
streets,  the  workman  puts'  bis  ifon  bar  or  lever  throudt . 
the  ritig  or  hole  of  ibc  plug,  till  the  end  of  it  reaches  the 
around  on  the  other  side;  then  making  that  the  piop,  ho 
lifts  the  pliin  by  his  force  orstrensth  ;'pplieH  at  ilie  other 
end  of  the  lever.  In  thi.  K  vev  Lm.  i;;,  iirmei  the  ue::.'ht 
is  (o  the  prop,  or  the  lauthi  r  the  povi  r  trmn  rhr  llie 
preater  15  the  effect.  '1  o  tl;i->'.'d  l,ir-.il  ol  i  \r.  r  miiy  also 
be  refeiTi  d  i!  e  mir'.  ni  d  rudder  of  a  boat,  the  luitslii  ol  a, 
siiip,  cunna  kni'.r'^  li.sed 'at OM  tlld,  aod  dOOFSj  whoao' 
hiliji  ~  -erv<  :is  .1  i'..|erum.  *  • 

In  ilie  h  v.T  111  ihi'  third  kind,  the  power  art-.  Ix  t«ecil 
the  weight  and  the  prop;  such  as  a  ladder  raised  -by  a 
man  *oine»here  betvieen  the  tuocpdiy  10  NaT  f*  ' 
-a  wall,  or  a  pair  of  longs,  &c. 


T 
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°  It  is  by  Ibis  Mod  of  lever  also  that  the  muscular  mo> 
lions  of  animals  an  parforracd,  theaniseies  being  iuserttd 
much  ncarerlotha  centre  of  motion,  than  thcpmotwherp 
is  placed  the  ccnilo'of  gravity  of  the  weight  to  be  raised ; 
»o  that  tha  noiii-«r  of  the  muscle  is  many  rimes  jpc^er 
than  the  wei{$ht  it  is  able  to  sustain.  And  in  this  third 
kind  of  I.  M  T,  h  i  pioiliiee  a  I  .Uiince  between  the  power  and 
weiah',  the  powtr  or  force  must  e.tcted  the  weight,  in  the 
same  projxiriion  as  it  is  nearer  tin  pi  op  than  tin-  weight 
is;  v^hereKs,  in  thfl  other  two  kinds,  llie  ])ooer  is  less 
than  li.e  weight,  in  l!  e  sHis.e  proportion  as  its  distance  i^ 
greateri  that  i»t  univcrsallv,  the  power  and  vvei^bt  are 

4Z2 


Digitized  by  Google 


i 


LEV'  Ami 

each  of  tlicin  rccipractlly  M  ihcir  dSitUMBe  frcw  tie  prop  i 

as  is  (limontitalcd  below.-  _  '   •  . 

Snine  aii:tiois  make  «  4tb  kitid,  of  what  is  called  a 

bcnili-(t  Icmt:  Kurh  as  a  hummer  in  rJrawring  •  nail, 

In  all  1'  '1 1-.  tin-  iini.i  property  i»,  that  flu' effect 
ofcithrr  the  wi  iibt  oi  ll  n  pu  n  i,  U<  turn  lli<-  li  vur  about 
the  Itilcrum,  IS  (iiicdly  us  i>  ii>ti  .i>  <l  its  dist.inci- fi<im 
the  prop,  that  is  as  dj,  win  ii-  d  ili  rmiii  tin  diiiniHi',  and 
y  the  force,  strengltf,  or  w(ii;lit,  i\r,  i  t  tin  a^.  m.  For 
tinoe  it  is  proved  that  at  a  ili<ublc  cUtiaiicc  it  vill  have  a 
double  eflect,  at. a  triple  'distance  n  iripli  cfiici,  and  so 
on ;  al»o  Slnra  a  double  forc^  pruducca  a  double  <  fleet,  a 
tri|iie  force  a  triple  eflect,  and  so  on ;  thcn-fori'  unitersally 
the  cftct  is  as  «^  the  product  uf  the  two.   In  like  maiWKr, 


LEV 


temi^la  »,  then  it  n  the  dfect  of  Mm  aho  to  bow 
le«rrr  And  irtll(Mtii«ttenti«<tmritut««cbotbrr 
tbe  lew,  and  tbeir  effitcti  be  sunp«M«l.M|inl,  or  the 
lever  kept  in  equilibrio  by  the  equal  aifil  cootniTy  dfecli 
of  tbcM  two  agents  }  then  is  pr  as  ((/^  which  eauatioo 
tolres  into  this  auah^,  vie,  d  :  <f  :  :/:  F  ;  that  i»,  the 
dislatrccs  of  the  n'^  fri  ni  the  prop,  are  reciprocally  or 
invenely  as  their  forces,  or  the  power  is  to  the  weight,  as 
tbe  ihitancc  of  th»  latter  from  Um  prop  i*  10  tiM  diitann 
of  the  former. 

Writers  on  mechanics  crimmntily  iicnioii>irai<-  this  pro- 
portibn  in  a  very  ab»urd  uuuiKti,  I  v  ji..|i[  i  «ina  the 
lewer  put  into  motion  about  the  pnjp,  itnil  il.<  ii  ir.t-.  rr.ni; 
that,  because  tbe  momenta  of  two  bodies  are  equal,  nhc^ 
plneed  npohdia  lever  at  inch  distances,  that  these  dis- 
Inew  ntn  toeiprocaUjrproportional  to  the  weights  of  the 
bodies,  nllll  that  liwimrc  this  is  also  the  proportion  in 
CM  of  no  eqwllbriimii  which  is  an  attempt  absurdly  to 
Jcm—tiako  tkingi  lopposing  tbe  contrary,  that  a  body 
dsatnst,  IqrmpimriniUlobaiii  aMiiob  I  shall  tbere- 
ibre  give  b«o  •  oiiif  ml  denomlntion  of  the  piopeity, 
on  the  pure  principles  of  rest  and 
pressure,  or  forcfc  only.  Thus,  let 
pw  be  a  lever,  c  the  pr«p,  and  p  and 
w  any  two  forces  acting  on  the  lever 
at  the  points  r  and  m  the  direc- 
tions PO,  wo;  then  if  lk  anJ  c  u  be 
the  perpendicular  disiiincis  mI  the 
direction*  r,f  ihnf  forces  from  the 
prop  (.,  i;  IS  t'l  br  demonstrated  ibst 
r  :  w  : :  CD  :  CE.  In  order  to  which 
join  C0» and  draw  cb  parallel  to  wo, 
and  cr  parallel  to  ro.  Then  will  cu,  the  perpend icttlaf  to 
vw,  be  the  direction  of  the  pressure  on  the  prop,  otber> 
^le  ibero  oonld  be  no  cqgilibrium,  for  the  dicoctiDns  of 
fhiw  fiicoaa  dwt  iDeap  ««eb.oibcr  in  eq<ulibriaM»  nrartao> 
ccMttily  Boet  in  tl|e  HHM  point.  And  baconMaiijrthieo 
fitreet  tbnt  keop  each  other  in  eqiilibriom,  era  propor- 
tional to  the  three  sides  of  a  triauda  formed  by  drawing 
lines  parallel  to  the  directioas  of  these  forces ;  th«refore 
tbe  forces  on  p,  c,  and  w,  are  as  the  three  liives  bo,  co, 
ca,  which  are  in  the  same  direction,  or  parallel  to  them  ; 
that  is,  the  force  P  is  to  the  force  w,  as  «•)  r  r  its  i  qual  CF 
is  to  CB.  But  the  two  triangles  ccr,  ckb  arc  equiangular, 
ud  bSKatWr  like  tildes  proportional, 

■  •  vii,  CF  :  CB  :  :  CD  :  CE; 

and  because  it  wa^  (  r  :  i  k  :  :  p  :  w  ;*  • 
therefore  by  equality  r  :  w  :  :  cd  :  cb  ;  * 
that  is,  each  force  is  reciprocally  propcriiona!  tu  the  riis- 
Obcabf  iadiciKtiaa  £con  tha  futeram.  Aod  it  wiU.ba 


found  th.1t  this  demonstraKon  fcrvcs  niso  for  the  other 
kinds  of  levers,  by  tiniwing  the  liinv<  directed,  llince, 
if  any  givt  n  force  p  be  iipplii  d  to  a  Irvi  r  .-u  a  ;  jt>  effect 
up';n  the  levi-r,  tr^  turr.  iluljont  thi-  ti  nlir  uf  riinimn  c,  is 
as  the  liiiylli  I  I  ii,:p)  1111,1  t'.:,  Miie  llic  aiif/le- of 
diterlion  Ca  F..     Kor  the  p«  i  p.  ct  is  iis  t: a  x  sin.  iLa. 

Ii  liawii;>  l  i-i  n  objected  to  (Ik  piinciple  of  this  demoiw 
st>'.ilio!i,  that  It  inlerred  the  slabilit)  of  the  b  ter,  or  the 
line  p»,  from  the  lhe<irciii  ihul  thri-c  turee«  meeting  in  • 
point,  iind  kei  pirin  lha  point,  or  a  body  ihtn,  stable  OB 
fixed,  arc  pi«|H.i ii.  nal  to  the  tbne  sides  of  a  triangle 
wliirb  an-  pur.illrl  to  their  dirrctMHiS;  srbich  isamiscoa- 
ce|jt:uii.  Foi,  it  is  only  meant  ibai  tbe  pmnt  o isstable 
by  tAat  ihcpremi  As  to  the  stabiliipi  ul  ibr  lever  rm,  thai 


if  D  bo  dw  distance  of  another  power  or  agcni,  «bote  ia>  is  iBfemd-ffom  to  beinj:  pi  rp.  to  ijie  pirn  line  oc,'  i 

tbo  limited  by  the  two  ii|if»  or,  ow,  given  in  iioufion.— Since 

'  on    the  time  when  the  above  deinonslratiiin  wns  nHntcil  in 


the  time  when  the  above  demon»iration  was  printed  in  the 
first  edition  of  this  Dictionary-,  I  hniesem  another  similar 
one  that  had  bi-cngivi  n  in  Dr.  Ilan.ilton's  l''j,vays. 

In  any  analogy,  btcitusr  the  pn  iluct  ol  the  extremes  is 
equal  to  that  of  the  means ;  thcu  lun-  the  proUuct  of  the 
power  by  the  distance  ut  its  .iiuction  is  equal  to  the  pro- 
duct of  the  weipbl  by  thi  tlistance  of  iti  direction.  That 

is,   P   X   Cll  =  W   X  CD. 

If  ihe  lever,  with  the  two  weights  fi.xed  to  it,  be  made 
to  more  about  the  centre  C  ;  the  momentum  of  the  power 
will  be  equal  to  that  of  the  weight;  and  the  weighu  will 
be  reciprocally  prr<portional  to  tbeir  velocities. 

When  the  two  forces  act  peipandicnlarly  oa  the  lever, 
at  two  vNlgliti  hti  tfaep»  in  cane  of  an  aqnUibrinm*  m 


coincides  with  p,  and  d  with  w  ;  and  ihe  distances  CP, 
cw,  |i<L.i  ri  I  I.  (Iir  li'\t'r,  I  I  llic  di-t;-.rirr^  nf  llu-  puu cr  find 
WiL'iE;ljt,  (rum  the  tuirrimi,  arc  rccijirocally  proportional  to 
t^■t-  [Mjwcr  uiiii  vsfip^Kt. 

In  a  strmgh;  li  vcr,  when  kept  in  rquilibrio  by  a  weight 
and  power  uctin^  |:i;rpendicuiurly  ujiiin  it;  then,  of  thr^.e 
three,  tbe  power,  weight,  and  pressure  onlhcprof,  any 
one  is  as  the  distance  of  the  other  two. 
And  hence  too  p  -i-  w  :  p  : :  ro  :  co, 
and  r  •^  w :  w : :  ID  t  CP; 
that  is,  dm  Mm  of  ih«  areigbtsis  to  eitiktr  of  themi  u  the 
I  of  their  disnDeee  is  to  tbe  diittnce  of  the  ether* 


Also,  if  several  weights  p,  q,  k,  s,  &c,  act  ooastrai^ 
laser,  and  keep  it  in  eqniUbrio  s  th^  the  sum  of  ti»  pro* 
dneti  «•  iHW  wleeir  the  prop,  vrill  be  eqiul  to  themm  on 
the  other  ride,  made  by  multiplying  each  weight  hg^  ila 
dislaaee  iiiMn  the  prop  i  vis,  p .  AC  4. «.  ic  a  ft .  BG  ♦  •  • 

EC  +  Sec 

Hitherto  the  lever  has  been  considered  sa  *  mefhe— 

ttcal  line  void  of  weJglit  or  gravity.  But  when  its  weight 
is  considered,  it  is  to  bv  done  thus;  Find  the  weight  and 
thi  r<  ntrL  (il  f.;ravity  of  the  Irvci  ulv.me,  an<l  ihen  coiaidci 
it  iis  11  inathematical  line,  but  iinMiif.;  iin  equal  weight  sus- 
prr.ded  by  that  centre  of  grasiiy  ,  and  so  combine  ils 
eOect  with  those  of  the  other  wci^u,  sa  above. 
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On  tlif  forfgoiiig  principles  iif'|>rrni5  [!ic  naturo  nfsccl'.'a 
ami  iHain-  lu  i.miiiii<  bijdioi.  l  ur,  il  ihi' distanci-s 
becquai,  rlii'h  a  I.I  tin- wcii^h  1-  i."/ r<|ual  uliio  ;  wLli  li  vli^es 
llu- Coiistructi'tti  u(lhe  coiniuon  scalt  v  And  Ibf  Itoumn 
itatera,  or  sli'i-l-yard,  ii  also  a  Icvrr,  but  ol  uncqtiul  urms 
or  dikUncM,  so  contrived  that  one  wei^tK  only  may  »<  rve 
leweigli  a  crrat  many,  by  tUding  it  backwards  ami  for- 
ward* t»  ilitferrnt  di<>tancv(  up6n  the  longer  aim  of  the 
lavcr.    S<.e  UalaNCK,  &c. 

Aiao,  on  tbe  priaciple  of  the  lever  depend  •Inott  all 
«tlKr.wdMmGal  powm  and  effects.  8m  WanL-A«»i 
■ASUi,  PokUT,  Wedok,  ScbeWj  he 
■  LKVITY,  tbe  privatioo  or  want  of  wdgbt  in  any  body» 
when  compared  with  anocher  that  k  Murier ;  inorl^di 
MftM  it  stands  opposed  to  gravity.  Thus  cork,  and  mott 
sort*  of  woud  tiiat  float  in  water,  have  levity  wiib  respect 
to  water,  thati^,  arc  leu  heavy.  Tbe  achuoU  maintained 
that  there  was  such  n  us  poMtive  ami  absolute  le- 

vity ;  and  to  this  thiy  impuUii  tlic  rhe  and  buoyancy  of 
budii's  lighter  in  spccu-  ihan  the  b<jJn  =  in  wlnth  ihry  rise 
and  fluBI.  But  it  Is  MOW  wi'll  known  thill  happens 
only  in  Cohm  qucncc  of  shi-  hrnvnTund  denser  tluid,  which, 
by  its  superior  gr>ivity,  gainii  ihc  lowfst  place,  and  raises 
U|t  the  lighter  body  by  a  force  which  is  e<]ual  to  the  dif- 
fon-ttce  vf  tbei  r  gravitiet.  It  wai  demonttrated  by  A  rch  i  - 
nedai,  that  s  idid  body  wtU  Boat  any-wbere  in  a  iiuni  o( 
the  same  vpccific  gravity  at  iuelf;  and  that  a  lighter  budy 
will  always  be  raised  up  in  it.. 

Lii:UW£NUOEK  (Amtokt)*  *celebnted  Dulcb  plu- 
kmiiher,  wea  bom  u  Delft  in  ifiSS;  and  acqniiM  a 
grrat  icpotatioR  iknaigmlt  all  Eonipe^  by  hia  CKpcii- 
aHoti  and  diicoveriee  in  nntonl  hiatonr,  by  ateam  of  tlM 
mitcroscope.  He  particularly  excelled  iit  making  glassc* 
for  microscopes  and  spectacles;  and  he  was  a  member 
of  moat  of  the  literary  si:>rir;ic's  uf  Europe;  tn  whom  he 
sent  many  memoirs.  1  hu*c  in  the  Philosophical  Trans- 
action*, and  in  the  Phhs  Mpinoirs,  extend  through 
many  volumes ;  the  former  were  cxtiacied,  and  publii^- . 
cd  at  Leydan,  kt  Ifat.  He  died  is  USS.  at  91  yaua 

of  age. 

LEYBOURN  (William),  a  respectable  and  very  useful 
mathematician,  of  tbe  17  th  century,  died  about  the  year 
1690.  He  was,  it  seems,  originally  a  printer  in  London; 
but  by  industry  became  a  considerable  proficient  in  ma- 
thematic*,  and  publiihed  a  number  of  very  utaftil  and  po- 
pular books  on  the  practical  parts  of  thoie  wiencet. 
Tkom  tS  them  that  are  in  my  possession,  are  tbe  fbUow- 
'  ^t  1.  Coapkat  Snrrcyor,  in  iiilio»  16SS,  iftenrarda 
nfabliiM  mi  improved  by  Ciiaa.~4.  Mina  0«e«w> 
trial  EmidM^  in  4iablfil»^  Dialli«tiki«liklfi>r} 
«ba  aamc  in  felioy  1700^  Conu  Mnthemttieaa,  *  vole 
fitlio,  1690,  then  held  in  much  csteem^5.  Recreations, 
in  folio,  1694.— 6.  Arithmetic,  8vo,  1700. — 7.  On  the 
Gunter'j  Quadrant,  12mci,  1731.  There  may  be  other  eji- 
tioos  of  thi-M?  works,  and  probably  earlier  ones  of  several 
of  them,  at  well  as  of  other  works  whicb  1  baep  not  MWy 
such  as  one  entitled  the  Trader's  Guide. 

LEYDEN  Phial,  in  Kl.ctricity,  is  a  glass  phiai  or 
jar,  coaled  both  within  and  without  with  tin-foil,  or  »umu 
other  conducting  substance,  that  it  may  be  charged,  and 
thus  employed  in  a  variety  of  lucful  and  entertaining  ex- 
periments. Or  even  flat  ^an,  or  any  other  shape,  m 
coated  and  used,  has  also  teceiviMl  tba  MB  ' 
Abo  a  vacuum  produced  in  Mch  a  Jaf,  kt, 
1  tba  Laydca  VacaM. 


'I'lic  I.i'vJrr,  lins  be'Mi  so  called,  becatis*'  it  is  snid 

thai  .M.  Curiaru!,  a  native  ol  Li-^dui,  first  toolrived,  about 
the  close  of  the  yiar  174i,  lo  accuni ulalc  the  electrical 
pu4«fr  in  gUss,  »n<l  to  use  it  in  the  Mlue  mauiier  as  at 
present.  Uut  lir.  I'riihiley  astrru  that  this  diKOvery  waa 
tirsi  made  by  Von  Kli-ist,iiv«in  of  the  cathedral  inCaauns 
who,  on  the  4ih  of  November  174^1  sent  an  account  of 
it  to  Db-iLiebrrkuhn  at  Derlin :  however,  tbote  to  vbom 
Klei<>t's  account  was  coiumunicated,  ci  uld  aotMCCMdiB 
perforiuing  bis  experiotents.  Tbe  cbiel  cumaMUMCei  iif 
this  discovery  are  sial<^i  by  Dr.FricMlcy  la  kit  Uiiti  «f 
ElecthoiM,  vol.  I^pa.  dtc 

LIBRA.  8i«Bai,avca. 

Lisa*  it  afao  one  of  tbe  48  old  coitttellations,  and  l&a  ^ 
7tt«|a«f  Ihaiodiac,  being  opposite  to  Aries,  and  marked 
liko  p  pait  «f  a  pair  of  sciih-s,  thus  a.    Tbe  figure  of  the 
balance  was  proiiably  given  to  this  part  of  the  ecliptic, 

bvCBUbc  '.vl  i  n  :h(  Min  artiMi  at  ihii  part,  '.vlurh  at  the 
time  oi  the  aulumiiul  ii|uinu.\,  the  ddys  ainl  riifjliti  are 
equal,  as  if  wcii^hnl  m  »  lyiiiain  <  .  The  stars  in  tliiii  con- 
itellatiun  arc,  according  to  Plolciny  17,  Tycho  10,  Heve- 
lius  '20,  and  Flamstecd  51. 

I.iBEA  uko  denotes  the  ancient  Roman  pound,  which 
was  divided  into  12  unciae,  or  ounces,  and  the  ounce  into 
24  scruple*.  It  seems  the  nuan  weight  of  the  scruple 
was  nearly  equal  to  I'k  gmins  Troy,  end  consequently  tbe 
libra,  or  pound,  equal  to  50M>  yraiiis. .  Ic  was  alao  the 
nanit.-  oi  a  gold  coin,  equal  in  valae'to  90  doMrii.  Sce 
Philos.  Trans,  vol.  6I,  pa.  462. 

Tbe  French  llvre  is  derived  from  the  Roman  libra,  aa 
tbi>  «M  from  the  Sici  I  i  a  n^,  ho  called  irlitn.  Tbia  ivaa 
ttied  ia  Fnace  for  the  prupnrtiona  of  their  oqja  till  about 
Ibo  mar  1140,  their  aok  boing  •»  proportioned  a>  that  90 ' 
of  them  were  equal  la  the  Hbta.  By  degiees  it  became  a 
term  of  account,  andmry  thittg  of  the  lalaa  of  SO  aob 
was  called  a  livre.  '  i, 

LIBRATION,  0/ the  Hfttnn,  is  an  apparent  irregularity 
in  her  motion,  by  which  »iic  Btctns  to  libratc,  or  waver, 
about  her  own  axis,  at  one  time  towards  the  east,  and  at 
another  towards  the  west.  See  .^Ioo^■,  and  Evr.cTioN. 
Hence  it  is  that  some  part,,  m.ar  tbr  nuiiJii  >  ac*ti-rn  edge, 
at  onetime  recrde  fnjm  :hc  ctntre  uL  the  due,  while  those 
on  the  other  or  ca^ii  111  -Adc  approach  nearer  lo  it;  and, 
on  the  contrary,  at  anotlier  time  the  western  parts  are 
teen  to  be  nearer  the  centre,  and  the  eastern  parts  farther 
from  it:  by  whicb  means  it  happens  that  lome  of  tboia  . 
parti,  which  were  before  visible,  set  and  hide  thenudfca  • 
i^.the  hinder  or  invisible  lide  of  the  moon,  and  afiarwHi^ 
■ctuta  aad  appear  agiin,  «a  the  saarer  or  fiaiUa  itda. 

TUa  Ubiatioa  of  tha  aooa  am  fiat  diwmiad  by  Rai 
i^ihu,  in  the  year  .l(rS4{  and  it  h  oiniif  to  her  aqaahla 
rotation  round  her  own  axis,  once  i  n  a  aioatt»  in  co^f aac^ 
tion  with  her  unequal  notion  in  (be  perimeter  of  her  ofUt  ' 
ruiind  the  earth.  For  if  the  moon  moved  In  a  circle, 
huvuig  its  centre  coinciding  with  the  centre  of  the  earth, 
while  it  turned  on  its  axis  in  the  pn  ciic  time  of  its  period 
round  the  earth,  then  the  pUm:  ui'  tin-  !i«me  lunar  meri- 
dian would  aUays  pas«  thruugh  iIip  carlli,  iii.'i  ihr  same 
luce  of  the  UiOOU  would  be  conslanlly  ^ind  ex.iclly  turned  • 
towards  us.  But  since  thi-  n  al  m  ;!i en  of  the  moon  i» 
about  a  point  at  a  considerable  distance  from  the  centre 
of  the  earth,  that  motion  is  very  unequal,  as  seen  from 
hence,  tbe  plane  of  no  one  mcridiau  constantly  pamiog 
through  tbe  earth.  '  , 
4  Tim  Uhwtiaa  of  the  nooa  ia  of  thwohiadi.     .  . 


L  I  if 
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)<t,  Urr  iihnuion  iii  Ioiil:iHi<!<',  or  n  secmiriff  vibriilir.g 
niiitifn  .ii\<imIi<u  !=i  till'  <>:<i<-r  I't  tin-  m^iii  dl  ii.t-  /uiiin"". 
'I  Ills  lil>r!th  ri  Is  mil  liiii^  I'.i  ici-  iti  t-iuii  |HTi'i>lK  iil  mimth, 
mIicii  iIh"  iiKiiiii  i>  III  liir  ii|Hi4i  (ini,  iiii  l  \»1ilmi  iti  In  r 
piTi  ji  >nn;  tur  in  t>"\U  tliesc  cu»  tin'  pLfi.c  o(  iitr  mrn- 
diaii,  nhub  is  turnnl  Uiuurds  u>.  is  <lii'i  cli<1  .ilikc  t>>tMiitii 
the  c'ur'li. 

'iii,  H'it  libration  in  luUlud«i  wbicti  nri'«'<;  I'k'Id  hrncr, 
that  her  axis  not  being  perpmcUcolBr  (u  ihc  pfaiK-  <  i  iui 
orbit,  but.incline<l  tu  it,  si>iii<-tiin(>^  of  ber  po|i->,  iiinl 
Minetimi'S  ibe  otlu-r  drcliiiL-,  as  it  wt  rr,  or  dipa  liuK' 
'  towards  th«  Mrth,  aiid  coMaqucnily  *he  will  iipp»r  to  li- 
bntt  m  nttK  and  U>»hatt-M>meti«et  more  «jf  her  >pot», 
■nd  sometime*  Km  of  thtm,  towards  each  polo;  which 
libration,  dcpkiKJing  on  the  ptiMlimi  of  Ihc  moon,  in  re- 
spcci  to  ibr  nwkt  oi  l.cr  orbit,  ami  her  axis  bcin^'  nrnrl y 
pprpr  ndiciilai  l<i  tlic  piano  of.thoedlptic,  ISTcrj-  pruiwi  ly 
sai<l  111  be  ill  lalitti'jc:  and  lliis  alto  it  rrtinpkltil  in  the 
apace  «t  ilic  nii'i.m'»  pciitiilical  inonib,  or  ruilii-r  wbilv  tliv 
nioon  i>  rt'iurning  apin  to  the  Muna  poution,  in  mpeci 

ol  iier  noiii'-,. 

M,  Itiii".  I  ^  also  a  ll.ir;l  ki:.<i  .  libralidn ;  Ii>- « 
it  happt'in  timt  lliiitcji  iiin-thti  juiit  ol  llit.'  tin  <iii  be  ln't 
really  liniRMl  (n  iln-  iMtlli,  ««  iii  ibc  liMim  r  libiiitiim,  set 
another  IS  Jlluniinuu  .t  by  the  sun.  Tor  since  the  moi  ri's 
axis  is  nearly,  perpi'iiclic  kklar  t»  the  pUtir  of  tlie  ccii|i||i', 
when  iihc  is  nio»t»outl>crly,  in  n-sp^rt  ot  the  noi;li  |i<)le  ol' 
the  ecliptic,  some  part&  near  to  it  will  U-  illuinuiui<  tl  by 
the  sun;  while,  on  the  contrary,  lh<'  »vulh  [H»le  will  be  in 
darkness.  In  Ihia  cuse  (ht  ri  loie,  ii  ih<r  >iin  be  in  the  same 
line  with  the  moon's  southern  limit,  then,  as  sbc  proceeds 
from  oai\|uBctian  with  Ihc  sun  towardi  hrr  RKcnding 
node,  khe  will  appear  to  dip  her  northern  polar  parts  a 
little  into  the  daili  hemisphere,  and  to  nisa  her  southera 
polar  parts  as  much  into  the  lighr  one:  and  the  contrary 
lo"tbis  happen  two  week»  after,  whiW  the  new  moon 
\\  (l<  Ml  iidiiij;  Iroin  her  northern  limit;  (<>r  then  her  nur- 
tluin  |io|jr  pait*  will  ;ip]H-ar  to  eiiur;;'  out  of  <larkin«, 
and  ihr  >nui  111  :  II  polar  partt,  lo  ifip  into  It  ;  n  hi.  h  sn  ining 
blin<lii>n,  or  rather  these  eft  rts  i  I  llic  former  iioiatnln  in 
latituile,  depeuiliMj;  on  the  Iwht  i>l  tin'  ttill  be  com- 
pleted ill  the  moon's  syniuiical  in.  lul).  (irej.  Astron. 
lib.  4,  seet.  10. 

Libration  of  ihc  Kaiih,  is  a  u-rm  applied  by  some 
astronomers  to  tlmt  iuoIuhi,  by  which  the  earth  i$  so  re- 
tained in  Its  orbit,  that  ii>  axis  continues  constantly  pa- 
rallel lo  the  axisol'  the  world.  Thi>  CofH  niicu»  cnlls  the 
motion  of  libration,  which  may  be  thus  illustraird:  isup- 
poae  s  globe,  with  its  axis  para|.lel  to  thatsrf'  the  caitn, 
pnintitd  on  a  llaf  it  the  head'  of  a  nasi,  novenble  on  ita 
axil,  and  constantly  driviHi  by  an  east  wind,  whik  it  Mlib . 
roond  an  island,  it  It  cvitlent  that  the  painted  globe  will 
be  so  librated,  ss  ibit  its  axikwtll  be  parallel  lo  that  of 

•the  uiirl.i,  ill  I  very  -itnatiun  ot  the  ship. 

Liri  -ANM  rni-.S,  :ire  such  periodical  pnymenl»^  RS 
depend  en  the  tniuinuuni  <■  i  |  >oii>-  |  .  I'n  dar  life  or 
live*;  Blul  ;l)>y  iii.iy  l>i-  di-l in^'Jisheu  iiit^i  :iiinuities  that 
Cfimiiieiu  e  imnii  dialrlv,  and  m.i  li  as  toriinu  ncc  at  ionw 
future  period,  called  rcviisivnury  lile-anauitie*. 


The  value,  or  present 
p  ised  liLe  or  lives,  it  is 


>lh.  of  sn  ^nlnllfl,  fi-r  anv  pro- 
dl  111,  ib  pi  i  d«  I  It  1 ,1 ,)  ciieUMi- 
>t»^.(  I  ■..  the  iiihir'.l  o|  niiHie\,ai;d  t!  e  t  i-.iiu  r  or  e.\ jiic- 
tiilHjii  1,1  tlie  coiitiiiuanci  ol  iile.  On  ll.e  loimer  onlj',  it 
has  Ix^-n  Hho»n.  under  the  luticle  A  N M'lrli:>i,  iie|iFnds 
the  value  or  pn-etil  worth  Ol  an  annuity  cerlSMl,  or  tttOt 
it.  111. I  »ul)|eet  to  the  continuance  ol  a  lile,  or  oilier  colt- 
tin;;ency  ;  but  tile  expectation  of  life  being  a  Ihinn  not 
c< nam,  but  only  posM-sniug  a  certain  rbance,  it  ih  evident 
ih.it  the  value  of  the  ccriain  anijuity,  as  staled  above, 
must  be  din  inisheil  lu  proportion  astM  ntpeclancy  is  be« 
low  certainty :  thus,  if  ibe  pieiwnt  vidua  t4  m  ninwi^ 
certain  be  any  sum,  as  suppose  10^  and  the  tuaitie  or  ex- 
pectancy of  the  life  b«  |,  then  the  value  of  the  li^-an- 
nuity  will  be  only  Imlf  ^  the  former,  or  50/;  and  if  the 
value  of  the  life -be  only  4,  the  vhltic  of  the  lite-annuity 
will  be  but  4  of  100/,  that  is  .■?;!/.  (i*.  Krf  ;  and  so  on. 
■  The  iiiejkiirexif  the  vahn  I  i  ,  \]  i  v.nr  1,  o(  lile,  depend* 
on  the  proportion  of  the  iuiiului  <  1  |Mr»ons  thai  die,  out 
ol  a  |^i\en  iiuniiHT.  in  the  time  pn  poj.  il  ;  thus,  if  at)  per- 
^ons  ilie,  oijI  of  lOO,  in  siny  pn  [■  -r.i  iime.  then,  halt  the 
iititiil'.  i-  (inly  r<  RiHiiiin:}  ;il.se.  imr  prist  11  hiis  an  efjiinl 
t  haiitr  lo  li\e  or  die  in  ituit  tin  e,  or  (he  value  of  bis  lili; 
for  thai  tun.'  i>  \  ;  but  if  ]  of  the  mir  In  r  die  in  the  time 
pr<ipo''ed,  or  only  |  ivinain  alive,  ituii  liie  »aluo  of  any 
one's  hie  is  5 ;  and  if  J  of  the  number  die,  or  only  4  w» 
mam  alive,  then  the  vnlne  of  any  life  is  l>ut  j  ;  and  so  on. 
In  these  proportiolis  tken  must  the  value  ol  the  iinnuiry 
certain  bo  diminishetl,  tu  give  the  value  ol'  ihc  like  lile 
annuity. 

U  is  plain  therefore  that,  in  this  bnsinrei,  it  is  neccaiaty 
lo  know  Ae  value  of  life  at  all  the  diflewnt  ageT,  from 
senie  table  of  ob«ervation.<.  on  the  mortali^  of  mankind, 
which  may  show  the  proportion  of  the  persons  living,  out 
of  a  given  nmnher,  ut  the  end  of  any  limited  lijne ;  or 
from  someoerialn  hypothesis,  or  usjun.ed  pi  inci)>le.  Noit 
various  tableti  and  liy])othese>  of  this  kind  liaM  be.  n  Ljivi  n 
by  the  wrilork  on  this  sulnett.  lis  Dr.  llaiUv,  iMr.  De- 
moivre,  Mr.  TbonKis  Simpson.  Mr.  Dodson,  Mr.  Kersse- 
bmiin.  .Mr.  I'arcieuv.  Dr.  IMee,  Mr.  Mm^an,  Mr.  Bnron 
MiiMies,  Mr.  H.nU.  many  other*.  Util  the  iame 
table  of'pndi  ibiiitirs  >d  lilr  mil  not  suit  all  places  J^for 
loll"  eX|M  rieiice  has  shown  that  all  places  are  not  ei|o,-i!ly 
healthy,  or  that  the  proportion  of  the  nuinlK-r  of  |H'>s'.n» 
ihnldie  annually,  is  difrerenl  for  uilTerent  placfi».  Dr.  Mal- 
ley  computet!  a  table  of  the  annual  deaths  as  drawn  from 
the  bills  of  monaliiy  of  the  city  of  Bre»law  in  Germany  : 
Mr.  Smart  and  Mr.  Simpson  from  those  of  London;  Dr. 
Price  fiom  thine  of  NorUHimptont  Mr.  Kemeboom  from 
those  of  the  provinces  of  Holland  and  Wesi-iHcslaiM{ 
and  M.  Paraeaz  from  the  Htn  of  4ha  Fitaek  lontinn,  or 
long  annuitieai  and  aH  thcw  aie  found  to  differ  frain  qm 
another.  It  "may  not  tbeieAite  be  Itsproper  to  insert  here 
a  comparative  view  of  the  principal  tables  that  have  been 
given  of  this  kind,  at  below  ;  where  the  first  column  shows 
the  Hce,  and  tlir  oiIht  culuinns  tlie  number  of  person* 
living  at  tbut  age,  out  of  1000  bom,  or  of  the  age  0,  in  the 
fiitl  line  9f  cacb  •cotnain. 
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65 

61 

119 

120 

124 

190 

193 

195 

260 

000 

6!> 

52 

60 

56 

1 1 1 

1 13 

1  17 

178 

182 

185 

246 

184 

70 

48 

35 

52 

103 

U»6 

109 

166 

171 

175 

232 

168  ' 

71 

4i 

il 

47 

<Ji) 

101 

153 

isT 

165 

21  a 

153 

72 

40 

47 

43 

8(i 

f  2 

93 

1  38 

151 

155 

iUi 

140 

73 

36 

43 

39 

7!) 

85 

85 

122 

1  i'2 

I 

1  8S 

129 

74 

33 

39 

35 

71 

78 

77 

107 

134 

135 

173 

119 

75 

30 

35 

32 

64 

7  I 

('>9 

9 'J 

]'26 

125 

l.'.S 

109 

76 

27 

32 

29 

57 

'>4 

01 

SO 

1  IQ 

1  14 

144 

<>8 

77 

24 

20 

25 

50 

58 

53 

(is 

1  12 

K>3 

129 

S5 

78 

21 

26 

22 

4:1 

52 

45 

iU 

105 

92 

1 15 

71 

79 

18 

23 

19 

37 

40 

38 

51 

93 

82 

102 

58 

SO 

16 

20 

17 

32 

4<) 

32 

44 

<)0 

72 

88 

46 

81 

14 

18 

14 

27 

34 

26 

38 

81 

62 

75 

36 

82 

12 

16 

12 

23 

211 

22 

32 

71 

53 

63 

29 

83 

10 

14 

10 

19 

23 

18 

25 

(j| 

45 

53 

24 

84 

8 

12 

8 

16 

19 

15 

21 

51 

38 

44 

20 

$9 

7 

10 

7 

13 

16 

12 

15 

41 

31 

36 

17 

80 

6 

8 

6 

10 

19 

9 

11 

32 

25 

28 

14 

87 

5 

7 

5 

8 

11 

6 

8 

24 

19 

21 

11 

88 

4 

6 

4 

6 

8 

4 

6 

17 

14 

16 

0 

89 

3 

5 

3 

5 

6 

2 

4 

11 

10 

12 

7 

00 

2 

4 

2 

•1- 

4 

1 

3 
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7 

8 

5 

ThcM  tablet  thow  that  the  mortality  aud  chance  of  life  30  ycATSf  via,  from  1740  to  176^ »  the  5lb,  by  tbc  sam^, 

•n  fsrioos  in  diffeicnt  places  ;  and  that  thereforo,  to  ob-  from  the  bilb  for  Koriliantpton ;  the  6tb,  as  deduced  by 

tain  a  sufficient  accuracy  in  this  business,  it  is  necessary  Dr.  Halley,  from  the  bills  of  mortality  at  Bmfaiw;  Ilia 

,to  adapt  a  table  of  probabilities  or  chances  of  life,  to  every  7th  shows  tbc  probabilities  of  life  in  a  coitatry  |NHddl  ipi  . 

nlaies  Car  wbick  annuities  «re  to  tw  calcufauad;  or  at  BnadanbiiigtfonDod  fraoa  the  bilbfof  fiOjrwni  vii»AWB 

feaat  ana  Mt  «f  taUas  for  Uigi  towns,  ami  aaothcr  for  IHO  to  17A9l>    f^vcn     Mn  Sowiilcki  th«  0di  Aom 

cottBtivpl«oci»  BiMUaaibf  tha»ippoiitioa<rf  diflin^  th*  |mtaWfili«»M  life  mtha  pariah  «fHal]p<;k«M,  nnr 

ntca  or  interest  '  Aiwrnbaij,  fefoied  from  a  npiln' kept  by  tha  Kpv.  Mr. 

Several  of  the  foregmns  taMct,  aa  they  conmcnoed  wUh  Oanueb,  for  20  yean,  from  1730  to  1770 ;  the  ptb,  for 

different  numbers,  arc  hew  rcducad  to  the  same  number  Holland,  was  formed  by  M.  Kersaebooni,  from  the  regis- 

at  the  bi-giiiiiing,  viz,  lOOO  persons,  by  which  iiK-utis  we  ters  uf  certain  annuities  for  lives  granted  by  the  govern- 

are  t'n.abied  bv  inspection,  at  any  age,  to  compHre  the  mcnt  of  Holland,  vrhich  had  b«n  kr-pt  there  for  125  years, 

numbers  tn^i  fiii  i  ,  r-.u'i  immediately  perceive  the  rclallve  in  whtcli  :lir>  ae>  s  of  the  M'veral  annuitants  dying  during 

degrees  ot  >it«iity  at  the  several  places.    The  tables  arc  tliat  period  bad  born  truly  entered  ;  the  lOth,  lur  France, 

aho  arranged  according  to  the  degree  of  vitality  among  were  fortucd  by  M.  Parcea^,  i.oni  :!.<  [i<rs  of  the  Krcuth 

them;  the  lout,  or  that  at  Vienna,  first;  and  the  rest  in  tontines,  or  lung  nnn\iitK's  and  verified  by  a  compariM>n  ' 

their  order,  to  the  highest,  which  is  the  province  cl  \'auJ  with  ihemortuury  ri  gistcrs  of  severtii  rrlic^ionn  bouses  for 

in  Switzerland,   The  motfaorities  on  which  these  tables  both  sexes;  aud  the  1 1th,  or  last,  for  the  district  of  Vaud 

depend,  ar»  as  they  hen  Mlow.^  The  fijit,  taken  froni  in  Switcerland,  was  formed  by  Dr.  Price  from  the  rrgis- 

Dr.  Price's  Observations  on  Reversionary  payments,  is  ters  of  43  pari*he<i  given  by  M.  Muret,  in  the  Ikrn 

formed  from  the  bills  at  Vicnn.i,  for  S  years,  as  given  by  moirs  for  the  year  17C6. 

Mr.  SnuBilcht  in  bis  GottUcite  Ordnuog:  the  8d,  for      Now  from  such  lists  as  tb«forcfiNng,vaiioiisiaUcs  km 

BnBn,  firom  iha  aama^  n  temti  tnuC  tha  bills  there  for  4  bean  foraiea'far  the  valuation  of  annailica  on  iin|1e  ani 

yews,  viz,  from  1750  to  17S»(  the  8d,  from  Dr.  Pika,  iofatiivrsi  at  several  rntrn  of  intmat,  in  mbUk  Aa  valoa 

•bowing  the  troe  probabilitica  of  life  in  Laodoa,  brmad  ti  shown  by  inspLction.^Tha  following  an  i|«m'  that  an 

from  the  bills  for  ten  years,  ris,  fram  ITSji  to  17^8;  tha  given  by  Mr.  Simpson,  in  his  Select  ExwdMi^ai  ilfincti 

4th,  for  Monrich,  fonied  by  Dr.  rnca  feam  the  billa  for  .  flmm  llie  London  bills  of  mortality. 


.DiyiiiiuL)  by  LjO< 
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Tabu  Il.-^Aowfi|f  Oe  Vdluei^tm  Ammi^  tm  One  Lf/k,  or  Number  «f  1/tm  Afmil^  it  Am  Tcftw,  mtptii^ ' 
*         '  McHey  to  btar  fmtml  at  lietevfml  RnM  qfS,  4,  tttid  i  pit  eau. 


Afr. 

^  CMS  VklllV  It 

Agr. 
' 

1  Yean  fthw  ai 

J  per  (i^nt. 

t  4  pT  c<nt. 

^.  

A 
M 

1  A'A 

1  6*!2 

1  W  A 

41 

13*0 

1  1*4 

• 

lM*0 

16*5 

42 

I2'8 

1  l'2 

43 

Il'l 

*  IfW) 

0 
w 

IQ>ll 

1  fi"4 

1  Ir  » 

44 

IS  iP 

11*0 

to' 

■ 

43 

10*0  - 

w  • 

10*A 
1  w 

40 

j«  ■ 

•  • 

IS 

♦7 

11*0 

104 

14-1 

48 

114 

V  V 

14 

JO  v 

■  WW 

4g 

I1>A 

J  w 

14*0 

50 

■  11*4 

10 

154 

■4  f 

51 

0*0 

IT 

J*  ▼ 

tS-4 

S2 

1 141 

1  1  V 

04 

ir  i» 

1S«4 

53 

fir* 

■•0 

19 

17*4 

13*0 

11*9 

34 

104 

9*4 

■TIP 

I4'8 

1 

*  if  v 

53 

0*3 

fil 

■  17"n 

1 4*7 

I2'0 

30 

JV  I 

D*I 

3f  ■ 

8*4 

S9 

16-8 

1 

I2'7 

37 

8-9 

am 
*•  • 

S3 

10-5 

14*3 

38 

9*0 

S'7 

3*1 

2+ 

1  (i-3 

1 4'  1 

1  ^4  ' 

59 

9*4 

S-0 

8*0 

25 

lO-l 

1 4'0 

1 2'3 

60 

9*i^ 

8*4 

26 

15-Q 

I  S'S 

61 

8*0 

8*2 

7*7 

27 

1  o-fi 

1  3*6 

02 

8'7 

8*  1 

7«ii 

1 5'4 

1  I-t 

1 1-8 

(i3 

H*9 

o  */ 

7-<l 

f  *♦ 

i  ^  z 

I  'i-O 
1  J  £ 

1  1  -7 
1  1  1 

04 

f  1 

7»s 

<  3 

30 

15-11 

1  rt) 

05 

s-o 

7-5 

7*1 

31 

14-8 

114 

66 

7-8 

7-3 

6-l> 

32 

1  t-<i 

I'i-7 

lis 

07 

'•b 

T-l 

<j-7 

33 

U  + 

12-0 

1  1-2 

7-4 

6-y 

(i-ti 

3-* 

14-2 

1 2-4  . 

1  I-O 

oa 

7M 

fl-7 

0*4 

35 

14-1 

12-3 

10  9 

70 

e-9 

6*5 

0-2 

36 

13<) 

12-1 

10-8  j 

71 

6-7 

e*3 

tt-O 

37 

1  i-v 

11-9 

10-6 

72 

6-5 

(>*1 

38 

135 

1  1-8 

10-5  . 

73 

6-2 

5*0 

39 

»0'4 

74 

.  3*4 

40 

:.  io^s  ''  1 

is 

-  r^-- 

04 

f  4BU  ni.  aHawfcy  ite  Fdkw    m  Ammi^M  Tta  Mm  lion,  aMit,M»i  bug  w      crte  JiyMkr^ 


Age  of 


10 


15 


EUrr. 


Value  ai 
3  per  reni. 


10 
15 
20 
85 
30 
35 
40 
45 
30 
55 
00 
(15 
70 
73 


13 
20 
23 
30 
35 
40 


14*7 
14*3 
13*3 
13*1 
12*3 
11*5 

\oi 

10*0 
P*3 
0-6 
7*8 
0« 
0*1 
5-3 


-131> 
13*3 
12*6 
1 1*9 
1 1-2 
10*4 


Value  at 

4  percent. 


13*0 
12*7 
12*2 
11-6 
10*9 
10>9 
9*« 
9*0 

5-  4 
7-B 
7*2 

6-  3 
3*8 
5*1 


12*3 
11*8 

)  1-2 

10-0 
9-4 


Value  It 

3  per  tem. 


11-0 
11*3 
10*1 

10-2 
9-7 
9*1 
8-fl 
S-l 
7-6 
T-l 
6*6 
0-1 
3*3 
4*9 


11*0 
10*3 

10*1 
9-5 
9*0 
8*5 


Agt  of 

Ynur4;cr 


15 


20 


A««-  of 


45 

50 

55 
60 
Oj 
70 
75 

"2<r 

25 
30 
35 
40 
45 
30 
55 
60 
65 
70 
M 


Value  at 
i  ftt  eenl. 


Vilue  at 
4  per  mit. 


9*6 
8-J 
8*2 
7*5 

6-H 
(j-0 
5-2 


12-8 
12*2 
11-6 
10*9 
10*2 
0-3 
8-8 
81 
7*4 
0-7 
d*0 
34 


8-8 
8*2 
7*6 
7*0 
G*4 
5-7 
3-0 

10^ 
10*3 
9*8 
9*2 
8-0 
8*0 
7-3 
04 
6*3 
3*7 
>0 

5A 


Value  at 

i  pel  1  em. 

8*0 
7*5 
7*0 
6*5 
O-O 
3*4 
4*0 


10*1 
9*7 
9'« 
8*8 
8*4 
7*9 
7-4 
6*9 
6*4 
5*9 
5*4 
•4- 


0 


j,.i-..ci  by 


LIF 

L 

Ai»«r| 

Yo»i»pw.| 

Avar 

EMfT. 

Vdwit 

El<let. 

VtWat 

•  percent. 

VdacM 

4  p«i  cent.  ' 

Vriwat 

1 

25 
30 
3.5 

I  l-s 
1 1-3 
10-7 

KK) 

|0\* 
lOl 
9-« 
9-1 

9-0  . 

SMJ 

8-2 

40 

60 
65 
70 
75 

7*0 

5*7 

.i-o 

04 

5^ 
•  5*4 

4-B 

0*0 

5*1 
4*0. 

•  ^  J 

Vj 

i  J 

ftd 

'i5 
711 
7  j 

«-4 

8-7 
8-0 
7-3 
(j-0 
5'!) 
5-1 

8*5 
7-9 
7-4 

fl-S 
0-2 
5-6 
4.,) 

7'« 
7-3 

6-.H  \ 

6-3 

5-8 

5-3 

4-7 

45 

45 

.'lO 

.5.5 

60  . 

65 

70 

75 

h-:5 

'•9 

7-4 
«•» 
6-3 
5-6 
1-!J 

7-4 
7-  1 
0-7 
6-S 
-6-8 
5-3 
4-7 

8*7 

6'j 
0-2 
.V» 
5-4 
5-0 
4-5 

• 

so' 

30 
3.5 
4*) 
45 

55 

tO-H  > 

10-3 
!)-7 
•>-l 
H-.j 
7'3 

»-3 
"•S 
7-3 
0-7 
«■! 
5'5 
4'9 

8-f  i 
S-o  1 
7-f5 
7-2 

fi-7  i 

50 

50 
.'.5 
6t) 
6.5 
70 
75 

7 '6 
7-2 
6-7 
6-2 
5-5 
4-8 

6*8 
6-.> 
6-1 
5-7 
5-2 
♦•6 

6' 2 
6'() 
5-7 
5-3 
4'9 
4-4 

• 

00 
05 

to 

7."5 

7«2 
0>5  - 
5-8 

,VI 

it<i 
5-2 
4-7 

ij 

55 
60 
65 
70 

6-!> 
6-5 
6-0 
5-4 

6-2 
3'9 

5-6 
5-1 

5'7  ■ 
5-5 
5-2 
4'8 

j5 

8-8 

at) 

75 

4.7 

4-5 

4*3 

• 

55 

40 
45 
50 
55 
CO 
65 
70 
75 

8-(J 
n*3 

7*7 
^*  1 

6-4 
5-7 
5-0 

8-5 
8-1 

/  LI 

7-1 

6-0 
5-4 
4-3 

7*7 

7'* 

7-0 
Gtj 
6-1 
5-6 

.VI 

60 

60 

65 
70 
75 

&\ 
5-7 
5-2 
4-6 

5-0 
5-3 
4-9 
V4 

b-i 
4-9 
4-6 
4^2 



<>5 
70 
75 

5-4 
4-9 
44 

»0 
4< 
4-9 

4^7 
4*4 

■  4^0 

40 

40 

♦  CI 

50 
■  55 

8-7 

8-1 
7-9 

7-5 

7-1 

70 

70 
75 

4-fl 

4-2 

4-4 
4-0 

4-2 

3-l> 

S-2 
.  7-8 

-•1 
6«0 

r>-8 

i 

"  75  " 

3« 

Tabu  IV.— f>.  (Ac  r,, 

fu^  of  an  Anmittj  on  the  Lonf^rr  of  Tu  o  Given  lietl. 

As-  Ml- 
EMcr. 

V.lii«at 
J  pet  c«rni. 

Value  at 
4  pi^r  cetil. 

Value  at 
i  l>er  cent. 

,  Ag,of 

V  ounger 

Ae»  of 
Eilttr. 

\      Value  at 
]    3  per  cent. 

Value  at 
4  |icr  cfTit. 

Value  It 
S  per  c«M« 

• 

10 
15 

20 
25 
30 
35 

•  23'4. 
2«-9 

22-5 
22-2 
21-0 
2 1  -0 

I'.)- 3 
10-5 

vy\ 

1  s-'. 

i  1 

171 
|(>-8 

ifl-e 

16-4 

l(i-2 
1  lO-l 

! 

15 

50 
53 
60 
65 
70 
75 

20-7 
!  20-1 

2'>  1 

)  'i-S 

\\i-V 
IS'!) 

17-6 
17-4 
17-2 
16-9 
16-6 
16-3 

15*4 
15-3 
15-2 
15-0 
14-7 
I4>4 

10 

40 
45 

30 
55 
(jO 
65 
7U 
75 

21-+ 
21-2 
20-9  ■ 
20-7 
20-4 
20-I  • 
13-« 

IS-.'i 

l«-2 
lS-0 
17-8 

17-rS 
I7-+ 
17-2 
i  lf>-9 

16-0 
15-9 
15-« 
15-7 
15-5 
15-3 
15-1 
U-H 

20 

20 
25 
30 
35 
40 
45 
50 
55 

21-0 
21-1 
20-7 
20-4 

19-9 
19^ 
19'4 

18'S 
17-!) 
17-6 
17  4 

'17-0  ' 
16-8 
16-6 

13-  3 
15-5 
15'3 
15-t 
15-0 

14-  9 
14-7 

'  IV5 

15 

15 
20 
25 
30 

21-9 

21'fl 

I  IN 

I8'6 
18-3 

104 

I0« 

1 

i 

60 
65 
70 
•75 

19-1 
18-7 
18*2 
17'7 

16>3 
Itf-O 
l»T 

ia«S' 

•.  ivs  • 

14*1 

is-« 

» 

* 

•ib 
40 
49 

21-3 
21-1 

• 

• 

•  • 

IS-1 
l7-i> 

I7'a 

15-9 
I5-7 
1A«0 

• 

1 

*  > 

25 

20-3 

17-4 
1  17'0 

■ 

15-1 
14-9 

Digitizuj-L:y  CiOO* 


K  I  F 


[  »«  ] 


1 1  F 


Vatiir  IC 

J  !>■  1  n  nl. 

V»lur  in 

•1  prr  ri-nr. 

[       \  iiliiP  »t 

5*  percent, 

t  Afi''  "I' 

A^e  nf 

1  l.llT. 

Vtlur  It 

V«luc  »t  ' 

4  liT  ri*(il 

S  prr  rui- 

•w 

1  <)■  ' 

1  1-^ 

(y~> 

1 

1  "J*  1 

II 

♦5 

IS-  » 

IV3 

i 

70 

I  \-:> 

11* 

« 

50 
5S 

m 

70 
73 

lH-7 

I«-0 
17-tJ 
I  7' J 
li)-7 

Hi-I 

14-2 

7.-. 

1  t-o 

12-3 

ll-o 

25 

I  '/-J 
15-(» 

1  'i-i 

1  V-(i 

IV  0 

n-o 

13'3 
>'i^ 

1 

1 

i  45 

1 

Ti 
50 
55 

60 

0,5 

16-2 
15-7 
!i'2 

14-7 
1  il 

144 
13*8 
13-4 
|2>» 
1»5 

Ij'i 
12*5 
IS>1 
ll"7 
11<I> 

SO 

35 

l!>'i 
ISvS 
18*4 
tfl'l 
17'» 
17»4 
IT-O 
19^ 
l«>f 
IMI 

lo-d 

16-2 

13*6 
15*4 
1»1  > 
14^ 
•  14»5 
I4il 
1*7 

14*5 
14'2 

'IS>4 
•  IS'S 
1S« 

144 

70 
75 

13-6 

•  I2H) 
ll^ 

]1«0 
10-6  . 

$0 

40 
45 
30 
5i 
0<) 
•  M 
70 
75 

- 

50 

>5 
(jO 
O'j 
70 
7.'> 

1  j'O 
1  I'i 
13-9 
13-3 
12-8 
12-3  > 

12'3 
12-4 
12-0 

I  1-j 
1  l-O 

I  1-7 
1  1-3 
J  o-<> 

10-5 
lO-l 

% 

j5 
fiO 
(J.5 
70 
75 

I3'fi 
13*0 

ll-S 

1  1-3 

12-4 
1  1-9 
1  1-3 

10- :i 

II-  3 

III-  5 
1  0-0 

< 

:>5 
40 
45 

55 
60 
65 
70 

1 

17. (J 

17-1. 
17-1 

15-s 

1  'fi 

1  -J  + 

15-1 

,        1  +  0 

11-5 
IV2 
13-8 
I5>4 

13*8 
1 3'^  * 

l:i-3 

1  ii>  t 
1  J*  1 

1 

1  y-? 
12-+ 

55 

S5 

1  '  1 

)6-7 
l(>-3 
l5-« 
15-S 

00 

60 
05 

70 

7  K 

J  2-2 
ll'5 
lO'P 

11-2 

lo-e 

10- 1 

10*4  , 
lO-O 

9'5 

r 

75 

14« 

IIN> 

65 

t>5~ 

70 

75 

10-7 

lO-O 

9-4 
8-9 
1*3 

40 
45 

I7-S 
'  lO'S 

15-0 
14HI 

IS'S 
IS-0 

10-0 
9>S 

0-4 
'  8'7 

40 

50 

5'> 

ts-o 

I4'2 
19*9 

IS>4 

70 

70 
75 

S>*2  • 
.8*4 

H-2  • 
7-6 

SO 

I5>4 

l>-5 

74 

'  7* 

7*fl 

7-2 

The  usrs  of  thcM  ttUc*  Msy  be  exemplified  in  tlitfel> 
lowing  prublemt. 

Pnua.  1.  7bjM«leJVpMi%«rfVe9MrliM4f OiwMc, 

number  of  yetirs. — Thu->,  Mjpiiosf  ihi  '»  10,  atiil  Ihe 
number  of  )iar»  propuNil  13;  tlim,  lo  culculatc  by  the 
table  of  the  prnbai)iliti<>»  for  London,  in  Ub.  I.  against  40 
yean  stands  '.!14,  and  :if;iiinst  55  years,  the  n!;f  10  which 
thep'Ty.ii  must  arri\c,  itunds  1^0,  which  shows  ihul,  nf 
2 1 4  fH-rsorij  who  attaiQ  to  the  age  of +0,  only  120ol  tbem 
n-acti  llic  np<  of  55,  and  conicqut-ntly  94  die  lietween  the 
igi^  of  40  and  55:  Itia  evident  ihenfttre  that  (be  oddsfor 
aitnining  the  fnfmed^fiot  AS,  ncM  lMto9<^  or  as 
9  lo  7  ni-arly. 

Prob.  2.  To  Jbid  tht  Value  of  an  Atmdtyfar  a  prvpoied  ■ 
Iii^^ThU  problem  is  raolvvd  from  tab.  2,  by  looking 
•fiivt  the  given  age,  aad  under  the  proposed  rate  of  in- 
icMit  i  then  the  oomipanding  qnutiqr  Aon  the  nuaw 
ber  of  yean  pnrchaae  requiicd.  For  eumplr«  if  the 
given  aac  b.'  36,  tlic  rate  of  inteieit 4 per  cent,  and  tbe 
|)r.j|joicd  annuity  250:  then  in  the  table  it  appear*  tint 
the  valne  i»  IS-l  yean  mrchaae,  or  Ifl  tinet  S50f^  that 
it  302*1, 

After  the  same  manner  llie  anMver  will  b*"  found  in  any 
other  ca»e  fulliuf;  within  the  lirniti  of  ihe  table.  But  as 
there  m«y  sometimes  be  occasion  tu  kt.Dw  the  values  of 
live*  Computed  at  higher  rali  ->  of  mti  rest  than  those  in  the 
thtile,  the  two  following;  prittir.i,  ralei  are  subjoined; 
by  which  the  problem  is  resolved  independently  of  taUcs. 


Aife  I.  WhM  dM  (jivMi  age  i»  not  lets  thAO  49  years 
.nor  grenter  than  85,  subtract  it  from  92;  then  multiply 
the  remainder  by  the  pcrpi  toity,  and  divide  tbe  product  by 
thesaidremainderndded  to24  times  the  perpetuity;  (u  thall 
IhcquoiiLtit  l.c  tlic  number  of  yea«  puichaw  required. 
Where  it  !■«  to  bi-  noted,  that  by  the  perpetuity  is  n)e4«nt 
the  number  of  years  purchB-.i'  of  the  fii' -simiile ;  found 
by  dividing  lOO  by  the  mte  iiei  cent  Ht  which  interest  is 
reckoned. 

F.t.  I.et  the  j{iven  age  be  30  years,  ami  the  rate  of  in- 
tertbt  10  per  Cent.  Then  !,ubtr3Ctinp  .'iO  from  9^,  there 
remuin?  42;  which  multiplied  by  10  the  perpetuity, gives 
490;  and  this  divided  by  67,  the  renutiiviet  increased  by 
2}  times  10  the  perpetuitv,  gives  6'd  nearly,  for  the  nank* 
ber  of  years  purchase.  Therefore,  Mpposing  the  annuity 
to  be  100/,  its  value  in  present  moaey  «iU  be  630/. 

Rak  2.  When  tbe  age  is  bctsraea  10  and  43  yean ; 
taite  Stenthtof  what  it  wnMt  of  4<5>i  which  divide  by  the 
»le  prr  cetit  inereoacd  by  l-S;  then  if  dus  quodent  be 
added  to  the  ntlise  of  •  life  of  45  ycais,  found  by  the  pi*> 
ceding  rule,  tfaer»  will  be  nbtainM  the  number  of  yoata 
purchase  in  thi!>ra»e.  Forexample.  let  the  proposed  ago 
be  20  years,  and  the  rate  of  inteiest  5  per  cent.  Here 
then,  taking  from  4.5,  there  remains  23  ;  ,%of  which 
is  90;  whirli  divided  l>y  (e2,  f;i^e^  3:i' ;  uml  t inn  added 
top-S,  the  value  of  a  life  of  4',  ti  ml  l,\  the  former  ruh', 
gives  13  for  the  number  of  years  purchase  that  a  life  ■>! 
20  ought  to  be  valued  ut. 

And  tbe  conclusions  derived  by  these  rules,  Mr.  Simp- 
«  A  S 
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■on  Bdd(,  are  *o  near  ibc  true  valgai,-compiit«l  bam  real 
ob«ervaiion»,  as  seltlom  to  differ  from  them  by  mcriw  than 
i.'por -^ofonwycar'spurahaM.  • 

The  obierviltions  heroAllmlcd  to,  are  tho->c  which  r.rr 
fvundmi  on  the  London  bilb  of  nM>mlity:  aad  n  cinulur 
WMhod  of  aolnlion,  accommodaied  to  the  Bmlaw  ob- 
tervatians,  will  be  a* followi,  r\t. "  Multiply  thr  ililT<-ri-ncc 
between  the  (p*rn  age  and  S5  ><.ars  by  ihe  pt  rprtuiiy, 
und  divide  the  proiliict  by  8  tenths  ul'  ilic  >aid  difference 
increancd  by  douliK'  the  pei^etuity,  lor  the  Biwwer,** 
W'h  rrniii  S  I'l  SO  \i.'.ir>  ol  ;it;.',  will  ciimiiumly  ConW 
witliiii  K  -s  tlinii  ^  I.I  a  yiat'-i  piirL-hii-c  <.l  lln-  irulli. 

Fuoii,  ').  V'l  Had  I  he  Value  nf  nn  Annutly  for  TUo  Joint 
LtX^i,  thiit  >i,J\i>  as  lo>i^  lit  lilt:/  r'l  roiilin'ic  in  hriKtr  in^t- 
rAer.— In  l.ili|e  3,  liiid  the  yuungi-r  a;;'  ,  xr  tli.it  nearest  to 
It,  ill  eolunin  I,  uiid  the  liii^her  aae  in  colaiiin  1  ;  then 
agLiin^t  this  lu»l  is  the  nuinlxr  of  years  purcbiiM'  in  the 
proper  column  lor  tjie  iiiiiie>t.  Er.  Suppose  the  two 
ngei.beSO  ai:d  35  year*;  then  the  vuluc 

•     is  lO'i)  yean  parchaie  at  9  per  cent, 
or  9-8  '    -      -      at  4  per  cent, 
or  8'8       -       -       at  5  per  cent. 
Prob.  4.  Toittd  tite  Vnliic  of  iht  Amuilyfur  ihe  Long- 
en  4f  Tuio  Lat»,  \liiu  it,  far  a*  iong  ai  tiiher  of  ihem  com- 
lima  M  icHif.— In  labia  4*  «ol.  {,  find  the  an  of  the 
youBgiat  life,  or  the  neanat  to  it,'  in  coL  l,  and  the  age 
of  the  elder  iivcol.'2 :  then  aguntt  thit  liat  is  the  answer 
in  tb«  pnp«r  eoiunmof  inleml.— <£r.  So.  if  the  two  ages 
<be  Unad40;  then  the  value  of  the  annuity  u(K»n  the 
lopgcat  of  two  »uch  lives 

is  2ri  years  purchase  at  3  per  cent, 
or  I7'9       .  ♦  per  cent, 

or  I5'7         -        -         .'j  percent. 
Inthehi!.!  two  problem*,  if  the  )  ouM|;er  u^e.  or  the  i  .iir 
of  interest,  !).•  not  exactly  found  in  ibet.ibles,  the  ncaiest 
to  ihem  may  he  luken,  and  then  by  proportioil  the  valW 
for  the  true  nuinhem  will  be  nearly  luutid. 

llulcs  and  tables  for  the  values  of  ihrcc  lives,  A(C,  may 
also  be  seen  in  Simpson,  in  I^ron  MaM-rrs's,  and  in  Bui- 
Jry's  Annuities,  fic.  All  these  ctilculations  have  been 
made  from  tables  of  the  real  inurtuary  register,  differing 
mequany  at  the  several  ages :  but  ruU-i  bate  also  been 
given  on  other  principles,  as  by  Demoivre,  on  the  suppo- 
■itioB  that  the  dccremenia  of  lile  nie  equal  at  all  ages ;  an 
•Munptiod  not  mnch  difiering  from  the  UnA,  from  7  to 
70  years  of  age. 

Utre-AiiitiiTiss,  fayahle  h^fyearfy,  kcT—^kne  are 
'wofth  asofe  than  those  that  era  payable  yearly,  a*  com- 
,  puled  by  the  foregoing  mlct  and  tables,  on  the  two  fol« 
lowinjt  accounts :  First,  that  parts  of  the  payments  are 
received  sr<oner ;  atul '2dly,  there  is  a  chance  of  n  teiv- 
ing  ioine  purl  or  pans  of  u  whole  yiai's  payment  more 
th.in  wlien  the  ]i;i\im'iit^  iiri'  mily  made  aniiiiiilly.  -Mr, 
Sinips<in,  111  hii  Select  Ijxercise',  pa.SSJ,  uhv  r»e>,  (hut 
the  value  of  these  two  iiilvaiitim' s  put  togi  thi-r,  wilt  al- 
ways amount  to  ^  of  a  yeai's  purchHse  fur  half-yearly 
payments,  and  to  |  of  a  yvur's  purchu'^t-  (or  qiiurlerly 
payments;  and  .Mr.  Ma5ere^,  at  pnije  itc  nt  his  .'Vn- 
nutlies,  by  a  very  elaborate  rulculalion,  lliuls  the  loriner 
dtlfercnce  to  be  nearly  i  alto.  liui  Dr.  Price,  in  an  essay 
in  Pbikk.  Trans,  vol.  €6,  pa.  109,  slates  the  lan*  dif- 
liMiMcaonly 

at     lor  half-yeurly  payments, 
and  A  for  quarterly  psymnnis: 
^      And  the  doctor  then  adds  some  algebinica]  tbMNetn*  tv 
such  cakabtions. 


l.ifF.  AsNi  iTtEs,  iM-itr^ci  liy  Land. — Thcic  differ  frgm 
other  life-annuities  only  in  this,  that  the  annuity  b  to  6e 
paid  up  to  the  very  day  of  the  death  of  the' s^  in  ques' 
lion,  or  «>f  the  person  on  wh<.wc  life  ibe  annuity  is  granted. 
To  obtain  the  moro  exact  value  therefore  of  such  an  an- 
nnlty,  a  small  quantity  must  be  added  to*thc  snnfe  as 
eomjpnted  by  the  AMTgnii^  roles  and  obaervaiioni,  which 
is  difienmt  aceoMting  as  the  paymentt  are  yearly,  half- 
jpearly,  or  quarterly,  kc ;  and  are  thnstiaied  by  Dr.  Prtce 
in  hb  essay  quoted  above ;  vis,  the  addition 

is  •£>  for  annual  payrapots, 

ea 
a 

or  —  for  haKyrarly  pnymenis, 

or  ^  for  quarterly  payments ; 

wh'  re  II  l^  thi  complement  of  the  given  or  wlrM  it 

wants  of  SO"  years ;  and  y,  A,  q  are  the  retpeclive  values 
of  an  annuity  certain  for  n  years,  payable  yearly,  half* 
yearly,  "r  quarterly.  And,  by  numeral  exainples,  it  in 
lociiul  ilu<t  the  tir*-!  kif  the^e  additional  quantities  is  about 
■^g,  ibc  second  rV>  <ii>d  the  3d  half  a  tenth  of  one  year's 
fNirchave. 

Complement  q^*  Lira.   See  Com rtRM ext. 

jBr;i(icitaljan^Lirit.   See  CxFrcTATiow. 

InMrmoe  or  Assurance  on  Live-«.    See  AlStf  BAWCI. 

LtGHT,  that  principle  by  which  objrfMam  made  per> 
ceptibletoour  semeofseeimi  or  Umseawtimi  occnsiuneJ 
in  the  mind  by  ihe  view  or  hMHiwui  oUeets.  The 
ture  of  light  has  bm-n  a  subject  of  tpeniuiilion  horn  the 
first  dawnii)j;s  of  pbilosoph y.  Some  of  the  earltetit  philo. 
SOpfaendoiibled  wbijtlu  r  i  |i  1 1.  )ii  ciime  vi^il  te  by  means 
of  any  Ihiiuj  proceeding  Imhh  ■.:.r;r.,  oT  I'roiii  the  eye  of  the 
'f  clator.  bill  this  opif  111  .1-.  :|i,;il  ficil  hy  Klupedticles 
and  rUtu,  who  inaiiitaini  il,  ihat  vision  wai  OLCasioiu-d  hy 
parlich'N  conlinually  iImii^  olT  iVom  thesuil'aces  of  bodit.^, 
which  mcci  w  ith  diliets  procecdinc;  from  the  eve ;  w  hile 
the  ellt'ct  Mas  asrnbcii  by  l'ylhai;:'raN  solely  tu  the  parti- 
cle>  proceedinjj  Irom  the  external  objects,  and  entering 
the  pupil  of  the  eye.  Rut  Aristotle  defines  light  to  be  the  , 
act  of  a  In'ospareiit  body,  Considered  ai  such  :  and  he  ob- 
serves that  light  is  not  fire,  nor  any  matter  radiating 
from  the  luminous  body,  and  transmitted  through  the 
irampareut  one. 

The  Caru-siambave  refined  considerably  on  this  nation : 
they  osaimain  that  light,  as  it  cxistt  Jn  thelnminous  b«dy, . 
is  only  a  power  or  faculty  of  exciting  in  os  a  very  dear 
and  vivid  sensation ;  or  tut  it  is  an  invisible  fluid  preaent 
at  alt  tiiBCS  and  in  all  places,  but  requiring  to  beset  io 
motion,  by  a  body  if;nil«d  or  otherwise  properly  qualified 
to  make  objerls  visible  to  u*. 

father  Malbranche  explains  the  nature  of  light  from  a 
siip]MiM'd  an  iiiii^s  beHM'in  il  I'.ml  s mini. —  riniv,  lir  siip- 
pim'..  :ul  liiL'  pints  I'l  .-.  I  mill  nous  tj.Mly  ar--  i.i  .>  mpui  inu- 
tion,  uliich,  by  iiry  <|'iirk  inils''^.  ar./  c- ili-tai;[!y  coin- 
pn-ssinglhe  ^uhtle  nuillrr  hi HM'irs  ll.e  I'.iniininis  l>i>ily  und 
the  I'ye,  and  r\ciies  Mhntiuns  rt  pi.  v.ii  ii;  un<i  :w  these 
vibrations  arc  greater,  tiie  bcdy  appears  mute lumineus; 
but  as  they  are  quifikiar  or  skiwar,  the  body  is  of  tbu  or 
that  colour.  *  ,    »  ' 

The  New toniaiu4naialain,  that  liRhi  is  not  a  fluid  per 
se,  but  consists  of  a  !;re«t  number  oik  very  small  p,trticles, 
thrown  off  from  the  luminous  body  by  a  repulsive  power 
with  an  immense  aelocity,  and  in  alt  directions :  and  these 
^partielesa  Any  nlao  amertj  are  emitted  in  njglht  lines;' 
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by  b«ing  turmd  andtf  hf  iWoppmitioii    watt  inier* 

ning  bntly,  which  is  called  ReflcCMOA;  or,  Wstly,  by 


wbicb  ra^iiMtr  motioo  tbey  prewrre  till  they  are  turned   cbanics,  pa.  39.   He  bad  two  men  witii  lights  c^ovt  red  ; 

'ibe  one  wa*  ID  obifrtewbeiitheotlMr uncovered  iiin  liKht, 
and  m  njjilfti  I1U  own  tbe  moment  b«  perCdved  it.  Tb is 
rude>«I^P|||Kiil  wa&  tried  at  lb«  dittaqcpof  a  nile,.  but 
wiib«at-t1^!ees»,  at  may  natnrally  be  inagined:  nwd  Ibe 
HMOiben  of  tbe  academy  Del  Cinesto  wpaaicd  dwf»> 
pcrimM,  and  placed  tfavirobteiveia,  10  as  little  purpowj 
at-llM  4i«lance  of  1  miles.  • 

Dut  oufi-xcHli-iit  astrimomcr.  Dr.  nra<ll<-y,  aflcrwarda 
fniind  ncnrly  thr  »arno  velnrily  uf  light  a«  Kocincr,  from 
his  uccarutc  utni'rviuiun<,  »iitl  in<nt  iiigrniuus  theory,  to 
account  io^siiim*  iippurciit  mittioni  in  the  fixeil  mare;  for 
a>i  accmint  of  which,  mc  AutRiiA  rioN  <!  iu'l  Uv  ;i 
Ions;  seri<  «  dl' tlicw  t>bM'rv;»tioiii,  in-  !■  uiid  tii"  I'.itl  i<  ilcc 
li> m.'  II  ill"  iiuc  an<l  appan'Ot  |il.i(i-'  "\  -I'vci.il  iixi  il  »urs, 
lor  iiillcri'iil  timci  ol  thi-  yi-ar  :  »  'in  li  il.l'i-n  m  s-  :  ihJ.I  no 
<>lh»Twi»f  U- acciKinifd  l'i>r,  t!  til  lru';itlu-  (  n.^i.  -ui  in<i- 
tiifn  of  the  ray*  ol  lii;iit.  I'roiii  Uic  iiuaii  (juajiii  _v  ul  llin 
dirlcri  iicc  ht  found,  thiil  iho  riilm  ol  lln'  vt  lncity  [,t  lii;h( 


out  of  iheir  pafb  hf  lomc  of  the  following  cauM-s,  vii,  bj 
theatlMction  of  aooia  otbex  Unly  ucJtr  which  thi-y  pau, 
wbitfa  iicstltd  InflcClian;  or  by  pa^tin;;  obliquely  through 
a  medium  of  diftiHtlt  «k*pilj!f  wbici)  is  called  IWiractioD  t 
or  " 
voning 

being  loi.iily  Mo[<|>f<i  by  some  subata nee  into  which  they 

pcm  tiaU",  and  niiu  h  is  ciillid  their  F.Miiicticn.  A  suc- 
Ccs'"!!!!!  Ill  ihiv  |wMicl»  I'lllow  in<;  otu- aliDllu  r.  iti  iili  f.\- 
,)i  r  \U.i:i4!,[  I  11,  ,  i>  rulli'il  a  Kwy  dI  l.iijiil  ;  aru)  ihis  niy, 
in  wiiutcicr  iiiuiiin  r  !t>  dirt'Ction  may  I'uchanucd,  wiiflhir 
by  rcltiicliKii.  niik  Olloii,  i>r  iiitlcclion,  always  pre'>rtvi  s  a 
ritjiluitai  cimrsc  nil  .t  bo  »:;3in  changiHl  ;  nrithor,  say 
itiL'v,  M  II  |iu>>iblc  In  iiiaiiu  i(  move  in  ihc  iirch  o!  a  circli', 
rlli|i»is,  or  i.ihi-r  curve.  For  tbe  above  prupcrtiet  of  the 
nys  ui  h<;ht,  .mo  (be  Mveml  wordt,  RirBaertoit»  Ra> 
rLEcno.N,  &c. 
Tb«  velocity  of  tin-  pitrticlt-s  and  rays  of  lii;h(  is  truly 


astoiii'!.liiiii!,  aiuDunlinft  tu  nmti  hundrrJ  tbnutand  niil«i    to  titc  velocity  oftbceartb  in  its  orbit,  v/a",  as  KKil.ttu  1, 


in  B  M'riiinl  id  time,  winch  i»  near  a  million  tiroes  grealer 
than  the  velocity  of  a  cannon-ball  rand  this  amasing  mo- 
tion (d  liithi  has  been  manili^ted  in  variniis  wayt*  but 
chicdy  from  tbe  cclipaca  of  Jupitai^s  lalellites.  It  was 
lir^t  observed  by  Roemer,  that  tbe  cclipicsof  tboie  mI«1- 
lites  happen  someiimcs  sooner,  and  sometinw*  later,  than 
the  Xixafs  given  by  the  («hles  of  them ;  and  that  the  ob« 
served  tinu  nus  bi  Uirf  or  after  the  computed  time,  ac- 
cording .n  tiif  earlii  vv:is  nearer  lo,  or  farther  from  Jupi- 
ter. Hence  Itinnn'r  ;ind  Cii":  :  I-  lii  concliidud  that  this 
circumstance  d.  |)eiuled  mi  tin  .!  ~t,i:i:  t-  cd"  Jnpitt  r  tVnm 
thceaitb;  .lud  thai,  ti>  accuiiii-  luri:,  tlu  v  mu  i  '•iijijuise 
that  the  ii^lil  vwis  alxiin  1-t  mmuh  3  iu  i.r.-.Mii'^  lin  e^irlli's 
■  'fbit.  I  hiN  C"iK ln>ioii  ixim  vcr  was  aIt^'^^^arli  abaiiddned 
and  attiii  ki'il  li\  C.'assini  biiiiseir.  I5in  lloi'iiur's  <i]iiiii<iii 
fouii  l  a:,  .1  11  .11.  acate  111  I  )r.  I  lall<  y  ;  »  ho  n  inond  Cis- 
sim's  ihiln  ti.lN .  and  left  Uoemer'.--  CimclusKni  in  its  full 
imce.  \i  i.  m  a  nieaKvir  pre;t  iil<  d  to  the  academy  in 
l/ft/,  M.  M  11  ildi  rudcavourcd  to  strengthen  Cassim\ 
argunun.i- ;  1.1 


or  that  light  nioves  10913  timci  faMer  ihm  ilic  eartli 
roovi-*  in  its  orbit  about  the  sun  ;  and  as  this  lulti-r  mo- 
tion i*  at  the  rate  of  1 844  miles  per  second  nearly,  it  fol- 
lows that  the  former»  or  the  volocily  of  light,  is  at  tba- 
cate  of  about  195000  miles  is  •  second ;  a  rootkm  ac- 
cording lo  which  it  will  require  juai  8^7"  tomovefirom  the 
tun  to  the  earth,  or  about  95  ntillioos  of  milca. 

It  v(a:«  al<o  inferred,  from  the  fofcgoiitl  principicb  tint 
liolit  priiri-eil*  with  the  same  velocity  from  all  tbo  stank 

And  hence  it  loliovis.  that  the  motion  of  light,  ill  it*  path 
tliiHU:;!]  the  i:iiiiKiiM-  s|>are  above  our  almospherc,  it 
I  (jiiisble  or  unilorm.  And  since  the  dilii  reni  methods  of  ■ 
li.  U  rimiiii  );  the  velocity  of  li^hl  thus  ai;ree  in  the  result, 
It  IS  ria-.oMalili  t  i  eoiitlude  that,  in  the  s.anie  medium, 
li;;ht  IS  |iri.pm;.(ti'i!.  nllrr  it  ba'>  l>e<  n  reflected,  with  the 
same  veliH  :!y  :i  1m  1.:  .  for  an  :icc.iu iit  id  Mr-  M  nK-  •• 
liy|Milhebi»  ol  ihc  iiiili  n  u;  vi  Hicrii;^  i  !  diliei. mix  c  ^  mu  d 
rays,  s4.-c  Colour. 

Tu  the  doctrine  cunccrniiig  ihe  materiality  ol  light,  uiid 
n  KoeQier'^i  doctrine  found  Ti  new  defemhv*  lis  aroa*ing  velocity,  several  obie<-|ioiiH  have  been  made  ; 
.Mr.  J'ounil.  bee  l'bi!o».  Trans,  number  136,  also  i|iy  of  which  the  most  coosidcrabia  is,  That  a?  iay»  of  lifiht 
Abridg.  vol.(»,  pa.34y  and  386,  and  Groves,  Phjs.  Elen.  are  continually  passiog  in  diibrant  directions  trom  every 
number  2fi36:  and  it  has  linco  been  found,  fay  te|MatNl  vitibic  point,  they  must  nacesMrily  interfere  wiih  each 
expciimenit,  that  when  the  earth  is  exactly  between  iu-  other  in  sUch  a  manner,  at  entin  ly  to  omtound  all  di. 
piter  and  the  tun,  hit  satellites  are  teen  oclinnl  about  8|  stinct  perception  of  objects,  if  not  quite  to  destroy  the 
minutes  soont^  than  they  could  be  according  to  the  In-  whole  sense. of  «seiB| :  JMt  to  mention  the  continual  waste  * 
blet ;  but  when  the  earth  it  nearly  in  th.  <■{  ;,oMte  point  of  substance  whiiA  a  constant  emission  of  particles  mm 
of  its  orbit,  these  <-c1ipses  happen  about  .s^  m.nutes  later 
than  :r:e  l.tl/!.  >  pn  ilict  them.  Hence  llieii  it  is  certain 
that  the  111  >im:i  ol  lijht  is  not ,in>tant.iii(.ous,  but  that  it 
takc.^  U()  idioi.t  ll>^  minutes  of  time  to  pass  mi  r  ,i  e 
equal  to  ils<-  ili.ri:iier  of  the  eartii'v  orbit,  uhich  is  at  least 
lyii  iiiilliniis  III  uiKe^  in  Kiutii,  i.'j  :it  the  ra'e  of  near 
'MV,"*><>  miles  pirM'C'iml,  i'-  iIkjm  s;ated.  lieiice  i(  is 
eivsy  to  know  the  f  ine  iii  v.  I,h  li  liii  it  travels  to  the  earth, 
from  the  moon,  or  any  of  ti'e  oltu  r  planet;^  or  even  from 
the  fixed  stars  il  ever  tbtir  d^tatici  s  f>e  kmivKii ;  but  these 
distances  are  >.j  imincn«ely  f;t<'.i(,  that  from  the  nearest 
, of 'them,  supposed  to  be  .Sirius,  the  dog-«lnr,  it  requires 
many  years  for  light  to 'travel  to  the  earth  :  and  it  has 
even  been  Conjectured  lliat.tliere  are. many  start  wboSB 
light  have  not  yet  arrived  at  tu  since  thMr  cqntioB.. 

(t  was  Giilileo  who  dru  conceived  tbenolion  of  nMMlw- 
ing  the  velocity  of  lij(ht ;  and  a  d«icfiplipn  of  hie  oontii* 
ynnee-for  this  purpose,  is  given  in  bi»ji|feate  on  Mo- 


occatton  in  the  Inmiaou  body,  and.  thereby  tinra 
creation  must  have  greatly  diminitbed  the  matter  in  Im 
<,un  ami  stam,  a«  «reil  as  incrcaicd  the  bulk  of  the  earth 

and  planets  by  the  vast  quantity  of  particles  of  lig|hinti»' 

sorlxd  bv  them  in  so  loima  period  of  tune. 

IliK  it'has  been  re)il;.  .1,  itiat  it  iii;li;  ui  le  not  a  body, 
hill  c  irisiiic.ll  III  mere  pfi>sio!i  or  |iiil-.uin,  it  could  never 
l-i  j;M]i;nated  in  rii»hl  lines,  but  would  be  coHtinually  in-  , 
Heeled  ad  umbram.  Thus  Sir  I.  Newton  :  "  A  prensure 
on  a  lluid  medium,  i.  e.  .i  m  itiou  piupajintid  h_\  mhIi  a 
meiiiuin,  beyond  nn  i.Ssiacle,  « Im  li  inip' des  any  part  <-t 
its  motion,  cannot  be  prop.i._..iud  m  rii'lit  liliis,  but  will 
bo  alvfajs  inflecting  and  ilitliisiii^  iSell  eun  vvav.  to  the 
quiescept  medium  beyond  Hiat  olist;Ac!c.     ihr  i  inM-rol 

Svity  trotj^downwafds  ;  tmt  ih-  prcsssua-  ol  v.alfi-  arising 
nit  mtda  ev«r7-1TagF  Willi  an  niuablo  force,  and  IS  pro- 
pagated  witk  ej^jmi  Wil.^awj  stri*gjh<.ia*uw  aa 
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by  the  eSttreraeiof  any  vpry  large  obstacU',  iiitlect  aiiil  (li-  Um  than  that  uf  ihe  stna1l('<>(  klmt  diiichargcd  trom  a' 

Imc  th«inM>lve»,  »tlll  drituMiig^nuiuull)  intothi'  (|uio«cfnl  pocki  t-pi«Lul,  ur  lest  than  umv  ihiii  art  can  rrt  nte.  He 

water  mvund  Ihnt  obuacie«  The  wav»,  pul«:t,or  vibm-  nlfto  lhuik!s  it  poaHible,  thui  light  mny  be  produced  by* 

tiuii>  <>i  iho  uir,  whiTein- lound  comi^ts,  ure  imniCnlly  Coatinual  «inUMon  of  matter  from  the  sun,  witliout  any 

iuQectial,  tfaougb  not  su  conKidotably  a<>  the  waves  uf  iltcbwiistr  ot'his  sttbMance«s»bould»eiuibiy  rontraclbi* 

water;  aqd lounds arc  propiigaicdmtb equal  cwtr.lhroiigh  dimentioii*,  or  alter  the  motions  of  the  plaiwti,  within 

^fMked  tubes  aiui  tbiuugb  itrai^  line* ;  but  li^bi  wbs  any  roodtrate  ten^  of  lime.    In  proof  of  ibis,  baob^ 

•  never  known  to  move  in  anj  airfe,nor  lo  inflect  lOelf  ad  fcnxs  that,  for  tbo  praduciiun  uf  any  of  tbe  phenomena 
nmbnoi.''            •    *  of  light,  it  is  not  nceeiMty  that  tbe  emanation  6om  the 

h  mu»t  be  acknowledged  however,  that  many  pbibeo*  wn  ihonlil  be  ccplinvalr  in  n  itrict  HMlhematlcal  ii'0!>e, 

pher;.,  both  English  and  ftwigner*.  bjivc  n  cum  d  to  th«  or  without  wy  imcrvnl ;  tuA  likewiw  th$lt  part  of  the 

opinion,  that  light  couiits  of  vibrailom  prupt^ated  from  K^t  which  imnee  from  the  lun,  ii  eomintmlly  retunH-d 

th'f  luiiiii  'uis  body,  thrunuh  u  »uliile  etheiiul  medium,  to  htm  by  rsAeClion  fnNn  tbe  planets,  as  wi  ll  a<)  uiIht 

The  iiinc  iuiiuv  Dr.  Franklin,  in  a  letter  dated  J)pril  'i.t,  li(jht  from  the  tuns  of  other  sysleinfi.    He  prucr-ed«,  by 

•  17ji»  e\pre>,if.  l  i-  i.ilislaition  with  the  diictriiie  of  calculation,  tnvIi.A*,  iIkii  iti  J8i,U10,0<in  jtaiv,  thi mmi 
lijiiil  coniibuiig  ul  puihclcs  of  matter  cuniinually  <lnven  would  lns«  but  i.'.c  l.i.M.M  |>;!n  i;!  hi^  niatti  r,  coiise- 
off  (rom  the  sun's  suilace,  «uh  nuch  an  a^li ni^liin;^  m-Io-  ((ueatlv  "1  li.-  Lliii^ilulH'ii  l^uaids  hiin,  al  aii\  :;lvi  ii  (Ji^. 
city.  "  Mu!>l  not,"  says  lie  "  iIk  MiuilUst  jkiHhjii  imii-  lain.''  ;  «l-icli  is  ;iu  ullctaliMii  iiiocli  In.'i  small  in  disriuer 
Ceiviililr,  liaM.',  ttith  such  a  nminjli,  a  lni  i  e  rNC<  <  iliii;^  ibal  Hm  II  m  U:c  iw  ■  iii  nt  il.i  eai  tli,  or  ol  any  (i|  t  lir  planets, 
ot  a  31  puunder  discharged  tr(jm  a  cannon  r  Must  not  tbe  He  further  cc>ui[hi(<^'«  liial  the  greatest  stroke  uhirh  the 
sun  diminish  exceedingly  by  ».uch  u  wiisle  of  matter  ;  and  rplina  of  a  conmujn  eye  »uslaiiis,  when  turned  directly  to 
the  planet),  instead  of  drawir^  neurrr  ti^  him,  as  some  the  sun  in  a  bright  day,  docs  not  excn  il  t)iat  which  would 
have  feared,  recede  to  greater  dittani  es  throu);h  the  diroi'  bi-  given  by  an  iron  shot,  a  quarter  ol  uu  iiirh  diamctCTi 
Dished  atiruciionP  Vet  ibeie  paiticles,  with  tbiaamaaii^  aiid  moving  only  at  the  rate  of  16^  inche»  in  a  yctr; 
motion,  will  not  drive  before  iheoi,  or  remove,  tbo  leiat  whereas  the  ordinary  stroke  is  less  than  tlie  9084tb  part 
And  tligbu-sl  duM  they  HMet  with ;  and  tbe  annappcm  lo  of  this.  Sea  Pbiloi,'Tmns.  vol.  (>0  and  6l, 

contintie  of  hit  ancient  dimemionai  and*  bii  alleaduiia  In  anewar  tn  the  difficulty  re«pecting  the  interlemiee of 

move  in  Ihdr  ancient  orUta."   He  tbendbre  conjectures  the  particira  of  light  with  each  other,  Mr.  Melville  ob* 

that-  all  the  phenomAa  at  light'  may  be  more  properly  serves  ( Ldinb.  Ku.vol.  U),  there  is  probably  no  physical 

solved,  by  supposing  all  space  filled  with  a  subtle  elattic  'point  iii  the  visible  horixun,  that  docs  not  artid  rays  to 

fluid,  which  i»  not  visible  when  at  re*l,  but  which,  by  its  every  other  point,  unless  where  opaque  bodies  interpose. 

•  viUralions,  .ntTecis  that  fine  sense  in  t!  <  ■■  .  ! ,  as  those  of  Uj;tit,  in  its  passage  from  one  system  to  another,  oftrti 
the  air  affect  the  ;;rosser  or!:ans  of  the  llii  ;  and  even  that  piis-es  throiijjh  tormits  of  li:;ht  issuing  from  other  suns 
dil^.M.  i;i  i!ei;reei  (ij  t;.!' \  .1  I  ;ii  ,i|  tijii,  medium  may  cause  and  systems,  withi>nt  ever  mlerferiii",  or  beini;  ilueried 
the  appearaiiri'a  of  ilnleri  iu  colours.  Franklin's  Exper.  from  us  C()ur>(\  either  by  it,  or  by  the  partic  le^  of  that 
and  Observ.  176,<),  pa.  elastic  medii.i.i),  »liii  ii  lias  been  supposed  by  «"i.ii'  diffused 

The  Celebrated  Kulei  has  also  maintained  the  same  by-  through  all  the  mundane  spncc.  To  account  tor  this  fact, 

pothesis,  in  his  Thcoria  Lucis  ct  Colorum.    In  the  sum-  he  supposes  that  the  particles  of  light  are  :ne  ':ii]iarably 

maryof  his  nr^Miinents  a^-ainst  the  common  opinion,  re»  rare,  even  wheft  they  UK  the  nrasi  dense,  or  that,  their 

cited  in  Acad.  r>i  il.  \7i>~,  pa.  371,  besides  the  objections  dismeleraare  incomparably  lest  than  their  distance  from 

above  mentioned,  he  doubta  the  poaiibility,  of  |iartic)e»  one  another :  which  obviates  the  objection  uij(rd  by  F.aler 

of  matter,  moving  witb  tbe  nmaati^  velocity  of  linbliand  and  others  against  ih<-  materiality  <>f  light,  from  its  influ- 

pcneOmtiiig  traniporantnttl^iicet  with  to  mmb  cnae.  In  ence  in  disturbing  the  freedom  and  perpetuity  of  the  ce- 

iwfaatefvr  manner  tbqr  ate  tranimitted,  thete'bndiea  must  Wial  motions.  Buicovicb  and  aome  oUhrs solve  the  dif> 

have  pores,  diifipaad  in  right  iinet,  and  in  all  possible  di-  ticulty  concerning  the  non-inierlerencc  of  the  particles  of 

'  feciioM,  to  serve  as  canau  for  the  passuge  of  the  mys :  light,  by  .supposiu)^  that  each  particle  is  eodued  with  an 

but  inch  a  ttructura  mutt  take  away  all  solid  matter  insuperable  impnlam  force;  bat  in  this  cnie,thcif«pberaa 

NIra  those  bodies,  and  all  coherence  among  their  parts,  of  impulsion  would  be  mora  tHwIy  to  tatertw^  ud  on 

if  they  do  contain  any  solid  matter.  that  account  ibey  wouM  be  mora  liable  to  distarb  ono 

Doctor  llorsley  has  taken  considerable  pains  to  obviate  another, 

till'  ili.'ijvTultujs  started  by  Dr.  Franklin.    Su|it>oMM;;  iliul  M r.  Canton  ^ln  .^  'I'iiilos.  Trai.s.  vol.  58,  pn.  344),  that 

thi  diameter  of  each  panicle  of  light  does  not  exceed  one  the  difficulty  of  tlie  iiit«  i  lerence  » ill  vanish,  if  a  very  small 

liillllonlh  of  one  roillioiith  of  an  inrli,  mid  tliat  the  de:i-  portion  of  time  be  allowed  bemet  ii  ;iie  ii.iissiuli  of  every 

sil\  <it'<  ncli  particle  is  even  3  times  that  of  iruii,  and  fl!«o  particle  and  the  next  that  loilo«s  in  the  same  direction. 

■  tlmt  till   li_hl  of  the  sun  learhes  the  earth  in  7',  at  the  Su|>pose,  for  instance,  that  a  lucid  |ii:int  it;  thi:  sun's  sur- 

distance  of  C^Slf)  of  the  earth's  semidiameters,  he  calcu-  face  emits  150  particles  in  d  second  of  time,  which,  he 

lates  that  tbe  momentum  nr  force  of  motion  in  each  par-  observes,  will  be  more  than  sufficient  to  give  ctintinual 

tide  of  light  coming  from  the  sun,  is  less  than  that  in  an  light  to  the  eye,  without  the  Ic-nst  appearance  of  inter- 

iri>n  ball  of  a  quarter  of  an  inch  diameter,  moving  at  the  mission  ;  yet  still  the  particl<>s  of  such  a  rav,  on  account 

rate  of  lcs<  than  an  inch  in  IS  thousand  millions  of  mil-  of  their  gnat  velocity,  wilt  he  more  than  1000  miles  be* 

lioas  <»f  years.    And  hence  he  concludes,  that  bparticle  hind  each  other,  a  space  tufficitnt  to  allow  others  to  ^ua 

of  matter,  wbich  probably  is  larger  tbw  any  pailicla  of  in  all  directions  without  any  perceptible  inteirnptMm. 

light;  moving  with  the  velocity  of  Q||ht,  baa  a  force  of  And  if  we  adopt  the  ooneltaHNW  drawn  from  tbe  experi* 

motion,  udiidi,  instead  of  exoaediqg  tfao  htct  of  »  S4-  menu  on  the  dnfation  of  the  inniations  excited  by  light* 

VAunder  diiehnTjted  from  a  enmoB,  b  alMtt  infinitely  by  the  cbevalierD'Ai^,  in  th«Acad.Scienc.  I7f»,  whn 
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ttatri  il  St  tiM  7tli  part  ttf  ■  ncood,  u  iotcml  of  mofe 
Ihwi  WfiOO  nilr*  mmy  hi  adtaitlsd  betwwa  cmj  two 
Mwcc«iv*  particle*.. 

The  <ioqfriiM  of  llic  materialiiy  ol  light  u  further  eon- 
Irmed  bj  thoM  csperiawnUi  which  ihMr,  that  the  colour 
md  inward  tnsvum  of  tone  bodies  wn  tAMUged  by  being 
cxpoied  to  the  light. 

^ittf  JMSmmwmh,  or  Force,  of  ike  Ftrtide*  tff  Ligkt. 
Sc'iiiu  urileo  havr  atlcmpled  (o  prove  tbc  materiaJiiy  of 
lii;ht,  by  clcti  rnnning  the  momcnlum  of  their  component 
pi«rtirli-<(,  or  by  »hii»in|;  that  Ihty  havr  a  lortr,  m»  as,  \>y 
their  impuUo,  to  eivc  motion  to  light  bodio.  iM.  Hom- 
Li;:;,  Ac.  I'ur.  M^.s,  lii-t  (.1  irnajii mil,  that  hv  ciiuld 
nut  iKiK  tli>]icr»f  [111  c  ■■  nl  uiiiiaiitiiiis,  and  Ktbcr  light  sub- 
stiuirt  r.,  Iiy  llie  iiiipiilM'  o|  the  ^oliir  r;i)h,  Init  iilvo  ih  .1  by 
throitiiig  thein  iii>i>!>  tjii^  end  ol  u  kimt  <•!  Icvif,  cuiiucc led 
ttiih  the  "priiig  ol  a  wutch,  ho  could  make  it  move  sen- 
sibly f|uirKer;  Iroin  which,  and  from  other  cxpvrimenls, 
he  uilcn  ,1  the  weight  of  the  particle*  of  light.  And 
Uart»oci.ki-r  made  prrlcnsinns  of  the  «ame  nature.  But  M. 
Du  Fky  ahd  M.  Mairaii  made  other  ex pcrintentt  of  a  more 
accurate  kind,  without  the  cOecU  which  the  fomcr  h«<i 
itnaginril,  and  which  even  proved  thiit  the  eflccM  inen* 
tioard  by  them  were  owing  ta  ciimnt*  of  heaMd  lArpiw 
dvced  by  tkc  burning  ^lasict  medin  llwar  »«periiiwat%  or 
•ome  olli<r  emua  which  they  had  omlooked. 
,  Dr.  Prtntley,  however,  informs  us,  that  Mr.  Michrll 
endeavoured  to  ascertain  the  momrniiiin  of  light  w  ith  still 
greater  accuracy,  and  that  his  endeavours  were  not  alio- 
getlit ;r  Hithout  succe«.  Uuving  loutid  that  tlio  iiiHtrumriit 
he  U5i  <J,  acquired.  (V<im  the  impulw.-  ol  tbc  ravh  ol  li^bt, 
a  Ti  lni  II  .  ,1  uii  iiit  h  111  a  fieconil  of  lime,  he  iiik  iUMl  ilmi 
the  quaiitny  n|  iiialter  contained  in  thn  ray^  fiillinp  iipoti 
the  iijitrumi  nt  in  tliat  turn-,  amounted  In  no  more  than 
the  12  fiuiidrt'd  millionth  pait  of  n  grain.  In  llic  exp<-ri- 
mcat,  the  light  «a>  collected  from  a  surface  of  about  3 
square  feet;  and  as  this  surface  reflected  only  about  the 
half  of  what  Ml  «|Mn  it,  the  i|imlily  of  auuter  conttiined 


light  it  f(oin  60  to  8U  liine«  le^s  than  another,  ii&  prenence 
or  abieDCe  will  not  be  perceived  by  au  ordinary  eye  i  that 
the  noon's  light,  wheasheia  l6'h^  abuye  the  ho* 
riaon,  is  but  about  |  of  her iMbt «t tib''^  II'  high;  and 
when  one  limh  juat  touched  the  horisoti,  her  ligM  is  bat 
the  MOOdi  port  of  her  light  M  6S*  U'-higli}  and  that 
haoce  light  is  dininiihed  in  the  proporlioa  nf  8  to  1  by 
tiafcnitig  7 '*(><>  toiie*  of  dense  air.  He  found  alto,  that 
tin  centre  of  the  son'*  diK  itconsuh  rabl>  muie  luiumous 
than  the  edj^'s  of  it ;  wherens  butli  il,<  (iiiiiuiy  uiid  ^e•  • 
Ciiiidar}'  planelt  are  more  lumiiioi,^  at  iluu  c.  j  -  iii:rii 
near  their  rentrci :  U  hal,  lurfii.  i .  li^bi  ,.1  tin  .--un  is 
abciit  3iX',0<H)  tunes  greater  tlu.n  ruat  ol  iht  nimiii  ;  and 
thetelon-  it  is  no  woikIct  that  pluifi.-oph'  n  ln.^e  bail  m> 
little  succeu  in  their  attempts  to  collect  ili<-  J:i;lit  of  the 
moon  with  burning-glasites  j  for,  should  one  oMlie  largest 
of  them  even  incivase  the  light  1000  tiiiii-!.,  it  will  tiill 
Ivave  ibe  light  of  the  moon  in  liie  fucu»  of  llie  &liis»,  OiHI 
times  leas  than  Ibeinu  n^iiy  of  the  common  hg/it  <(  ilie  nun. 

Hr.  Smith,  in  hl^  OpiKii,  vol.  i,  pa.  tbo tight  ho 
had  proved  that  tbr  light  ol  the  lull  moon  wonldbe  unl|y 
thoSO^jPOOth  part  of  the  full  day  light,  if  no  t^y«  wete  ItNt 
nt  thn  noiNK  But  Mr.  Robing  in  UtTtaMi,  «ol.Sj  ut, 
S99»  alMma  that  thb  too  gnat  by  om  h^f:  And  Mr. 
Michell,  by  a  mote  easy  nnd'accnrate  mode  df  compaia* 
tion,  found  that  the  density  <^  ihe  sun's  light  on  the  sui^ 
face  of  the  moon  is  but  the  45,000th  plart  of  the  density  at 
the  sun  ;  and  ili  it  ihrrefore,  a%  t.'ie.  moon  i)  nearly  uf  the 
same  appareni  luagiiaude  as  the  sun,  if  »he  reflected  to  us 
all  the  lii;lit  receded  on  her  surface,  it  would  be  only  tht: 
43,000tli  part  of  our  d.iy  lij;iit,  or  that  which  we  receive 
from  the  sun.  AdtnittiiiK  ilicnlore,  Aitii  M.  Bouguer, 
that  the  muuu's  light  is  only  the  ;iO(),OOtilh  part  of  the  day 
or  sun's  light,  Mr.  Michell  coiicluiii  s  lli.it  the  moon  i<- 
tlects  no  marc  than  between  the  (itb  and  7th  part  of  what 
she  n'ceives. 

Dr.  Graveaandc  says,  a  lucid  body  is  that  which  emits 
otpmi  fire  a  motion  in  right  linea,  nod  makes  the  dif- 
in  the  solar  rays,'  iaci«)cnt  upon  a  square  foot  and  a  half  fnaica bftwoen  light  an>l  Ut  nt  ut  cmaist  in  lhi»,  that  to 
of  surface,  in  a  second  of  tinfe,  ought  to  be  nonore  than  '  piodncn  tbelbnncr,  the  in  ry  iianiclcs  must  enter  the  ejfa 
tbr  I'i  hundred  millionth  part  of  a  grain,  or  upon  one  inanetilincar  motion,  which  is  not  requiitid  in  the  latter: 
square  foot  only,  the  1  s  hundred  milUooth  part  of  a  grain,  on  the  contrary,  an  irregular  motion  seems  more  proper 
BtttatthedfBsi^afthemyaof  Uglitaltheattifiuiajofthe  ■  forjt,  at  appean  llrom  the  nya  coming  directly  from  tha 
MM*,  if  45000  limai  fmiier  than  at  the  earth,  there  oag|hl  aun  to  tha  topi  of  moBnaina.  which  Save  not  nenr  tint 
to  inue  fipoca  atqmra  foot  of  the  wn's  sarbce,  m  one  effect  with  those  iA  the  Talley,  agitated  with  ao  irro- 
of  lime,  the  40  thenMndth  part  of  a  grain  of  nat>  gular  motion,  by  several  rcdcetwm. 


4cr;  that  is,  a  little  more  than  3  grains  a  day,  or  about 
4,75S,000 grains,  which  is  about  (i/O  pounds  avoirdupois, 
in  600<1  <' 1  rs,  itie  lime  ".Incc  llie  creation  ;  a  quantity 
which  w  ould  !une  '-liortened  ibc  sun's  scmidtametcT  by  no 
mon  than  itlmnt  In  feet,  if  it  ba  Mppoicd  of  iw  greater 

density  than  water  only. 

The  Exjuiiui'm  nr  Eiimsion  of  any  poition  of  light,  is 
inconceivable.  I»r.  Hookc  shows  that  »t  is  as  unlimited 
as  the  universe  ;  this  he  proves  from  the  immense  distance 
of  many  of  the  fixed  stars,  which  only  become  visible  to 
the  eye  by  the  best  telescopes.   Nor,  adds  he,  aA  they 

only  the  greet  bndies-of  the  sun  or  stars  that  arc  thn*.,  4p>>c''*<l*»',  when  shaken  in  *acno;  cau 
liablc'to  din  ei<c  their  light  through  the  vast  expanw  0^  fnbbad  in  the  dark;  aad  moot,  fiih,  and 


the  universe,  but  Ihe  tmalhnt  spark  of  a  lucid  body  mint 
do  the  same,  0tn  the  mwllait  gloink  utra'ck  a  mmI 
byaiinu  -.tk-a-i^-.^ 

Thehl(Mfl)r«f  diain«MlightB,«rofthenme  lightindlflb* 
tenteircumsiances,aibrdsa  curious  subject  of  speculation. 
■If  JBougucr,  in  hisTraitide  Qptiquc,  found  that  wheROue 


Sir  I.  Newton  observes,  that  bodies  and  light  act  mu- 
tuilly  on  each  other;  bodies  on  light»  in  emitting,  re- 
flectinc;,  r- lriictin<;,  and  inllecting  it ;  and  li}:ht  <>n  bodies, 
by  l.eatini;  till  m,  nnd  pultiiii;  their  parts  into  a  vibrating 
fnotion,  ill  wliici.  In  :.t  iniiicipally  consists.  For  allfixed 
Uddu  s,  he  oliMTves,  will  n  heated  beyond  a  certain  degree, 
do  emit  liaht,  and  >hiiie;  wiiirli  slniiini;  ajipears  to  bo 
owing  to  the  vibratiiii;  motion  of  their  parts;  and  all  bo- 
dies, abonii<lin^  111  earthy  an<l  sulphureous  |MiriicU-s,  it 
sufficiently  aoitaud,  emit  light,  which  wa.y  soever  that 
agimtion  be  effected.   Thus,  sea  water  »him»  in  a  storm  •, 

or  horses,  when 
llesh,  when  pi»' 


trrfird. 

Light  procecdiM  from  potrcicent  animal  aad  vegMaUe 
tufastaoces,  as  wetlaa fraat  ifem-m«nM,  n  mamioned by 
AriMotle.  And  BaithoHn  mewtloni  firar  kinds  oflumiaoua 

insects,  two  of  which  have  win^s  •  luit  ia  hotclimataB  it 
is  said  they  are  found  in  much  greater  BBmbCfl,  ttl^  of 
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«lifFiTcnt  «p«'cie».  Columtiii  observes,  that  thmr  light  is 
fiot  iMini;iii»lii'(l  immidiatply  fin  tlic  death  ul  tin- uriimal. 
'I'Uv  first  ili^linrt  iiccoiint  tlikt  ()ccun>  of  lighi  prucci-'diiig 
from  piilriwiil  aiiirnal  IV-stli,  i«  that  which  is  given  by 
Filbriciui  ah  Aqnap<  iidcntc  in  I5<('?,  «lc  Visiom-  &c,  pii. 
45>  And  BiirilKiliii  relali-s  uUo  »  iiimtlar  a|j|ii'uiai)r<'  in 
hi*  tKSliic  Dc  Lucf  Animniiuin,  which  happeuvdatMoat- 
ppltM  io  I6'4l. 

Mr.  Boyle  a|woki  of  a  pkcc  of  tbiuing  rotien  n-ood 
whicti  was  extiasttwM  in  vacuo;  bnt  on  le^ipitting 
ihe  air,  it  nnri^etfagaio,  and  ihona  at  bdbn ;  tliotifli  lie 
cu«id  not  perceive  that  it  wae  tocftaieil  in  coBilroM»i  air. 
But  io  Bireh'a  History  of  th*  Boyal  Society,  vi>l.  2,  pu. 
254,  th«-n>  it  an  account  of  the  light  of  a  «hiii>ng  fish, 
which  ^va^  rcndi  rcd  inori-  vivid  by  pulling  the-  fish  into  u 
concifiiMiij!  I'ti'jitii-.  Whilin;;*  wc-ro  the  fish  cominoniy 
iib4'd  by  Mr.  H  aIc  in  his  rx|XTirni  iil^  ;  lh<ai;:h  in  u  dis- 
course vend  l)c'1ni>-  t!n-  UdvuI  Suck-Iv  hi  I<ii>l.  it  ««*  a*- 
s»-ft<-r|  lliiil,  lit  iiil  li«[iy  sviliMrtiif the  i-n^s  <j|  loh'.ti  rs, 
allcr  Ihi-y  hflU  been  boikd,  >-liiiiie  ihi-  bnuhtc-it.  iiirch's 
Hi»i.vol.'2,  pu.  70.  In  Iti,"  .;  Mr.  !'.<iyle  Mr<  xjeolally  ob- 
•rned  light  ivsnni!;  from  fli:>h  meat ;  iind,  amunj;  other 
nMsarka  on  this  %ui>jc'Ct,  he  observes  that  e.xtrenic  Cold 
cxtin^'tiisho  the  li$:ht  n(  bhininj;  wihmJ  ;  probably  bccauae 
''extreme  odd  checks  the  piitrrlactiou,  whidl  IS  the  CaUse 
of  the  light.  The  shell  lish  called  phola»,  is  remiirkable 
far  its  luniiiMUs  quolity.  The  lua)inou»ne»i  bf  the  tea 
lM»beenaliaasulyectoffr«|ueiitobMrvi(lioii.  imiloMia 
WATum,  PmuMPaoRtrt,  and  PuTSBvacTioir.,  &e. 

Mr.  ila«lislwe»  and  many  writm  An  the  aul^t  of 
electricity  since  his  time,  have  produced  ■  graal  variety  of 
iMtUCOsuf  the  artificial  production  of  light,  by  the  attri- 
tion of  bodifs  naturally  not  luMinous iis  of  ember  rubbed 
on  woollen  cloth  in  vacuo ;  of  glas6  on  woollen,  of  glns^  on 
glass,  of  nyiitcr  shells  on  woollen,  and  ol  woollen  on 
w  iiolleii,  ull  iti  vaciut.  On  the  severs!  cxperiraents  of  (Ins 
kind,  he  makes  tke  following  rcllections:  that  dilferent 
sons  of  bodies  afford  light  of  fariou*  kin<li.  \»iih  regard 
both  to  Colour  and  force;  that  the  etj'ecls  oi  an  ailiitinn 
aru  sarn'iis,  .fei  iniliii.;  lo  tlx-  dilferent  prepariilions  .Tiid 
treatment  id  the  bodies  which  are  to  endure  it;  and  thttl 
b'>die>  which  have  yielded  u  particular  light,  may  be 
brought  by  frietiiiii  to  yield  no  mure  of  that  ii^hl. 

M.Hernoulli  fuurtd  by  rxperiuient,  that  mercury  amal- 
famated  with  tin,  and  rubbed  on  gl.us,  produced  a  coo- 
siileiable  light  in  the  air:  that  gold  rubbed  onglaiSicac- 


This  action  of  bodies  on  light  ii  found  to  exnrt  itwlf  at 
a  sensible  distance,  though  it  always  iticreaM-s  as  llu-  ilis- 
taiicc  ik  diminished;  hs  apiK'ars  very  sensibly  in  the 
passage  of  a  ray  between  the  edges  of  two  th\^  planes  a( 
dirtt-rent  apertures;  nhicb  is  attended  WltJl  this  peculiar 
cireuiiisi.iuce,  that  ihe  attraction  of  one  edge  is  increased 
as  the  other  is  brought  nearer  to  it.  The  rays  of  tight, 
in  their  passage  out  of  gloss  into  a  vacuuth,  arc  not  only 
inflected  tovajrds  the  glaas,  but  if  they  Ml  too  oblic|ucly, 
they,  will  ravwt  hack  apia  to  the  gfao,  and  be  totally  r«. 
iecled.  Now  the  cause  of  this  reflection  cannot  be  attri- 
bnted  to  any  rcaisiaace  of  the  vacuittn,  hut  mtm  he  en* 
tirely  owing  to  some  force  or  power  in  the  glass,  which 
attracts  or  draws  btick  the  rays  as  thpy  were  passing  into 
the  vacuum.  And  this  appears  to  be  further  cimlirinej 
from  hence,  that  if  you  wet  the  buck  surlace  of  the  ^1 155 
with  water,  oil,  lii  .r.ey,  or  n  s(iUili'/n  nf  <]u;c1.ei1\i  i ,  \ui  n 
the  rav^  which  woiiUi  ulherwisi  hu^e  hem  rellected,  will 
)ier\aije  iiml  p  i-s  liiroj^h  ll-,;it  lur.Kir  ;  uliii  li  ^iiowi  that 
the  lays  air  not  refh  rieil  till  they  come  to  that  back  sur- 
face of  tlie  ijlass,  tuir  <  veil  till  they  iK-gin  to  go  out  of  it; 
for  if,  at  their  going  out,  they  fall  into  any  of  the  afore- 
said mediums,  they  will  nut  then  be  rellected,  but  will  pe|w 
sist  in  their  former  course,  the  atlructiun  of  the  glass  being 
in  this  case  counterbulariced  by  (hat  of  the  liquor. 

M.  Maraldi  prosecuted  experiments  similar  to  those  of 
Sir  I.  Nesiton  on  inflected  light.  And  bis  obMrrtatiuns 
chiefly  respect  the  inflectiofl  of  light  towards  other  bodiea, 
.by  which  their  thidowt  are  partially  illuniin^.  Acad. 
Paris  i7iS,  Hem.  |».  169.  ;»ea  abo  Fricitkya  Hist, 
pa.  521,&c. 

fil.  Mairan,  without  atteroptiog  thh  discovery  of  new 
facts,  endeavoured  to  explain  the  old  ones,  by  the  hypo- 
thesis of  an  aliiiiisphere  surrounding  all  bodiea  ;  and  con- 
sequently two  reflections  and  relruelxiii*  of  light  that  im- 
pinges I'll  llieiii,  niir  :-.t  I  lie  !  u  rtuce  ot  tile  a  tiiujb  p  hc  re,  and 
the  other  at  the  suiinrc  of  tbc  body  llself.  This  utmo- 
sphere  he  supposed  to  be  of  a  VUfialue deUBty  lad  NflUC- 
tive  power,  like  the  air. 

M.  Dutour  succeeded  M.iuaii,  uinl  i[iM;;uied  that  he 
could  account  fur  all  the  phenomena  by  the  help  of  an 
ataiospbcre  of  a  uniform  dervsity,  but  of  a  less  refractive 
power  than  the  air  surrounding  all  bodies.  Uutiiuralao 
varied,  the  Newtonian  experiments,  and  discovered  more 
than  three  fiii^  in  the  colours  produced  by  the  inAectkm 
of  figlrt.   He  further  concludes  (hat  the  refractii^  ai 


biUled  the  same  in  *  greater  degnw}  but  thal  tba  aoit  apMMif  •umundiiig  all  kind*  of  bodies,  ai«  of  tfia 


enquisite  Ught  of  ull  waa  produced  by  the  attrilioll  of  a 
diamond,  this  being  equally  vitnd  with  that  of  a  burning 
omI  brikkly  agitated  with  tthe  bellows.  See  Ertcf Hi' 
CtTf ,  &c. 

t^ltl jiHnelion  qf  Light.  That  the  particles  of  light 
are  attracted  by  those  of  other  bodies,  is  evident  from  nu- 
■  merou*  experiments.  This  plieiiomeuun  was  observed  hy 
Sir  I.  Ni  '.wi  II,  M  hi.>  tuijiid,  hy  repeated  trials,  that  thi' rays 
of  li^ht,  111  timr  j.a^-supe  near  the  edges  of  bodies,  Hre  di- 
verted out  01  thi'  n^ht  Inies,  and  alw.iys  intlerted  or  bent 
towards  thoje  boilies,  w  liether  they  be  ojiiiquo  or  trans- 
parent, as  pieces  of  mel.iK,  the  ed;;i  s  i  f  knives,  broken 
glasses,  lVc.  See  IxfLtriioff  itiiil  Kays.  The  cu- 
rious observations  that  li.id  been  made  on  this  subject  by 
'l>r.  Monke  and  (ininaidi,  led  Sir  I.  Newton  to  repeat  and 
diversify  their  expei  loieiiU,  ajid  to  pursuv  (hem  much 
farther  than  they  had  done,  fora  particular  account  of 
i'u  experiment  and  obaerwuiuin,  we  ttdaliia  on  Optica, 
t«.8a3.&c. 


■net  lbrwh«nbeuMdagreat«arie^«rsuhitan«^an4uf 
dililiient  dinwaMooa,  ha  alwafi  found  coloufed  ittuaka  of 
the  same dineniioni.  HealioobBnTCa,thattbtahypotfaeitt 

contradicts  an  observation  of  Sir  LMewiap»«W,thatthuie 
niys  arc  the  most  inflected  which  pau  the  nearest  to  any 
body.    Mem.  do  .Math,  ct  de  PhyS.  tK>l.-5,  pa.  6iO,  «t 

Prici,tky's  Hist.  pa.  531. 

AI.  Lecat  found  thai  objects  sometimes  appear  magni- 
fied  by  menns  ui  the  intteclion  of  light.  l/>okiiig  at  a 
distant  -ieeiui,  v»h<-ii  a  win-,  nl  u  l<  sb  diaiialcr  than  the 
pupil  ol  his  eye,  was  held  pretty  near  to  it,  and  drawing  it 
several  times  between  that  object  and  his  eye,  he  sur- 
prised to  Iind  that  every  lime  the  wire  passed  Ulore  bis 
eye,  the  Steeple  septtcd  to  change  iu  place,  and  some  hills 
beyond  the  steeply  seemed  to  have  (he  same  motion,  just 
as  if  a  lens  had  been  dmwn  between  iheni  and  his  eye. 
This  discoveiv  led  him  toicvatal  others  dcpandiiigou  tba 
thengpoftvhi.  TUtw,  he  mayiyicd 
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Ol^jedi,  M  the  bead  of  a  piiii  by  viewing  tbrm  through  a 
MttU  bole  in  •  cud  ;  W  tbM  ith^  rays  which  furmcd  the 
.'iiMtt  mtnl  iteccMarily  pM>  ao  near  tlie  circumference  of 
th^  bole»  H  to  be  attractrd^  it.  He  exhibited  alio  oihi  r 
spptMincwofntimilarMtiira.  Tnii^  da  Sent,  jw,  12:99. 
Priertky,  nbi  supra.  jw.  '537' 

Sb^keUm  mi  R^actiok  Uffit,  Fram  thn  mutual 
attmctioo  between  tb«  partieka  of  light  and  other  bodies, 
ariu-  two  oihrr  grand  phcaoinrtMt  bnides  the  inflection  of 
Iight.uhich  urecalli-d  the  reflection  and  refraction  of  light. 
It  IS  «<  II  kihi^tn  ihat  (iotciininaliuii  of  Uidios  In  iiii> 
lion,  c'S|KCi:ili\  i  !a>tic<mi  >,  ii  c hanpril  by  the  intprpo.sitiun 
of  otbtr  lnuiii  s  III  llii  ii  uu\  :  t  i us  aKo  il^bl,  impinging  nD 
ibc  81111.101-^^  i>f  iimlii',  sliiiu!:!  l^l^o  Ix*  ttirmd  out  ot  it« 
COiii'M-,  ami  bviiU  ii  lin  k  (If  !■;  (iiTit';!,  50  rs,  liki  hiIut 
stnkiiig  biidus,  til  111:. kc-  iv.<-  an^i,U:  of  its  ictU  tliun  I'tpial  lo 
tliu  uiiglc  ol  inciiK  iu  ij-  l  liis,  it  i>  found  by  i  Npt-ritnCc, 
light  iliiLs;  luii!  Ml  llif  cauM,"  of  till*  »ffi'Ct  is  diltiTciU  Itom 
that  |ust  DOW  ;>'.Mriiu  (I :  for  the  lays  uf  light  arc  not  rc^ 
llcclvd  by  Mnkin;:  on  thcvcry  paruof  ibcrcdectit9bodi«% 
but  by  fomc  power  equally  diiTuKd  over  the  whole  sorface 
of  the  body,  by  which  it  acta  on  the  light, either  atlfacting 
or  lepclling  it,  without  contaei:  by  which  Mine  power,  in 
•Umv  eifCtmntaBCtt,  the  lays  are  mraclcd;  and  by  which 
aUo  the  lays  are  fnt  cmitlM  boar  the  luminoiu  b<idy ;  as 
Newton  futlyproves  by  agreatttariety  of  argnmcots.  Sea 

Itci  LECTIOH  and  REPKAOTtOH.  * 

That  rriiit  author  proves,  that  all  tlioiic  niys  which  are 
u:iciic»l,  (111  tiot  rtsilly  touch  the  body,  though  they  op- 
prcjiicli  iiifuiiti  ly  near  10  it ;  and  that  tbo»e  which  strike  r  n 
the  pails  ol  Milul  budii^,  ndlicro  to  them,  Btui  are  as  it 
were  extiM'^uivhcil  and  lust,  htiu-t-  V:.c  :vll<  Liiuri  ol  tlie 
iavsi»  ascrslit  d  to  the  action  ol  llie  w  liuii  ^urlac^'  nl  the 
body  without  coiilatt,  il  11  be  asked,  how  it  liap]i<  ns  that 
all  the  rays  are  not  reflected  from  every  kurtacf;  but  ihul, 
while  fcomc  arc  reflected,  others  pass  through,  and  arc  re- 
fracted ?  tho  answer  given  by  Newton  is  as  follows : — 
£vcr)'  ray  of  lighWil|kj|f(t  paawga  though  any  refiraciing 
BnriBCe,ispntinM4PiMiHijjp^HMi|M  constitution  or  state, 
which  in  th'a  Magma otdMS^^tums  at  equal  intervals, 
and dtipowetlwf^at  every  return  to  b*  easily  transmitted 
tbraUij^  the  next  Iffracting  surface,  and  lieiwem  the  rc- 
tttTM  to  ha  easily  n^lcd  by  it :  which  alteration  of  re- 
flection and  transmiiaon  it  appears  is  propagated  from 
every  surface,  and  to  all  dJalancet.  What  hind  of  actioa 
or  disposition  this  is,  and  whether  it  consists  in  adrcula* 
ting  or  vibmtins  motion  of  the  ray,  or  the  medium,  or 
something  else,  lic  diH-s  not  enquire;  but  allows  thoM.- who 
arc  fund  <d'  hy|iiilhcht?  lo  sii]ipii»e,  that  the  ravs  id  liuht, 
by  impiiigeing  on  any  rdlictm!"  or  refiactiiig  surlare, 
excite  vibrations  in  the  nfiectiiiif  or  rcfriitt;ii_;  nudium, 
and  by  that  means  aiiitate  the  solid  parts  01  ihe  boiiy. 
These  vibrations,  thus  punluced  in  the  medium,  move 
faster  than  the  niys,  so  as  to  overtake  them  j  and  when 
any  ray  is  in  that  part  of  the  vibration  which  conspires  with 
its  notion,  its  velocity  is  increased,  and  so  it  easily  breaks 
tflfough  a  refracting  surface;  bpt  when  it  is  in  a  contrary 
part  of  thy  jribc|tfi«p^jihicb  impedes  iu  nwtion,  it  is  easily 
leSettad ;  and  thdK^Miy  tay  is  successively  disposed  to  be 
«te^*lfffle|pted  or  transmitted  by  every  vibration  which 
ilpi|sii|>  These  fcturtM  in  ihtf  dispasitian  of  any  lay  to  ho 
fjf'lP''..*'.:  -"^''^  -'Iriii'"-^-"'" ;  «nd  thentwaa 
in  the  dJifinition  to  be  transmhied,  he  cklls  fits  of  Easy 
Transmission;  also  the  space  between  the  returns,  the  In- 
terval of  the  Fits.  Ueucc  then  the  icasoa  why  the  siufaces 


of  all  thick  transparent" bodies  reflect  part  of  the  light  in-  , 
cident  on  them,  and  refract  the  rest,  is,  that  some  rays  at 
their  incidence  are  in  fits  of  ca^  rrflectioo,  and  others  of 
casytraaimisrioB.  Vat  AeprcpmkmtT4btiidLuia,»e» 

ltSPl.BCTnNf,MlBIU>ll,  &c.  • 

Agaih,  tJWftf  light,  passing  out  «f*aie  mcdHum  into 
another  of  dillcRnt  density,  and  in  In  passage  inaki  ng  an 
oblique  aii>>lewiifa  (hosorMcethatspparaiesthemediums' 
will  be  rcfiaclcd,  or  turned  out  of  iis  direction;  because 
the  rays  are  more  strongly  attracted  by  a  denser  than  by 
a  rarer  niediiini.  'I'hat  iIum-  rays  are  not  refracted  by 
striking  on  the  solid  ynin^  id  bmlirs,  but  that  this  is  el- 
fecle<l  wiihoiit  a  real  coiilatt.  and  hy  the  same  force  by 
T\hiih  t:  ey  are  omitted  and  nfieCttd,  only  exerting  itself 
dilu  renlly  in  ;li  i  ii  circumstances,  is  proved  111  a  great 
measure  by  slii  same  aiuuments  by  which  It  IS  desio*nstl>ted 
that  lelli'ction  is  |Hriiirmrd  wilhuui Contact.  SeeRcrRAC- 
Tiov,  I.tNs,  CoLoua,  Vision, &c. 

Clmucnl Ihvptrtiuitfl^hl. — The  chemical  proporlits  of 
light  are  yet  but  wry  imperlvctly  known,  though  therais 
reason  to  believe  that  11  u  un  u;;ent  of  great  inpoftynce in 
many  of  the  principal  chang^-s  ifaal  aw  goingo*  in  the  visible 
world,  and  rsvn  in  the  eapcrimeatt  of  i1m  failwratury  its 
effects  an>  often  clearly  demomtnUfc 
"  The  process  of  rapid  eomhustion  i*  always  attended 
with  thecvoitttioiiof  Ugbt  along  with  heat,  the  source  of 
boA  of  which  is  ascribed  by  L-ivoisier  to  the  oxygen, 
which  is  known  to  be  essential  to  comhiistiitii ;  so  that 
according  to  this  eminent  phihrtoplier,  while  any  sub- 
stance is  burning,  the  oxygen  alone  unites  \(ith  ihc  com- 
bustible substance,  forminc  an  oNvd,  acid,  \f,  aeciirding 
tu  ciiCninstBncc^  :  and  both  !:  <  lj-;ht  nod  heat  which  pie- 
Mously  exisied  in  the  oxyncn  are  now  »et  at  liberty,  and 
a|i|:ear  in  ti  .  t  ,1111  i  ;  \isiblc  flame. 

liul  there  arc  many  weighty  objections  lo  the  latter  part 
of  this  hypothesis  (sec  Oxygm  and  Combtaliom),  so  that 
many  chemists  have  returned  to  the  old  opinion,  that 
the  light  is  derived  from  the  burning  body,  and  not  from 
the  oxygen  that  fappoftf.. combustion*;  an  opinion  which 
on  the  whole  better  agrdh|  wNfc  (he  observed  phenonem. 

The  sun's  rays,  the  girnit  aoorea  of  Ikhtasd  heat  to 
our  world,  have  been  firand  by  Dr.  Henchel  to  eontaiii» 
besides  ail  the  coamoa  CokMUed  rays,  separable  by  the 
piiin,  a  number  of  layi  of  mere  heat,  giving  no  light,  still 
less  rdhugihle  than  the  red  rays  of  the  sfK-ctrum,  and 
(bcrefbte  exlcnding  beyond  iLem,  and  producing  a  greater 
heat  than  any  of  the  visible  rays.  Since  that  time  it  has 
been  discovered,  as  appears  both  by  Dr.  Wollaston, 
Phihisophical  Trans,  for  1802,  and  Mr.  Ritter,  Plulr>io- 
phical  J.  unial,  8vo,  vols.  4  and  «,  that  beyond  the  oppo- 
site, or  vioiet  ^idenf  the  pnsm,  .■ire  certain  other  rays.also 
inM'ilile,  which  do  nut  I  ilVct  the  thermotneler,  but  which 
produce  b'lme  of  the  chemical  ellecis  <il  the  visible  rays  of 
light,  particulaily  of  the  violet  rays  to  w  hich  they  arc  con- 
tiguous. Tlifse  therefore  appear  to  be,  if  the  expression 
may  be  allowed,  haisiHe  rayt  of  N^,  or  rays  wbtcb, 
though  they  do  not  illuminate,  agree  in  chemical  proper- 
ties with  those  that  do,  and  appear  to  be  more  than  any 
other,  separate  from  solar  heat. 

The  most  rapid  and  moat  aMneeptionahle  chemical 
eftcfa  of  pure  light  hilhario  discovcmit  haa  been  dm 
■change  of  colaim  of  salte  Imm  eenice,  to  •  pnrpliih 
bfown,  or  slate  colour.  TEis  change  takes  place  wiAont 
n-quiriug  the  least  increase  of  temix'rature,  or  in  anyway 
bvuig  aiiected  by  heat  or  cold,  and  it  occur*  c^ally  wen . 
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in  dole  a»  in  open  vc»itls,  and  on  llie  »uHucc  immc- 
'dUicly  I'sjHi-' li  to  111*  C-um.  Did. 

LlGli  rMN<i,  H  i.ii^,-  rl.inK,  shooliug  »*irily 

through  (tie  iiiiu<"-;ili>  It ,  u\  lu  <hi<iii:ity  or  veiy  ebon  linn* 
tion,at)(l  ci'iimiouly  uiUiiiU'i!  thuiuKT. 

Some  pliili»o(.hi-!i  iiccdUiiUil  tur  lliis  awfiil  lialurai 
phcaoncDon  in  Ihn  iiuuiiicr,  ti/,  tlmt  an  inflainn)<ibl« 
•UlMtMCe  it  formed  of  llic  pnrticU-j  of  iulpliur,  iiiirr,  nnd 
Other  combustible  mutter,  whiili  arc  cxiiaiinl  from  the 
enrtii,  aiid  cariii-il  into  the  Inghi-r  regioii<i  of  tlie  atmu- 
a|>hen!,  uid  tluit  by  the  culliM<'ii  of  two  cloud),  or  otbcr- 
wue*  (fait  tufaalanci!  takes  tiro,  and  «larti4mt  into  a  train  of 
ligbtr  It^ij^  or  amatlcr  Kcardfinftto  tko  UKiv|tli  and  quano 
tityof  the  malPfitla.  And.ollitn-lnwcxphi(ied  ibe  phc- 
nomeooo  of  licbtniitg  by  the  liiiiieiiMiaa  of  toljAunons 
tobtlan^it  with  nitrout  arids.   See  Thvkdm. 

But  it  is  now  univpr»Ally  allowed,  thai  lightoing  i»  really 
an  clrctrirat  explosion  or  plicnoincnon.  Philosophers  bad 
Ijiil  .[  i  r  .!.  (1  1.11  in  tl.i  ir  exprriroi'tili  iiiid  elH|Uirif»  ijll 
tills  suiijtit,  hi  U'li-  lacy  |KiCined  the  obviiiii>  liii.iloay 
belwivii  liulitniiig  uiiil  t  k't  li  i(  it\ ,  and  they  p-miiiin  J  many 
arguments  lo  mnre  Uu  n  siniil.iriiy.  But  ihe  nu  tliod  ul 
piwring  tills  hypoihf5i>  Lii\i-m1  -i  uouli;,  uasfinit  propo»i-d 
by  Dr.  Franklin,  who,  uIkiui  liu>  tlo»e  of  ihr  year  17+9i 
Conceived  the  prartirulrlily  of  drawing  lightning  dawn 
from  the  cloiiii'<.  Various  i  iicuntstnucci  of  reteiublaiicc 
between  lighimnj;  and  elecii  K  ity  were  remarked  by  tbi» 
ingenious  pbilu»upber,  and  buve  been  nbundanily  cun- 
firihed  by  later  di*cowri«i,Mieh  as  the  following :  l'l;i<,lie8 
of  lightning  an  utsally  Men  crooked  and  waving  in  the 
•ir$  ao  the  eicctiic  qwrk  diawn  from  an  irregular  body 
at  fone  dittance,  and  when  it  it  diawtt  by  an  itrrqnlar 
body,  or  through  a  ipAce  in  which  the  bett  condoclort 
arc  di<t]io-e(l  ill  an  irn xuhir  matuier,  alwayt  exhibits  the 
Mine  appeiirunrr:  lightnini;  strikes  the  highest  and  most 
pointed  oijji-cts  in  its  cuur-e,  in  preference  (o  others,  ii» 
hills,  tree*,  spiies.,  masts  of  sliip<i, iVc;  so  all  pointed  coii- 
dtl^l■■l^  niii.i'  :nri  l!.riiu  ill  iln'  ilix'lnc  (iuui  iiKiii'  ri  a- 
dily  shuii  llii>>('  llui(  nil'  I  ■:  iiif.i^U'ii  l'\  jLit  Mirlace;-;  lij;hl- 
iiiiiL;  IS  oliserveil  t.  t.ike  nuil  li.llmv  il;e  leiniu  si  iiiul  bot 
roiidutlor  ;  nml  the  same  is  she  case  «iih  eUctiicity  in 
the  dibth4ri;e  of  the  licyilcn  phuil  ;  whence  the  cioclor 
inferij  that  in  a  th-jiider-storni,  it  would  he  s.tfer  to  liii\c 
ane's  clbthet  wet  than  dry ;  •lightning  burns,  dissidvrs 
metabi tends  some  bcHlics,  sometimes  sii  ik' s  |)enoni  blind, 
dcitro>'«  animal  l>h-,  ih  priM  s  iiui^nets  of  iheir  virtvcw  or 
ri-vertei  ihrir  pules;  and  uU  thei>c  nt^  well-known  pro- 
perties of  eleciiicity. 

But  lightiriiig  also  gives  polerity  to  the  magnetic  needle, 
M  well  as  lo  all  bodi»  that  have  any  thing  of  iron  in 
them,  at  bricks  &c;  and  by  observing  nlterwanK  which 
wa/the  magnetic  poles  of  ihrse  bA<liet  lie,  a  mny  thence 
be  known  in  wli.it  direction  the  sti<ik<-  passeii.  Persons 
atre  somelintes  killed  by  liEhlninn.'u  ilhuut  eNhibiting  any 
visible  marks  of  injuiy  ;  ami  tn  this  case  Si^;.  lit  cc  ji la 
suppiises  tiiut  the  ll^litiiins  does  not  rciilly  tt-m  li  them, 
but  only  (jri;iiuci>  ii  suilctii  i.ituur.i  near  llitin.  and 
the  air  r'.;^liiii:;  Mnlenrly  ou:  m|  ilnir  iungs  lo  supply 
it,  th<-y  caniiiit  ricir.ir  iJuii  im  alh  ii^uiii  ;  and  in  proof 
of  th'i  opinion  lie  allege^  llmt  llu  lunys  of  such  persons 
arc  found  ilaccid  ,  whereas  these  are  found  inflated  when 
Ibe  persons  are  leally  killed  by  the  electric  shock.  This 
hypothc-kis  howi  vi  r  is  coniioxerled  by  Dr.  Pricallcy. 

To'dcnMnstratc  by  tKtual  cxprrinwM,  the  identity  of 
the  electric  fluid  with  the  matter  of  l%hti>uig»  DnFiukp 
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fin  coBlriftd  to  bring  lightning  from  the  heavens  by 
means  of  a  paper  kite,  properly  fitted  up  tor  the  purpose, 
with  a  long  fine  wire  string,  and  called  an  rlcLirical  kite, 
which  111-  luised  >^hell.a  ihuiidei-st'. rm  «:is  jiereiivid  to 
bi-  I  onunr  y,n  :  anil  uitli  the  electncily  thus  ubtaiiicd,  he 
ch.iri^ij  phials,  kiiiilUd  spirits,  and  peilornied  all  other 
such  rleetiiCiil  expi  ri menis  are  usually  exhibited  by 
an  excited  ylu-s  ^lube  or  cyliiidii.  'liiis  happened  in 
June  173'*',  a  raonih  after  the  electricians  in  France,  in 
pursuance  of  the  method  which  he  had  lieforc  proposed, 
had  \eriile>r  the  same  ilieoiy.  The  most  active  of  these 
were  Messrs.  Daiibard  and  Oelor,  followed  by  M.  llaacaa 
and  M.  Mounier.  *  ,  * 

la  April  and  June  1753,  Dr.  Franklin  ditcoveicd  that 
the  air  i«  MMaetimet  electrified  negatively,  at  •cll  a*  M«e* 
time*  pealtivdy ;  and  he  even  found  that  ihedouds  would 
change  from  poaitifo  to  negative  olcctrici^  itveral  times 
in  the  course  of  one  thunder-gust.  Th»  curious  and  im- 
portant discovery  he  soon  perceived  was  capable  of  being 
applied  to  practical  use  in  lite,  and  in  consequence  proposed 
a  ir-illioO,  which  he  soon  accuiiiplislied,  oi  srcuiiiii;  buiKJ- 
inys  lium  b<ir,j;  damaged  by  lighsiillig,  by  means  ot  Cos- 
DUCTOUs  :  which  see. 

Nor  had  ihc  English  philo'ophers  been  inattentive  to 
this  subject:  but,  for  uunt  <'!  proper  upportuiiities  of 
trying  the  necessary  expcriin*  nts,  and  from  some  other  un- 
tavourable  circumstances,  they  had  faile<l  of  success.  Mr* 
Canton,  however,  succeede<l  in  July  17^2;  and  in  the 
following  inonth  Dr.Btv  ■»  ami  .M r.  W  ilson  observe^  nearly 
the  aame  appearances  as  Mr.  Canton  had  clonr  befbie. 
By  a  numlm-  of  experiment*  Mr.  Canton  alto  toon  alter 
ohmved  that  tome  cloud*  were  in  a  pusitive,  whHeiMM 
weminaiMipUiveiMteofetecUicity;  and  tliat  Ac  ekc> 
tiidqr  «f  hit  cwdaclor  weaM,iainetinMi  dmgt,  bom  coa 
Mate  to  the  other,  6ve  or  six  times  in  leas  than  hiilren  hour. 

liut  Sig.  Bcccaria  discovered  this  variable  stale  of  thun- 
der clouds,  before  he  knew  that  it  had  been  observed  by 
I)r.  1  lankliii  i-r  any  otln  r  pi  i^uii  ;  and  be  hiLs  uiven  a 
vi  ry  exiirt  anil  palticuhii  nrtuiint  ot  llu- eMernal  appear- 
ances ol  liuw  elouils.  i  roiii  tlu'  obstrMUions  of  his  ap- 
paialus  wilhm  iliHirs,  aii<l  i  I  t.ie  li^lil^jiiig  abroad,  he  m- 
lerreii,  thiit  tii>  i|uiiiiiry  I'l  i  l.ctiu;  matter  in  a  common 
thuniliT-stiun:,  is  iiicoiircivalily  great,  considering  how 
many  poinu  d  bodies,  as  spires,  irivs,  &c,  are  continually 
drawing  It  oli,  and  what  a  prodigious  quantity  it  repeat* 
cdly  disciiarged  to  or  from  the  earth.  'Iliit.  matter  it  in 
tuch  abundance,  that  he  Ihinkt  it  impostible  for  any  cloud 
or  number  of  clouds  tp  contain  it  all,  so  as  cither  to  re- 
ceive or  ditchtUBe  it.  tie  observes  also,  that  durinc  the 
proigreu  and  iaibnale  of  the  atorm,  though  the  lightmng 
frequently  struck  to  thn  carib,  the  sane  clotid*  were  the 
next  moment  ready  to  make  a  still  greater  discharge,  and 
his  apparatus  continued  to  be  as  much  utTecled  as  ever  ; 
so  tliat  the  clouds  must  have  received  a!  one  part,  in  the 
same  inumettt  vthi  n  a  discharge  was  made  lioiu  them  in 
another.  Anil  ti.itn  the  whole  ho  couelurics,  that  the 
cluuds  serve  as  cuiidutlors  lo  Coim-y  ihr  ihctnc  liijid 
from  those  paiis  ut  the  eanh  tlnil  are  overlo.ided  with  it, 
to  those  that  are  exhausted  of  it.  The  same  cause  by 
which  a  cloud  is  tirst  raised,  from  vapours  dispersed  in  the 
atmosphere,  draws  lo  it  those  that  are  alremly  lurmed,  and 
still  continues  to  form  new  ones,  till  iLe  uhoie  colli  cted 
mass  extends  so  far  as  to  reach  a  part  i  t  the  larib  where 
there  is  n  deficiency  of  thp  electric  fluid,  and  where  the 
«teeliieiiHttier«il]diichMisilMir«atkecanb.  Acba»' 
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Bfel  ofiCOIIfinWlintion  being  thoi  formed,  a  frfth  supply 
of  «lectirieQ)atieri$nii«(^d  from  thcoverlo«4pd  parr.  M  bicli 
canliiHUiS  ta  ite  conveyed  l>y  tlie  medium  of  the  clouds, 
till  the  eqailibrivm  of  the  fluid  is  restored  between  tbo 
two  places  of  ifa«  cortk.  Sig.Beccaria  obaorvea,  tfant  • 
wind  olwrnyt  blows  from  the  place  from  which  the  than- 
der>cloud  proceeds  -,  ami  it  is  plitin  that  the  sudden  accu- 
niulatton  of  auch  a  prodis;iout  quantity  of  vapours  mnst 
displace  the  air,  and  repel  it  on  all  sidc«.    Indeed  many 
observations  of  the  di-»ccnt  of  lightnin;;  crtntirm  histhcory 
of  the  rii;iimrr  ut  it>  ;i>Ci  [i;  ;  i't»r  it  often  ihrc'"'-  Lrti)H^  it 
the  pnrts  of  cuinl    mil;  Ii  hIk  s,  and  disiribuus  ihtin  ai  jng 
the  resisting  nu  ihiim.  wirouoh  whic  h  it  most  force  its  pas- 
sage ;  .ind  on  tim  pcaiiiple,  the  longrst  flashes  of  lij;ht- 
ning  seem  to  be  made,  by  forcing  into  its  way  part  of  the 
vuj>our»  in  tho  air.    One  of  the  chief  reasorts  why  these 
flashes  make  so  long  ii  rumbling,  is  that  they  arc  occasion* 
cd  by  the  vast  length  of  a  vacuum  made  by  the  pa:>sagcuf 
the  electric  matter :  for  though  tlie  iiir  collapses  the  mo- 
ment alter  it  ba*  passi-d,  and  tiiat  tbo  vibration,  on  which 
the  sound  depots,  cotnmcflces  at  tbe  same  moment ;'  yet 
when  the  flash  IS  directed  towuda  tho  person  who  henn 
the  n  iKirt,  tbe  vibnlioM  oxctlod  at  the  nrarer  end  of  the 
track,  will  reach  bis  ear  nncb  sooner  than  those  from 
the  more  remote  end;  an)  tha  tnund  will,  wiiboat  any 
echo  or  repercussion,  continoe  tiU  all  the  vibratioBt  ba«e 
successively  reached  him. 

il'iw  It  l]ii|i|>i  t;s  that  prirtic'uhir  p^rts  of  the  earth,  or 
the  cl"iid»,  Cull"'  into  the  ojipoiUc  Mates  ot  positive  and 
negative  cli  cti  irity,  is  a  question  not  ubM  Uitdy  Jcii  rimn- 
ed  :  tinn;;;li  it  is  ea^s*  to  conceive  ili  it  wlieii  puriicular 
cli/iiil-,  <ii  iJilfeiint  parts  of  the  carih,  ]:i;sscss  o;iposite 
elrcinciiics,  a  di^charso  will  take  piftce  within  a  certain 
distance;  or  the  one  will  strike  into  the  other,  and  in  the  ' 
discharge  a  flash  of  lightning  will  be  seen.  Mr.  Canton 
queries  whether  the  clouds  do  not  become  possessed  of 
electricity  by  tbe  gradual  heating  and  cooling  of  tbe  air; 
and  whether  air  suddiMKiareficd,  may  not  give  electric 
lire  to  cloudk  an4i  ihimWpasMng  through  ittaad  airtnd> 
dciily  eondoMed  lat^lee'tfceiTic  fia  tnm  thefls.>~— Mr. 
Wilake  aappoeet*  that  the  air  contracn  its  electricity  m  ' 
the  tame  uiaoaer  (bat  sulphur  and  other  tubcianccs  do, 
when  they  are  heated  and  cooled  in  contact  with  vartflos 
bodies.   Thus,  tho  air  being  heated  or  cooled  near  the 

ei'rtli,  cs  1  li'L'Irl(  ily  to  tlir  earth,  or  ncrivrs  it  tro-n  it; 
and  tliL-  tlfClt  1  111  il  uir,  b'jii:^  com  cjcii  upwjiilb  by  v,-irii>t;s 
means,  ci  iiiimiUKalcs  its  rK  cirit  il\  l<)  thecloud«.  OllnTs 
have  quel ied,  wheliivr,  suirc  tlmmler  commonlv  liupprns 
in  a  sultry  state  of  the  air,  when  it  i< nus  e'i.ir^rci  vsitli 
sulphureous  vapours,  the  elctnc  inntier  tlien  in  the  clouds 
rauy  i>ut  b^ generated  hy  the  fermentation  of  sulphureous 
vapours  «itli  mineral  or  acid  vapuurs  in  the  air. 

With  regard  to  places  of  safety  in  times  of  thunder  and 
ligbtoia|^'l|K^eanklin's  advice  is,  to  sit  in  a  chair  in  the 
■iddloo(aM|M$.isroTidcd  it  be  not  under  a  metal  lustre 
•aspended  V^  aHiiafn,  and  laying  the  feet  on  another 
dlahr.  It  Is  sdtl  tk-t  ler,"  he  say  $,  "  to  bring  two  OT  thlW 
nattresses  or  beilsMMMbB  middfa:  of  the  room,  and  Iblding 
them  dottbtet'toiilateiat'cbairs  upon  tbcm;  for  as  they 
are  not  lO  gn<Kl  couJucmrs  as  the  walls,  the  lightning  will 
not  be  SO  likely  to  piiss  through  them  :  but  the  safwt  plucc 
of  any,  is  in  a  litimmock  butig  hv  «ilktn  cunis  at  an  i<pial 
distance  from  all  the  sidesni  a  romn.  Dr.  Prii  sllry  him- 
ovpi-  oh-i  rvcs,  that  ihc  plarc  of  niosl  p<  rfrct  bnft  tv  must 

be  a  cellar,  and  especially  tbe  middle  of  iti  fur  when  a 


person  is  lower  than  the  suiface  of  the  carth,'th«  ligbtainf 
must  strike  It  before  it  can  possibly  reach  biro.  In  tho 
fields,  tbe  most  secnr*  place  is  within  a  few  yards  of  a  tiee, 
but  not  quite  -near  it.  Bacvatja  cavtioos  persortk  not  al- 
ways to  trust  toe  mneh  to  the  ncighhouTfaood  of  a  higher 
or  better  edndnclor  than  their  own  body ;  since  .he^ias 
repeatedly  found  that  the  lightning  by  no  means  descends 
in  one  ondtvided  track,  but  that  bodies  of  various  kinds 
conduct  their  share  of  it  at  the  same  time,  in  propurtum 
to  their  quantity  and  conducting  iM  wcr.  See  Franklin's 
I>etiers  Beccaria's  Lettre  dell"  l  luiirif  ssimo,  Priestley's 
Hist,  of  Electric.,  and  Lord  MsiioaV  I'rinciples  of  like- 
tricily. 

Lord  Mahon  observes  that  damage  may  be  done  by 
lightning,  not  only  by  li.c  niain  stroke  and  latrml  explo- 
sion, but  alio  hy  «  hat  he  calls  the  returning  tttnfco  ;  by 
which  is  meant  tho  Midden  violent  return  of  liiat  part  of 
the  natural  share  of  electricity  which  had  been  gradually 
e.\polUd  from  some  body  or  bodies,  by  tbe  superinduced 
elastic  electrical  piesann  of  the  electrical  atmaaphen  of  a 
thundercloud. 

AriiUcial  Lir-.iiTMitro,  an  iniAnoo  of  real  .or  natural 
lightning  by  gunfiowder,  aurum  fnlnunans,  phosphorui, 
ttc,  but  especially  the  last,  between  which  and  lightning ' 
there  is  much  more  resemblance  than  the  others.  Phos- 
phorus, w'lu  n  iiowly  niiiiit.-,  ^;ivcs  a  sort  o>f  ariiflcial  light- 
ning visible  in  iJic  ilark,  «hic)i  «unl(l  -urprisc  those  not 
used  to  such  11  piieiioitieiion.  It  i*  usual  to  keep  this  pre- 
paration rn><i(  r  uatcr;  anil  if  it  is  (lo>iro(i  to  see  the  cor- 
ruscatitins  to  the  greatest  a<!Minl,i2c,  it  shmiKl  Lx-  kopt  in 
H  deep  cyluidrical  glass,  not  more  than  three  quarters  * 
filled  with  water.  At  limes  the  phosphorus  will  send  up 
corruscations,  which  will  pierce  through  the  incumbent 
weteTy  and  e.\pund  themselves  with  great  brightness  in  the 
upper  or  empty  part  of  tho  glass,  and  much  resembling 
lightning.  The  phosphorus,  while  burning,  acts  the  part 
of  a  conoaive,  and  when  it  goas  out  resolves  iaioa  met* 
siruum,  which  disseisee  golC  iron,  and  other  metab;  and 
ligblning,  in  like  manner,  melts  the  same  aqbttances. 

UKB  QoaWTtTlia,  or  Similar  9maHtie»,  in  Algebra, 
'  are  such  as  are  expressed  by  tbe  saint  powers  of  the  same 
lelten,  or  equally  ivpeated  in  each  quantity ;  though  tha 
iiumeial  coefficients  miy  be  different.  • 
Thus  'Ui  and  5a  arc  like  quiintitics,  .  ° 

.'IS  arc  also       ami  \  '2<r,  . 
anil  «!>'>  nnd  Uifrrv*. 

Ihit  4«  and  ib,  or  3n-b  and  U)  i*i-,  I've,  are  unlike  ejuan- 
IitleK;  berailso  thev  have  not  tho  same  dirai  nsions  thioui^h- 
<jir,  nurarothi'  li  tters  cqaaily  ropouteil.— Like  qnnnlities 
can  be  united  into  one  quantity,  by  addition  or  subtrac- 
tion; but  unlike  quantities  can  only  be  added  or  sub> 
traded  by  placing  the  signs  of  tb«e  operations  between 
them. 

LtKt  SiiTU,  in  Algebra,  are  the  same  iwiis,  qitberboth 
positive  or  both  negati\-c.    But  when  one  is  podtifa  and 
the  other  nentise,  they  are  unlike  ngns. 
So^  <*•  Swaad     5m  haw  like  signs, 
as  hnsa  alio  -       and  -  «ajr*; 
but  .t-  M  and  -  5&fbav«  ualilws%n^ 
as  also  —  2iur  and  3ai. 

Like  Pipires.  or  Jrcs,  &c,  are  tha  same  m  qin^r 
(i  a  11 1  OS ,  p.  rr  s ,  s\  c .  See  Si  H I L  A  R.  All  like  ,ilgnrcs  ha?* 
iliur  homolo-ous  lines  in  thesame  ratio.  Alio  tike  plane 
figures  arc  in  tin- ilnplirntc  intio,  or  astl,:  -pii-ri  "!  nf-'.,  ir 
llOBokgoUS  lioct  or  sides ;  and  iike  solid  arc  in  lUe 
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irsplicatc  ratio,  or  ai  tkc  cubes  v(  lluir  homologous  lines 
or  i'liivi. 

LILLY  iam),  a  noted  lingli»li  astroloEoT,  born 

in  Lt'icoslcTilnic  ill  \GO'i.     llts  futlit  r  was  mit  alj|i  ti.  rivr 
him  iiiiv  farther  cciiicMliim  lliaii  comiitun  rcaiiiii^  aiul 
wiHiu^  ;  Lut  ym:!;;  Lilly  bfilig  ol  a  lorward  Uinpt-r,  und 
coducU  with  Kiiri'wJ  w'tt,  be  rcaulvcd  to  piuh  bin  t'ortiiin.* 
in  London,  uherc  he  arrived  in  Ib-JO,  and,  f»r  a  prt-^rtit 
Mippbrt,  articled  himticiras  a  wrvant  to  a  iiianiuu-maker 
intbepatitifa  of  ^t. Ckincnl Danea^  Btttln'l(>'.'4  hv  movid 
ntirp  flight^  by  entcrins  into  tiwservice  ut  Mr.  Wriglit 
in  the  Stnmd,  naiter  cm  the  Saltan  cumpatiy,  wba  not 
Mag  aUe  to  mile,  IMf  among  otber  offices  liept  In* 
IjooIu.  On  the  death  •rbii  inaiter,  in  ififf.  Lilly  paid 
bis  address<s  (o  ibc  widow,  wliom  be  married  with  a  t  jr- 
tune  of  10(X)/.  'Beitig  now  lti»  own  mniter,  ho  pursut-il 
the  tmt  n|        iiKliu.ili>iii-,  \'rSiirli  N'.l  iiim  tn  tViliivv  tlic 
puritanical  pn  ariicrv;  bul  ilil^•ra.^r<l^,  lurtuni:  hi>  iiiiud 
to  judicial  UjIrulM_;y,  in    I'liC  In-  Iji  cajno  |>u|)il,  m  tliat 
art,  t')  <iiir  l  Ann>,  a  |ii  itlican    Wii-h  patsijii  ;  and  tiic 
lu  \t  year  i;a\c  the  pu(  lie  a  -pec  ir.n-ii  ii(  his  ikill,  by  un 
ititimatlun  that  the  kiiij4tiad  cti.ism  an  unlucky  )i<iru!icopc 
for  the  curutiation  in  bcntlaiid.    Jii  ItiiU,  pittinn  a  n»u- 
nuscript  copy  ot  the  Ans  Noticia  uf  C^irndius  Agrippa,' 
with  altcruliun*!,  he  followed  the  ductrine  of  tha  tU^flB 
eirctr,  and  the  invucatiun  of  spirits,  with  great  cagenww, 
and  pncliied  it  for  mme.  time  ;  after  which  he  ireatcd  tbe 
myqtety  of  tveorvering  stolen  goods,  &c  with  great  con- 
tonpt,  elumi^ga  tupernaiural  »igbt,  and  tbe  gift  of  pro- 
^tical  picdictiont }  all  whicb  hi  «kU  kseir  how  to  torn 
>  to  piod  advaniagr. 

Mean  while,  he  had  buried  bis  first  wife,  purchased  a 
moiety  of  13  houses  in  the  Strand,  and  married  a  tccond 
wife,  who,  jo-ning  to  an  e.\tia\ agant  ti  injiLi  a  turui.igant 
spirit,  which,  notwithstaiidinj;  ins.  ^klil  in  niii:;'.t  ,  iir  couid 
nut  lay,  m:»de  him  unhappy,  and  unally  rcdncii!  hii  cir- 
cuIn^tuuce!i.  With  this  uiiCiimli  iiiiLiU'  viK<  niatc  he  re- 
moved, ill  1636",  to  Iltr-iliani  in  Surrey,  »ln  ii'  lif  s;aid 
till  16+1  ;  w  lii  n,  seeing  u  pri  sp'  tt  of  li^iiini;  m  troubled 
waters,  he  returned  to  London.  Ili'.e  liavin;;  [uirthascd 
several  curiou»  books  in  this  art,  nhich  were  found  on 
pvlUnp  down  the  house  of  another  astrologer,  he  studied 
them  inci^iiantly,  lindin<;  out  secrets  contained  in  tbcm, 
winch  were  writleii  in  an  inip<Tfect  Gri'fk  cKaracter  ;  and 
in  publithcd  bis  Merlinus  Anglicui',  an  almanac, 

which  be  continued  annually  till  his  death,  and  several 
other aatrological  works;  devoting  bispcoi  and  other la- 
boan,  wnoctinm  to  lbs  king's  party,  and  aometimes  to 
that  1^  tha  parlNuaent,  but  mostly  to  the  latter,  raising 
his  fortune  by  ravoorable  predictions  to  both  parties  souhs 
limes  l>y  pre^cnti,  and  sumeiimes  by  pcnsiuns:  tbus,  in 
1048,  the  coutit'il  of  ntute  ;;avo  him  In  money  50/,  and  a 
peiiMon  lit"  ll'il/.  |:ri  annum,  «liirh  he  recejvrd  fi.r  t'.v:p 
^■''al>,  ajiil  tlr.'ii  re>i:;ncd  A  oil  ^•lnle  diM;ust.  lly  t,i>  ad- 
vice and  cunLr.i  jiice,  tliv  kiii;;  at;eiiipted  several  tiiiu-s  to 
make  liis  e^capl■  troiii  hi?>  cunlineiiii  nt  :  he  pronireil  and 
Mill  tlie  aquafiirtisand  files  tocut  llie  iron  bars  of  his  ]ir>i:n 
uiuduw-s  at  Ciiri^brook  rattle;  but  still  adviMi);>  and  writ- 
ing for  the  other  party  at  the  same  time.  Mean  w  hile  he 
r(:ad  public  lectures  on  astrulonry,  In  and  Ui-VP,  fur 
the  itnproveraeni  of  young  students  in  that  art ;  and  in 
short,  plied  his  bubiness  «o  well,  that  in  l6'51  and  l6H 
ha  laid  out  near  '2000/.  for  landb  und  a  hou<e  at  fftnham.. 

Dttiioig  tbe  sicgn  of  Colchester,  he  and  Booker  were  sent 
ibr  thitber»  lo  eaeoniifB  the  aoldim ;  wUch  the;  dM  by 


assuring  them  that  the  town  would  soon  he  taken;  *l)ich 
proved  true  in  the  event. — llavin::,  in  ibiO,  written  pub- 
licly lhat  the  |iarliair.eiit  shouM  im!  eonlinue,  bul  a  new 
poviTiiiiieiit  arise;  ai^TLeably  to  whieli,  in  Ms  almanac  tor 
lie  asserteti  thai  the  parliament  hiuud  upon  a  tick- 
lish fuuiidution,  and  that  ibe  coniiiioimlly  and  soldiery 
would  j9in  logelber  againM  ihom.    Upon  which  he  was 
summoned  beforu  the  cominiticc  of  plundered  ministers; 
but,  receiving  notice  of  it  bufufe  the  arrival  of  the  nie*- 
srnger,  he  apjdied  to  bis  friend  Lentlial  the  speaker,  who 
puiiiicd  out  the  oflensiva  |nnmjiii.   H«  imtnediately  al* 
iercd  tbem  {  attended  the  cennttce  next  inomin^'  with 
6  copies  ptinted,  which  six  ikme  lie  adcnowMied  to  he 
his  t  and  by  that  mcnnt  came  off  with  only  13  day*  ene- 
to<ly  by  the  scijeaot  at  arms.   This  year  be  was  engaged 
in  n  dispute  with  Sir.  Thomas  Gaiaker. — In  ItiSS  he  was 
indicted  at  Hieki's-hail,  for  giving  judj^menl  on  sUjlen 
good» ;  hul  uas  acquitted.     And  in  l6j;),  iie  received 
from  tin-  kini;  i  t  Sai  clen,  a  piiviil  ol  a  pold  chain  and 
liieilal.  uoilb  abi.ut  .'ill',  iin  account  ol'  his  havin!»  men- 
lionii!  liiat  11  oii.iieli  "iih  trtat  respect  m  Ins  ulmuiiacs 
of  Ui  j?  and  lOi-j. — Ailer  the  Uestoralion,  in  IbOO,  being 
tai\en  intr)  custody,  and  exainiiml  by  a  comniiltK-  of  the 
house  ol  commons,  touching  the  oxccuiion  of  Charles  the 
Ist,  he  declared,  iliut  Hubert  Spavin,  then  secretary  to 
Cromv.cli,  dini:ia  ^vith  him  Mwn  after  the  fact,  assured 
him  it  was  done  by  cornet  Joyce.    'lT»e  same  year  he  sued 
out  hit  pardon  under  the  broad  seal  of  Ei^and ;  and  af- 
terwarda  cwnriinied  in  London  rill  itffo ;  when,  on  the 
ngingof  the  plague  there,  he  letited  to  hb  estate  at  Hu' 
mm.   Hens  he  applied  himself  to  the  study  of  physic,' 
having,  by  mean»  of  his  friend  Elias  Ashiuole,  procured 
from  archbishop  Sheldon  a  licence  to  |<ructisc  it,  which 
lie  did,  as  «iU  as  astn/locv,  from  thence  till  the  time  of 
his  lieatli. —  In  (.Jelobrr  \Mi6  he  was  eNamined  before  a 
committee  of  the  house  of  commons  concerning  the  fire  of 
L'lit'.un,  uluch  happened  in  September  that  year.  A 
little  before  his  death,  he  adopted  for  his  son,  by  th.-  " 
name  uf  V.erlin  Junior,  one  llinry  Colcy,  a  taylur  by 
trade;  and  at  the  same  time  gave  liiin  thu  impression  uf 
his  almanac,  which  had  been  printed  for  36'  years  sue- 
ccssively.    I'his  Coley  became,  aftrrwfirds  a  cehbrated  ' 
astrologer,  puldi^hing  in  his  own  nnliie,  almanacs,  and 
books  ot  usirology,  particularly  one  eiitilird  A  Key  to 
A»trulugy.    lilly  died  of  a  palsy  in  l681,  at  79  ycaraof 
a^ }  and  his  friend  Mr.  Ashmolcplaced  «  monvmciU  over 
bis  ^rave  in  the  church  of  Walton-upon-Thamce. 

Lilly  was  autnor  of  many  works.  His  Observation!  on 
the  Life  and  Death  of  Charles  late  King  of  £ngland,  if 
we  overlook  ihe  astrological  ooti»cit<e,  may  be  read  with 
as  much  satisfaction  as  mute  celebrated  histoiie> ;  Lilly 
beina;  not  only  very  well  inlbrnuMl,  but  strictly  impartiuL 
This  u  i|^,  with  the  Lives  i  f  l  iHy  and  .•\sbinole,  written 
by  ^.'leiusi  Ivi >.  Wi  re  puhli»he<l  ill  one  vohiiiie,  Svo,  in 
17  /  t.  by  Mr.  lUuinan.  1 1  is  oi  lu  r  uoi  k>  »i  re  pi  ii.cipai  Iv 
as  follovv, :  I.  Meiliii'i*  Ant'lir  ii' juiuoi- — '2  tupernaiural 
I^iizbt. — J.  'I  hi  \\'i,iti  K  lu's  I'li'phecy. —  !.  LngljutI':,  Pit^ 
pbiticul  Merlin  :  all  printed  in  1044. — 5.  The  Starry 
A!es>!  n^er,  l64j,  — 6'.  C'l'lh  ction  of  I'ropheciefi,  16'40'. — 
7,  A  Comment  on  the  Wliite  Kini;'*  Proph«-cy,  l64(i. — 8. 
The  Nativities  of  Archbishop  Laud  and  Thomas  Earl  of 
Strafloid,  1646'.—  ;).  Christian  Astrology,  l647:  <>n  this 
piece  he  read  bi$  lectures  in  I6"48,  roentiuiied  above. —  IU,» 
The  Third  book  of  Nauvitics,  lti47-^li'  Yhe  World's 
Catattraplieb  i6«7i— 12.11ieP<ojiheciesorAmhraaehlci» 
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lin,  with  1i  K<i^,  >1647>'— IS.  Trftketnius,  or  the  Onvrrn- 
oiont  oftbo  World  by  Presiding  AngrU,  16+7. — 14.  A  tna- 
cisc  of  the  Thr)-*"  Sutis  ueffi  in  ifn'  wimi-r  of  1047,  inintMl 
in  l<)4-8. —  Ij.  Monarchy  or  no  Mimiirchy,  lOjI.— K). 
Observations  cm  the  Life  and  Death  of  Charles,  late  king 
of  F.nshtiiil,  l()51  ;  and  usHin  in  1051,  wTlh  the  title  ol 
Ml.  Wtllium  l^illy's  True  Ili>lut\  ot  Kin^  .hinu  s  ao<i  Kin^ 
Charli'd  the  lit,  Ac— 17.  Annus  'Iincbrosus;  or,  (heniack 
Veitr.  Tlii»(lrpn'  him  into  the  tiiipufe  with  Gktaker,  which 
Lilly  CMrricd  un  in  his  .\lnianncin  l{>5'i'.  < 

Li.MB,  [lie  uulerniust  border,  Of  graduated  edge,  of  A 
quadrant,  astrolabe,  or  »uch  like  mathematical  im^nip 

Bifnt.  The  word  iaaUo  used  for  the  arch  ui  the pTiliiiti*e  *  md  bm,  if  5  be  subitituted  fore,  evl'ty  temf  bfCOIMt 
circle,  in  any  projection  of  the  aphcte  in  pUoo,  potittw,  eoniei|iKntly  5  is  greater  than  the  gmtlnt  luot 

Limb  also  signifiea  tbcovtensoit  bofoier  oredgeof  ibe   of  the  equatioii  x*  '•5c  —  7S  —  O^and  —  5  Icm  tbaa  ib» 


in  which- equation,  if  3  be  suh«titiited  for  r,  each  oftbo 
quontities  r>  —  5e'  +  7e  -  i,  3e*  ~  lOe  ■*■  j,  3e  —  5,  is 
p(>siti\r.  I  r  al!  iiie  valuer  ol  7  aic  uegatitei ihexfiire 3  it 

j;realcr  tlKiii  tlie  gri  ati     value  of  j, 

Apim,  lu  tiiul  a  limit  li~ss  thao  the  kjMt  foot  «f  the 

eqtiflMiPii      —  3x  •*•  T'2  =0. 

Wlirn  ilie  »ign$  ofthev  roots  arc  chaiigi>d.thlsei)ttallbo 
bccoiim     —  3r  —  72  =  0. 
Anume  x  =  jr    V,  then 

•    *»a:]y'+  3^*     3<*y  +  «») 

-  ra  «•  -  72  ) 


sun  or  ibc  moon;  as  the  upper  limb,  or  edge ;  tbo  lower 
limb;  the prrceding  limb,  or  aide;  the  following  limk— 
AMfonomcn  obeenc  the  tipper  or  lowe^lUh^of  the  tun 
or  moon,  to  find  tbdr  tme  fa«ig|it,  or  tltMg^etBUet 
which  difiini  from  the  oihen  by  the  MiiwNW|ir  of  the 
disc. 

LlMBBR^in  .\rtillcry,  a  soit  of  advanced  tr.iin,  joimd 
to  the  carriage  of  a  cannon  on  :i  march.  It  is  Cimiposi d 
of  two  blafts,  wide  enoUi;h  to  icfne  ii  lirvr  Ltiwtt-ri 
then!,  t'lillid  the  fillet  hops*  :  thf'e  slialt*  are  joined  by 
t\s  1  lifi,  .  r)(  wuud,  utul  a  boll  of  iron  at  one  end,  and 
inou:Ucd  on  a  pair  of  ruther  small  wheels.  Un  the  axle- 
tiei-  rises  a  strong  iron  spilie,  which  is  put  into  a  hole  in 
the  hinder  part  of  the  train  of  the  gun-tarriage,  to  draw 
it  by.  Dnt  when  a  guii  is  in  action,  the  limbers  arc  talcen 
olT,  and  run  out  hehiad  iL— See  the dimennona  and  £gm« 
of  it  in  Mullcr'tTfcatiicof  Artiiteiy,  pa.  I>7. 
*  LI  M  IT,  it  a  term  utod  by  matbcffltticiaiUb  Car  tame  io- 
ter ninate  (quantity,  to  which  a  niiable  one  contiiiiMliy 
npraaches,  and  may  come  nearer  to  it  than  by  any  gpwn 
dUferencc,  bat  can  never  go  beyond  it  ;  in  which  tenw  8 
drclo  nay.  fae'aaid  to  be  the  limit  uf  all  its  inscrih<^  and 
circumscribed  potygotu  :  because  ihese,  by  increasinc  the 
nUQiiKT  of  their  sideK,  may  bo  niadr  to  i<|>|iroarli  so  ni-ar 
to  the  true  area  of  the  circle,  thai  the  dilkrencc  ihall  be 
less  than  aiv.  ;vii-^n;i;.ic  q'.iiiiuitv. 

LiMiis  oliliriii,a^  ot  Eioi' gnosis,  in  Algebra,  form  a 
part  (it  tlmt  seii'iici',  by  iir-.ii>s  of  wliicli  the  solution  of 
equations  is  somi  tmus  miirh  facilitated,  particularly  in 
tboie cases  where  \ve  can  oidy  proceed  by  approximations; 
for,  knowing  tliat  a  root  must  lie  between  ccrtuin  limits, 
that  is,  that  it  is  grvater  than  one  knovn  quantity,  and 
less  than  anothir.  ne  arc  led  to  a  near  approximate  raluB 
in  the  liiM  jii'-;,.ia\  ,  nliich.  vtuhoui  thb  eomiderBtioa,we 
should  imvc  perhaps  discovered  only  after  a  tedious  ope> 
ration.  • 


least  rmt  of  tbeequetfon  i*  f  Sr  -i-  72  «  0, 

And  in  this  lAanner  may  be  found  tbe  limits  of  the  roeii 
'of  equations  of  any  dimensions.    FoT more  on  ibis  tab* 
jcct,  sec  Maclaurin's  Algebra,  and  Wood's  Algebra. 
1.1  .M  iTff  Diuinct  Vition,  in  Optics.  See  Datimst  \'isio"». 
LiMwri/  a  Plnitct.  has  been  sometimes  used  for  its 
gre.iti  St  helidcelill 1  iri  I  iiii.  , 

l.l>nri:u  PiolAcru,  denotes  a  problem  that  li.as  but  one 
solutior:,  or  some  detertuinale  number  of  solutions:  as,  to 
describe  a  circle  through  thrw  niven  points  that  do  not  liu 
in  aright  line,  which  is  limitid  to  one  joUilion  only;  to 
divide  a  parallelogram  into  two  eijiiiil  parts  by  a  line  pa- 
rallel to  one  tide,  which  adir.its  o|  two  solutions,  accord- 
ing as  the  lino  it  parallel  to  the  length  on breiAth  of  the 
parallelogram ;  or  to  divide  a  triangle  in  any  ratio  by  a 
line  parallel  to  one  side,  which  it  limited  to  three  solu<. 
tiont,  as  the  line  may  be  parallel  to  any  of  the  thre<:  tides.' 

LINE,  in  Geometty,  a  qjuantity  attended  in  length  only* 
without  either  breadth  or  ibickmss.  A  line  is  somelrmes 
considocd  as  genented  by  the  ivat  or  motion  of  a  point ; 
and  sometimes  as  the  Umtor  tentfnalioR  of  •  supcriicie«, 
but  not  as  any  part  of  that  surface,  however  small. 

Lines  areeilher  Right  orCurved.  A  Ri^ht,  or  straight 
line,  is  tbe  nearest  disianire  between  two  point*,  which  aie 
its  I  .xtrerocs  or  ends  ;  or  it  is  a  Hne  vvbich  has  in  every 
part  ot  It  the  same  d.'trf  i;r  pnsitioii.  But  a  Curve 
Line  has  in  every  part  i  t'  t  a  Jilierent  ilirection,  and  is  not 
the  sli'irtist  dist.iMce  bi  t'vrrn  its  c.\tremi  s  ori  nd'. 

LtM*  are  all  ol'  the  same  specie-  ;  hut  curves  arc 
of  an  infinite  number  of  different  sorts.  many  may  be 
conceived  as  there  are  different  compound  motions,  or  as 
many  as  there  may  be  different  relations  between  tMr  OP- 
djnatei,  and  absciises.  SeeCuavKS. 

Again,  Curve  hmtt  are  usually  divided  into  ggoncbjcal 
andmccbanjcaL 

CbauKirfcef  I^ies  are  those  wbicfc  may  be  found'CX' 


TQjMaWKhptaierAmAej^mtmrM^mtauacm.  actly  In  all  their  parts.  See  Onoxtrnucat  Lms. 
Lrt'a,  6,  c'tic,  be  roots  of  an  cquationi  tramformit-    imdlowMIm**  are  sueb  as  are  iwtdrlvrininrd  exactly 


into  another wimee  MM* an «— e,  A— «,e-e,&c;  and 
V  by  trial,  soch  a  value  ofe  be  found,  that  all  the  terms 
of  the  transformed  equation  be  positive,  all  its  roots  are 
Pejiativc  ;  and  con5c<iuently  e  is  f;reater  than  the  <;reotest 

root  of  the  proposi   1  rquatlu:.. 

Suppose,  for  example.  It  were  required  to  find  a  number 
gnater  than  the  greatest  not  of  the  equation**  5 
7*— 1=0. 

Awnne  x  ■=  y     r,  and  wehavs 


in  all  their  parts,  but  oiriy  nearly,  or  lentatiaeljr.     ^  ■ 
Descartes,  and  his  folTowent,  define  gromelrical  liucif 

to  be  those  tvbich  may  be  e.xpresscd  by  Ott  algebniOBl 

eijiiation  of  a  determinate  or  finite  degree,  called  lis  locUS. 

An.i  rr..x::,i:ii(  ,il  line-,  such  us  cannot  be  expressed  by 
otliei-s  distinguish  the  same  liiu-s 

Mild  Tninscendrrtal. 


such  an  tiiualiun.  Kut 
by  the  name  Algeliraical 


y     f,  and  we  have 

I  y*     3«y*     3  f*y  ''1 

«  +  7jr    -^  7e  J  ~ 


Lines  are  also  divided  into  order?,  hy  Newinn,  accord- 
ing to  the  iiunibi-r  of  intersections  which  may  U-  nmde  by 
them  and  a  right  line,  via,  the  1st,  2d,  3d, 4th,  order, 
according  as  they  may  be  cut  by  a  right  line,  in  1,  or  7, 
or  3,  or  4,  kc,  point*.  In  this  way  of  contideriog  thcmi 
thai^t  Una  only  ii  of  th«  lit  order,  being  but  oaa  in 
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'uumbcr;  llie 'Jil  oidt  r  coiilains  4  curvosi  only,  Ijoin™  suci) 
ii'N  may  be  cut  fioin  a  cone  by  ;i  plani-,  vi/,  ;iic  circle,  ihc 
rilip-ip,  tlic  hypt  rbola,  utiil  llic  ]iar:ibols  ;  ihi- liiit«  of  Ihc 
3d  order  lui>c  bei  ii  i  luitu!  nitfil  liy  Ni  « ti'ii,  in  a  |iiiiticuliir 
trealiw,  *>Ih)  niiikis  thtir  numbci  amount  li>  72;  but 
Mr.  Stirling  li>uiiil  4  others,  ani  Mr.  !^[onl:  '2  more; 
tliough  it  i»  til^()ut('d  by  some  whi-tlier  the  lu^t  two  ought 
to  be  accounted  difTi-rent  from  sump  oi  Xrwion's,  or  not. 
Sec  Ni'vvtuti's  F.numcT.  Lin.  'iVrtii  Ordin.  alio  Stirlin^V 
Linrse  'icrt.  Onliii.  Ncwtonianai  Oxoa>  I717t  A*ea  Mid 
Philot.  Tnuu.  &c. 


valiant  ancles,  called  redouts,  redan*,  or  flankofs,  towards 
tlic  eiiintv.  The  distance  between  thti>c  Bn:;li  i.  is  ruiii- 
rnciiily  bi-nveen  the  limits  of  ?fK»  and  Ctiu  uirds  :  the  or- 
dinary (liiilit  i)f  a  musket  b.ill,  point  lilitiik,  being  Com- 
mmdy  "illiin  thoit  hmilJi ;  lhoui;li  nlu^kels  .i  lilile elevated 
will  do  eilectual  service  at  tiie  ilisiiincu  oi  yardi. 

Fundamental  Line,  is  tbc  iir^t  line  druwn  fur  the  plan 
of  a  place,  and  which  shows  its  urea. 

CVntrul  Line,  is  the  line  drawn  from  the  aiigle*  of  til*' 
centre  to  the  angle  of  the  bastion.  . 
Jim  ofDafienoe,  &c.    See  DsrSHCL 
line  of  Appnwcbt  or  AtMck^  lifpMin  tfie  work  wUdi 


jfli;elrotW  liMf  an  diridcd  inio  diflbrent  orden  M<  .  _   

eordi ni;  to  the  ftmtt  w  dagrat  of  dwir  equatioM.  S0«  flw  bmtgeti  iwttf  on  under  eowr^'ioi^o  theSmt,  nd 

the  simple  cquMiwi  •  ■!-     ^  «  as  0,  or  ec|oation  of  the  Ibo  body  of  tho  plaice. 

IM  degree,  dcnolet  tlte  1st  order  or  ri^ht  line ;  the  rqua-  Line  afCircomvallation,  is  a  line  or  trench  cut  by  the 

tion  a  +  by     ex  -h  dy*  •*■  exy  ■*■/['  =  0,  of  the  2d  dc-  brsie^is,  within  cannon-shot  of  the  piact*.  ranging  round 


grec,  denotes  the  lines  nf  the  -d  order  ;  and  the  cquiition 
a  by  -i-  ct  ■*■  liy''  cry  ft'  si^  hxy^  ii'y  ■+■ 
Aj' =  0,  I  t  ili,-  di-^ree,  exprei-.i's  llir  lr;es  i-l  tli<-  3d 
order;  iiiul  mi.  ^.e  Cramer's  Intiod.  a  i'.Vimlysc  des 
Li,i;::>'^  Ciiurln  -. 

I.i.'iii,  coiisiilered  wah  re;;ard  to  their  pnsitions,  are 
cjtlii  i  I'arulii  l,  l'«  ipcndicuUr,  or  Oblicivie.  The  con- 
struction of  wliu  li,  siv  under  the  respective  terms. 

LtVF.  also  denotes  a  rrentli  measure  of  length,  being 
the  12lh  part  of  an  inch,  or  tlic  I44th  part  of  a  foot. 
In  Autonomy, 

Li  s  f.  of  the  ApHt,  or  Apsides,  the  line  joining  tbo  tiro 
apsi^,  or«kc  longer  axis  of  tho  oibit  of  a  pluet 

Fiducial  linie,  the  index  lino-  of  cdfo  of  die  rtilcr, 
which  poiMt  Ihravjib  the  middle  of  an  nttrolalM^  or  pthor 
imtrMNM,  on  which  the  aiglits  mc  fitted*  nod  nnrking 
thp  dimiem. 

Horizontal  pne,  a  line  parallel  10  the  horizon. 

Like  qf  the  Nodes,  that  which  joins  (he  nodes  of  ihc 
orbit  o(aplan  t.  1>< m:;;  the  common  section  oftho  pbOO 
of  the  nrbit  wuli  iLn  [A.iuv  <d' the  ecliptic.  ^ 

III  DiaHiri:^, 

Horizontal  Line,  i»  tbe  coiiimou  section  of  the  horizon 
and  the  dial-p;.iie. 

Horary,  or  Hour  Lines,  arc  the  common  intersections 
of  the  hour-circles  of  the  sphere  with  the  plane  of  the  diaL 

Eqilinoctial  Line,  is  the  common  intersection  of  thccqui- 
Boctial  and  the  plane  of  the  dial. 

In  Foriijicatifm,  Line  is  sometimes  used  for  a  ditch, 
bordered  with  its  pamp«t :  and  sometimes  for  a  row  of 


the  camp,  and  sccuriiiii;  its  quorten  ogainit  any  relief  to 

be  brought  to  the  besieged. 

l.uif  1(1  (Nintriiv.illation,  is  a  ditch  b<inlrrcd  with  a  pa« 
raptt,  serviiii;  to  cdvit  the  besn  yt  i-s  on  llie  siilr  ih-m  the 
place,  and  to  stop  tin- s.illns  i.i  the  c;ai  ii\'iii. 

Line*  of  Communication  are  those  Hhici^run  from  one 
work  to  another. 

Line  of  the  Haiie,  is  that  which  joins  the  points  of  tho 
two  nearest  bastions. 

To  Line  a  work,  signifies  to  it,  as  with  brick  or 
stone;  for  example,  lo  strengthen  a  rampart  with  a  firm 
wall,  or  to  ennMDMUS  a  parapet  or  moat  with  good  turf, 
&c. 

Llir*,  in  Gcegnphy  and  NaviaUian,  it  emphatically 
tiaed  for  the  eqoator  or  eqidnoctiariiBr. 
/•  Penpective, 

The  Geometrical  1  Jne,  is  a  right  line  drawn  jnaay  man* 

nrron  the  geoinetricul  plane. 

Terrestrial  or  l  utiiljinu  ntal  Line,  is  the  common  inler- 

&ection  id  llie  jjeonietncui  |m  iri''  .n'.l  p  1:1'.'  lii        |  iLiuri.'. 
Line  of  llie  Front,  isui'V  liiif  p.ir.ilK  .  to  liie  Uirestiial 

line. 

\'ei!ical  Line,  is  the  section  of  the  leilical  and  draft 
planes. 

ViMial  Line,  is  the  line  or  rqj-  conceived  to  pasi  frotn 
the  oliject  to  the  eye. 

Otijeciive  Line,  is  any  line  drawn  on  thoscometrical 
plane,  wbooe  icpKienittioa  isioug|itlorinUiedinM|||it 


or  picture. 

Line  of  Measures,  is  used  by  Ougbtred,  and  othen,  to 
gabions,  or  sacks'  of  cuth,  cxteoded  lengthwise  on  the  denote  the  diaoMor  of  the  piioitive  circle^  in  the  pro- 
pound, to  serve  as  a  ilielteff  against  the  enemy's  lira.  jaAioa  of  the  tpbeie  in  plano^  «r  that  Bac  in  which  ialla 

when  the  trenches  have  been  carried  ctl  within  30  paces   the  diameter  of  any  circle  tn  he  piqjcctcd, 


«f  the  glacis,  they  draw  two  lines,  one  on  tlie  right,  atid 
the  pthcr  on  the  left,  for  a  place  of  arms. 

Lines  are  commonly  made  to  shut  up  an  avenue  or  en- 
trance to  some  pl.ici'  ;  (lie  ^iJes  of  llie  entrance  licing  co- 
vered bv  rivers,  ^v^;ull,s,  liiouniailis.  Inorasves,  or  other 
ohstriirtMiis,  imt  la^y  to  be  passed  over  i>v  an  armv. 
Wlien  they  arr-  cnn^l  1  iicte<l  in  i»n  open  country,  they  are 
carried  round  t!-.e  place  1  ■  l.c  drfundod,  and  reveinble  the 
lines  surrounding  a  camp,  culled  lines  of  circumvallatioo. 
Lim  s  are  al-n  thrown  up  to  stop  the  progress  of  an  amy  ; 
but  tfie  term  is  mostly  used  for  tbc  line  covering  a  pass 
whicfa  can  only  b«  attacked  inffoot. 

When  lines  arc  made  to  cover  a  camp,  or  a  large  tract 
of  land,  when^  a  considerable  body  of  troops  is  posted, 
the  work  is  not  made  in 'one  straiglil,or  tmiformly  bend- 


LiNF.AR  NuMBEHs,  aresadtaslMwrehUioo to  length 
only;  such,  for  example,  as  express  one  side  ©f  a  plane 
linuie  ;  and  when  the  plane  figure  is  a  square,  the  linear 

number  is  called  .'i  root. 

l.!M  AIL  Proiili.m,  is  onc  that  can  be  solved  geome- 
'.iM  ii'ly  by  ih.'  iiitiT>ection  of  two  right  lines.  I  liij  is 
called  a  sinip'..'  |)roblcni,  and  is  capable  of  only  one  so- 
lution. 

LIQl'II),  u  (luid  which  wets  or  smears  such  bodie*.  as 
aitii -  111' .  J  m  It,  .Trisiiig  from  some  configuration  of  its 
particles,  which  disposes  them  to  adhere  to  the  surfaces 
of  bodies  contiguous  to  them.  Thus,  water,  oil,  milk,  &c, 
are  liquids,  as  well  as  fluids ;  but  quicksilver  n  not  a  It- 
quid,  but  simply  a  Avid. 
LISLE  (William  db),  a  learned  Fnnch  g^niphw. 


iof  line}  bat,  at  certaia  diaiaaccs,-  tb«  Unci  project  in  wai  bomatranila         Hirlallicr  bci^gmtich  occii* 
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pied  iftthe  iame  pntniit,  yoagg  LiUe  began  at  9  ycsn  of 
ag^  to  draw  inapt,  and  toon  made  a  oons^eiable  prognn 
in  this  art.  In  1 699  he  first  distinguisbed  himaelf  to  l&e 
public,  by  givi^s  a  map  of  tbe  world,  and  other  piece*, 
which  procurfd  aim  a  placft  in  the  Academy  of  Sciwicaa, 
1702.  He  wa»  afterwuds  •ppointcd  5  ograpber  to  the 
kitiu,  with  a  pension,  and  hud  the  huiiour  uf  insiructing 
thejking  himself  in  geogrnphy,' for w Iiksi;  ]i,irticular  uw  he 
drew  up  scver.il  wi/rks.  Dflislt's  ii'|mta;n  :i  wa^ 
f<r«lt,  that  icarccly  any  history  or  travels  L<iinc  out  witlj- 
oiit  tJac  cintujllishinont  of  his  iiiups.  Ni/r  wa<i  his  name 
less  celebrated  abroad  than  in  hi*  own  country.  Many 
lovereigtt*  In  vain  uttumpted  to  draw  him  out  ol'  I'ruticc 
Tbo  Czar  Peter,  when  a(  Paris  on  his  travels,  paid  him  a 
.  Vttil,  to  Communicate  to  him  some  remarks  upon  Muhco- 
>y;  but  more  especially,  says  Fontcncilc,  to  loam  from 
JiiiD,  better  ihuti  he  could  anyrwberc  el«e,  tbo  extent  and 
•ttuation  of  biiowu  domimont.  Deiiile  died  of*  an  apo- 
plexy in  179S,  at  51  ye^n  of  age.  *  Boidcs  the  excellent 
maps  he'pubUilMd^M  wnte  maoy  piece*  in  the  Henoin 
of  the  Academy  of  Sciencct. 

LISLE  (JosEFii-NiCBOLAS  db),  an  eminent mtroo^ 
mcr  and  geographer,  was  bom  at  Paris  in  l6S8.  He  wat 
bruthtr  ol  the  abuve-mentioned  William,  and  bad  the 
bunif  education  with  luin  under  their  tathw,  in  gfoftraphy 
and  ;l^tl■^'^.oMlv.  At  the  n^i'  <if  IS  lie  iiiiiile  an  aceurale 
observation  ol  the  great  total  eclipse  of  tlu:  >un  in  l/Oii ; 
Avhich  may  be  cotisidered  as  the  b<*^ui:iin::  ut  his  public 
career,  lie  wai  admitted  in  the  astronunticai  department 
of  the  Academy  in  I7li.  In  17'.'+  he  visited  Knglnnd, 
and  was  much  esteemed  by  Neu  ton  and  Halley  ;  and  he 
vratabo  chosen  a  Fellow  of  the  lloyal  Society.  In  IT'id 
he  was  invited  to  Petersburg,  where  he  had  the  charge  of 
tbe  ebserratory,  with  a  considerable  prniion.  lie  rc- 
'  to  Paris  in  17*7,  where  he  filled  the  place  of  pro- 
to  the  Royal  College  and  wiwn  be  formed  the 
~  I  Laland  and  Mcmicr,  iiitMtrions  pupilaoC<o 
tar.  W.DaUiindiadiair8i.  Hm  piinciiwi 
Ida  Miitwy  <f  Aeiw— i^t  l7SBt<n  3  vobW; 
and  4^  memoin  in  the  Tolomea  of  tlte  Academy,  from 
the  year  171-1  to  17<>6.  '  • 

LIST,  or  LiSTEL,  a»mal1  square  moulding,  serving  to 
Lr<i»M  or  accompany  l.irqer  nniuidinglj  OTOnOCCiHilin 
lo  separate  the  flutings  ot  tulumns. 

LITRIIAL  Al.dERRA.     S«' ALOtBRA. 

I.IZAUI),  in  Astronomy.    i>ec  La<  kiit,». 

LOADVI  OM:,  or  MAOsr.T;  whicii  tee. 

LOCAL  I'lohlcw,  is  one  thai  is  Ciipable  of  an  infinite 
number  iil'ii:ll  re:n  ^i-iluHmis ;  because  the  point,  which  is 
to  aolve  the  problem,  m.ty  be  indin'ercnlly  lakcn  within  a 
a  Certain  extent ;  as  suppose  aiiy-where  in  such  a  line, 
within  such  a  plane  tigurv,  &c,  which  is  called  a  Gaomc> 
tiical  Locitt. 

,  A  local  problem  ia  Siaplc^  when  the  poig^  wught  i>  in  a 
right  line ;  Pians»  wban  tM  WHBt  m^t  it  in  the  circum- 
fiwenoe  of  acitda;  Solid,  whan  it  ia  m  *)w  cimmfcienoe 
of  a  conk  'section ;  or  SunoUd,  when  tbe  point  is  In  the 

perimeter  of  a  line  of  a  higher  kind. 

Local  Motion,  or  Loco-Motion,  the  change  of  place: 
See  MoTiox. 

LOCI,  the  plural  ofLocw,  which  sec. 

LOCI  Plan  e,  or  Lot  a  Plana,  one  ol  the  List  works  of 
ApuUonius,  that  have  been  restored  by  Scbouten,  in  idod; 
by  JPtemittinlGrS;      ^  flimMa»  ia  1749> 


LOCK,  for  Gaoal*.   See  Cay  al. 

LOCUS,  is  imna  Hoe  by  wfaich'nlocnlorindelerminal* 
problem  it  solved;  on  a  line  of  which  any  point  nayi 
equally  solte  an  indeterminate  problem.  Loci  are  ex* 
pressed  by  algebraic  cqtiations  ot  dilTerrnt  orders,  accord* 
ing  to  the  nature  of  the  locus.  If  the  equation  is  con* 
strucied  by  a  right  lini  ,  i-  w  railed  I  ocus  ad  R.ciuni;  if 
by  a  circle.  Locus  ud  Ciiculuiil ;  il  by  a  para(>«la,  Locus 
ad  I'uraboUun;  if  l)]raB  dbpsit,  Locus  ad  Ellipaim;  and 

so  oil.  ■  *  • 

The  loci  of  such  equations  as  arc  ri^^hl  lines  or  circlf>i, 
the  unrieiits  callevi  Plane  Loci ;  and  of  ilio>e  that  are 
Cciiiic  >etliuiis.  Solid  Ijoii;  hut  such  as  are  curM>ofn 
higher  order,  Sursolid  Loci*  The  moderns  dastin'^ur  h  the 
loci  into  orders  according  to  the  dimensions  of  the  equa* 
tious  by  which  they  are  expmased,  or  the  number  of  the 
powers  uf  indctermiDaie  or  unknown  quaniitici  in  any  one 
term:  that,  the  equation 

ay  a  c  dcnotca  a  locus  of  the  ist  order, 
,  but  Jt*  aa  Of,  or  s«r  —  x*,  &c,  a  loon  of  theildoRler, 
and  y*  k  d'x,or  aaoj!*  —  x*,  &c,  a  locni  of  tbeSd  order, 
and  lo  on:  where  *  and  ji  are  nnknown  or  tndetenninate 
quantities,  and  the  others  known  or  determinate  ones ; 
also  X  denotes  the  absciss,  and  y  the  ordinate  of  ti»  CUTVe 
or  line  which  is  the  locus  of  the  equation. 

1  or  instance,  suppow  two  wiaUs  Or  indeterminate 
right  I; lies  ,\p, 
AQ,  niakiiii;  any 
given  ani;le  PAg 
between  them, 
where  they  are 
supposed  to 
commence,  and 
to  CNtend  in<le- 
finilcly  both 
ways  from  tbe  point  a:  then  calKng  any  ar,  x,  and  i|t 
6>rre5ponriing  ordinate  VQ,  jr,  continoaily  chan^nigitsjMr 
sition  by  moving  |Nirallel  to  iMdf  along  the  indeinita  mm 
At;  also  in  tbe  iiae  avaaume  an  —  9,  and  Grom  ■  draw 
Bc  parallel  to  tq  and  =  b :  then  the  fndeffnite  Kna  aQ  ia 
called  in  general  a  Gefunetrical  Locus,  anil  in  particular 

the  locus  of  the  equaLiouy  =s  — ;  for  whatever  point  Q  is^ 

the  triangles  abc,  afq  arc  always  similar,  and  therefore 


AR  :  BC  : :  af :  fq,  that  is  u  :  A  : 


"H  = 


is  the  e(]uation  to  the  right  line  Ag,  or  aq  is  the  locus  0> 
the  equation  ajr  =  bx. 

Again,  if  aq  be  a  parabola,  the 
nature  ott  which  is  such,  that 
AB :  AP : :  bc*  :  fq",  or  a:  x  : :  :y*, 
and  therefore  ay*  =  ^hc  is  the  eqnap 
tion  which  has  the  parabola  for  ila 
locus,  or  the  parabola  is  tbe  locus  to 
every  equalMn  of  thitlbrffl  sgl*  =>  A*x. 


Or  if  AQ  be  a  circle,  having  it* 

radius  ad  =  a,  the  nature  of  which 

is  this,  liial  Vii'  =  ^  I'  .  pn,  or 
.y'  =  X  .  (id  —  or  =  '.'at  ~  r' ; 
therefon-  the  locus  of  the  equation 
of  vbisformjr^  aa  Sox  -*     is  a  circle. 


Google 
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In  like  mnnncr  it  will  appi-ar,  tliat  the  ellipse  is  the 
locus  to  the  r(]uaiiiiii  t'y'  =  c'  n  (tx  —  x*),  and  the  hy- 
j>crbol^  the  li>cu»  t«  tbe  «.'(|Uiilion  /Jy'  =  c'  k  (u  -t-  x^); 
w  here  t  is  the  transversc,.aild  c  the  CMQttglite  Mi*  of  the 
ellipse  or  hyperbola.  ,  . 

All  equations  whose  Inri  are  of  the  first  order,  may 
be  reduced  to  one  of  the  *  folloning  forms:        y  = 

— ;  2d,,v  =  --*-c;  3d,  y  =--c;  4tb,  y  =  c  - 

when  Uit'  li  aer  r  <!<  notes  the  cli'>tiiiici:  that  tlic  ortiinatv* 
Oonncnrc  fiooi  tlic  line  a?,  ciilier  uii  ihc  unc  u«l«  or 
(h«  .other  of  it,  aceor^og  as  iIk  lign  of  that  quantity  w  * 
•r  — . 

'  All  loci  of  A«  Id  degree  are  conic  icctiona,  vis.  cither 
lliepitnibola,*  the  circle,  ellipsis,  cr  hypeitela.  Thcie- 
fore  wheh  an  eqwition  it  given,  whose  loent  it  of  the  Sd 

Hegri'c,  and  it  is  required  lo  dnsw  that  locus,  or,  which  is 
the  siiine  tbtiig,  In  roMslruct  thccqilntion  geiterally  ;  bring 

over  all  lln'  unns  nl  (be  eqiiutioii  l<i  vm-  side,  so  ihnt  the 
olhir  siiif  bv  O;  i..ci>  to  klioNv  »l.icb  iil  the  cniiic  sec- 
tion* it  den<ite'!,  tlieie  «ill  be  l«  );;i  if.  r.il  r.iM-.,  mz,  eiihur  ' 
when  tbe  rectangle  xy  is  in  the  equalnui,  or  wljeii  il  is  nut 
in  it. 

Cote  I.  When  tbe  term  ry  is  not  in  the  proposri!  cqua- 
•lion.  Thi  n,  Ist,  iC  only  ui»r  ol  tbe  squares  be  iound 
in  it,  tbe  locus  w  ill  be  «  paralinlit.  ?<i.  If  bntb  tiic  liquarcs 
he^  in  it,  and  if  they  have  the  >an)r  ?ign,  the  locus  will  be  a 
.circle  or  an  ellipse.  3d,  But  if  tb«  signs  of  the  iquaret 
be  dttrertiii,  thclociit  will  be  an  bjperbolai  or  tba 
Impolite  hyperbolas. 

Cm  2.  When  the  lectangle  h  in  the  prapoicd  cqa^ 
tioB  t  then  lit,  If  neither  of  the  squam  z*,>*»  or  only  one 
of  them  be  in  the  equation,  the  loan  «ill  be  m  hyperbola 
bctMeenthe  awmptotcs.  sd.  If  both  ^  and >*  be  in  it, 
having  difetenl  signs,  the  lociit  will  be  an  hyperbola, 
having  the  «l»cisscft  on  its  diameter.  3d,  If  both  the 
squares  l>c  in  it,  and  with  tbe  mirw  sign,  then  if  the  coef- 
ficient of  x*  be  liter  tban  ibe  square  oi"  Imif  the  Cuefii- 
cient  of  jy,  the  locus  will  be  an  tlhpye;  il  rqiiul,  a  puru- 
bola  ;  and  if  Iris,  an  hyperbola. 

This  method  of  delrrmininp  ceomrtric  Inri,  by  reducing 
them  to  the  mot  eomiMtund  or  fjiii^ ml  c'liiadoiis,  was 
first  published  by  Mr.  Crnig,  in  bis  Treutisi'  on  the  Qua- 
drature of  Curves,  in  1«93.  It  is  explained  at  large  in  the 
7lli  And  8lh  books  of  rHospital's  Conic  Sections.  This 
•ubject  is  also  particularly  illustrated  in  Maclaurin's  Al- 
jefan.  The  method  of  Docyutcs  for  linding  the  loci  of 
•qiiationt  of  the  2i\  order,  b  ijy  extracting  tbe  root  of  the 
Muation.  See  bis  Gvbmetiy  ^  a»  alto  Siirliiij's  lllmtratio 
Lraeafttn.Teitii  Ordinii.  Ac  doctrine  of  ttcec  loci  a 
libewiM  well  traM»4  by  De  Witt  in  b»  Ekmenia  Carfa> 
AtidBaitholonam'Intiefi,  in  hit  Aditni  ad  Nova 
Arcana  Gitemetrica  delcgenda,  baa  ihown  bow  to  find  the 
loci  of  equations  of  tbe  higher  orders.  Mr.  Stirling  too, 
in  his  tri  alisc  ab»\e- mentioned,  bus  given  an  example  or 
two  of  litidiitg  the  loci  of  equatiuns  of  3  dimensions.  £u- 
cliil,  Apollonius,  Aristxus,  Furnat.  Viviani,  have  abo 

written  on  the  subject  of  loci. 

LOG,  in  Navi;;ation,  is  a  piece  ofthin  board,  of  a  ae^ 
,  toral  or  qnadrantal  form,  loaded  id  tbe  circular  side  with 
.  lead  iuScicQt  to  make  il  swim  upright  in  the  water ;  to 

which  ia  Gutened  a  line  of  about  150  wlbomii,  or  300 yards 
•  'loM,  calM  tbe  log-liitc,  -  divided  into  certain  spaces, 

calMlcnota,  and  wound  one  red  turning  very  fiealy,  for 

Ibe  line  to  wind  easily  off.  ' 


The  use  of  the  log,  or  lu^-line,  is  to  measure  tbe  velo» 
city  of  ^iic  ship,  or  rale  al  which  slic  runs,  viliRli  ih  ihine 
lunii  (iiijc  to  time,  as  the  tuumJiiliun  cm  whirh  ihc  bbip's 
ri  ckuii.h^,  or  bulling  lier  pi  ice,  iiki.pt  ;  iiiid  liic  pi.iclice 
is,  to  heave  the  log  into  the  sea,  with  the  line  lu-d'to  it, 
and  by  observing  how  much  of  the  liuc  is  run  ofl'  the  reel, 
while  tbe  ship  sails,  during  the  space  of  bulf  a  ninui^ 
which  lioM  is  mea^uKil  by  a  sand-glass  made  la  run 
that  tee  vera  oactly.  About  lO  fathoms  of  stray  or 
waste  line  is  left  next  tbe  log  before  tbe  knirtting«r  counip 
ing  eommence,  that  space  being  usually  allowM  to  cany 
the  log  out  of  the  eddy  of  tbe  aup'e  wake. 

The  nsiiig  of  the  log  for  indii^  the  velocity  of  tbe  ahipr 
is  called  heaving  ihc  log,  and  is  thus  performed:  Ont 
man  holds  the  reel,  ond  another  the  hulf-niinuteglait}  an 
officer  of  tiie  watch  throws  the  log  over  the  ship's  stern, 
(in  the  lir-viiie,  ;in<l  wlu-n  he  ub^ervt-s  the  stray  liin',  iiiiii 
the  lirsi  mark  i«.  going  oli,  lie  cries  Turn  !  when  ilic  wl.is^- 
iiiililer  invtiiiitly  turns  the  gSiiss  rciii^iait  Done!  then 
walebiiiL;  tlie  f;lais,  the  moment  it  is  run  luit  lie  '.."i_\  .Stop  ! 
upon  which  the  nel  being  quickly  ilopl,  ihe  l:i.-.t  matk 
run  off  shows  the  number  ol  kmits,  and  the  distance  of 
that  mark  from  the  reel  is  estimated  in  fuihoms  :  then  the 
knots  and  fathoms  together  <>how  tbe  distance  run  in  half 
a  minute,  or  the  distance  per  hour  nearly,  by  considering 
the  knots  as  miles,  and  the  fathoms  as  decimals  of  a  laile: 
Thus,  if  7  l^nots  and  i  fathoms  be  obterved,  then  the  ship 
IWW  at  the  rate  of  7*4  miles  an  bowr. 

h  fbUom,  theirlure,  .that  the  k'liglli  of  each  knot,'  n 
division  of  tbe  line,  oogbt  to  bd.ilie  snow  part  of  •  sen 
mile,  aalialf  anniittteis  of  an  hour,  that  h  Yi«th  pait. 
Now Jt  is  found  that  a  degree  of  the  meridian  contaiiM 
nearly  366,000  feet,  iheretore  ot  this,  or  a  nautical 
mile,  will  be  (iKmi  feet  ;  the  -rti)'h  of  whicii,  or  51  fed 
nearly,  should  be  the  lenirib  ol  each  knot,  or  division  of 
the  log-Iiiie.  But,  bec  iui!.e  it  is  safer  to  li:ue  ti  e  reckon- 
ing rather  bc  l'ore  the  !>bip,  than  after  it,  it  is  lln  r^  h>u-  usual 
now  to  make  each  knul  i  ijual  lo  S  laiheii-is  or  18  lei  t.  liul 
the  knots  ate  niaile  sonit  times  lo  contuin  only  +2  leet; 
which  method  oi  diviclm^  the  loij-liiie  is  louinled  on  the 
supposition,  that  CO  miles,  of  5000  feet  each,  make  a  de- 
gree; for  rtijih  of  5000  is  411,  or  in  round  numbers  42 
feet.  And  though  many  mariiu  ri  find  by  CNpcritncc  ibat 
this  length  of  the  knot  Js  i  Imrt,  yet  rather  than  <]liiir 
tbe  old  way,  they  use  sand-glasses  lor  bolfiininute  ones 
that  run  only  24  or  9S  secotvds.   The  sand,  or  balf-miaut» 

Sua,  may  be  tried  bf  a  pendulum  vibrating  secondly  in 
a  following  maoner :  Oo  a  booli  or  peg,  bang  m  thread 
or  fine  strii^  that  has  «  nuiket>hdl  fixed  to  one  end* 
carefally  measuring  between  tbeceAlA»  of  the  ball  and  the 
string's  loop  om  r  the  nail  3yj  inehi?5,  being  the  length  of 
u  second  pendulum  ;  then  make  it  swing  or  vibrate  very 
small  arches,  and  tounl  one  lor  every  lime  it  passes  un- 
der the  nail,  beginning  at  the  seccjnd  lime  it  passes  ;  and 
the  number  ot  swings  made  during  the  time  the  |^ass  18 
running  out,  shows  the  seconds  in  the  glass. 

It  is  not  known  who  was  ihe  inventor  of  this  method  of 
measuring  the  ship's  way,  or  her  mte  ol  sailing  ;  but  no 
mention  of  it  occurs  till  the  year  16'U7,  in  an  Kast-lndia 
voyage,  published  by  I'urchas  ;  and  from  that  time  its 
name  occurs  in  other  voyage^  iV  bis  collections ;  afier 
which  it  became  nq|c  kuowii,  being  noticed  both  by  our 
own  authors,  and  by  fofc^(nerst  as  by  Gunter  in  l6<25 ; 
Sadlius,  ia  l6S4i  Mctias,iD  lOl ;  Ouahtied,  in  1639^; 
H/tOfitM,  in  IfiM;  MioiMall,  ia  1696}  Nonra6d,  i» 


LOG 


t  J**  J 


LOG 


lU"  ;  Fourn'<  I,  in  1(j43  ;  and  aln.osi  all  tLc  succeeding 
wnit  uii  navigniKin  of  every  couiiUy.  Various  impr«vi  - 
iiienu  have  lately  been  made  on  tins  in^trunirnt  Iiy  ilitTcr- 
ent  peisons.  Set-  Robertson's  Navignrion,  the  I'rclaci-, 
{M.  V.    Alao  Hi»t.  Math.  tofe.  i*,  525—537. 

Lofi-fio«nt  ia  Nsvtgatianf  a  board  or  table  luualljr  di- 
rtied into  5  coluauH  j  in  the  fint  of  which  it  entcf  ea  tbr 
boarof^daj;  iatb«fi4,thBCoiimMcei«di  in}h«3d, 
the  number  ofhacto  nm  «ff  lWi«d  each  tine  of  heaving 
the  log;  in  the  4th|  the  direction  of  the  wind ;  and  in  the 
5th,  observations  on  the  weethrr,  variation  of  the  coin- 
pubs.  &c. 

iMa-hook,  a  book  ruled  in  C'lluiiin;.  like  the  lotf-hoard, 
into  which  llu-  .iccounton  lliii  is  tnin^ciilKil  every  day  at 
noah;  from  whence,  after  it  is  corrected,  Jcc,  it  is  entered 
into  the  journal. 

LOCARlTtlM,  frooK  the  Greeli  Kryts  raited  and 
fiiftif  mmier:  q.  d.  retf»  ^mmtm,  or  perhaps  ratber  ' 
tMmfar  qfniim:  the  indiea  of  ihe-ialMW  of  munfaen  to 
one  another ;  or  a  seriei  of  numlim  in  arithmetical  pro- 
portion, com>pondinf(  to  as  many  others  in  geometrical 
profMjrtion,  in  such  sort  that  0  corresponds  to,  or  i»  the 
in'lex  of  I,  in  tin'  ;.'niiir  :ri  Tlioy  have  boeBdeviied 

for  the  ease  uf  large  atiiliini  t.i  ^i  culculatioii!!. 

Thus, 


J 

r 


or 


0, 

I  . 

—  » 
1  . 


1  . 

2  , 
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8  , 
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4,  &c,indiccsorlogarithtns. 
16  ,  &c.\ 
S^,  tee,  I  the  geometrical 
SI ,  &C,  \pnnreiiioiM|  or 
3«,  &c,  (i 


I 10 , 100, 1000,  10000,  See,  I  bors. 

■  orlO",  to',   10',    10',        10*,  >\'C,J 

Where  the  same  indices,  or  logarithms,  !.rrv>>c(:|ui<liy  lur 
any  geometric  scries;  and  from  which  it  is  evident,  that 
there  may  be  an  endless  vsrielj  of  icts  of  logarithms  to 
the  same  common  numben,  bf  vaiying  the  id  term  2,  or 
3,  or  10, &c  of  the  geometric  series ;  as  this  will  change 
the  origiiial H*ric8  of  terms  i^ose  indices  ate  the  iiuinbers 
I,  t,  S,  dec;  and,  by  interpolation,  the  wh»le  system 
of  nnaben  may  be  made  tu  enter  the  geometrical  series, 
and  receive  their  pioportional  lefuitbms*  whether  inle> 
geis  or  decimats. 

Or  the  lo^iiriilim  uf  any  given  number,  is  theind.  x  of 
such  u  jmivrr  r.f  itmie  otlier  numlMT,  as  is  equal  to  the 
i-i  v  ii  1  ^,  '-111  ji  •-  r,c  =  r",  then  the  l(>p;arithni  of  k  is  n, 
winch  miiv  be  eilhi  r  ()i,->it!Ve  iir  neoative,  and  r  any  num- 
ber whatever,  accordiii;;  In  itic  (hlleicnt  s) items  of  loga- 
riihiia.  When  n  is  l,  then  n  is  =  0,  wh%tcver  the  value 
of  ria*  and  consequently  the  lo<;aritlim  of  1  is  always  0 
in  everysystem  of  logwitpms.  When  »  =  I ,  then  m  =s  r ; 
consequently  tboiootrit  always  the  number  whose  loga- 
riihn  ii  1,  in  every  •jfttflB.  When  r  m  S^7182S1 828+59 
hie,  the  indi^cM  are  tho  hyperbolic  ingprithnw ;  eo  thatn 
it  dwajfa  the  hyperboiie  loguidim  of  («7U  tcc)».  Bnt 
in  tho  common  Hgat ithms  rsaWt  to  that  the  common 
loguithm  of  ai^  number,  is  the  index  of  that  power  of  lo 
which  is  equal  to  the  said  number;  so  the  common  loga- 
rithm of  N  —  to",  is  n  the  index  of  the  power  of  10  ;  for 
example,  lOtiO,  being  the  3d  power  i  f  lo,  has  3  for  its  lo- 
garithm ;  and  if50  b«  =  jd'*^,  then  is  l-(i!<?!)7  the  com- 
mon logarithm  uf  50.  Aud  hence  it  loUinvsihat  thisdc- 
amal  lerim  of  term* 
.Vot.L  ' 


1000.  100,  10  ,    1  ,  ;|,  -OU    '001,  • 

or    10»,  »(»•,  10',  ICf^  lo"^  10  »  I0~',  •  ' 
ha»e  a,   S,   I,   0,  -I,  -2,  -3, 

respectively  for  the  logarithms  of  those  ii  rm^ 

The  logarithm  of  n  number  coiilaineu  beiwu  n  kn\  tn.. 
terms  of  the  first  series,  is  included  betwet  n  the  nvn  tor- 
respoiidins;  leini>  of  the  latter;  and  therefore  that  loj;a- 
rithm  will  consist  of  the  sai4;e  it  ilex,  whether  positive  or 
nejjiitive,  as  the  smaller  of  those  two  trriiis,  together  with 
a  decimal  fraction,  whieh  w  ill  always  be  positive.  So  the 
nuinbi  r  5U  falling  between  10  and  100,  iu  logarithm  will 
lull  bt-twFpn  I  and  2,  being  indeed  equal  to  l'(i>)8<>7  near- 
ly :  also  the  number  '05  fulling  betm  en  tlie  terms  '1  and 
'01,  iu  logarithm  will  fall  between  —  i  and— StMdb 
indeed  s  —i  ^S97>  ^  index  of  the  Icie  term  um* 
thcr>  with  dm  drdmd  'vgtSf*  The  index  i»  alio  celled 
the  drnvieriitic  of  the  logarithmic  and  is.  always  an  ii^ 
Kger,,«itli«r  poeitive  or  n^tiv^  «r  else  a 0;  and  it 
■liowt  whet  plarr  is  occupied  by  the  fint  aigiiillcant  figure 
of  the  given  nomber,  either  abo*c  or  below  the.  place  of 
units,  being  in  the  former  Case     or  'poiitiTei  in  tim 

latter  —  or  iiei;;i;ne. 

When  llie  ili^lex  of  u  logiirilhni  is  nej;;iliie,  the  sign  — 
is  coinmoiily  »«i  over  it,  to  disiiiit;ii  sh  u  imin  the  decimal 
parti  which,  bei^g  the  Ingantlim  toiiiid  in  the  tables,  tS 

alway*  p«iiti«n :  so  —  3  '69i$7,  or  the  logarithm  of 
-05,  it  written  Urae  Bat  «n  loma  occaeioM  it 

it  convenient  to  iei|ttee  the  whole  exprmion  to  a  negaiiwa 
form ;  which  it  done  by  making  the  characterise  lew  by 

1,  and  tukini;  the  arithmetical  complement  of  the  drciraal, 
that  is,  beginning  at  the  left  hand,  subliuct  each  figure 
from  ;),  e\ci  |it  the  last  significant  figure,  whieh  is  sub- 
tiatSiil  Ifuni  10;  so  shall  the  remainders  loriu  the  loga- 
rithm wholly  negative  :  thus  the  louurilhni  of  '03,  which 

is  '2  6y8})7  or  —2  -»•  'ODSi*?,  is  also  expressed  by 
—  r3OI03,  which  is  all  negative.  It  is  also  sometime* 
thought  more  coiivooient  tu  express  such  logarithms  vn> 
tireiy  as  positive,  namely  by  only  Juiniiig-it^  the  tabular 
decimal  the  coroplemeut  of  the  index  to  10  i  end  in  lltii 
way  the  above  logarithm  is  expressed  by8°69fi07f  whicll' 
it  only  increeiing  the  indices  in  the  scale  by  10. 

Tie  Pnpitikg  qf  Jj^gnrMaii.— From  tho  'defiaitioa  of 
logarithms,  eillier  M  hei^g  the  indicct  of  a  teriat  of  |ea> 
mcti  iculs,  or  as  the  in^Ucee  of  the  pow^  of  the  tamo  root, 
it  follows,  that  the  mu|ltiplicaticm  of  the  numbers  will 
answer  to  the  adiiiiinn  of  their  logarithms  ;  the  division  of 
numbers,  to  the  suiitiaction  ot  tln  ir  hp;^aiillii:;s  ,  tlic 
raising  of  |>uwers,  to  the  iiuilli|)l)  lUg  the  luj;uiitliiii  ul  the 
root  by  llie  index  dI  the  power;  and  the  extracting  of 
roots,  to  the  dividing;  the  logarithm  of  the  given  number 
by  the  index  of  the  root  rei|ttiircd  to  ba  extracted.^ 

So,  Isl, 

Log.  oAorofox  fris  =  log.  a  -»-  lo^  i,  ' 

Ld§,  18  nrof  9  x  6  it  a>  lo^  3  ^  lag,  6, 

Log.  5x9x79iiMlog.5-^  log.  9  lo[p7S. 

s  condlyl 

Leg.    a      *         is  =  log.   n  —  log.  k, 

Lgg.  18  -r  6        is  =  K-i;.  18  -  log.  6, 

Log.  79  X  5  -s-  ;)  IS  =  log.  7.9     log.  5  -  log.  $, 

Log-  1  or  i.-T-aii»«i.» -'-2  =  0 -l.«~ -t«. 


l-rrait 


1.1  -  I.N  =  -  1.1 
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TliWly,    ■  , 

hog.  »"  is  =  n  1.  r;  log.  i-.  or  of  J/r     =  -  I.  r; 

Log.  r"  IS  =  ^  1.  r;  log  'Z*  .5  =  fil.  2  ;  log.  2^  or 

t 

of  V'2  is  =  1.  2 ;  mid  lug.  -jTf  i»  =  -i  I.  2. 
So  ihal  any  iiiimbcr  ami  ii>  reciprocal  have  tlic  same  lo- 
uritbm,  but  with  contrary  signs  ;  and  tlic  sum  ot  the 
Innrithms  ot  at>y  numbir  and  Us  reciprocal,  orcoiiiplc- 
anntf  i*  equal  lu  o.  For  other  pvticulars,  see  the  Intro* 
iiwtkm  to  my  ljugariihins. 

J3iiM)iy«iMl  (Umimciion^ Logarithms.— Jhif  properliet 
of  biprithntt  |iilbert«  Demioacd,  or  ot  uriibinetical  in- 
dices to  powers  or  geonwtrieals  with  their  vaiiout  mes 
and  profwrtief ,  as  aboviMneatiomd,  vm  taken  notice  of 
by  Stifcliu*,  in  biis  Aritfamctic;  and  indaed  thw  weiennt 
unknnwn  (u  Uie  iiiici<  nts ;  but  thry  come  all  Ut  iliortof 
ihr  UM  n(  !uaarilliiii»  in  Iri^uiioiiietry,  as  first  dlKOVeied 
bv  .liiliM  Nil} :i<-r,  buroii  ui  Mi rcliisloii  in  Scotland,  and 
luililisiu'l  ut  r.ilinbiirL;!!  m  Hil  t,  in  hi-.  Mii:ln  i  I^ogarith- 
iijf>ruiii  C'iiimiii^  Ui  M  "HitiK;  » liicli  coit'.ai.inj  a  .ai  ^c  canon 
of  |ogarithm>,  wisii  tin  'li'vcription  ami  <il  tin  n  ;  1..' 
Uicir  con^lnicuo:!  u.is  rcwrved  till  tbc  ^'■nM-di  ilir  K.hik-iI 
COnceriiin:^  Ih-  iir.  •  iin  in  should  be  kinnvii.  l  hlv  work 
was  translatid  into  hiigli»h  by  tlir  cfh  bratid  .Mr.  lidward 
Wright,  and  publi>brd  by  his  son  in  16I6'.  In  the  year 
1619,  Robert  Napirr,  con  of  the  inventor  of  lopiritbms, 
published  a  new  edition  of  his  late  father  s  work,  tngetbi  r 
with  the  pramiMd  comtruciifm  of  the  lo;;.'iriihms,  wuh 
«dier  miwcllmeovf  pieces  written  fay  his  father  and  .M  r. 
Brigp.  And  in  the  mnm  year,  1019,  Mr.  John  .Speidcll 
pnWiitiicd  his  NewLoprithms,  bein|.an  improved  formal' 
Napier'ti. 

All  these  tnbin  were  of  the  kind  that  have  since  been 

called  hyperbolical,  be«a|ise  the  numht-rs  expmslbc areas 

Uiwwn  the  asymploie  and  cui^c  of  the  hyperbola.  And 
logutitliins  of  this  kinil  vvcre  iilxi  soon  ultcr  published  by 
several  otiu  r  |M  r*cn)> ;  ;i>  lis  I'r  inus  111  lOiy,  Ki'pler  in 
U)2 i.  HTul  sunn-  o<her5. 

(Jii  tir-t  puhlicitiiin  dl  Napii'r's  Ioi;;->.ri!hins,  Henrv 
Bri?i;».  then  |>T:i|issor  ol  <;<iniii  i;v  In  (iii'slnini  .1  in 
IyiM!((ni,  imniediiilelv  applied  hiin-i*li  m  iIm  -t  i,ly  ;itnl  \iu- 
provement  ot  them,  and  vion  pulih-lii  il  lln-  !'•  i-irnlinis  ut 
the  first  KKH)  numbers,  but  ana  new  scale, which  he  had 
invented,  vi/,  in  w  hich  the  UigpirlthB  of  the  ratio  of  lU  to 
1  is  1,  the  logarithm  of  ilte  lame  ratio  in  NapierV  system 
b^OK  S'3025S  &c  ;  and  in  16'2V,  Brij-js  published  his 
Arithmelicn  Lufsrithmica,  coaiaining  the  logaritbms  of 
30jt)00  nniurai  nnmbeis,  to  14  places  of  figures  besides 
the  index,  in  a  form  that  Ntmier  and  b«  had  agieni  vpon 
loECtbrr,  beinx  the  pmmt  form  of  logarithns ;  also  in 
1633  was  published,  to  the  same  extent  of  fisuref,  his  Tri- 
goiionuMiin  Uriiannicn.containiitgthpnaturaland  logarith- 
jnic  sines,  tangents,  jcc. 

■  Witii  vaii'ius  and  eiadual  improvements,  losarithmil 
Were  also  published  sui  n  s^ivi  Iv,  by  <Jiinter  in  Win- 
pnte  in  l6.'+,  Hennon  ni  li'  J'i,  Mill—  nn  l  TS'orwood  in 
l<i31 .  Cavalerius  in  IfiJC  iiml  Itil3,  >lii(  i]  ;iiiil  Rmein 
Ifij.i,  Frnljiiiius  in  Nrui<iniii  1  ()  jS,  ( '<iiainu<  I  in 

Ifi/O,  Shriv. Ill  in  17tH),  (.iaiiluM  r  in  174'.!,  Dijilson's 
Antilo:;arilhniic  t!i»niin  in  tiic  •.ame  yi  ur,  l  a.,  lor  111  17.03, 
bpwdcs  many  others  of  lesfer  note;  not  to  nu  ntioii  the  ac- 
curate and  comprehensive  tables  in  the  Tables  Poitaiive 
in  179s,  &c,  duiae  of  Dordn  ami  Ddnmbre  is  ISOIj  «nd 
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in  my  own  Lo^irithins  lately  published,  wbera  a  complete 
hklory  of  this  science  may  be  seen,  with  the  vMious  ways 
of  constmctiuc  tbesa,  that  have  been  invented  by  dilfemit 
nntbot*. 

Id  Napio't  eonatructiao  of  logvithms,  the  natural 
numb^,  and  dwir  loguithms,  as  he  sometium  called 

thrm,  or  at  oiher  times  the  artificial  numin  rs,  uru  ~<ip. 

pused  to  arise,  or  to  he  geiieratt"d,by  the  niijt;<jn4  0t  |)oitits, 
(lescribin^  («c>  liiu-v,  of  which  the  uip.  i^  iln  natural  num- 
ber, and  tin-  ullier  it^  lop,ttriiliiti,  or  aitilicial.  'Mui'.,  he 
ConCfiM-il  the  line  or  leni;lh  of  the  lailiu.,  to  be  desciiljed 
or  run  om  r,by  a  point  iiiovin;^  along  u  in  sucii  u  manner, 
that  in  I  ijual  portions  of  time  11  f;i  iii  1.1:1  ..  ^  r  cut  uB,  ports 
in  a  decieusiiig  geometrical  progression,  k-avinjj  the  Several 
r«'niainders,  or  sims,  in  geometrical  progrmion  also; 
while  another  point  dcscribi  d  equal  parts  of  an  indefinito 
line,  in  the  same  equnl  poriii  iiv  of  time;  so  tint  the  re- 

Ktiv«  suin»  of  these,  or  iln-  s>tiolc  line  g^nenieiL  wore 
t)s  the  anthmeticuls  01  logarithms  of  the  ofoMnid 
natural  sines.  In  this  idea  of  tho  grnemtion  of  the  lo- 
garithms and  nnmlwrs,  Napier  assumed  Oasthe  logarithm 
of  the  greatest  sine  or  radius;  and  next  he  limitid  hiv 
s^'strm,  not  by  assuming  a  particular  value  to  some  ;is- 
signed  number,  or  |>ail  of  the  radius,  but  by  siipposin>7 
that  the  two  m  r.ilm;;  points,  which,  by  their  raotiull^ 
along  the  tsM..  Iims  ilesciibed  the  natural  niinibfrs  and 
loi^nritht;  5,  should  have  their  velocities  equal  at  the  bc- 
giiiiiiiig  ol  llii  sp  iiiics.  An<l  this  is  llie  reason  thai,  ni  hi> 
talde,  the  naliral  sines  and  their  logaritlims,  nt  the  com- 
|i|(  !i-  (|uuilriiiil,  have  eijual  clillcrcnri  s  or  iiicrenients  ;  and 
this  Is  also  the  rr'Bsou  w  hy  his  scale  of  logadtiims  happens 
accidentally  to  agree  with  what  have  since  been  called  the 
hyperbolical  logarithms,  which  have  likewise  numeral  dif- 
forraca  equal  to  those  ot  their  natural  nnmbers  at  the 
beginning ;  pjccept  only  that  these  Iptter  increase  with  tbn 
natural  numbers,  whilc'his  on  the  contrary  deciwase)  the 
logarithm  of  the  ratio  of  10  to  1  being  tlie  samaht  both', 
namely  S>S089U09  Ac    '  ' 

Having  thus  limited  his  lyttan,  N^er  proceeds,  in 
the  posthumous  work  of  t6l9,  to  explain  his  const rarti on 
of  the  logarithmic  canon.  Thishe  effects  in  variom  ways, 
bnt  chiefly  by  genrrating,  in  a  very  easy  manner,  n  series 
of  proportional  numbers,  and  their  arithineticals  or  logi- 
rahms;  ami  then  linding,  by  proportion,  the  lo;;ai ii|/ii;b 
to  the  iiatuial  siiiis  fnun  those  of  the  natural  uuinbers, 
among  the  oiigiital  proportionals;  a  paiticular  account  ot 
which  may  be  *fon  in  my  book  of  logpiiihina  nbova  maa- 

ti<ined. 

The  methods  above  alludid  to,  relate  to  Napier's  or  the 
hyperbolical  systim  of  lopiriihms,  and  indeed  are  in  a 
manner  peculiar  to  that  kind  of  them.  But  in  an  appen- 
dix to  the  posthumous  work,  menllon  is  made  of  other 
methods,  by  which  the  common  logarithms,  agreed  on  by 
him  and  Briggs  may  be  constructed,  and  which  it  np|]enrs 
were  written  after  that  agreement.  One  of  these  methods 
is  as  follows:.  Having  assHmed  0  for  the  kjnriihm  of  1, 
and  10000  &'e,  for  the  lotfarithm  of  10s  tlm  logarithm 
of  10.  and  the  suenaiiitt  quolieali,  are  jo  he  dividt  d  ten 
times  by  5,  by  which  divisions  then  will 'be  obtained  thev- 
other  ten  logarithms,  namely  2000000000,  40<)000000, 
80000000,  16000000,  rJ^OOOOO.fiiOOOO,  l  ':?SO00,  25('<00, 
f>]-20.  lO'.'t;  tluii  this  hisi  ;i.::.i;i:;mii,  anil  its  i|iiotioiils, 
being  divided  itu  times  by  1',  '.vill  givt  these  olhir  ten  lo- 
ganlhau. 


Digitized  by  Google 


I 


,  •  LOO  [   7<'  i 

vi«.  51.'.  256,  128,  6J.  J'.',  16',  8,  4,  2,  I. 
Alxi  Uie  iuiinb«r>  Hnswcring  tu  ihoc  Iwenlv  lojjuillims 
arc  tu  be  found  in  thi«  mutiner,  vit,  Kxiract  itu-  jtli  mot 
vflO  (irith  dphin},  (hen  the  illi  root  tff  tliut  m  )t.  and 
so  on  for  ten  continual  extraction!!  of  the  5th  root :  so 
kball  tliMe  ten  routs  b«  the  natural  uunibi-r!i  iM-tonj^in^  to 
the  first  ten  kfaritbias  above  fouml,  in  <iivi<lin(  conti- 

•  nually  by  i.  VaU,  ottt  of  tbe  Imt  f  th  not  u  to  be  tx- 
tmcted  ihe  m|imk  mol^  tlwo  the  ii|iakn  ntot  of  ilik  hat 
root,  md  eo  on  for  In  nccaitivocxtnetioiit  of  the  iqttarB 
root:  M  •ball  tbcM  laat  ten  root*  be  tbe  aataiml  nmnbeis 
Corresponding  to  the  Ici^rilhms  or  quotients  artsin^  from 
iht:  Ia,t  ti  ll  ilivisiijiis  liy  t!ii'  nunibrr  2.  And  iVnni  ihcic 
twcnly  liii;.(ii'.!iiii>.,  1,  'i,  4,  8,  ice,  ami  ihnr  nalurul 
IHjiiibvr^.  liii'  auiiiur  ubservc!)  that  til'ilr  In^tm  u[,n«  and 
thc.r  iiiJiuli may  be  forniod,  niiou  lv  by  iidiliin;  (hi:  lo- 
rurilhiii^,  ami  iiuiilitiiviric  llifir  forri'S|ii'ii  iinj;  numbers. 
But,  brsidi's  thi-  iiiiiiaiiM.-  iulHiur  ur!hi>  inclhud.it  is  i-vi<!'  lit 
that  lliis  process  would  generate  rutiier  an  niililu^aritliiiiic 
canon,  such  as  Dodson's,  than  the  tabic  of  Uriggs,' 
Napier  next  mefittons  an'ather  jneifaod  of  deriving  a 

'few  of  the  primitive  numbers  and  tli'eir  lagaritbins, 
mincly,  by  taking  continually  geometrical  means,  firnt  be- 
tween 10  and  1 ,  tnen  between  10  and  tbis  ncau,  and  again 
between  10  and  thb  lait  mcan,and  m  on ;  and  than  talting 
iha  withmctical  neans  boltrecfi  their  eomaponding  lo> 
garithon.  ' 

He  then  lay*  down  rarious  relations  bctwet-n  numbers 
nttd  their  togarilhms,  lurli  a*,  that  the  pniducl'!  and  quo- 
tients  of  inimbers,  ;ir.s\ki  r  i  rlie  siiiiii  and  differences  of 
iheir  logniilhms ;  and  tliat  the  powers  and  roDis  of  num- 
liers,  Bn-s»er  to  the  pruducK  and  qui  i  rs  oi  tlie  \.<'jin- 
i)tlim>i  when  mullijdiid  or  dnid<'d  li .  ilio  in  !«  s  i>f  tiie 
pMWi  r  i/r  r'Hi[.A:i-:  ■■ti  ul-o  ol  .my  t-.M  ■  ;,  ,M.l,.r-., 

»\iuiM'  lojfsritlinis  aic  yiven,  if  each  number  be  «i>id  in  tin' 
|nnver  denoted  by  tlie  logsritliin  of  the  otiier,  the  l»<i  rc- 
'uln  will  be  equal;  thus,  il  i  be  the  loiiari'hm  if  any 
number  x,  and  y  the  louunthin  of  Y,  (hen  is  x'  =  v". 
Napier  then  aJveiis  to  another  method  of  making  the 
logarithma  to  a  few  of  tba  prime  integer  nuR(bcra,  which 
it  well  adapted  for  the  consirnclion  of  the  common  table 
of  loipiritbins :  this  method  easily  follows  from  what  has 
been  said  above,  depending  on  this  pn^rty,  tliat  the  to* 
garithffl  of  any  number  in  this  scale,  is  one  icsi  than  the 

'  Btmber  of  placet  or  figtim  contained  in  that  pcfwer  of  the 
given  lAimber  whose  exponent  is  lOOOOOOOOOO,  or  the  lo- 
garithm  of  10,  at  Irait  as  to  integer  numOeis,  for  thc-y  rcilly 
differ  by  n  fraction,  .w  is  shown  hy  Mr.  Briggs  in  bis  illuk- 
Irations  of  tlifSf  proprrln-?  ;  [.Tinted  at  the  el'.d  of  the  Ap* 
pcndix  to  the  Ouiistnu  :irjn  ui  Logarithms. 

Kepler  a  Ci>-.--li  iitllnn  <i\  I'  ■.•,(n:lii!i^  soin  w  li.-it 

varied  Iron)  Ni(pier'».  ll.jwi.rk  is<;i.i.li.i  '.n"i»  two  ji^irts; 
In  the  lirtl,  he  raises  u  re^uLir  ami  pun  K-  ni;illiei;.:i:i(iil 
system  of  proportions,  and  the  ini  a^uresol  tiitiii,  tlemoii- 
tlratingboth  the  nature  and  pniii  iple*  of  the  constnirtion 
of  logarithms,  wliicii  be  calls  she  Measures  of  Ratio*: 
and  in  the  second  part,  he  a|i[<!ii  s  tfiose  principle^  in  ihe 
actual  conitruclioii  of  hi<t  tubl.-,  which  cuntaiiis  only  1000 
nunihc!»  and  tiuir  kigariiliiiii.  The-  fundamental  prin- 
ciples are  briefly  these :  Tfaat  at  the  beginuing  of  the  lo* 
B^rithms,  their  increments  or  dillbteBees  are  cqnal  tn  these 
of  the  natural  oumbe*:  Aat  the  natml  numbers  n»y 

.be  considered  as  the  deemsing  cosines  of  inereaMng  ares : 
and  that  the  secantt  of  those  arcs  at  the  beginning  have 
the  UMie  differences  af  tba  cosiocs,  aud  therefore  tbo 
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same  ^iftfri  nff*  as  the  logarithms.  Thiifi,  since  the  sc- 
<aiiis  are  ibt-  reciprocals  of  the  cusines  of  the  same  tacsp 
Irum  tlie  I'ureg'img  principles,  he  establishes  the  foUowing 
iiutliod  III  r.usii^g  the  tiritt  100  logarithms,  to  the  num- 
bers luoo,  Si}9,  i)9»,Sie,  to  900;  ^i>,in  ibis  naaner: 
Di»i<lc  the  radius  lOtKI,  itieraesed  with  seven  ciphers,  by 
each  of  tbew  numben  sepa^ralrly,  and  the  qitniifnts  will  lie 
the  secanit  of  these  arcs  which  have  |be  divisufs  for  their 
cosini-s ;  continuing  the  division  to  the  8lh  l^ure»  at  it  is . 
in  thai  place  only  that  the  arithmetical  and  grametrical 
means  diHi-r.  Then  by  adding  continually  the  aVilh- 
mciital  tin  ans  between  e\eiv  l«o  sLirce>si\e  st-raiil»,  the 
sums  will  be  the  serif-  b:  ii.ibiiir.  Or  liv  adding 
CoiiHiu:allv   every  sniiiiis,     the   succi^-i.i-  sums 

wil!  I.I-  til'.'  r...'^  Ill  tlir  <b-ublc  logaritli ins.  lb.  linn  ile- 
nves  all  liie  iitliei  b  1 1 .1  li:as  fruJii  these  lirsl  lOu,  by  com- 
mon principles. 

Bnjjss  lir,t  adverts  to  the  niethoils  ineiilioneil  abovr,  ii| 
tlio  .Appeiiilix  to  N.Hiiei's  Construction,  which  meihorls 
were  common  tu  both  these  authors,  and  had  doubtlens 
been  jointly  Bgrred  on  by  tbein.  He  then  ;;ives  an  example 
of  com|)Uting  h  logarithm  by  the  propel ty.  that  the  lo> 
gariihni  is  one  less  than  the  number  of  places  or  tigarst 
contained  in  that  power  of  ibr  given  number  whose  ex- 
ponent is  the  Josirithm  of  10  with  ciphi>rt.  Briggs  next 
treats  of  the  other  grneral  method  of  finding  the  It^ 
rithmt  of  prime  nuubcrs,  which  he  thinks  is  an  eauer  way 
than  the  former,  at  least  when  many  figures  are  required. 
This  method  ronsisi^s  in  taking  a  great  number  of  conti- 
nued geunietncal  means  U-tween  I  and  the  piver,  number 
whose  l.'i'iii  itiiin  IS  rei|uiti  d  ;  tliRt  is,  rirM  extracting  the 
sf|oare  roi  t  of  the  pivi  ii  nuiiii>ei.  ;!»  ii  the  irini  i  i  liie  1st 
KjoI,  the  ii.ot,<if  till  Jil  mot,  llie  loot  <ii  the  ;Ul  nud,  and 
'.I  I  II.  1:11  till-  i.isi  lout  •■tuill  cvri  i  !  1  liv  u  \i  ry  small  dc- 
ciiuai.  creaii  r  or  less  ateoritiii..;  lo  ttie  inuiiilni  number  of 
piar;-.  to  be  ill  the  Ingiirithin  sought:  liien  (iiidiiia  the  lo- 
gariilini  ni  this  small  number,  by  easy  nietho<is  described 
aflerwjirds,  he  doubles  it  as  often  as  he  made  extractions  m^' 
the  S4|uare  root,  or,  whicii  is  the  »am<<  thing, he  multiplies 
it  by  such  power  of  2  us  is  riilioted  by  thesr.nl  number 
of  extractions,  and  thc_ result  is  the  required  logarithm  of 
the  given  number;  »  is  evident  from  the  nature  «f  Ia|aF 
ritbnis. 

But,  at  the  extrscliofi  of  so  many  roots  h  a  very  trao* 
bicsome  operation,  our  author  det'ises  some  innenious  - 
metbods  of  abridging  that  labour,  chiefly  by  u  proper  ap- 
plication of  the  M-vera)  orders  of  the  differences  of  num- 
bers, formins  the  first  instance  of  what  may  be  called  The 
Ditf'orenliat  .Method ;  foru  pHriiciiUr  desciiptiun  of  wbich( 
see  my  Lof^antlims,  above  •niole<l,  pa.  6  j,  At. 

Mr.  Jamex  Gn-^ory,  in  In-  N'er.i  Circuli  MyperbolsB 
Quaiiriilura,  pnnHtl  at  I'adu.i  ui  t (i(i7,  havinu  approxi- 
niiilnl  to  I  ho  li  \p«'rbolic  a.-y  ii' ii  le  -|iac(  s  J.y  means  of  a 
series  o!  insenbwl  and  circumsci  ;bo«|  poiy^or.s,  liuin  thenre. 
shows  hioe  to  toin|M.'U-  t';e  b'^arilhnis,  « hu  ll  ;uf  ivia.. .- 
gousto  theare.is  of  those  spaces:  and  thus  the  ipindiature 
of  the  hyperbolic  spaces  became  ih>'  same  ihiit^  us  the  com- 
putation of  the  logarithms.  I  le  here  alsu  lay*,  duwit  various 
meUtodt  to  abridge  the  computation,  with  the  assi  fiance  of 
some  properties  of  numbers  tbcimclses,  by  which  tbe  lopp 
litfima  of  nil  prime  numbers  under  lOCW  may  be  eompalaiil» 
each  k«  one  multiplicatiun,  two  divisions,  and  the  extras. 
Iron  of  the  square  raot  And  the  same  sukjcct  is  further 
pursued  in  his  Exercitatioiies  Geumeiric«.  In  ibis  lattea 
place,  he  first  finds  an  algebraic  exprcs&iun,  in  an  i 
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teric*,  for  ihe  fogariiliin  of         and  then  likewise  for  the 

logarithm  <)'^j'~  >  -"'J  sxrics  has  nit  its  terras 

|HMitivt-,  wliile  iIri-m-  of  the  other  are  altornui  ly  ;i Mtivc 
and  negaliw,  by  aililiiig  tlif  two  logvthcr,  i  vi  ry  ;ii  trrm 
is  cancelled,  and  Uie  double  ul  ttio  oihir  tcrmt  gives  ihe 
logarithm  of  the  pvoduct  of 

and  — ! — .or  thploearithniMr— -»  *!>•*  ii,  of  the 
nd«  of  1  —  aiu  )  a: 
Tbiu,  he  fiadi, 
4at  •  -     f  )^  -  K  &c  a  kf.  of 

•  4«*    ift*  &c  iMlog.of  j^-^, 

tteraf.  f  fi'  <*-  f «'  &e  sicf .  of  ^ 

Wkicli  may  b«  accoanted  Mr.  Jima* Gng^Nfy^  method  of  calior  to  tfco ical^  of  logaritbmi, 

making  lonaritlmis. 

In  IiJhH,  N'lcliiihi"!  Mi'rciilur  piibliiln'il  lii.s  I.n^arlth- 
inotechtiia,  sive  Mi  lhodus  (.oiistri.cnili  I  "  'urithraos,  nuva, 
acctirala,  el  lacilii;  in  which  he  dr^,  .<  ^  :i  new  and  in- 
geoious  mctliod  for  computirtj:  the  li-Li^truiuiM  on  prind- 

pht  poiciy  KrithaMlieai ;  nnii  horr.  Iti  In^.  iiKtdrs  of  think- 

ing  and  expressioiit  be  clusrly  follows  the  celebrated 
Kepler,  in  his  wrilinip  OH  the  same  subject;  acc4tunting 
logfirithni  u  the  nwuum  of  ratios,  or  as  the  number  of 
nSoBcals  eontoiaeii  in  the  ratio  which  any  numb«Mr  bean 


gave  a  very  ingenious  rssay  on  ihc  construction  of  luj^a- 
hthins,  entitled,  "  A  ni.  (  umpendious  and  facile  nicthod 
for  r<instrutlir)g  the  li>j{anthtiis,  and  exemplified  and  He- 
nioiiitrHtod  friiMi  the  nature  ol  numbers,  withuut  air,  re- 
gard to  the  hyperbola,  with  a  speedy  roelbod  for  iinding  ■ 
the  iiuinb«-r  from  the  given  logarithm." 

Indead  of  the  more  ordiiiHry  definition  of  logarithiM, 
vis,  *ntfUerorum  proportionaiiurnxquidi^reDtesconitM,*  • 
the  learned  author  adopts  tbia  other,  *  numeri  ratioDOn 
exponentrs,'  as  better  adopled  to  the  principle  on  which 
logarithms  are  here  ODOStracted,  coonderiog  them  as  tlui 
noaher  qfretiiincyl*  ooniaiiwd  iik  gpvcn  naioe  whose  * 
IcfMithMMsiaqocslioii.  lothismyhofntmimM 
the  loguithmic  eeiies  before  given  by  Newton  and  others, 
and  afkrrMrards,  by  various  coinbi(uitti>rii>  and  sections  of 
the  ratios,  he  derives  oihem,  converging;  still  faster  than 
the  frTiiiL  T.  '!  Il  ls  he  found  ihi'  |ij^;-.riilims  of  several 
ratl<>»,  as  bcluw,  vii,  when  mullipiied  by  the  modulus  pe- 
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to  unity.  Purely  from  these  orinciples  then,  the  number 
•f  the  equal  ratiiiaculm  contained  Ib  some  one  ntio»  a*  of 


10  to  1,  being  supposed  given,  our  author  shows 
logarithm,  or  measure,  of  any  other  ratio  piay  be  found. 
But  this,  however,  only  by-thc-bye,  as  not  being  the  prin- 
cipal method  he  intends  to  teach,  as  his  last  and  best.  Hav- 
ing shown  then,  that  the'w  In^arilhnis,  or  numbers  of  small 
ratios,  or  measures  of  ratios,  inny  be  all  properly  rrpiv- 
sented  by  numb^'rv,  and  that  of  I,  or  tlie  ratio  ofctjuality, 
the  logarithm  or  measure  being  aluays  0,  llie  logarithm  of 
10,  or  the  measure  of  the  ratio  of  10  to  1.  n  rm  st  ronvc- 
niently  n  pri-.senttd  by  1  with  any  numbf  i  ol  ciphers ;  he 
then  proceeds  to  show  how  the  measure's  of  nil  other  ratios 
may  be  found  from  this  last  supposition  :  and  he  explains 
these  principles  by  tome  examples  in  niimbets. 

In  the  latter  jmrt  of  the  work,  Mcrcator  treats  of  his 
Other  method,  given  by  an  infinite  setieaof  algebraic  terms, 
which  are  collected  in  numbers  bycdamanaddition  only* 
He  hen  •qwna  the  hyperbdu,  and  flntlly  finds  that  the 
kypaboUe  lopritha  of  l  *  a,  'u  e^uol  lo'tho  infinile 
series  a  —  i«  ■«•  ^a*  ~  |e*  dtc ;  which  may  bo  comip 
Hercd  as  Mercator's  quadrature  of  the  hjrperboh,  or  Hk 
general  e.xpression  of  an  hyperbolic  logarithm,  in  on  in* 
finitt'  St  III',. 

And  v.il^  method  was  further  improved  by  Dr.  Wallis, 
in  the  I'liilo*.  Trans,  for  the  year  1()()S  ;  lis  -!  win;;  that 
the  hyp^  log.  of  the  ratio  of  1  to  I  —  ti  is  e(|ual  to  the  in- 
finite scries  o  {a~  -I-  ^ir  ^  ia'  ■+■  iVc.  'I  he  celebrated 
Newton  invented  also  the  same  series  for  the  quadiature 
of  the  hyperbobi,  ami  liie  construetion  of  logarithms,  and 
that  before  they  were  given  by  Gregory  and  Mercator, 
though  unknowu  to  one  another,  as  upv'  ars  by  his  letter 
to  Mr.  Oldenburg,  dated  October  24,  Kir''.  1  he  expla- 
■ation  and  construction  of  the  logarithms  are  also  turtbcr 
Mimed  in  his  Fluxions^ublished  in  17^  by  Mr.  Colson. 

Dr.  naicy,  in  Iho  Plukt.  Tnum.  Am-  the  year  l6Q9, 
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J  /*  &c,  the  log.  of  1  to  I  9, 
jv'  &c,  the  log.  of  1  to  I  —  f , 

— die,  the  log.  of  a  to  h,  or 


ice,  the  same  log.  of  a  to  or 
7-7-  &c,  the  same  lo^.  of  a  to  ft, 
—X  6ec,  the  log.  of  y/ub  to  \t,  or 


&c,  the  same  !i>g.  of  ^ ab  to  ; 


where  a.  A,  q,  arc  any  quantities,  and  the  values  of  Jt,  f,  i, 
are  thus,  viz,  x  =  b  —  a,  csi  -t-a,  y  =  aft  -♦- 

Dr.  Ilalloy  also,  the  first  who  performed  the  reverse  uf 
tlic  problem,  by  nsn'gmng  the  tumbcr  40  «  given  lof^ 

rithm ;  vii, 


if  -  —P  + 


■    &c,  or 

-i'  fitc.  nhore  /  is  the 


a. a       3. a. 4 

logarithm  of  the  ratio  of  a  the  less,  to  b  thr  j;ri  :i-.L"r  of  any 
two  t(  nils. 

Mr.  Abial)nin  Sharp  of  Yoilisbifc  made  many  calcula- 
tiulis  .mil  1  iii(  I  MS  I  .ieii'.s  in  logarithms,  iSiC.  The  most  le- 
maikahle  01  liiese  were,  his  quadrature  of  ihe  circle  10  72 
places  ot  figures,  nnd  his  COliipui.i'Kjn  of  Inj-arLll'in^  to  (il 
figure>,  MZ,  for  all  numbers  to  luo,  and  for  all  prime  uuin- 
bere  to  \W\ 

The  celebrated  Mr,  Roger  Cotes  gave  to  the  world  a 
learni  il  tract  on  the  nature  and  construction  of  loga- 
rithms: this  was  first  printed  in  the  I'hilos. Trans.  No.  338, 
and  afterwards  wiih  his  Harmonia  Mensuiarum  in  1723, 
under  the  title  Logoroetria.  This  tract  however  has  justly 
been  complained  of,  as  very  obscure  abd  intricate,  and  the 
principin  is  somcthiiig  between  that  of  K^ler  and  the 
method  of  floxiont.  He  invented  tfao  I 


modular  latio^  thia  being  the  ntio 

%      u      J  J  1.3.4 


modnluannd 


&cto  lor 


of  I  to  I  —  -t-  -  —       *  — * —  —  — ,  die; 

I        S       4. J        1.J.4        t.t,*r*       *  ^ 

that  is  Ihe  ratio  of  2  7 1 898 1 888469  &c  to  I, 
or  the  i*tio  of  i  to  0-a<i7t79U117l  Ac; 
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llic  modulus  of  any  5'>  stt'in  hcin^  the  rni'asuri'  ur  lugarithm 
of  that  rulio,  whith  iii  ihi-  hvp.  lofsarithms  Is  1,  which  in 
Bri2S»''  "rtlic  common  lug.ui;iirrn  [■iO  43J2yi4SiyU3  &c. 

Tin-  Iturncd  Dr.  Hroolc  'l  ivi  r  r.ive  uiuithi  r  method  of 
riim|>uuttg  lo^iiniiims  in  ibe  Piiiloi.  Trai)«.  No.  352,  which 
Is  founded  on  thi'v  three principlt  s,  viz,  1st,  Tiiat  the  sura 
fj)'  the  logarithms  of  any  two  numben  w  tbe  logarithm  of 
ihc  product  of  tho«e  numbers ;  Sd,  That  tke  lo^hthm  of 
t.isu,  and  contequently  that  the  Dnrarmny  number  is  to 
I,  the  nrarer  will  its  lognritbm  £c  to  0;  3d, That  ilic  pto- 
dttciof  twonumbeBor&ctM%«f  which  the  oDBiigidlter« 
and  the  other  Icse  than  1,  ii  iterer  to  1,  than  tint  laclor 
is  vhkh  u  on  the  uune  side  of  I  with  itHlf;  M  of  the  two 
nnibben  )  and  f,  the  product  |  i<  lew  tlnii  1,  but  yet 
nearer  to  it  than  |  is.  which  is  also  less  than  I. — And  on 
thcs4.- principle*  he  founds  an  ingenious,  thQUi;h  not  very 
obvious, approximation  tutlii*  lo;.'arilhms  ut  given  numbers. 

In  the  Philirt.  Tran^.  a  Mr.  John  Long  guM'  u  method  of 
constructing  Ipi^arithnif,  by  mrnns  ot  a  small  table,  some-  . 
thing  in  tlie  manniroi  one  of  Urig^s's  methods  I'or  the  same 
purpose. 

Also  in  ttie  I'hilos.  Trans,  vol.  6l,  a  tract  on  the  con- 
struction ol  lonntilhins  is  given  by  the  ingenious  Mr.  \\  il- 
liam  Jones.  In  this  method,  all  numbers  arc  considered 
us  tome  Certain  powers  of  a  constant  detcrraincd  root: 
tbu*,  any  number  x  i*  considered  as  the  z  power  of  any 
not  or  «  B  r"  is  tahen  aa  a  ganenil  expression  for  all 
aubm  in  lenm  of  thecootant  not  rand  a  tariahl*  tx* 
ponent  s.  Now  tbt  index  *  heiog  tht  1e||iritiMi  eftha 
aaaibar  »,  timntpn  to  ind  thb  laj|Mitha^  is  the  laBo 
thing  as  to  Aad  what  power  of  the  radix  r  is  equal  to  the 
■nuberc 

An  elegant  tnct  on  logarithms,  as  a  comment  oa  Dr. 

Halley's  method,  was  also  given  by  Mr.  Jones  in  his  Sy- 
lopsisPalioariorura  .Mathrseos.publishedin  tbe  year  1706, 

In  the  year  17-1,:,  Mr.  .lumes  Dodson  published  his  Anti- 
logarithmic  C'ari  iji,  ci  niiiiiung  all  logarithms  under 
100,000,  and  ttn  ir  corrrsponding  natural  numbers  to 
ilfveii  places  r)f  figures,  i!h  all  their  differences  and  the 
proportional  parts;  the  whuli'  iiri.iriL;i-ii  in  tin-  nnii^r  r.ni- 
trary  to  that  used  in  the  common  tallies  ol  numbers  and 
Ingarithnu,  the  e.xacl  logarithms  being  here  placed  lirst, 
and  their  corresponding  nearest  numbers  iti  the  columns 
opposite  to  them. 

And  in  1767,  Mr.  Andrew  Keid  published  an  "Essay 
on  logarithms,"  in  which  be  shows  tbe  computation  of  lo- 
garithms from  principles  depending oB  the  binomial  theo- 
rem, and  on  the  nature  of  the  cxpoMM*  of  poircn,  the 
iMsrithnu  of  numben  bring  hen  considered  us  the  expac 
nma  of  tbe  powers  of  10.  In  this  way  he  brings  out  the 
usual  seHea  jor  logsrithms,  and  exemplifies  Dr.  Halley's 
coMtrwcdoB  of  them.  But  for  the  pwticalars  of  this,  and 
the  methods  gpsen  by  the  other  authors,  we  must  refer  to 
the  historical  preface  to  my  treatise  on  logarithms. 

Uesiik-s  the  author^  abinc-im  .l  i m  d,  iiiaiiv  others  have 
Seated  on  the  subject  of  losaritiiois  ;  fimiinj?  the  principal 
ofwholnare,  Leibnitz,  Kulcr,  Maclaurin,  Wolfius,  Keill. 
Lagrange,  and  pnifessor  Simson  m  an  in}{eiiious  geometri- 
cal tract  on  logarithms, contained  in  his  |  nitli  Mtnc^lJ^  woiks, 
elegantly  printed  ut  Glasgow  in  tbe  )car  177(),  at  theex- 
[K'lise  oi  the  leamcd  Earl  Stanhope,  and  by  his  lordship 
disposed  ol  in  presents  among  gentlemen  most  emilicnt  for 
mathematical  Iteming. 

for  the  description  and  uses  of  logarithms  in  ovnefal 
calctilatiom,  with  tba  vaiiooa  mtAlMda  of  cooatnieliRg . 


them,  see  the  hiiforical  introduction  to  my. Logarithms 
pa,  12  i-  t/i  s.  (j. 

hniigt't  or  Common  Lou  a  HiTll  MS,  are  those  that  hwe 
I  for  the  logarithm  of  10,  or  which  have  0  4  UC<;-44S19 
&C  for  the  modulus;  as  baa  beeti  explained  above. 

Hyjfrbolic  LoOARITllMs,  are  those  tiiat  were  computed 
by  the  inventor  Napier,  and  called  also  sometimes  iiatural' 
logarithms, having  l  for  theirmodulus, or2'30S5S5091994 
&CC  for  the  logarithm  ui  10.  The^se  have  since  been  caUed 
hyperbolical  logarithms,  because  they  are  analogous  lO 
theanaa  of  a  right-angled  hyperbofas  betwacn  thoaayB-, 
ptotci  and  Ibocum.  Sn  Lv  AnRBii%alift  Utpbbboia 
and  AsmPMTie  Smcs. 

leguiirLaiiAMTVira,  an  certain  logwithnvof  seiar 
gesinnl  numbers  or  fractions,  nielnl  in  astnaomkal  cal- 
cultiions.  The  logistic  logarithm  of  any  number  of 
conds,  is  the  diflbfence  between  the  common  logarithm  of 
that  number  and  the  logarithm  of  9600,  the  seconds  in  1 

dei;ree. 

I'he  chief  use  of  the  table  of  logistic  logarithms,  is  for 
the  readv  computing  a  proportional  part  in  minutes  and 
seconds,  when  two  terras  of  the  pr<iportion  are  minutes 
and  sx  conds,  or  liours  and  minutes,  or  other  such  sexage- 
simal numbers.  S^-e  the  introd.  to  my  Logarithms, pa.  144. 

Imaginary  LotiARlTiiM,  a  term  used  in  the  Log.  of 
imagiiuury  and  negative  quantities ;  such  as  —  a,  or  ^  —  4^ 
or  n^-  1.  The  fluents  of  carlaiB  im^pnuy  ajqpfCM 

•ions  an  also  inmihiaiy  logaiithas}  as  of^^_^,  or  of 
a'^L  8eoEulcffAnalyhInin.nLi.  pn.7Si  74. 

It  is  well  known  that  the  exprndon  -  represents  the 
fluxion  of  the  logarithm  of  z,  and  therefore  the  fluent  of 
-  is  the  logarithm  of  x;  and  hence  the  fluent  of 

is  the  iroe^tMiy  logarithm  of  x. 

Howcveri  WMn  these  imaginary  logarithms  occur  in 
the  solutions  of  problems,  they  may  b«  irsnsformed  into 
circular  arcs  or  sectors ;  that  is,  the  imaginary  logarithai,  , 
or  imaginary  hyperbolic  sector,  becomes  a  real  dnnlar 
sector.  See  Benioalli  Oper*  torn,  if  pa.  400,  and  pn.  SIS. 
MacUnrin's  Fiuxioos,  art.  76S.  CbtcsTs  Harmoik  Man*, 
pa.  4i.  Walnadw,  AnaLdes  Mm.  pn.fil. 

LOGAIUTnMlC.  or  Lootstic  Cnvt,  a  curse  sn 
called  from  its  properties  and  uses,  in  explaining  and  con- 
structing the  logarithms,  bccauw  its  orclinates  arc  in  geo- 
metrical projjres'ion,  while  the  abscisses  are  in  arithmetical 
progression;  so  that  the  absciss«-s  arc  a*  tbe  logarithms  of 
the  corresponding  ordinates.  And  hence  the  curve  will 
be  constructed  in  this  manner :  Upon  any  right  line,  as  an 
a.\is,  take  the  equal-  parts  ad,  bc,  cd,  &:c,  or  the  anth- 
mctical  progression  ab,  ac,  ad,  &c;  and  at  the  points 
A,  n,  c,  n,  &c,  erect  the  perpendicular  ordinates  ap,  bq. 
ca,  DS,  &c,  in  a  geometrical  progression ;  so  is  the  curve 
line  drasm  tbroujih  all  the  points  r,  q,  a,  s,&C|  the  lo- 
garithmic, or  logistic  curve;  so  called,  became  any  aheciia 
A  n,  is  as  the  logarithm  of  its  ordinate  BQ>  So  that  the ' 
axis  ABC  dec  is  an  aqrmptote  to  the  cnrre.  - 
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AV  s  t>  ibA  «  •  certain  eawMtt  4iiaaiiQf,-or  the  aw 
Mm  of  ihe  fafpritluiii ;  iheD  the  cqiMlioB  m  die  cnrva 

it  X  se  M  log.  of  jr  =  Ing.jF^ 
And  if  tbe  Aukion  of  ihia  equation  be  uken,  it  will  be 

^;  wUch  pvn  tltis  praponien, 

but  in  any  curve  i  :  i    -.  y  :  the  inbijij^ciit  a  r  ,  tUiTf- 
t'oretliesubtangi  nl  <A  .lii-  curve  i«iAfrv-»h<  r<  i  ji;.!  i.,ihc 
comtant  i|uiuiuty  a,  ur  i^c  ni<»iulu»<it  ilie  logarutims. 
3b JM  the  jlrta  cmUKimd  bttweem  luo  ortNtttn.  Hen 


the  fluxion  of  ihc  area  a  i'r_yi-  i.i  y  "  ~  —-Oy;  and  the 

correct  fluent  n  a  =  a  x  (a  p  —  =  «  x  (ap  —  ko) 
=  a  X  I'v  =  AT  X  I  V.  That  is,  the  area  a  PON  be- 
tween any  two  ordinate!),  iii  ctjual  to  the  rectangle  of  the 
constant  subtangeiit  and  the  diffii^rencc  ut'  the  ordinalea. 
And  hence,  when  the  abieiis  is  infipiidv  long,  nr  the  fiir> 
tber  Offdinate  equal  lo  nothing,  then  the  iniinitoly  long 
area  apz  is  equal  at  »  ap,  or  double  the  triangle  apt. 
To  Snd  tht  SoUd  formed  bif  the  anve  molved  nboui  it» 
Til  AT.    The  fluxion  ot'  the  tulid  is  »  =  py'i  = 

<  ~  =:  /)£t}'j,  wlieic;*  is  =  ;;  i       ,  and  llic  correct 

rilicnt  iv.i  =r  ipa  X  {.\r'  —  y)  =  }p%  at  x  (ap"— Nn"), 
^v^llcll  I",  lialt  ilie  iliti.  ri-nci  bi'lwi-en  two  cyiiniler*  ol  the 
common  nltitudc  a  or  at,  and  the  radii  ot  iht  ir  bates  at. 
Xo-  And  hence,  suppoaing  the  solid  infinitely  long  to- 
wards z,  where  ji  or  the  ordinate  is  nothiii;^,  the  inlihitely 
loi^  M)lid  will  be  equal  to  Ipa  x  av'  =  fp  »  at  «  AP", 
OT  half  the  cylinder  on  the  nmc  bn»e  and  iia  altilnda  at. 

Itbw  be«i  said  tint  Ounicr  gii.vc  tlie  Snt  idM  of  k 
curve  whose  Hb«cisse«  are  in  arithmetical  prapviHOD, 
while  Ihe  corresponding  ordinalet  aie  in  geometncal  p«o> 
gfttmm,  m  whoie  afaadiiaes  are  the  logarithnu  of  their  or- 
diiiatta;  bet  Ido'not  find  it  noticrd  in  atiy  part  of  his  wri- 

linn.    Thi*  curve  wa«  uf!er\i.ir';«  roh^iili  reil  li\  mf.eis, 

and  named  the  logariihinie-  c  i  Ir.pi-iic  mrM  ,  l\ 

itl  hi*  Dis^iTlalio  de  Ciiisa  C>iawtn(i-,  \\t'eii'lir  i  iuinn'- 
rate»  all  the  pnneipai  (trcpeitiis  of  it,  Nii(/niu'4  it.-.  i.:y 
to  logarithn>».  Many  other  learned  men  have  ni«o  treated 
of  it»  properties  ;  particularly  Jm.  GreL;i.iy,  m  [lie  ptrlHte 
lo  Ills  G<  .>Tiielri;p  I'ar>.  L'liiM  r>iili'.  \c  ;  I.e  Seur  and  Jac- 
ijuior,  in  their  Coinmeiiton  Newton's  I'lincipia;  Dr.Jobo 
Krill,  in  the  elej^ant  little  Tract  on  LojearilhRis  Mibjoined 
tohiieditiiin  et  I'.ucUd't  Elements;  and  Francis  Mn^eres 
Ca(|»CurMt(<i  BaroA  of  Ihe  Exchequer,  in  his in^cniuu-v 
.  I'rcatise  on  Trigonometry :  tee  also  BeinquUi'a  Discoutsc 
in  the  Acta  Eradilorum  for  the  year  li^S,  pa.3l6;  Guide 
Gnndo^t  DemoBuralio  Tbcommttiim  Huysmeanontm 
ciicaLopiticam  aeu  Lqptrithmicam  lineam ;  and  ICmerson 
on  Curve  Linca,  pa.  1$.— It  Is  indeed  nitlierexirn<ii  (liii.iry 
that  this  ciirre  was  not  Manner  announced  to  the  public, 
since  it  iCiults  imnu  diately  iKiii.  Napiw's  manner  iif  ci'ii- 
cetviiig  (he  veneration  of  It  b\  only  •cppo'ong 

the  linch  H hich  repreien;  llu-  niilnr.il  nuinliei'.  :]s  ]il:icf'<l  at 
light  angles  to  that  u\nm  «nii:li  the  |i  L;:in;t mv  :ue  r;Lk<  n. 

'I'ms  e\ave  '^lently  fncihtiTi '  the  <  r  ■  1 1  jiccn  i  \  U  -;,- 
iithm',  and  aHi^rds  an  almnv-.  mUiin \e  p:  i  ^  il  .  it  i!,e  very 
itrii,ir>u:'.i.l  pri;prrt\  ol'iijeir  fl'..M<Ms.  nr  n  i\  -niall  incre- 
rii<  nts,  namely,  ihat  the  fluxion  of  iiie  nuii  l  t  i  lo  the 
■uxioji  of  the  l<i:;arithm,  as  the  number  i«  rn  il  .  nibtan- 
grnt;  as  also  this  properly,  that  if  thrve  iminbcni  be  takco 
very  nearly  equal,  M  that  their  lalioii  may  diflier  but « 


lilde  from  a  nUio  of  equality,  as' the  three  numbers 
tdOOOOOO,  lOO^OOOOU  10000003,  their  dUfclcocea  will 
be  very  nearly  proportional  to  the  logarithmt  of  the  ratioa 

of  thiwe  numbeis  lo  each  other  :  all  wfiirli  tollows  frolu 

the  logarithmic  arcs  ilifferios  very  little  from  their  thordi, 

when  they  are  taken  very  sniuil.     And  i  n-  .  i  ;    :.ii  t  ^ub- 

tan^ent  of  this  curve  is  w  bat  v,  a^  killer«iir<i»  tr,  t  l>^e^  tuUt^ 

the  modulus  of  the         ni  nl  h'^ruiillini^. 

l.otiARnHMir,  (It  lxii;iitic  SpiraJ,!^  u  curve  co(utruclc<| 

us  follows.     Divide  the  urch  ol  a  circle  inlOaDy  ttumbcr 

of  equal  parts  ab,  bd,  ot,  &c; 

and  upon  the  radii  drawn  to  the 

points  of  division  take  cfc,  c(/,  ce,IScc, 

in  a  geometrical  proere^:>ii>n ;  to  is 

the  curve  Aj>de  &c  the  logarithmic 

spiral;  bcinpthm  called,  because  it 

itevideot  that  a»,  ad,  ab,  &c,  being 

arithmetkalt,  arc  aa  the  lofarithaii 

of  CA,  ch,  erf,  cc,  &c  which  are  geor 

mctricals ;  and  a  spiral,  because  it  wind»  continually  about 

the  rintre  c,  cotimig  t<iiitlnu;illy  ne.irer,  l-iit  Vkirlunit  i  vi  r 
leailv  lallmi;  into  it.  in  the  I'hilu*.  Trans.  Dr.  Hal'rv  ba'- 
happily  applied  this  curve  to  the  tlivision  of  the  iiK  ridinii 
line  in  Mercator's  chart.  See  alo  d  les's  Harmoni*  Men^, 
Guido  Grando's  Drmon^'.  'iian.  Ituvgen.,  tllO  Acta 
l.rudit.  l(oil,and  Kmerson'*  C.'unes,  i«c. 

LOGISTICS,  or  I.OGISTICWL  .Xiin  iimetic,  a  n;'ni. 
sometimes  employed  lor  the  arilhmetic  nf  ^exa^simal 
frurtions  used  in  astroiir>niical  compuiaiiont.  Tlitanaaw 
was  perhaps  taken  from  a  Greek  treatise  of  Barlarmua,* 
monk,  who  w  roleu  bouli  on  Sexagesimal  Mulliplication, 
which  he  called  logistic.  Voasiut  places  this  author  Bbeat 
the  year  1950^  but  be  miitakn  the  work  for  a  tnwtiae  on 
a|(e»lN*.  The  Mme  term  however  baa  beeii  usi  d  for  th« 
ruleaof  oompBlBtima  in  algebra,  nod  in  other  species  of 

'aritbawtici  wltaeH  the  iog^MiceofVicta  and  other  mtil^. 

Shakerly,  fn  hit  Thbola  BiltanniciB,  hat  a  taUe  of 
loeurithms  nd^tpted  to  sexagrsinial  fractioin,  wbtch  he 
cmIU  logistical  logarilhros ;  and  the  expnUtion*  aiilh* 
meiir,  obtained  fay  mtaiia  of  them,  he  calls  logiitical 

arithmetic. 

LortsiK  AL  C«nir,£Ai^ori^ini<^thetaaieastbeLo> 

canlhmrr  ;  which  see. 

I.ONCi  (Uo(.rn),  n.  o.  n:.i'ti  r  ef  1'.  iiilji.ik<  •iinll  in 
Cambridge,  Lowndes's  prolev.sor  of  astronomy  in  th«t  liiii- 
vertity,  &C.  He  wa>i  author  of  a  well-known  and  much- 
approved  treatise  of  astronomy.  htiiI  the  inventor  of  a  re- 
markably curious  astronomical  machine.  1'hij>  was  a  hol- 
low sphere,  of  18  feet  diameter,  ill  which  more  than  ;30 
penont  Blight  sit  conveniently.  Within  side  the  surface, 
wBieh  irpieienied  ihrbceTew,  wae  paiutcil  the  aiart  and 
ecnMellaiiomt  with  the  ndiae,  meridiaB^and  axuparallcl 
to  Ihe  a«ia  of  the  worid,  upon  which  it  w^  easily  turned 
rotind  by  a  winch.  He  died,  December  16, 1770,  at  pi 
years  of  age. 

A  (ew  years  before  his  death,  Mr.  Jones  pave  sonif-  nnec- 
don-s  of  Dr.LoDj;,  iis  rillmvs;  "  lie  is  nc  vi  iii  llu  88([i 
year  of  his  aje,  niid  (or  hi»  v  nrs  »e:;c  le  and  m  m.  .  He 
wa^  latily  ps:t  ir;  n' r  inalHin  lor  the  cilice  i  I  vi'-.than- 
cellor:  he  rxecultd  itial  tiusf  once  hi  tore,  I  ll.i  k  in  the 
jear  17:)7.  He  iv  a  \<Ty  intienious  person,  and  si  m.  1111,  5 
very  fuiet lulls.  .■\t  ti.e  public  comini  iicemei-.I,  in  the  vear 
1713,  I'r.  (nreiie  (master  of  lii  nnrt-collepy,  and  iiller- 
wardt  bishop  of,  Elj)  bring  then  vicc-cbancrllor,  Mr. 
Longwaa  pitched  upon  iitr  the  tfipeapcfferBMace;  il  was 
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wUly  and  humourous,  and  lias  passed  tiirou;;ii  divL-rs  cdi- 
liotiB.  SoHif  lliat  rt  mPiiilK  Tcd  the  delivery  of  it,  lold  mc, 
liiat  in  addressing  thr  vice-chancellor  (whom  tbc  uiiivrr- 
sity  wags  usually  si)  If.l  Mi**  Grwni),  ihc  tripos-orafor, 
iNong  a  iLUtivi-  t>l'  Norlolk,  and  a&^umiiij(  the  Norfolk  dia* 
.k^t^  insU'.id  iif  »iying  Dotiunc  Vicc-Canci'llarie,  archly 
imiMninccd  tbe  wurds  tliws,  Domiua  Vicc-Cancellurin: 
which  oecwioncl  a  geiii;nt]  smile  in  that  g^t  atidilory. 
His-  friend  the  late  Mr.  Bunfoy  of  Ripton  related  to  mu 
the  foUowing  little  incident:  *  That  he  md  Dr.  Lung 
walking  together  in  Cawbridfe  in  •  dusky  eyemng,  and 
coming  to  a  abort  pott  fixed  in  the  pavement,  which  Mr. 
Ilunfuy  in  the  niidkt  of  chat  and  inattention  took  to  W  a 
boy  itJilidinj;  in  his  way,  he  suid  in  a  hurry,  '  Get  out  of 
iny  way,  boy!'  '  'Piuit  lj:iy.  Sir,' -anl  [\,,-  i|i>ct'ir  very 
calmly  and  siiiy,  '  l>  u  |ii(>t-li;n,  uri..  turii<  ,iut  ni  his  w.ty 
for  nobody.'  I  cxuKi  rcrnllcct  s<  ^eral  uther  in;:;riii(i[is  n- 
parltx^  if  there  were  otca'ion.  (-)n<-  Iliiiij;  15  rcniiirkablc, 
lie  never  nas  a  hale  and  hiarty  man,  iilufiys  nl  a  lender  and 
delicate  cun«tltutioii,ycl  took  great  carcot  it :  his  nnimuin 
drink  water;  he  always  dines  with  the  fellu.vs  in  the  hall. 
Of  late  years  he  lell  olfeatJli);  tle^h  ;  in  the  room  thereof, 
puddin>is,  ve^i(uble>,&c ;  sometime^  aglassor  two  of  wine." 

LONGl.MKTRY,  the  art  of  measuring  length*  or 
distances,  both  acceuible  and  inaccewible,  forming  a  part 
of  what  is  called  hcij^his  an<l  distances,  being  an  applic»> 
lion  of  geometry  and  irigonomeiry  to  such  meararements. 
As  to  accessible  lengths,  they  are  easily  mrasured  by  the 
•ettiat  application  of  a  rod,  u  chain,  ur  wheel,  or  Slime 
Other  measure  of  length. 

But  inaccessible  lengths  require  the  practice  and  pro- 
jiinu  b  III  pcomelry  and  trigonometry,  1  iili  r  i  i  the  mea- 
iurciiieiil  and  conslruclii>n,  or  in  the  ciiiii[)ul:i!ii)n.  For 
example,  Suppose  it  were  ri(|uireil  to  know  the  U  n^lh  or 
distance  bctneeti  the  two  places  a  ami  a,  lo  which  places 
there  is  free  access,  hut  nut  to  the  intermediate  parts,  on* 
account  of  water  or  some  other  impediment ;  measure 
therefore,  from  a  and  a,  the  distances  Co  any  convenient 
jilace  C,  which  ibppote  to  be  thus,  viz.  ac  =  735,  and 
ac  =  840  [inks ;  and  let  the  angle  at  c,  t.-iken  with  a  ihe- 
CNlolite  or  other  instrument,  be  :>i°  40'.  From  these  mea-  . 
Hires  the  length  or  distance  a  a  may  be  determined,  either 
hygtOMictrical  construction,  ur  by  trigonometrical  com- 
putatioo.  Thus,  fini  lay  down  an  angle  c  =  55°  4o',  and 
opon  its  legs  set  ofl»  from  any  convenient  scale  of  equal 
parts,  c\  =  795,  and  cb  t»  840;  then  tneanre  the  di- 
«iaacc  between  die  points  a  and  b  by  the  same  scale  of 
eiiunl  parts,  which  will  be  fouttd  to  be  740  nearly. '  Or 


thus  by  calculation, 

84<r  180°  -  ai°  40'  =  IU»  atf,  its  half  62" 
735 

Sum  1675   l-Ii)72SM 

liif.     103      •      -      -      •  '  0.0311893 


0', 


I«377a7.*i3 

yioigMo 

9971109* 

0-9 -'42798 

0-8(i,<)<JM>4 
-Suppose  it  were  ri!|     i  :  I 


Tang.    62^  iO'         -  .  . 
Tang.  7  llfj     *  •  - 
i.  Sum  or  ^  4  B  SIfl 
tos.^CM«5  40  . 

80  BC  a  840 
•  To  an  s»74f9 

Fnr  a 'M  !>;;:;sipli — Suppose  it  were  ri!,  i  :  Id  fni.i 
the  distaiiv'e  henviin  two  inaccessible  oljecSi  us  buweeii 
the  house  and  niiii,  11  and  m;  tirst  measure  any  conveni- 
ent line  oil  the  grounii.  as  ab,  3i)C)  yariN ;  then  ^  the 
station  A  take  the  angles  bam  =  ."jS  v'O',  and  MAB  a 
J?"";  aUit  at  the  station  B  take  the  angles  abh  aa 
53"  30',  and  11  bm  =  +5°  15';  bcnce  the  distance  or  knglh 
siH  may  be  found,  either  by. geometrical  const ruction^'or 
by  trigonometrical  calculation,  thul: 

First  draw  a  line  a  a  of  the  given  kngth  of  300,- by  » 
convenient  scale  of  equal  pam;  then  at  the  point  a  lay 
down  the  Bibles  bam  and  M  A  H  of  the  magnitudes  above 
given;  and  alio  at  the  point  b  the  given  angles  abh  and 
iiBM  ;  then  by  applying  the  length  liM  lo  thesamewaJaof 
equal  parts,  it  is  found  to  be  nenrl)  480  yards. 

Otherwise,  by  calculation.    First,  by  adding  asd  l 
tracting  the  an»lt-s,  there  is  found  as  below  : 


37' 
S3 


oof 
•20 
30 


58^= 

33 

45 


90 
30 
15  i 


sums 
from 


31 


^.  All  n 
Then,  as  tin. 
as  sin. 


U8  50  157  05 
180    00      180  00 

10        22~T5  ^AMB 
ARB  :  sin.  ABU  : :  ab  :  au  s 
AMB  :  tin.  ABM  t :  ab  «  AM  «76l'4i?55, 
their  sun  is  lilS7-443l 
and  their  diir.  S95*4«79 
Then  as  sbm  am  4-  ah  :  to  dif.  am  -  as  : : 

tang.  I  AHN -4- f  Avn  s  7l°30', 
to  tang.  ?  AiiM  -  i  AMU  =  35  44 
the  diC  of  which  is  am u  a  35  4(1, 
Lastly,  as  s.  A  M 11  :  t.  MAB  i  :  AH  :  BB  v  4lT9799i,  the 
distance  soncht. 

LONl'i  rUDF,  0/  the  Eaiih,  is  sumciimcs  used  to  de- 
note its  e.Ment  trom  west  lo  cast,  according  to  tbo  < 
direction  of  the  equator  :  by  which  it  stands  ContTA^ifl- 
tii^ished  from  the  latitude  of  the  earth,  which  denolM 
its  extent  from  one  pole  to  the  other. 

LoBOiTttDE  «r  «  >We,  in  Go^grapby,  is  its  tdngitndi* 
aal  distance  from  some  int  nwridiaa,  "irlilcii  is  aisiUBed 
■rbitnrily  by  diflhmnt  aations :  -  the  English  cbH  th«  ftitl 
meridian,  that  which  pssses  over  the  Royal  Observalony 
at  Greenwich;  the  French  take  the  meridian  of  Paris  for 
the  first  meridian ;  the  Spsaiards,  Madrid*;  and  so  most 
other  nations  reckon  that  fha  filst  meridian  which  | 
over  their  mrtrnpolis. 

The  kiii;i'i'>  I  tfauy  ['.,icr  is  thelefure  nn  arch  of  ihc 
e*]Ualor  iiiUiiccpteij  between  the  meridian  ol  lhal  jjlace, 
and  ihe  lirst  nu  ndian. 

1.0  M.I  II'  111.  !n  t'lc  HeavcM,  as  of  a  star,  iStc,  is  an  arch 
of  the  i  cliptic,  c<uiiil<  d  from  the  beginning  of  Aries,  10 
ihe  place  where  it  is  cul  by  a  circle  peqicndicular  to  it, 
and  passing  through  the  place  of  the  star. ' 

I.o.SGlTUOB  <^'tlte  Sua  or  Starfmm  ikt  next  afulnoctiai 
point,  is  the  degrees  ihey  are  distant  from  the  beginnii^ 
of  Aries  or  Libra,  either  before  or  after  them ;  which  can 
iwver  exceed  180  defines. 
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LnNOiTDOt,  Geocauric,  Helioetmric,  ice,  the  long^tuUa 
ofaplsDetMiMnikwgt  tliecMtb»or  rran  Ummhi.  8m 
iKv.mpeeiiM  Mnm. 

.i«lioiTVOB»j»iVMf|«tiaiiti>  the  distance  of  a  tbip,  or 
placei  eut  or  mM,  fnim  tome  other  place  or  meridian^ 
coaHttd  ia  degnet  of  the  cquslor.  Wnen  Uui  dtitMce  it 
comtad  in  leaguef,  or  nilo^  or  ia  dcfica  of  the  lueridiaii, 
and  not  in  those  proper  to  the  parallel  of  latitude^' it  is 
■lually  callc-tt  ili-partiirr. 

An  easy  practicable  method  of  finding  the  lon^tude  at 
sea,  it  the  only  lliing  I  t  i     i:.;..  i  t!i.'  irl  of  naviga- 

tion  perfect,  and  i>  ii  problmi  tliui  lia^  ii.it.illy  jwrplfM-d 
mathetnaticiaiis  for  the  last  two  centuries;  iici  i  .  ilinuly 
molt  of  the  coran>crcial  nation*  of  Lutapi'  Siavt-  utiircd 
great  rewards  for  the  diicoviry  uf  it ;  mui  in  run^^^■tlucnce 
very  considerable  advances  have  bi"on  made  towards  a  pcr- 
(rct  solution  of  the  probkiD,  especially  by  the  English. 

In  the  year  the  government  of  Spain  oti'ered  a 

tewatU  of  1000  crowns  for  the  solution  of  this  problem  ; 
and  won  after  the  Suicaof  Holland  oflercd  10  thousand 
floffiat  liar  0tt  tame.  Eocottraged  by  such  oflcn»  in 
H.  Jobn  JUoria,  prafeisor  of  mathematit^  at  Paiii ,  pro- 
posed to  cardinal  Richlieo,  a  method  of  rciol«iag  it ;  and 
though  the  commissioners,  who  wcnappoiDlcd  to  examine 
this  method,  on  account  of  the  imperfect  state  of  the  lunar 
tiibles,  judged  it  in>uliiciLiil,  cardinal  Max:uin,  in  l6%5, 
procured  for  the  author  u  penimn  uf  2(100  livres. 

In  1714-  an  act  paswd  in  the  Uritisli  pailiament, 
allowing  'JOllO/.  lowiirds  making  experiments;  and  also 
offering  a  reward  to  the  person  who  should  discover  tlio 
longitude  at  sen,  proportioned  to  the  degre<>  of  accuracy 
that  might  be  uttained  by  such  discovery ;  via,  a  reward 
of  10,000/.  if  it  determines  the  longitude  to  one  degree  of 
•  great  circle, or  60 gingpipbical  miles;  15,000^  if  itde- 
Inmincs  the  sane  to  ttnvthirds  of  that  dittaoee;  and 
tOJOOOL  if  it  doKmiaas  it  to  half  that  diitaoee;  with 
o^ervFgulationa  and  encouragements. -14  Ann.  cap.  15.' 
Sea  also  slat.  14  Geo.  ?,  c»p.  J9,  and  96  Geo.  2,  cap.  •2S. 
But,  by  atal.  Geo.  3,  all  former  acts  concerning  the 
longitude  at  tea  are  repealed,  except  »o  much  of  them  ns 
relates  to  tl|p  appointment  mu!  authority  <if  tlie  ronunis- 
sioners,  find  such  cl.ius<'s  Jis  n  lati-  tu  tlir  publishing  of 
nautical  uliniiiiar^.  and  other  useful  tabh  s  ;  ami  it  enacts, 
that  am  ju  rson  who  sluill  discover  u  im  thod  for  finding 
the  lon^iluilf  by  im-ans  I'l' u  tinu'-kr<'|)iT,  tlie  j'Tinripli's  ot 
uhich  iii>t  h.iving  hitherto  t>fcii  made  public,  shall  be  cn- 
IitUd  t.  ihe  reward  of  /iOOO/.  if  it  shall  enable  a  ship  to 
keep  her  lonuitudc,  during  a  vtiyagc  of  6  months,  within 
do  geographical  mile*,  or  one  degree  of  a  great  circle ;  to 
tSOOL  if  within  40  geographical  mileif  or  two'tbirds  of  a 
degrea  of  a  gnat  circte;  or  l«  a  reward  of  10,0001,  If 
widiin  go  grtqpapbical  miki,,or  half  a  decrree  of  n  g^ai. 
circle.  Bot  if  the  method  shall  be  by  means  of  iinprovcd 
fohr  and  lunar  tables,  theautborof  them  shall  be  entitled 
to  a  reward  of  5000/.  if  they  nhow  the  distance  of  the 
moon  from  the  syn  am!  stars  within  15"  ofK  degree,  an- 
swering to  Blj<int  "'of  K>u.;iiudr,  uiier  making  nn  ai  low- 
ance  of  half  a  ile^-ri  e  litr  tiic  ri  rnis  of  oljsi-n  ari m,  and 
after  coiii|),ti  imiu  with  ;rtr<pn-imif  al  .■h'-i  rMttii'iis  (i^r  a  |k;- 
riodof  ISl  \'  Mis,  iir  d  11! in^ '.he  pCiiod  iif  [he  i rregularities 
of  thcjuiiar  niDtiiiiis.  Or  that  in  ca-se  uny  oiIht  method 
shall  l>e  pr<i|i(ist  d  Inr  finding  the  longitude  at  M-a,  lM»id<s 
those  before-mentioned,  the  author  shall  be  entitled  to 
5000'.  if  it  shall  determine  the  longitude  within  one  degree 
of  a  gi«at  circle^  or  60  geograpjiical  miles;,  lo  7M0/>  if 


within  two-thirds  of  that  distance;  aad  to  10,000/.  if 
within  half  the  said  distance. 

Accordingly,  nuoy  attempts  have  been  made  for  such 
disootcfy,  and  several  ways  proposed,  with  various  degrees 
of  socccss.  These  however  have  been  chiefly  direclad  to 
aKlhods  of  determining  ibe  difference  of  daic  between  any 
two  points  on  the  earth ;  for  the  bngjltade  of  any  plaee 
beins  an  are  «f  the  equator  intercepted  between  twa  Ba> 
ridians,  and  this  arc  being  proportional  to  the  tinw  re- 
quired by  the  sun  to  move  from  the  one  meridian  to  the 
other,  at  the  rate  of  4  minutes  of  time  t  i  mu  cc^i  uf c 
arc.  It  follows  that  the  dltTejvttC«9  of  time  being  known, 
and  turned  into  degrees  aecotding  to  that  proportion,  it 
will  eive  the  longitude. 

This  ineasiireinent  of  time  has  been  attcinjittd  by  some 
persons  by  means  of  clocks,  watches,  and  other  aulonialn  : 
lor  if  a  clock  or  watch  were  contrived  to  go  uniformly  ut 
all  seasons,  and  in  nil  pliiccs  tuid  situations;  »uch  a  ma- 
chine being  regul*t<-d,  i<ir  instance,  to  I^mUon  or  Greun- 
wiq^  time,  would  always  show  the  time  of  the  day  at  Lon* 
don  or  Greenwich,  wherever  itshottid  bo  carried  to;  then 
the  lime  of  tha  day  at  tbb  place  being  found  by  obiervi- 
liou,  4he  didcrence.betwectt  these  two  timet  would  givo 
the  diflmace  of  longitude,  according  to  the  proportion 
of  one  degree  to  4  minutes  of  time. 

Gemma  I"ii-.:u-.  in  his  tract  l)e  Principlis  Astrononiiae 
et  Geographii-,  printed  at  Antwerp  in  1  iJO,  it  seems,  tirst 
suggested  the  method  of  li  .  tir.^  the  lL>r.i;it  mlc  at  sea  by 
means  of  watches,  or  tune-lseepers ;  uiuii!  machines,  he 
says,  wi  II  ihi'ii  but  lately  imenled.  And  soon  after,  the 
same  was  attempted  by  Melius,  and  some  others  ;  but  the 
stale  of  waich-making  was  then  too  imperfect  fur  that 
purpose.  Dr.  Hookc  and  Mr.  iluygeos  also,  about  the 
year  166*,  applied  the  invention  of  the  pendulum-spriag, 
to  witches;  aad  employed  it  for  the  purpose  of  discover^ 
ing  tiie  longitude  at  lea.  Some  dispnica  aowem  bctweca 
Dr.  Hooke  and  the  English  miniitry  prevented  aay  expe* 
riments  from  being  made  with  watches  eoastructed  ^ 
him ;  but  many  experiments  were  made  with  some  con- 
structed by  Huygens;  particolarly  Major  Holmes,  in  n 
voyage  from  the  ciuisi  nl  Ciuinea  in  ififii,  by  one  of  these 
watches  predicted  the  loii::itiidi-  of  the  island  of  Fuego  lo 
a  gieut  dec;i-ee  of  accuracy.  Tins  success  encouraged 
lluv^ens  til  improve  the  structure  of  his  watches,  (see 
I'hilus.  Trans,  for  May  1669);  but  cNpcrience  soon  con- 
vinced him,  that  unless  methods  could  be  discos  rrcd  for 
preserving  the  regular  motion  of  such  machine*,  and  pre- 
venting the  effects  of  beat  and  cold,  and  other  disturbing 
cauH's,  they  coold  never  answer  the  intention  of  disco- 
vering the  lonwtude^  and  on  this  account  his  attempts 
jkile£ 

The  first  penon  who  turned  his  thougbti  this  wm,  after 
the  public  eoconragnment  held  out  by  the  act  of  1714, 
'  was  Henfy  Solly,  an  BogltthaiaB  i  who,  in  the  same  year, 

printed  at  Vienna,  a  small  tract  on  the  subject  of  watch* 

making;  and  afterwards  removing  to  Paris,  he  employed 
himself  (here  in  improving  timt-iieepery  for  the  discovery 
(if  tlie  ji.i'.pittide.  It  is  said  he  l-kuiIv  diminished  the 
Incti.iii  111  the  machine,  nmi  rrinler<  d  umlorm  that  which 
remained  :  a  id  to  him  js  [iriiicii  lily  to  be  attributed  what 
is  yet  known  of  watcb-iiiakuif;  in  France:  for  the  cel(^ 
brated  Julieii  le  Roy  was  his  pupil,  and  to  him  owed  most 
of  his  inventions,  w  bich  he  afterwards  perfected  and  exe- 
cuted :  and  this  gentleman,  with  bis  son,'  and  .M.  Her- 
ihoud,  are  the  principal  penou  in  Fraace  who  have 
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^unil  Ibcir  tltf4)^tt  Ai«  maf  •iaee'Uie  ti^  of  SmOy. 
Severnl  watchn  made  hy  thew  lut  two  arliita,  km  been 

itii  ii  ilI  M.-.i,  It  Ls  siiitl  nith  good  success,  and  many  ac> 
coiiiiu  lia.i  uii  u  published  of  thcic  trikU,  at  considrreble 
Jenglli. 

In  llic  year  1/26  our  Countryman,  Mr.  .Inhn  liarrisan, 
proclucfil  :t  tinic-ko<per  of  bii  own  construclion,  which 
tlid  not  err  above  one  second  in  a  month,  lor  10  yiari*  lo- 
gAitT-  Add  in  the  year  1736  he  ha<i  a  muchiuc  tried  in 
B  vojragu  i»  and  from  Lisbon ;  which  wat  the  means  of 
CItfRCting  an  error  of  alraott  a  degree  and  ■  Mf  i§  the 
COUipttlStion  of  the  ship's  reckoning.  In  consequence  «f 
tilis  wcoeM,  Mr. 
neat  to  pioeced, 
«aeli  UOK  nccnnle  dm 


LOM 

aame  principUt,  fUliCr  bv  Mirff  or  oAm,  wiforMlln  - 
equally  well  with. tint  wfaicli  ho  h»d  lait  nade.  In  the 
inean*tiine,  this  last  time-keoper  wns  sent  down  to  the 
Iloyal  Ob»er\atory  at  Grrt  nwich,  to  be  tried  there  under 

ihi  ili  crn.jii  <ir  ihc  llcv.  Dr.  Maskrlynr,  the  nstrunorrtw- 
rosai.     Uut  it  did  not  npprar.  liurin^  this  trial,  tliat  tin- 
watch  went  \Mlli  IM-  n./.uldiil  \  \h:il  was  cxpi'Ck'd  ;  from 
which  it  was  ap|ir«  licndcd,  lliat  the  performance  even  of  the 
same  watch,  wjas  not  at  all  tiroes  equal ;  and  consequently 
that  little  certainty  cuuid  be  Expected  in  tiic  performance 
of  different  ones.    MoreoTor,  the  watch  was  now  found  to 
at  iaHiu  than  during  the  voyagiB  to  and  from  Barbadoei, 
Harrison  received  public  encourage*  'by  IV  or  19 Mcoods  in'M  hours :  but  this  circuimtince 
he  nade  throe  othec  tin«-he^pctt|   was  accounted  6ir  by  Mr.  Harrison ;  who  informs  ns  that 
IB  the  iginMrj  which  weie  fimshod   he  hid  iltHed  Ae  sita>of  its  going  by  trying  sunu-  expe* 

.  ,  'he  hw.aot  tkM  terfinish  belore  he  was 
ordeilkd  to  lA^rver  tip  "die  watth  to  the  Board.  Soon 
after  this  trial,  the  commissionrrs  of  ionpiiuHc  »crer<l,wiih 
Mr.  Kendal,  one  df  the  watch-makers  nppuintcd  by  them 
til  irciiu/  ILi  rnsi         vliscuviTics,  [u  iiiulir  anothef 

vviitfli  on  till-  ^ftini-  ciin-.truct:':in  l^  itli  thi'.,  l.i  ili-iermine 
whether  5U<  :i  \Mitci:.es  cr^-uld  br  )\i-dv  Imiiii  I  in-  account 
which  Mr.  llarriM.>n  liati  given,  by  other  persons,  as  well 
as  himself.  The  event  proved  the  affirmative;  for  Ae 
watch  produced  by  Mr.  Kendal,  in  conseqticrvcc  of  thie 
agreement,  went  considerably  better  thea  Mr.  Harriaoo'a 
did.  Mr.  JCendel's  watch  was  mat  eot  with  CapC  Coob,* 
in  Ue  Sd  voyage  towasdi  the  aouth  pole  and  mi^  tho 
gkbe»  b  the  y«n  177^  1774»  ITT*,  end  1774 1,  tahea 
the  only  fault  fbond  la  the  watdii  wu,  that  ita  rate  of 
going  was  continually  accelerated  ;  though  in  this  trial, 
of  3  years  and  a  half,  it  never  amounted  to  lV'4  a  daj-. 
Till'  ci'ii-i  Cji^ifiice  was,  that  the  house  el  trniiiKin^  in  1774, 
to  wlmiii  iiii  appeal  had  been  mu<le,  wi  rr  plcust  d  to  order 
the  '2d  moiety  of  the  reward  to  be  given  to  Mr.  Hnrriion, 
and  to  pais  the  art  abovr-mctitionf  <!,  Mr.  H^irriion  had 
u!»o  at  difiercnt  times  p.  rcjvcd  5.omo-  oti'.cr  sums  ot  money, 
as  cncottragaments  to  him  to  continue  liis  endcavouis, 
from  the  Board  of  Longitude,  and  from  the  India  Com- 

Sny,  as  well  as  from  many  individuals.  Mr.  Arnold, 
U  Madge,  Mr.  Etnshaw,  Mr.  tiurdy,  and  some  other 


•ucceaiiTely  in  (he  yetn  1799i  end  176\ ;  the  laat  Jommt^iiiijA 
of  which  proved  so  much  to  hie  own  satisfaction,  that  he 

upplioil  to  ti.'  (  I  .-.imiT'.ioners  of  longitude  to  have  this 
initrumcnt  tru  il  in  u  voyage  to  some  port  in  the  West- 
Indies,  accoriliny,  to  the  directions  of  the  statute  nf  tho 
12th  of  .\nne  above  cited.  Accordingly,  3Hr.  Williuin 
Harriton,  son  of  the  inventor,  embarked  in  November 
1761,  on  a  voyage  for  Jamaica,  with  this  +ili  time-keeper 
or  watch ;  and  on  his  arrival  there,  the  longitude,  as 
shown  by  the  time-keeper,  differed  but  otiie  geographical 
ulieand  a  quarter  from  the  truekng^tade^aednccdftoro 
aistronomical  obiemlioiiB.  The mMgeBtlcaBan  retained 
'  to  England,  with  the  tineJtecper,  in  March  176t»  when 
he  found  that  it  had  erred,  in  4 months,  no  norethaiT 
1'  5i"i  in  time,  or  28^  minttle*  of  longitude ;  whereas  the 
act  requires  no  greater  exactness  than  SO  geographical 
miles,  or  minutes  of  a  great  circle,  in  such  a  voyage.  Mr. 
Harrison  now  claimed  the  whole  reward  ot  'J0,00<)/,  off)  red 
by  the  said  act:  but  some  doubts  arising  in  the  miiid^  of 
the  coninii't-.iiineTs,  concerning  the  inn-  situation  of  the 
iiland  of  .Jamaica,  and  the  manner  in  which  the  time  at 

that  p.-ici    li:id  been  found,  as  well  as  at  I'orrMiiuutli  ; 

and  it  being  farther  suggested  by  some,  that  Uiough  the 
tino'keeper happened  to  be  right  at  Jamaica,  and  after  its 
return  to  Ei^and,  it  wai  itf  no  means  a  proof  that  it  had 
been  always  a*  ia  the  intannadiote  limea;  another  trial 


was  therefore  ]^roposedr  in  •  voyage  to  the  iahwd  of  Bar*  miioim  b«ve  since  also  made  sereial  my  good  watchee 
'  hadoe^  in  wucb  prec»«tion»  were  taken  to  obriato  m$  for  the  aane  purpose, 
many  of  these  ql^ections  as  posMb! 


Accordingjly,  fhe 
ipievMnsly  sent'out  proper  persons  to nahe 
astronomical  observations  at'  that  island,  which,  when 
Compared  with  other  corresponding  ones  made  in  England, 

would  ileti'rmine,  In  yoiul  a  doubt,  it>  tm.'  Htuiitiini  ;  ami 
Mr.  William  llarnsim  again  set  out  with  his  lather  s  lirnc- 
kreper,  in  March  If  (i-t,  the  watch  having  been  Compared 
with  etjual  altitudes  at  Portsmouth,  before  he  set  out,  and 
he  arrived  at  IJarbadoes  about  the  middle  of  .May,  where, 
on  corqparing  it  again  by  equal  attitu<les  of  the  sun,  u 
was  found  to  show  the  difference  of  longitude,  between 
Portsmouth  arvd  BHrbmioes,  to  bed''  ii"  3';  the  true  dif- 
ference of  longituue  Id  .v  een  theaepleces,  by  astronomical 


Others  have  proposed  various  astronomical  nethode  for 
finding  the  longitude,  which  chiefly  depend  en  haviag  an' 
ephcmeris  or  alnnaac  suited  to  the  meridian  of  some 
place,  as  Greenwich  for  instance,  to  which  the  nautical 

aliiinij.-ic  h  adi-iptpil,  that  shall  contain  for  every  day  coni- 
putalions  of  the  tinn  s  of  all  remarkable  celestial  motions 
and  appcaranci-s,  ;is  a',!a]i(>  d  to  that  mcrnii.'iii.  So  that, 
if  the  hour  and  minute  L>e  known  wiien  any  of  the  same 
phenomena  arc  observed  in  any  other  place,  whose  longi- 
tude is  desired,  the  difference  between  this  time  and  that 
to  which  the  time  of  the  (aid  phenomenon  was  calculated 
and  set  down  in  the  almanac,  w  ill  be  known,  and  conse- 
quently the  di&rence  of  lon^iude  alio  becomes  known, 


iihak  kqr  meani 
tan;  wmchtinn, 
ns.  both  in  dMSe 


ubserTatie|%  hMg^S^  64"  SO^;  so  that  the  error  of  the  between  that  place«nd  Greenwich,  allowing  at  the  rate . 
wat^was  4r»«r  w  45"oriongitiide.  In  oooMqasooe'  ef  IS  dsAnos  lo  on  hour.  <  ■  -'v  ^ 
of  thii,  and  the  forroctr  (rials,  Mr.  Harrison  rccsiiind  one 
moiety  of  the  reward  offered  by  the  l^th  of  Queen  Anne, 
after  explaining  the  principles  on  which  his  watch  was 
constructed,  and  delivering  this  as  well  .ts  the  three  former 
to  the  commissioners  of  the  Iciiritiide,  for  the  use  of  the 
public :  and  he  was  proaii.«ied  ibe  other  rooicty  of  the 
reward,  when  other  liBN-keepan  ahottU  be  nade,  on  .the 
Vol.  I. 


ef  IS  deAnos  lo  on  hour. 

Mow  tt  ht  aaqr  to  iiod  Ae  ( 
of  the  altftnde  or  azimuth  oTthesnn'oritan; 

it  is  necessary  :  >  !;ml  I  t  the  same  means,  both  in 
astronomical  iiiodt..'i  ot  acterroinin^  the  longitude,  and  in 
the  former  by  a  time-ki-eper ;  and  it  is  t!;f  liifTerence  be- 
tween that  time,  so  determined,  and  the  time  at  Green* 
«4ch,  haowB  eilber  by  the  tine-keeper  or  by  I 
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niekl  obRralkim  of  celestial  pbcnomoM,  which  gim 
die  fiAtence  of  longitude^  at  the  nt«,  •hove-nwotwiKd. 

But  hens  the  great  difficulty  i*,  that  then  are  «Ahrs 

few  phenomena   prupcr,  or  capable  of  hong  thus 

oWrvi'd ;  for  all  slow  nxUKitf^.  such  AS  belong  to  the 
planet  Saturn  fur  instuiitc,  uic  ijuitc  excluded,  as  afford- 
ing too  small  a  ililifrctice,  iii  ;i  cnn»i'!'  r:,l  '.  space  of  lime, 
to  be  properly  obii;iveii ;  ihiin  d  iln  n  ni>  phenomena' 
in  llie  lieimiK  proper  for  thi»  purp<i>  .  ex-;  rj':  ihi-  i-ciipM-b 
or  motiuli)  of  Jupiter's  satellites,  aiul  liic  <  cli|ixi5  or  nn>- 
tionj  of  the  moon,  vi/,  such  as  her  lll^t;^IlC<  lii>rti  ilie  sun 
or  certain  fixed  '■tar;  Ivint;  near  her  path,  or  her  loogltudc 
or  place  in  thy  ii>ili,ic,  Ac. 

1st,  That  by  the  eclipMS  of  the  moon  li  very  easy,  and 
sufficiently  accurate,  if  they  did  but  happen  ufu-n,  as  every 
night.  Fot  at  the  nonMat.wheii  the  bcgmaing,  or  niddie, 
or  .end  «f  an  cclipae  it  olieenrad  hy  »  ttl«Mo|M^  thn*  it 
stonorato  he  done  hot  todetamhw  the  time  hy  ohierving 
the  altitude  or  aiimtith  of  Rome  known  ttari  which  time 
being  ciiiii|iar(  J  vMth  that  in  the  tables,  M  t  down  for  the 
happeniii^  lit  tiie  same  phenomenon  at  Greenwieli,  iiivei 
the  ditl<  r<';'.(  i,-  in  linii-,  and  t^niM-ijui  :iily  of  loni;ilude 
stounht.  l!in  ;js  tin  In  ^iiiiinj;;  ur  i  ii-i  ul  an  celip-^e  ol  the 
moon  CR[.:i  iii"r;>llv  Lc  n  .  etn-il  t;.  a;' r  !l);  ii  cne  liii- 
uute,  and  !>ami.-lime!i  2  or  3  ininiili'<>  ot  tune,  llie  ti>ii^itui!e 
cannot  certainly  be  determined  by  tliis  method,  from  a 
.  single  observation,  nearer  thun  one  degree  qf  longitude. 
However,  hy  tHO  or  more  <)b5er%aliiin»,  as  of  the  bi^ll> 
niogand  eiid&c,a  much  gn-ater  degree  ol  exactntiamay 
he  attained. 

a.  The  HMMM'a  place  in  the  aodiac  it  a  pheoomenoB 
more  frequent  than  that  of  her  ecltptes  :4bat  then  the  ol^ 

servaiion  of  it  is  difficult,  and  the  calculus  perplexed  and 
intricate,  by  reason  uf  two  paralla.Nrs  ;  so  that  it  is  hardly 
praciicalde,  ti>  any  loli^rable  de;:ree  ul  aeniracy. 

3d,  But  thi-  moon'i  distance'  trmi!  llie  ^-.sn,  or  Certain 
fixed  star>,  are  |dii-ii<iiMeii;i  tn  In-  nl.Mneil  in.inv  liine>.  in 
aluKi^t  i-iei  y  IJi;lit,  arid  uli"rii  a  t;ti(i<i  pi  ;;i  lic;il  intlS'.od  of 
iletertniliini:  the  loliL:i!iule  ul  a  rlup  ;it  any  tiin<  ; 

either  by  computing,  liom  thence,  the  inoon'^  true  place, 
to  cuinparc  with  the  same  in  the  almanac  ;  or  by  com- 
paring her  observed  distance  itself  with  the  tame  u«  there 
set  down 

It  it  taid  that  the  fint  penoi»  who  rKoanModed  the 
filidiiiig  the  longjinde  from  diit  olwerved  dittance  between 
the  moon  and  lome  ttar,  wae  John  Weraer,  of  Nufeiaherg, 
who  printed  hia  aniiutaiiont  on  the  first  book  of  Pioletny^t 

Geography  in  1514.  And  the  same  thing  was  recom- 
mended in  1524,  by  Peter  Apian,  profe»*or  of  mnihema- 
tics  at  Innohtadt;  also  about  1530,  hy  Oruncc  1  n  e,  ol 
Briaii^on;  and  the  -.aine  yeur  by  the  celebrated  Kepler, 
and  h'\  Gemma  Frisius,  at  Asttwrp;  and  in 'IM'O,  bgr 
Nonius  or  Pedro  Nui.ez. 

Nor  were  the  I^ngli^h  mathetnnticians  behind  hand  on 
this  head.  In  1665  bit  Jonas  Moore  prevailed  on  king 
Charles  [he  2d  to  erect  IIk;  Uoyal  Oh^^ervaiory  at  tireen- 
^  wich,  and  to  appoint  Mr.  Flant>>tced  his  astronomical  ub- 
sen-er,'  weth  this  exprcst  command,  that  be  sboifid  apply 
himself  with  the  utmost  care  and  dili^nce  lo  (he  rectify 
ing  the  table  of  the  motioos  of  the  heavens,  and  the  places 
«f  the  fi\<  d  star*,  in  order  lo  find  out  the  longitude  nt  a, 
Ibr  pcrfec  tini;  ili'^  art  of  navigation.  And  to  the  fidelity 
md  industry  \wtli  which  Mr.  Flamttecd  executed  his 
Mmmitiion,  It  i>  that  we  are  chiedy  iodcbted  for  thai  cu* 
><wa  theory  «f  the  nooH,  which  wasjafterwanb  formed  hy 


the  immortal  NcwtOn.  Thit  ij|p«nparabU»  philodtohrr 
made  the  beet  powhle  UM  of  oheervatiiHit  with  whtdi 
be  was  furnished ;  but  aa  thceo  were  interrupted  and  im- 

perfect,  his  tbeury  would  tomctimci  diller  from  the  hea- 
vens by  5  minutes  or  more. 

Dr.  Malhy  bestowed  much  time  on  the  s-aiue  ohiec  l ; 
and  a  starry  i<i>di;>c  uas  put-lislicd  uruJtr  his  dirc  tnon, 
coiitainl'in  all  ihe  ilnrs  to  ulmii  the  inoi  n's  ;i|-pul!<- can 
hi  (■LiMTved;  hiit  lur  «;!nt  ol  r-irrect  tul>J- ^.  anil  proper 
inslrumenis,  be  could  not  proceed  in  mukiiii;  iiie  iieressary 
obMiTNatiniis.  In  a  paper  on  this  subiecl,  in  the  I'liili>s. 
'IrHDs.  No.  42 1,  he  i.\press<>  his  hope,  that  the  instrument 
just  invented  by  Mr.  iiadhy  might  bo  applied  lo  tahit^ 
ansilcs  at  sea  with  the  detircci  accuracy.  I'his  great  aatro- 
iionier,  and  after  him  Lacailie,  and  others,  have  reckoued 
the  beat  attnmomtcal  method  for  lindiQg  ihe  longitude  at 
lea^  to  he  that  in  which  thcdiilaoceof  the  moon  from  the 
tun  or  from  a atar  it  used;  for  the  moon'i  daily  motion 
being  about  19  degreea,-hrr  hourly  mean  motion  is  aho%r 
half  a  degree,  or  one  minute  of  a  i1i-r;ue  in  two  iniiiiiii-s  r.; 
tune;  so  that  an  error  of  one  minute  i-i  a  de^rci  in  posi- 
tion will  produce  iui  error  of  'J  miiiules  in  time,  or  b;ill  .i 
decree  in  lon^llude.  Now  liom  Ilir  t;r(  Hf -lii.pi  ovci!  <  lit- 
n:ai:e  liy  Ni-wlon  in  the  tlifory  i  I  llie  irii-eii,  and  mole 
lately  by  Kuirr  and  ethers  on  ins  [  niieiph  s,  I'rijtesMr 
Mayer  of  Gotll:  ;;in,  was  enaiiK  d  ro  c  ilculnte  Iniiar  la- 
bles  more  correct  than  any  fcirmer  ones;  having  SD  far 
bUcceeiU'd  Us  to  i^ive  the  moon's  pinre  within  One  minule 
%f  the  truth,  tvhich  lias  he<n  prurcd  by  •.companion  of 
the  tables  with  the  observaiions  made  at  the  Greenwich 
obiervatory  by  the  late  Dr.  Bradley,  and  fay  Dr.  ACaske* 
lyne,  the  astronomer  ruyal ;  and  the  aame  haw  hem 
Btill  further  improved  under  bit  dirretiBa,  by  the  late 
Mr.  Charlc*  Mason,  by  several  new  equations,  and  the 
whole  computed  lo  tenths  of  a  second.  These  new  tables, 
w  hen  compared  with  the  above- menlioi.ed  si  rie*  ol  obser- 
vations, a  proper  allowance  b«'in«  made  fi.r  slie  luuiMiida- 
ble  error  of  iilreervation,  seem  to  cive  alwiixs  the  moon's 
liMi'Jlluiir  III  lia-  heavens  coilectly  \Mlhili  .'iO  yeconds  ofa 
degree  ;  which  eri-atest  error,  adued  to  a  p(;ssible  errorof 
one  minute  in  Inking  the  moon's  distance  from  the  SUn  Of 
a  sl;ir  at  »e«,  will  at  a  medium  only  produce  an  error  of 42  . 
lUJiiiili  s  of  longitude.  1  urlher  »;ucceisiYr  impruvementt 
in  ihem  hnw  since  been  made,  by  the  laboun  of  Mrssienn 
Ingnwgf,Liylace,  Lalande,  Delamhre,  Bnrg,  and  Vince; 
by  which  meant  it  it  thought  the  atttoiMNaienl  tablet  have 
been  brought  to  the  OMtt  eoneet  form  that  the  present 
state  of  asironomicul  knowledge  will  permit. 

To  facilitate  the  use  of  the  tables.  Dr.  .Mnskelynr  ]ir.;- 
p(ise<i  a  nuulical  ephemcris,  the  scheme  ol  «hich  wn^ 
udtipled  hy  the  Commissioners  of  lontptude,  and  lii't  e»,e- 
CUte<l  in  tiie  y;ir  I?!'"  ;  s  "ce  whieli  Iim.-  il  hiis  Ik  i  n  te- 
Utilaily  «-i:-;il-ii.iii  li,  .-iiid  puhiished  Hi  tar  as  lot  tiie  year 
IsUi.  l)t;l  as  Ifie  rules  lliat  weie  j;iv<ii  in  the  app(ndix 
to  one  ot  those  publicatinn<*,  for  corteclin^  the  eliects  of 
refraciion  and  porallaa,  were  thoucbt  loo  difficult  for  ge- 
neral use,  they  have  been  n/duted  to  tables.  So  that,  by 
the  help  of  the  ejiheiiieii-,  ilicse  tub'cs,  and  others  that  are 
alio  nrovided  by  the  Doard  ul  Longitude,  the  calculaHr^nt 
rrlabng  to  the  longitude*  which  conkl  not  he  perfoined 
by  the  most  expert  muthcmaiician  in  kta  than  4  hour*, 
may  now  be  completed  with  greet  rate  and  accuracy  in 
half  an  hour. 

As  ih»  method  of  determining  the  longitude  depends  on  ' 
the  uae  of  ibe  taUat  aimmlly  puUiabed  ler  this  purpoiCj. 
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thaw irln  wM  br  Anther  information,  are  refentd  to  tbe  toe  ;*  itch  as  by  (he  tpace  tn^ineit  tU  ftelb  and  Kpoct  of 

ioilnirtions  that  aecomp  iny  thrm,  nnd  particnUrij  to  *  great  pun,  proposed  by  Meim.  Wh^oa  ntd  Ditton; 

ihrM-.-  iliat  are  annexed  to  thi-  I  alilt.'>  requisite  to  be  tited  WW  Mother  proposed  by  Mr.  Whiston,  by  means  of  the  in- 

with  iiiu  AttronomicHl  and  N.Kilical  Kphemeris,  Sd  eilil.  cliltatory  or  dipping  ncodie:  beside*  a  method  by  the  va< 


4lli,  1  (,<•  |i|irmiiiii  iia  ui'  Jupiter's  saii  ll'Us  hiivc  com- 
iTii(iti\  hri'ii  prri-rrc<!  to  ill  in-  oT  I  he  t;iooii,  for  finding  tiie 
longitude;  bteaute  they  Ate  imble  to  parallaxes  lhan 
these  are,  iwid  besidei  they  nflurd  a  very  commodious  ob- 
icrvatiiiii  whenever  the  phi»f>f  h  aUove  the  horizon.  Their 
motion  i>  very  &«vift,  ftml  m.isi  I  c  calculated  for  every 
bonr.    'I'hcsc  satellites  uf  Jupiter  \v«cc  no  soonci' 


r  !lii-ni:i2ni;tir-ni  ri;le,  \-c,  f<c. 
;i;i|):iiMui;iti   c<<ii^triiclli»ltS  lOJ'  clv.ai:iig  the  lunar 
i  of  parallax  iimi  r<  iriictinri,  ihe 
Kelly's  SphertCii  and  Nau:iral 


riatir 

disianc«"i  In.in  tin-  i  t!i  c 
rrRilcr  iiiav  cuubuil  1) 


Astronomy,  \c.  Ami  1  jr  more  detailed  informatiun  rr- 
specting  the  atsove,  aud  outer  methods  of  ascertaining  the 
long^tttde,  eec  Ur.  Mackay's  and  Mr.Mendoza's  valuable 
woikli  klio  Vincc's  Astronomy,  vol.2,  pa.  515,  &c,  and 


tipunced  by  Galileo,  in  his  Syderius  Kunciu»,  first  prijitad   t).  Qrefoiy's  Astronomy,  pa.  AVS  W470' 


«t  Vcnicoin  l£lO,  than  the  frequency  of  their cdipeee  fe< 
eoBBMnded  them  for  this  purpoie;  and  among  thoae  who 
treated  on  thi*  subject,  none  more  iucces^tul  than 
Canini.  This  great  aatronomor  published,  at  Bologna,  in 
l688,  table*  for  cafriiUiiiii::  lite  !ip])carances  of  (heir 
eclipses,  ui(h  diri  cilDii;  lur  (iiKl:ii!;  tlie  lonj;i(udes  of  places 
by  (hem  ;  and  beiiiu  iiiviti.'*!  lo  I'rance  liy  L<JUl^  idc  l  Hh, 
he  there,  i;i  tin'  yenv  lO'yJ.  ]iul>li^!;ed  more  correct  tables 
of  •he  <aiiic'.  lliit  the  nxitu.ii  iittviiction*  of  the  satellites 
rendering  tlu-ir  m<iriftns  vt  ry  ii Tf^ui^ir,  those  tables  soon 
became  i.*i  lfi5  for  tbih  purp(«<';  iiMumuch  that  they  re- 
quire to  bu  a  iiewed  from  iituc  lo  ume;  a  service  which 
has  been  jicri  iriiKtl  by  ^ev<  rJl  ingenious astrooomcrs,  as 
Dr.  Pound,  Dr. Urjjiiley,  M.C4i>Miii  the  son,  and  more 
Mpecially  by  Mr.  Waigectin,  wli^w  tabh-s  arc  much 
cMaened,  aiid  have  been  pubUthed  in  eeveral  pkce^  aa 
wallaaintbeKauticsl  AlmaincafiirlTTl  and  177$. 

Now,  to  find  the  loi^ittrfo  b*  these  satellites;  with  a 
good  telescope  observe  tome  of  their  pbenomraa,  at  th« 
conjunctiuu  oi  two  oi  tliem,  oi  ol  oiii;  of  them  with  Ju- 
piter, Arc;  and  at  the  same  time  find  the  hour  aiul  minute, 
from  the  :il:;tiiiK  >  of  t;i<-  stun,  or  by  means  ofa  rlucU  or 
V¥iitLli,  pre\ irui-.! V  1 1  •;  11 1  ii  1 '.: li  liir  llie  place  of  obscrv^iiioii  ; 
tlien,  ciiiisulliiig  liibles  of  tliu  satellites,  obsi-rvc  tlie  lliiie 
wlieii  tliL'  sanx-  appearaiict  hap)>oiu  in  tlie  im  riilian  of  iho 
placi-  fi>r^  whicli  the  tables  are  ciilculutcd  ;  and  (be  differ- 
ence of  time,  a*  before,  will  give  the  longitade. 

The  eclipses  of  the  hrst  and  second  of.Jupiter's  satellites 
are  the  nvKt  proper  for  this  purpose  ;  and  as  they  happen 
almost  daily,  they  uflord  a  ready  means  of  determining  the 
toagitude  uf  placcsatland.having  indeed  coptcibuiedmuch 
to  thensodern  improvnhenls  in  g^graphy;  andif it^en 


«LoTOrnrps4^1ia<io«^  is  »  term  mod  by  Or.Wallis 
for  the  tneaiuKe  of  -motiM,  catimated  according  to  its  liw 

of  direction ;  or  it  Is  the  distance  or  leBfth  gana  thrmgh 

by  the  ci'ntre  of  any  moving  body,  as  it  movce  on  in  a  ri^t 
line. — The  same  author  calls  the  measure  of  any  motion, 
estimated  according:  to  the  line  of  direction  of  the  vis  mo- 
tri.s,  ;i.<-  altituik'  ol  i;. 

LOIsC'OMU N  r A N US  (Cii RisHA};;,iiUafiicd asljo- 
nomer,  bctu  i:i  Dviimaik  m  ijiiS,  in  the  village  of  Lon- 
gumontum,  whence  betook  ha  name.  Vo^sin^,  by  mistalie, 
calls  him  Christopher.    He  was  Un  ^tm  oi  a  jioor  pluil^h-* 
man,and  he  was  obliged  to  suffer,  during  his  tttudicit,  all  the 
hardships  to  which  he  Could  be  exposed,  dividing  his  time, 
like  the  philosophcrCleaatbcs«  iietirecn  the  cultivntion  of 
(he  earth  and  the  lessons  he  SMCived  from  the  minister  of 
the  place.  At  kngtb*  ar  IJyean  oCan  heaioie  awajr. 
fran  fak  famHy,  and  want  to  Wifanilb  vMre>thefs  waa  » 
coUefa,  ift  which  h^^  spent  11  yaan ;  and  thoiwh  he  waa  ^ 
ohiigM  to  earn  his  Hvelihoed  as  he  could,  his  close  appli- ' 
cation  to  study,  cntilited  liini  lo  nialcc  a  great  progress  lit 
learning,  particularly  in  ilie  niatLcniulical  sciences. 

!  kricr  he  « rnt  lo  ("opt  nha^eri  ;  wliero  the  professors  of 
tliat  univtrsity  soon  toiiccived  a  ver,  high  opinion  of  him, 
and  recomincoded  him  to  the  celtbrntcd  Tycho  liiahe, 
with  whom  Liaqgp|l}6l|t«nUs  lived  S  years,  anil  \vuv  of 
err  , it  «erMCe  to  him  in  bis  ob»ervatinris  ami  crilciilutioii'v. 
At  iLnnih,  being  very  desirous  of  obtaining  a  proleiiM>r's 
chair  ill  Denmark,  'I'ycho  Brabi Consented,  with  some  dif- 
ficulty, to  his  leaving  him,  .|p*iBg  him  a  discharge  filled 
with  the  highest  testimonies  of  hit  esteem,  and  furnishing 
hiot  with  money  for  the  expense  of  his  long  journey  from 
Oenaany,  whither  Tycho  had  retired.  He  accordingly 


poaiiUc  to  observe  tbm  with  proper  telescopes^  hi  •  sUp   «h(aine4  a  profassorsMp  of  raathcraatict  in  the  luiverHQr 


under  tail,  they  wronld  be  of  great  service  in  aeccrtatniltg 

iu>  longitude  from  time  to  time.  To  Obviate  the  inconve- 
nience I"  which  these  observations  arte  liable  from  themo- 

I:i.:is  ol  llii'  ^:  1:1,  a  Mr.  Iiuiii  invented  whit  lie  cjlled  a 
liianiie  r  h.ur  ;  lhi>  "as  !aed  by  Dr.  Mitsk>. lyiie,  in  Ills 
voyage  to  liar  I ;,  i  1  m-s  ,  v.ln  u  it  was  not  found  that  any  bc- 
netit  Could  be  derived^  Horn  the  use  of  it.  .And  indeed, 
considerii)g  the  great  power  recptisite  in  a  teli'scope  proper 
for  flieie  a(«crvations,  and  the  violence,  «s  well  at  irregu- 
lariiies  1,1  the  motion  ofa  ship,  it  is  to  be  feared  tharthe 
complete  management  of  a  telescope  on  ship-UoriTit.  v. ill 
always  mnain  among  the  desiilrrata  in  this  pari '  t  :..iu:i- 
cail  seiepieft  And  ftigiilid^i^ce  all  methods  that  depend 
on  the  phenencna.  cif^lMiMms»  have  also  this  other  de> 
feet.  that.they  (  smmi  at  all  tuaea^lhia  ncadert 

the  improvemntt  of  ti*l*'iJl|pii  an  object  of  the  more 
importance. 

Many  other  schemes  and  p^osals  have  l>i<^n  made  by 


different  {lonoasy  bM  mott  «f  thMt^nf  very  littk  or  no.  ilmmb  line,  or  path  of  a  shi 


of  Copenhagen  iti  l60S,  the  duty  of  whi^M  dMebM|ge4 
very  worthily  till  his  death,  which  happened  in  )6«7j  nt 

85  years  of  age. 

Loii^iiinorit.irais  was  niillirir  cf  several  uiiiks,  wbich 
^hovv  iiii  at  tall  r.ls  in  uiailieniutjc*  and  aslrorioiriy.  The 
ti;ost  (iisiintiuishcii  ol  winch,  i.s  his  Astroiioiiiica  Daiiica, 
first  printed  in  4to,  1(>2I,  aiwl  afterwards  in  folio  in  ICHO, 
with  augmentations.  He  amused  himself  with  endeavour- 
ing (o  square  the  circle,  and  pretended  that  be  had  made 
ibe  discovery  of  it ;  but  our  countryman  Dr.  John  Pell 
attacked  him  warmly  on  that  sabject,  and  proved  that  be 
was  mistaken. — It  is  remarkable  that,  obscure  as  his  village 
and  father  were,  ha  contrived  to  dignify  and  eternise  theia 
both  ;  fM"  h*  took  his  name  from  his  village,  and  in  th«' 
title  page  to  soma  of lUs  works  hcwrotobiixwclfCbrisiianus 
Longomontanns  Seveiini  fifios,  kis  ftther's  nana  being  Se- 
veriii  or  Scvcrinus. 

LO.XODROMlCCuRTCor  SpiaaL,  is  tlietjunc  as  ilie 
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course  in  an  oblique  (HieetiMii  gtmkiagBhnj 
angle  with  every  nwridiu.   tt  ii  a  ipaan  «f 


spiral,  <lc-vcrit>ea  on  (he  tmftce  of -tM ho^  liariDg  the 

merid  la  lis  tu  r  i  ts  rad  i  i . 

LOXOnKO.MlCS,  the  art  or  method #obliqne Mil* 
inc.  bv  the  l()So<ir<miic  or  rhumlj  liru-, 

"loZi'.NCri:,  ;ui  (jl/n.|a.:-a:i-lrd  ]i.ir.ir.t-;<i-nira;  bdOg 
Otherwise  callid  ii  rhoiiibiu,  or  a  rliuinboides. 

LUBIENIETSKI  (Stamslau*),  a  Polinh  gciitlcinao, 
born  at  Cracow,  in  1023,  and  educated  with  great  care  by 
hii  fiitber.  He  wa«  learned  in  astronumy,  and  became  a 
celebrated  Socinisn  miDialer.  He  took  great  p«iii»  to  oIh 
taiD  B  tokntion  (rein  the  German  princes  for  hi*  Socniian 
bcclbien.  Hb  dldcAvonn'  howeicr  were  all  in  min<} 
being  lkil■lMl^f•l■inlted  by  tbe  Lutheran  skiniMen,  and 
bmbhed  fito«iiilncetoplace;dll  at  length  he  was  bani&hcd 
out  of  the  worM,  with  bit  two  daughters,  by  poison,  in 
1675,  his  vfife  narrowly  escaping. 

We  hare,  of  hi$  writing,  A  History  of  the  Rfforiiiatn  11 
in  Poland  ;  and  a  Trcati>>e  on  Cornel*,  cntitle<l  Thi  ntriini 
Cometicum,  printeil  at  Amsterdam  in  '2  volumes  (tAm  ; 
vhich  is  a  most  elaborate  work,  conlninintr  a  minute  hislo. 
rical  account  of  every  single  cumel  that  had  been  seen  or 
.'recorded. 

LUCIDA  Co»oits,  a  fixed  star  of  the  Sd  magnitude 
n  the  northern cfown.  See  Coron  a  Bonaik. 

Lucid  A  Htsm.  See  Co  a  Uydim. 

LirciSA  Onm,  n  bright  star  of  the  firtt  nagnitiido  in 
"the  constellation  Lyra.  1 

LUCIFEK,  a  name  given  to  the  planet  Vennt,  when  tha 
,  appears  in  the  morning  before  sunrise. 

I.UDOLPH  VAN  Ceulen.    See  CrULF.N. 

LL'MIN.MIIES,  a  term  used'  for  ihe  sun  and  innini, 
by  way  of  eminence,  fir  their  extraordinary  lustre,  and 
the  great  i|uaiitity  i  t  liiilit  tluy  civo  at. 

I-IJN.\,  the  MoiTii  ;  winch  ^e^•. 

LUNAR,  somelhiiij;  n  intiiij;  ir<  the  moon. 

Lux  AR  Cjfck,  or  CycU  of  the  Moon.    Sec  Crci.r.. 

LuNiCR  Disttmce,  in  nautical  astronomy,  a  term  de* 
noting  tbe  distance  of  the  moon  from  the  sun,  nr  from  a 
fined  star  lying  nearly  in  the  line  of  its  path.  The  mon- 
Mtencnt  of  the  apparent  lunar  dislaoce*,  and  the  detet^ 
Minalioa  «f  the  true  lunar  diitancae  fram  thence,  are  of 
grealniein  determinine  thelongilode  attca,  or  on  land. 

LvNAtt  M0iodfBr  ne  Lm^ttuk,  a  method  of  keeping 
or  finding  the  longitude  by  meant  of  the  moon't-ootions, 
particularly  by  her  obietvcd  distance*  from  the  sun  and 
Mar^;  for  which,  see  the  artirli  I  :i  ■, itu  n  k. 

'J'liin  method  consists  in  lakmc  uml  r:  diieinc  tlie  distance 
hetv.i  rn  till'  niiiiin  and  the  mjfi  i  r  ii  :t\(d  star,  in  order  to 
find  liie  longitude  at  sea;  whuii  lias  been  already  ex- 
plained geneniily  under  the  article  longitude  ;  but  the 
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«r  findfaif  th«  lon^ltfile  «t  m  bjr  eahiiiil  obiamdnM, 
the  moon  f*  the  cQef  imtmment;  for  the  qulckneai  ofbcr 

motion  renders  her  peculiarly  well  adapted  for  measuring 
small  portions  of  correspondent  time. — Now,  a.s  she  is  seen 
in  the  same  part  of  thu  hcA\rii>,  nrarly,  at  (he  same  instant 
of  absolute  time,  from  all  paI  [^  of  the  earth  where  she  is 
visible,  and  as  the  is  cuntiiiuiiUv  ninl  usibly  chanizing  her 
place,  it  is  evident  thai  ii  l»o  corresiKindent  observers 
were  to  note  the  precise  moment  of  liieir  resjiective  times, 
when  she  is  s«cn  in  any  particular  part  of  tbe  heaven*  the 
ditl'erenco  between  thoM  tloNi  would  dww  the  diftitMn 
of  longitude. 


In  every  method  of  finding  tbe  knqptode  by  the  1 
the  first  object  u  to  be  able  to  aMcrtain  the  part  of  the 
hcawnt  where  the       thn  n  earily  teen  at  the  time  of 

her  eclipses,  orattbe  occultation  of  a  fixed  star,  and  these 
were  naturally  the  first  methods  resorted  to  ;  but  they  oc- 
I  lii  toil  vi  ldinn  for  general  use  ;  the  moon's  place  how- 
4  \  r  m;iy  Ik- markeil  wirii  etiuiil  precision,  by  taking  her 
(li--liince  fr4mi  some  fiNtd  uKy  ct,  wh'ise  hi'itude  and  lon- 
j;itU(le  are  known  ;  the  >tiir>  111  or  near  the  jodinc  art-  pre- 
ferred, as  the  nearer  ^llCll  ubiects  are  to  the  tn(nin\  |i*ih, 
the  quicker  w  ill  be  her  motion  with  respect  to  ihciii  :  and 
thr>u[;h  her  motion  is  not  uniform,  ycl,  during  (he  tbort 
apace  of  rime  that  she  is  near  nny  star,  it  may  be  coaai> 
dered  aa  such. 

It  may  be  obtcrved,  that  if  two  pepom  under  diferent 
naridiant  were  to  mark  the  moon  a  plecet  nod  alio  tlurir 
relative  timCk  of  observation,  they  nMit  thence  tctl  thdir 
difference  of  longitude ;  bat  they  coiud  not  oommvnicale 
their  olwiervaiions  .sufficiently  soon  for  practical  purposes; 
but  even  admitting  the  possibility  of  tliis,  it  were  neces- 
sary that  the  K'ni;uude  of  one  phi.'e  shmiM  be  kii'uvti,  m 
order  to  deterinilie  that  of  llie  ulher.  Now  the  Niiulical 
Al/naiiar  is  culculaled  to  supply  all  these  wants.  TI115 
work  mti\  be  considered  a  perpeuiiil  observer,  that  com- 
municates univen«uli\  and  instantaneously  certain  cclestml 
appearances,  as  they  take  place  at  (irecnw  irh  observatory. 
Here  the  diftance*  are  given  betereen  the  moon  and  the 
sun,  and  certain  remarkable  stars  in  or  near  tbe  avdiac, 
for  every  three  hours ;  and  any  intennc*diatc  diltaoce,  or 
time,  may  be  thence  found  by  the  rale  of  proponiao,  wifh 
saflieleBt  acentacy.  If  thcmiiR^  under  any  uwcidiank  a* 
lunar  diataneo  be  obaened,  dn  didbrenee  between  the 
timo>of  observation  and  the  time  in  the  almaiMC,  when 
the  same  distance  was  to  take  place  at  Oreenivicb,  will 
show  the  longitude.  For  example,  if  the  obs4-rvcd  dis- 
tance between  the  sun  ond  moon  be  oO°  at  8  o'clock,  but 
by  the  almanac  the  same  distance  of  SO"  will  take  place  at 
Greenwich  at  6,  it  i>  en  iMit  tli.ii  tin  ditfi  rence  betwu  ii 
the  dbserved  and  computed  time  is  C  hours,  and  iherelote 
the  longitude  is  30°  ;  and  it  is  also  clear  that  tbe  longi- 

S eat  Utility  and  importance  of  the  subject  require  here  a  tude  ii  pa»t,  the  time  being  most  advanced  at  the  place  of 
rther  and  more  minute  explanation  of  its  pnnciplesand  observation. 
Operations,  with  an  account  of  the  different  methods  that  A  method  so  apparently  simple  must  have  been  long 
have  been  devised  for  oblaitiing  the  .solution;  and  I  shall  nndt  adopted,  bnt  for  two  difficulties  which  oocsrred s 
conclude  the  article  with  a  very  simple  projection,  in-  one  tbe  want  of  proper  instruments;  which  now  has  been 
vented  by  Dr.  Keliy,  which  ie  found  •ufficiently  comet  happily  supplied  by  the  invention  a«d  s«b«ei|uent  inn 
l&r  tha oomnon  purposes  of  nautical  practice,  and  even  *  ptovement  of  Hadley's  quadrant ;  and  the  other*  comet 
where  the  greUest  accuracy  is  required,  it  is  found  useful  lunar  tables ;  for  the  moon,  though  so  near  and  -so  con- 
as  si  guide  or  check  to  calculation,  spicuous  to  the  earth,  has  always  perplexed  aslroiK>n>er» 
The  lunar  method  of  fin»linc  »he  ton!;itude  at  ica,  is  the  more  than  any  other  celestial  body.  The  various  in- 
!;reatest  modern  impnmiin  ,1  ri  nj.  i_:,:iIron.  In  onlcrlo  ei|iiiiliin>  of  lier  n'.<iliin',^  •.veie  m  vi  r  pmpeilv  undit^iood, 
form  a  clear  and  compiehcn3i>c  idea  uf  the  subject,  it  uutil  Sir  Isaac  Ncwtoo  discovered  the  physical  laws  which 
shoBldbefintCQUideiedsthntiailteHMatpzucticalmathodi  gewin  then  sand  from  hialheoiy  pntosof  Mayer  fmncd 
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luiutr  Ultlei,  from  whicb  those  tables,  in  the  N«utici|l 
AlinHD»c,  of  the  lunar  diilanm  were  calculutcd,  under 
ibt  direction  uf  Dr.  Maskelyne  for  inunyyrare.  Jn  I806 
(be  French  Bourd  of  Longitude  pubiithed  new  Lunar  Ta- 
bles, calculated  by  Du  Bur;;,  from  the  theory  of  Laplace 
and  the  obM-rvations  of  Dr.  Maskelync  ;  and  from  ihetc 
tables  the  lunar  disunces  in  the  Nautical  Almanac  of 
1813,  and  the  following  years,  arc  computed. 

The  above  two  difficulties  baring  been  obviated,  a  third 
teems  still  to  remain ;  and  though  (bis  is  in  some  measure 
removed  by  I  he  application  of  the  Nautical  Almanac  and 
requisite  tables,  yet  still  the  calculation  is  more  tedious 
than  might  bo  wished  ;  nor  is  i(  possible  to  render  it  much 
shorter,  as  the  problem  neceasanly  comprehends  the  solu- 
tions of  two  spheric  triangles :  this  arises  from  the  circum- 
stance of  the  observed  di>taiici-3  between  the  heavenly  b'j- 
dicsnot  being  the  true  distances;  fur  the  altitudes  of  those 
bodies  are  more  or  less  affected  both  by  refraction  and 
parallax;  and  though  these  ctTects  only  operate  in  a  ver- 
tical direction,  yet  (bat  which  changes  the  altitude  of  two 
bodies, must  also  change  thodistance  between  them.  This 
is  evident  from  the  consideration,  that  the  altitude  of  a  ce- 
lestial object  is  an  arc  of  an  azimuth  circle  intercepted 
between  the  object  and  the  horizon,  and  as  all  azimuth 
•ircles  incline  gradually  to  each  other,  from  the  horizon 
to  the  zenith,  where  they  meet,  it  is  plain  that  the  more 
two  bodies  are  apparently  rnised,  the  less  will  be  their 
apparent  dist^uicu  asunder,  and  the  contrary. 

It  has  been  alrt  aiiy  stated  that  the  heavenly  bodies  are 
raised  by  refraction,  and  depressed  by  parallax;  and  that 
these  effects  are  greatest  in  the  horiton,  and  gradually  di- 
minish to  the  zenith,  where  they  become  nothing.  Re- 
fraction depends  on  altitude  alone,  but  parallax  depends 
on  both  altitude  and  distance  from  the  earth.  All  celes- 
tial objects,  except  the  moon,  are  more  affected  by  re- 
fraction than  by  parallaN,  and  therciore  appear  above 
tboir  true  place*;  but  the  moon  is  always  seen,  excrptin;; 
in  the  senith,  below  her  true  place,  being  more  affected 
by*  parallax  than  by  refraction,  on  account  nt  her  prox- 
imity to  the  earth. 

These  effects  of  parallax  and  refraction,  though  coun- 
teracting each  other,  seldom  do  it  so  equally  as  to  render 
all  correction  unnecessary.  Sometimes  the  apparent  di- 
stance is  nearly  a  whole  decree  more  or  less  tliun  the  true 
distance;  and  the  principal  cause  of  so  great  a  difference 
is  the  moon's  parallax;  fur  this  body,  which  is  tb<5  chief 
guide  to  the  longitude,  is  also  the  great  cause  of  error  in 
the  distances,  and  is  therefore  the  princi|>ul  object  of  cor? 
recti  on. 

In  roakinn  .1  lunar  observation,  four  persons  arc  usually 
employed,  one  of  whom  takes  the  distance,  two  the  alti- 
tudes, and  the  fourth  notes  the  time.  These  thintts  should 
be  pi-rformed  at  (he  same  instant ;  and  if  the  observation 
he  n;peatcd  several  liim-s,  and  a  mean  taken,  the  work  is 
likely  to  be  the  more  correct;  and  gnat  care  is  here  tic- 
cessary,  for  an  error  in  this  part  of  the  operation,  parti- 
cularly in  taking  the  distance,  will  pervade  the  subsequent 
partsof  the  work,  and  will  of  course  prmluee  a  wrons  solu- 
tion. 'J'hc  manner  of  ndjustini;  the  instruments,  ami  of 
making  the  observations,  is  best  taught  by  pnicticc.  t  hose 
who  with  for  written  instructions  on  the  subject,, arc  re- 
ferred to  the  British  Mariner's  Cioidc  by  Dr.  Maskclyuc, 
to  Dr.  Mackay's  book  on  the  Longitude,  or  to  profesacr 
ViDcc's  Practical  Astronomy. 


Of  correcting  the  AltitudtM  of  the  obserced  Objecu.—Vihia 
a  lunar  observation  11  made,  the  first  object  is  to  clear  the 
altitudes  from  scmidianietcr,  dip,  refraction,  and  paralliw, 
accordiag  to  usual  irractice.  The  moon's  parallax  in  ul- 
titadc  must  next  be  calculated  :  by  sayin;;,  "  At  radius  is 
to  the  sine  ol  her  irniih  distance,  so  is  the  sine  of  her 
ricontai  parallax  (as  given  in  the  Nautical  Almanac)  to 
the  sine  of  her  parallax  in  altitude. 

In  correcting  the  moon's  altitude,  an  allowance  should' 
be  made  for  the  augmeutation  of  her  semidiaiuetcr,  which 
gradually  takes  place  from  the  horizon  to  the  xeiiilh. 
This  increase  is  given,  in  the  4th  of  the  Ue<|ui5ite  Tables, 
for  every  5  degrees  of  altitude,  which  correction  is  (<•  be 
added  to  her  horizonul  semidiameu'r  given  in  the  Nau- 
tical Almanac. 

The  augmentation  of  the  moon's  scmidiameter  is  caused 
by  her  being  nearer  to  the  spectator  in  the  zenith  than  in 
the  borixon,  by  a  M-nridiameter  of  the  earth — for  the  ap- 
parent magnitude  of  a  body  is  in  the  inverse  ratio  of  its 
distance  from  the  observer;  and  as  the  earth's  semidia- 
meter  bears  a  very  sensible  proportion  to  the  moon's  di- 
stance, she  is  iccn  under  the  greatest  angle  in  the  xenith, 
which  angle  gradually  diminishes  to  the  horizon. 

There  are  other  corrections  of  the  altitudes,  which  may 
be  necessary  in  cases  of  peculiar  nicety,  but  which  arc 
seldom  noticed  at  tea.  These  are,  an  allowance  fur  the 
contraction  of  the  vertical  temidiameters  of  the  sun  and 
moon  by  refraction ;  a  correction  of  the  moon's  parallax, 
supposing  the  earth  an  oblate  spheroid  ;  a  correction  fur 
the  refraction  according  to  the  actual  state  of  the  atino* 
sphere,  fts  show  u  by  a  thermometer  and  barometer,  and  not 
accordin)>  to  the  mean  astronomical  refraction  which  is 
commonly  used.  These  corrections,  though  perhaps  ne- 
cessary ti>u:irds  the  perfection  of  ibi>  problem,  beiiij;  very 
sniitll,  and  frequently  counteracting  each  other,  arc  ge- 
nerally cunsiiii'ied  of  little  consequence  in  nautical  prac- 
tice, where  greater  error,  are  unavoidable. 

From  the  corrtcied Mtitude*  to  Jmd  the  true  Dittmtct. —  It 
is  easy  to  conceive  that  by  a  lunar  observation,  the  three 
sides  of  a  spheric  triangle  are  r«easured  in  the  heavens, 
which  sides  are  the  apparent  co-altitudcs  of  the  observed 
bodies,  and  their  apparent  distance  asunder. 

The  co-altitudes  or  xenith  distances  being  corrected,  the 
question  is,  to  lind  the  true  distance  between  the  observed 
bodies;  but  here  only  two  things  arc  given,  and  therefore 
it  caniK>t  be  pt  rfnrined  until  tlie  angle  nt  the  senith  is 
known,  which  is  determined  from  the  three  given  sides  of 
the  triangle,  by  the  rules  of  spheric  irigonomctry.  Sice 
Kbllt'»  ^Acric«,  pa.  183. 

At  the  effects  of  parallax,  refraction,  itc,  operate  only 
in  n  vertical  direction,  it  is  evident  that  the  correction* 
of  the  zenith  distances,  or  containing  sides,  will  not  change 
(be  included  angleat  the  zenith  ;  and  therefore  three  things 
are  now  known,  namely,  the  corrected  zenith  liislatices 
and  the  included  angle,  whence  (be  other  side  is  deter- 
mined by  apbericf,  and  this  side  the  true  ilistancc 
sought. 

/I  gmerul  Fuw  tif  the  different  Methods  of  Korkiug  the 
Ulnar  Observationi. — Few  problems  have  ever  been  more  in- 
vestigated and  studied,  than  that  of  clearing  the  lunar  di- 
stances, and  many  ingenious  methods  have  been  dcvisod  for 
oontracling  the  operation.  These  methods  arc  founded  on 
some  of  the  following  general  principles.  'J'hc  first  is 
spheric  trigonometry,  as  before  explained ;  ii\c  tctond  is 
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the  doctnne  of  proportional  error*,  by  which  ilic  eflbcU 
ihM  theerran  in  theiliittidrs  pioilutc  on  tlio.  diatinoer 
aremllveJ  by  flu xiom, or  by  iliediikrenliiil  calculus;  «ih1 
ft  third  principle  btt  been  laiely  discovered,  whScb  it 
founili  d  un  tho  properties  offt  quadrangle  jweribcd  in  a 
circle,  119  explained  ud  cxemplillfd  by  ibe  iiiwntor,  Ur. 
Aii'Iron,  in  his  Asironomiral  and  Nautical  'I'abii's. 

Vurioiis  methods  of  workin;^  llu;  lunar  oliM-rvalinns 
liavi  In-Ill  LM  (1,  ctiit  llv  liv  Mullfy,  I'.iiii  r,  Mayor.  Mu*- 
Lt  ly  ur,  1  >ii  II : horn,  Ljons,  \\  Kclit  ll,  Uurrow,  Ijiirda,  \\  alt-s, 
MacA.;r. .  K' iiy,  Gcrninl,  Androw,  and  Mcndoza.  The 
mcthudi  <il  thi'  two  hiM  luniiors  iipiniir  to  fx-  the  nic-.t 
conci^«■,  but  all  uii- »\iliicu'iitly  curn  cl,  and  M-;i::u-n  jifm- 
rally  prcli'r  such  u-  thi  y  havctir!>t  li-iiriit.  It  may  ii>dci;d 
be.obicrvrd,  thut  laiions  which  appi  ar  the  most  c<>n* 
pte,  arc  not  ulwuya  tlic  mott  expi>ditiuii<ily  performed  ; 
est  much  depcMtls  on  the  number  and  variety  u(  labh^  n- 
qttired,  and  the  nwnner  of  applying  them.  No  method 
baa  hitherto  obtained  an  cxclttiivc  preference  over  the  mt, 
nor  docs  It  appetr  podiUe  tn  nduce  the  calculation  to 
a  concisencH  to  answer  Ihcj^encral  wants  nr  withes  nf  ten- 

Iiirli;aiid  hence,  ol In  r  s bii  n  di  visi  t!  1 1|  c .IjIu  ii- 

ing  iij)i)r'j.\iiuutc  sijlutU'.'ii  ]iiiijiclion  ur  :;ta|jliu:  j.|!c- 
ratii'ii. 

diopliic  Operiiiions. —  1  lie  lirs!  i;ii<[>!iic  tr.i  ihud  (orcU  ar- 
iiiq  liu  lU■^(;Uices,  «■.!•.  that  pulilislud  by-  I.aCJ»iile,  called 
Lhc  ChassiN  de  Ueducli'in,  uhich  has  bincu  been  copied 
by  l.ilande,  Mackay,  and  others.  It  is  an  oribographic 
pn>jL-ction,conMsiin|jofagreat  number  ot  linn  accurately 
drawn,  and  vaiiow  icaki  for  uhtaiiting  the  dillcwnt  cor» 

KCtiOM. 

Oti  Hnilar  principles,  and  for  tbe  aajoe  purpose,  llje 
lata  Mr.  Janes  Fci]^nsion,  teacher  of  navigation  and  cxai> 
niiier  in  that  science  to  th«  Ea*t«lndia  Company,  con- 
btructctt  a  Rotula,  or  longitude  instrument,  which  did 

great  credit  to  him  as  a  man  of  science. 

Aii'itlirr  Lr.i|ili;<-  rt|  i  ralmii.,  i,f  ii  diiri  roul  <le'-cri|4ion, 
was  iM  f  uted  by  .Mr.  (icnrLH  Mai  i;i '.Is,  and  |)Uidi>lied  in 
17!'<>.  It  ConM>tsol  7*'  I'lr^e  [duU-s,  ronl.iininp  niunt  ruus 
lines  urawn  tmiu  the  iolulK  ii  ot  luiiur  divl.tiices  m  Dr. 
Slu-plK-ri!'» 'I'ablei.  By  Maryctl's  Longitude  l  ables,  the 
solution  r>i  it  lunar  obiiervatiun  in.iy  Ih-  obtained  in  about 
one%orth  of  the  time  required  by  calculation;  and  llio 
answer,  thoiiiih  not  given  as  ])erreclly  accurate,  is  suffi- 
ciently so  for  the  general  purpom-s  ol  nnvii-alion. 

Dr.  Kelly  has  devised  ait  ortJiographic  projection 
ibnndod  eo  the  fluxMNial  analogies  of  »phcric  tiianglei, 
trhich  it  publiahed'in  his  Introduction  to  Spherics  and 
Nautical  Astronomy,  where  an  inv«'sti<;atiun  of  its  princi- 
ples is  given  ^pa.  Ip.i.  <-dii.  C,  ^,  and  4],  with  a  demon- 
stration, showing  that,  in  proper  altitudes,  it  caniH>l  es- 
sentially err,  but  niurt  gisc  the  true  distance  wiihiii  a  few 
seconds,  'I'he  simplicity  of  this  projeclictii  is  exirenicly 
cii  riIJll^,  .1-.  ill);  an  ap|iroxuiKUi'  M,;u:i(jn  nl  a  riJin|)liciUed 
prubivin,  by  drawing  four  iighl  lines  only,  ficin  the  icalc 
(if  chords,  and  it  must  thrrcforeba  veiyutcful,  especially 
where  expedition  is  required. 

Since  the  first  appearance  i>f  this  projection,  which  was 
in  irSA,  aeveral  niathemalicians  have  turned  their  at- 
tention to  the  subji  el,  and  various  ingenious  plans  have 
been  proposed  for  shortening  aiid  simplifying  the  opera* 
tioa,  ajnonj;  which  may  be  mentiMicd  a  RoMa  Mr.  B. 
Donne  of  Bristol,  wbcb  solve*  the  piofalen  with  gicat 
nccnracjr. . 


Tlie  following  is  an  abKiact  of  Kelly's  Pmjeotion,  in- 
wriedberc  by  permission  of  the  author, 

Bxml  1.    (iivcn  the 
moon,  and  the  sun.  or  a  star 
.'flic  moon's  altitude 
'i"he  star's  altitude 
The  moon's  lionxonlnl  par.illax 
'I'u  find  (he  true  distaiire. 


apparent  distance  between  the 

•    '  -  Stfl 

'  JO 

-  40 

-  1 


With  the  sweep  of  60'',  from  a  scak  of  chords,  dacrihe  a 
semicircle,  and  bisect  ifty  the  perpendicular  ah.  On  the 
right  hand  «de  of  this  line,  from  n  to  c.  lay  oil  3u  ,  the 
apparent  distance,  bom  the  same  scale.  AUo  t  he 
aliitudc,  20°,  from  e  to  «,  and  from  f  to  6 ;  and  draw  ah. 
Then  lay  olT  the  sun'.s  co-altitude,  5<) ',  both  w.iysfroin  «; 
to  m  and  n,  and  draiv  mn,  interscctini;  ab  in  d. — Then  is 
11  ;  till  inran  correction,  tu  be  measured  on  the  scale  ot 
cliurdi,  ealliiit;  every  decree  .;.e,  the  scale  a  minute;  which 
must  be  leiluiril  to  (lie  true  c<irrectRiu  by  the  following 
):encr»l  rule;  Inst  ubsemiic;  ihnt  if  tbis  Un«  D(  iillb  OO' 

the  right- bund  side,  as  ni  li^;.  1,  the  Correction  is  ntgative 
or  subtractivc :  but  if  on  the  left,  a*  in  4g.  3,  the  correc- 
tion  is  positive  or  additive. 

UvLE.  Multiply  the  Dean  comctioo,  by  the 
given  horiconiai  parallax,  and  diviiie  the  product  by  6t 
when  the  correction  n  enblzactiw,  but  by  53  when  it  h 
additive.  Then  the  quotieat  will  -be  the  true  cwiection. 
Thus,  in  the  first  cate  v  t  measurea  or  «l'  1  j",  and 
bring  tubtractivp,  it  is  multiplied  by  S(f.  and  divided  by 
6\',  which  giu'sihe  true  correction  3y'  55",  bein^  only  one 
second  more  than  by  calculation  ;  heuce  the  true  distance 
i.s  29*'  20'  b". 

Jucamp,  ft.    Given  the  apparent  distance  30' 
The  moon's  aSillnde  40 
The  sun  ur  star's  altitude  20 
The  moon's  horizontal  p"TBllinT  1 
'        To  Hiid  the  true  distance. 

Describe  the  si-micirrle  as  belure  (oragnataraiC  to  It 
if  wanted,  as  in  fig.  2),  and  lay  off  the  ^pMWt  distMiee 
BC  s  30^  Make  ko  and  =:  40^  |fce  inaa«%  allitnk 
and  dnWiA.  Lay  off  the  stoi'a  CMllitude  70^,  fram  c 
to  m  and  *,  and  diavta  «m.  Then  ia  at(  the  mean  cor- 
rection, which  here  measures  JO";  and  being  multi- 
plied by  6o,  and  ilivided  by  5;>,  it  'j:,\<tm  17'  21"  for  the 
true  eorreclmn,  In  in:;  only  3"  iiK.ire  than  the  result  by  C.d- 
cii:.i;.;in  ;  and  tlie  C(irr<  ctii,'ii  bi  in';  additive,  it  gives 
3ij'  C7'  Cr  tor  the  true  dislann-. 

'Ilii-.  iirnjictioii  will  ap))ear  stdl  luore  simple  by  draw- 
in;  ihr  lii.i.i^)e<inly,  ami  laying  off  the  altitudes  from  the 
line  of  sines.  Thus,  in  fig.l,  project  the  angle  BitC=:dO'^, 
nnd  make  .v  ([  =  sine  nf  20  ,  also  \  stc  =s  A0^»  Then  per- 
pendicular lines  from  C  and  4c  will  meet  in  d  as  before. 

From  the  foregoing  projection,  lhc  fulloviing  general 
rules  are  obviouA  for  estimating  the  correctiofi  a  lunar 
observation  without  any  operation.— 1.  When  the  moon  it 
lower  than  the  star,  the  comciion  t<  -always  tubtradive ; 
but. when  it  it  the  higher  bmly,  beyond  a  certain  cxt^n^ 
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and  wilhin  a  certain  limit  a*  to  diitancr.  lbe  correction  ii 
tiiiilitive. — 5.  When  the  sin*  of  I  hi-  moon's  aluiuilc  to 
lliiit  of  the  star »,  ns  ruiliu*  is  to  llic  cosiiir  oi  the  ili»liiiice, 
then  the  true  and  apimrcnt  dwianirt  »tv  nearly  equal : 
but  when  the  moon's  aiiitudo  it  ^n-utrr  than  tin-  star's, 
beyond  that  proportion,  the  corrvction  i«  adtiitivc;  rxccpt 
when  the  dimnce  ii  about  S^^i  "f  more,  and  liitn  it  is 
subirnctiTe.— 3.  Though  the  correction  additive  dots  not 
occur  so  frcqucnil)  a»  the  tubtractivr,  nor  is  it  in  general 
so  great,  yet  it  admits  of  a  widervariation,  being  Mmctirocs 
above  l";  but  the  subtraciivc  correction  i*  never  quite  »o 
much.  , 

The  author  of  this  construction  further  observe*  that, 
"  In  solving  ihe  luiiur  problem  by  \\m  projection,  a  slate 
will  perhaps  be  found  more  convenient  than  paper ;  ani>  a 
large  scale  of  clioids  is,  of  course,  prefirable  to  a  small 
one.— That,  in  the  foregoini;  examples,  round  numbers 
haw  been  chosen  for  the  sake  of  simplicity  ;  but  Iruc- 
tiunnl  quantities  rai^hl  bare  been  adopted  wiib  equal  ac- 
curacy. It  is  nut  hoiA'Cver  presumed  that  ihe  results  of  all 
lunar  problems  will  be  alike  correct  by  this  method,  but 
they  will  be  found  .seldom  to  vary  abot'te  half  a  minute 
from  the  true  distance ;  which  cannot  be  decniud  of 
much  importance, when  it  is  considered  that  grvater  inac- 
curacios  arc  ]>rrbaps  unavoidable  in  the  observations.  It 
is  extremely  difficuli,  fi>r  instance,  to  ascertain  within  a 
minute  the  true  point  of  contact  between  the  moon  and 
the  sun  or  star.  Their  altiiud<-s  too  are  often  duulitful, 
on  account  of  tlie  changes  of  refraction,  and  the  haziness 
of  the  horixon:  tr>  which  may  be  added  the  imprrfeciinn 
of  instruments,  thcjncom|M'tency  of  observers,  and  even 
the  inaccuracy  of  the  lunar  tables  ihemulvi-s,  which  have 
been  hitherto  only  in  a  progreuivc  stale  of  improvement. 

It  is  well  known  that,  from  various  unavoidable  causes. 
Ml  astronomical  computations  are  but  approaimutions  to 
perfect  accuracy;  and  that  in  this  science  diiYiculiiea  and 
obstructiont  am  much  greater  at  sea  than  at  land.  It  is 
also  allowed,  that  of  ull  ibo  operations- iii  nnoiical  astro- 
nomy, the  lunar  problem  is  the  most  embarrassing,  and 
the  most  liable  to  error ;  ami  it  is  likewise  nnriH-tl  that  the 
be<.t  mode  of  diminishing  such  uncertainties,  is  by  multi- 
plying the  observation!),  and  taking  a  metui  ut'  many  triuls. 
Mence  an  up)>i(>.\imale  nii'lhtjd,  like  the  pn-sent,  whicli 
cannot  esscntiiilly  err,  and  which  is  performed  with  so 
much  expedition,  must  be  highly  useful,  as  alfordiug  ihu 
most  time  for  repeating  the  observations.  Ev<>n  where  uo 
such  repetitions  arc  required,  this  projection  may  Ik-  atl- 
vantagcously  used  as  a  substitute  lor  troublesome  compu- 
tations, particularly  in  the  common  course  of  nautical 
practice.  It  may  indeed  be  observed,  that  the  more  ur- 
gent duties  of  seamen  seldom  allow  tbi  in  suflicieut  leisure 
for  tedious  numerical  operations.  Besides,  it  seems  rather 
a  vain  pursuit  to  sacrifice  so  much  time  in  search  of  a  few 
seconds,  where  tliere  are  probably  errors  of  whole  miQutes 
in  the  data.  It  may  even  be  observed,  that  long  and  la- 
borious calculations  a<ni:iin  within  themselves  many 
sources  of  error,  to  which  projection  is  not  exposed." 

Lunar  Month,  is  cither  peri<H!ical|  synodical,  or  illpt 
minative:  which  see;  also  Moxtii. 

Lunar  Year,  coniists  of  3H  days,  or  12  synodical 
*  months,  of  394  days  each.  Sec  Vr.An.  In  the  early 
ages,  thp  lunar  year  was  used  by  all  nations;  the  variety 
of  course  being  mure  frequent  and  conspicuous  in  this 
planet,  and  cqpsequently  better  known  to  men,  than  those 
of  any  othef.    The  Romans  regnlnied  their  year,  in  part. 
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by  the  moon,  even  till  the  time  •«f>i(^8  Cssar.  The 
Jews  too  had  their  lunar  month  and  year. 

I.UMAR  Ih'il,  EitipK,  IJorvKopc,tindJiuiiJ)Ott).  Seethe 
several  suln'Mniises. 

LUNATION,  the  period  or  time  between  one ilbw  moon 
and  another;  it  is  also  called  ihesynodioil  month, consist- 
ing of  29  da>s  12  his.  44  m.  3  sec.  U  thirds;  ej(ceeding 
the  periodical  n)onlh  by  2  d».  5  hrs.  0  m.  sec. 

LUNL,or  LuKiTLA,  or  little  nioun,  is  a  geometrical 
figure,  in  form  of  a  crescent.  terminate<l  by  the  arcsof  t1»o 
circles  that  intersect  each  other  within.' 

I'hougfa  the  quadrature  of  the  w  hole  circle  has  never  been 
effected,  yet  many  of  its  part*  have  been  siiu.-^rcd.  The  first 
ol  these  partial  quudratures  was  that  of  tiie  lunula,  given 
by  Ilippotratcs  of  Scion,  or  Chios;  who,  fiom  beinga  ship- 
wrecked merchant,  commenced  geometrician.  But  though 
the  quadrature  of  the  lunc  be  generally  ascribed  to  Hip- 
pocrates, yet  i'roclus  expressly  says  it  was  fojjnd  out  by 
Oenopidas  of  the  same  place.  Sec  Ileinius  in  Mem.  do 
I'Acad.  do  Uerlin,  torn.  ii.  pa.  410,  >^heieh«  gives  a  disser- 
tation concerning  Ibis  Oenopidas.    See  also  Ci rcli,  and 

QUADRATVIir.. 

^  he  lune  of  Hijipocratcs  is  this :  L^t  abc  be  a  semi- 
circle, having  its  cenln;  e,  and  a  DC  a  quadrant,  having  its 
Centre  r;  then  the  figure  a  at  i>  a,  contiiined' between  the 
arcs  of  the  semicircle  and  quadrant,  is  his  lunc;  ami  it  is 
equal  ti>  the  right-angled  triangre  aci--^  as  is  thus  easily 
proved.  Since  a  k'=  Ca  e',  thfct  is,  the  square  of  the  ra- 
dius of  the  quadrant  equal  to  double  the  square  of  the 
radius  of  iho  semicircle;  therefore  the  quadranlal  area 
A  ncr  A  is  =  the  &emicircic  a  Bcea  ;  from  each  of  these  take 
away  the  cotnmon  spado  aucka,  and  there  rsmaiQs  the 
.triangle  acf  =  the  tunc  aucda. 


Anoiher  property  of  this  lunc  is,  that  if  70  Lc  any  lino 
drawn  Irnni  the  point  r,and  ah  iK-rpendicular  to  it;  then 
is  the  intercepted  part  ol  the  lunu  aoja  =  the  triangle 
ACM,  cut  oiT  by  the  chord  line  AO  ;  or  in  general,  that  the 
small  segment  akoa  is  equal  to  the  trilincal  aiiia.  '  For, 
the  angle  afo  being  at  the  centre  of  the  ouc'circle,  and  at 
the  circumference  of  the  oilier,  the  arcs  cut  off  ao,  a  i 
arc-timilar  to  the  wholes  aiic,  adc;  therefore  the  small 
»<-g.  AKOA  is  to  the  icmiseglDent  ami,  ns  jlic  whole  semi- 
circle ABCA,  to  the  seroiscgment  or  quadrant  Aocr,  that 
n  in  a  ratio  of  equality. 

Again,  if  abc  (tig.  ':)  be  a  triangle,  right  ntighd'at  c, 
and  if  semicircles  bo  described  on  the  three  sides  as  dia- 
meters ;  then  the  triangle  T  (a  J  r  I  lo'thiesum  of 
the  two  lunes  1. 1 ,  t.5.  For,  the  :  nicirele  is  equal 
to  the  sum  of  both  the  other  two;  iioiii  tiie  greatest  semi- 
circle take  away  the  segments  s  I  and  and  there  remains 
the  triangle  t;  also  from  the  two  less  semicircles  take  away 
the  same  two  segments  Si  and-»2,  and  there  remains  the 
two  lunes  Ll  and  Vi  ;  therefore  the  triangle  T  as  j;,!  i,f?, 
the  two  lunes. 

LUNIilTfc,  in  Fortification,  an  inveloped  counterguard, 
or  ihound  of  earth,  made  b<-yoiid  the  second  ditch,  oppo- 
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site  to  the  place  of  iirin*;  differing  from  the  ravelins  only 
in  theiriitiiRtion.  Lunette* aru ukuully made  iuwct  ditcher, 
«nd  serve  the  tame  purpoae  as  faiuie-brayt,  to  dcic-nd  llic 

passajii-  c)l  llif  (titc  li. 

LUrl'S.fV  H'<il/,  &  southern  coint«  ll:uioti,  joined  to  llie 
CciilHur,  containing  torcthcr  ly  slar»  in  I'tnlciny's  catu- 
iu(!U>',  but  '2i  ill  the  BritHUnic  catulu;;ue. 

l.VNX,  a  ciin«(vllulion  of  the  noithoin  horoitphrrr, 
conipowd  by  Hfve)iu»  out  of  ihe  unformi-d  stars,  tn  liif 
catulo^iio  It  C'Motsti  of  1*) stars,  but  iti  tlir  Britannic  of  41. 

LYUNS  iKn*r.L),  a  r«-spcctabli'  muiliiinaiiciiin  and 
botanist,  ttHi  the  son  of  a  I'olisli  Ji  w  silversmith,  and 
IcacluT  of  Hebrew  at  C'ambridi;L-  in  KngLind,  whrrc  he  had 
come  to  tctth",  and  uht-ro  young  Lymis  was  l>om,  I'.'Jy. 
1K<  wn  a  very  eNtraordinary  Miun;;  man  tor  parts  iukI 
ingcntiity  ;  and  showed  very  curly  m  life  a  great  inclina- 
tion  lo  lcarnin<;,  particularly  inBiheiiiatics,  on  which  ac- 
count he  \\M  much  patronized  by  D(.  Smith,  master  of 
Trinity-collepe.  About  I7j a  he  began  to  study  botany, 
which  he  continued  occasionally  till  his  di'ath;  in  which 
hu  made  n  considerable  progress, and  could  rememlH-r  not 
only  the  Liniiu^un  names  of  aliiio>l  all  the  Mngiish  plants, 
but  even  (lit-  synunyina  of  the  old  botanists;  anil  he  had 
prepared  large  materials  for  a  Mora  Cantubrigien>is,  de- 
scribing fully  every  part  of  each  pl»nt  from  the  specimen, 
without  beint;  obliged  tucontult,or  being  liable  to  be  (aisled 
by.  former  authors. 

In  175ft,  he  obtained  m'uch  celebrity  by  publishing  A 
Treatise  on  Fluxions,  dedicated  to  his  patron,  Dr.  Smith  ; 
and  in  1/63,  Fasciculus  Plantaruin  ciicaCuntabri^iam, &c. 
In  the  same  year,  or  tiie  year  before,  he  read  lectures  on 
botany  at  Oxford  uith  great  applause,  to  at  least  60  pu- 
pils; but  he  could  not  be  prevailed  on  to  make  a  long  ab- 
sence from  Cambridge. 

Mr.  Lyons  was  some  time  employed  as  one  of  the  com- 
|)Uters  of  the  Nautical  Almanac;  besides  which,  he  re- 
ceived frequent  presents  from  the  Board'  of  Longitude  for 
Lis  own  inventions. — lie  had  studied  the  Kuglish  history; 


and  could  quote  whole  passages  from  the  monkish  writers 
verbatim.*  He  could  read  Latin  and  French  with  case, 
but  wrote  the  former  indifk-rently.  He  wa*  appointed  by 
the  Board  of  I>i)ngitude  to  sail  witii  Capt.  I'liipps,  in  his 
voyage  towards  the  north  pole,  in  1 77«i,  as  astronomical 
oWrvator;  which  oflice  he  discharged  much  to  the  satis, 
faction  of  his  employers.  After  his  return  from  this  voyage, 
he  married,  and  settled  in  London,  where  be  died  of  the 
meazles  about  two  years  after. 

At  the  time  of  his  death  he  was  engaged  in  preparing 
for  the  press,  a  complete  edition  of  all  the  works  of  the 
learned  Dr.  Hiillcy  ;  a  work  very  much  wanted. — His 
Calculations  in  Spherical  TrigoDoiAetry  abridged,  were 
printed  in  the  Philos.  liflins.  vol.  GS,  lor  the  y«j«r  1774, 
pa.  470. — After  his  death,  his  name  appeared  in  the  title- 
pai^e  of  A  (ieographical  Dictio(i.iry,  the  astronomical 
purl«  of  which  were  said  to  be  "  taken  from  the  papers  of 
the  lute  Mr.  Israel  Lyons  of  Cambridge,  author  of  several 
valuable  mathematical  productions,  and  astronomer  in 
Lord  llittlgrave's  voyage  to  the  northern  hemisphere." — 
The  astronomical  ami  other  mathematical  calculations, 
printed  in  the  aCcount  of  Captain  Phipps's  voyage  towards 
the  north  pole,  mentioned  atnivr,  were  made  bj  Mr.  Lyons. 
This  ajipeared  afterwards,  by  the  acknowledgment  of 
Captain  Phipps,  when  Dr.  Horsley  detected  a  material 
error  in  some  part  of  them,  in  his  Hemarks  on  the  Obser- 
vations made  in  the  late  Voyage,  &c  1774. 

The  Scholar's  Instructor,  or  Hebrciv  Grammar,  by 
Israel  Lyons,  teacher  of  the  Hebrew  tongue  in  the  Uni- 
versity of  Cambridge,  the  2d  edit.  &c,  1747,  8vo,  was  the 
production  of  his  father;  as  was  also  aaotber  treatise 
printed  at  the  Cambridge  press,  under  the  title  of  Obser- 
vations and  Enquiries  relating  to  various  parts  ol  Scripture 
History,  l76l. 

LYKA,  the  Uarp,A  constellation  in  the  northern  hemi- 
sphere; containing  10  stars  in  Ptolemy's  catalogue,  1 1  in 
Tycho's,  17  ill  Hevcliits's,  and  i\  in  the  Briiaiuiic  cata- 
logue. 


ADDENDUM.  ; 
After  line  17,  col.  2,  page  341,  on  the  nature  of  comets,  add:— Dr.  Ilerschel,  in  several  volumes  of  the  Pbilos. 
Trans,  states  his  opinions  of  the  nature  and  constitution  of  comets.  His  hypothesis  is,  that  they  are  formed  of  the 
condensed  nebulous  matter  diffused  through  the  universal  space,  and  lying  within  the  sphere  of  the  sun's  activity; 
which  thus  gives  them  a  revolutionary  motion  in  an  elliptic  orbit.  Of  the  same  opinion  also  is  Count  Laplace,  as 
appears  by  a  learned  memoir  on  the  subject,  in  the  Connoissancc  des  Temp*  for  the  year  I8I(). 


ERRATA.  , 

Px.  las,  col.  9,  tni  nf  linr  6  haai  the  Imlioni,  for  ■*,  rtaj  in. 

—  969,  —  1,  tin.  !t4,  3S,  (oi  Oiirhnirr,  r«Mi  f  Iteilef. 

—  4110,  —  3,  Mill  nf  line  OS,  far  il,  Tnul  )l. 

—  4S4,  —  I,  linr  SO,  fo»  iibte  viii,  mi  plslr  IL. 

—  4*4,  —  a,  liivr  s,  for  i,  rrrnd  a. 

—  6gs,  —  1,  line  38,  for  j,  read  ^ 
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